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ABSTRACT 

Multiple efforts aimed at improving undergraduate science education have emerged at 

post-secondary institutions across the country during the past several decades.  One innovative 

instructional model that has been adopted at several universities, entitled SCALE-UP, involves a 

physical redesign of the space in which introductory science courses occur and a 

reconceptualization of how science content should be taught in this space.  The SCALE-UP 

model incorporates the traditional lecture and laboratory curriculum for an introductory course 

into one class, which meets several times a week in extended class sessions.  These sessions take 

place in a studio room which houses several round worktables equipped with computers where 

students work in groups. These groups explore questions through activities that engage them in 

constructing understandings with the assistance of instructors who serve as guides for their 

sense-making. 

 A group of faculty members from the Department of Physics at a large research 

university in the Southeast US adopted this instructional model for their introductory sequence of 

physics courses.  This group, comprised of four faculty members, came together by their own 

efforts to develop and support this instructional model within the contexts of their institution.  

These faculty members have worked together on this adoption for over four years and continue 

to sustain their studio physics program, gradually expanding the number of course sections.  This 

group developed their own learning community regarding the teaching and learning of physics. 

Such faculty groups are championed as an effective mechanism for supporting innovative 

change.  Thus, understanding how this community of faculty members functions to develop and 

sustain use of this innovative teaching approach to teaching physics provides crucial insight into 

how change in science instruction can be supported and extended at other institutions.   

 The research described here employed qualitative methods to study a group of faculty 

members as they maintained their studio physics program. To make sense of the group dynamics 

and how these dynamics affected those courses, two theoretical frameworks were used.  

Wenger’s (1998) Communities of Practice (CoP) framework provides useful perspective for 

making sense of the learning that occurs among a group of people engaged in a common activity 

with a shared sense of purpose in their effort.  The Teacher Centered Systemic Reform (TCSR) 

framework (Gess-Newsome, Southerland, Woodbury, & Johnston, 2003) offers a meaningful 

way of understanding how contextual forces reciprocally influence teachers engaged in changing 
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their beliefs and practice. The data analyzed using these frameworks were collected over the 

period of a year and included group and individual interviews, observations of interactions 

within and external to the studio courses, and artifacts related to the teaching efforts of the 

faculty group.  The findings that emerged from this study answer the following research 

questions. 

1. What characteristics and actions of this group of Physics faculty defined the 

boundaries of their community of practice (CoP) and allowed for change in 

undergraduate physics teaching and learning at a research extensive university? 

2. What learning did the four faculty members of this physics teaching CoP privilege 

through the pedagogical practices employed with their students in the studio 

courses?  

3. What institutional and contextual pressures were exerted on this group of Physics 

faculty that either supported or challenged the persistence of their studio physics 

courses?   

The four physics faculty members, Albert, Isaac, Max, and Robert, developed a unique 

CoP that had a shared meaning focused on what effective physics teaching involved and put that 

meaning into practice through the studio physics courses.  The four faculty members engaged 

with each other through their personal and professional relationships which engendered an open 

structure to their CoP.  This open structure involved no sense of hierarchy among the members 

and worked to both enrich each members’ teaching while sharing their ideas and success with 

among the group.  The joint enterprise enacted in their studio courses involved their shared use 

of similar pedagogy and views of teaching.  The fundamental elements of their shared vision of 

teaching included a concern that the students would attain a deep, conceptual understanding of 

physics.  This understanding was to be developed through engaging activities, which had 

students “doing” things through application of physics concepts in a variety of situations.  The 

CoP members pooled together a shared repertoire of tools and ideas (ex. – whiteboards, FCI 

learning gains) that served as critical aspects of their practice.  

The components of this repertoire served as critical elements of the pedagogical practices 

used by the studio physics CoP members in their studio courses.  The instructional activities 

enacted by these four faculty members came to represent important interactions that occurred at 

the boundaries of their community.  The consistent nature of these activities established them as 

facets of the CoP’s practice as they engaged with students in their studio courses.  Perhaps the 
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most critical element to these boundary interactions involved the studio room itself, modeled 

after specifications for the SCALE-UP course design, invoking an expectation for engaged 

activity with the goal of learning.  Furthermore, the boundary practices established by the CoP 

members represented their actions for brokering across larger communities in which they shared 

membership, including physics teachers and research physicists.  Their pedagogical practices 

privileged students’ access to a classroom physics community focused on understanding physics 

concepts, but providing limited access to the research physics community that entails a larger 

spectrum of proficiencies.   

Although the studio room served as an interaction nexus for multiple communities, the 

studio courses also existed within a complex institutional environment.  Using the TCSR 

framework, this study highlights several forces that shaped the development of the studio physics 

program.  These forces, both expansive and restrictive in nature, operated at several levels, 

including within the classroom and the Department of Physics, among larger university entities, 

and even stemming from broad cultural sources.  The interplay and tensions occurring among 

these levels and their impacts highlight the importance of alignment between a change efforts’ 

goals for improving teaching with the innovation and resources used to support that effort.  The 

influence of administrators at multiple levels critically shaped the developmental trajectory of the 

studio physics program.  A wealth of cultural resources, available at more specific, classroom 

levels and broader, societal contexts provided necessary support for the studio program. 

Implications that can be drawn from this research offer important considerations for 

continued efforts at improving undergraduate science education, particularly at large research 

universities.  In regards to faculty involvement in change efforts, change can be most effective 

when generated by interested faculty who maintain a sense of ownership of the effort, rather than 

being generated and assigned by administration.  As these efforts to improve the teaching and 

learning of science develop, faculty involved in them must expand their view of learning to 

encompass a broader spectrum of community practices, including but also moving beyond a 

narrower focus on disciplinary concept mastery.  Finally, the success of innovative change 

efforts in undergraduate science education rest not only on the shoulders of the faculty involved, 

but also necessitate the active support and intervention of administrators and other affiliated 

professionals to ensure their continued existence and refinement. 
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CHAPTER ONE 

INTRODUCTION TO THE RESEARCH 

Undergraduate science education encompasses a unique collection of educational 

opportunities for the nation’s students to experience as they complete their educational careers.  

Introductory undergraduate science courses offer the final, formal learning occasions for many 

students to engage with science concepts and processes, with potential to encourage them to 

pursue the further study of science and how this knowledge may apply to their personal lives.  As 

these classes serve a large segment of the undergraduate student body, the learning achieved 

from these experiences has garnered much attention from a variety of interested groups, 

including faculty members, administrators, parents, and policy-makers (Sunal, Wright, & Bland-

Day, 2004).  Research exploring undergraduate contexts has developed over the past two 

decades in response to national calls for better understanding of what happens in these courses 

and how they could be improved to engender a more scientifically literate populace, of keen 

importance due to the emergence of more globalized economies (Kenny, 1998; NSB, 1986; NSF, 

1996).  These efforts have found fertile ground within communities of education researchers 

(Fuller, Campbell, Dykstra, & Stevens, 2009; Taylor, Gilmer, & Tobin, 2002) and scientists 

interested in the learning specific to their fields (Docktor & Mestre, 2011).   

A majority of the research that comes from the work of these communities describes the 

knowledge undergraduate students possess and learning achievements obtained from a variety of 

interventions and instructional approaches.  Much understanding of students’ alternative 

conceptions with regard to science and the nature of science stems from research conducted in 

undergraduate science courses (Duit, Niedderer, & Schecker, 2007; Henderson, Beach, & 

Finkelstein, 2011).  A large collection of interventions aimed at improving this population of 

students’ science literacy and proficiency represent a large portion of the research in 

undergraduate science education.  However, much of this research explores very specific 

learning goals, typically related to content knowledge and students’ affective responses to such 

interventions, and encompasses learning that occurs normally within a semester.  Some research 

in undergraduate science contexts focuses on the implementation of such innovations and does 

provide insight into the faculty member perspectives and involvement in this work.  Much of this 

research has emerged in the form of action research on the part the faculty members involved 
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(Taylor et al., 2002), and although a valid and necessary form of inquiry, this literature provides 

individual perspectives on change in undergraduate contexts that are most fruitful for the 

researchers themselves.  And still, much of this research comes from change efforts that are in 

their nascent stages.   

In light of these qualities of much of the established literature in undergraduate science 

education, this study explored a change effort that had an established track record for improving 

student learning.  Furthermore, this study sought to provide empirical evidence in making sense 

of this change effort from an outside perspective that still privileged the views of the faculty 

members enacting that change, since teachers are the central actors in any work implementing 

innovation (Gess-Newsome, Southerland, Johnston, & Woodbury, 2003).  The findings provide 

insight into the social and professional dynamics that support a group of faculty engaged in an 

established change effort in physics education that exists in a large, research university context.   

A group of faculty implemented a totally redesigned course structure that necessitated 

different instructional approaches than are typically present in traditional undergraduate lecture 

and laboratory courses. Thus, the study also afforded an opportunity to investigate the nature of 

the interactions of this group of faculty instructors with their respective students in this unique 

context in an attempt to understand how those interactions enhanced the learning experience 

provided.  As any change effort in undergraduate science education occurs within a complex, 

multi-faceted institutional environment, the study also endeavored to understand the important 

contextual forces operating at multiple levels that shaped and sustained this faculty group’s 

innovative course.   

Personal motivations on the part of this author served as the foundation for the entirety of 

the research project.  My own journey to becoming a science education researcher began with an 

opportunity to teach a large, introductory biology lecture course at a smaller institution.  During 

that time, I embarked on a personal effort to change the way I taught that course after realizations 

struck me regarding the ineffectiveness of the traditional instruction I enacted.  As I continued 

down that path, colleagues of mine who also taught that course desired change.  With these other 

professionals, we worked as a group plan and implement change and attempt to measure the 

impact of that change.  Soon after, I began my doctoral work at another institution and knew that 

my research interests veered towards undergraduate contexts as that was where the bulk of my 

teaching experiences occurred.  Upon observing and meeting the faculty members involved in 
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developing and implementing the studio physics course, which is the focus of this study, I 

wanted to understand what about this group effort aided their change effort, both among the 

group and within its institutional ecosystem, and also how it changed the nature of student 

interactions in those courses, all reflections from my own journey in educational change.   

Beyond these personal reflections and research needs, broader national discussions about 

changing undergraduate science education resonate with the goals of this study.  The National 

Research Council has recently held a series of meetings and commissioned several papers 

focusing on science learning and teaching in undergraduate contexts 

(http://www7.nationalacademies.org/bose/DBER_Homepage.html). The focus of this discussion 

involves gaining insight into the research that already exists for specific science disciplines in 

undergraduate education and suggesting where further work is needed.  By invitation, Docktor 

and Mestre (2011) synthesized the vast collection of research that has been established by the 

Physics Education Research (PER) community.   

The breadth of this review is impressive and offers future directions for exploration in 

relation to the many innovations described, including for studio physics courses designed using 

the SCALE-UP model, aligning to the context of this study.  Specifically, the particular research 

needs explicitly expressed in relation to this course model concern understanding the 

sociological influences that shape the implementation and demonstrated success of such efforts.  

Similar calls have been made from other scholars in the PER community (Henderson et al., 

2011), including the primary architect of the original SCALE-UP program (NRC, 2011).  Yet, to 

move away from the more traditional research focus on student understanding towards 

sociological insights, theoretical perspectives from disciplines other than those typically invoked 

in PER research have been encouraged (Henderson et al., 2011).   

The research presented here employed two theoretical perspectives that come from 

anthropological, organizational management and teacher education communities.  Wenger’s 

Communities of Practice framework (1998) provided a useful lens to observe and make sense of 

the group dynamics among the faculty group responsible for the studio physics course, both 

internally among those four and externally in their interactions with their students.  Through its 

comprehensive structure, the Teacher Centered Systemic Reform framework (Gess-Newsome et 

al., 2003) provided an appropriate method for understanding the multiple contextual influences 

operating on the studio physics course as it exists within a complex institutional environment. 
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These two theoretical frameworks proved useful in exploring the innovative studio physics 

course and developing answers to the following research questions. 

1. What characteristics and actions of this group of Physics faculty defined the 

boundaries of their community of practice (CoP) and allowed for change in 

undergraduate physics teaching and learning at a research extensive university? 

2. What learning did the four faculty members of this physics teaching CoP privilege 

through the pedagogical practices employed with their students in the studio 

courses?  

3. What institutional and contextual pressures were exerted on this group of Physics 

faculty that either supported or challenged the persistence of their studio physics 

courses?   

As this study developed over time, the use of two frameworks to make sense of the 

multiple data sources collected presented unique methodological considerations.  Wenger’s CoP 

framework (1998) stems from situated cognition learning theory, which equally privileges the 

learner and the context in which learning occurs.  This change in subject emphasis necessitated a 

reorientation of research focus to observe and understand a dynamic learning environment that 

was in constant flux.  Whereas personal and social constructivist learning theories ultimately 

privilege the changes that occur within individual learners’ cognitive frameworks, a situative 

view of learning focuses on the interplay between learners and the context in which learning 

occurs, with each element reciprocally influencing the other.  Thus, instead of focusing on 

specific outcomes and measuring changes that occurred in the studio physics teaching CoP 

members, this study documented the changes that occurred over time among these faculty 

members and within the courses they teach, using the CoP framework as a heuristic to describe 

those events.  This application of the CoP framework has been argued for by other scholars (Lea, 

2005) as opposed to other applications where the framework has been used to design working 

groups, losing the visceral emergent quality present in the original explication of the framework 

(Wenger, 1998).  Additionally, the use of the CoP framework emphasized the primary case of a 

group of faculty members, rather than focusing on them as individual cases, a more prevalent 

approach in teacher education research literature.   

  The TCSR framework (Gess-Newsome et al., 2003) presented a similar challenge in 

determining the appropriate case to serve as the focus of analysis.  This framework is more 

firmly grounded in teacher learning research traditions, where individual case analysis is more 
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common.  The advantage of using this framework arose from its more structured 

conceptualization of contextual influence on teachers, delineated into levels related to common 

institutional boundaries.  Although emphasizing the beliefs and practices of individual teachers, 

the nature of the data collected and intent of the question, the studio physics teaching CoP 

continued to serve as the primary case.  As the four members were engaged in a common effort 

of implementing studio physics courses, their work as a group, and their relevant beliefs about 

that change effort, served as the central focus to understand how the multiple contextual 

influences shaped that effort.  The analysis conducted for this study also highlighted an 

important consideration for using the TCSR framework.  Although defining specific contextual 

spheres for analytical attention, the dynamic nature of the institutional environment could not be 

completely separated in different levels.  Many of the forces that shaped the studio physics 

course effort at different levels also reached across those levels to initiate or mitigate events in 

other levels.    

Study Design 

This qualitative, case study research followed four faculty members from the Department of 

Physics at a large research university located in the southeast US.  These four faculty members 

were purposefully selected because of their involvement in developing and implementing a set of 

studio physics courses designed using the SCALE-UP model (Beichner, 2008).  This course 

model necessitates a unique physical space that has anywhere from six to fifteen circular 

worktables in a room, each equipped with several computers with internet connections.  Groups 

of students are provided activities which they are allowed to explore through group 

collaboration, with much of the decision making left to the students, while the teacher and 

assistants act as additional resources and guides.  Each of the subjects in this study, Albert, Isaac, 

Max, and Robert, taught at least one semester of a studio physics course during 2010.  Albert and 

Isaac were also observed teaching other courses during the data collection period, mostly in more 

traditional lecture hall contexts.  Robert was observed teaching a studio physics course for the 

spring and fall semester of 2010.  To understand how this faculty group interacted with groups 

and individuals that could exert external influences on their efforts, the members allowed the 

researcher to follow them as they engaged in various external encounters.  These occurrences 
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included meetings with departmental and university level committees and professional 

development outreach for K12 science teachers. 

The data collected for this study encompassed four major types of qualitative sources.  

Several interviews were conducted with the four faculty members.  The primary interviews 

occurred with the entire group in a conference room setting.  This interview structure was 

intentionally executed since the primary case for the research was the group as a whole.  These 

group interviews also provided an opportunity to observe the group interact in a shared personal 

space, an occurrence the researcher discovered was a rare instance.  Individual interviews were 

also conducted with the group members at different points to follow up on certain ideas and 

activities observed during data collection.  The bulk of the data set consists of observation notes 

created while following the group members as they taught in their various courses and engaged 

in external interactions as well.  Several types of documents, including syllabi, problem sets, lab 

activity packets, and others were collected as artifact data.  A fourth data source emerged as 

unique to this studio physics teaching CoP in the form of email communications.  This group did 

not meet very often in a face to face manner, but they would engage in extended email 

discussions amongst several individuals, internal and external to the CoP.  The triangulation of 

these multiple data sources resulted in the development of several findings concerning the 

influence of internal community dynamics on the maintenance of the studio physics course 

program and the interaction with external groups and forces. 

Synopsis 

This dissertation presents the research in three stand-alone articles that each address one 

of the broad research questions described earlier in hopes of providing different views of the data 

collected.  Although written as individual pieces, overlap exists among the data analysis and 

findings that emerged.  The repetitiveness present among critical elements to the studio courses 

described in various articles was not intentional, rather occurring post hoc to the analysis and 

providing further support for the validity of the findings.  The reader will also notice that though 

the same data set was analyzed for each of the articles, their prioritization and emphasis varied in 

concurrence with the focus of the specific research questions for an article.   

The articles were constructed with regard for various communities as primary audiences.  

Science education researchers were the primary group considered when developing the research 
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findings regarding the nature of the studio physics CoP (Question 1, Chapter 2).  Teacher 

educators may benefit from the findings and discussion related to the faculty/student interactions 

occurring in the studio courses, gaining insight to fundamental elements of these encounters that 

benefit student learning (Question 2, Chapter 3). Policy makers and physics education 

researchers serve as the primary audience for the article discussing the external influences on the 

studio physics program, offering responses to expressed research needs for such understanding 

(Question 3, Chapter 4) (Austin, 2011; Docktor & Mestre, 2011).  Although representative of a 

comprehensive study, the reader can flexibly engage with each article on their own.  The 

structure of the rest of the dissertation is as follows: 

Chapter 2: The Power of Community: Group Factors Sustaining Innovation in 

Undergraduate Studio Physics Courses 

The SCALE-UP model for introductory science courses is an example of efforts to 

improve the teaching and learning of science in undergraduate contexts. The research presented 

here describes the efforts of a group of four university physics faculty members to initiate, 

implement, and maintain a restructuring of their department’s introductory physics course 

sequence using the SCALE-UP model.  Employing Wenger’s Communities of Practice (CoP) 

framework to make sense of this group’s dynamics, group and individual interviews, classroom 

and social observations, and relevant documents were collected for over a year.  Findings suggest 

that faculty CoPs focused on improving science education provide a social learning space for 

members to discuss their ideas and develop their teaching practice.  These groups must be 

nurtured rather than forced, having the members take on the responsibility for the effort and 

maintaining a sense of autonomy.  Finally, the lasting implementation of the SCALE-UP model 

described here demonstrates the need for change efforts and those enacting them to align in their 

fundamental approach to the teaching and learning of science. 

Chapter 3: “Where’s Your Diagram?” Exploring Faculty Practices in a Studio Physics 

Course Using a Communities of Practice Framework 

Undergraduate science education continues on a developmental trajectory aimed at 

improving the teaching and learning that occurs in the multitude of contexts that exist in this 

particular educational arena.  The SCALE-UP course model, coming from work in the Physics 

Education Research (PER) community, has an established record of enhancing physics 

conceptual learning in many introductory level students when compared to traditional lecture and 
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laboratory courses.  However, the nature of pedagogical practices in these courses and the 

learning they privilege remains relatively unexplored.  This study examined a series of 

introductory studio physics courses designed using the SCALE-UP model over a period of 

several semesters.  Using Wenger’s Communities of Practice (CoP) framework, the findings 

developed from this qualitative case study view this group of faculty members who teach these 

courses as members of a physics teaching CoP that shared a collection of boundary objects and 

brokering activities they employed on a regular basis in their interactions with student groups.  

These pedagogical implementations developed into definitive boundary practices that worked 

towards moving students from peripheral to marginal membership in a physics learning 

community.  The learning was facilitated through a shared vision of teaching and commonly held 

learning goal among the members of the studio physics teaching CoP.   

Chapter 4: Exploring the Context of Change: Understanding the Kinetics of a Studio 

Physics Implementation Effort 

Research into the contextual issues involved in implementing a studio course using the 

SCALE-UP model remains limited.  The study presented here describes the development and 

implementation of a studio version of an introductory physics course sequence at a large research 

university in the southeast US using the SCALE-UP model.  The researcher interviewed and 

observed a group of faculty who designed and taught these studio courses over the period of two 

years.  Documents and email conversations comprised the rest of the data collected.  Using the 

Teacher Centered Systemic Reform (TCSR) framework, the data were analyzed to develop 

themes describing forces that both encouraged and restricted the growth of this studio course.  

Influential forces operated at the classroom, department, university, and broad cultural levels. 

The results demonstrate the importance of considering the specific nature of innovations 

implemented and the critical cultural supports necessary for sustaining these efforts.  

Administrative actions and broader societal forces also shaped the development of this change 

effort over the course of the study in both encouraging and limiting ways.  The findings 

presented provide considerations for similar change efforts and implications for improving 

undergraduate science education are discussed. 
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CHAPTER TWO 

THE POWER OF COMMUNITY: GROUP FACTORS SUSTAINING 

INNOVATION IN UNDERGRADUATE STUDIO PHYSICS COURSES 

Introduction 

Several national organizations (NRC, 1999, 2011; NSB, 1986; NSF, 1996) call attention 

to the critical need for changes in undergraduate science education. Current practices in 

undergraduate science education serve as “a filter that produces a few highly-qualified graduates 

while leaving most of its students ‘homeless in the universe’” (NSF, 1996, p. 7).  By maintaining 

a traditional approach to science instruction, universities will perpetuate a decline in the number 

of science majors, reinforce outdated models of teaching in future K12 science teachers and 

university faculty members, and continue to foster a general disinterest in science understanding, 

a deficiency in an ever expanding global economy (NRC, 1999; NSB, 1986).        

The NRC, NSF, and NSB each recognize the complex institutional structures in which 

the changes in science teaching must occur and they share several common goals for 

undergraduate institutions.  The teaching that occurs in undergraduate science, especially in 

introductory coursework, should actively engage students with content material in ways that 

facilitate meaningful learning (Docktor & Mestre, 2011; NRC, 2011). Such instruction shoud 

challenge students to construct their own understandings and work to apply this knowledge to 

societal issues and the human condition (NRC, 1999, 2011).   Institutions must adjust reward and 

promotion systems to privilege faculty efforts to improve instruction in ways comparable to 

rewards for research productivity (NRC, 1999; NSF, 1996).  Universities, particularly large 

research institutions, must make a system wide commitment to the preparation of future K12 

science teachers, drawing upon their unique collection of resources to create innovative learning 

opportunities (NSF, 1996). 

Widespread agreement exists on several factors that encourage meaningful, lasting 

improvement (Gess-Newsome et al., 2003; NRC, 2011; NSF, 1996; Sunal et al., 2004).  One 

prominent element to successful reform involves the creation and support of collaborative teams 

of faculty (Krockover, 2011; NRC 2011).  These teams increase the critical mass of thinking and 

reflective power necessary to the creation of ideas and execution of changes, enhancing 
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professional learning.  Collaborative teams provide support and encouragement for their 

members during periods of change, which can be confusing and intimidating.  Although the 

benefits of such groups have been described, the dynamics of their interactions and their 

mechanisms for enacting and sustaining reform efforts remain relatively unexplored in the 

current research literature (NRC, 2011). 

Promising Practices (NRC, 2011) describes a collection of other ideas that have shown 

potential for improving undergraduate science education.  Among these endeavors, an effort that 

offers evidence of success in changing how science courses occur at large research universities 

involves the SCALE-UP (Student-Centered Active Learning Environment for Undergraduate 

Programs) studio course model.  This model combines lecture, laboratory, and recitation sections 

occurring in traditional introductory science coursework into a single class.  The class meets 

several times a week for extended periods in specially designed classrooms. Groups of students 

are provided activities which they are allowed to explore through group collaboration, with much 

of the decision making left to the students, while the teacher and assistants act as additional 

resources and guides (Beichner, 2008).   

Although a body of evidence has established the effectiveness of the teaching and 

learning practices of the SCALE-UP model, scholars have recently noted that more research is 

needed to understand factors that affect the adoption of this reform effort (NRC, 2011, p. 46).  

Physics education researchers have called for a deeper understanding of the sociological and 

situational influences on faculty who endeavor to adopt SCALE-UP and other related approaches 

(Henderson & Dancy, 2008; Docktor & Mestre, 2011). The effectiveness of teams of faculty in 

improving undergraduate science teaching has been documented, yet the social influences among 

these groups involved in implementing these innovations are not well understood (Dancy & 

Henderson, 2010).   

The adoption of the SCALE-UP model involves significant changes that demand actions 

by more than one individual, thus necessitating the use of sociological perspectives to make 

sense of these group efforts.  The theoretical framework of Communities of Practice (CoP) (Lave 

& Wenger, 1991; Wenger, 1998) provides a useful way to understand the sociological dynamics 

involved in taking up innovative teaching models.  CoP stems from sociocultural theories that 

privilege the learning that occurs as a result of the interactions among people involved in a 

common effort (Lave & Wenger, 1991).  Communities of practice involve mutual engagement 
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by a group in a joint enterprise who draw from a shared repertoire of meanings and symbols 

(Wenger, 1998).  The CoP framework shows promise for understanding of how faculty members 

working together on reforming undergraduate science education interact, both among themselves 

and within their broader contexts.  

Research Questions 

A group of faculty members in the Department of Physics at a large, research extensive 

university in the Southeast US offered an opportunity to investigate the group dynamics of a 

collaborative team that adopted and sustained the SCALE-UP model in teaching the introductory 

physics course sequence.  Understanding the social learning that occured in this group provides 

insight into critical sense-making interactions among science faculty and sociological factors that 

were necessary to support the reform of undergraduate science education.   Using the 

Communities of Practice (CoP) framework (Wenger, 1998), this study investigated the following 

questions in regards to this group of Physics faculty members: 

1. What characteristics and actions of this group of Physics faculty serve as critical aspects 

of their CoP in regard to using the SCALE-UP model to improve undergraduate physics 

education? 

2. Are there elements to this group of faculty and their interactions that are not readily 

explainable through Wenger’s CoP framework? 

3. What qualities of this CoP allow for sustained reform in undergraduate physics teaching 

and learning at a research extensive university? 

