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1. Introduction
This dissertation is a result of my experiences not only as a student and a researcher, but
also as a novice teacher. I entered the PhD program in Mathematics at Oregon State University
(OSU) excited to pursue graduate-level mathematics and continue challenging myself as a
learner, but it was the desire to teach that brought me to graduate school. It had not occurred to
me that some of my peers would feel differently, and I had no real idea what it meant to be in
front of a classroom as the designated teacher in the room. All I knew is that I wanted to teach.
The rest, I still needed to figure out.
When I first arrived at OSU, the Mathematics Department offered two days of training
about teaching for the incoming graduate students. I have almost no recollection of these events,
but one memory stands out: the incoming graduate students were each asked to prepare a short,
five-minute lecture about a randomly-assigned College Algebra topic. At the end of the first day
of training, I was given a little slip of paper that read, “Vertical Asymptotes of Rational
Functions.” I had no idea what a rational function was. I thought I maybe had learned about them
in my tenth grade math class. Even with nearly 24 hours to prepare, I was completely panicked.
That evening, I looked at the index of every math textbook I owned – none of them described
rational functions. I did not know anyone I could ask for help, so I used the only other resource I
had: the internet. I do not remember what I ended up presenting, but I do know that I was
completely terrified. How did I convince them to let me into graduate school? Was I going to be
able to keep up this charade of competence for the next five or six years? When would they
realize they made a mistake in admitting me to the program? The academic year had not started
yet, but my imposter syndrome was in full swing.
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My first term of graduate school was a whirlwind of new experiences. Aside from
desperately trying to understand measure theory so I could survive my real analysis course, I was
also clueless about my teaching responsibilities. I was assigned to teach College Algebra
recitations, and I had no idea what content was covered in College Algebra or what was
supposed to happen during a recitation session. Each week, the instructor of record for the course
provided me with a worksheet that the students were supposed to complete during the 50-minute
recitation, but there were no instructions about what I should do during that time. Was I
supposed to have students work in groups, or should I just let them work independently? If I
wanted to facilitate group work, how should I pick the groups? Should I let the students decide
instead? Then, what am I supposed to do while they are working? I should do more than just sit
there, right? When I asked my peers these questions, they mostly seemed confused as to why I
was worried about teaching when we still needed to finish our analysis homework.
I was elated to discover during my first year that I could pursue mathematics education
for my graduate research. After conducting work in graph theory as an undergraduate student, I
had intended to study algebra or topology in graduate school, but I quickly shifted gears once I
learned there were faculty in the Mathematics Department at OSU studying undergraduate
mathematics education. I was motivated to go to graduate school by my interests in teaching and
post-secondary education, but I was also determined to obtain a PhD in Mathematics rather than
in another field because I believed it was one of the most challenging tasks I could accomplish.
Research in mathematics education provided a perfect balance of those dual goals.
Throughout my first two years of graduate school, most of my learning about teaching
happened informally. Along the way, I connected with some graduate students who were also
interested in teaching, and I settled into a style of leading recitations that I believed was helpful
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for students’ learning but was also comfortable for me. I taught my own course for the first time
in the summer between my first and second year, and without an impetus to do more, I
designated one active learning day per week and spent the rest of the time lecturing. I had no
reason to change my teaching, so I continued using the same structure and strategies week after
week. However, I felt like I was doing the bare minimum, and I wanted to be more than a justgetting-by teacher. I had heard positive things about OSU’s Graduate Certificate in College and
University Teaching (GCCUT) program from other Mathematics graduate students, and I
decided to apply.
It is difficult for me to remember how I taught before GCCUT because it had such a
significant impact on my identity as a teacher. The coursework for the certificate included a
survey of learning theories for adult learners, a class on course design, and a capstone seminar
where we developed a teaching portfolio and explored current research in post-secondary
education. I learned about backward design for writing learning outcomes and creating formative
and summative assessment, and I was introduced to the concept of andragogy as education for
adults. Through GCCUT, I encountered a wealth of diverse ideas to incorporate into my teaching
and knowledge for teaching.
However, GCCUT was also impacting my research interests. In reflecting on my own
learning about teaching, I wondered: How are other mathematics graduate students learning
about teaching? GCCUT has impacted my growth as a teacher, but what other experiences
prompt graduate students’ growth as teachers? Are there common aspects of how mathematics
graduate students typically develop as teachers? Could we generate a theory of graduate student
learning for teaching? These questions became the basis for my doctoral research.
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In my final term of the GCCUT program, I was also enrolled in a course about
Mathematical Knowledge for Teaching (MKT) taught by my research advisor Dr. Beisiegel. One
of the assigned readings was Davis and Simmt’s (2006) paper, “Mathematics-for-teaching: An
ongoing investigation of the mathematics that teachers (need to) know.” At this point in the
course, MKT was not sparking my interest as a researcher, but I was immediately fascinated by
Davis and Simmt’s work using complexity science. In particular, the authors position collectives
(i.e., groups of people) as learners in addition to individuals, and this struck a chord with me: a
few weeks prior, I had started participating in group therapy for graduate students through
OSU’s Counseling and Psychology Services. I was captivated by how I was learning about
myself as part of the group setting in comparison to my individual sessions, and I started to make
connections between the framework of five necessary conditions for learning in a complex
system and my experience in group therapy. If complexity science could describe the learning I
was observing as part of a group of graduate students learning in a therapy setting, could it also
be used to analyze how a group of graduate students learn about teaching mathematics? My goal
with this dissertation is to begin answering that question.
I continue this manuscript in the next chapter by presenting a review of the literature
about graduate students’ teaching and growth as teachers. Additionally, I describe how
complexity science has been used as a theoretical framework in educational research, and I
introduce Davis and Simmt’s (2003, 2006) framework of five conditions necessary for a complex
system to learn. I conclude Chapter 2 by stating the research questions. In Chapter 3, I describe
the methodology of the current study. As part of this discussion, I situate this work within the
larger project it is a part of, and I elaborate on how the five necessary conditions are used as a
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theoretical framework. Then, I detail the data analysis process and explain how the results are
presented and organized in the subsequent chapters.
I justify the decision to consider Graduate Student Instructors (GSIs) as a complex
system in Chapter 4. To do so, I explore how the system of GSIs is both adaptable and selforganizing. I also consider the nested quality of the GSI system and define two nested systems:
the Department system and the Classroom system. I then describe how GSIs interact with both of
these systems. The results in Chapter 5 are presented in five sections, one for each necessary
condition. That is, I describe how I observe decentralized control, enabling constraints, internal
diversity, interpret redundancy, and neighbor interactions in the GSIs’ experiences. I also explore
how the necessary conditions are related, highlighting instances in the data that occur at their
intersections.
I conclude this manuscript in Chapter 6 by directly answering the research questions and
discussing the implications of these findings. Specifically, I reiterate how the GSI system
demonstrates the qualities of a complex system, summarize how the necessary conditions were
both present and absent in the data, and describe both what GSIs learned about teaching and how
this growth was prompted. Lastly, I provide suggestions for educators and researchers
responsible for GSI professional development and describe how the current study contributed to
research in undergraduate mathematics education and complexity science for educational
settings.
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2. Literature Review
In this chapter, I provide an overview of the literature relevant to the current study. First,
I characterize the recent call for a shift in mathematics instruction in the United States. Then, I
transition into a synthesis of the literature about professional development for Mathematics
Graduate Student Instructors (GSIs) and Mathematics Graduate Teaching Assistants (GTAs).
Next, I describe how complexity science has been used to conduct research in educational
contexts, particularly with mathematics teachers. The chapter concludes with a discussion of the
research questions for the current study.
2.1 Call to Action for Changes in Post-Secondary STEM Instruction
The call to action for improvements in post-secondary science, technology, engineering,
and mathematics (STEM) instruction saw its beginnings in the 1990s. Specifically, the National
Research Council (1991) and the National Science Foundation (1992, 1996) each published
reports detailing the organizations’ concerns about the state of student learning in undergraduate
STEM classrooms. Additionally, both reports highlighted that STEM instructors’ outdated
instructional techniques were contributing to students’ negative perceptions of STEM. Further
evidence of existing problems within STEM instruction was presented by Seymour and Hewitt
(1997) who found that dissatisfaction with introductory STEM courses was the primary cause of
undergraduates switching out of STEM majors. These conclusions formed the basis for the
efforts to come in improving undergraduate STEM education.
In the last decade, promoting effective STEM undergraduate education has become a
primary goal of post-secondary educators and education researchers in the United States (Saxe &
Braddy, 2015). Research continues to show that traditional lecture-based teaching contributes to
students leaving STEM fields (Freeman et al., 2014; Saxe & Braddy, 2015; Stains et al., 2018).
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In contrast, the literature confirms that employing active learning in STEM classrooms supports
student performance (Freeman et al., 2014). Despite evidence that supports the benefits of
inquiry-based and active learning strategies, STEM classrooms in the United States still feature
lecture as the primary mode of instruction (Stains et al., 2018).
There have been numerous calls for a shift from traditional lecturing to active learning
that specifically target mathematics instruction; of these, the most notable are the
recommendations from the President’s Council of Advisors on Science and Technology
(PCAST, 2012) and A Common Vision for Undergraduate Mathematical Sciences Programs in
2025 (Saxe & Braddy, 2015). The PCAST report Engage to Excel Producing One Million
Additional College Graduates with Degrees in Science, Technology, Engineering, and
Mathematics is a nationwide call for changes in STEM education. The report offered
recommendations in five categories, including “Catalyze widespread adoption of empirically
validated teaching practices” and “Launch a national experiment in postsecondary mathematics
education to address the mathematics preparation gap” (PCAST, 2012, p. ii-iii). These
recommendations emphasized the necessity of discipline-specific work within mathematics.
The Common Vision project (Saxe & Braddy, 2015) was a collaboration of the American
Mathematical Association of Two-Year Colleges (AMATYC), the American Mathematical
Society (AMS), the American Statistical Association (ASA), the Mathematical Association of
America (MAA), and the Society for Industrial and Applied Mathematics (SIAM). The project
represented a collective agreement from the mathematics community that the status quo in
undergraduate mathematics teaching needs to move toward instructional practices that have been
shown to support student success. Further supporting this claim, the Conference Board of

8
Mathematical Sciences (CBMS) released a statement about active learning in the summer of
2016 that included the following call for improved instruction:
We call on institutions of higher education, mathematics departments and the
mathematics faculty, public policy-makers, and funding agencies to invest time
and resources to ensure that effective active learning is incorporated into postsecondary mathematics classrooms. (p. 1)
Through the Common Vision Project and the CBMS statement, the professional organizations
within the mathematics community asserted their shared belief that it is time for a change in
undergraduate mathematics teaching.
The call to action for improved college mathematics instruction prompted the creation of
the Instructional Practices Guide published by the MAA in 2018. This document represented the
collaborative effort of the mathematics community to provide a complete summary of evidencebased teaching practices that best support students’ learning of mathematics. Overall, the
intention of the Instructional Practices Guide was that it could act as “a catalyst for communitywide transformation toward improved learning experiences and equitable access to mathematics
for all students” (Abel, Braddy, Ensley, Ludwig, & Soto, 2018, p. viii). As the authors asserted,
now is the time for mathematics educators to come together to advocate for systemic change in
college mathematics instruction.
The Transforming Post-Secondary Education in Mathematics (TPSE Math) group
similarly suggests that the mathematics community is currently experiencing a “a once-in-ageneration opportunity to capitalize on the power of collective action and support the
transformation of post-secondary education in the mathematical sciences” (Holm, 2016, p. 1).
TPSE Math was founded in 2013 with support from the Carnegie Corporation of New York. The
mission of TPSE Math explicitly aligns with the goals of the PCAST report and the Common
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Vision project. However, the TPSE Math group cautioned that the existing efforts to call for a
change in mathematics instruction represent “little more than informal cooperation
among the mathematics professional societies, not through lack of will but simply
because each society is focused on its own mission” (Holm, 2016, p. 7). Consequently, TPSE
Math has focused on formalizing the relationships between stakeholders in the mathematics
community by bringing together the leaders of professional organizations annually to discuss
recent progress and goals for the future. Together, these calls for improved teaching point to the
need for professional development for instructors of post-secondary mathematics. As both
current and future teachers of mathematics, these efforts must include graduate students.
2.2 Mathematics Graduate Student Instructors (GSIs) and Mathematics Graduate Teaching
Assistants (GTAs)
Before I discuss the existing research regarding graduate students as teachers of
mathematics, I want to first address the distinction between the language of “Graduate Student
Instructor” (GSA) and “Graduate Teaching Assistant” (GTA). While more recent work often
uses the title GSI, historically researchers typically referred to graduate students who teach as
GTAs. Previously, the title of GTA was in alignment with the responsibilities of graduate
students’ work as teachers: Belnap and Allred (2009) reported that at doctoral-granting
Departments of Mathematics, the majority of graduate students with teaching duties were acting
as teaching assistants rather than as the sole instructor for a course. However, some researchers
have recently1 been intentional in shifting their language to “graduate student instructor” as a