Background Literature 

Change in Undergraduate Science Education 

In 1986, an emphasis on undergraduate science education emerged in light of findings 

from a National Science Board (NSB) committee, referred to as the Neal Report (NSB, 1986).  

This report spurred the NSF to begin a series of complex discussions and conferences aimed 

towards reforming undergraduate science education.  The NSF established the foundational 

argument for reforming undergraduate SME&T education in the report, Shaping the Future 

(1996). The report described small accomplishments that had been made since the Neal Report, 

showing promise and possibility for further reform.  Building upon these ideas, the authors offer 

an action agenda involving post-secondary institutions, business and industry, branches of 
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government, and the NSF itself. Following this report, the Carnegie Foundation for the 

Advancement of Teaching, released the “Boyer Report” describing the necessity for reform of 

undergraduate science education (Kenny, 1998).  Acknowledging the need for systemic reform 

throughout post-secondary education, the “Boyer Report” champions the unique intellectual 

character and vast resource pool of large research universities.  The authors argue for a 

reconceptualization of the research university as an ecosystem that has a vast collection of 

strengths, opportunities, and ideas that can work together to enrich undergraduate education. 

The National Research Council (1999) produced a similar call for reform in 

undergraduate education.  Transforming Undergraduate Education in Science, Mathematics, 

Engineering, and Technology revisited many of the broad arguments and ideas developed by the 

NSF and the Boyer Commission with a specific focus on undergraduate science and math 

education, calling for special attention to be given to introductory and lower-level science and 

math courses. The NRC detailed specific actions not only for undergraduate faculty and teaching 

staff, but also for executive and academic administrators of post-secondary institutions.   

The arguments and recommendations made by the NSF, the Boyer Commission, and the 

NRC represent the collective action agenda for improving undergraduate science education.  As 

these efforts extend through the spectrum of post-secondary education, research has identified 

some of the major challenges that impede the progress of change (Henderson, Beach, & 

Finkelstein, 2011; Wright and Sunal, 2004). The variety of barriers reflects the complexity of 

operations at a university, including the management and coordination of resources, both 

institutional (funding, space, curricular committees) and human (leadership, faculty 

expectations).  Other barriers arise in student apprehension towards science, understanding and 

working through an evolving and extended reform process, institutionalization issues, and 

funding allocations.  Another equally critical challenge identified involves faculty members 

revising and developing their personal conceptions of teaching and their practice.  

Reform Efforts in Physics Education 

The Physics education research (PER) community has generated a significant amount of 

innovation aimed at enhancing students’ learning in physics (Docktor & Mestre, 2011; 

McDermott, 2006).  One such innovation concerns the reformation of course structure into studio 

style classes, including the SCALE-UP model (NRC, 2011). This studio course model 

necessitates a unique physical space that has anywhere from six to fifteen circular worktables in 



13 

 

a room, each equipped with several computers with internet connections.  The studio room 

specifications include multiple projectors for several walls to make viewing accessible from all 

points in the room.  Large whiteboard spaces line the walls of the room to provide “thinking 

spaces” for impromptu discussions that emerge among student groups and instructors. Groups of 

students are provided activities which they are allowed to explore through group collaboration, 

with much of the decision making left to the students, while the teacher and assistants act as 

additional resources and guides (Beichner, 2008).  The focus of instruction centers on activities 

where students are challenged to use conceptual information they are supposed to have already 

engaged with through pre-class reading and questioning.  Thus, very short periods of lecture 

addressing various conceptual topics may occur, but extended periods of passive student 

engagement occur rarely, if ever.  Beichner (NRC, 2011) notes that although the success of the 

model in improving student learning is documented, more research is necessary to understand the 

social dynamics involved in maintaining this model in university contexts. 

Across several disciplines, several efforts exist that have been successful in improving 

student learning, but they have been limited in their implementation due to contextual influences. 

The alignment of a single instructor or group of instructor’s conceptions of teaching and their 

practice has been documented as a challenge to the effective enactment of change (Brush, 2002; 

Eley, 2006; Gess-Newsome, Southerland, Johnston, & Woodbury, 2003). Resources needed to 

facilitate institutionalization of these change efforts become scarce once external funding ceases, 

leading to the demise of the improvements (Gess-Newsome et al., 2003; Wright & Sunal, 2004).  

Devlin (2006) argues that too often improvement endeavors fail to consider the unique 

contextual needs of instructors, as all institutions and faculty groups are not the same.  Thus, the 

ephemeral nature of implementing even research based improvements in undergraduate contexts 

emphasizes the need to understand these situations through a broader situational perspective.  

Many studies of enhancing undergraduate science education employ frameworks 

centered on personal learning and cognition, whether concerning student or teacher learning.  

However, efforts to implement SCALE-UP involve several people working together within a 

broader community and culture, thus requiring an understanding of activities and learning that 

invokes sociological perspectives. To make sense of how social and situational factors influence 

the manner in which innovations, such as SCALE-UP, occur, research needs to draw upon 
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perspectives that focus on this social level of interactions (Gess-Newsome et al., 2003; 

Henderson et al., 2011).   

Social Perspectives on Learning 

The social interactions that occur in groups represent learning events that influence group 

members in a variety of ways.  Lave and Wenger (1991) describe the learning theory situated 

cognition, offering a contrast to personal and social constructivism, where the learner and the 

context in which they learn are given equal consideration.  This notion calls attention to the 

many forces learners interact with on a regular basis. Greeno (1998, 2006) provides a similar 

explication of situative learning, an understanding of learning as it occurs through interaction 

within a community.  He stresses the need to focus on the impact of social interactions as 

learners become members of different discursive communities.  This situative learning idea 

encompasses an active role of interacting learners in defining and managing the socially 

negotiated understandings and practices of particular communities.   

The notion of community has become popular in many different contexts, particularly in 

organizational contexts and knowledge management industries, and in education (Hildreth & 

Kimble, 2004; Mundry & Stiles, 2009).  Indeed, these communities are championed for their 

ability to provide support for the personal development of those involved in them, harnessing the 

power of the collective thinking and action of these various groups (Krockover, 2011).  Using 

situated cognition theory to describe groups such as these engaged in a common effort, Wenger 

(1998) provides a thorough and detailed description of “communities of practice”. 

Wenger’s Communities of Practice 

Groups of people working together to implement change, such as undergraduate faculty 

incorporating and maintaining a SCALE-UP studio course, create communities that are situated 

learning contexts. Etienne Wenger (1998) develops the vision of Communities of Practice (CoP) 

as the focal point and unit of analysis to understand the dynamics of contextually situated 

learning.  CoPs, as envisioned by Wenger, are groups of individuals that form interactive 

associations around joint enterprises that develop common meanings and understanding, which 

he asserts are the ultimate outcome of learning.  In this light, the contexts in which learners 

operate must be acknowledged and understood for their role in the development of the 

individual, as well as the reciprocal influence of a learner on their contexts and others present in 
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them.  These communities emerge through the recognition of shared ideas and actions, such as 

notions and practices of effective science teaching.  

Wenger begins his description of CoPs by first explicating the notion of practice and how 

it engenders a community among people.  A shared meaning develops from the combined 

participation of members in a practice, whatever it may be (i.e. – teaching), in which the group 

negotiates what it means to be a member engaged in that practice (i.e. – what makes a ‘good’ 

teacher).  Practice develops from a process of reification, in which the negotiated meanings are 

enacted in a variety of ways and used to facilitate participation.  CoPs develop a dynamic set of 

competencies that become channels for determining an individual’s level of membership within 

the community.  The collective competency of the group establishes critical dimensions of any 

CoP: mutuality of engagement, the ability to act and respond in kind with others; accountability 

to the joint enterprise, understanding of the practice that creates a sense of responsibility to its 

pursuit and negotiation; and negotiability of the shared repertoire, the ability to create group 

meanings through the use of the historical elements of the practice.   

Through mutually engaging practice, a CoP functions as a space for learning and the 

creation of knowledge.  Klein, Connell, and Meyer (2005) offer additional clarification to the 

broad CoP framework (Wegner, 1998).  The authors identify two dimensions that can be used to 

understand how knowledge moves among members of a CoP.  The first dimension relates to the 

direction which knowledge flows through a CoP. The second dimension identified involves the 

kind of knowledge activity that takes place within the community.  CoPs may tend to concern 

themselves with generating and sharing knowledge with community members or providing space 

for the individual knowledge growth of members.  Klein and colleagues note that most CoPs will 

not fall strictly into one category and the specific nature of a community can be temporally and 

contextually bound. 

Lea (2005) contrasts different approaches that have developed from the use of the CoP 

framework in higher education research.  She describes that CoPs are sometimes used as a 

heuristic for understanding the kind of learning situations that develop outside of formal 

structures.  Alternatively, CoPs are seen as an educational design for the creation of learning 

environments.  The author emphasizes this second approach to the application of CoP stems 

from top-down designs that lose the emergent quality of learning in social interactions, instead 

attempting to manufacture such experiences.  Lea argues for the utility of the first approach and 
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CoPs should be used to make sense of the learning that occurs in various contexts, supporting its 

heuristic application. 

Applying CoP’s to Understanding Adoption of SCALE-UP 

As change efforts continue their growth in higher education contexts, understanding the 

learning that occurs among faculty members engaged in these efforts will offer useful and critical 

insight into how to engender and sustain them (NRC, 2011).  In using Wenger’s (1998) 

framework, the emergent quality of CoPs must be acknowledged and appreciated, rather than 

imposed, using the framework as a heuristic and not a design tool (Lea, 2005).  In applying the 

heuristic to understand collaborative faculty groups engaged in change endeavors, investigating 

the patterns of knowledge creation and meaning making among the members provides a 

fundamental understanding of how reform messages get translated and enacted in specific 

contexts (Herrington, Baig, Dye, Hughes, Kendall, Lacey, O’Leary, & Smith, 2008; Klein & 

Connell, 2008).  This kind of understanding highlights successful approaches and important 

social dynamics necessary for maintaining research based education innovations, including the 

implementation of a SCALE-UP model studio course.  

Methods 

To understand the nature of the CoP of physics faculty, this research employed case study 

methodology (Patton, 2006; Stake, 2000).  For this, the researcher sought to understand the 

interactions of the four science faculty members involved in the reform of the undergraduate 

introductory science courses through the use of the SCALE-UP format. Thus, the unit of 

analysis, or overarching case, for the study was the collaborative group of four faculty members 

involved in teaching these studio format courses in this particular science department. 

Research Context 

The research took place on the campus of a large university located in a medium sized 

urban area in the Southern US.  The university served a student population of almost 40,000 with 

high undergraduate enrollment, and was classified as having very high research activity, placing 

it with other institutions that are major centers of research and knowledge creation who are major 

recipients of government and foundation funding.  A university’s position in this group does 

involve a certain amount of prestige, along with great expectations for maintaining and 
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enhancing this status and recognition, expectations that engender certain institutional cultures 

and behaviors (Geiger, 2004), which were a focus of this study.  

At this university, a diminished institutional fiscal environment coupled with 

organizational imbalances, particularly in the faculty/major ratio and number of credit hours 

produced, created vastly different institutional contexts and pressures for different academic 

units. Embedded in this context, the need for producing more majors, and enhancing physics and 

physical science teacher education, has led to several approaches to improving the undergraduate 

physics education provided by the department (Robert, personal communication).  One 

particularly interesting development has been the adoption and creation of studio classrooms for 

the teaching of several of the introductory level physics courses (Docktor & Mestre, 2011).  The 

studio format course was modeled using the SCALE-UP model (Beichner, 2008; NRC 2011).   

The history of the adoption of this studio course model by the Department of Physics also 

represents the history of the emergence of the CoP that is primary case for this study.  

History of a CoP of Physics Faculty Members Engaged in Reform 

The community of physics faculty members described in this study was composed of four 

individuals: Robert, Albert, Isaac, and Max (all names are pseudonyms).  The group developed 

their reform effort over the period of several years. Robert and Albert worked in the Department 

of Physics for approximately 30 years each and maintained a close personal relationship.  As one 

of their first professional efforts at improving undergraduate science education, they developed 

an introductory physics course specifically designed for elementary education majors.     

Due to changing priorities among the departments involved and decreased demand, the 

inquiry-based physics course was later discontinued. Robert became interested in the SCALE-UP 

model developed by other PER scholars.  Robert and Albert successfully advocated for the 

building of a studio space, as specified in the SCALE-UP model, bringing together a coalition of 

faculty from various departments in support.  The new studio space allowed Robert and Albert to 

teach the inquiry-based physics course for education majors another semester.   

During one semester, Albert and Isaac were both teaching the traditional format of the 

first introductory physics course, which includes mandatory recitation sections.  Due to timing 

concerns, they scheduled their sections at the same time in the studio space and served as co-

instructors.  Although apprehensive about a potential increase in teaching efforts, the two physics 

teachers were astonished at the student interactions that emerged in this combined section.  The 
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table of students naturally began working with each other, to the point that both realized “they 

didn’t need us there” (Isaac, GI1).  From these experiences, Isaac realized that the concept of a 

studio course had great merit for getting students more engaged in their learning.  

Interested in developing a complete studio version of the major-level introductory 

physics course, Isaac and Robert successfully developed a proposal for an institutional course 

development grant yet still did not have enough funds for all the new equipment and necessary 

supplies.  Albert, who was the department chair at the time, supplied the needed funding.  Isaac 

and Albert then worked to develop the activities that would be used in the new studio course, 

drawing from several resources and colleagues.  After this further development work, the 

redesigned studio course began to be offered during 2008.  In light of the demand that developed 

in 2009, Robert developed a studio version of the second introductory level course, drawing on 

curricular ideas from Physics education research literature.  Robert remained the only member of 

the group to teach the second course. 

As the newest member of this community, Max began teaching the studio course during 

the course of this study.  His recruitment into this group was facilitated through his relationship 

with Isaac and guest teaching experiences in the studio course at Isaac’s request.  Max was 

excited to see the student interactions that were taking place in the studio classroom.  In the fall 

semester of 2010, Max began to teach his own section of the first course in the studio program.  

Data Collection 

Data collection for this study occurred over the entire year of 2010.  During that time, 

each member of the group taught some variation of the studio course. In constructing a case 

study of the nature of this physics faculty CoP, the data sources included interviews, both as a 

group and individuals, observations of classes and other education related events, and an array of 

documents related to the studio course and the group’s sense making activities related to science 

teaching and learning.  All of these types of data were collected over the course of the year-long 

study.  Table 1 describes the data sources for the study and their use in the analysis. 
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INTERVIEWS 

Description 3 Group Interviews with all four members, 5 Individual Interviews with various 

members 

Timing Group Interviews conducted during Summer and Fall semesters of 2010; Individual 

interviews conducted as needed during Spring and Summer semesters of 2010 

Format Semi-Structured Interview Protocol; Audio recorded for transcription; Group: 3hr 

50min total, Individual: 3hr 15min total 

Use Interviews allowed for the exploration of multiple ideas in regards to their efforts 

and interactions among them and others.  Group interviews were some of the only 

formal group meetings the CoP engaged in, offering opportunities to record 

instantiations of group negotiation and learning in vivo.    

Analytical 

Focus 

Primary data source; Annotated by “GI” for Group Interview, “I” and letter 

representing member for Individual Interview (Ex – “II” is “Individual – Isaac”)  

OBSERVATIONS 

Description 6 Group Interactions (including interviews, involved 2 or more CoP members), 5 

External Interactions, 94 Classroom Teaching (Albert – 32; Isaac – 23; Max (newest 

member) – 10; Robert – 29) 

Timing Spring, Summer, and Fall Semester of 2010 

Format Naturalistic Observation – Researcher sat off to the side of most contexts, taking 

observation notes of interactions and activities with very limited interaction or 

participation; Observation notes digitally transcribed for analysis 

Use External and Group observations encompassed interactions with several other 

communities, including departmental committees, professional development 

workshop leaders, and legislative groups. Classroom teaching observations provided 

insight into group members’ personal translations of group meanings and evidence 

of the influence of those events on the group meaning and practice.  

Analytical 

Focus 

Primary data source; Annotated by “O” followed by type of observation – “E” for 

external, Letter and “C” for class (Ex – “O-AC” is Observation of Albert’s 

Classroom) 

ARTIFACTS/DOCUMENTS 

Description 53 email discussions, 9 course syllabi, 30 course assignments & assessments 

Timing Spring, Summer, and Fall semesters of 2010, Some emails discussions continued 

into the Spring semester of 2011 

Format Email communications sent among group members and external recipients that 

concerned issues related to the studio course; Digital and hard copy versions of 

different course elements shared by various group members 

Use Email served as a primary form of group communication, offering secondary 

evidence for CoP meanings and practice.  Other artifacts collected during the study 

also served as secondary sources for confirming or disconfirming themes emerging 

during analysis.  

Analytical 

Focus 

Secondary data source; Annotated by “A” and letter for related group member and 

sequence number– “GE”-group email, “A”-Albert, “I”-Isaac, “M”-Max, “R”-Robert 

Table 1: Description of Data Sources for Physics Teaching CoP 
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Data Analysis 

 The data analysis employed a constant comparison approach (Strauss & Corbin, 1998).  

This analysis began with the establishment of a preliminary coding schema with several broad 

codes developed in relation to Wenger’s CoP framework (1998).  However, as Patton (2006) 

emphasizes, coding analysis remained open to allow for the emergence of new codes and 

categories not be represented in the initial coding schema.  These emergent codes included 

notions reiterated by multiple group members, important aspects of the SCALE-UP model, and 

ideas about the group’s knowledge activities, similar to the CoP analysis by Klein et al. (2005).   

The coding analysis process involved three primary stages of activity, as defined by 

Strauss and Corbin (1998): open coding, axial coding, and selective coding.  The open coding 

phase was initially shaped by the CoP framework (ex. – ‘Meaning-Learning’, ‘Joint Enterprise-

Negotiations’) but developed emergent codes as well (ex. – ‘SCALE-UP-Room Geometry’, 

‘Shared Repertoire-Validated Assessments’).  The axial coding process synthesized the initial 

codes into more comprehensive ideas as new codes (ex. – ‘Recruitment’, ‘Knowledge Activity’).  

These broader categories were synthesized again to create several themes related to 

understanding the elements of the physics teaching CoP.  Table 2 provides a description of the 

three major themes that emerged from this analysis.  

The unit of analysis, or primary case, for this study was the collaborative group of 

Physics faculty members engaged in teaching the studio format course and implanting the 

SCALE-UP model.  The original research questions necessitated keeping the analysis focused on 

the group and its nature, rather than developing individual profiles for the faculty members and 

looking across them to develop themes.  The researcher conducted the analysis using the NVivo 9 

software package, where all transcripts and digital versions of data were collected and then 

reviewed several times using the coding schema described above.  Increasing the rigor of the 

analysis, all three kinds of data sources were triangulated to develop evidence supporting the 

thematic findings.  The researcher also actively searched for negative cases that disagreed or 

were juxtaposed to the findings.  To enhance the validity of the findings, member-checking 

procedures were conducted with the group.  The researcher developed the thematic findings in 

response to the research question and then allowed the group to review what he had written.  The 

group was given opportunity to comment and offer revisions. 
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Results and Discussion 

This case study of a physics teaching CoP offers insight into how a group of likeminded 

physics faculty members engage together to maintain a SCALE-UP approach to teaching 

introductory physics.  The results presented here provide an example of how their collaboration 

can affect and is affected by individual and situational characteristics (Henderson & Dancy, 

2007).  Three central themes emerged from the analysis of the various data sources that describe 

the nature of this CoP of physics faculty members.  The results described in this section represent 

these major ideas and how they span across some of the primary elements of Wenger’s 

Communities of Practice framework (1998). The results provided insight into the nature of a CoP 

of physics faculty members focused on teaching physics effectively.    Table 2 describes the 

three major themes that emerged during the data analysis. 

Thematic Finding Description

Concern for Conceptual 

Understanding 

The CoP endeavored to teach students in ways that 

enhance their conceptual understanding of physics, 

rather than the more superficial factual understanding 

of content that often results from traditional 

instruction. 

Learn by Engaging The CoP understood that learning, including their 

own and their students’, is most effectively achieved 

through engaging in activities that provide 

opportunities to use ideas in practice. 

Open Structure of the Community The CoP maintained an informal communication 

network among them and afforded each other equal 

respect in their emergent roles. 

 

 

The meanings and practice of this CoP were facilitated through several components that 

Wenger (1998) describes as fundamental to any CoP.  The open structure of this group, such as 

in communication with each other and the pedagogical direction offered to each member, stood 

out as a critical characteristic for encouraging the mutual engagement of the members with each 

other.  As the members engaged with each other to practice their meanings, the studio format for 

introductory physics courses brought them together in a joint enterprise where they acted in kind 

with each other.  The group further developed their meanings and practice for teaching studio by 

Table 2: Thematic Findings for Studio Physics Teaching CoP 
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employing a shared repertoire, including sets of developed whiteboard activities, the physical 

geometry of a studio, and enhanced scores on validated assessments.  The use of these elements 

by the group allowed for the development of further evidence for the success of the studio 

course.  The shared repertoire also helped the group to enhance their own learning about how to 

teach physics effectively. Figure 1 provides a graphical representation of how these fundamental 

CoP elements intertwine. The themes identified in the analysis are incorporated throughout the 

following discussion, which is framed as direct responses to each of the research questions. 

 

 

 

 

What characteristics and actions of this group of Physics faculty serve as critical aspects of 

their CoP in regard to using the SCALE-UP model to reform undergraduate science 

education? 

Boundaries of the Physics Teaching CoP 

The physics teaching CoP of Albert, Isaac, Max, and Robert did not view themselves as 

an exclusive group, rather one that was intertwined in the fabric of departmental colleagues for 

whom they have great personal respect and professional consideration (GI1p17).  The initial 

Figure 1: The Nature of the Studio Physics Teaching CoP 
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criteria for becoming a member of the group was a sincere interest in teaching using the SCALE-

UP format and the desire for students to evidence conceptual understanding gained through 

engaging learning activities.  Existing group members determined these qualities in others 

through personal interactions with colleagues (GI2p21).  Robert and Albert were colleagues for 

many years, but they also maintained a friendship during that time that has allowed for them to 

engage in extended conversations about educational issues, including their teaching, as well as 

providing affective support for each other’s reform efforts in their teaching.  These personal 

relationships became apparent when they would share insights concerning the discussions and 

amount of time spent together outside of professional interactions. In a similar fashion, Isaac 

used his personal relationship with Max to recruit him into teaching the studio.  Isaac professed 

that he used the personal connections he had with people to begin cultivating their interest in 

studio teaching and the meanings underlying it. 

Isaac: “What I’m doing is just trying to open people’s eyes to it …and this is only going 

to work with people who are my close colleagues and friends… you keep telling them 

about it. You know I will come back from a studio a class and tell them ‘Oh, I did this 

thing today, and it was amazing! They figured it out!” (GI2p21)  

Though the group characterized membership as voluntary, recruitment “criteria” for new 

members existed to ensure that those who teach the studio course share their meanings for 

effective physics teaching.  The members engaged offers to teach studio from distinguished 

colleagues with care, reflecting on what they knew of these associates, including the other 

demands on their time regarding research, their teaching abilities demonstrated in other courses, 

and other service. (GI2p21-24) The group members took time in cultivating new “recruits”, 

using personal connections to involve them and reflecting on the how they would adopt the 

CoP’s meaning and practice. This approach to recruitment provided the CoP with a level of 

comfort that the new members would be able to mutually engage with the rest of the group, 

acting and speaking in kind with the other members. 

Although the physics teaching CoP endeavored to recruit more colleagues, they did not 

engage everyone that voiced interest in working with them.  When speaking about a colleague 

who has an internationally acclaimed research profile, who supported the studio course and 

wanted to teach a section, Robert and Isaac described how they seriously considered his request.  

A primary reservation of theirs in this instance dealt with their fear that this colleague was not as 



24 

 

detailed oriented in his approach to teaching (evidenced by a history of being late with various 

administrative deadlines) as implementation of the studio course necessitated.  (GI2p24)   

Thus, to become be considered as a potential recruit for this CoP, the members had to feel 

comfortable that new participants would be able and willing to fully engage with the practices of 

the community.  Although understandable as a measure for preservation of the authentic buy-in 

to the SCALE-UP model by the CoP, the strong concern for fidelity to community practices 

created exclusionary principles that limited the participation and potential development of the 

studio course.  The emergence of such principles highlights a potential draw back to the 

development of professional learning communities to improve education, where the meanings 

and practice can isolate the group from departmental colleagues, potentially creating a contextual 

barrier to support for the group. 

The physics teaching CoP created a unique social space for the members to consider their 

teaching, which alleviated barriers to such interactions, providing the members a group where 

their ideas and concerns were given equal concern. When asked about whether they see 

themselves as a group, Richard and Isaac offered 

 Robert: “There is no hierarchy.” 

Isaac: “Yeah, we are all equals….and there’s no membership criteria other than an 

interest in doing it.” 

And these statements resonated in describing the internal nature of this CoP and how they 

worked together as a group.  Rather than being stratified in an organizational hierarchy, each of 

the members of this CoP served different, yet equally privileged, roles for the community.  

Robert noted this quality of the group composition, once describing the original three members 

by stating  

“Albert is our sane person, Isaac is our cheerleader, and I’m the alarm minder.  So when 

there is a problem, I am usually the first to notice it, Isaac gets excited about things and 

says ‘We gotta keep going’, and Albert figures out how to drive the car through the eye 

of the needle.” (II-R1)  

At the time of this quote, Max had not assumed teaching a full studio course, having only been a 

guest teacher for Isaac.  While his entrance into the community was eagerly anticipated, the 

development of Max’s role within the community was not fully developed during the time of this 

study. 
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 This CoP demonstrated a recognizable periphery.  The development of potential new 

recruits for the group offered a view of the CoP’s outer boundary.  The intentional targeting of 

other faculty members who have already incorporated some the CoP’s repertoire, such as 

whiteboards, provided an example of what peripheral participation looks like.  This community 

included such peripheral participants in guest teaching in the studio course, offering the recruit 

an opportunity to engage in learning about the model through actual practice.  Although this 

practice intended to persuade a potential recruit to join the community, it also provided the 

community with an opportunity to see how well the new person aligned with the established 

meanings and practice of the group.  Thus, the periphery of the community was well defined, but 

once a person attained membership in the community, the distinction between members was not 

as stratified.   