1

From searching the Proceedings of the Annual Conference on Research in Undergraduate Mathematics Education
from 2005 through 2019, the first instance of “GSI” I was able to identify occurred in the 2009 proceedings as part
of the paper “Connecting beliefs and missed opportunities: an opportunity for Graduate Student Instructor’s
reflection on teaching” by Champney and Adiredja. The next instance did not occur until the 2016 proceedings in a
report authored by Yee, Rogers, and Sharghi, and the proceedings for the following years all include at least one
study that refers to the research participants with the label of GSI rather than GTA.
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way to better describe the roles of the graduate students they are discussing as instructors of
record (e.g., Yee & Rogers, 2016; Yee, Rogers, & Sharghi, 2016).
However, the language of GSI or GTA does not necessarily indicate what types of
teaching duties are being discussed. For instance, in Reinholz, Cox, and Croke’s (2015) study
Supporting Graduate Student Instructors in Calculus, the participants are described as GSIs even
though their primary responsibility is to lead recitation sessions rather than acting as instructors
of record. As the authors explicitly state, “This paper focuses on the interactions between GSIs
and students in the recitations” (Reinholz et al., 2015, p. 2). Although it is not entirely clear how
researchers choose which label to use, I hypothesize that researchers likely choose the title that
refers to the most common teaching duties of the participants in the local setting or that best
aligns with how graduate students’ teaching responsibilities are perceived in the department they
are studying.
As a note to the reader, in the remainder of Chapter 2, I alternate between GSI and GTA
as a means of preserving the language used in the studies I reference. Additionally, this
manuscript specifically examines issues in undergraduate mathematics education, and so
discussions of GSIs and GTAs always refer to mathematics graduate students unless otherwise
noted. I do my best to refer to mathematics frequently to remind the reader of this context.
In undergraduate settings, Mathematics GSIs and GTAs have a significant role in the
teaching and learning of mathematics (Belnap & Allred 2009; DeFranco & McGivney-Burelle,
2001; Ellis, 2014). In 2010, the CBMS reported that six percent of university mathematics
courses in the United States were taught by GTAs as instructors of record (Blair, Kirkman, &
Maxwell, 2013) meaning that GTAs teach over 115,000 undergraduate students per year. This
number would be significantly larger if it included the students GTAs reach through their work
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as tutors, graders, and recitation, laboratory, and discussion leaders for mathematics courses.
Simply stated, “the potential influence that TAs have on undergraduate students experiences with
mathematics is tremendous” (Speer, Gutmann, & Murphy, 2005, p. 76). Furthermore, GSIs
continue to impact undergraduate learners after completing their graduate programs: in 2016,
over 60 percent of new Mathematics PhDs hires were employed in academic positions (Golbeck,
Barr, & Rose, 2016). If there is going to be a widespread shift in the way mathematics is taught
in the United States, these efforts need to include GSIs.
Because of Mathematics GTAs’ and GSIs’ impact on undergraduate learners,
mathematics educators and researchers have been working to implement successful professional
development (PD) programs to support graduate students’ teaching. Informed by the nationwide
calls for improved undergraduate mathematics instruction, the “success” of PD is typically
measured by examining student outcomes in the courses graduate students teach (e.g., Childs &
Milbourne, 2019), by investigating how PD prompts graduate students to adopt teaching
practices linked to student success (e.g., Reinholz et al., 2015), or by using a blend of the two
(e.g., Ellis, 2014). Like many issues in mathematics education, extensive work has been
conducted in K-12 settings to investigate the effectiveness of PD in supporting school teachers’
in implementing student-centered teaching practices or increasing student success, but a similar
research base does not exist for how GSIs grow as teachers (Miller et al., 2018b; Speer et al.,
2005). Thus, it is currently unclear what constitutes successful training for GSIs and GTAs
(Speer, Ellis, & Deshler, 2017).
There is presently wide variation in the PD that is offered to Mathematics GTAs and
GSIs in the United States. Programs span multiple days, last only a few hours, happen
periodically over the course of the academic year, or are embedded in a pedagogy course (Belnap
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& Allred, 2009). To aid in distinguishing between these varying characteristics of the PD that is
implemented, researchers have developed a taxonomy for describing the range of interactions
and activities that happen during GTA PD (Bragdon, Ellis, & Gehrtz, 2017; Ellis, 2014).
Although there are differences in how PD for GTAs is structured and implemented, a common
feature of GTA PD is its existence. For example, in Speer, Ellis, & Deshler’s (2017) survey of
graduate-degree granting Mathematics Departments in the United States, two thirds (n = 148) of
all responding institutions (n = 223) indicated that they offer some form of PD for GTAs. While
most PD programs are limited to the GTAs’ first year in their graduate programs (Deshler, Hauk,
& Speer, 2015), researchers conclude that professional development should be an ongoing rather
than one-time endeavor in order to “support TAs through the long and complex process of
changing their teaching practice” (DeFranco & McGivney-Burelle, 2001, p. 688).
As one means of determining the success of PD for GTAs, researchers have aimed to
identify qualities of PD that correspond with an improvement in student outcomes. For instance,
Ellis (2014) described common characteristics of the PD that exist in departments with
successful Calculus programs. Here, the “success” of a Calculus program was determined by a
variety of factors, including higher student pass rates and higher student persistence in pursuingSTEM fields in comparison to other Calculus programs in the United States. Ellis (2014)
concluded that the common characteristics of PD offered by Departments with successful
Calculus programs are that the PD programs “extend into the instructional term and occur
periodically during the term;” are “[s]ituated in the context of mathematics, and focus on
students’ mathematical thinking in those domains;” “provide opportunities for ‘hands on’
learning through approximations of practice and give feedback on these experiences;” and “have
support from other constituents in the department and institution” (p. 264).
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Ellis’ (2014) work is linked to the Mathematical Association of America’s project
Characteristics of Successful Programs in College Calculus (CSPCC, NSF Award #0910240).
CSPCC researchers have continued to conclude that a defining aspect of successful Calculus
programs is that they provide substantive and extensive PD programs for GTAs (Bressoud &
Rasmussen, 2015; Rasmussen, Ellis, & Zazkis, 2014). In summarizing their results from the
CSPCC study, Bressoud, Mesa, and Rasmussen (2015) recommend the “effective training of
graduate teaching assistants” (p. viii) as one of their seven best practices for Mathematics
departments.
Childs and Milbourne (2019) have also looked to student passing rates as evidence for
successful GTA PD. Specifically, Childs and Milbourne (2019) revisited a 2008 study conducted
by Childs and provided updated data with the intention of linking “instructor participation in a
GTA professional development program and academic performance of college algebra students
measured by course grades” (p. 113). The authors found that College Algebra students more
frequently withdrew from courses that were taught by GTAs who did not participate in PD.
Further, they argue that students enrolled in College Algebra sections taught by GTAs who have
completed the PD “may be doing better in the course than the national average.” Also, after the
initial study in 2008, additional content was added to the PD to hopefully improve its success in
improving student outcomes. Childs and Milbourne (2019) identified that, in comparison to the
2008 results, the more recent data demonstrated there were minimal differences in the withdraw
rates between courses taught by first-year GTAs and more experienced GTAs, indicating that the
new PD had an increased impact on GTAs in their first year of teaching.
Rather than look to student grades and performance, other researchers have assessed the
success of PD by observing the changes GTAs make to their teaching as a result of the training
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they are offered (Belnap, 2005; DeFranco & McGivney-Burrelle, 2001; Reinholz et al., 2015;
Speer, 2001). Overall, researchers have observed mixed results in the ability of PD to influence
changes in teaching practices. For example, in implementing and studying PD for GTAs, Belnap
(2005), Speer (2001), and DeFranco and McGivney-Burrelle (2001) all found that there was a
disconnect between GTAs’ reported beliefs and their actual teaching practices. Although the PD
programs were successful at changing the GTAs’ opinions about teaching and learning, this
change in beliefs did not correlate with a change in behavior. That is, “TAs appeared to adopt a
new set of beliefs regarding the teaching and learning of mathematics yet did not draw on these
beliefs to inform their teaching practices” (Defranco & McGivney-Burelle, 2001, p. 681).
A possible reason for GTAs’ mismatched beliefs and practices was provided by
Milbourne (2018) in her doctoral work. Specifically, Milbourne (2018) investigated how GTAs’
professed understandings of the teaching practices discussed in PD change over an academic
term. The author concluded that the GTAs’ descriptions of teaching practices often differ from
how the teaching practices are described and demonstrated by PD facilitators:
There is evidence of the GTAs appropriating the practices as they are explained
by the PD leaders and modifying them to fit within their own experiences and
context, sometimes changing the meaning of the practice from its original version.
This means that even if the GTAs and the professional development leaders seem
to be speaking about the same teaching practices, their understandings of the
practice may not be aligned. (Milbourne, 2018, p. 194-195)
This implies that although GTAs may report their beliefs and understandings of teaching
practices as having changed, it is possible that they have developed a personalized notion of the
teaching practices that differs from what was intended by the PD facilitators.
Another more recent example of inconclusive results in the ability of PD to change GSIs’
teaching practices is presented in Reinholz et al. (2015). Specifically, the PD model enacted in
Reinholz et al.’s (2015) study was designed with the goal of supporting GSIs in implementing
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student-centered teaching practices. The researchers held working group meetings with the four
participating GSIs. During these meetings, the GSIs had opportunities to both practice the
teaching strategies that were suggested PD facilitators and provide each other feedback about
their demonstrations. The authors found mixed results after observing the GSIs’ instruction
during recitation sessions after the PD: two of the GSIs taught with a higher frequency of
student-centered practices than they did prior to the PD, while two showed “minimal changes”
(Reinholz et al., 2015, p. 3). Reinholz and colleagues (2015) conclude “that attending to GSI’s
well established teaching practices in addition to their beliefs may be required to support their
growth” (p. 7). Overall, despite dedicated efforts to create PD that inspires GSIs to implement
innovative instruction, researchers have repeatedly found that the PD they offer does not have
lasting effects on GSIs’ teaching.
After finding that beliefs about teaching do not dictate Mathematics graduate students’
teaching practices, many researchers have focused on identifying obstacles that keep GTAs and
GSIs from adopting new instructional techniques. In particular, researchers have described many
factors that influence GTAs’ and GSIs’ decisions about teaching, including their previous
experiences as mathematics students in traditional lecture-based classrooms (Deshler et al.,
2015), the types of formal and informal teaching they are asked to facilitate (Beisiegel & Simmt,
2012), perceived attitudes from faculty members that teaching is not a priority (Harris, Froman,
& Surles, 2009), and the social context of their department (DeFranco & McGivney-Burrelle,
2001).
Equipped with the knowledge that PD does not always prompt Mathematics GTAs and
GSIs to make changes to their teaching practices, researchers have also become interested in
what growth and changes do occur. As a notable example, Miller and colleagues (2018a, 2018b)
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completed a review of the literature of Mathematics GSIs growth as teachers over time2. The
literature review identified 26 peer-reviewed articles since 2005 that investigate Mathematics
GSIs’ teaching development, only 16 of which attend to growth. Thus, the authors concluded
that “graduate student instructors’ growth as teachers is a largely unexamined practice” (Miller et
al., 2018b, p. 186) and suggested that this area of study would benefit from longitudinal studies
that are explicitly linked to a theoretical model of growth.
Miller and colleagues (2018a) were also intentional in grounding their work in the
findings of similar study conducted by Speer, Smith, and Horvath (2010) that reviewed the
research about post-secondary mathematics teaching more broadly. Specifically, Miller et al.
(2018a) used the teaching practices framework provided by Speer et al. (2010) as a way to
further classify what teaching practices researchers attended to when writing about growth. After
conducting their literature review, Miller and colleagues (2018a) concluded that when
researchers “assume a common understanding of the term ‘teaching practice’ rather than
attempting to define it” (p. 632), it is difficult to clearly determine what aspects of GSIs’
teaching are being investigated. I will discuss the Speer et al. (2010) framework further when I
present my research questions at the conclusion of this chapter and later when I provide explicit
answers to these questions in Chapter 6.
The literature review provided by Miller et al. (2018a, 2018b) does not include research
from 2017 through 2019, and so I provide here some additional examples of recent work that has
further contributed to researchers understandings of GSIs’ growth as teachers. First, I want to
mention the recent contributions of Beisiegel (2017) and Beisiegel, Rist, and myself (2019a,

Interestingly, Miller et al.’s initial report (2018a) presented at the Research in Undergraduate Mathematics
Education (RUME) conference uses the language of “GTA,” but their long paper version (2018b) also included in
the proceedings uses “GSI.” This change is further evidence of the recent shift in language among RUME
researchers.
2

17
2019b, 2019c). These papers are a result of analyses conducted for the larger study that frames
the work presented in this manuscript – I discuss how the current study is situated within
Beisiegel’s larger study in Chapter 3. In her first stage of analysis, Beisiegel (2017) found that
first-year GTAs are primarily focused on surviving as teachers and that GTAs are often not ready
to implement “more advanced instruction” (p. 1137) such as active learning until they have
progressed further in their graduate programs.
Together, Beisiegel, Rist, and I have conducted further analysis about GTAs’
developmental stages using Katz’s (1972) framework for teaching growth. This work was
unique in that we had longitudinal data allowing us to examine GTAs’ learning about
teaching over multiple years of their graduate programs. We observed that although
GTAs often begin incorporating active learning and evidence-based strategies in their
second or third years of teaching, they often did not reach the later stages in the Katz
(1972) framework (Beisiegel, Gibbons, & Rist, 2019a). The Katz (1972) framework
describes four stages, survival, consolidation, renewal, and maturity, but we found that
few GTAs were reaching the renewal or maturity stages, indicating that GTAs’ growth is
being interrupted in some way. For example, as discussion leaders rather than instructors
of record, GTAs often reported that they did not have the autonomy to teach in the way
they wanted and thus felt powerless to affect students’ learning (Beisiegel, Gibbons, &
Rist, 2019c). Alternatively, we found that when given the opportunity to design and teach
her own course, one GTA’s teaching shifted from being lecture-driven to distinctly
student-centered and anti-lecture (Beisiegel, Gibbons, & Rist, 2019b). From this work,
we hope to illustrate how GTAs continue to learn as teachers throughout their graduate
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programs and provide suggestions for PD that is targeted to graduate students in their
later years as GTAs.
Other recent literature about GSIs’ growth and changes in teaching practice have focused
on the implementation and effects of peer mentoring programs for GSIs. In particular,
researchers Yee and Rogers (2016, 2017, 2018) contributed significant work to this area of
study. First, Yee & Rogers (2016, 2017) implemented PD for experienced GSIs to train them to
be mentors for more novice GSIs. The authors found that the PD for mentors “did promote GSIs’
ability to justify their pedagogical understanding of certain terms” and their ability “to consider
multiple factors needed to reason through pedagogical decisions” (Yee & Rogers, 2016, p. 39).
Yee and Rogers (2017) further concluded that the “peer-mentorship model can influence
experienced GSIs’ understanding of mentorship, teaching, and learning” (p. 1032).
Shifting their focus to the novice GSIs receiving mentoring, Rogers and Yee (2018) next
investigated which teaching topics novice GSIs were most interested in discussing during their
mentoring sessions. The authors determined that the most frequently desired topic was
“facilitating constructive criticism about teaching” (Rogers & Yee, 2018, p. 420), indicating that
presenting mock lessons and getting subsequent feedback is a component of peer mentoring
programs that is highly valued by its participants. Recently, Yee, Rogers, and their colleagues
(Yee et al., 2019) shared their first stages of designing, implementing, and investigating the
impacts of an observation protocol specific to GSI peer observations of teaching. Thus, the study
of how peer-to-peer feedback can support GSIs’ growth as teachers is ongoing.
Also examining the effects of a peer mentoring PD structure, Reinholz (2017a, 2017b)
specifically attended to the feedback GSIs provide to each other as part of conducting peer
observations of teaching. Reinholz (2017b) found that peer observations were beneficial for both
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the observer and the GSI they are observing but asserts that, “a productive culture for mutual
growth requires normalizing failure, so that instructors can view themselves as lifelong learners
who are always improving, rather than as lacking in their abilities.” (p. 8). That is, Reinholz
(2017b) suggested that GSIs learn more from peer observations and feedback when they have a
growth mindset where they understand that teaching is not innate but is a skill that can be
learned. Additionally, Reinholz (2017a) concluded that further research is needed to better
understand how “peer observation can support individual reflection” (p. 853) in order to prompt
GSIs’ to change their teaching practices.
In summary, because of the impact GSIs and GTAs have on the teaching and learning of
undergraduate mathematics, over the past two decades researchers have begun to examine how
PD affects mathematics graduate students’ teaching. In the literature, the success of a PD
program is typically measured in two ways: examining the impact of PD on student outcomes
and success in the course; and comparing GTAs’ and GSIs’ teaching practices before and after
PD is implemented. Researchers have determined that changes in beliefs do not always indicate
changes in practice (Belnap, 2005; DeFranco & McGivney-Burrelle, 2001; Reinholz et al., 2015;
Speer, 2001), and they have identified characteristics that lead to successful PD (Bragdon et al.,
2017; Ellis, 2014). Currently, researchers are exploring how peer mentoring programs and peer
observations of teaching contribute to GTAs’ and GSIs’ growth as teachers (Reinholz 2017a,
2017b; Rogers & Yee 2018; Yee et al., 2019; Yee & Rogers 2016, 2017). However, additional
research is still needed to understand how GTAs and GSIs grow as teachers over the course of
their graduate programs.
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2.3 Complexity Science and its Application to Educational Research
Based on conclusions from my review of the literature about GSIs’ development as
teachers, I assert that in order to create more successful PD that supports GSIs in incorporating
evidence-based teaching practices, we first need to better understand how GSIs learn about
teaching. As a theoretical framework, complexity science positions both the collective (i.e., a
group of individuals) and the individual as learners. I believe this perspective makes complexity
science well-suited to help researchers better understand what factors influence GSIs’ teaching
and learning about teaching. Rather than considering individual GSIs’ growth, the theoretical
perspective of complexity science suggests that GSIs as a group, or a complex system, can cocreate knowledge for teaching, and that one GSI’s learning about teaching can impact the
learning of their peers.
Moreover, researchers have identified certain conditions that complex systems require in
order to learn, and the framework these conditions provide offers a novel way to consider what
additional support and structure might promote GSIs’ growth as teachers. Complexity science
has been used in mathematics education research to consider classrooms, PD for K-12 teachers,
and department structures. However, based on my literature review, complexity science has not
yet been applied to mathematics teachers in post-secondary contexts. Thus, by adopting a
complex systems approach, I will also be contributing to the research in complexity science for
educational contexts.
The notion of a complex system was first introduced by the physicist Warren Weaver in
1948. He distinguished between three types of phenomena: simple, complicated, and complex
(Weaver, 1948). These categories of systems are still used by complexity scientists to describe
the systems they observe (Davis & Sumara, 2007; Davis & Sumara, 2006; Davis & Simmt,
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2003). Further, these three classifications of systems can each be linked to one of the three
worldviews: the determined universe, the evolving universe, and the emerging universe (Davis &
Sumara, 2007).
A simple system involves a small number of interacting variables. Examples of simple
systems “include trajectories, satellites, and collisions – in effect, the sorts of forms and events
that captured the attentions of Galileo, Descartes, Bacon, and Newton in the early stages of the
Scientific Revolution” (Davis & Sumara, 2006, p. 9). The analytic research methods developed
to understand these mechanical interactions were generally successful, and many scientists were
confident in the ability of the methods to predict and model behavior. The universe of simple
systems was also calculable, relying on the notion that all phenomena could be explained by
linear causality as part of a “rational, closed, controllable, and deterministic” system (Morrison,
2008, p. 19). The metaphors used to describe simple systems “were based on machines (to
characterize all manner of dynamics) and lines (to describe time, causality, and relationship)”
(Davis & Sumara, 2007, p. 57).
As scientists began to study phenomena that could not be explained using their current
means of analysis, they developed statistical and probabilistic methods. The complicated systems
these methods were designed for involved many variables and were highly dependent on the
initial conditions and data. Examples of complicated systems include magnetism, subatomic and
molecular interactions, weather patterns, and astronomical phenomena (Davis & Sumara, 2006).
The universe was beginning to be perceived as evolving, or incalculable, and “the associated
imagery moved from machines to systems and from straight lines to meanderings” (Davis &
Sumara, 2007, p. 57).
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Both simple and complicated systems’ components have relationships that are fixed,
meaning that even if the system is disassembled and put back together again, the components
will still interact in the exact way they did previously (Cochran-Smith, Ell, Ludlow, Grudnoff, &
Aitken, 2014). Complex systems do not have this property. Instead, complex systems are
structurally deterministic, meaning that they have characteristics that are lost when the system is
dismantled and that the rules of a complex system may change when the system changes (Davis
& Sumara, 2006). The emerging, or not-yet-imaginable, universe associated with complex
systems can be described in “ecosystems (rather than machines and systems) and co-specifying
recursive loops (rather than lines and meanderings)” (Davis & Sumara, 2007, p. 58).
Complex systems are distinguished by their ability to both adapt and self-organize.
Adaptive systems accommodate structural changes; words such as “organic,” “ecological,” and
“evolutionary” are often used when describing systems that are adaptive (Davis & Sumara, 2001,
p. 88). Self-organizing, synonymously referred to as emergent, systems rely on the collective
unity that arises from the collaborations of individual units (Davis & Sumara, 2006). Common
examples of emergent systems include colonies of ants, neurons in the brain, flocks of birds, and
societies, social units, and the people in them (Davis & Simmt, 2003; Davis & Sumara, 2007).
Other common characteristics of complex systems are that they exist in a state of constant
disequilibrium (Morrison, 2008; Cochran-Smith et al., 2014), that individuals have sufficient
redundancy to communicate, and that the system is united by a collectively agreed-upon goal or
purpose. Furthermore, complex systems are typically nested within other complex systems.
The field of complexity science was developed through the study of systems including
artificial intelligence, nonlinear dynamics, chaos theory, and cybernetics (Davis & Sumara,
2006). Rather than be defined by specific methods or analytic tools, research in complexity
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science is a “loose collection of scholarly work” (Cochran-Smith et al., 2014, p. 5) united by its
focus on groups and collectives as emerging and adaptive (Davis & Simmt, 2003). Moreover,
researchers vary in the name they give for the field, ranging from “complexity theory,”
“complexity science,” “complexity research,” or just simply “complexity” or “a complex
systems approach” (Davis & Simmt, 2016).
It is becoming more common for education researchers to adopt complexity perspectives
when considering change and learning in educational contexts. A complex systems approach is
appealing for describing ideas in education both because of its ability to describe the nested
nature of educational systems – students are in classrooms along with teachers who are part of
the local administration, which is situated within school district that is influenced by statedetermined curriculum and standards (Marchand & Hilpert, 2018) – and because of its
perspective of learning as co-implicated, non-linear, iterative, and evolving – an explicit
rejection of positivist and behaviorist explanations for learning (Morrison, 2008).
Although complexity science for education is often described as a “new paradigm” or a
an “emerging worldview,” researchers often describe it as instead providing updated vocabulary
for ideas that have long been acknowledged and studied by educational researchers (Davis &
Simmt, 2016). However, theory specific for using complexity science in educational settings is
still being discussed and developed, and so theoretical work has dominated the literature thus far.
In terms of notable progress on this front, Jacobson, Kapur, and Reimann (2016) have created a
framework of learning informed by complexity called the Components of the Complex Systems
Conceptual Framework (CCSCF). The authors distinguish two focus areas where learning occurs
– complex collective behaviors and behaviors of individual agents – and provide descriptions
and examples of learning within these two categories. More recently, Jacobson, Levin, and
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Kapur (2019) have investigated how the CCSCF framework might inform future research design
and methods for educational researchers.
Cochran-Smith and colleagues (2014) provide a review of the literature about using
complexity science as a theoretical perspective for education research. In discussing the existing
literature, they identify a long list of what contexts and structures within education have been
considered as complex systems: “individuals (e.g., teachers, students, and principals),
classrooms, schools, school districts, teacher education programs, and courses, professional
learning contexts, school-university collaborations, student teaching supervision, and mentoring
relationships” (p. 6). That is, many educational contexts have been viewed as complex systems.
However, Cochran-Smith et al. (2014) focus their literature review to research in complexity
science that is related to teacher education and development. I maintain this focus here because
of my interest in graduate students’ development and learning as teachers.
Cochran-Smith and colleagues (2014) identify three groupings of literature in complexity
science and education. Two of the categories include empirical studies where complexity is used
either to “describe and interpret in new ways particular cases or aspects of teacher education
practice” or “for documenting and understanding initiatives aimed at transformation” (p. 9). Only
eight articles were cited that fit into these two categories; two of these are relevant to my
interests because they rely on the specific analytic framework I also employ, but I save the
discussion of this research and the related framework for the end of this chapter. The third
category provided by Cochran-Smith and colleagues (2014) is for conceptual research where
complexity science is used “to challenge the conceptual or methodological assumptions
commonly underlying research and practice related to teacher education and to suggest how
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complexity theory can reconceptualize the field” (p. 9). This type of research is the most
plentiful, and so I want to take the time to describe some of this work here.
The “most prolific and seminal” researchers in the category of conceptual studies are
Davis and Sumara (2001, 2006, 2007). Davis and Sumara write about complexity and education
through multiple categories, and from my experience nearly every manuscript on complexity for
education references their scholarship in some way. Further, Davis has contributed work that is
specific to complexity in mathematics education, and so he continues to be present throughout
the remainder of this chapter. Here, I focus on three sources that are specifically relevant to
teacher development and growth.
In 2001, Davis and Sumara aim to answer the questions “What is learning?” and “What is
a learner?” in their paper “Learning Communities: Understanding the Workplace as a Complex
System.” The authors provide an overview of what distinguishes complex systems from simple
and complicated ones, and they explore the implications of a complex worldview. Davis and
Sumara explain that in a complex system, there will be an “emergence of a coherent collective
identity” where there are also “no all-powerful leaders and no prespecified plans inscribed in the
heads of individuals” (p. 90). The authors conclude that learning is a transformation that
“expands the learner’s potential range of action” where learners are both individuals and systems
– that is, both teachers and a community of teachers can be positioned as learners. I provide an
additional discussion of complexity-informed definitions for learning and knowledge in Chapter
3 when I expand on how I am employing a complexity science framework.
In “Complexity Science and Education: Reconceptualizing the Teacher’s Role in
Learning,” Davis and Sumara (2007) discuss what teaching might look like and be described as
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in a complexity-informed classroom. Because learning is viewed as an expansion for possibility,
teaching is about
creating the conditions for the emergence of the not-yet-imaginable, rather than
perpetuating entrenched habits of interpretation […]. Teaching thus comes to be a
participation in a recursively elaborative process of opening up new spaces of
possibility while exploring current spaces. (p. 64)
Also, following their work in 2001, the authors provide additional historical context for how
researchers have moved from viewing the universe as calculable and predictable to
understanding it as emerging and guaranteed to evolve in ways beyond our current imagination
(Davis & Sumara, 2007). Complexity science positions teaching and learning as transformative,
and thus it asks researchers and educators to consider not only what is happening but what might
be made to happen. Thus, Davis and Sumara (2007) conclude that complexity has the potential to
offer “specific advice on how to enhance the possibilities of collectives by ensuring that the
conditions for complex self-organization are in place” (p. 59).
Davis and Sumara’s (2006) book Complexity and Education offers a more in-depth
exploration of the conditions for complex systems to learn, or expand their possibilities for
action. Specifically, the authors describe a set of five conditions for learning to occur that they
believe can be affected and addressed by educators (Davis & Sumara, 2006): internal diversity,
internal redundancy, neighbor interactions, decentralized control, and enabling constraints. These
necessary conditions are further elaborated in Davis and Simmt’s (2003, 2006) work specific to
mathematics education, and this framework becomes my primary tool for analysis and
organization as I design and conduct my study of GSIs’ growth as teachers. Thus, I refrain from
providing a detailed description of the necessary conditions here and instead leave this
discussion to Chapters 3 and 5.
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Aside from the research of Davis and Sumara (2001, 2006, 2007), another influential
contribution to the complexity for education literature comes from Opfer and Pedder (2011) in
their paper “Conceptualizing Teacher Professional Learning.” Using a complexity science lens,
the authors consider teacher development as the interactions of three nested systems: the teacher,
the school, and the professional development activities. In particular, Opfer and Pedder (2011)
hope to provide additional insight to the field of teacher education by moving away from a
cause-and-effect approach to instead consider “under what conditions, why, and how teachers
learn” (p. 378). The authors conclude that “teacher learning is intimately connected to learning at
other levels of the system” (p. 379) meaning that in order for teachers to learn and grow,
“change must occur in multiple areas of influence” (p. 386). Further, Opfer and Pedder (2011)
emphasize that teacher change is not linear but rather a cyclic process of adapting beliefs and
practice.
Recently, Moore (2018) used Opfer and Pedder’s (2011) model for three nested systems
in her doctoral work. Specifically, Moore (2018) focused on two school teachers’ growth and
changes in teaching practice as a result of PD, asking, “What is the nature of [the] complex,
nested, and overlapping systems?” and “How do three complex learning systems (the teacher, the
professional development, and the school) interact and combine to influence the teachers’
learning?” Rather than focus on the learning that occurs within one system, Moore (2018) is
interested in how the three systems interact at their boundaries and how these interactions
influence the teachers’ learning. Moreover, Moore (2018) acknowledges the need for additional
theory in complexity science and uses the case study of the two teachers to help her generate a
framework for the parameters that can be controlled in each of the three systems. I return to the
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conclusions of Moore’s (2018) work when I discuss the implications of the current study in
Chapter 6.
After providing their summary of the current literature in complexity science and teacher
education, Cochran-Smith et al. (2014) conclude:
We need more empirical research on teacher education, informed by complexity
theory, that gets at the persistent issues and problems that trouble teacher
education with the aim of developing a complex explanatory theory of initial
teacher education. (p. 15)
Phrased in terms of GSIs and GTAs, there is a need for empirical studies informed by
complexity science that address the persistent challenge of creating PD that prompts graduate
students to change their teaching practices. Ultimately, work that does so could contribute to
developing a complex explanatory theory of how GTAs and GSIs learn to teach.
While there is still limited research discussing how complexity science is relevant for
research in education, there are even fewer studies specific to mathematics teaching and learning.
Complexity science was first used to as a theoretical perspective for studying mathematics
education in the early 2000s primarily through work published by researchers Davis and Simmt.
More recently, Davis and Simmt (2016) authored a chapter on complexity science for the
Handbook of International Research in Mathematics Education edited by English and Kirshner.
Although other researchers have conducted additional studies using a complex systems approach
in mathematics education settings (e.g., Beswick, Watson, & De Geest, 2010; Sinclair, 2004),
Davis and Simmt’s (2003, 2006) work has thus far been the primary foundation for complexity
science research in mathematics education. Thus, although there are relatively few studies that
use a complexity science perspective for researching mathematics teaching and learning, it is still
an area of interest to the mathematics education community.
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Davis and Simmt’s work is especially valuable for education researchers because it
elaborates on Davis and Sumara’s (2006) framework of conditions necessary for complex
emergence. Specifically, the authors detail the five necessary conditions – decentralized control,
enabling constraints, internal diversity, internal redundancy, and neighbor interactions – provide
an examples of how they can be used to describe and illustrate learning in mathematics
classrooms (Davis & Simmt, 2003) and in professional development contexts for mathematics
teachers (Davis & Simmt, 2006). While I leave a discussion of the specifics of the necessary
conditions for Chapter 3, I provide here a summary of the results of the studies that have used the
framework as a tool for analysis.
In 2003, Davis and Simmt first introduced five “necessary but insufficient conditions
[that] must be met in order for systems to arise and maintain their fitness within dynamic systems
– that is, to learn” (p. 147). Through a case study of a seventh-grade mathematics class, the
authors describe how a classroom can be viewed as a complex system where knowledge is cocreated and transformative learning opportunities are occasioned. Davis and Simmt (2003) use
the language provided by the necessary conditions to describe the group learning that took place
during one class session and provide the suggestion that an “individual learner’s mathematical
understandings might be better supported – not compromised – if the teacher pays more attention
to the grander learning system” (p. 164) of the collective. This also prompts the question: could
the same be true for supporting GTAs’ and GSIs’ learning as teachers?
In 2006, Davis and Simmt continued to explore how the necessary conditions for a
system to learn and adapt could be applied to teachers in a professional development setting. The
paper is primarily focused on presenting multiple ways that teachers develop their mathematical
knowledge for teaching (MKT), but complexity science is used as a framework for presenting
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these findings and the five necessary conditions are further elaborated. Specifically, Davis and
Simmt (2006) facilitated PD for school teachers with a focus on developing their mathematical
knowledge for teaching (MKT), and they highlight how the five necessary conditions can
describe the teachers’ learning. Together with their 2003 article, this work details a specific
framework for what conditions are necessary for teachers to learn as both individuals and as a
collective. Furthermore, the framework of the five necessary conditions is especially compelling
not only because it identifies what has occurred but “contributes to the production of new
interactive possibilities” (Davis & Simmt, 2006, p. 299).
The five conditions necessary for a system to learn have been used by researchers
Beswick, Watson, and De Geest (2010) and Sinclair (2004) in mathematics education contexts.
As I describe in the remainder of this manuscript, the five necessary conditions are also the
theoretical framework I employ in my study. Thus, I want to briefly identify components of
Beswick et al. (2010) and Sinclair’s work that informed my research questions and design.
Beswick and colleagues (2010) compared the affordances of both activity theory and
complexity theory to study the interactions and dynamics of Mathematics departments in
secondary schools. The authors found that neither activity nor complexity theory were able to
describe the changes individual teachers made regarding the mathematical content when
planning for future lessons. From this, Beswick et al. (2010) conclude that the classroom as a
complex system should be included in discussions of teachers’ learning. Informed by this
recommendation, I explicitly attend to the classroom as a nested system in Chapter 4.
Shifting away from teacher learning, Sinclair (2004) investigates how students learn as
part of a classroom that is framed as a complex system. Specifically, Sinclair (2004) reflects on
the computer lab environment in the class she teaches and how the five necessary conditions for
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a learning complex system are present in this setting. The author identifies that all of the
conditions “were present to varying degrees” and that this was influenced by the physical
configuration of the space, the directions, design, and subsequent ease of the tasks she provided,
and by the opportunities students had for sharing knowledge with their peers. That is, Sinclair
(2004) uses the five necessary conditions to help identify what structures of the system were
impacting students’ learning. I employ the necessary conditions similarly in my study, asking
how the five conditions are present in the GSIs as a system and using this to help me identify
what factors are impacting GSIs’ learning about teaching.
Overall, Davis and Simmt (2003, 2006) assert that adopting a complexity perspective in
mathematics education research can prompt a shift from describing what learning has already
occurred to making recommendations how learning could happen in the future. Specifically, by
incorporating the necessary conditions for a system to learn to consider how a complex system is
emerging, research questions can ask not only “what’s happening?” but also “how can it be made
to happen?” (Davis & Simmt, 2003, p. 144). In the context of GTAs and GSIs, complexity
science has the potential to offer practical advice to researchers and educators by illuminating
additional supports and structures that could be strengthened to better support graduate students’
learning about teaching. Davis and Simmt (2006) conclude that, “taken seriously, complexity
science would prompt very different emphases in mathematics teacher education” (p. 315).
Following this, I similarly assert that viewing Mathematics GSIs as a complex system has the
potential to prompt different emphases for how we educate and train GSIs to be teachers.