Meaning and Practice 

The fundamental elements of a CoP include the group’s meaning of what involvement in 

the community and engagement in its practice entails (Wenger, 1998).  A CoP’s practice 

involves the processes of realizing and objectifying those meanings in ways that signify 

participation in the community.  These two components intertwine reciprocally.  In this case of a 

physics faculty CoP, the meaning of the group encompassed what they felt to be effective ways 

of teaching physics content.  Their practice took the shape of teaching introductory 

undergraduate physics using an interactive studio course based upon the SCALE-UP model 

(Beichner, 2008). Through using this model, Albert, Isaac, Max, and Robert used the opportunity 

to learn more about how to effectively teach undergraduate physics, which in turn shaped the 

meanings that served this community. 

The group’s shared concern for conceptual learning formed the basis of their CoP’s 

meaning.   Robert, Isaac, and Albert described their discontentment with their teaching 

experiences in lecture courses due to perceived lack of conceptual understanding in their students 

as they worked with them, reinforced by poor scores on validated assessments at the end of every 

semester.  This dissatisfaction led them to consider changing their practice (GI1p3).  During one 

of the group interviews, Robert expressed that he was “physically unable to lecture at this point” 

(GI2p11), a view that was attributed to the little conceptual learning evidenced to him in his prior 

attempts to use this approach.  On his first day of teaching the studio course, Max expressed to 

his students “Physics is not about numbers…this class is about understanding” (O-MC1), a 
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notion emphasized in his syllabus as well (A-M1).  The concern for conceptual understanding as 

giving meaning for the group was demonstrated by Isaac’s response to a question about if they 

envisioned themselves as a group 

“This group is made up of people that are forward thinking about teaching techniques and 

also deeply concerned about whether the students in their class actually learn something.” 

(G1p6) 

Further exploration of what Isaac’s goal for learning “something” meant reinforced his and the 

rest of the CoP’s desire for conceptual understanding as they described that students should be 

able to apply their understandings to multiple problems and contexts.   

The studio model for teaching physics provided the vehicle through which the group put 

this conceptually focused meaning into practice.  During multiple classroom observations of all 

four members, a common interaction pattern developed when a member would engage with a 

group of students that had a question.  This pattern encompassed listening to the initial student 

question and then responding with a query for the students to identify the forces or other 

theoretical concepts involved in the issue. The following excerpt of approximately 10 minutes 

from an observation of Isaac teaching provided an example (O – IC7). 

 “Where do we start in this class now?” [Isaac] – “Free Body Diagram!!” [Students] – “I 

will ask you to justify your forces” [Isaac] 

 Isaac walking around, helping groups, throwing in a witty comment during each 

interaction 

 Isaac and TA continuing to circulate and help groups 

 Isaac engages groups typically by pointing out what they have already established and 

written down, may ask a clarifying question, then points to the specific issue they are 

struggling with, and then gets them to consider how that issue could lead to a solution  

 

This emphasis on identifying the underlying concepts emerged as a standard element to how the 

members wanted students to develop in their problem responses or in conducting investigations. 

(GI2p13) 

The studio format, including the scheduling and physical geometry, exploited another key 

aspect of the group’s meaning and practice.  As conceptual physics understanding is the 

overarching learning goal for the group, a complimentary meaning for how this is achieved was 

to “learn by doing”.  Several descriptions of the “learn by doing” idea offered by the different 

group members combined to depict a view of learning that necessitates engagement with a 

concept or practice in an active manner, such as problem solving or investigations, as opposed to 
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passive forms of involving traditional lecture.  Max, the newest member, described that the 

mutual understanding of learning through engagement as part of his reasons for joining the CoP: 

“This is something that I learned from my university years, and that is really I can only 

take very little from lecture, just general direction. If you really want someone to 

understand something, the only way to do it is to do it yourself, and that is what studio 

class is about and it fits my philosophy very well.” (GI1p9) 

Indeed, all of the members expressed some variation of this idea to their students on the first day 

of their courses. 

Albert: “The reason you actually learn is because we have you here for a longer period 

and force you to think about physics the whole time.” (O-AC23) 

Isaac: “The best way to learn is to “DO” something.” (O-IC13) 

Robert: “The goal of this class is learning by doing.” (O-RC17) 

Over the span of classroom observations, none of the group members engaged in long 

lectures.  Perhaps the longest lecture observed was in Max’s class (O-MC4), when he lectured 

for the first 45 minutes of the three hour class, describing gravity concepts and a standard format 

for problem solving, including identifying forces and drawing vector diagrams, a common 

method discussed in most physics textbooks (GI2p19).  Mini-lectures were employed, which 

lasted approximately 15-20 minutes.  Instead, the majority of the time in the studio courses was 

spent by having students work together on solving conceptual problems, writing solutions of 

whiteboards for class discussions, or engaged in investigations related to physics concepts.   

Shared Repertoire 

Wenger’s CoP framework describes that a CoP develops a shared repertoire of items and 

ideas that become critical elements for the community to mutually enhance their meaning and 

practice. Table 3 provides a listing of several major elements of this CoP’s repertoire for 

teaching physics effectively. This CoP privileged the use of the Force Concept Inventory (FCI) 

(Halloun, Hake, Mosca, & Hestenes,1995) as a major assessment of student conceptual learning 

resulting from the studio course.  The FCI has been well validated by the Physics educational 

research community and is used as a reliable measure of the conceptual understanding of several 

major concepts in Newtonian mechanics (NRC, 2011).   

This CoP employed the FCI results of the studio courses as evidence of the more 

meaningful learning that occurs in this context, not only for themselves, but to other members of 
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their department and the broader university community (GI3p10).  Several email exchanges 

among the group members were primarily focused on FCI results from different class sections.  

Interestingly, Albert also taught a traditional lecture section of the introductory course that 

resulted in the noticeably smaller gains.  The comparison of Albert’s studio and traditional 

courses’ FCI scores, and their dramatic difference even with a common instructor, served as 

another critical piece of evidence for the success of the group’s practice of teaching introductory 

physics in the studio format. 

One of the most recognizable elements of the group’s shared repertoire involved the 

whiteboard activities, one of the unique aspects of the studio model as enacted by Albert, Max, 

and Isaac.  The use of the whiteboards helped to facilitate interactions, engaging students in 

exploring the implications and application of physics concepts.  The majority of activity in each 

of these member’s studio courses involved solving multifaceted problems and using the 

whiteboard to demonstrate the solution.  Groups were selected at different times during a class to 

present their work and foster class discussion around the concepts.  Isaac continuously demanded 

that groups solve the problems using only the whiteboard, necessitating group interaction and 

discussion, even doing so when covering one of Max’s classes (GI3p22; O – MC8).  Although 

this repertoire element was put into practice in the first studio class to enact the CoP’s desire for 

learning through engagement, Robert did not incorporate whiteboards into the second studio 

class.  The other members acknowledged this variation in Robert’s practice. (GI3p23) 

Perhaps the most critical element of the group’s repertoire was the actual studio room 

itself.  All of the members emphasized that the physical space of the studio room was the most 

critical factor in creating an effective learning environment where they could teach for 

conceptual understanding by engaging their students in a variety of activities.  Robert stated 

“The reason this works is because we are in this furniture geometry where people sort of 

assume they are going to be working in groups of two or three and they get together and 

just make it happen.” (G1p5)  

The CoP members also emphasized that the studio format not only allowed students to 

learn by engaging with physics concepts and phenomena deeply, but also provided for more 

meaningful engagement with the teacher. Reciprocally, these interactions also allowed the group 
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Element Engagement Group Usage 

Whiteboards Groups of students use this 

tool to interact to develop 

solutions for conceptual 

problems and present them for 

critique by other groups. 

-First Introductory Course 

-Other courses taught by 

group members 

-Robert does not use this 

-“They facilitate the 

discussion.” (Max – GI3p21) 

-“They are an essential 

element.” (Isaac – GI3p22) 

Room Geometry The physical design of the 

studio class, including circular 

tables ringed with seats and 

computer workstations in the 

center, facilitates interactions 

among the students and with 

the teacher.  

-All studio courses taught in 

this type of space 

-Isaac consternated when he 

had to return to a traditional 

lecture hall 

-“You know they are shouting 

across the tables, not just 

limiting their interactions with 

in their group” (Albert – 

GI2p14) 

Small Group Work Students spend the majority of 

their time working with one or 

two others in a group on 

experiments, investigations, 

and problem solving. 

-All members use small group 

work in their classes, some 

even on exams (O-IC5, MC5) 

-Structure of groups became a 

point of negotiation among 

members (GI2p9) 

-“Small groups work…’How 

do I implement them?’…’Well, 

it really has to be all the 

time.’” (Albert – GI3p18) 

Online Problem Solving Students were assigned sets of 

conceptual physics problems, 

using online access typically 

through the textbook.  

-All members gave students 

time to work on these in class 

-Robert & Isaac structured set 

times during their studios (O-

IC1-12, RC20-27) 

-Max & Albert explicitly 

advise students to work 

together on these, even outside 

of class (A-A2,M1) 

FCI Scores Evidence used by the group to 

demonstrate the effectiveness 

of studio courses.  

-FCI scores used to interest 

potential recruits (A – GE43) 

-“We have the proof in the 

FCI results.” (Albert – 

GI3p10) 

 

Table 3: Elements of the Shared Repertoire for the Physics Teaching CoP 
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member to learn about their students’ understanding through engagement.  Thus, the CoP 

members were learning about the effectiveness of their teaching, particularly in light of gender, 

ethnicity, and major designation, through engaging with various student groups and seeing how 

they were applying the physics concepts they were learning. As an added benefit provided by the 

physical structure of the studio format, the members described that engaging with one group of 

students was also productive because other student groups sitting at the same table could 

overhear the discussions occurring between the teacher and the initial group. “So the 

conversations between the instructors and students also are not just ‘instruct a group’, it’s 

‘instruct a table’.” (G2p14) 

Joint Enterprise 

The members of the physics teaching CoP used the various elements of the shared 

repertoire to jointly create the SCALE-UP model of their physics courses, but their courses were 

not identical. Robert’s enactment of this concern for conceptual understanding provided an 

interesting comparison to other group members.  Although Robert taught in a similar studio 

format, he did not employ whiteboard activities like the other members, who capitalized on the 

ability of these tools to structure the articulation of students’ conceptual understanding.  Robert 

engaged with students and their questions in a similarly conceptually oriented manner (O – RC1-

14,16-27), but more often through Socratic dialogue.  The weekly quizzes that Robert used as a 

primary form of assessment were designed in a conceptually based manner, often comprised of a 

single diagram and several abstracted application questions related to it (A – R3,5,8). The 

semester following this study, Robert was scheduled to teach an algebra-based version of the 

first introductory studio course, where he admitted “I will just adopt what these guys have been 

doing” (GI3p1), including whiteboard activities. 

The group privileged the more personal interactions afforded by the studio model because 

they obtained a better grasp of what concepts their students understood and how they were 

applying them, practices that carried over into other teaching contexts.  Isaac expressed 

frustration at not being able to reach every student group when he returned to teaching a 

traditional large lecture Astronomy course where he attempted to use a similar whiteboard 

strategy as in the studio course (GI2p9).  Both Robert and Isaac employed several pedagogical 

strategies from their studio experience when engaged in professional development activities with 

K12 science teachers during the summertime, including whiteboards, group work, and inquiry 
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activities (O – E4, E5; II-I1).  Max preferred the interactions engendered by the whiteboard 

activities and he chose to use them the semester following the study in a recitation class that he 

was teaching (GI3p18).  During the study, Albert initially taught another course in the studio 

room designed for students in several arts majors to engage with physics concepts related to their 

fields, where part of his set of activities included whiteboard questions (A – A1). Isaac’s inability 

to engage with each group due to the spatial geometry of the lecture hall led him to adapt the 

whiteboard strategy to fit by using conceptually oriented questions that students could respond to 

using a personal response system (‘clicker’).  (GI3p23)  Thus, by jointly engaging in the 

innovative enterprise of the studio course program, these members adapted practices of the 

community to other teaching contexts to realize their shared focus on conceptual learning and to 

facilitate such learning through engagement in activity.   

Mutual Engagement 

Mutual engagement in teaching the studio physics courses served to develop the group’s 

meaning and practice in understanding how to teach physics effectively.  This group, as with all 

CoPs, served as a pathway for learning through participation in the development of the meaning 

and practice.  The members of this CoP privileged physics learning that occurs through engaging 

with concepts and investigations, observed through the kinds of activities the members shared 

with each other and employed in their courses (O-AC23-32, IC1-12, MC1-9;A-A1,I1, R1, M1).  

The group enacted a similar approach to learning about how to teach physics effectively.  Group 

members continually adjusted their teaching in the studio course based upon observations and 

results from previous semesters, observed through changes made by all group members and 

through their interactions during the group interviews.  Albert readily admitted “I still feel like 

I’m learning how to do it,” (GI3p25), which is notable as he is the group member with the most 

experience teaching in the studio format.  

Curricular changes in the studio courses were common as the group continued to learn 

about teaching physics.   Robert, displeased with previous students’ understanding of DC 

circuits, incorporated a unit into the second studio course taken directly from a well-known 

physics curriculum for the PER research community, Physics by Inquiry (McDermott, 1996). (O 

– RC17-19) Isaac provided Max with his entire curriculum for the first studio course, including 

activities and exams, but with the expectation that Max would “tweak” and adjust the material as 

he saw fit (II – I1).  The group offered advice to Max as he made those adjustments (GI2p1-4).  
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At the end of the semester, Isaac revisited with Max to understand what changes he had made 

that would be useful for Isaac when he began teaching the first studio course again (GI3p27).    

The mutual engagement of members in the studio physics model shaped other aspects of 

the community.  The most common way for the group to recruit other group members was by 

having potential recruits actually come in several times to one of their classes and guest teach.  

Isaac recalled when he was ‘recruiting’ Max 

“I also had him come and do a couple of studio classes for me when I was away from 

campus for a meeting, and that, I think that really helped, cause he got a first-hand taste 

of how it worked.” (GI2p25) 

The mutual engagement of the members of this CoP, and its resonance into recruiting 

procedures, could be viewed as an effort towards conformity, yet that was not the case once a 

person joined the group.  When observing the members interact during the group interviews and 

impromptu observations, each was given respect for their ideas and comments and there was not 

a sense of differential status.  The advice shared among the members during the group 

interviews, such as advice on altering questions for exams or how to compose student groups, 

never took the form of directives to them (GI2p4, 9), instead they served as recommendations for 

further consideration.  Some advice was actually taken up by members, such as how to signal 

students to finish up a particular whiteboard problem. (GI2p14, O-AC26) 

Another important aspect of the open nature of this CoP emerged in observing the way 

they communicated with each other.  All of the members readily admitted that most of their 

communication about teaching the studio course occurred over email and through impromptu 

“hallway” conversations.  Indeed, many of the emails collected during the study involved a chain 

of several responses from others to the member who initially sent the communication. (A-

GE1,8,12,13,16,17,18,21,23,26,29,34,36,37,39) Albert and Robert were observed sharing several 

impromptu conversations during the semester where their classes were scheduled back to back in 

the studio room. (O-AC6,8,9,13,14) Interestingly, the only formal meetings the group actually 

had to discuss teaching the studio course resulted from the group interviews scheduled for this 

study. (GI2p17) During this exchange, Isaac emphasized that this kind of interaction and meeting 

was something sorely missing from department and university as a whole.  The studio physics 

CoP provided a social space, albeit not as formal as some institutional groupings, that allowed 

for these kinds of meaningful discussions.  Yet, these discussions were also focused around a 
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particular effort, which kept the discussions more specified, rather than ranging across broad 

considerations of teaching and learning that can be difficult to translate into practical changes. 

Are there elements to this group of faculty and their interactions that are not readily 

explainable through Wenger’s CoP framework? 

The group described in this case study represented a community of practice centered on 

the teaching of introductory undergraduate physics.  A fundamental aspect of CoPs involves 

levels of membership and participation in a community where movement through these levels 

represents learning.  Other studies employing the CoP framework identified the characteristics of 

these three membership levels (Herrington et al., 2008; Kahveci, Southerland, & Gilmer, 2008).  

Moving from peripheral to marginal to full participation in a community, an individual learns 

and contributes to the further development of a community’s meanings and practices.  However, 

the nature of the physics teaching CoP described in this study did not reflect these striated levels 

of internal community structure.   

The periphery of the community was defined, but once a person attained membership in 

the community, the distinction between members was not as stratified.  Robert was the politico 

of the group, often concerned with an array of issues and challenges regarding physics education 

at multiple levels, and keenly aware and engaged with administrative actions and discussions 

throughout the university. (GI3p13, O-E1,2,7,8)  Isaac acted as the primary recruiter for the 

group and worked to help others in the department see the value of the studio class, either 

through colloquiums or personal interactions. (GI1p9, G2p21) Albert contributed to the CoP by 

being the resource person, such as directing the necessary support to start the studio program. 

(GI1p9) His teaching of the traditional lecture and studio sections of the first course allowed for 

the comparison of FCI scores that served as a critical piece of evidence for the group supporting 

the effectiveness of the studio model. (GI3p10, A-GE18) As the new member, Max’s role was 

not as clearly defined, but at the end of teaching his first studio course, he was no longer 

considered the “new guy”. (GI3p27) The nested case of Max and his experience as the newest 

member of the group offered evidence for the lack of marginality in this group.   

Upon joining the other three in the physics teaching CoP, Max was quickly treated as an 

equal and full participant in the community.  He was given unrestricted access to the group’s 

repertoire, including all of the whiteboard activities and exams.  He contributed to the group’s 

evidence for the effectiveness of the studio model using FCI pre-post comparisons.  The nature 
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of this CoP did not invoke hierarchical levels of marginal and full participants; rather each 

member served in particular roles based upon their contributions to the community.  These roles 

were not intentionally defined by the group, but emerged as they mutually engaged in the joint 

enterprise of teaching a studio physics course.  Yet Wenger’s CoP framework is limited in its 

ability to elucidate this quality of the physics teaching CoP. 

The work of Klein and colleagues (2005, 2008) provide an additional analytical lens to 

compensate for this limitation in the CoP framework.  Their work explicated two spectrums of 

activity related to how knowledge moves through a community of practice.  The first spectrum 

involves the control of knowledge flow in the community, related to Wenger’s level of 

memberships.  One end of this spectrum invokes a rigid, hierarchical structure with veteran, full 

members of the community in absolute control of these processes.  The opposite end describes a 

community that is more open, with knowledge and information flowing freely among the 

members.  The analytical spectrum described by Klein et al. (2005) accommodates for the 

different roles adopted by each of the members. The case study results of this physics teaching 

CoP provided evidence that this community was egalitarian with the flow of information among 

its members as seen in the open structure within the community.   

The other dimension developed by Klein and colleagues (2005) related to the 

development of knowledge within a CoP.  A sharing community focuses on the distribution of 

generated knowledge among its members.  A nurturing community privileges individual 

members’ development of their own knowledge.  The physics teaching CoP demonstrated 

aspects of both ends of this spectrum, with explicit discussions and actions aimed at sharing 

information about teaching the studio course.  These instantiations of sharing occurred in 

concordance with a sense of pedagogical autonomy for members as they engaged in their own 

learning about teaching physics through their experiences in their respective courses.  Thus, the 

physics teaching CoP did not reside at a specific end of this analytical spectrum, emerging more 

towards the center of it.   The attention given to the results of the FCI assessment provided an 

example of how information is used in both a sharing and a nurturing sense. 

 The FCI is a well validated assessment of students’ conceptual understanding of a 

specified set of Newtonian mechanics ideas (Hake, 1998). The Physics education research 

community has used this assessment as a common measure of teaching effectiveness (NRC, 

2011), and the physics teaching CoP shared this perception and use of the FCI.  The group 
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communicated and shared the FCI results for their specific sections of the studio course (A – 

GE20, 43), using this information as evidence of the success of the studio physics model for 

themselves and for others.  The FCI results were also used by each member in a nurturing sense 

to assist them in developing their personal understanding of their teaching, using them to initially 

shape student groups as they taught and reflect on the success of teaching certain concepts during 

the semester. (O – IC2; GI3p10) Thus, FCI information generated by the practice of the CoP was 

used for dual purposes of sharing among members as evidence of their effort’s success and 

nurturing their individual teaching practice.   

Klein et al. (2005) aptly noted that most communities of practice cannot be placed 

specifically at any of the extreme ends of these spectra, as these characteristics are temporally 

and contextually bound.  The CoP in this study supported this caveat, as the physics teaching 

CoP was more egalitarian in its directional control of knowledge flow, but more mixed in the 

goals for the activity of knowledge flow.  The possibility exists that these characteristics will 

change as this CoP grows and includes more members.  As potential recruits become members of 

the CoP, the focus of knowledge sharing may take precedence over nurturing to ensure the 

meanings of the community remain intact.  Whatever the trajectory the future development of 

this CoP takes, the analytical addition of Klein and colleagues’ knowledge activity spectra offer 

an enhancement to Wenger’s CoP framework in making sense of learning that occurs through 

social interaction. 

What qualities of this CoP allow for sustained reform in undergraduate physics teaching 

and learning at a research extensive university? 

The development of this studio physics teaching CoP suggest some conditions necessary 

for a reform effort to take hold and create a lasting change in science teaching at a large 

university.  First, the group members shared a similar trajectory in their understandings about 

physics teaching.  Through individual histories, they each developed a sense of discontentment 

with their teaching in large introductory physics lectures, reinforced by the broader Physics 

education research community and the privileged FCI scores.  Their dissatisfaction arose from 

the lack of physics understanding and lack of engagement they observed in their students, a sense 

that was validated by their FCI results.  These indicators engendered a sense of pedagogical 

discontentment in the group members, which is a critical development for teachers to consider 
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changing their practice (Southerland, Sowell, & Enderle, 2011).  Pedagogical discontentment 

refers to a teacher’s dissatisfaction with the nature of the current teaching practices they enact.  

Combining that evidence with their personal intuitions about what was lacking in these 

traditional courses, the group members became receptive to considering alternative teaching 

approaches.  The studio course became the alternative that addressed their pedagogical concerns. 

To reinforce their learning goals and understand how to address them through the studio course, 

they engaged in the practice of actually teaching in the model.  This experience provided further 

opportunity to engage with the alternative idea and become the predominant framework through 

which they view teaching.  This set of conditions echoes findings from other studies which 

demonstrate that for teachers, even in university contexts, to implement change meaningfully, 

they must not only adopt the meanings and ideas of these efforts, but also be provided 

opportunities to learn them by engaging in their practice (Devlin, 2006; Eley, 2006).   

This study of the physics teaching CoP enhances the understanding of university adoption 

of change efforts through elucidating social interactions and learning that take place in such an 

effort.  The interactions of Albert, Isaac, Max, and Robert, even though many were informal, 

provided them space to reflect together on their teaching.  The open structure of the CoP enabled 

autonomy in this social learning structure so members had control in their own pedagogical 

decisions, allowing for a sense of responsibility to the joint enterprise to develop.  Klein and 

Connell (2008) also argue that this flexibility is a critical characteristic in maintaining reform-

oriented CoPs in higher education contexts.  Many of the participants in research on 

undergraduate teaching are also research scientists, who have been trained to solve questions 

through their own work, but at the same time working in larger efforts with others.  This model 

of social engagement is also effective for this CoP in learning and practicing the teaching of 

physics, invoking aspects connected to independence from their professional research identities.   

The personal connections between these members, and potential recruits, also played a 

crucial role due to the amount of time involved.  The group members described a gradual change 

in their perceptions of their teaching and its impact fostered by their own experiences and 

encouraged through their interactions with each other. Isaac acknowledged that he was in this 

transitory state when Robert used their connection with each other to begin discussing the 

possibility of a studio course. (GI2p23) During the same conversation, Robert estimated that the 

recruitment of a new member takes approximately two years, involving getting the recruits to 
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understand the importance of the learning engagement that happens in the studio course and to 

attempt it in some of their own courses and through guest teaching.  Albert, when discussing the 

transition in thinking about teaching, described the process as such 

“If you can get people to do that a little and they start to see that this actually is a way for 

students to learn how to solve problems better, that they actually do learn about solving 

problems, then they buy in a little bit … I refer to it as a phase transition, where after you 

buy in a little bit, then you have to make the leap and say ok, these techniques obviously 

work better than others that we have been doing…” (GI3p17) 

The “leap” that Albert referred to is not an easy transition, which all of the members 

readily acknowledged in several discussions. (GI1p13-14; GI2p22-23; GI3p19-20).  Even if a 

person embraced the group’s concern for conceptual understanding and that learning is best 

accomplished through engagement in conceptually based instruction, a new member must face a 

set of trade-offs in agreeing to teach the studio course, making some potential recruits 

apprehensive about actually joining the group.  A major consideration when recruiting a member 

involved the stage of one’s career and where they are positioned in regards to tenure and 

promotion.  When first asked about this challenge, some members stated  

Isaac: “When you are in the process of being promoted, you have to be perceived that 

your primary focus is on your research. That is what you have to do at a university like 

this one. You don’t want to be doing this as an assistant professor…When you get to the 

level we are, then you can decide to spend a bit more time, a bit larger fraction of your 

time on teaching.” 

Robert: “When you do something like this that is seen as progressive, there is a risk that it 

will be perceived that you are no longer taking your research seriously, even if it is not 

true.” (GI1p7) 

Recruiting and involving faculty members in educational changes necessitates a consideration of 

and accommodation for the reward systems in place and how those influence potential recruits. 

The group members exhibited sensitivity to the affective states of each other and 

potential recruits.  The sensing of pedagogical discontentment in others in the recruiting process, 

and emphasizing the need for shift in one’s beliefs about teaching, revealed a concern for the 

affective states of those who would work on reform.  The personal relationships and social bonds 

that existed among the members of this CoP strengthened the commitment that these members 
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felt to each other and the studio course. Many reform efforts in undergraduate science education 

dealt with the affective states of participants as individual characteristics and possible targets of 

change (Henderson & Dancy, 2007).  However, this study suggests that such considerations 

should also become a situational characteristic of a change effort.  By working as a team, the 

physics teaching CoP created a social context where affective conditions of those involved in the 

reform effort were acknowledged.   

The developmental trajectory of the physics teaching CoP occurred over an extended 

period of time, highlighting another lesson for consideration.  Before this study, the group 

emerged gradually over the period of several years.  The recruitment of new members, such as 

with Max, did not occur rapidly, instead, recruitment could take up to two years.  The protracted 

length of this process allowed for the established group to foster the necessary pedagogical 

discontentment in a recruit and assure the mutual understanding of the group’s meanings that 

underlie their practice.  The members were afforded time to make sense of teaching in the studio 

course and maintain a perception that there will be more time needed to continue to improve the 

reform effort.  The commitment to giving time for the studio reform effort to develop serves as 

another important consideration for undergraduate reform efforts (Wright & Sunal, 2004).  