32
2.4 Research Questions
Informed both by the need for additional research about Mathematics GSIs’ growth as
teachers and by the potential of complexity science to offer suggestions for educators about how
to support this growth, I pose the following research questions:
•

What can we learn from viewing GSIs as a complex system?
o How do the participants demonstrate the qualities of a complex system?
o In what ways are the five conditions necessary for a complex system to learn
present in the GSI system?
o Are there qualities necessary for an evolving complex system that are lacking or
not identifiable in the GSI system?

•

How are GSIs learning about teaching?
o What are GSIs learning about teaching?
o What prompts and impacts GSIs’ learning? Where are GSIs encountering new
ideas for teaching?

Many educational contexts have been viewed as complex systems, but I am currently unaware of
any studies that position GSIs as a complex system. Thus, these research questions frame a study
that will contribute to both the literature in complexity science for education and in
undergraduate mathematics education. Furthermore, by choosing a complexity science lens, I am
able to address both how GSIs are already learning about teaching but also what changes might
be made to strengthen and balance how the five necessary conditions support GSIs’ growth as
teachers. Thus, this study will provide suggestions for educators and researchers when designing
and studying PD for GSIs in the future.
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As a note, the above questions reflect only the label “GSI” and not the alternate title
“GTA.” I made this decision deliberately to acknowledge and identify that the participating
graduate students in the current study primarily act as instructors of record. In the following
chapter, I discuss further the context of the current study and describe the participating GSIs and
their teaching responsibilities.
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3. Methodology
Methodology is a justification for the decisions made in designing and conducting a study
and an explanation of the theoretical frameworks underlying those decisions. Thus, in this
chapter, I provide this justification by first situating the project within the larger research study it
is a part of. Next, I describe the context of the current study and discuss the interpretivist and
complex systems orientations that underpin the research design. Lastly, I explain the data
collection process and how the data was analyzed. Looking ahead to the remainder of this
document, Chapter 4 presents an overview of the complex systems involved and how they are
related, Chapter 5 explores how the GSIs experience each of the five necessary conditions for a
system that learns, and Chapter 6 provides a discussion of the results and implications for future
research.
3.1 Context of the Larger Study
The current study is situated within the project Exploring Mathematics Graduate
Teaching Assistants’ Developmental Stages for Teaching (NSF Award #1744139). This project
is funded by an NSF Early-concept Grant for Exploratory Research (EAGER), an award given to
studies that are exploratory and potentially transformative. The EAGER project discussed here
investigates the developmental stages of Mathematics GTAs as they progress through their
graduate programs and is guided by the following research questions:
•

What are the developmental stages for teaching that Mathematics GTAs go through over
the course of their graduate programs?

•

What implications do these stages have for how Mathematics GTAs are trained and
supported over the course of their graduate programs?
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•

With an understanding of their developmental stages, what are effective approaches to
Mathematics GTAs’ professional development that should be implemented by the field?

The intent of this larger study is to create informed and effective long-term training programs to
support GTAs throughout their graduate careers. As a note, the label GTA is used in the EAGER
study because the participants at the first institution typically serve as teaching assistants.
Throughout the remainder of this document, the “larger study” refers to the EAGER project
Exploring Mathematics Graduate Teaching Assistants’ Developmental Stages for Teaching
while the “current study” indicates the research project presented in this dissertation.
The larger study takes place at two research-intensive universities in the United States.
The project began at one university in 2015 and expanded to a second university in Fall 2017
when the EAGER grant was awarded. Recruitment occurred at the first university in 2015, 2016,
and 2017 and at the second university in 2017 and 2018. During the recruitment periods for the
study in Fall, the graduate students in each university’s mathematics department were invited to
participate. Further, because an intent of the study is to obtain longitudinal data about GTAs over
their tenure in graduate school, participants are invited to continue in the study throughout the
duration of their graduate programs. A summary of the active participants by year at both
institutions are given in Table 3.1.
Recruitment Active Participants:
Active Participants:
Year
First University
Second University
2015
11
2016
16
2017
21
7
2018
14
9
Table 3.1 Participants in the Larger and Current Studies
The data collected for the larger study varies slightly by institution. At the first university,
surveys and individual interviews comprise the data collection. The survey is administered at the
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beginning of the academic year and asks questions attending to GTAs’ perceptions of what it
means to teach and learn mathematics – additional information about the survey protocol
questions is provided in Table 3.2. In the surveys, first-year GTAs are asked some questions that
are specific to their experience as incoming graduate students, while later-year GTAs are asked
to reflect on their past teaching.
Types of Survey Protocol Questions
Open-Ended
Sample questions:
• “How would you describe a welltaught mathematics lesson? What is
the instructor doing in the lesson?
What are the students doing in that
lesson?”
• “Do you believe that students are
either good or bad at mathematics?
Why or why not?”