A final consideration for undergraduate reform efforts in science education that emerged 

from this case study concerns the social status of the physics teaching CoP.  The three initial 

members – Albert, Isaac, and Robert – maintained a veteran status in some of their broader social 

contexts, including their department and college.  All three had served in various administrative 

capacities, with Albert’s service as chair being a critical component to the allocation of resources 

for starting the studio program. Issues of tenure and promotion were not an immediate concern 

for these members due to this status, which also affected the recruitment time for bringing Max 

into the CoP, after he had obtained tenure.  Their senior status also reflected an established and 

respected research agenda, which buffered concerns and negative perceptions of teaching change 

efforts in this large research university.  As efforts develop in large research universities, these 

established and veteran faculty members should be cultivated to lead them, being able to use 

their social capital to enhance and support a reform effort in its institutional context.  
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Summary 

This yearlong study of a group of likeminded physics faculty members engaged in 

innovative changes to the traditional introductory physics course sequence using the SCALE-UP 

model revealed several key insights into the nature of improving undergraduate science 

education.  Communities of practice serve as a beneficial support structure in such efforts, 

providing a social learning space where members can explore the meaning of changes and safely 

enact them through practice, using the insight of other members to empower themselves and 

assess the impact of the changes.  These CoP created an alternative situational factor (Henderson 

& Dancy, 2007) that is not typical for research oriented science departments at large universities, 

and at the same time provided space for Albert, Isaac, Max, and Robert to work together on 

enhancing their individual ideas and practice.   

The case study of the physics teaching CoP demonstrated that for meaningful change to 

sustain itself, these communities must be given space to emerge and allowance for members to 

determine the shape of the community and its interactions.  This type of cultivation allows such 

groups to take ownership of their efforts at change, imbuing them with responsibility for success 

and consistent monitoring of development, rather than top-down efforts at change that exist with 

an external source of oversight.  Yet, the time and affordances necessary for this group to emerge 

represent contextual challenges that must be managed for these efforts to produce effective 

change.   

Another facet of this physics teaching CoP success involves the focus of their efforts 

around an established, research-based model for improving undergraduate science education.  

The emphasis on FCI scores by the CoP allowed this group to compare their efforts to the 

broader work of the PER community, validating their successes against an externally agreed 

upon measure of student learning.  The SCALE-UP model provided a critical element for this 

CoP to center their efforts around, but also allowed for enough variation that the members did 

not feel overly constrained and they each understood that they could inject their own variations, 

including other research-based innovations, into their classes.  A key aspect to the success of 

using the SCALE-UP model concerns the alignment between the model’s and the CoP’s 

fundamental perspectives on what effective teaching and learning in physics entails.  Thus, for 

SCALE-UP to be a meaningful vehicle for change in undergraduate science education, those 
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faculty members engaged in its implementation must agree with the personal and social learning 

theories that undergird the model’s design.   

Limitation of the Study 

The importance of the social status of the CoP highlights a limitation to the findings of 

this case study.  The members of this CoP are all white males who worked in a field dominated 

by white males.  This study was not able to determine the amount of influence these social 

factors played in the emergence and maintenance of the studio course effort, which warrants 

further consideration.  The researcher acknowledges that if females or minorities were members 

of this CoP, then perhaps the social capital needed to realize these efforts would have varied.  To 

understand such a dynamic, further research will need to explore the nature of physics teaching 

CoPs in a variety of contexts, and with a variety of gender and ethnic compositions.  This caveat 

highlights the related limitation of this study being focused on a sole CoP, mitigating the extent 

of any generalizations and recommendations drawn from it.  However, this study could aid in the 

development of instruments and research tools that could assess the nature of physics teaching 

CoPs within their specific contexts and the mutual reinforcing relationship between them. 
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CHAPTER THREE 

“WHERE’S YOUR DIAGRAM?” EXPLORING FACULTY PRACTICES 

IN A STUDIO PHYSICS COURSE USING A COMMUNITIES OF 

PRACTICE FRAMEWORK 

Introduction 

Undergraduate science education has received long term and sustained attention from 

several national organizations (National Research Council, 1999, 2011b; National Science 

Board, 1986; National Science Foundation, 1996), which call attention to the critical need for 

changes in how science is taught and the learning goals instructors hold for their students. 

Current traditional practices in undergraduate science education serve as “a filter that produces a 

few highly-qualified graduates while leaving most of its students ‘homeless in the universe’” 

(NSF, 1996, p. 7).  This homelessness refers to a growing populace that maintains a severely 

limited understanding of science in a constantly developing world driven by this knowledge. A 

decline in the number of science majors, reinforcement of outdated models of teaching in future 

K12 science teachers and university faculty members, and fostering a general disinterest in 

science understanding sorely needed for increasingly science-reliant, information driven societies 

are some of the unproductive outcomes of the continued implementation of traditional 

instructional approaches in undergraduate science classrooms (NRC, 1999; NSB, 1986).    

Promising Practices (NRC, 2011b) describes a collection of approaches that have shown 

potential for improving undergraduate science education.  One effort that has provided 

particularly strong evidence of success in changing how science courses are taught at large 

research universities involves the SCALE-UP (Student-Centered Active Learning Environment 

for Undergraduate Programs) studio course model.  This model combines the lecture, laboratory, 

and recitation sections included in traditional introductory science coursework into a single class 

that meets several times a week for extended periods in specially designed classrooms. Groups of 

students are provided activities in which they are allowed to explore concepts and phenomena 

through group collaboration, with much of the decision making left to the students, while the 

teacher and assistants act as resources and guides (Beichner, 2008). Rather than being positioned 

as passive recipients of information, students are engaged in work that has them construct their 
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own solutions and explanations, building internal conceptual frameworks and result in more 

meaningful learning (Bransford, Brown, & Cocking, 1999).  

A body of research has established the effectiveness of the SCALE-UP model in 

improving students’ conceptual understanding of physics, their attitudes towards science, and 

reducing the failure rate for introductory courses (Beichner, 2008). The basic changes in 

pedagogy required in SCALE-UP that allow for gains in student learning are grounded in 

perspectives drawn from inverted classrooms (Lage, Platt, & Treglia, 2000) and backwards 

design (Wiggins & McTighe, 2005), and have been broadly described for those interested in 

adopting SCALE-UP (http://scaleup.ncsu.edu/FAQs.html).  Yet, more detailed visions of 

specific, sustained instructional approaches optimally employed within these innovative studio 

classrooms remain limited, particularly as they are related to instructors’ interaction with 

students in these courses. Undergraduate faculty members interested in implementing change 

like SCALE-UP, particularly those embedded within large research university contexts, face 

institutional contexts in which improvement of teaching is often not privileged (Geiger, 2004).  

More focused visions of what innovative pedagogical practices actually look like in action are 

needed to more effectively guide course instructors.   

Faculty members embarking on changing their instruction need to understand the kind of 

learning supported by specific practices and how practical decisions reflect particular learning 

goals, whether implicitly or explicitly.  It has been documented that faculty members are still 

capable of enacting very traditional pedagogy even within innovative contexts (Gess-Newsome, 

Southerland, Johnston, & Woodbury, 2003).  To help faculty avoid the ineffective use of 

innovative curricular approaches, the practices of those who have engaged in successful 

implementation of models like SCALE-UP must be more closely described and more deeply 

understood within their contexts, something a less nuanced analysis of the effects of a curricular 

intervention on student learning is unable to supply.  

The adoption of the SCALE-UP model involves significant pedagogical changes that 

shift the nature of the interactions involved in learning.  Current conceptualizations of science 

learning encompass a broader set of competencies than well-crafted conceptual frameworks of 

science knowledge and an ability to apply those understandings (Duschl et al., 2007).  For 

students to understand science, they must also be able to productively engage in the practices of 

science, including being able to produce sound arguments in response to scientific questions and 
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designing rigorous investigations to develop evidence for such arguments.  Further, students 

should experience opportunities to develop proficiency in the discourse of science, including 

persuasive, expository writing, and understand the nature of scientific knowledge and processes. 

This more comprehensive conception of science learning necessitates learning activities that 

provide students chances to enact these practices of the scientific community.   

This conception of learning that focuses on the participation of learners in the community 

of science requires the use of a broader, more sociological perspective to understand classroom 

activities.  The theoretical framework of Communities of Practice (CoP) (Lave & Wenger, 1991; 

Wenger, 1998) provides a meaningful way to understand learning situated within the context of 

activity, and this framework describes how learners become members of different communities 

through the uptake of community meanings and practices.  CoP stems from sociocultural theories 

that privilege the learning that occurs as a result of the interactions among people involved in a 

common effort (Lave & Wenger, 1991).  Communities of practice involve mutual engagement 

by a collection of people engaged in a joint enterprise who draw from a shared repertoire of 

meanings and symbols (Wenger, 1998).   

Although CoPs serve as sites for learning for their internal members, interactions among 

CoPs also provide opportunities for negotiation of group meanings and ideas within and across 

community boundaries (Wenger, 1998).  These negotiations invoke the use of common objects 

that carry shared meanings among the communities, at the same time having specific functions 

for specific communities.  A textbook offers an example of such an object, being viewed as a 

repository of established knowledge for a community of scholars and at the same time being a 

guide for instructional planning for teachers using the textbook.  Further still, the publisher of the 

textbook negotiates the knowledge included in the textbook in light of production costs, although 

students engage with textbooks often as a source for locating answers to assignments.  Members 

of different communities can also facilitate such negotiations by serving as brokers for their 

respective groups.  In their courses, undergraduate faculty members can represent a scientific 

expert from a particular disciplinary community, such as a physicist. However, they can also 

represent a community of science teachers, or physics education researchers.  Continued 

negotiation activities between different communities can ultimately develop into established 

boundary practices that establish meaningful connections between different groups.  
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Given recent conceptualizations of learning and the community structure of the SCALE-

Up model, the research presented here suggests that the nature of learning promoted in the 

established practices of faculty and students in SCALE-UP courses can be described and 

understood through the CoP framework. The application of this theoretical perspective shifts 

attention away from conceptual gains of students to the practices enacted by specific faculty 

members with those students.  The research presented here employed the CoP framework 

(Wenger, 1998) to describe and explain the teaching practices employed by a group of physics 

faculty members employing SCALE-UP model at a large, research university. The following 

research questions served as the focus of this study: 

1. What boundary objects emerged as critical pedagogical tools for the faculty CoP 

during their interactions with student communities in the physics studio course? 

2. What kinds of boundary practices developed as important pedagogical activities 

between the faculty CoP and student communities in the physics studio course? 

3. What communities were accessed through the brokering actions of the CoP members 

in the studio physics courses? What type of learning did this community 

representation engender?  

Related Research 

In a synthesis of this research, Redish (2004) combines many of findings that have 

emerged from the past 40 years of physics education research.  He also incorporates learning 

theories and research from cognitive studies to help create a more explanatory theoretical 

framework for physics education research.  As he notes, his efforts have remained solely focused 

on the individual learner, coordinating ideas from cognitive and educational research such as 

phenomenological primitives (diSessa, 1993) and conceptual change theory (Strike & Posner, 

1992).  More recent reviews of physics education research broaden the scope of innovation that 

emerges from this research area to include various effective curricula, course designs, conceptual 

measurement instruments, and more (Docktor & Mestre, 2011).  For more detail, the reader 

should review Docktor and Mestre (2011).    

One innovation that has demonstrated great results in improving students’ learning of 

physics content material involves the SCALE-UP model for introductory courses and 

classrooms.  The SCALE-UP program has developed a studio physics course model capable of 
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serving classes with over 100 students (Beichner, 2008).  Studio physics courses represent 

innovation over traditional, lecture-based courses by engaging students in activities focused on 

developing conceptual understanding rather than transmission of canonical physics knowledge.  

The critical innovation in studio courses centers on the redesign of the classroom space that 

facilitates a change in the nature of instruction.  The lecture and laboratory sections of a physics 

course are combined in the SCALE-UP model, with students meeting several times a week in 

extended class sessions, totaling about five to six hours in a week.  The SCALE-UP model 

necessitates a unique physical space that has anywhere from six to fifteen circular worktables in 

a room, each equipped with several networked computers.   

The adoption of the SCALE-UP model at different institutions has produced a body of 

evidence demonstrating its success in enhancing physics teaching and student learning.  Looking 

across data from multiple institutions, the normalized learning gains for students in studio 

physics courses were significantly higher than students who received lecture-based instruction in 

a variety of contexts (Beichner, 2008).  Failure rates in both introductory physics courses and 

advanced courses that require introductory physics coursework were significantly lower for 

SCALE-UP students than for lecture students.  Courses implementing the SCALE-UP model 

also demonstrated improvements in attendance, attitude towards science, and improvement in 

females’ achievement in physics (Beichner, 2008).  However, further study is warranted if the 

physics education community is to understand the nature of teacher/student interactions in studio 

courses using the SCALE-UP model and the impact of specific elements of those interactions on 

student learning (Docktor & Mestre, 2011; NRC, 2011b). To understand these types of events, 

theoretical perspectives focusing on sociological aspects of learning would be most appropriate 

for making sense of learning and cognition situated within a specific context, like the SCALE-

UP modeled studio courses. 

Theoretical Background 

Lave & Wenger’s (1991) description of situated cognition and legitimate peripheral 

participation provide a view of learning that privileges the contexts in which learning takes 

place.  The difference, when compared to personal and social constructivist accounts of learning, 

arises in the relative positioning of two key elements, learner and context.  The constructivist 

approach privileges the actions, efforts, and understandings of the individual learner, primarily 
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concerned with internal processes and activities. The social mediation of these events, as well as 

the affective components discussed in some prominent models, such as conceptual change 

(Strike & Posner, 1992), does acknowledge and incorporate some treatment of the context of 

learning, yet the internal events remain the primary object of study.  In situated cognition, the 

contextual factors in which the learner is embedded are repositioned and moved to equal, if not 

preferred, attention.  This shift highlights the many forces that learners interact with on a regular 

basis as they journey through sense-making processes.  This broader view becomes valuable by 

giving greater emphasis on such forces, as well as understanding that learning processes, and the 

conceptual changes associated with them, occur over longer periods of time 

Groups of people working together to implement change, such as undergraduate faculty 

maintaining a SCALE-UP studio course, create communities that are situated learning contexts. 

Communities of Practice (CoP), a theory developed by Wenger (1998), identifies the community 

as the unit of analysis to understand the dynamics of contextually situated learning.  CoPs, as 

envisioned by Wenger, are groups of individuals that form interactive associations around joint 

enterprises that require common meanings and practices, and these meanings and practices are 

understood to be the ultimate outcome of learning.  In this light, the contexts in which learners 

operate must be acknowledged and understood for their role in the development of the 

individual, as well as the reciprocal influence of a learner on their contexts and others present in 

them.  

Wenger begins his description of CoPs by explaining his notion of practice and how it 

engenders a community among people.  A shared meaning develops from the combined 

participation of members in a practice, whatever it may be (i.e. – teaching), in which the group 

negotiates what it means to be a member engaged in that practice (i.e. – what makes a ‘good’ 

teacher).  Practice develops from a process of reification, in which the negotiated meanings are 

objectified in a variety of ways and used to facilitate participation.  CoPs develop a dynamic set 

of competencies that become channels for determining an individual’s level of membership 

within the community.  Teachers can form communities focused on enacting more student-

centered teaching due to the increased learning engendered by them (meaning).  As this 

community develops, they share instructional approaches with each other that embody more 

student-centered instruction (practice).  Membership in this community of practice would be 

determined by the amount of enactment of these practices and how much individual teachers 
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aligned their practices with the fundamental meaning of the community (i.e.- enacting student-

centered instruction).  

Wenger asserts that some members can be considered legitimate participants in a CoP 

while operating at the periphery of the community, based upon the experiences they have with 

the community, which can also shape the competency of the group. Yet, CoPs have boundaries 

established by their competencies and meanings.  Two primary vehicles for communicating 

across these boundaries are through boundary objects (reified elements of a CoP that interact 

with other CoPs) and brokers (members of a CoP that work to negotiate meanings with other 

CoPs).  Boundary objects can include artifacts that several communities engage with, albeit 

potentially in different ways contributing to their respective learning.  For the teaching CoP 

described earlier, the curricular materials used by those teachers enacting more student-centered 

instruction would be boundary objects that those teachers use to communicate with several other 

communities, including students and administrators.  

Brokers typically involve individuals who are members of two related communities, 

probably in different capacities, who facilitate communication between them.  From the example 

above, some of the teachers in the CoP may also be parents of students in other CoP teachers’ 

classrooms.  This dual membership affords them the opportunity to broker negotiations between 

the teachers’ CoP and parent groups since they are members of both and share the perspectives 

of them.  Thus, CoPs emerge as a local unit of learning and knowing centered on mutual 

practice, which are also embedded within a constellation of other communities. Figure 1 offers a 

visualization representing these different kinds of boundary interactions.  

As different communities interact through brokering activities and boundary objects, 

continuous encounters along the boundaries of these communities engender the establishment of 

boundary practices (Wenger, 1998).  These practices offer opportunities for communities to 

connect and develop a sense of history as groups work to negotiate meanings of objects and ideas 

that are relevant to all sides.  Regular meetings of parent-teacher associations can act as a 

boundary practice between parent and teacher communities, allowing time for extended 

discussions regarding the student-centered instruction the teachers are implementing.  The 

patterns of interactions that can emerge during standard classroom activities involving teachers 

and students serve as a potential source of boundary practices between those groups.  Wenger 
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(1998) distinguishes between modes of encounters in terms of the way in which participants 

engaged in them, including one-on-one, immersion, and delegation modes.  

 

 

 

One-on-one encounters occur between two members of different communities through 

their isolated interaction, each serving as a broker for their CoP if they invoke those 

memberships.  Immersion of a member from one community into the practices of another 

community serves to connect those groups, in the way that apprenticeships and shadowing for 

training are instructional approaches to help students learn the practices of a particular line of 

work.  Delegations from each group can work to connect their communities, with several 

representatives involved in the negotiation.  Many interactions between teachers and student 

groups in classrooms reflect this type of encounter as the teachers serve as representatives from 

several communities (institutional, professional, and personal) and the students primarily 

representing a community of learners, but also bringing membership in other communities 

(ethnicities, majors, extracurricular groups) to bear on these situations. 

The research presented here follows the description of Lea (2005) who advocates the use 

CoP, not as a means of instructional design, but as a heuristic for understanding the kind of 

learning that develops outside of formal structures.   
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Figure 2: Boundary Interactions among a Collection of CoPs (Adapted from Wenger (1998) (Fig. 

4.1, p.105)) 
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Methods 

To understand the nature interactions between faculty and students, a case study methodology 

was employed (Patton, 2006; Stake, 2000).  In this research, the researcher sought to understand 

the pedagogical practices of the four science faculty members teaching studio physics following 

the SCALE-UP model with the different student groups present in those courses. The unit of 

analysis for the study was the collaborative group of four faculty members involved in teaching 

the studio format courses in this science department. The focus of this case study centered on the 

nature of interactions arising in their studio physics courses and how the nature of those activities 

reflect the learning privileged in these courses. Although these faculty members taught their 

courses individually, their actions were viewed as their representations of commonly held 

meanings of their studio physics teaching CoP. 

Research Participants 

The research took place on the campus of a large university located in a medium sized 

urban area in the Southern US.  The university served a student population of almost 40,000 with 

high undergraduate enrollment, and was classified as having very high research activity.  The 

studio physics teaching CoP in this study was composed of four individuals: Albert, Isaac, Max, 

and Robert (all names are pseudonyms).  The group developed their reform effort over the period 

of several years, of which this study represents a piece of that history.  

Robert originally brought the idea of the SCALE-UP model to the university and pushed 

administrators to create the necessary classroom space for it. Albert served as department chair 

during critical times for the creation of the studio courses.  Both Robert and Albert worked in the 

Department of Physics for over 20 years and maintained a close personal relationship.  Isaac, too, 

was a tenured member of the department for almost 20 years.  He was the course leader for the 

traditional versions of the introductory courses before using his discontentment with the student 

learning in these courses to work with Robert to develop the studio courses.  Isaac was the most 

veteran studio teacher at the beginning of this study, serving as the teacher for the initial iteration 

of the introductory course in the summer of 2007.  The final CoP member, Max, was the newest 

member of the group, having attained tenure during the beginning of the data collection period.  
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Data Collection 

Data collection for this year-long study occurred during 2010.  During that time, each 

member of the group taught some variation of the studio course. The data sources included 

interviews, both as a group and individuals, observations of classes and other education related 

events, and an array of documents related to the studio course and the group’s sense making 

activities related to science teaching and learning.  The focus of the research questions for this 

study required the prioritization of the observation data as the primary data source, with 

interview and artifact data secondary data sources.  Table 4 provides an overview of the data 

sources for their study and their use in the analysis. 

Data Analysis 

The unit of analysis, or primary case, for this study was the faculty CoP and how they 

employed different pedagogical practices with student groups in the studio physics courses.  The 

original research questions necessitated keeping the analysis focused on these interactions within 

each course and then looking across those courses for commonalities. The data analysis for this 

investigation employed a constant comparison approach, as described by Strauss and Corbin 

(1998).  This analysis began with the establishment of a preliminary coding schema with several 

broad codes developed in relation to Wenger’s CoP framework (1998).  Coding analysis 

remained open to allow for the emergence of new codes and categories that may not be 

represented in the initial coding schema.  Emergent codes developed in relation to specific 

boundary practices that developed during the data analysis 

The coding analysis process involved three primary stages of activity, as defined by 

Strauss and Corbin (1998): open coding, axial coding, and selective coding.  During the initial 

coding stage, codes generated from the theoretical framework and those that emerged from the 

review of data transcripts, were assigned to their discreet pieces of information within those 

transcripts.  The next stage, known as axial coding, involved assigning and condensing the 

original assemblage of codes into progressively larger codes and categories.  The final stage, 

selective coding, involved connecting core categories among the code structures ultimately 

resulting in the broader thematic findings. 

The researcher conducted the analysis using the NVivo 9 software package, where all 

transcripts and digital versions of data were collected and then reviewed several times using the  
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CLASSROOM OBSERVATIONS

Description 6 Group Interactions (including interviews), 94 Classroom Teaching (Albert – 32; 

Isaac – 23; Max (newest member) – 10; Robert – 29) 

Timing Spring, Summer, and Fall Semester of 2010 

Format Naturalistic Observation – Researcher sat off to the side of most contexts, taking 

observation notes of interactions and activities with very limited interaction; 

Observation notes digitally transcribed for analysis 

Use These interactions were the focal point for understanding the pedagogical practices 

employed by the studio physics CoP members. 

Analytical 

Focus 

Primary data source; Annotated by “O” followed by faculty CoP member involved 

(Ex – “OA” is Observation of Albert’s Classroom) 

INTERVIEWS 

Description 3 Group Interviews with all four members, 5 Individual Interviews with various 

members 

Timing Group Interviews conducted during Summer and Fall semesters of 2010; Individual 

interviews conducted as needed during Spring and Summer semesters of 2010 

Format Semi-Structured Interview Protocol; Audio recorded for transcription; Group: 3hr 

50min total, Individual: 3hr 15min total 

Use Interviews allowed for the exploration of multiple ideas in regards to their efforts 

and interactions among them and others.  Group interviews were some of the only 

formal group meetings for the CoP.    

Analytical 

Focus 

Secondary data source; Annotated by “GI” for Group Interview, “I” and letter 

representing member for Individual Interview (Ex – “II” is “Individual – Isaac”)  

ARTIFACTS/DOCUMENTS 

Description 45 email discussions, 9 course syllabi, 30 examplese course assignments & 

assessments 

Timing Spring, Summer, and Fall semesters of 2010, Some emails discussions continued 

into the Spring semester of 2011 

Format Email communications sent among group members related to the studio course; 

Digital and hard copy versions of different course elements used in class activities 

Use Email served as a primary form of group communication, offering secondary 

evidence for CoP meanings and practice.  Other artifacts served as secondary 

sources for confirming and examples of objects.  

Analytical 

Focus 

Secondary data source; Annotated by “A” and letter for related group member and 

sequence number– “GE”-group email, “A”-Albert, “I”-Isaac, “M”-Max, “R”-Robert 

 

 

coding schema described above. Increasing the rigor of the analysis, all three kinds of data 

sources were for Faculty Practices in Studio Physics triangulated to develop evidence supporting 

the thematic findings.  The researcher also actively searched for negative cases (Patton, 2006) 

that disagreed or were juxtaposed to the findings.  To enhance the validity of the findings, 

member-checking procedures were conducted with the group.  The researcher developed the 

Table 4: Description of Data Sources for Faculty Practices 
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thematic findings in response to the research question and then allowed the group to review what 

he had written.  The group was given opportunity to comment and offer revisions. 

Role of the Researcher 

Throughout the course of this study, the researcher was in frequent contact with members 

of the group.  Each group member was observed teaching at least once a week during the spring 

and fall semester, with each observation lasting from one to three hours.  Through those 

interactions, the group members became familiar with the researcher and his presence in class, 

resulting in many instances where they would come to discuss broader issues in education and 

the university environment.  Throughout all of these interactions, the researcher made a sincere 

attempt to influence the group members’ ideas and opinions as little as possible in an effort to 

maintain a more naturalistic quality to the data. 

Results 

Due to the nature of data collected, the results described here stem from the perspective 

of the group of physics faculty members involved in teaching the studio courses that comprise 

the context for the study. The findings developed from this data set provide a detailed description 

of the pedagogical practices employed by the studio faculty CoP and how these practices 

influenced the learning trajectories of the student communities in the courses. The results 

emerging from the data focus on the communities accessed through the pedagogical practices of 

the studio teaching CoP members and their impact on student learning goals.  The most prevalent 

boundary practices and accompanying boundary objects
1
 that emerged from the analysis will be 

described.   

Studio Physics as a Boundary Practice and Object 

The studio physics courses that were the context for this study represent a unique 

boundary practice of their own.  These courses, both the first and second in the introductory 

physics sequence, embodied a novel educational experience for most of the students involved 

and for the faculty.  The special quality to the encounter created by these studio courses reflected 

                                                 
1 Wenger (1998) identifies four aspects to boundary objects that are discussed throughout this text. Modularity refers 

to an object’s nature that allows for members of different communities to attend to different parts of the object. 

Abstraction refers to an object’s ability to serve multiple perspectives through the removal of elements that 

specifically invoke certain communities’ meanings. Accomodation concerns the ability of an object to be used in a 

variety of activities.  Standardization deals with the object’s usefulness in coordinating the meanings among 

different communities.  
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the original, innovative intent of the SCALE-UP model (Biechner, 2008).  The focus of the 

encounters that occurred in the studio physics courses centered on activities aimed at negotiating 

the understanding of physics concepts and applications between the faculty and the collaborative 

student groups.  Concurrently, the interactions inherent in these courses facilitated the building 

of communities among the students and faculty. The following quote from Isaac represented this 

aspect of the studio courses (GI2p14). 

Isaac: “There is easy access to the exterior of all the tables for the instructors because 

there are big gaps in between all of the tables. The … thing that I have found that 

happens…you ask them[students] to do something and it’s too much. Nobody is getting 

it. So you go to a table and one group will ask a question. You start interacting with them 

and then you’ve got six other people listening to you… So the six other people are going 

AHHH and OHHHH, and they start doing stuff because they pick up things. So the 

conversations between the instructors and students are not just ‘Instruct a group’, it’s 

‘Instruct a table’. 

The structure and nature of the courses necessitated the active participation of students in 

their learning, rather than more passive roles found in traditional lecture and laboratory courses.  

Yet, the enactment of these courses was not completely open for students, with the faculty CoP 

members controlling much of the tone and trajectory of the negotiations that occurred.   

Viewing the studio physics courses as special boundary practices of their own, the accompanying 

boundary object for that practice encompassed the studio room itself.  The physical design of the 

studio classroom, prescribed by the SCALE-UP model (Biechner, 2008), encouraged the kind of 

interactions between student groups and faculty that are emphasized, as noted by Robert during 

one of the group interviews (GI1p4). 

Robert: “The reason that it worked is because we are in this geometry where 

people…This furniture geometry where people sort of assume they are going to be 

working in groups of two or three and they get together and just make it happen.” 

The studio room exhibited modularity by providing a space where students can 

understand that learning will occur but through the kinds of interactions privileged by the studio 

physics faculty CoP.  The studio room abstracted the views teaching and learning from the 

groups by removing elements of traditional classroom spaces, such as linear rows of seating and 

lecterns centered in the front, yet maintaining ones that are necessary for community 



54 

 

negotiations, such as larger whiteboards on several walls.  The studio room accommodated the 

different communities through different elements that allow for multiple activities, such as 

multiple computers at several large tables and projection screens on multiple sides of the room.  

Finally, the studio room standardized the community negotiations through the uniformity of the 

environment that favors the boundary practices that developed there.    

Communities Represented by the Brokering Actions of Studio Physics Faculty Members  

Members of CoPs engaged in boundary encounters with other communities serve as 

brokers for their own CoP.  Brokering involves the actions of community members as they work 

to transfer some element of their community into other communities (Wenger, 1998).  The studio 

physics faculty CoP members acted as brokers for their community, centered on effective 

physics teaching and learning, as they engaged with the different student groups in their courses. 

Through those actions with student groups, the faculty sought negotiation of meanings and 

understandings related to major physics concepts, a depth of learning they felt they could not 

achieve in more traditional lecture courses. Not all faculty involved in the CoP of research 

physicists/scientists were interested in this model of teaching, as described by Albert (GI3p10): 

Albert: “We do have proof in the FCI, and therefore, people who don’t want to put the 

extra time in, which it does require extra time to teach this way, and want to still teach in 

a lecture setting, which you know several of the faculty members can go for just doing 

homework problems and much lighter load.  They don’t want have to address the fact that 

that method results in students having lower learning outcomes.” 

Similarly, Isaac described the change of his own learning goals that occurred as he entered the 

studio CoP (GI2p11). 

Isaac: “When I taught [the first course] the regular way, my goal was that they could 

solve the problems I gave them on quizzes, and finals, and tests, right? That has been 

modified. Now, I want them to do that AND to understand the underlying physics behind 

those problems, because we have proven they can solve problems without understanding 

anything.” 

Figure 3 provides a graphical representation of the communities accessed through the brokering 

actions of the four studio physics faculty CoP members.  

Albert, Isaac, Max, and Robert coalesced into a CoP concerned about the conceptual 

learning of physics content, which they felt was more achievable using the studio course format 
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(Enderle & Southerland, in preparation).  As their teaching represented primary brokerage, when 

asked about their role as a teacher in the studio courses, they responded  

 Robert: “COACH” 

 Max: “Keep them busy thinking about physics during (and hopefully after) class.” 

Isaac: “My primary role in the classroom is to choose and manage activities which 

challenge the students to understand physics.” (E45) 

The faculty CoP members achieved their goals by developing the boundary practices during their 

repeated interactions with their students.  The overarching goal of most of these practices 

concerned the learning of physics concepts, primarily through their application in problem  

 

 

 

 

solving and making sense of investigation data.  The brokering actions occurring during 

boundary encounters allowed students at the periphery of the teaching/learning community 

enhance their membership by becoming marginal participants in the practices of that community 

(Wenger, 1998). Unfortunately, many of the students had only minimal exposure to the ideas of 

physics through previous coursework, if any at all (E4).  Thus, many of the students in the studio 

courses existed at the far edges of the periphery of the community focused on learning physics.  

Figure 3: Communities Accessed through Studio Physics Faculty CoP Brokerage Actions 
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Such a tenuous membership status necessitated the practices of the studio physics faculty 

members begin building students’ foundational knowledge and understanding of rather abstract, 

foreign concepts.  

As much as Albert, Isaac, Max, and Robert brokered for a physics teaching and learning 

community during their interactions with students, they also shared multimembership in another 

community important in studio courses.  All four of the faculty CoP members actively 

participated in a community of research physicists, a community they had been members of for a 

longer period than their studio teaching community.  Interestingly, none of the four faculty 

members invoked this community identity to any great extent during their interactions with 

student groups.  The physics inquiries and investigations served as the primary boundary practice 

for the faculty members to broker for this scientist community.  The faculty members espoused a 

desire for their students to take on some of the practices and abilities of the physicist community 

in their syllabi (A1-9), yet explicit discussion of such things was not observed in their teaching.   

The physics inquiry boundary practice did not emphasize the situated learning of the 

practices of scientists.  The investigation protocols were mostly developed and described in the 

activity packets, providing more direct guidance to the students than having them develop their 

own inquiries, which would have necessitated a need for understanding the nature of the data 

collected (A25-31).  The writing requested focused more on providing answers to conceptual and 

application questions (A25-31). Although this aspect provided students chances to generate 

scientific explanations, students did not work on creating whole reports representing cohesive, 

evidence based arguments in support of a conclusion.  The whole class discussions also provided 

students chances to engage in verbal argumentation similar to scientists, but such a goal was not 

made explicit to the students.   

Without such exposure to the practices of the physicist community, students had little 

opportunity to understand how their work in class even tenuously connected to the work of 

practicing physicists, let alone how well publicized projects such as CERN connected to their 

physics learning.  Anecdotes, demonstrations, and field trips to an on-campus planetarium (OI4; 

OR23,25) offered isolated representations of the physicist community in connection to the 

conceptual learning occurring within the classroom.  Such limited accession of the physicist 

community created a learning environment where students could achieve at best a peripheral 

understanding of that community.  Instead, as shown in Figure 1, the central focus of the class 
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was to bring students into the physics learning CoP.  To further understand the practices of the 

studio physics CoP members around this focus, descriptions of typical elements of each studio 

course are provided.  

A Typical Day in the First Introductory Studio Course (Albert, Isaac, and Max)  

A typical daily agenda in the first introductory course in the studio physics sequence, focusing on 

force and motion concepts, entailed students working on a collection of conceptual problems in 

the three-member groups that had been composed by the course instructors (OA23-32, OI1-12, 

OM-1-10).  These problems were provided on either hard copy worksheets or digital versions 

provided through the online course management site (A10-16).  Group problem sessions were 

either preceded by or interspersed with short lectures, ranging from 5-15 minutes, concerning 

specific physics concept taught by the course instructor.  The problems involved scenarios that 

required students to invoke relevant physics concepts to make predictions and analysis of the 

scenarios to answer a collection of questions.  The problems were similar in design to other PER-

based innovations commonly referred to as tutorials (Docktor & Mestre, 2011; McDermott & 

Schaffer, 2002).  Students worked in their groups to develop their solutions with each member 

serving a role (Recorder, Manager, Skeptic). Group composition rotated for each problem 

activity.  These interaction roles were instituted by the physics faculty members and students 

signed contracts pledging their active engagement in the group’s work (A3, A6).   

The groups developed and recorded their work on large whiteboards.  Once several 

groups completed their responses on their group whiteboard, the course instructor selected a 

group to present their solution to the class (OA24-26,28-29,31-32;OI1,2,6-10,12; OM2-4,6-7,9).  

This aspect of the problem activities provided a chance for other student groups to critique the 

presented solution and ask questions of the presenting group.  Albert, Isaac, and Max also 

engaged in questioning the presenting group, often using the student responses to explore the 

physics concepts through extended discussion.  The groups were required to submit a paper 

version of their response to receive credit for the activity.  Although a bulk of the observations 

involved these problem solving activities, hands-on investigations were incorporated into the 

agenda at varying intervals.  These investigations typically followed a series of whiteboard 

problems, giving students opportunities to apply the concepts being taught to make sense of data 

they were directed to collect.  
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The physics investigation used in the first course by Albert, Isaac, and Max involved 

different equipment, including electronic sensors and low friction cart tracks (OA27;OI4-

5;OM5).  The teacher and teaching assistants (normally two per class) provided each group with 

an activity packet that described the procedure of the activity, often in multiple sections.  Each 

section concluded with a set of analytical questions, providing a sense-making opportunity for 

students to connect physics concepts to the events and outcomes of the investigation. Student 

groups progressed through the investigation, and once they had completed all of the physical 

work, they drafted responses to the conceptual questions from each section.   

Two kinds of assessments were used in the course.  To broadly measure the effectiveness 

of the studio course, the physics teaching CoP members would administer the Force Concept 

Inventory (FCI) (Halloun, Hake, Mosca, & Hestenes, 1995) at the beginning and end of the 

semester.  The normalized learning gains captured by this assessment served the studio physics 

teaching CoP as evidence that meaningful learning was occurring in the course and could be 

compared to similar measures from the traditional lecture course (E20, E43). Other assessments 

included several mini-exams which entailed a group activity section and an individual, paper-

based component (OA30; OI11;OM5, 8).  Students would work with their group to develop a 

group response to a conceptual problem similar to the ones they completed during other class 

sessions.  This group part of the exams involved the use of whiteboards for the groups to work 

on their solution, but each student was responsible for turning in their version of the response 

with their individual exam packet.  Students’ learning of physics concepts was also assessed 

through the use of conceptually oriented online questions associated with the textbook (A1-9).  

Students would individually complete two different sets of these online questions, one as a pre-

class assignment to prepare them for the upcoming activities and investigations, and another for 

homework to reinforce the concepts and skills addressed during a particular unit of activity.  

Class time was often provided for students to work on these different problem sets. 

A Typical Day in the Second Introductory Studio Course (Robert) 

The second introductory studio physics course was taught by Robert and focused on 

electromagnetism concepts.  Although Robert employed similar curricular components to the 

other members of the studio physics teaching CoP, he did not enact the activities in a similar 

pattern or intent.  Robert did not incorporate classroom problem activities, with the 

accompanying use of whiteboards and student presentations. Rather, students were expected to 
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complete a collection of conceptually oriented online problems that related to specific topics that 

were the curricular focus during a week.  The first hour of a class session was dedicated to the 

completion of these problems, which Robert made available and monitored students’ progress 

through a course management website external to the institution (OR2,3,5-11,13,20-22,24,26). 

Although students completed these problems under their individual online accounts, they were 

able to work with other students present at their table, or even outside the classroom.   

Once the time period for online problem work was done, Robert would engage students 

in brief lecture and demonstration periods, typically lasting no longer than 15 minutes.  Robert 

presented the fundamental concepts for the week, discussed their implications and application, 

and provided relevant equations and diagrams modeling those concepts.  Robert would involve 

students through Socratic dialogues aimed at drawing out students’ prior conceptions in relation 

to the physics topic being discussed.  He would also emphasize conceptual diagrams to make 

sense of the topics he was discussing, often creating the diagram as he moved through his 

discussion (OR2,3,5-9,11,20-22,24). Once this period of lecture and discussion concluded, 

Robert released the students to work together on the investigation activities.  Robert encouraged 

group work in his course; however, he did not assign students to particular groups or privilege 

roles for group interactions, rather he simply limited the size of groups to three or four students. 

The investigation activities that Robert implemented in his course also involved the use 

of activity packets to guide student groups through them, much like the investigations 

implemented in the other studio course by the other studio physics teaching CoP members.  The 

packets contained relevant background information the students needed for completion and 

instructions on how to manipulate a variety of equipment to collect specific types of data.  The 

analysis procedures were also described to varying levels of detail and those sections were also 

framed by sets of conceptual questions for students to answer.  The equipment students engaged 

with included circuit boards and appropriate components (i.e. – transistors, resistors), 

oscilloscopes, volt meters and more.  Once student groups commenced with the investigations, 

Robert would remain in the classroom for a brief amount of time (OR2,3,5-11,13,20-22,24,26), 

leaving responsibility for guiding the investigation period to the graduate student teaching 

assistants.  The only variation to this broader teaching pattern occurred during the first few 

weeks of the 2010 fall semester.  Robert implemented a unit concerning AC and DC circuitry 

taken from the Physics by Inquiry II curriculum (McDermott, 1996).  During that unit, Robert 
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stayed for the entire class period as student groups worked through a structured inquiry, with 

conceptual questions and quick class discussions embedded throughout stages of activity (OR17-

20). 

The assessments used in Robert’s class reflected some of the aspects of assessments used 

by Albert, Isaac, and Max, but they also had unique elements to them as well.  Similar to the FCI 

administration in the first introductory course, Robert administered a conceptual inventory 

related to circuitry, the DIRECT assessment (Engelhardt & Beichner, 2004), at the beginning of 

the semester and briefly following the conclusion of the circuitry curricular unit.  The learning 

gains observed on this assessment provided Robert with a measure for the success of the 

circuitry unit within the studio classroom context.  Rather than giving several exams interspersed 

during the semester, Robert chose to administer a weekly quiz addressing the week’s physics 

topics every Friday.  These quizzes involved a set of conceptual questions related to a diagram 

model (A17-20), reflecting a similar approach to some of the problem solving activities used in 

the other course.  

Boundary Objects and Practices Used in the Studio Courses 

Wenger (1998), in describing the nature of interactions among different CoPs, identified 

key elements found in those encounters, including boundary objects and brokers, which assist 

CoPs as “ways of maintaining connections to the rest of the world” (p.113).  Boundary objects 

involve artifacts used by multiple communities in ways that serve to coordinate the varying 

perspectives of those CoPs.  The studio physics faculty CoP developed a shared repertoire that 

included artifacts that served as boundary objects in their interactions with student CoPs.  

Through their interactions with student groups, the four studio physics also served as brokers for 

their CoP concerning effective physics teaching and learning (Enderle & Southerland, in 

preparation). Brokering entails the actions of community members as they represent their CoP, 

during interactions with other communities, where the goal of that representation is also working 

towards a coordination of different perspectives.  Brokering activities become more complex as 

multimembership occurs for CoP members, such as Albert, Isaac, Max, and Robert being 

members of a physics teaching CoP, but also members of the research physicist community.   

Brokers employ artifacts during their interactions that become necessary for negotiating 

meaning between communities, ultimately shaping those artifacts into boundary objects.  As 

these interactions become regular meetings between interested communities, the meetings 
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develop into their own specific boundary practices.  These boundary practices maintain 

connections between CoPs which gain their own history over time and repetition (Wenger, 

1998). Several types of activities were commonly observed in all of the physics studio courses, 

typically involving the use of different artifacts for negotiating meaning and understanding of 

physics concepts.  These interactions emerged from the data analysis to represent the major 

boundary practices and the related boundary objects that served as the most meaningful 

pedagogical practices in the studio physics courses.   

Table 5 provides an overview of the most prevalent boundary practices and objects 

observed during data collection and supported by elements of the interviews and artifact data.  

The nature of the each of these practices is described in the following section, including 

variations that emerged among Albert, Isaac, Max, and Robert.  

Classroom Problems and Class Discussions 

The most prevalent combination of boundary practices observed in the studio course 

encompasses the practices of classroom problem solving and classroom discussion.  Albert, 

Isaac, and Max enacted these practices on a regular basis in their different sections of the first 

introductory studio physics course (OA24-26,28-29,31-32;OI1,2,6-10,12; OM2-4,6-7,9).  

Indeed, they shared the same collection of questions and activities, also attempting to keep their 

syllabi and schedules aligned when two sections of the course occurred within the same semester 

(GI2p2-4, A6-9).  Class discussions were initiated by the studio physics faculty CoP members as 

corollary activities to the problem solving in these courses, with student groups having to present 

and explain the reasoning behind the solutions they developed.   

These practices can be viewed as boundary encounters between delegations from 

different communities (Wenger, 1998), one being the physics student community.  Each of the 

members of the studio physics faculty CoP served as the primary representative of that CoP 

during these interactions, with teaching assistants as supporting representatives. The studio 

physics faculty CoP members emphasized specific discursive patterns that the student groups 

used in developing their answers to the problem presented, a multi-step approach that the faculty  

CoP members described as ubiquitous in physics education (GI2p18).   
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Boundary 

Practice 

Boundary 

Object 

Interaction 

Characteristics 

Variations Desired Goals 

Assessments Test Packets, 

FCI, DIRECT 

Structured with 

common elements 

and process (bubble 

sheets, group section 

followed by 

individual portion); 

Disconnecting due 

to lack of interaction 

with instructor 

Isaac & Max 

incorporate group 

portions into 

exams, Albert & 

Robert do not; 

Robert gives short 

weekly quizzes, 

the other CoP 

members use 

several exams 

Standardized 

pre/post 

assessments 

provide evidence 

of effective 

teaching and 

learning, also to 

determine group 

composition; 

Summative 

assessments 

provide measure of 

students’ ability to 

apply particular 

concepts 

Class 

Problems 

Whiteboards, 

Activity 

Sheets, Studio 

Room, 

Diagrams 

Semi-structured 

through group use of 

whiteboard to 

develop answers, 

following problem 

solving 

methodology; 

Connecting through 

interactions between 

CoP members and 

student 

communities, also 

interaction among 

several student 

communities 

Robert does not 

use whiteboards 

as group answer 

spaces, and does 

not use problems 

as the major 

activity.  Albert, 

Isaac, and Max 

vary in the 

amount of time 

they allow for 

different problems 

and have problem 

solving activities 

as a major 

instructional 

component 

Conceptual 

understanding of 

fundamental 

physics concepts; 

Application of 

physics concepts to 

complex problems; 

Learning through 

the development 

and interaction of 

student 

communities 

Class 

Discussions 

Whiteboards, 

Studio Room, 

Diagrams, 

Physics Jargon 

Semi-structured 

through presentation 

ritual where student 

and teacher 

questions are 

emergent; 

Connecting through 

discussion of 

physics ideas and 

applications between 

Albert, Isaac, & 

Max regularly 

engage in these 

discussions 

around solutions 

to whiteboard 

problems after 

students have 

worked on them; 

Robert engages in  

Conceptual 

understanding of 

fundamental 

physics concepts; 

Application of 

physics concepts 

for solving 

complex problems; 

Learning through 

the development  

 

 

    

Table 5: Boundary Practices and Objects Prevalent in Studio Physics Courses 
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Table 5 - continued 

Boundary 

Practice 

Boundary 

Object 

Interaction 

Characteristics 

Variations Desired Goals 

     student communities 

and CoP members, 

typically involving 

the use of diagrams 

as conceptual tools 

discussions before 

student activity to 

introduce 

concepts and 

interjects shorter 

discussions while 

students work 

and interaction of 

student 

communities 

Online 

Problems 

Textbook, 

Course 

Websites 

Structured at 

multiple times (Pre-

lab sets before 

concept is addressed, 

then homework sets 

following class 

activities); Mixed 

connection with 

some opportunities 

for community 

development with 

individual 

responsibility for 

completion 

Robert designates 

time at the 

beginning of each 

class to complete, 

Isaac & Max use 

the end of class 

for general work 

time that includes 

these, Albert sets 

asides days in a 

weekly sequence 

as they become 

available 

Practice for 

gaining conceptual 

understanding of 

concepts; 

Application of 

physics concepts to 

unique situations 

described in the 

problems; 

Development of 

student 

communities 

through 

encouragement and 

facilitation of 

collaboration 

Physics 

Inquiries/Labs 

Activity 

Packets, Lab 

Equipment 

(Oscilloscopes, 

Circuit 

Boards), 

Studio Room 

Structured using 

defined 

investigations with 

directions (of 

varying directness) 

provided; Mixed 

connection due to 

interaction among 

CoP members with 

student communities 

but individual lab 

reports as the 

product of the 

investigation 

Robert uses 

investigation 

activities as the 

bulk of activity in 

his course, and 

allows TAs to 

lead many of 

them; Albert, 

Isaac, & Max 

balance their 

instruction 

between problem 

solving and 

investigation, and 

TAs will mirror 

their actions but 

serve in a more 

supportive 

capacity 

Application of 

physics concepts to 

unique, tangible 

situations to 

explain 

phenomena; 

Learning through 

the development 

and interaction of 

student 

communities 
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The following excerpt from observation notes depicts how Max (OM4), the newest CoP 

member, invoked this problem solving model early on in his section of the first studio course.   

 Max says he has learned that students can solve problems but not in a systematic way 

which is necessary for more complex ones they will face in the class 

 Max begins with a simple problem, writing related equation on the board 

 Max identifies the first step in his systematic method – “I. Modeling” – then “II. 

Visualizing” – Max talking through each of the steps, writing related symbols and 

diagrams from the problem on the doc cam sheet as he describes them – “Identifying all 

the forces” – leads to creating a free body diagram – “III. Solve” – describes the 

informal nature of this part – “IV. Assess”  

 Max works through the example problem 

 “If you never assess, you are going to fail [in solving problems]” – Max describes 

strategy for assessing solutions – checking dimensions, identifying limiting cases 

As these delegations interacted to negotiate understanding of physics concepts among and within 

their communities, these learning encounters often employed several boundary objects to assist 

in the negotiation of those meanings.   

A prominent boundary object employed during the classroom problem solving and 

discussion boundary practices were the whiteboards that groups used to develop and present their 

solutions.  The whiteboards were used to engender the social learning interactions within the 

collaborative student groups.  Although the faculty CoP members used the whiteboards to 

engage students in social learning, those interactions were still directed by the faculty members, 

who emphasized the use and rotation of group roles on several occasions and determined group 

compositions.  Thus, the emergent nature attributed to authentic communities of practice 

(Wenger, 1998) was limited for the student groups due to the influence of the faculty CoP 

members.  These collaborative groups were not distinct, cohesive CoPs, but the entire student 

population in the studio courses emerged as a nascent CoP through their mutual engagement in a 

joint learning enterprise through the use of a shared repertoire of artifacts, many of them the 

boundary objects described here. The whiteboards served as a boundary object through their use 

in negotiating the meaning of physics concepts between the student and faculty communities.   

The focus of the classroom problem and discussion boundary practices was the 

negotiation of students’ physics understanding.  The whiteboards were understood to be a major 

boundary object as their use invoked the characteristics of boundary objects described by 

Wenger (1998)
1
.  Boundary objects assist in communication across boundaries through their 
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modularity, involving portions of the object on which each group focuses. The whiteboards and 

the solutions developed on them contained the answers to the problems, which were major foci 

among student groups, and the background work the students wrote out were the focus of the 

faculty, as they could see how students were applying physics concepts.  Through the abstraction 

inherent in a boundary object, the whiteboards isolated critical elements for solving the problem 

that were critical for both communities in negotiating physics understanding, such as the free 

body diagrams indicating conceptual understanding for the faculty and the final solution 

equations for the students to submit.  The whiteboards accommodated both of the activity goals 

of the faculty and student communities while assisting in standardizing the negotiation between 

them. Interestingly, Robert did not actively use whiteboards in his course for physics concept 

negotiation (GI3p22), yet he did invoke another boundary object for similar purposes, diagrams.   

Modeling phenomena through drawn diagrams emerged as another critical pedagogical 

boundary practice for the studio physics faculty CoP. Although unique types of diagrams were 

developed for specific physics concepts, Albert, Isaac, Max, and Robert employed them as focal 

points of discussions during their conceptual negotiation with student delegations.  Albert 

reflects this emphasis in a response he gave to a group interview question about which 

interactions were most important in the studio course (GI2p13). 

Albert: “I think it’s when you go around to a group and you see that they haven’t gotten 

something down on their whiteboard or something is wrong on the whiteboard …I’ve 

been [saying] for the last week and a half, ‘Where is your free body diagram?’ Go to the 

next group, ‘Where is your free body diagram?’  How are you going to solve this without 

a free body diagram?….You can’t do it. What you got down there is wrong. …You don’t 

have a free body diagram, or Newton’s second law written down….You’re trying to 

divine out the answer because you know this and that, doesn’t work that way. You can’t 

solve a problem that way.” 

The faculty members often expected student delegations to create these diagrams without 

the actual numbers provided during problems or discussions.  Students were directed to use the 

diagrams as a way of making sense of the forces/currents/magnetic fields involved.  The 

modularity of the diagrams connected the identification of correct elements privileged by 

students, observed in their comments and questions, with the importance of coherent 

relationships among those elements emphasized by the faculty CoP members.  That is, the 
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diagrams served the students’ goal for attaining the correct answer and the faculty members’ goal 

of engendering and evaluating students’ conceptual understanding.  As student groups and 

faculty members negotiated physics understanding during discussions, the diagrams developed 

as an abstraction of the critical elements of that understanding. Accommodation between the 

different group goals was standardized through the class discussions, including solution critiques 

in the first course and Socratic dialogues occurring in the second course. As a boundary object, 

conceptual diagrams provided a platform to frame multiple questions in discussions occurring 

between student and faculty delegations in the classroom problem solving boundary practices. 

Solving Online Problem Sets and Assessments 

Online problem sets and assessments were two more important boundary practices 

between the studio physics faculty CoP members and student groups present in the studio 

physics courses.  These practices employed formalized questioning of students using 

conceptually oriented questions, often involving the application of the physics concepts whose 

meanings were negotiated during other boundary practices (A17-23).  Online problem sets were 

administered before classwork to help students prepare for engagement with those negotiations 

and as homework to reinforce the meanings developed during classwork. Assessments were 

administered in a summative manner, serving as grade determinants for students and measures of 

student learning achieved over a semester (i.e., FCI and DIRECT). 