Likert-Scale
Two categories:
• Questions about GTAs’ current
interests in teaching including topics,
courses, and plans to teach postgraduation
• Questions about what it means to do
and learn mathematics

Table 3.2 Types of Survey Protocol Questions
While surveys are used during Fall term to obtain initial data from each participant,
individual interviews are conducted in the Winter and Spring terms. Specifically, these mid- and
end-of-year interviews aim to more deeply investigate GTAs’ current and past teaching
experiences and to discuss the teaching support they are receiving. The Winter interview asks
participants about their teaching experiences both currently and in Fall term, while Spring
interview has participants both reflect on their past year as a GTA and look ahead to future
teaching. Unlike the surveys, all participants are asked the same questions regardless of year in
graduate school. This is intended to allow for participants’ responses to be compared as they
progress from a first-year to a later-year student.
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At the second university, group interviews are also conducted to supplement the survey
and individual interview data. These group interviews were added to the study as a means of
collecting additional data that attends to the research questions of the current study. Specifically,
the complexity science framework used in the current study places importance on both the
collective and the individual, and so the purpose of including the group interviews is to attend to
the additional emphasis on the collective. I elaborate further about how I developed the group
interview protocols with complexity science in mind in 3.4 Data Collection. Also, complete
versions of the survey documents and both individual and group interview protocols can be
found in the Appendix.
My involvement in the larger study is two-fold: I work as one of two graduate research
assistants funded by the EAGER project, and I also study a subset of the data for my doctoral
research as is presented in this manuscript. As a research assistant for the larger study, I
participate in analyzing the data using a coding framework specific to identifying developmental
stages of teaching over multiple years of participation. The EAGER project is informed by
previous studies of the implementation of Mathematics GTA PD programs in which researchers
have continually found that training does not change the teaching practices of GTAs (Belnap,
2005; DeFranco & McGivney-Burrelle, 2001; Speer, 2001). Thus, the larger study is collecting
and analyzing longitudinal data from GTAs to better understand their developmental stages as
teachers with the intention of improving the PD and training they are offered.
To support the efforts of the larger study, the current study focuses on one year of data to
more deeply investigate how graduate students learn about teaching as a complex system.
Although the current study is unique both in that it relies on a different theoretical framework
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than the larger study and that it incorporates the group interview data in analysis, the larger study
serves as the foundation for this work.
3.2 Context of the Current Study
While the larger study spans two institutions and multiple years, the current study
examines one year of data from the second university, simply called “the University” from this
point forward. The University is a research-focused, doctorate-granting institution in the United
States that runs on a trimester system, meaning the academic year is separated into three 10-week
terms, with an additional summer term that offers a limited course selection. The Mathematics
department, or “the Department,” at the university houses approximately 70 graduate students,
and the Department’s research interests are primarily in pure mathematics.
In the Department, graduate students with teaching positions at the university typically
serve as an instructor of record for a mathematics course with 25-35 students enrolled.
Occasionally, a graduate student is given a grading position for a graduate course or serves as a
teaching assistant (TA) for a large lecture section of a business calculus or statistics course. As a
TA, graduate students are primarily responsible for leading discussion sessions with a subset of
the students from the larger course. Their supplemental duties might include grading exams or
maintaining the online gradebook. However, because instructor of record is the most common
teaching assignment in the Department, I use the language GSI to describe the graduate students
participating in the current study.
GSIs are assigned to teach courses including pre-calculus, calculus, statistics, and
advanced courses for mathematics majors. All first-year mathematics GSIs are assigned to teach
a pre-calculus course in their first term of teaching, and they attend a weekly teaching seminar
during this first term of teaching. Before passing their qualifying exams, GSIs are typically
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assigned to teach one of the two courses in the pre-calculus sequence or are given a TA
assignment. Then, GSIs are frequently assigned to teach upper-division courses (i.e. introduction
to proofs or abstract linear algebra) after they have passed their exams. In Chapter 4, I provide a
more detailed discussion about how the Department interacts and communicates with GSIs about
their responsibilities as teachers.
3.3 Theoretical Perspective and Framework
Methodology is the bridge between epistemology and method – it is “a theory and
analysis of how research does or should proceed” (Harding, 1987, p. 3). Consequently, in this
section, I describe the epistemology underlying the current study through a discussion of
interpretivism and complexity science. Then, I present the methods for data collection and
analysis in the following two sections that conclude this chapter.
3.3.1 Interpretivist Lens
Interpretivism is the philosophical belief that reality is always filtered through the
experience of the observer. To an interpretivist, there is no objective reality waiting for the
correct instrument to observe it. Instead, all understandings of reality are subjective because they
are an interpretation of individual experience. Interpretivism has become mainstream in social
science: as summarized by White and Epston (1990), “It is now widely accepted that any
statement that postulates meaning is interpretive – that these statements are the outcome of an
inquiry that is determined by our maps or analogies” (p. 5).
An epistemology is a theory of knowledge that addresses what can be known, who can be
a knower, and how to confirm a knower is knowing (Harding, 1987). Thus, an interpretive
epistemology in qualitative research asserts that what can be known to us as researchers is our
participants’ interpretation of reality, and we come to know this through our own interpretation
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of their experience. White and Epston (1990) use the text analogy to argue further that knowing
is performed through our storying of our experiences. Thus, knowing is evidenced through the
narrative the knower constructs. The GSI participants in the current study story their experiences
as teachers through written and verbal communication as part of data collection, and as a
researcher, I provide evidence of my understandings of those experiences through how I story
my findings about their learning in this manuscript.
3.3.2 Complexity Science Framework
I provided an introduction to complexity science in Chapter 2, but now I want to focus on
the specific theoretical framework of the five necessary conditions that I use in the current study.
As a reminder, a complex system is both adaptive and self-organizing. Adaptive systems
accommodate structural changes; words such as “organic,” “ecological,” and “evolutionary” are
often used when describing systems that are adaptive (Davis & Sumara, 2001, p. 88). Selforganizing systems, synonymously referred to as emergent systems, rely on the collective unity
that arises from the collaborations of individual units. As described by Davis & Simmt (2003),
“self-maintaining phenomena transcend their parts – that is, they present collective possibilities
that are not represented in any of the individual agents. Moreover, such self-maintenance can
arise and evolve without intentions, plans, or leaders” (p. 140). Common examples of emergent
systems include colonies of ants, neurons in the brain, flocks of birds, and societies, social units,
and the people in them (Davis & Simmt, 2003; Davis & Sumara, 2007). Additional qualities of
complex systems are that they survive in a state of disequilibrium, that there is sufficient
redundancy to allow for interactions between system members, that they do not have
prespecified plans or central leaders, and that they are typically nested within other complex
systems.
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To put the adaptive and self-organizing qualities in the context of graduate students,
consider the typical structure of a GSI’s role as both a teacher and student. When GSIs come to
graduate school, they enter with the common purpose of obtaining an advanced degree in
mathematics. In doing so, the GSIs are able to self-organize around this collective goal. Then, as
GSIs continue their graduate programs, they adapt to changes in their work such as being
assigned a new course to teach, encountering conflicts with students, or responding to a shift in
departmental expectations. The structure of GSIs’ work is not static, and GSIs adapt their
teaching as these changes happen. Further, the Department and the University also adapt to
changes, such as when limits are put on budgets, expectations are defined for student success, or
new members join and old members leave. In Chapter 4, I revisit these qualities of a complex
system in more detail and explicate how the GSI system I consider in the current study both
adapts and self-organizes.
Before I describe the framework of the five necessary conditions for a complex system to
learn, I want to discuss what it means to learn through the lens of complexity science. In a
complex systems approach, learning is framed as the potential for action (Davis & Simmt, 2003).
In this way, learning occurs when there is an expansion of possibilities for action. In comparison
to other learning theories, through a complexity science lens, “learning is complexly inter-related
in a myriad of ways, breaking the simple linearity of positivism and behaviorism” (Morrison,
2008, p. 27). Learning is a transformative experience where the learner undergoes an change in
structure, building and elaborating on their existing knowledge. That is, “learning and knowledge
are not external, with the realist learner inhabiting a pre-existing, external world; rather, the
constructivist learner produces and reproduces knowledge evolutionarily and actively” (p. 27).
As Morrison (2008) concludes, learning is a transformation where “our minds are not static; each
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new event is met and learned by a new mind – it is not the same mind as it was moments before”
(p. 25).
Additionally, in a complexity science perspective, both individuals and systems are
positioned as learners and knowers. Individuals learn, and this learning contributes to the
knowledge of the system. That is, when an individual expands their possibilities for action, they
simultaneously expand the possibilities of the system, and so “any event of individual learning
affects the collective character” (Davis & Sumara, 2001, p. 89) of the system. In this way,
knowledge is a cultural and shared good. No individual is possessed of complete
knowledge; individuals are fallible and knowledge resides within communities.
[…] Knowledge is simultaneously socially, culturally, temporally, and locally
contextualized, situated, learned, and shaped. (Morrison, 2008, p. 25).
Thus, both individual and collective learning and knowledge are important when investigating a
complex system.
Using the notion of learning as an expansion of possibility for action coupled with the
positioning of systems as learners, complexity scientists have identified many conditions that are
necessary for a complex system to learn. In educational contexts, researchers Davis, Sumara, and
Simmt have identified five specific conditions that they believe can be affected, and are thus
deserving of study, by educators and educational researchers. These five conditions are a balance
of internal diversity and internal redundancy of beliefs, attitudes, and understandings;
decentralized control where authority is shared among agents; enabling constraints that provide
guidelines for behavior but space for exploration and experimentation; and opportunities for
neighbor interactions where beliefs, attitudes, and understandings can be shared (Davis &
Simmt, 2003, 2006; Davis & Sumara, 2006).
Internal diversity is necessary for the survival of a complex system as it self-organizes
and adapts. Simply stated, the diversity of the agents “determines the range of possibility for the
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system” (Davis & Simmt, 2006), and so diverse complex systems can craft innovative solutions
when problems inevitably arise. Because complexity science defines intelligence as the ability of
the system to have multiple possibilities for action, the intelligence of a system is determined by
the internal diversity. When considering GSIs, a straightforward example of internal diversity
would be the differences in GSIs’ backgrounds previous to graduate school. However, GSIs’
individual perspectives and beliefs about teaching could also act as sources for diversity. That is,
having internal diversity would mean that the GSIs have a spectrum of ideas and values about
teaching. Thus, the internal diversity of a system of GSI will likely depend on the GSIs’ affect
toward teaching, philosophies of how mathematics is taught and learned, and their instructional
experiences as both students and teachers.
The internal redundancy of a complex system serves two purposes. First, redundancy
creates common ground for communication to facilitate interaction between agents of the system
(Davis & Simmt, 2006). An excess of certain characteristics and a level of sameness is needed to
allow individual actors’ to understand each other when they interact, and this communication is
key to supporting the system’s self-organization. In other words, common understandings of
individual agents need to be redundant if they are to promote collective understandings (Davis &
Simmt, 2003). Second, a system needs internal redundancy in order to survive when the system
encounters conflict (Davis & Simmt, 2006). That is, “[Agents] need to be much more the same
than different because a system’s robustness is linked to its agents’ abilities to compensate for
one another’s lapses” (Davis, 2004, p. 168). When one member is unable to contribute their
knowledge, another member with redundant insight can step in. For GSIs, internal redundancy
would mean having peers whose ideas and beliefs about teaching they can relate to and make
sense of. Do GSIs have similar views about how mathematics should be taught or how
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assessments of student learning should be designed? Have multiple GSIs encountered the a
student or policy issue so that they can provide support to other GSIs when they are faced with
the same conflict? The system of GSIs must have redundant understandings about teaching in
order to interact and communicate about common experiences and establish collective guidelines
for how to teach.
A complex system learns best when it has an appropriate balance of internal diversity and
internal redundancy. While internal diversity improves the intelligence of the system over time
by enabling agents to make informed decisions in the future, internal redundancy occurs in the
present by fostering common language and conversation. That is, the sharing of common ideas
via internal redundancy creates space for introducing novel ideas that come from internal
diversity. Davis and Simmt (2003) explain this further: “Whereas internal diversity is more
outward-oriented in that it enables novel actions and possibilities in response to contextual
dynamics, internal redundancy is more inward-oriented, enabling the moment-to-moment
interactivity of the agents” (p. 150). A balance of diversity and redundancy needs to be present
for a complex system to learn new possibilities for action.
As an example, consider a scenario where a GSI has a student who explains they will
miss a midterm exam due to an absence. Not knowing whether to grant the student an alternative
time for the exam or to consider another option, the GSI reaches out to their peers. If the system
has enough internal redundancy, then another GSI might be able to relate to the situation and
understand the potential issues of allowing the student to make up the exam. They could then
offer advice about how to respond to the student. On the other hand, the internal diversity of the
system affects the potential actions the GSI might consider for the missing exam situation. If
there is not enough internal diversity, the GSI might be limited to the ideas they already had
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independently if these are the only options collectively known by the system. However, a system
with more internal diversity would have agents who could provide suggestions about other
possibilities for action. In having their peers share ideas, the GSI expands their range of action
for responding to the situation. That is, they learn.
Decentralized control is a necessary condition for ensuring the self-regulated quality of a
complex system. Rather than having an individual authority or sole leader, at the center of the
system is “an idea, a shared commitment, a common purpose, a collective orientation, an
emergent possibility” (Davis, 2004, p. 146). Decentralized control also implies an aspect of
being unscripted, where the collective understandings, beliefs, and interpretations are “defined in
the process of engagement” (Davis, 2004, p. 169). For GSIs, decentralized control is affected by
the presence of an authority for teaching within their department and their work environments.
Further, if decentralized control is present, GSIs will have opportunities to create a shared and
collective orientation about teaching. If GSIs cannot come together for collective decision
making for teaching, decentralized control does not exist in the system of GSIs. If there is a
handbook for teaching expectations, do GSIs have a shared understanding of its guidelines?
When an issue arises, is there a member of the department who is contacted to make a governing
decision as a central authority? Or, is there a way that GSIs can collaboratively decide the
appropriate course of action? Decentralized control could present itself as a common purpose or
mission for GSIs’ teaching, collectively established norms for what types of instructional
activities to implement, or through GSIs’ shared interpretation of the Department’s instructions
and expectations for teaching.
Enabling constraints are simultaneously boundaries and opportunities. An enabling
constraint orients activity and provides rules for behavior while also leaving adequate space for
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“sufficient openness for expression of the varieties of experience, ability, and interest” (Davis,
2004, p. 169). To support a complex system’s learning, some constraints are necessary to direct
activity, but the constraints cannot be so limiting as to prevent the exploration and sharing of
ideas. As described by Davis and Simmt (2003):
The structures that define complex systems…maintain a delicate balance between
sufficient organization to orient agents’ actions and sufficient randomness to
allow for flexible and varied response. Such situations are matters of neither
‘everyone does the same thing’ nor ‘everyone does their own thing’ but of
everyone participating in a joint project. (p. 155)
The presence of enabling constraints is also called organized randomness (Davis & Simmt, 2003)
– without it, the complex system would be restrained from investigating new ideas and thus
unable to learn. In the case of GSIs, an enabling constraint may present itself with the amount of
direction GSIs are given when designing their courses. For example, are GSIs assigned a
syllabus with a set grading scheme and learning outcomes? Or, are GSIs given freedom in
choosing course content and scheduling? The enabling constraints of a GSI’s teaching are the
boundaries and guidelines that structure their work as teachers. However, not all constraints are
enabling. It may be the case that GSIs are discouraged from spending time on teaching. Maybe a
GSI’s advisor is concerned that teaching is detracting from their research, or perhaps
conversation at regular departmental gatherings typically centers around coursework. These
scenarios represent constraints that would be disabling rather than enabling for GSIs’ learning
about teaching.
Lastly, neighbor interactions describe the ability of the agents’ thoughts and insights to
affect each other. Here, the neighbors are not the system members. Instead, the neighbors that
interact are ideas, beliefs, values, curiosities, and questions. In the context of GSIs, the neighbors
of interest are the experiences, perspectives, and interpretations GSIs have about teaching and
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learning. Thus, neighbor interactions are necessary for ideas to be shared and for subsequent
learning to occur. Moreover, it is important to pay attention to the density and quality of the
neighbors within an interaction (Davis & Simmt, 2006). For example, it may be the case that
GSIs are frequently talking about teaching, but the conversation involves mostly complaining
about their students rather than discussing their pedagogical choices. This would indicate that the
neighbor interactions are sparse and the sharing of knowledge related to teaching may be limited.
Alternatively, when a GSI encounters an issue with a student in their class, they might reach out
to a peer who has dealt with a similar problem but can provide novel possibilities for how to
resolve the problem. Overall, the sharing of ideas facilitates the development of knowledge, and
so neighbor interactions are necessary for both individual and collective learning in a complex
system.
In summary, complexity theory considers how individual actors self-organize into
learning systems. Researchers experienced in conducting educational studies using complexity
science have identified five necessary conditions for a complex system to learn: internal
diversity, internal redundancy, decentralized control, enabling constraints, and neighbor
interactions. Each of these qualities is necessary for learning, or an expansion of possibilities, to
occur.
3.4 Data Collection
Data collection began in Fall 2017 with the recruitment of participants. I generated a list
of all the graduate students in the Mathematics Department at the University, and I sent an e-mail
to each student inviting them to join the study. Seven GSIs agreed to participate. Five of the
GSIs are first-year graduate students and two are sixth-year students, and the participants’ ages
range from 22 to 36. One first-year GSI identifies as female, while the other participants identify
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as male. All of the participants are in the Mathematics PhD program at the University. The GSIs
have varying trajectories that brought them to graduate school: some participants started the
program immediately after completing their undergraduate degrees, while the others taught high
school, worked outside of academia, or completed a master’s degree at a different university.
One participant is an international student and the others are domestic. A summary of
information about the participants is provided in Table 3.3.
Pseudonym

Year in PhD program

Experience Prior to Graduate School

Henry

6

One year of high school mentoring experience

George

6

Multiple years teaching high school mathematics

Nancy

1

Multiple years teaching high school mathematics

Andrew

1

Multiple years working in technology industry

Tyler

1

Direct from undergraduate

Jack

1

Direct from undergraduate

Oliver

1

Master’s degree in Mathematics

Table 3.3 Summary of Graduate Student Participants
The data for the current study includes an entrance survey, three group interviews, and
two individual interviews. Individual interviews at the university in the larger study are
conducted in February and June. For consistency, the individual interview timeframe was
maintained for the current study, and the group interviews were scheduled in March and May to
allow for time to pass between each type of interview. The schedule for data collection is
summarized in Table 3.4.
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Fall 2017

Winter 2018

Spring 2018

Entrance survey: September
Group interview: October

Individual interview: February
Group interview: March

Group interview: May
Individual interview: June

Table 3.4 Data Collection Timeline
As a note, the international student in the study, Oliver, left the University after Winter
term and thus concluded his participation in the study before completing the third group
interview or second individual interview. Additionally, Oliver was late to his appointment for the
individual interview in Winter term, further limiting the data I have about his experiences as a
GSI. Thus, although I do include Oliver as part of the results I report in Chapters 4 and 5, he is
less frequently mentioned because of his limited participation.
After recruitment, the seven GSIs who agreed to participate in the study were sent a
survey via mail to complete and return. This is the same survey administered as part of the larger
study; the survey included both short-answer and Likert-scale questions attending to GSIs’
experiences as teachers and learners of mathematics, and first-year and later-year GSIs complete
slightly different surveys. Once the surveys were returned to me, I transcribed the participants’
handwritten survey responses to preserve their anonymity and to assist with comparing across
participants.
Later in the Fall term, I contacted the participants about their availability to schedule a
group interview. I selected two group interview times to accommodate the GSIs’ schedules; four
participants attended one group interview while three attended the other. The Winter and Spring
group interviews were scheduled with the same process, and the participants were similarly
separated into two three- or four-person groups based on their availability. I did my best to mix
up the groupings of which GSIs attended the same group interviews from term to term. However,
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this was not always possible due to scheduling constraints. The participant groups for the group
interviews are provided in Table 3.5.
Fall Group Interviews
George
Andrew
Tyler
Jack

Henry
Nancy
Oliver

Winter Group Interviews
Andrew
Tyler
Jack

Henry
George
Nancy
Oliver

Spring Group Interviews
George
Andrew
Jack

Henry
Nancy
Tyler

Table 3.5 Participant Groups for Group Interviews
The group interview sessions lasted 90 minutes and were both video- and audio-recorded.
The individual interviews were only audio-recorded, but video was added to the group interviews
to ease transcription by providing a method for distinguishing which participant is speaking.
Conference rooms on the University campus were used for the group interviews: the Fall term
group interviews were conducted in a Departmental building, but subsequent interviews were
moved to a more neutral conference room on campus not associated with the Department. Dr.
Beisiegel attended the group interviews with me, helping to facilitate the discussion, ask followup questions, and provide another perspective and set of eyes in the room. Then, after each group
interview, we discussed our observations about what stood out as especially relevant to the
research questions and made notes of ideas for questions to ask in subsequent interviews.
Individual interviews were also scheduled with each participant during the Winter and
Spring terms. I identified 60-minute interview time slots based on participants’ availability and
conducted the interviews in a common area of the student union building at the University. The
interview protocols for the one-on-one sessions were already determined as part of the larger
study. For both the individual and the group interviews, I transcribed the audio-recordings of the
interviews to use for data analysis. Aspects of the video including body language, eye contact, or

51
any other nonverbal aspects of communication were not included in the transcripts. For the group
interviews, I used the video only to aid my transcription of the audio.
3.4.1 Evolution of the Group Interview Protocols
While the questions for the individual interviews were inherited from the larger study, the
current study was customized to attend to the research questions through the group interview
protocols. Rather than determine the group interview questions all at once, the protocols were
refined and rewritten after each academic term of data collection. In this section, I describe my
process for creating the group interview protocols, highlighting how I wrote questions to attend
to specific necessary conditions in the complexity science framework.
Along with being present during the group interview sessions, Dr. Beisiegel offered input
and guidance throughout the process of creating the protocols. Prior to the first group interview,
she reviewed the questions I had written, providing feedback and suggestions for changes. Then,
after each interview, we discussed our observations and made notes of what questions we could
ask in the next interviews that would attend to other aspects of the necessary conditions
framework. Further, the interview protocols were designed to have more questions than we
believed would fit in the time frame, and so Dr. Beisiegel helped me both in deciding which
questions to prioritize during interviews and in ensuring that the groups was asked the same
questions in the same order during each set of group interviews.
The group interviews in Fall 2017 were my first in-person interaction with the GSIs, and
so I wanted to get a sense of how they viewed their work as teachers. As a current graduate
student, my teaching role had been primarily as a GTA, and I had an understanding of what it
meant to be in this position at my institution. However, from survey responses, I was aware that
the participants had different responsibilities as teachers at their university. In particular, the
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graduate students at the University in the current study serve as instructors of record, while my
experience is primarily as a teaching assistant supplementing lecture-based courses. Thus, I
wanted to hear the participants’ interpretations of what it meant to them to be in their teaching
roles as GSIs. This strongly influenced how I designed my first set of questions for the Fall 2017
group interview. The 13 interview prompts in the Fall interview protocol were intended to elicit
responses about the participants’ views of what it means to be a GSI, to have participants’
describe their dual-roles as graduate student and teacher, and to consider how those roles
interact.
Question Samples from Fall 2017 Group Interview Protocol
Question
2. Describe a typical day for you as a
graduate student. What do you do? Where do
you go? Who do you talk to?
4. Suppose a friend asked, “What does a
[GSI] do?” What would you tell them?

Intended Connection to
Complexity Science Framework
• General aspects of being a GSI, gathering
information for future questions
• Internal Diversity and Internal
Redundancy by comparing GSIs’
responses

5. Consider the duties you have in both your
role as a graduate student and as a [GSI]
through your coursework, teaching, and
research. How do these roles interact? Which
aspects work together well? Which aspects
are harder to balance?

• Decentralized Control in determining
what GSIs are responsible for as teachers
• Enabling Constraints through balancing
multiple responsibilities

12. What types of opportunities do you have
to talk about teaching? How do these
discussions take place? When do they occur?

• Neighbor Interactions, specifically where
and with whom do they happen

Table 3.6 Question Samples from the Fall 2017 Group Interview Protocol
After gaining a better understanding of the participants’ experiences as teachers through
the first group interview, I selected the questions for the second group interview (a sample of
which are provided in Table 3.7) with a focus on how and where the GSIs were encountering
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new ideas about teaching. With complexity science as a theoretical foundation, intelligence as a
teacher is knowing a range of possibilities and having the ability to discern the affordances and
constraints of those options (Davis & Sumara, 2006), and so I wanted to know what
opportunities the GSIs have to learn new possibilities for teaching. That is, I wanted to ask
questions that would attend to the types of neighbor interactions the GSIs were engaging in.
Question Samples from Winter 2018 Group Interview Protocol
Question

Intended Connection to
Complexity Science Framework

2. What is an aspect of your teaching this
term that you are proud of? What is an aspect
of your teaching that you would like to
change? What would help you make that
change?

• Growth that has either happened already
of (identified when GSIs respond to what
they are proud of) or growth that could
happen in the future
• Potentially Internal Diversity and Internal
Redundancy in GSIs’ descriptions of their
teaching

5. Are you enrolled in graduate courses this
term? If so, how do your experiences in your
graduate courses influence your teaching?

• Neighbor Interactions through ideas for
teaching that are observed during class as
a student
• Enabling Constraints by balancing both
coursework and teaching

10. What resources or people do you access
when you have a question about teaching?
Are there any resources that you wish you
had?