Although the studio physics faculty members scheduled these online problem sets in a 

manner that could facilitate formative assessment of students’ understandings, the majority of the 

faculty CoP members stated they did not privilege this use of the problem sets (GI3p25). The 

assessments boundary practice used in the studio courses included the mini-exams, weekly 

quizzes, and standardized concept inventories.  The following is an example of the kinds of 

questions used in these boundary practices (A17). 

“In the diagram above [not shown], the battery provides 25V, and the resistors have 

values of R1=50Ω, R2=100Ω, R3=150Ω and R4=200Ω. For all the questions below, 

assume the voltage at point E is 0 V. 

a) What is the equivalent resistance of the circuit? 

b) What is the equivalent voltage at point A? 

c) What is the current flowing through point A?” 

[Twelve more questions related to other points on the reference diagram followed these]  
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Boundary practices serve as connections among different communities, but they can also 

develop disconnecting experiences for those groups (Wenger, 1998).  The online problem sets 

and assessments engendered a mixture of connecting and disconnecting experiences for student 

communities.  During some of these practices, students were able to work together as they solved 

problems or complete group sections on exams, which allowed for some community building 

and interaction.  However, the majority of activity occurring in these practices shifted from 

boundary encounters invoking delegations to more one-on-one interactions, another mode of 

interaction (Wenger, 1998), as students were ultimately responsible for submitting individual 

responses for these artifacts.  The overarching activity goal for students during these boundary 

practices involved providing the correct answer to conceptually oriented questions chosen by the 

teacher. Ultimately, the interaction inherent in these practices invoked at most an indirect 

connection between individual students and a studio physics faculty CoP member.  As a result, 

students became disconnected from their fellow students and the studio physics faculty CoP due 

to the lack of direct interaction with either of these groups as they submitted their solutions.   

Conceptually oriented, application focused questions (as opposed to factual recall, 

knowledge memorization style questions) emerged as a common boundary object found within 

both of these practices (see example above).  These questions abstracted the concepts that were 

negotiated during classwork and accommodated both the practices of the faculty CoP and the 

demonstration of learning by the students (A17-23).  The questions provided opportunities to 

standardize the meaning of physics concepts between these groups, although their elements 

invoked modularity by students privileging of some elements more than the faculty members, 

such as numerical quantities provided as opposed to the conceptual relationships being probed by 

the faculty members.  

In regards to standardized assessments, each member of the studio physics faculty CoP 

analyzed the normalized learning gains made by the students in their courses.  Albert, Isaac, and 

Max used the FCI and Robert used the DIRECT.  Although each of these assessments addressed 

only part of the physics topics addressed in the respective courses (GI3p10, E8), they represented 

valid measures of student learning that were acceptable to a broader PER community, a quality 

that garnered favor for their use among the faculty CoP.  The FCI results for the first 

introductory studio courses taught by the CoP members produced normalized learning gains in 

the range of 42%-50%.  For comparison, Albert also taught a traditional lecture section of the 
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first introductory physics course (OA15-22), which produced only an 18% normalized learning 

gain (E20).  For Robert’s second introductory studio course, the students evinced a 39% 

normalized learning gain on the DIRECT assessment (E33).  These metrics demonstrate that 

meaningful learning of physics concepts did occur in the studio courses, and more so than in 

more traditional contexts.  These results also served as evidence for the studio physics faculty 

CoP that the pedagogical practices they chose to implement within their studio course were 

effective for enhancing students’ conceptual understanding of physics. 

Physics Inquiries 

Investigations focusing on specific physics topics, using a variety of equipment and data 

collection methods, encompass another prominent pedagogical practice used by the studio 

physics faculty CoP that emerged as a boundary practice with student groups.  These 

investigations were a standard, almost daily element to Robert’s second introductory course 

(OR2,3,5-11,13,17-22,24,26), typically happening after the first hour of problem solving during 

two class periods during a week.  Physics inquiries were a steady element in the first 

introductory course taught by Albert, Isaac, and Max (OA27;OI4-5;OM5), but did not occur at as 

regular a pace as in Robert’s. Several class periods in the first introductory studio course would 

center on problem solving with whiteboards and class discussions, which were typically 

followed by a day or two of investigations.  This boundary practice provided the student groups 

opportunities to engage in other scientific practices, such as data collection and analysis, while 

also applying the physics concepts they had negotiated with the faculty CoP members.  A partial 

example of one of these investigations is provided below (A29). 

“Describe the motion of the hover disc while it is in contact with your hands as you push 

in, and then once it has left your hands and glides across the floor (without hitting 

anything). Provide a motion diagram for this sequence of motion using at least 8 dots. In 

this and what follows, you may ignore any rotational motion of the disc… 

[Several other motion pathways are described for students to explore] 

Include all appropriate velocity and acceleration vectors. If at any time a net force acts 

on the disc, include a vector to represent that force. Qualitatively describe what is 

represented by your motion diagram in words.” 

During this activity, Isaac was the faculty CoP member teaching the course.  As students 

engaged with the investigation, he was actively circulating among groups to assist them in their 
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work that followed a cart track investigation, as described in the following observation note 

(OI3; The excerpt reflects approximately 15 minutes of class time). 

 Isaac goes to talk to group in the hall working on the Hoverdisc activity – “This is just 

cool” then talks about friction 

 Isaac adds some more info about due dates for write-ups 

 Several groups doing the Hoverdisc activity now – Isaac tells them that they can go 

out in the hall 

 Isaac smiling and chuckling at students’ Hoverdisc reactions 

 Isaac circulates and also goes out to check on groups in the hall 

 In the hall, Isaac is watching groups and encouraging them to play around  

 Lots of chatter, seems like there is a little less stress during this Hovercraft activity 

 Isaac at the board with a student – drawing diagrams to help explain  Hoverdisc ideas 

– geometric diagrams related to force – other students come up – very engaged 

discussion occurring about forces and the direction of return of the Hoverdisc 

The connections facilitated by these activities privileged a delegation mode of interaction 

between students and faculty members.  In the first course, student group composition was more 

controlled by the faculty member.  In contrast, Robert encouraged student groups but allowed the 

members to select themselves.  The negotiations between faculty and student delegations focused 

on applications of physics concepts, whose meanings were negotiated in other classroom 

practices.  This focus invoked different skills, giving students a chance to negotiate the physical 

manipulation of equipment and the analytical procedures necessary for making sense of the data 

they collected with a faculty member who is also an experienced research physicist. The physics 

inquiries that emerged as boundary practices in the studio physics courses shared a common 

element that became a critical boundary object.   

All the members of the studio physics faculty CoP used activity packets to help guide the 

student groups during the investigations. These activity packets shared structural and analytical 

characteristics, some derived from established laboratory manuals or curriculum, such as Physics 

by Inquiry II (McDermott, 1996) (A25-30).  These packets provided student groups with sections 

of directions for manipulating equipment, data collection, and representation.  Once student 

groups executed those directions, they were often directed through written questions in the 

packets to reflect on the activities in which they had engaged.  The graphs and charts they 

created and the answers they developed encompassed the primary content of the lab reports the 

student groups were required to submit.   
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The modular (Wenger, 1998) aspect of these activity packets entailed the tension between 

student communities’ focus on the completion of the inquiry juxtaposed with the faculty CoP’s 

emphasis on the reflective analysis and sense-making generated from the questions.  The 

abstraction inherent in this boundary object arose from the elimination of some elements, 

particularly explanations for why certain procedures and analyses were emphasized.  The activity 

packets accommodated the different teaching and learning perspectives of the community, while 

also standardizing the inquiry experience for all the student communities in a manner the faculty 

CoP members deemed appropriate.  The nature of the negotiations involved in this practice was 

more directed by the studio physics faculty CoP members due to the structured nature of the 

boundary practice.  However, it should be noted that these guided inquiries also provided 

opportunities for some of the fruitful classroom discussions described earlier.   

Discussion 

Undergraduate science education has benefited from the work of discipline-based 

researchers who have provided great insight into how to address student misconceptions in their 

respective fields and have extended that knowledge by applying it to the redesign of curricula 

and instruction techniques (Henderson et al., 2011).  The PER community exists as a particularly 

active source for innovations in regards to the teaching and learning of physics, with ideas that 

have permeated throughout other areas of science education and broader education research 

(Docktor & Mestre, 2011; Duit, Niedderer, & Schecker, 2007).  Inventions arising from the PER 

community include comprehensive curricula for approaching fundamental yet abstract physics 

concepts (McDermott, 1996; Redish, 2003), total course redesigns (Beichner, 2008; Laws, 

2004), and conceptual inventories that serve as validated measures of students’ learning.  

Though much research has been produced demonstrating the effectiveness of these 

teaching innovations, scholars from the PER community have called for more research into the 

sociological factors that shape the implementation of this collection of innovations (Docktor & 

Mestre, 2011; Henderson et al, 2011; Otero, personal communication).  One of the most visceral 

social factors that affect any classroom involves the pedagogical practices the teacher chooses to 

implement.  These learning interactions represent fundamental elements to any system involving 

the teaching and learning of science.  The study described here offers detailed insight into the 

pedagogical practices implemented by physics faculty members who taught an introductory 
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sequence of studio physics courses designed using the SCALE-UP model (Beichner, 2008).  The 

results emerging from this study provide considerations for broader issues facing science 

education at the undergraduate level.   

Implementing Innovations in Light of Students 

The composition of the undergraduate student body at most research universities in the 

United States continues to grow and diversify, creating a continuous challenge for science 

faculty as more cultures and ability levels converge in the learning spaces of the academy (NRC, 

2011b).  The studio physics faculty CoP members from this study were capable of handling the 

diversity in students’ abilities in their studio courses by having curricular flexibility, afforded by 

the wealth of PER resources available.  Albert, Isaac, and Max were able to share a common 

collection of activities and ideas among themselves, which also served as a vehicle for them to 

offer advice and suggestions for improvement to each other.  Robert, slightly isolated as the only 

CoP member teaching the second course, still relied upon discussions with the others, as well as 

broader networks of fellow physics teachers, to enhance his own instruction. 

Albert, Isaac, Max, and Robert originally came together to implement the studio physics 

courses through a shared discontent with the perceived results of their teaching in traditional 

contexts (Enderle & Southerland, in preparation).  The community of practice that emerged 

among these four not only facilitated the development of the studio physics course sequence, but 

also served as a critical local network from which to draw ideas and support as they continued 

their efforts.  The studio physics faculty CoP harnessed the collective thinking power of these 

four colleagues and assisted the entire group in implementing innovative pedagogical practices in 

their respective studio courses.   

Research has demonstrated the positive benefits of similar cooperative groups of faculty 

members, some referred to as professional learning communities (Fazio, 2009; Krockover, 2011; 

Trowler & Knight, 2000).  Although the faculty CoP that is the focus of this study provided 

support for its members, they were not identical in their implementation of activities and 

enactment of the boundary practices that commonly emerged.  This result offers a contrast to the 

fundamental notion for scripted curriculum and rigid interpretations of instruction that can be 

mislabeled as “best practices” with an expectation of uniform implementation. In light of this 

variation, it becomes necessary to understand how different instructors effectively implemented 

the studio physics course with an array of student abilities.   
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The four members of the studio physics faculty CoP were able to engage in their own 

personal interpretations of effective physics instruction within the contexts of courses using the 

SCALE-UP model.  However, this group shared a fundamental desire for their students to 

achieve a deeper, conceptual understanding of physics concepts and engage in active learning, 

not typically evinced for traditional lecture students. The agreement between Albert, Isaac, Max, 

and Robert on this primary learning goal, and the strength of their shared commitment to it, 

served as the anchor for many of their actions and ideas with regards to the studio courses.  The 

critical importance of well-established and agreed upon learning goals has been discussed 

elsewhere (NRC, 2011b; Silverthorn, 2006).  

Although learning goals exist at multiple levels, including national and state documents, 

the local nature of the CoP’s learning goals caused them to be guiding forces in the studio 

courses.  The need for conceptual understanding and active learning undergirded the majority of 

boundary practices and objects enacted in these courses.  The assessments used for grade 

determination and as evidence of learning in studio coursework invoked conceptual 

understanding and explanations and reflected the faculty CoP’s pursuit for deeper learning. Thus, 

the curricular flexibility employed in these studio courses, guided by a strong, shared obligation 

to conceptual understanding, fostered an effective learning environment as demonstrated by the 

assessment data collected by the studio physics faculty CoP.   

Viewing Learning Goals through a Community Lens 

Learning goals encompass a critical aspect to successful improvement of any educational 

situation by providing a vision of what the results of change efforts should look like and 

benchmarks to assess the progress and achievement of different programs.  These goals include a 

vast assemblage of ideas, both broad and specific, and can be found at national, state, and district 

levels, which have guided discussions of change in science education for over twenty years 

(American Association for the Advancement of Science, 1989, 1993; Duschl et al., 2007; NRC, 

1996).  Yet, undergraduate science education has not experienced such a similar and extended 

effort around crafting broadly accepted learning goals for their students, most likely due to the 

drive to maintain treasured institutional identities (Geiger, 2004).  In such a state, the 

determination of learning goals remains the province of smaller units within institutions.  

The studio physics faculty CoP described in this study emerged as one of those smaller 

units that focused their change effort around a basic, fundamental desire for deep, conceptual 
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learning through active engagement.  Interestingly, this group never explicitly formalized this 

learning goal in a type of mission statement. Rather, they intuitively developed an agreed 

understanding of this goal and they reflected it through the verbiage they used in their course 

documents and discussions, the practices they enacted with their students, and the assessments 

they used for measuring learning in their courses. The intense focus on conceptual learning 

resonates within the broader PER community from which Albert, Isaac, Max, and Robert draw 

resources and ideas. The thorough and well-established body of research continuously being 

developed by the PER community evinces an emphasis on understanding students’ construction 

of physics knowledge, demonstrated by the overwhelming preference for conceptual learning 

measures as evidence for success (Docktor & Mestre, 2011; Henderson et al., 2011). 

Focusing on conceptual understanding exists as a very privileged facet of change efforts 

in broad and discipline-specific education circles (McDermott, 2006; NRC, 2011b; Redish, 

2004).  The emergence of this facet coincided with an increased understanding of how people 

learn, drawn from a wide array of research traditions, including cognitive psychology, 

neurobiology, sociology, and others (Bransford, Brown, & Cocking, 1999).  Many involved in 

education have moved beyond a transmissionist view of learning, where information is simply 

relayed from teacher to student, to view learning as a process of constructing knowledge and 

connecting it to established frameworks in the mind of a learner, broadly referred to as 

constructivism.   

Such a view of learning entails a different vision of teaching aimed at facilitating 

opportunities for learners to engage in construction activities.  Albert, Isaac, Max, and Robert 

often referred to their teaching in the studio courses as “constructivist” in nature due to less 

direct information being provided by them during the increased engagement with learners 

through conversations.  The studio faculty CoP members’ view of constructivist learning 

resonates with aspects of Piagetian personal constructivism and Vygotskyan social 

constructivism.  Yet, when viewing teaching and learning through constructivist perspectives, the 

primary focus revolves around knowledge and conceptual frameworks, discreet cognitive entities 

that can be isolated from the context in which they were learned.  The intricacies of science 

knowledge, processes, and overall enterprise become diminished if such learning perspectives 

are the only kind emphasized. Given the instructors’ conceptualization of learning, the students 

in the studio physics courses were provided little opportunity to understand how the work they 
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did engage in during class connected to broader field of physics.  Instead, they were engaged in a 

narrower, implied view of physics learning that focused on the application of concepts to solve 

complex word problems. 

By adopting a view of learning grounded in the learning context, such as Wenger’s 

Communities of Practice (1998), learning goals for undergraduate science education can be 

reimagined as creating experiences that afford students the opportunity to take up the activities of 

science and negotiate the meanings of scientific knowledge both conceptually and in practice.  

This perspective applied to science teaching and learning necessitates that scientific practices 

become more than steps to follow, rather engaging students in the determination of their 

inquiries and explicit reflection led by the teacher as to why certain choices were made.  Other 

research from the PER community has demonstrated that the incorporation of pedagogical 

practices designed with this broader version of physics learning goals can result in the 

enhancement of students’ proficiencies with the processes of science as well as content (Etkina, 

Karelina, Ruibal-Villasenor, Rosengrant, Jordan, & Hmelo-Silver, 2010). A situated cognition 

view of science learning in undergraduate contexts envisions teaching as not just facilitating 

knowledge construction, but enculturation of students into communicating and working in 

science. 

Implications 

Undergraduate science education exists as the last formal exposure to the teaching and 

learning of science that many students will experience.  These students share the potential to 

become the future generation of scientists, professors, and science teachers, and this 

responsibility warrants a continuous effort at improving undergraduate science education (NSF, 

1996).  Although introductory science courses at this level may not be these students’ last stop 

on their trajectories to becoming scientists, they offer an important opportunity to expand 

students’ understanding of science beyond an intricate sphere of interconnected, explanatory 

ideas.   

A majority of the students in the studio physics courses observed intended to earn degrees 

in some scientific or engineering discipline.  Through the community negotiations that took place 

in the studio courses, they were given access to understanding physics concepts.  Yet, access and 

exposure to other important scientific practices was limited.  To prepare future scientists, 
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engineers, mathematicians, science educators, and even scientifically knowledgeable citizens, 

undergraduate science education must take every opportunity to engage students in the wide 

array of scientific practices that reflect the broad scientific enterprise.  Similar efforts continue to 

develop in K12 science education and global education systems, moving from a focus on 

scientific literacy to widen the scope of learning to engender science proficiency (DeBoer, 2011; 

Duschl, Schweingruber, & Shouse, 2007; NRC, 2011a). 

To be clear, this argument should not be viewed as an indictment of failure on the part of 

the studio physics faculty CoP in regards to their teaching.  Some of these broader scientific 

practices were observed during the course of this study, such as attempts at fostering scientific 

argumentation among student groups during whiteboard presentations, and data analysis and 

modeling during some of the inquiry activities.  But the overall learning goal that was 

emphasized through the boundary practices that developed focused on the construction of 

conceptual understanding, a learning goal further reinforced by the nature of the assessments 

used in these courses.  Working to expand the learning goals for studio physics to incorporate 

more opportunities to engage in authentic scientific practices offers the potential to enhance the 

learning experience even more than the meaningful and impactful instantiations that were 

observed.   

Furthermore, the PER community should work to expand their focus on learning to 

include more science proficiencies than just conceptual understanding of physics concepts.  

Admittedly, physics is a more reductionist field of science, which reverberates into the tighter 

focus on student conceptions that is prevalent in a large body of the PER literature.  Also, 

physics education, especially in undergraduate contexts, faces a greater challenge in the teaching 

and learning of their field than other scientific disciplines due to the great lack of students’ 

exposure to this content material in K12 environments.  However, the continuously low 

proportion of undergraduates majoring in science and engineering who specifically pursue 

physics degrees (NSF, 2012) should give the undergraduate physics education community cause 

for considering further refinement of their efforts. Enhancing pedagogical practices already 

effective at engendering conceptual understanding of physics by applying a communal view of 

learning to their design and intended learning outcomes will provide students greater insight to 

the excitement and challenge of being a member of a community of physicists.   
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The adoption of a communal view of learning also engenders a collection of research 

questions ripe for further exploration in rich contexts, such as these studio physics courses.  In 

regard to the limited physics education exposure of students in the studio course, further study 

could investigate the magnitude of community practices that introductory students are capable of 

adopting.  Perhaps the conceptual learning focus that resonated through this study represents a 

reasonable expectation for students during initial encounters with physics instruction.  As 

students work to negotiate community meanings and take on community practices, what 

practices and tools become important in their own student communities? Commensurate with the 

increased call for group work in undergraduate science contexts (NRC, 2011b), a situated 

learning perspective offers avenues to enhance those group interactions through looking at the 

cultural practices students bring with them to the classroom. Research exists that has started to 

look at these group dynamics (Scherr & Hammer, 2009), and could be extended to understand 

the connection between the epistemological framing and the cultural aspects of their work.  

Another trajectory warrants an examination of appropriate assessments that can validly 

demonstrate that students have successfully adopted the practices of the scientific community. 
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CHAPTER FOUR 

EXPLORING THE CONTEXT OF CHANGE: UNDERSTANDING THE 

KINETICS OF A STUDIO PHYSICS IMPLEMENTATION EFFORT 

Introduction  

Physics education research (PER) comprises several decades of well-established research 

exploring the conceptual difficulties students face in learning introductory physics at the 

postsecondary level and a variety of approaches that can be used to address those challenges 

(Docktor & Mestre, 2011). These approaches range in size and scope to encompass specific 

activities, instructional strategies, defined curricula, and entire course redesigns.  This vast 

assemblage provides faculty members with many options to explore to enhance their teaching of 

fundamental physics concepts. Dissemination of this information and guidance has been 

effective in reaching physics instructors (Dancy & Henderson, 2010). However, adoption and 

implementation efforts have not developed in a concurrent manner (Austin, 2011; Dancy & 

Henderson, 2010; Henderson & Dancy, 2008).  Although many examples exist of individual 

faculty members making personal changes to their own teaching to improve student learning, 

broader institutional efforts focused on educational innovations, involving multiple instructors 

and combinations of resources, remain limited (Sunal, Wright, & Bland-Day, 2004).  

Much of the research on instructors’ efforts in implementing and maintaining PER 

innovations has focused on personal factors that influence a faculty member’s adoption of 

instructional strategies (Henderson & Dancy, 2007). Research in undergraduate science 

education has demonstrated the importance of instructors’ beliefs about science teaching and 

learning in attempting changes in their pedagogical practices (Eley, 2006; Gess-Newsome, 

Southerland, Johnston,& Woodbury, 2003; Henderson, Beach, & Finkelstein, 2011).  An 

instructor’s practice of these strategies has been shown to be a reciprocally important factor in 

their success (Dancy & Henderson, 2010; Devlin, 2006).  Although these individual factors and 

the instructor are critical to the interpretation and enactment of these innovations, such efforts do 

not occur in a vacuum.  Rather, efforts at changing physics teaching are embedded in complex 

institutional structures, resulting in multiple influential forces coming to bear on them.  An 

understanding of the role of these forces on adoption efforts remains underrepresented in the 
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research literature, with several authors calling for more research into the contextual influences 

on implementing innovations and their compatibility within these systems (Austin, 2011; Dancy 

& Henderson, 2010; Henderson & Dancy, 2007; Henderson, Beach, & Finkelstein, 2011; NRC, 

2011).   

Research on situational factors influencing implementation of research-based 

instructional strategies must employ theoretical perspectives that accommodate the multiple 

layers of organization present in postsecondary education.  Current reviews of such work 

emphasize the use of a systems framework for making sense of these overlapping groupings, 

each imbued with their unique cultural expectations and inputs for change efforts (Austin, 2011). 

A systems framework, drawn from work in organizational knowledge, accounts for multiple 

levels of institutional organization, including departmental, college, university, and societal level 

considerations.  However, researchers have demonstrated a concurrent need to consider the 

nature of instructors’ beliefs about teaching and practices in their classrooms within these 

systems (Gess-Newsome et al, 2003; Henderson et al, 2011).  The use of theoretical frameworks 

bridging different education research groups have shown promise in making sense of efforts to 

change education at the undergraduate level (Henderson, Beach, & Finkelstein, 2011).  The 

Teacher Centered Systemic Reform (TCSR) framework offers a useful theoretical approach to 

studying efforts at undergraduate innovations by incorporating classroom interactions and 

teacher beliefs into the analysis of several contextual spheres of influence on undergraduate 

instruction (Gess-Newsome et al., 2003; Henderson, Beach, & Finkelstein, 2011). 

This study explores the impact of situational factors on the implementation and 

maintenance of a research-based instructional innovation in a large research university.  The 

physics department at this university implemented and maintains a studio physics course 

program.  The program includes several sections of their introductory course sequence (two 

sections of a Force and Motion course, one section of the Electricity and Magnetism course) that 

are taught using the SCALE-UP model (Beichner, 2007) alongside of the more traditional 

lecture/lab/recitation course combination. The SCALE-UP model incorporates a physical 

redesign of the classroom space with a combined teaching approach that addresses content 

through a varied mixture of student group work on conceptual problems and physics 

investigations interspersed with short lectures on relevant topics.  



79 

 

A team of four faculty members; Albert, Isaac, Max, and Robert (all pseudonyms) share 

the responsibility for these courses, three of whom are responsible for the creation and 

implementation of these sections.  The social dynamics of this group that support their continued 

efforts at innovative physics teaching have been described elsewhere (Enderle & Southerland, in 

review). The study presented here employs a systematic theoretical framework to analyze 

observation, interview, and document data collected from this group of faculty over the course of 

two years. The analysis determined situational factors that were perceived by the studio faculty 

group and observed to be the most crucial in supporting their efforts at maintaining a studio 

physics course program. The results also highlight contextual factors that limited the instructors’ 

efforts or served as barriers to continuation.  Based upon these findings and other works (Austin, 

2011; Sunal, Wright, & Bland-Day, 2004), recommendations are discussed concerning 

institutional actions that can be used as levers to alleviate some of the resistive factors and 

enhance the supportive ones.  

 Theoretical Background 

Studio Physics Courses 

 Studio physics courses have a well-established history in the PER community (Docktor & 

Mestre, 2011), emerging from research contexts at the University of Washington Physics 

Education Research Group and published curriculum such as Workshop Physics (Jackson, Laws, 

& Franklin, 2003).  Studio physics courses represent innovation over traditional, lecture-based 

courses by engaging students in activities focused on developing conceptual understanding rather 

than transmission of canonical physics knowledge.  These courses have been adapted to other 

scientific disciplines as well.  The critical innovation in studio courses centers on the redesign of 

the classroom space that facilitates a change in the nature of instruction.  As studio programs 

continue to develop at institutions around the country, class size has become a factor in making 

this course format affordable and efficient for larger institutions.   

The SCALE-UP program at North Carolina State University, emerging from the physics 

education research group, has developed a studio model capable of serving classes with over 100 

students (Beichner, 2007).  Over 50 institutions, including several large research universities like 

MIT, have adopted the SCALE-UP model for teaching an array of STEM courses.  The lecture 

and laboratory sections of a physics course are combined in the SCALE-UP model, with students 

meeting several times a week in extended class sessions, totaling about five to six hours in a 
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week.  The SCALE-UP model necessitates a unique physical space that has anywhere from six to 

fifteen circular worktables in a room, each equipped with several networked computers.  