• Neighbor Interactions that occur when
issues arise or that could happen but are
not currently taking place

Table 3.7 Question Samples from the Winter 2018 Group Interview Protocol
Thus, the Winter 2018 group interview asked participants about what resources they use
for teaching, who they talk to about teaching and the topics of those conversations, and what
other experiences influence their teaching, particularly the impact of their graduate coursework
on their teaching practices. Further, I wanted to have the GSIs reflect on what has gone well in
their teaching thus far and what they would like to change in the future. I hoped that directly
asking the participants to consider how they could improve their teaching would assist in
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identifying their growth and learning as teachers. Lastly, I noticed in the individual interviews
that many of the participants were grappling with how they understood the responsibilities of a
teacher, and so I added questions pertaining to this topic to the interview protocol. A sample of
the eleven questions from the Winter 2018 group interview are given in Table 3.7.
The third group interview had a similar focus as the Winter 2018 interview, with some
questions repeated and others added to attend to the conditions of a complex system. In the
Winter 2018 group interviews, I observed that having participants reflect on what had gone well
previously and what they were currently proud of in their teaching set a positive tone for the
interview, and so these questions remained on the Spring 2018 protocol.
To have GSIs further reflect on their teaching development over the past year, I added a
question about what advice they would offer to incoming graduate students entering their first
year of teaching. Like in the previous group interview, participants were also prompted to recall
a recent conversation they had about teaching and to discuss what impacts their teaching. From
past interviews, I had the impression that the Department took a hands-off approach in regards to
the GSIs’ teaching, but I was not sure how accurate this observation was. Thus, I incorporated
some questions about the Department’s influence on the GSIs’ teaching with the hope of better
understanding the amount of decentralized control the participants were experiencing. Also, to
attend to the enabling constraints the GSIs had in their work as teachers, I asked them which
aspects of their teaching they felt they had the most and least control over. This interview
protocol had 12 questions, a selection of which are provided in Table 3.8. The full interview
protocols for all three group interviews can be found in the Appendix.

55

Question Samples from Spring 2018 Group Interview Protocol
Question
4. Describe a recent conversation you have
had about teaching. Who did you talk to?
What did you talk about?
a. How often do you talk to other graduate
students about teaching? How often do
you talk to anyone else about teaching?
b. Are there regular gatherings, either formal
or informal, where you talk to other
members of the department, such as a
weekly department tea? How do these
events typically go?
c. Does the department or someone in the
department tell you what your teaching
should look like or recommend a format
for lessons? What does that guidance look
like? Are you implementing those
suggestions?
5. Aside from your teaching duties and
conversations with your peers about teaching,
what else influences your engagement (your
thoughts and experiences) with teaching?
6. What has been having the biggest impact
on your teaching lately?
7. What aspects of your teaching do you feel
you have the most control over? What aspects
of your teaching do you feel you have the
least control over?

Intended Connection to
Complexity Science Framework

• Neighbor Interactions, specifically if the
Department provides opportunities for
talking about teaching and if
conversations about teaching happen
between GSIs and faculty
• Decentralized Control in asking how the
Department is involved with GSIs’
teaching and what guidance they offer

• Asking if there are any additional
influences on GSIs’ teaching; intending to
capture any impacts on GSIs’ growth that
have not yet been addressed in this
interview or in previous interviews

• Decentralized Control by having GSIs'
specify what decisions for teaching they
feel are in their control

Table 3.8 Question Samples from the Spring 2018 Group Interview Protocol
3.5 Data Analysis
To conclude this chapter, I describe thematic analysis as my method for data analysis,
and I detail the steps I took to produce the results that are presented in Chapters 4 and 5. As
qualitative psychology researchers Braun and Clarke (2006) describe, thematic analysis is “a
method for identifying, analysing, and reporting patterns” (p. 6) that both organizes and
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interprets data. While thematic analysis is often incorrectly applied as a blanket term for any
qualitative research focused in identifying themes, thematic analysis is itself a method. The
choice to use thematic analysis as a method does not inherently bring with it a fixed
epistemology or framework, and so thematic analysis differs from more formal analysis methods
such as grounded theory or narrative analysis. That is, as Braun, Clarke, and Rance (2014)
assert, “Most qualitative analytic approaches are best thought of as methodologies, meaning they
offer theoretically-informed frameworks for conducting research. In contrast, [thematic analysis]
is (uniquely) just a method” (p. 185, emphasis in original). Thus, researchers do not inherit a
methodology when they decide to use thematic analysis a method. Instead, they must make
methodological choices based on their own theoretical perspectives and the context of the study
they are designing.
I chose thematic analysis for the current study because of its flexibility. Braun and Clarke
(2006) provide three distinctions that a researcher should make when employing thematic
analysis: inductive or deductive, semantic or latent, and essentialist/realist or constructionist. In
choosing what form of thematic analysis to employ in my study, I was able to be intentional
about how my theoretical perspective (what is important, namely the GSIs’ experiences as
teachers both individually and as a complex system) informed my method of data analysis (how
what is important will be identified). Moreover, because I knew I wanted to use five necessary
conditions for a complex system to learn as my coding framework, thematic analysis provided
me with guidelines and steps to follow in identifying subthemes within the codes and make
conclusive claims about my findings.
The first distinction to make in using thematic analysis as a method is between an
inductive and deductive approach. Inductive analysis involves producing themes without a
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coding scheme in mind, taking a broad view of the entire data set. In contrast, researchers using
deductive, or theoretical, analysis enter their data analysis looking for themes within a particular
category or aspect of the data (Braun & Clarke, 2006; Braun, Clarke, & Rance, 2014). Because I
am coming to my data looking particularly for themes related to the five necessary conditions for
learning in a complex system, I am taking a deductive approach. However, throughout the
analysis process, I also occasionally employed some inductive analysis when I noticed patterns
in the data that I did not believe fit into any of the five necessary conditions. As a result, I created
three additional codes – I discuss these further later in this section.
Second, when using thematic analysis, the themes need to be either at the semantic or
latent level. Semantic themes describe the explicit characteristics and content of the data, while
latent themes interpret why the data has certain features and what assumptions are underpinning
the data (Braun, Clarke, & Rance, 2014). As described by Braun and Clarke (2006):
If we imagine our data three-dimensionally as an uneven blob of jelly, the
semantic approach would seek to describe the surface of the jelly, its form and
meaning, while the latent approach would seek to identify the features that gave it
that particular form and meaning. (p. 13)
In taking an interpretivist epistemology, I am giving value to how the participants’ story their
experiences. In doing so, I interpret their narratives through the lens of complexity science,
looking for aspects of the underlying structure of their experiences that are related to the five
necessary conditions. The participants are not telling me they are part of an adaptive, emergent
complex system – instead, I am unpacking the meaning in their stories and using the complexity
science framework to identify themes and patterns among their experiences. This corresponds to
a latent approach for analysis.
The third decision for thematic analysis is to choose either an essentialist/realist or
constructionist paradigm. An essentialist or realist assumes that there is an objective truth beyond
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individual experience, while a constructionist believes meaning is socially constructed (Braun &
Clarke, 2006). As further clarified by Braun, Clarke, and Rance (2014), a realist perspective
“focuses on reporting an assumed reality evident in the data” while a constructionist perspective
“focuses on how a certain reality is created by the data” (p. 186). Through an interpretivist lens,
reality is always filtered by an individual’s understanding of it. Further, complexity science
believes in an evolving, not-yet-imaginable reality that is created through the interactions of
systems and their members. Thus, my data analysis is aligned with a constructionist perspective.
The thematic analysis process outlined by Braun and Clarke (2006) includes six phases:
familiarizing yourself with the data, generating initial codes, searching for themes, reviewing
themes, defining and naming themes, and producing the report. These steps do not always
happen linearly. As the authors describe, “Analysis involves a constant moving back and forward
between the entire data set, the coded extracts of data that you are analyzing, and the analysis of
the data you are producing. Writing is an integral part of the analysis” (Braun & Clarke, 2006, p.
15). I experienced this cyclic process when I was conducting my analysis, often bouncing
between the data and this document to review the themes I had identified and search for
additional evidence that supported them. Therefore, the six phases distinguished by Braun and
Clarke (2006) appear repeatedly in my description of my process for analyzing the data.
The first stage, familiarizing yourself with the data, began when I transcribed the
interview data. In creating the transcripts, I spent dedicated time listening to the interviews and
recording in text what was said. Then, I imported the transcripts and surveys into Atlas.TI, a
qualitative analysis software. Because I had already decided to use the five necessary conditions
as my framework for analysis, these became my initial codes. Thus, rather than generating any
codes, I added the codes decentralized control, enabling constraints, internal diversity, internal
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redundancy, and neighbor interactions to Atlas.TI to use in the next stages of analysis. Then, I set
out to read through all of the documents and assign the five codes when I believed they were
applicable.
From other examples of researchers using the five necessary conditions as a framework
for data analysis (e.g., Davis & Simmt, 2003; Davis & Sumara, 2006), I anticipated that more
than one necessary condition would often be present in a given instance of the data. As Davis
and Simmt (2003) describe of the five necessary conditions:
Each of these interdependent conditions is simultaneously a reference to the
global properties of a system and to the local activities of agents within a complex
system. Such conditions, of course, are not easily pried apart. Indeed, as we have
attempted to do so in our considerations of various events, we have found
ourselves caught up in tangled cross-references, repetitions, and qualifications. (p.
147)
Thus, to best attend to the research question, “In what ways are the five conditions necessary for
a complex system to learn present in the GSI system?” I coded not only when one condition was
present but also when multiple conditions were present in a given quotation. For example,
consider the following quotation from Tyler:
Interviewer:

What have been the most important things for your teaching?

Tyler:

Talking for sure. Just like hearing other people’s perspectives on
things and how they deal with certain situations. I mean,
sometimes it’s positive things, like, “Oh that’s great. I should be
doing more of that.” And also sometimes, even though you might
not say it to their face, like it’s kind of like, “Eh, I don’t know. I
don’t know about that.” But just like, I think the more you can hear
and see, the more you can kind of decide for yourself what you
think is right and what you think is wrong. And so that is been
really good for my development.

Here, Tyler is describing talking to other GSIs about teaching. I interpret this as the site of a
neighbor interaction where the “neighbors” are GSIs’ perspectives about teaching and the
“interaction” happens during conversation. Then, Tyler also explains that it is valuable for his
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development to be exposed both to ideas he can relate to and wants to incorporate in his teaching
to ideas that do not align with his beliefs or how he wants to teach. In this, I observe both the
system’s internal redundancy and diversity at play. Thus, this quote from Tyler was assigned
three codes: neighbor interactions, internal diversity, and internal redundancy.
While coding, I noticed that there were some aspects of the data related to the GSIs as a
complex system that were not being captured by the five necessary conditions codes. Based on
this observation, I created the additional codes “How things are done,” “Learning from doing,”
and “Interacting with students’ mathematical ideas.” Table 3.9 contains a summary of how I see
these codes relating to the GSIs as a complex system and where they contribute to the results in
the remainder of this document. Because one of my research questions is, “How do the
participants demonstrate the qualities of a complex system?” I wanted to be sure to code the
instances I was noticing that were not captured by the necessary conditions in case they were
relevant to answering this question.
After coding all of the transcripts with both the five necessary condition codes and the
three added codes, I began the process of searching for themes. During this phase, I specifically
focused on the data that I coded with any of the five necessary conditions and left assessing the
three additional codes for later. Throughout the analytic process, I had coded 633 quotations.
With this many quotations, I felt that it was especially important to identify themes within the
data for each necessary condition to help me categorize the patterns I was seeing. To do so, I
decided to create a master document with all of the data presented succinctly that I could refer to
when searching for themes.
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Code

Reason for Including

How things are done

Learning from doing

Interacting with students’
mathematical ideas

Contribution to Results

Through self-organizing,
complex systems unite with a
common goal, purpose, or
guiding principle. GSIs’
descriptions of “drinking the
Kool-Aid” and how things are
done around here seemed
related to this process.

Chapter 4. The Complex
Systems and their Nested
Organization

My research questions are
focused on how GSIs learn as
a system through interacting
with each other and sharing
ideas. However, I noticed the
participants were often
describing learning while
being in the classroom
teaching, which does not
involve any of their peers. I
interpreted this as an area of
growth that I was not capturing
by applying the five necessary
conditions to the GSIs as a
system.

4.2 The Nested Organization of
the GSI System

Similar to “learning from
doing,” the GSIs were often
describing using their students’
homework and quizzes as
information for how to teach in
the future. This is an input for
their teaching that happens
outside of the GSIs as a
system, and I wanted to be
sure to include it in some way.

4.2.2 The Classroom System:
Supporting student motivation
and learning

Quotes with this code were used
in to supplement the discussion
about the GSIs as a system and
the systems’ self-organization.

The quotes assigned this code
emphasized that the GSIs are
learning from their involvement
in another complex system,
namely the classes they teach,
and observing this prompted me
to include the Classroom System
as one of the GSIs’ neighboring
systems.

Quotes with this code were
included in describing how the
GSIs’ used information from
their students to inform their
future teaching.

Table 3.9 Additional Codes Incorporated During Analysis
As the first step in creating the master document of quotations, I used the quotation
manager in Atlas.TI to skim through each quotation and give them shorter titles. Then, I filtered
the quotations by which necessary condition they were coded with, considering separately
quotations that had multiple codes. After applying each of these filters, I exported the now-
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shortened quotation titles to a spreadsheet and compiled them into a document I could print. A
snippet of the final document is provided in Figure 3.1, and a complete copy is available in the
Appendix.