Collaborative groups of students are assembled, several at each worktable.  Students engage in 

several types of activities through group collaboration, with much of the decision making left to 

the students, while the teacher and assistants act as additional resources and guides (Beichner, 

2007). These activities include conducting data collecting investigations, interactive simulations, 

and solving complex applied problems.  Class activities are punctuated with brief lectures and 

discussions that highlight and clarify fundamental concepts.   

The adoption of the SCALE-UP model at different institutions has produced a body of 

evidence demonstrating its success in enhancing physics teaching and student learning.  Looking 

across data from multiple institutions, the normalized learning gains for students in studio 

physics courses were significantly higher than students who received lecture-based instruction in 

a variety of contexts (Beichner, 2007).  Failure rates in both introductory physics courses and 

advanced courses that require introductory physics coursework were significantly lower for 

SCALE-UP students than for lecture students.  Courses implementing the SCALE-UP model 

also demonstrated improvements in attendance, attitude towards science, and improvement in 

females’ achievement in physics (Beichner, 2011).  However, further study is warranted if the 

physics education community is to understand how contextual factors influence the adoption and 

implementation of studio courses using the SCALE-UP model (Docktor & Mestre, 2011; NRC, 

2011).   

Change in Undergraduate Contexts 

To understand contextual factors that influence the adoption and implementation of 

evidence-based educational innovations, such as studio physics courses, research must 

incorporate approaches that acknowledge and explore the multifaceted context in which these 

efforts occur.  Large research universities are complex systems with the work of several 

institutional entities connected to any single course.  Thus, change in a particular course 

necessitates consideration of resonant effects on the network of programs and offices supporting 

it.   

Reviews of the knowledge base regarding improving undergraduate science education 

have noted prevalent barriers and potential levers that can be used in realizing educational 

changes within these systems (Austin, 2011; NRC, 2011; Henderson et al., 2011).  However, 
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these reviews also call for continued work in understanding specific cases of successful change 

efforts to elucidate which barriers were most prevalent and how resources were leveraged to 

overcome them.  The systems framework argued for in one review (Austin, 2011) serves as a 

useful guide to begin exploring the influential structural levels of large research universities.  

Nevertheless, this approach leaves out some considerations that others have demonstrated as 

critical components to any change effort, which include the classroom level and teachers’ 

knowledge and beliefs (Henderson et al., 2011).  

The Teacher Centered Systemic Reform Framework 

The Teacher Centered Systemic Reform (TCSR) Framework (Gess-Newsome et al, 

2003) serves as a useful theoretical perspective to consider change efforts within a complex 

educational system, such as a large research university. This framework positions the instructor, 

with their history, beliefs, and practices, as the central component of the effort that reciprocally 

influences the other levels. The TCSR model was developed from studies of undergraduate 

reform efforts, and accounts for the intertwined system of organization that is common in large 

research universities. The centrality of the instructor in the model offers a necessary perspective 

as the teacher is the ultimate arbiter of any such implementation effort, thus their perception of 

and response to contextual influences highlights those of importance. The model also 

incorporates other personal factors that shape the central role of an instructor, including 

professional development and years of experience in teaching.  Figure 4 provides a summary 

diagram of the TCSR framework drawn from the original studies.    

The utility of the TCSR framework emerges from the incorporation of several contextual 

levels in analytical consideration of the influences experienced by teachers involved in change 

efforts.  Classroom level considerations can involve issues arising from the physical organization 

of a classroom space, curricular materials used, and the types of students and interpersonal 

interactions that occur.  The department level of contextual analysis could encompass the type of 

administrative support offered, the culture among colleagues, and course scheduling logistics. 

Moving analysis to the university level, administrative actions, institutional status, and 

relationships among component programs can serve as key focal points for understanding the 

trajectory of change efforts.  Finally, the broader cultural context can be examined for the impact 

of professional associations, societal goals for postsecondary education, and the prevalence of 

acknowledged resources. 
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Methods 

Studio Physics Faculty Group 

This study occurred at a large, research university in the Southeast US.  The location and 

nature of the institution were defining factors in this study.  During the time of the study, the 

state in which the university resides experienced dramatic budget shortages, leading to several 

years of reduction in budget allocations. This reality created a difficult financial environment for 

university operations, with many established programs being shuttered, downsized, or merged.  

The high research activity taking place at this institution also created a specific context for that 

study, as research activity provides much financial support for programs and creates a certain 

culture of expectations among administrators and faculty members (Geiger, 2004).  The 

Department of Physics at this university maintains a significant amount of funding from federal 

agencies and other sources, particularly through partnerships with several large internationally 

recognized laboratories.   

To understand the role of contextual influences on the development of the studio physics 

courses, the four faculty members who work together on those courses served as the research 

subjects for this study.  Albert, Isaac, and Robert comprised the original faculty group that 
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created the studio physics program.  All three are long term members of the department faculty, 

having established research programs and achieved tenured status.  They also served in a variety 

of administrative capacities, both at the department and university level.  Albert served as the 

chair of the department during the initial phases of development, yet had stepped down from that 

position by the time this study commenced.  Robert served as director for the university Honors 

program previously, and he was serving as the Director of Undergraduate Studies for the 

department at the time of this study.  Isaac had served as the course director for several of the 

large introductory courses in the department.  The fourth member of the studio physics faculty 

group, Max, began his work with the others during the course of the study, after having been 

granted his first tenured status.   

Data Collection and Analysis 

The data collected for this study came from several sources that were collected during the 

period of 2009-2011.  Interviews were conducted by the researcher with the four group members, 

both individually and as a group.  Multiple interviews conducted with the studio instructors 

provided historical information.  The individual interviews afforded the opportunity for the 

researcher to familiarize himself with the faculty members.  The group interviews were more 

critical in providing insight as to how the group collaborated and their shared perspective in 

regards to influences on the studio physics program.  All interviews employed a semi-structured 

question protocol, providing opportunities for follow-up exploration of ideas, resulting in a total 

of over seven hours of interview data.   

Observations of both external and classroom interactions allowed for insight into the 

actual practices of the group members and their responses to external influences.  This 

surveillance also afforded the researcher insight into how certain external stimuli shaped the 

nature of the studio course.  Overall, over 100 separate events were observed and recorded.  

Another prominent data source for the study involved the collection of multiple shared email 

conversations involving Albert, Isaac, Max, and Robert.  These emails displayed both internal 

discussions among the studio physics group, and their communications with other individuals 

regarding the studio physics program.  Over 40 unique email conversations were collected during 

that time.   

All interviews and observation notes were digitally transcribed for analysis purposes.  

The data analysis phase of this study employed a systematic coding procedure known as the 
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constant comparison method (Strauss & Corbin, 1998).  This analysis began with the 

establishment of a preliminary coding schema with several broad codes developed in relation to 

the TCSR framework (Gess-Newsome et al., 2003).  However, the analysis remained open to 

allow for the emergence of new codes and categories that may not be represented in the initial 

coding schema. All three types of data sources were used during the analysis phase.  

The coding analysis process involved three primary stages of activity, as defined by 

Strauss and Corbin (1998): open coding, axial coding, and selective coding.  During the initial 

coding stage, codes generated from the TCSR framework and those that emerged from the 

review of data transcripts, were assigned to their discreet pieces of information within those 

transcripts.  The next stage, known as axial coding, involved assigning and condensing the 

original assemblage of codes into progressively larger codes and categories, applying and 

checking those codes with the various data sources.  The final stage, selective coding, involved 

connecting core categories among the code structures ultimately resulting in the broader thematic 

findings. At all three stages, any codes were discarded that were not found applicable or were 

discounted by other evidence in the data.  The results generated from this analysis were further 

validated through a review process involving the four studio physics faculty members.  

Results 

Acceleration of the Studio Physics Course Effort 

The systematic organization of contextual forces in the TCSR framework provided an 

effective approach for identifying important influences over varied time frames.  In studying 

complex systems, such as a change effort in a multilayered research university, the salient forces 

can change over time, with some levels being more significant at certain stages and less 

influential during others.  In order to capture these dynamics, the analysis was separated into 

several periods of activity.  These different periods of activity represent important stages where 

the interactions of different contextual forces shifted to produce different effects upon the studio 

physics program. 

Figure 5 offers a familiar velocity diagram to represent the development of the studio 

physics program over time.  The actual course offerings can be considered the “object in motion” 

in this chart.  The program experienced different periods of development and expansion, which 

are reflected in the periods of acceleration.  To offer a more detailed analysis of the studio course 

program, several stages of significant activity are highlighted.  For each of these critical 
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junctures, a free body diagram has been developed to describe the nature of the forces acting on 

the object at that point in time.  The different forces identified are also aligned with the 

contextual levels described in the TCSR framework.  For each level in each stage, a “motive” 

force (FM), which represents actions that helped further the studio physics program, and a 

“resrictive” force (FR), which describes activities that limited the development of the studio 

program, are identified in Figure 5. Each stage diagram has an accompanying description of the 

critical events and influences operating on the studio physics program at that time. 

 

 

 

 

Stage 1: Development  

The development of studio course effort was initiated through Robert’s interest in various 

PER efforts occurring around the country.  This interest led to him talking with Albert and Isaac 

about the potential of some of these innovations, particularly the SCALE-UP program.  The 

contextual forces that interacted to bring the studio effort to this stage acted across multiple 

contextual levels.  That is, issues that arose at the classroom level shaped events that occurred at 

other levels, such as the department.   

Figure 5: Developmental Trajectory of the Studio Physics Program 
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The restrictive forces identified in figure 6 for stage 1 stem from the physical layout of 

the classrooms and lecture halls in which they taught their introductory courses.  In these 

settings, the faculty members were not able to engage with their students on a more individual 

basis, and students entered these courses enacting behaviors they are trained to enact in these 

spaces (i.e. – passive listening to a person in front that leads to distractions from a variety of 

sources). This sense of disengagement and the concordant lack of physics learning taking place 

fostered a sense of pedagogical discontentment in these faculty members.  This discontentment 

provided motive force for the three tenured, veteran members of the department to come together 

as collaborative team intent on improving instruction in the introductory physics courses. The 

dynamics of this group structure have been described elsewhere (Enderle & Southerland, in 

review), but the support and combined energy of the veteran group became a primary motive 

force at the departmental level.  “This group is made up of people that are forward thinking about 

teaching techniques and also deeply concerned about whether the students in their class actually 

learn something.” (Isaac, GI1p6) 

 

 

 

 

Although the team of faculty worked together to move the studio course effort forward, 

they faced perhaps the largest resistance from the lack of an actual studio space existing on the 

Figure 6: Free Body Diagram for Stage 1(Cl – Classroom; D – Department; U – University; C – 

Culture) 
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campus that met the specifications described in the SCALE-UP model.  However, through 

discussions with colleagues from several departments across campus, a campaign supporting the 

inclusion of one studio space in a new classroom building successfully garnered university 

administrators’ approval.  The support for and establishment of the required classroom space for 

the studio course served as the greatest motive force at the university level. 

As the forward motion of the studio course effort continued with the building of the 

space, another resistive force emerged at the departmental level.  The changes required to realize 

a studio version of an introductory physics course demanded a notable investment of resources, 

both in terms of physical equipment and faculty scheduling.  In response, Albert, Isaac, and 

Robert were able to design a unique course schedule and size that produced a similar faculty time 

to student served ratio as the traditional lecture/lab/recitation combination already present in the 

department.  “The studio [course] is cheaper than the traditional lecture class in this department.” 

(Robert, Group Interview) The economic feasibility of the studio model provided convincing 

arguments for department colleagues who may have been reticent to support the studio effort.  

The financial resistance of equipment costs was alleviated by another motivating force that came 

in the form of a one-time investment of department funds by the department chair, as well as 

winning a small university level course improvement grant.   

 

“So we got the grant and Albert, who was chairman at the time, came into my office one 

day. He said ‘Isaac, if you had to spend [several thousand dollars] in the next 24 hours, 

could you do it?’ I said, ‘I’ve got the item numbers!’” (Isaac, Group Interview) 

 

With university and departmental administrative support, the faculty team was able to 

harness their collective discontentment with less engaging and effective introductory physics 

courses to develop and establish an economically feasible studio model in a newly built studio 

classroom.  This developmental stage did take place amongst a broader, cultural interaction in 

which scientists were questioning the need for PER innovations contrasted by an 

acknowledgement of the validity of the PER research findings that community was putting forth 

(an acknowledgement supported by the fact that trained physicists were the ones conducting the 

research).  Thus, in the spring of 2008, the first introductory studio physics course focusing on 

forces and motion concepts commenced.  The studio course continued to grow over the next 
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year, with increasing student enrollment and the team developing a studio version of the second 

introductory course focusing on electricity and magnetism. 

Stage 2: Expansion  

Once the two studio courses were established, the developmental trajectory continued to 

moderately accelerate.  The development of studio versions for the both introductory courses 

facilitated offering them during fall and spring semesters.  The first introductory course, which 

was a required physics course for many degree programs, quickly gained in popularity.  

However, the novelty of the course being a non-lecture based science course attracted interest by 

a wide array of types of students, some interested in the learning format and others who 

perceived the approach to be less difficult.  This variation in the student populations of the 

courses in terms of abilities and aptitudes emerged as a resistive force for the faculty group’s 

efforts.  Yet, Albert, Isaac, and Robert dealt with the challenge of students’ abilities (or lack 

thereof) through a curricular flexibility inherent in the SCALE-UP model. 

 

 

 

 

The SCALE-UP model focuses on the physical design of the classroom space and the 

general nature of student-teacher interactions that occur, while not specifying a particular 

curricular approach to be used.  With this allowance, the faculty group was able to access other 

PER resources to engage their students in different activities that could accommodate the 

Figure 7: Free Body Diagram for Stage 2 (Cl – Classroom; D – Department; U – University; C –

Culture) 



89 

 

variation in student ability present in both courses, thus providing the group with a positive, 

motive force.  The following piece came from an observation demonstrating how Robert 

described this flexibility as a necessary capability in responding to the preparedness of students 

entering his studio physics class.  This discussion occurred during a professional development 

seminar that Robert was leading with several local K12 science teachers.  

 Robert telling teachers about trying to teach this content in the Physics II course, 

using the diagnostic exam and learning about the lack of high school physics among 

his students 

 Describes the low learning gains and now he is going to use PBI instead because 

[students] are so poorly prepared  

 Robert states he has two options – he can complain about [unprepared students] or he 

can adapt to the students coming into his classroom 

 Robert asserts that to improve the preparation of students, teachers are key and 

compliments the teacher for being [in the class]   

(External Observation, July 2010) 

This curricular flexibility made it possible for these teachers to respond not only to challenges on 

a daily or weekly basis, but also provided the capability to make changes in new semesters to 

address issues that arose in previous ones.  However, the forces acting at the classroom level 

during this phase of the studio course effort engendered interactions of larger forces at other 

contextual levels. 

The increasing popularity in the studio courses also created pressures at the department 

and university level.  As the studio courses developed waiting lists of students, the need for more 

sections of the courses, particularly the first in the sequence, became apparent.  However, at the 

university level, accommodating this demand met resistance due to tension with other programs 

that used the studio space.  Other programs viewed the technological capabilities of the studio 

classroom as ideal, even though the instructional approaches used by these departments remained 

largely traditional.  The resistive force of space competition with these programs was still 

overshadowed by the most pressing resistive force at this stage, the lack of new faculty to teach.  

The initial group (Robert, Albert, and Isaac) were limited in their ability to commit more of their 

time to the studio effort in light of their other responsibilities, including their research and 

departmental service.   

The restrictive pressures the faculty group experienced during the 2nd stage were 

overcome by two larger motive forces that worked in opposition.  The studio faculty group was 

able to recruit a new member, Max, to teach another section of the studio course.  The motive 
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force that facilitated this recruitment involved the general collegiality that existed in the 

department among the entire faculty.   

 

“They want to vote yes unless there is a really obvious reason they have to vote no. That 

is the full faculty, even the people who don’t agree with what we are doing.” (Robert, 

Group Interview) 

 

The mutual respect shared among these colleagues offered a general, if somewhat ambivalent, 

support for the studio course effort as a whole.  Deeper, personal relationships encouraged by 

this general sense of community served as the conduit for the studio faculty group to recruit a 

new member.  Isaac and Max engaged in extended conversations about the effectiveness of the 

studio model, with Isaac even having Max come to his class to “guest teach” so he could have 

first-hand exposure to the course.  

The addition of Max to the studio faculty group was a major motive force in accelerating 

the studio course effort.  An even larger motive force emerged around this same time that made 

the reality of more studio courses possible.  The university administration noted the competition 

for the studio classroom space and granted a request from the studio faculty for the creation of 

another studio classroom.  The administration provided a sizable investment of funding resources 

to redesign an existing instructional area into another studio classroom in the SCALE-UP model, 

as well as providing non-recurring funds to purchase an entire new set of instructional laboratory 

equipment, including specialized pieces like oscilloscopes and frictionless cart tracks.   

 

“It may be worth mentioning that the proposal to buy equipment for the traditional class 

was turned down…[The administration’s] support is specific to what we are 

doing…They want to support pedagogical reforms in Physics.” (Robert, Group 

Interview) 

 

The university administration’s investments and the departmental collegiality served as 

the major motive forces that accelerated the expansion of the physics studio course effort during 

this 2
nd

 stage of development.  These primary motive forces were buttressed by another motive 

force operating at the cultural level.  The acknowledgment of the studio effort’s success relied on 
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the disciplinary cultural acceptance of the validity of the Force Concept Inventory as a measure 

of conceptual learning.  Although resistance existed in the form of general skepticism to PER 

findings and specific criticism involving shortcomings of the FCI (Docktor & Heller, 2008; 

Halloun, Hake, Mosca, & Hestenes, 1995; Huffman & Heller, 1995; Popp, Meltzer, & 

Megowan-Romanowicz, 2011), the pervasiveness of the assessment’s use in demonstrating 

differences in physics learning across multiple contexts (Savinainen & Scott, 2002) provided 

further support for this physics studio course program.   

Stage 3: Stabilization 

The physics studio course effort experienced two major accelerations that took the program from 

offering one experimental course (Stage 1) to two sections of the first introductory course with 

three faculty members capable of teaching them and a section of the second introductory course 

(Stage 2).  Following this expansion of the program, the physics studio course effort shifted into 

a phase of stabilization in which the external forces shaping the program neither accelerated or 

slowed the program (Stage 3).   

 

 

 

 

During stage 3, the primary motive force supporting the physics studio revolved around 

the efforts of the four faculty members involved at the classroom level.   The collaboration of 

Figure 8: Free Body Diagram for Stage 3 (Cl – Classroom; D – Department; U – University; C –

Culture)  
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this team served as a critical resource for ideas and suggestions for improving the course.  Their 

ability to share curricular and pedagogical information helped them to maintain a stable program.   

 

“I get insights pretty much all the time.  Whenever I ask Isaac something, he tells me 

something new pretty much. Like today, he gave me an interesting hint on how you grade 

homework and mini-quizzes, and that you have students write things down in words.” 

(Max, Individual Interview) 

 

The curricular sharing occurring among the physics studio faculty members became 

especially important in light of restrictive forces operating at several contextual levels at the 

same time.  The studio physics program faced continued challenges in regards to scheduling and 

access to the actual studio classroom.  This problem was exacerbated by ongoing lack of 

understanding on the part of institutional administrative offices, specifically the university 

registrar’s office.  This office controlled the scheduling of courses in all classroom space on 

campus, yet the typical formulations they employed for making those assignments did not 

accurately represent the needs of the studio course.  The desired time block for a studio physics 

course entails three weekly sessions, distributed uniformly throughout a week, meeting 

approximately three hours for at least two sessions.   

Competing with other programs and schools for the studio space, the physics studio 

courses had a constantly changing schedule.  The first and second introductory studio physics 

courses were forced into several different scheduling scenarios.  One semester involved the 

second studio physics course only being given two and a half hours on two afternoons in the 

studio space and another hour of class time in a completely different room.   Several email 

conversations, appeals to administrators, and direct meetings with registrar officials did not 

produce any demonstrable change in this institutional relationship.  The scheduling challenges 

fostered by the registrar’s actions also created issues at the classroom level by affecting the 

access students had to the course, which became limited due to the odd time structure for class 

meetings.  Further activities of other institutional programs created more resistive force that 

extended back down to the classroom and departmental level. 
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“We thought we had good relations with the dean [of another college], and when we 

inquired about possibly working out how to keep our classes, how to offer the classes we 

need at the times we needed to offer them, we got essentially no response.” (Albert, 

Group Interview) 

 

“We now have hard data demonstrating that the scheduling situation in [the studio space] 

has damaged our students’ learning…There is no input channel for [the registrar] to work 

that into the scheduling algorithms.” (Group Email Conversation #19) 

 

The classroom level issue of student access became further compounded by a 

centralization of student advising resources within the college administrative offices.  Although 

the professional advisers presumably offered students sound advice, the repositioning of those 

responsibilities created communication barriers in advising students to take the studio courses.  A 

newly established science teacher preparation program encouraged students to take the studio 

physics course, particularly due to the potential for those students to experience innovative, 

discipline-based pedagogy.  However, college level advisers were not aware of these 

recommendations and advised students to take the traditional courses.   

Furthermore, intense attention given to the science teacher preparation program created a 

sense of confusion among the group’s departmental colleagues for the studio physics faculty 

members. These colleagues responded to ideas about improving and expanding the studio 

physics program with reservations related to the amount of attention and support already being 

given to the science teacher education program.  The conflation of the two programs created 

challenges in the perception of resource needs for the studio physics program in the department. 

Although resistance to the studio physics program developed at the department level, the 

studio physics faculty group was able to respond with a motive force emerging from the several 

semesters of studio courses that had occurred.  Since its beginning, the studio physics group 

continuously administered the FCI at the beginning and end of each semester in the first 

introductory course.  The FCI was similarly administered in the traditional lecture course during 

that time.  The normalized learning gains achieved on the FCI were far greater every semester 

for the studio physics program when compared to the scores from the lecture format.  To further 

enhance this evidence of success, Albert taught a traditional lecture section after having taught 
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the studio version, and the learning gains differential between the two formats remained.  These 

FCI results became critical evidence for the studio physics faculty group to demonstrate the 

effectiveness of the studio program to departmental colleagues and administrators.  The studio 

faculty group privileged the FCI evidence for learning and often used this information to 

describe the studio program to colleagues and the achievement that are possible in studio 

courses. 

 

“We have proof in the FCI, and therefore, people who … still teach in a lecture setting … 

the fact is that that method results in students having lower learning outcomes.” (Albert, 

Group Interview) 

 

The FCI evidence provided enough indication of success for continued administrative 

approval at the university level.  This motive force, though somewhat perceptually muted at 

times, was enhanced by a cultural motive force concerning growing calls for improving the 

teacher preparation mission of large research universities.  These calls emphasized the need for 

future science teachers to experience innovative pedagogy in their education and disciplinary 

content courses.  The studio physics program offered university administrators an example of 

how this institution was meeting those desires.  However, a culturally resistive force emerged at 

the same time in the amount of press attention given to other change efforts on campuses that 

focused more on infusion of technology.  The resistive nature of this attention was due in part to 

the limited nature of such changes when compared to more transformative efforts like the studio 

physics program.   

Stage 4: Diffusion  

The first three stages of motion in the studio course effort described above occurred 

during the data collection and analysis phase of this study.  The fourth stage identified in figure 9 

represents a prediction of the forces, both resistive and motive, that will continue to influence the 

trajectory of the studio physics program.  Although the forces described encompass predictions 

of future events, they are grounded in observations and data collected during the study.   
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At the classroom level, the issue of student access and the academic ability of those 

students will continue to shape the development of the studio physics program.  Yet, these 

factors could have motive and resistive dimensions that would be difficult to predict in a 

reasonable manner.  Another broad force that was observed to play a critical role at the 

classroom level in the previous stages involved the curricular and assessment resources available 

to the studio physics faculty group.  The four faculty members shared a common need for 

enhancing their students’ conceptual learning in physics. To meet this necessity, the faculty 

group also recognized the need for valid assessments of conceptual learning.   

The FCI results from several semesters provided the group evidence of meeting their 

learning goals, at least in the first introductory course, which they often privileged in 

conversations to demonstrate the studio physics program’s success.  A need for well-accepted 

and validated assessment instruments that address topics not dealt with in the FCI, especially an 

electricity and magnetism diagnostic, represent a restrictive force for the studio program during 

stage 4.  In working against this challenge, the faculty group was already experimenting with the 

use of other assessments at the end of the data collection period.  The flexibility to explore new 

options, such as the BEMA (Ding, Chabay, Sherwood, & Beichner, 2006) and DIRECT 

(Engelhardt & Beichner, 2004) assessments, and determine the most appropriate approach would 

Figure 9: Free Body Diagram for Predicted Forces in Stage 4 (Cl – Classroom; D – Department; 

U – University; C – Culture) 
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be the motive force that can move the studio physics program forward, providing a more 

comprehensive body of evidence for achieving the learning goals.  

Considering the forces operating at the departmental level, the studio physics faculty 

group faces its greatest resistance in the limited number of colleagues interested in teaching a 

studio course.  In light of the research and publishing demands ubiquitous on research university 

campuses, many faculty members in this department viewed the perceived time investment 

involved in teaching a studio course as prohibitive.  The studio faculty group was entirely 

comprised of scholars who had achieved tenure.  To counteract the time demands for studio, the 

studio physics faculty group was able to use their collaborative relationship for support.  As Max 

was recruited and became a member of this group, Albert and Isaac, especially, were able to 

provide him with curricular resources and advice on course logistics, preventing him from 

spending excessive time preparing for the course.  The supportive nature of this group, acting as 

a motive force in the department, also serves as a recruitment technique in which the studio 

faculty members would engage potential new members, offering them opportunities to guest 

teach in their courses.  These efforts had begun to show progress, such as with Isaac getting 

increased positive feedback from another colleague he was actively recruiting.   

 

“The biggest potential barrier I see is just to try it [teaching a studio course]. You have to 

overcome this natural kind of feeling ‘Well, it’s something new. I’m not sure if it will 

work for me.’ It will. You just have to take some effort just to start.” (Max, Group 

Interview) 

 

University level forces operating on the studio physics program at this stage include 

multiple aspects that emerged during previous stages.  Issues involving other innovative 

programs on campus persist in shaping the forward motion of the studio physics program, 

particularly in competition for resources and sharing of students.  Coordination of expansion 

efforts with other administrative entities, such as the registrar, remains a consideration that must 

be continuously addressed.  Perhaps the most fundamental university level force affecting the 

future diffusion of the studio physics program involves the actual existence of studio classroom 

space that meets the design elements of the SCALE-UP model.   
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At the end of this study, the two studio classrooms that existed were already used to their 

scheduling limits, creating a resistance to an expansion of the program.  Yet, data were collected 

that described the acceptance and promotion of building plans for a new science classroom 

building that included several more studio classrooms.  This plan was discussed by a committee 

of university science faculty, including Robert and Isaac, and the inclusion of studio spaces was 

supported by a number of colleagues.  The realization of this new building exists as an essential 

motive force for future expansion of the studio physics program.  The following excerpt was 

observed during a meeting of a university committee tasked with the development of plans for a 

new academic laboratory and science teaching space.  Both Robert and Isaac were 

representatives on this committee, yet they were not the only members of the university 

community who argued in support of including multiple studio classrooms in this newly 

proposed building.   

 

 Faculty #1 argues for lecture halls and studio rooms for Phase 1 

 Faculty #2 present asks what a SCALE-UP room is – Robert and Isaac describe the 

room design 

 Faculty #1 argues again to the starting idea with lecture hall and SCALE-UP room for 

the Phase 1 building 

 (Researcher Note: No other committee member is raising an issue with the inclusion of 

several studio rooms in the Phase 1 plan (up to 5 rooms) 

(External Committee Meeting Observation, December 2010) 
 

Culturally, the external forces acting upon the studio physics program relate more to 

broad issues arising in the national conversation about innovation in higher education.  National 

organizations of many allegiances continue to emphasize the need for increased production of 

STEM majors and graduates.  This increased attention, and the potential for associated funding 

resources, offers a fertile context for the studio physics program to position itself as a meaningful 

response to those calls.  The studio faculty group, especially Robert, had already incorporated 

several of these reports into the justification for the studio physics program.  A limiting cultural 

force developed from the lack of acknowledgement of the achievements of PER innovations 

(Hake, 2002; Henderson et al., 2011), not only within the physics community, but in broader 

education circles.  An intense use of only PER resources by the studio physics program could 

continue to isolate the effort from those broader discussions, due mostly to other participants’ 
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ignorance.  However, that same intense focus could also limit the pool of resources the studio 

faculty group draws from as they continue to improve the studio physics program.   

Discussion 

 

 

 

 

The studio physics faculty group endeavored to reshape the way introductory physics 

courses at their institution were taught in order to improve student engagement and learning.  To 

achieve these goals, Albert, Isaac, Max, and Robert harnessed their collective energy and drew 

upon well designed, evidence-based models and ideas from the PER community.  Following 

similar changes as other prominent institutions, this group adopted the SCALE-UP model 

(Beichner, 2007) to create a studio physics course for their department’s two course introductory 

sequence.  Over several years, the studio physics program has developed from a single section of 

the first course to a steady offering of several sections of both courses with potential for further 

expansion.  However, this effort did not exist unto itself.  The development and implementation 

of the studio physics program ensued within a complex collection of institutional structures and 

cultures.  Contextual factors shaping the scope and nature of the studio physics courses arose in 

multi-faceted ways reflecting the interconnected environment.   

Figure 10: Free Body Diagram Summarizing the External Forces Influencing the Studio Physics 

Program (Cl – Classroom; D – Department; U – University; C – Culture) 
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Researchers from the PER community and other organizations have called for further 

research into the contextual factors that influence the adoption of evidence-based, PER 

innovations (Docktor & Mestre, 2011; Henderson & Dancy, 2007; NRC, 2011). The 

implementation of PER innovations are influenced heavily by individual factors stemming from 

the instructors who teach the courses being changed (Henderson et al, 2011).  Yet, research has 

also demonstrated that these individual factors do not fully account for the lack of adoption on 

their own.  Theoretical models emerging from this work emphasize that both individual and 

situational factors need to be transitioned from more traditional states to being more alternative 

(Henderson & Dancy, 2007).   

The group of faculty members who enacted this change in their introductory course 

sequence came together out of a shared commitment to more engaging instruction that produced 

deeper conceptual understanding of physics in their students (Enderle & Southerland, in review). 

This group’s structure and interactions supported the shifting of individual factors indicated as 

critical elements of theoretical change models (Gess-Newsome et al., 2003; Henderson & Dancy, 

2007).  The study described here identified situational factors that both benefited and limited the 

development of a PER-based studio physics program within a large, research university.  

The results of this study agree with findings of other analyses that emphasize the 

importance of time and sustained engagement with change efforts (Henderson et al, 2011).  The 

studio physics program grew over several years, beginning with simple ideas and desires on the 

part of concerned faculty members.  During that time, the studio physics program experienced 

developmental pressures from several sources, and the nature of those forces also changed in 

magnitude and kind over that time.  The interactions among programs on campus at times 

provided useful support for the creation of a studio classroom, yet at other times fostered 

tensions as they competed for similar resources, including the studio room itself.  Temporally, 

administrative approval of the studio physics program provided a minimum level of continuous 

support, yet specific instantiations, particularly in the form of funding infusions, were far more 

crucial.  

Beyond the overarching situational factor of time invested in a change effort, the results 

of this study also provide evidence for broad forces that operate at several different contextual 

levels across different stages of time, some motive and some resistive in direction.  Figure 6 

provides a summary free body diagram highlighting both kinds of forces acting on the studio 
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physics program for contextual levels aligned with the TCSR framework (Gess-Newsome et al., 

2003) used for analyzing the data for this study.  These broader forces generally work in 

opposition to each other directly.  However, the influence of these forces can reach across 

organizational boundaries to affect events occurring in other interconnected levels.  The 

recognition of these more fundamental factors further encourages consideration of implications 

for change efforts at similar institutions, which will be discussed within each section below.   

Classroom Level Factors 

The studio physics program was fundamentally generated from contextual forces 

operating at the classroom level.  A lack of meaningful physics learning in their students, 

observed by all four members of the studio physics faculty group, led each of them to seriously 

reflect on their teaching and the kind of learning environment they provided.  This sense of 

discontentment with pedagogy and the willingness to consider alternative options has been 

indicated elsewhere as a necessary initial component to any successful change effort (Gess-

Newsome et al., 2003; Henderson et al., 2011; Southerland, Sowell, & Enderle, 2011). These 

faculty members desired a learning environment where the students were more engaged in 

investigative learning and conceptual discussions with each other and the instructors (Enderle & 

Southerland,in review).   

The coalescing of this group in support of a studio physics course demonstrates an aspect 

of the primary motive force operating at the classroom level in this study.  The alignment 

between the studio physics faculty group’s desired learning goals and the PER innovations 

facilitated a deep commitment to the success of the program.  The SCALE-UP model which 

guided the studio physics program entailed a complete physical redesign of the classroom space.  

This type of physical environment was more suited to the types of learning interactions the 

faculty members wanted to have with their students.  Thus, at the classroom level, the alignment 

of these two fundamental elements offered a solid foundation from which the studio course effort 

could build.  Although this agreement occurred in a broader scope, a lack of similar alignment in 

more specific instances demonstrates the resistive aspects of this contextual influence. 

As the studio physics program developed, the four faculty members came to privilege and 

emphasize the FCI assessment data as evidence for the success of the program in terms of 

increased student learning.  However, the faculty group understood that the FCI concerns only a 

portion of physics content material addressed in the first introductory course.  In hopes of 
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building further evidence of success, the faculty group continued to struggle with finding 

accurate ways of measuring the learning of other physics concepts.  Robert attempted using 

several different assessments to measure his students’ learning of electricity and magnetism 

concepts.  Similarly, all of the instructors were limited in explicitly defining their learning goals 

and targets for their students, complicating the ability to measure learning achievement beyond 

basic metrics of test and quiz scores.  This issue further impacted the ability of the studio faculty 

group to understand the effectiveness of other evidenced-based PER curricula they incorporated 

into their studio physics program.  

The tension arising from these different aspects of alignment between learning goals and 

PER innovations relates to other classroom level factors identified in the literature (Henderson & 

Dancy, 2007).  Apprehension regarding implementing PER innovations and the feeling that 

physics content material addressed is overall lessened can be managed if the learning goals for a 

course are explicitly described.  Faculty who choose to implement PER innovations should be 

clear about exactly what they want their students to learn and how the innovation will help them 

achieve those goals.  That said, this creation of defined learning goals can also provide an 

opportunity for the faculty to discern the kind of understanding they desire (i.e. – memorization 

of a broad collection of physics information within topical categories OR ability to apply more 

fundamental, guiding physics concepts).  Committing to learning goals of a particular character 

could also alleviate stress regarding the volume of material addressed in a course where PER 

innovations are implemented.  Making these learning goals clear could possibly assist in 

improving student attitudes towards the change efforts, another important classroom level factor 

found in this study and others (Henderson & Dancy, 2007). 

Department Level Factors 

The contextual level influences involving the Department of Physics at the institution 

described by this study invoke considerations of course sequences selected by department 

committees or formalized degree programs supported by the faculty members. Yet, the most 

influential forces affecting the studio physics program in the department emerge from the 

respectful culture that exists among the diverse group of scholars.  In a general sense, the 

supportive culture that existed among these colleagues allowed for the collaborative group of 

Robert, Isaac, and Albert to come together and work earnestly on developing the studio physics 
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program.  The program was implemented and expanded under the auspices of collegiality that 

existed within the department.  

The respect shared among the faculty in this department gave rise to the primary resistive 

force through the creation of unstated boundaries.  As the studio physics program grew, the 

original three faculty members were taxed as they worked on its enhancement while still 

maintaining their other departmental responsibilities.  In searching for others to join their effort, 

several colleagues expressed tepid interest, yet they also were reticent due to the perceived 

investment of time and effort to change their way of teaching. The respect of the department was 

not garnered through an individual member’s teaching ability; rather, the research agenda 

executed by a colleague was often treated as the primary measure of value, as is common in 

many large, research universities (Geiger, 2004).  Indeed, the studio physics faculty group was 

comprised completely of tenured faculty with established research agendas, a distinction that the 

group itself agreed was necessary for the investment of focus and time needed to switch to 

teaching studio.   

Although this investment of time and focus served as a resistive force at the department 

level, the collegial culture among the faculty members in the department also fostered the 

motive, supporting force that helped the studio program expand.  As a whole, the department 

membership would support any colleague’s ideas if they were well thought out and the associate 

was earnest in their interest.  Although several colleagues had expressed reservations about the 

effectiveness and utility of the studio program at presentations concerning it, they were still 

supportive of the studio faculty group if that was how they chose to invest their time.  Again, it 

should be emphasized that the departmental culture that existed gave rise to the core studio 

physics faculty group.  The personal relationships that existed with in this group became critical 

resources in supporting the studio course effort and challenges it faced (Enderle & Southerland, 

in review).  The newest member of the group, Max, was recruited to join the studio physics 

program through the collegial friendship he had developed with Isaac.  The challenge of Max’s 

initial investment of time and focus in switching to the studio course was alleviated through the 

support of the other group members, providing him with curricular materials and logistical 

advice. Thus, the departmental culture that facilitated this kind of team effort values providing 

support to others in their pursuits even though their efforts may not reflect their own.   
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The nature of departmental culture relies on actions of department administrators.  The 

chair of a department can greatly influence the work that is valued in the department, through 

policy actions and public support (Austin, 2011).  The studio physics faculty group experienced a 

continued level of support for their efforts across two separate department chairs.  Admittedly, 

Albert was serving in the role of department chair when the studio program was being initially 

developed, which provided critical financial and administrative assistance.  However, the next 

colleague to be elected to the chairmanship continued this support with strong affirmations 

towards the program and the studio faculty group, and continuing to encourage the expansion of 

the studio physics courses.  An administrator can shape other factors that have been identified as 

potential barriers to implementation of innovations, including the time structure allotted to 

different courses and positive recognition of these kinds of efforts (Gess-Newsome et al., 2003; 

Henderson & Dancy, 2007).  This study provides further support for the need for department 

administrators to assume these leadership activities, and institutional professional development 

should be provided to enhance chairs’ understanding of their leadership responsibilities (Austin, 

2011). The further education for leadership can serve chairs and deans in creating an institutional 

culture that supports implementation of innovations.  

University Level Factors 

Administrative leadership resonates across contextual levels as an underlying element for 

promoting meaningful educational change (Austin, 2011; Fullan, 2007).  The enactment of this 

leadership role on the part of university administrators has unique aspects correlated to the nature 

of their office’s responsibilities. University administrators, including deans and provosts, can 

provide leadership in creating an innovative academic culture by publicly supporting and 

highlighting successful change efforts, implicating their success in the overall institutional 

mission.  These administrators also lead through the provision of resources under their 

responsibilities in facilitating the development and expansion of these efforts.   

The major motive force supporting the studio physics program encompasses the 

collection of critical investments made into the effort on the part of various university level 

administrators.  The specific nature of PER innovation, such as a redesigned studio classroom 

space, determines the type of administrative support needed for success.  The studio physics 

effort benefited from the financial advantages it offered in requiring minimal shifting of faculty 

teaching and teaching assistant resources.  The model developed by the studio physics faculty 
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group also offered a slightly more amenable cost/benefit ratio when comparing the faculty hours 

used to the student credit hours generated for the studio physics program versus the traditional 

lecture/laboratory/recitation course combination.  Thus, the major financial investments provided 

by university administrators involved non-recurring expenses that have less long term budgetary 

implications.  Another benefit of those investments for the administrators involved the appeal of 

these investments to other programs on campus, providing further justification for the necessary 

expenditures. 

Although the intra-campus appeal of the studio spaces helped garner university 

administrative support, that appeal also engendered competition for institutional resources that 

acted as a resistive force for the studio physics program.  The use of the studio classroom by 

other academic programs persisted throughout the entire study as a source of difficulty in 

securing appropriate scheduling blocks for the studio physics courses from the university 

registrar.  The studio faculty group brought this issue to the attention of several administrators, 

including deans and vice presidents, in attempts to develop workable solutions, but they received 

little in the way of meaningful responses.  A coordinating committee composed of members 

from all interested programs was originally proposed to help determine how the studio space 

resource should be allocated.  However, once the studio space was established, this guiding 

committee was never formalized and given authority over the space. The emergence of these 

opposing forces acting on the studio physics program offer insight into another set of critical 

considerations for implementing educational innovations in large university contexts.  

University administrators and their acts of leadership play a key role in determining the 

success of implementing meaningful educational changes.  The more obvious actions that 

administrators can enact involve their ability to steer necessary financial and logistical support 

towards innovative efforts that have an evidence base for improving teaching and learning.  

Concrete policy decisions involving class spaces, scheduling, and obtaining necessary curricular 

resources for change efforts have been identified as factors that administrators can directly 

remove as barriers to change (Austin, 2011; Henderson & Dancy, 2007). These actions are 

critical and should be concurrent with further leadership actions publicly promoting programs 

like the studio physics courses as vital to advancing institutional goals.  The more abstract 

leadership roles that university administrators can assume involve promoting and giving special 

recognition to improvement efforts (Henderson & Dancy, 2007; NRC, 2011).  The development 
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of tensions and competition between programs on campus for limited institutional resources 

demands administrative leadership in taking an active role in alleviating those tensions and 

working towards consensus solutions.  University administrators can focus their efforts on 

working towards system compatibility between existing institutional structures and those 

accessed by change efforts (Henderson et al., 2011).  Again, university administrators should 

also be provided professional development experiences that will enhance their capacities in these 

areas (Austin, 2011).  

Cultural Level Factors 

The cultural context in which change efforts exist influence the development of those 

endeavors, yet in a more removed sense that produces broader societal conversations.  These 

conversations, although removed, remain crucial elements by providing justification and 

validation to the efforts, and the more local contextual forces, that operate to produce changes in 

undergraduate education (Austin, 2011).  The escalating national conversation about improving 

STEM education, involving a variety of stakeholders, created a background dialogue that the 

studio physics group was able to draw ideas and validation from in justifying their local effort at 

improving introductory physics courses.  Robert, particularly, often invoked recommendations 

and insights from national level reports about the shortage of physics teachers and demand for 

more exposure to discipline-based pedagogy to argue for the expansion of the studio physics 

program.   

However, in a similar manner, earnest critiques and reservations about aspects of some 

innovations stemming from scholarly works of other physicists, such as the limitations of the 

FCI, also provided support for reservations that enhanced resistive forces on the studio physics 

program.  That is not to say that these reservations and critiques should be eliminated.  Rather, 

they rightfully temper these broad conversations and aid in refining innovations, but they can be 

used a source for creating barriers.  Those barriers can engender thoughtful criticism, but they 

should not be purposed for broad based condemnation of educational innovation.   

Professional organizations of scholars and researchers offer opportunities for recognition 

of innovative programs, and should strive to continue to do so (Austin, 2011; Henderson & 

Dancy, 2007).  These efforts should continue to expand as they can begin to shift the perception 

of what is privileged within professional cultures.  The general acceptance of the FCI as a valid 

measure of learning demonstrates the impact of the PER community (NRC, 2011).  The 
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continued use and privileging of this instrument by PER researchers provided the studio physics 

faculty group with well-grounded piece of evidence for demonstrating the learning gains 

produced by the studio physics course among their institutional colleagues.  This study offers a 

case example of how, although seemingly removed at the level of more local considerations, 

broad societal conversations become fundamental anchors for justifying and working on 

educational innovations.   

Implications 

The study presented here provides examples of the challenges and contributions that 

develop during the initiation, implementation, and expansion of a studio physics course program 

in a large, research university context. This educational change effort stemmed from evidence-

based innovations found in PER literature (Beichner, 2007; Docktor & Mestre, 2011) that 

demonstrated success in improving undergraduate students’ conceptual understanding of physics 

concepts.  Although the learning successes attributed to the SCALE-UP model and similar studio 

physics course formats had been demonstrated, researchers emphasized the need for further 

understanding how these types of physics courses were successfully implemented within the 

complex institutional structures and cultures present at most universities (Docktor & Mestre, 

2011; Henderson et al., 2011; NRC, 2011). This study focused on the contextual influences 

acting from various levels that both assisted and resisted the development of a studio physics 

course program.  The findings discussed here should not be considered generalizable, but do 

provide evidence supporting general themes described elsewhere (Austin, 2011; NRC, 2011).  

The results also offer issues for similar institutions to consider as faculty members embark on 

implementing their own innovations. 

Implications resonating with the forces acting at the classroom, department, university, 

and cultural levels have been described in the appropriate sections above.  In regards to the study 

overall, the findings discussed are specific to the implementation of a studio physics course 

model within a large research university context. The particular nature of this PER-based 

innovation invokes the coordination of efforts at multiple contextual levels within an institution, 

creating a unique classroom space and a commitment by faculty members to using meaningful 

alternative physics pedagogy.  Not all endeavors in educational change will necessitate such 
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direct interactions with other department and university entities, thus the types and nature of 

contextual influences will differ.   

The results of this study are also limited by nature of the research subjects.  The TCSR 

theoretical framework employed in analyzing the data is admittedly grounded in the perceptions 

and actions of the teacher.  Although the studio physics program comprises a multi-faceted effort 

with in a complex system, the thoughts and activities of the faculty members involved in its 

creation exist as the primary drivers of the entire program.  Thus, their perceptions of the 

influences acting upon their program are fundamental to its actual development. The data 

collected was drawn almost exclusively from the studio physics faculty group, but the findings 

developed from this work do implicate other people’s thoughts and actions.  The results of this 

study would be enhanced by further collection of data relating first-hand accounts and 

impressions from actors tied to the contextual influences from other levels, such as chairs and 

deans.  Research that continues to explore these issues should also work to incorporate the 

multiple perspectives that can be accessed, and frameworks that can accommodate multiple 

perspectives would be useful developments for further studies. 
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APPENDIX A:  

HUMAN SUBJECTS APPROVAL DOCUMENTS 

Initial Approval Memorandum for Human Subjects Application 

Office of the Vice President For Research 

Human Subjects Committee 

Tallahassee, Florida 32306-2742 

(850) 644-8673 · FAX (850) 644-4392 

 

APPROVAL MEMORANDUM 

 

Date: 6/11/2010 

 

To: Patrick Enderle 

 

From: Thomas L. Jacobson, Chair 

 

Re: Use of Human Subjects in Research 

Exploring the Boundaries: A Study of Community Interactions for Undergraduate Science 

Faculty Engaged in Reform 

 

The application that you submitted to this office in regard to the use of human subjects in the 

proposal referenced above have been reviewed by the Secretary, the Chair, and two members of 

the Human Subjects Committee. Your project is determined to be Expedited per 45 CFR § 

46.110(7) and has been approved by an expedited review process. 

 

The Human Subjects Committee has not evaluated your proposal for scientific merit, except to 

weigh the risk to the human participants and the aspects of the proposal related to potential risk 

and benefit. This approval does not replace any departmental or other approvals, which may be 

required. 
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If you submitted a proposed consent form with your application, the approved stamped consent 

form is attached to this approval notice. Only the stamped version of the consent form may be 

used in recruiting research subjects. 

 

If the project has not been completed by 6/10/2011 you must request a renewal of approval for 

continuation of the project. As a courtesy, a renewal notice will be sent to you prior to your 

expiration date; however, it is your responsibility as the Principal Investigator to timely request 

renewal of your approval from the Committee. 

 

You are advised that any change in protocol for this project must be reviewed and approved by 

the Committee prior to implementation of the proposed change in the protocol. A protocol 

change/amendment form is required to be submitted for approval by the Committee. In addition, 

federal regulations require that the Principal Investigator promptly report, in writing any 

unanticipated problems or adverse events involving risks to research subjects or others. 

 

By copy of this memorandum, the Chair of your department and/or your major professor is 

reminded that he/she is responsible for being informed concerning research projects involving 

human subjects in the department, and should review protocols as often as needed to insure that 

the project is being conducted in compliance with our institution and with DHHS regulations. 

 

This institution has an Assurance on file with the Office for Human Research Protection. The 

Assurance Number is IRB00000446. 

 

Cc: Sherry Southerland, Advisor 

HSC No. 2010.4499 

Final Re-Approval Memorandum 

Office of the Vice President For Research 

Human Subjects Committee 

Tallahassee, Florida 32306-2742 

(850) 644-8673 · FAX (850) 644-4392 
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RE-APPROVAL MEMORANDUM 

 

Date: 2/27/2012 

 

To: Patrick Enderle 

 

From: Thomas L. Jacobson, Chair 

 

Re: Re-approval of Use of Human subjects in Research 

Exploring the Boundaries: A Study of Community Interactions for Undergraduate Science 

Faculty Engaged in Reform 

 

Your request to continue the research project listed above involving human subjects has been 

approved by the Human Subjects Committee. If your project has not been completed by 

2/25/2013, you must request a renewal of approval for continuation of the project. As a courtesy, 

a renewal notice will be sent to you prior to your expiration date; however, it is your 

responsibility as the Principal Investigator to timely request renewal of your approval from the 

committee. 

 

If you submitted a proposed consent form with your renewal request, the approved stamped 

consent form is attached to this re-approval notice. Only the stamped version of the consent form 

may be used in recruiting of research subjects. You are reminded that any change in protocol for 

this project must be reviewed and approved by the Committee prior to implementation of the 

proposed change in the protocol. A protocol change/amendment form is required to be submitted 

for approval by the Committee. In addition, federal regulations require that the Principal 

Investigator promptly report in writing, any unanticipated problems or adverse events involving 

risks to research subjects or others. 

 

By copy of this memorandum, the Chair of your department and/or your major professor are 

reminded of their responsibility for being informed concerning research projects involving 
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human subjects in their department. They are advised to review the protocols as often as 

necessary to insure that the project is being conducted in compliance with our institution and 

with DHHS regulations. 

 

Cc: HSC No. 2012.7929 

Sample Letter of Informed Consent 

Letter of Consent 

Dear _________________. 

 I am a candidate for the PhD in Science Education Program in the School of Teacher 

Education, in the College of Education at Florida State University. I am conducting my 

dissertation research study to understand the major points of tension undergraduate science 

faculty must address as they attempt to change their teaching practice.  I am particularly 

interested in understanding how contextual factors influence your work with your colleagues 

who also teach using the SCALE-UP model. 

 Your participation in this study will involve a set of interviews, both individual and with 

the group, and observations conducted by me regarding using the SCALE-UP model and how 

other groups influence this group’s efforts. I expect to conduct at least three group interviews and 

two individual interviews.  Each interview should last approximately 1 hour. Any unexpected 

interviews would serve the purpose of clarifying earlier comments or observations.  I would also 

like to collect document artifacts, such as course syllabi, to include in my analysis.  Your 

participation in this study is completely voluntary. If you choose not to participate or to withdraw 

from the study at any time, there will be no penalty and the information collected about you will 

be destroyed. The results of the research study may be published, but your name will not be used. 

 There are no foreseeable risks or discomforts if you agree to participate in this study.  

Although I am sure that some of the discussions we have may be disconcerting to you as you 

analyze your goals for teaching and community relationships, this emotional work occurs as a 

result of engaging in your reform efforts.  I do not anticipate your reflections on this course will 

cause you any further risks or discomforts.   

 Although there may be no direct benefit to you, the possible benefit of your participation is 

that I may gain a better understanding of contextual challenges to changing science teaching at 
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the undergraduate level.  Too, if the findings of this research are published, this knowledge will 

inform the entire science education community working towards improving science teaching at 

the undergraduate level.  

 The records of this study will be kept private and confidential to the extent permitted by 

law.  In any sort of report I might publish, I will not include any information that will make it 

possible to identify a subject.  Research records will be stored securely and only the researcher 

will have access to the records.  The audio recordings made during this research will be stored 

securely and only accessible to the research.  These recordings will be used as a data source and 

will be erased once the analysis and publication of the dissertation is complete. 

 If you have any questions concerning this research study, please call me at … or email me 

at ….  You may also contact my major professor, Dr. Sherry Southerland, at … if you have any 

questions or concerns.   

 

Sincerely, 

 

Patrick J. Enderle 

* * * * * * * 

I give my consent to participate in the above study, participation that includes several interviews, 

and observations of teaching in my undergraduate science courses.  

_______________________________ (signature)  

 

_______________________ (date) 

 

If you have any questions about your rights as a subject/participant in this research, or if you feel 

you have been placed at risk, you can contact the Chair of the Human Subjects Committee, 

Institutional Review Board, through the Vice President for the Office of Research at (850) 644-

8633. 
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