Figure 3.1 Sample of Master Document with Shortened Quotation Titles
Using the master document I created, I used colors and symbols to group together
quotations that I felt represented similar ideas, and I created descriptive labels for each groups.
For instance, when looking at the quotations coded only with neighbor interactions, I grouped
quotes by if they were specific to sharing content and materials, about faculty or professors, or
describing conversations with other GSIs. This grouping and naming process was my
preliminary method for searching for themes.
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Next, I needed to review the themes. The overlapping nature of the necessary conditions
was especially frustrating to me because everything seemed related to each other, and so I
wanted to create a visual representation of the data that would help me organize my thoughts
about the data. In particular, I wanted to create a Venn diagram of sorts with overlapping areas to
represent when the necessary conditions co-occur. However, making a Venn diagram with five
circles is not an easy task, so I decided to simply have each circle only overlap with two others.

Responsibilities:
Expectations, both
explicit and implicit,
from the Department
or the University

Observing
examples of teaching
as a student in
graduate coursework

Teaching Advisor:
Leads first-year
seminar and conducts
observations

with Faculty
Dual Roles:
Being both a teacher and
a student in the same day

Wanting more
involvement,
observations and
feedback

“No one cares"
attitude, I can
do whatever I
want

Band-Aids:
The Department is involved
only when problems arise
Avoiding Bureaucracy:
Talking to GSIs
instead of the
Department

Surviving
despite freedom,
not because
of it
Too Few Limitations

Some courses
have no
guidelines for
content

with GSIs

Getting feedback
on assessments
Asking for advice
about teaching
concerns

Kvetching and Venting:
Complaining to other
GSIs about common
experiences with
students

Substitute Teaching:
Finding other GSIs with
similar teaching philosophies
to act as substitutes
or to sub for

Freedom

Enjoying the space
and having room to
explore
Struggling to
find balance or
figuring it out
Time Management
Being as a first-year
GSI, feeling able to
only do so much
Making materials
takes time, especially
for active learning

Teaching a class
that is unfamiliar
or new
Class
Assignment

Specializing:
Teaching the same
class repeatedly

Having a
syllabus or
other class
materials for
guidance

Pointing to what
is standard:
Acknowledging
differences by
comparing to the
”normal” way
Assumed redundancy:
”My teaching isn’t
that different,”
no evidence to
prove otherwise

Comparing to Other GSIs:
Citing differences or
feeling unique in
teaching practices
or philosophy

Figure 3.2 Themes in the Necessary Conditions, Independent and Intersecting
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When Davis and Sumara (2006) discuss the five necessary conditions, they group them
together: neighbor interactions with decentralized control, internal diversity with internal
redundancy, and enabling constraints on its own. Thus, I followed a similar grouping when
creating my diagram. I chose to overlap enabling constraints with decentralized control because I
had noticed this was a common pairing in how I had assigned codes to my data. Then, I reviewed
the themes I had identified on my master document and copied them over to the diagram,
combining and renaming them when possible. While I did this work on paper with large circles
cut out and glued together, a recreation of the overlapping diagram is provided in Figure 3.2.
Using the order I chose for my overlapping circle diagram, I created another diagram to
capture how many quotations corresponded to each of the overlapping areas. Looking at the
diagram and the master document, it was clear that some of the conditions were especially
present while others had not been coded as frequently. Thus, I wanted to see specifically how
many times each necessary condition was present by itself, double-coded with an overlapping
condition, or assigned three codes. This data is presented in Figure 3.3.
Although Figure 3.3 includes more overlapping areas than Figure 3.2, it does not contain
all of them. Thus, to ensure that I was not missing important themes by creating this type of
overlapping diagram, I returned to Atlas.TI. Specifically, I created a table (Table 3.10) with the
number of co-occurrences between each pair of necessary conditions. Then, in reviewing the
table, I observed that neighbor interactions and internal redundancy were the most overlapping
conditions, yet they were not represented by an overlap in my diagram. This indicated to me that
I would need to give this area additional attention when it came time to name final themes and
produce the report. However, aside from this outlier, the order of the diagram had captured the
common overlapping codes.
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Figure 3.3 Number of Coded Instances of the Necessary Conditions

Table 3.10 Co-Occurrences of the Necessary Conditions
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Until this point, my analysis process was mostly linear, and I progressed through the
stages one at a time. However, I started cycling back through stages when it came time to define
and name themes and produce the report. I looked to the overlapping diagram (Figure 3.3) when
choosing how to organize my results for Chapter 5. I decided to begin with decentralized control
because I had significant data at its intersections with neighbor interactions and enabling
constraints. Specifically I anticipated that dealing with overlapping behavior would be especially
difficult, and I wanted to handle this challenge as soon as possible. Then, I progressed through
the necessary conditions in clockwise order around the diagram. That is, my results begin with
decentralized control, continue with enabling constraints, internal diversity, and internal
redundancy, and end with neighbor interactions.
Starting with decentralized control, I created a document with the list of the themes I had
identified for the code. Then, I copied quotations from Atlas.TI that had been assigned the code
decentralized control, either alone or in conjunction with other necessary condition, one at a time
into the document with the themes. I categorized the quotations as I went, putting them under the
heading of the theme they belonged to. Because I had already narrowed down my themes to the
ones that were the most salient in the data, I left out quotations that did not seem to fit into any
theme. After I had copied over all of the decentralized control quotations I wanted to include in
Chapter 5, I printed the document and physically cut it into smaller pieces of paper so that one
quotation was on each slip. With a pile of quotations relating to a single theme in hand, I started
organizing the quotes into an order that I felt would support me in presenting a claim and then
providing evidence for it. While organizing the quotes, I highlighted and wrote notes on the slips
of paper as memos to help me when writing. Then, I used the sorted sets of data for each theme
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to begin producing the report, creating section headings that corresponded to themes as my way
of defining and naming themes.
Throughout the writing process, I regularly returned to the master document of quotation
titles to see if I was missing any substantial themes or data that I had originally identified.
Additionally, I often went back to Atlas.TI and searched for further quotations that I believed
would supplement my claims. In particular, while writing the results, I was solidifying my
understanding of how the necessary conditions appear in the GSIs’ experiences, and often I
would remember a moment in an interview that I believed should have also been coded as the
necessary condition I was writing about. This happened especially often when I was writing
about the themes at the intersection of multiple necessary conditions.
I repeated the same writing process for each of the necessary conditions. That is, I would
assemble a document with the quotations sorted by theme and use the resulting quotation slips as
an organizational tool to help me argue and defend my claims. Then, while writing the sections
sequentially, making my way through each of the necessary conditions, I tried to handle the
themes that included overlapping necessary conditions in the order they arose. For example, in
5.1 Decentralized Control, I discuss all of decentralized control’s themes, including those that
intersect with others. Then, I do the same for 5.2 Enabling Constraints, describing all of the
remaining themes that are related to enabling constraints either independently or as overlapping
with other conditions. This was done with the intention of keeping the results section as
organized as possible for the reader. The flow of the chapter is already challenged by the
existence of overlapping themes that cannot be distinctly separated into one necessary condition.
Thus, I wanted the reader to encounter these intersections as they occurred rather than wait to
discuss them at a later point.
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The only instance where I did not address the intersections between the conditions in
order happens in the intersection between the pairs of neighbor interactions and internal
diversity, and neighbor interactions and internal redundancy. Specifically, the themes at these
intersections were primarily related to neighbor interactions, and so I wanted to include them in
5.5 Neighbor Interactions even though they were related to necessary conditions that were
discussed earlier. In Figure 3.4, I replaced the initial themes from Figure 3.2 with the section
headers of Chapter 5 as a way to hopefully further elucidate how I chose to structure the results.
All in all, I made organizational choices that were intended to help the reader progress through
the results as linearly as possible, but the co-implicated nature of the necessary conditions made
this a difficult task.

Figure 3.4 Overlapping Section Organization of Chapter 5
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My final step for analyzing the data was to return to the three additional codes I had
previously created. Specifically, I used the quotations that were assigned these codes to support
my results for Chapter 4 about the GSIs as a complex system and the other systems they were
nested in. For example, the quotations coded with “How things are done” were incorporated into
my writing about the GSIs’ common understandings about teaching and how the Department
communicates their expectations for GSIs. Then, “Learning from doing” and “Interacting with
students’ mathematical ideas” contributed to my discussion of how the GSIs interact and learn
from the students in their classroom. Overall, while these codes did assist in my writing of
Chapter 4, they primarily pointed to additional areas – namely the boundary between GSI system
and their neighboring systems – where further study could be conducted. After writing up the
results for each necessary condition in Chapter 5 and addressing the remaining codes to support
my writing of Chapter 4, I had finished all of the stages of thematic analysis and the data analysis
was complete.
I employed several validity strategies (Creswell, 2009) to supplement the thematic
analysis process and confirm the accuracy of my findings. To triangulate across data sources, I
compared across the surveys, individual interviews, and group interviews for multiple forms of
evidence to support my claims. Additionally, while assembling the results chapters, I regularly
talked with Dr. Beisiegel to confirm that my account of the findings aligned with her
understanding of the participants’ experiences. As I have mentioned previously, Dr. Beisiegel
was present during the group interviews, and we met for a debrief session after each interview to
share our interpretations of the participants’ experiences and confirm that we had similar
perspectives. Then, while writing up the results for Chapters 4 and 5, I met weekly with Dr.
Beisiegel to discuss the themes I had selected to present from the data. Dr. Beisiegel regularly
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read this manuscript, asking questions about my findings and indicating areas that she believed
needed further clarification or evidence.
I further support the trustworthiness of the findings by using rich, thick description.
Specifically, when presenting results in the following chapters, I regularly incorporate excerpts
from the interview transcripts, prioritizing the participants’ narratives and experiences as a
means of providing a rich description of the data. As part of this process, I include instances
where the participants have contradicting perspectives and explore how this evidence relates to
the theme I am discussing. All in all, the validity of this work is supported through triangulation
of the data, peer debrief with Dr. Beisiegel, and writing with thick descriptions of the
participants’ experiences.
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4. The Complex Systems and their Nested Organization
In this chapter, I discuss my perspective of viewing the GSIs in the current study as a
complex system. I begin by revisiting the characteristics that make a system complex and
solidify my argument that the GSI system is in fact a complex one. I then explore the nested-ness
of the GSI system within both the Department system and the Classroom systems each GSI
belongs to. I conclude the chapter with a discussion of the boundaries and interactions between
the systems into two sections: 4.2.1 The Department System: Responsibilities and Expectations,
Explicit to Implicit and 4.2.2 The Classroom System: Supporting Student Motivation and
Learning.
Before continuing with my findings, I want to pause and give attention to the notion of
“system” that is pervasive throughout this chapter. When I use the vocabulary of “system,” my
intention is to indicate that I am considering a group of individuals as part of a unit or collective.
Although I could argue that individual people can also be thought of as systems, the orientation
here is that a system is a collection of people rather than a collection of what makes up a person.
Thus, when I say “system,” I always mean a social system with people as members.
This focus on systems is not meant to devalue the experiences of individuals. Instead,
through a complex systems lens, individual experiences are thought to come together and form
collective activity. This understanding informs how I present my results: in this chapter and the
next, I discuss my interpretations of individual GSIs’ experiences, highlighting areas where GSIs
share similar perspectives and presenting counterexamples when they are available. I then make
conclusions about how these experiences define and incite the collective action of the system of
GSIs. To say it more explicitly, the experiences of individual GSIs come together to form the
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experiences of the system, and as a researcher I collect and synthesize the stories of each GSI to
tell a narrative about the system.
I also want to mention a limitation of the current study. To answer my research questions,
I have narrowed my focus to the GSI system. In doing so, I have not collected data about the
experiences of other people GSIs interact with and are thus potentially influenced by, such as
members of the Department and the students in GSIs’ classrooms. Additionally, the participants
are a subset of the larger system of Mathematics GSIs at the University. I agree with Davis and
Sumara (2006) who argue that part of the nature of conducting educational research is that we
often do not capture all aspects of the phenomenon we are studying:
[T]he point is not that all levels must be taken into consideration for each and
every event of teaching or educational research. Rather, the issue is that any
attempt to understand an educational phenomenon must be understood as partial
– in the sense of incomplete and biased. (p. 92)
Although the story I tell in this document may be partial because of my interpretive lens, I
believe it is a story worth sharing that can provide insight into how GSIs learn to teach.
4.1 The Complexity of the GSI System
In the current study, I am viewing the group of GSIs as a complex system, and so in
presenting my results I want to clearly explicate why I believe GSIs can be considered as system
that is complex. As Davis and Sumara describe (2006), a social system with both a common
purpose and adequate redundancy to prompt interaction between agents is inherently a complex
one:
In a complex social system, the ‘object’ at the center is never an individual, but an
idea, a shared commitment, a common purpose, a collective orientation, an
emergent possibility. That means that almost every social grouping, assuming
adequate redundancy to enable some level of meaningful interaction, is always
and already a complex unity. (p. 146)
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First, I claim that the GSIs have a shared goal that unites them. Specifically, Mathematics GSIs
come to graduate school to complete an advanced degree in Mathematics. Some GSIs may be
highly interested in teaching, while others may see it as what they must do for the Department in
exchange for their education. However, what they have in common is their decision to go to
graduate school.
Second, there is adequate redundancy between the GSIs to ensure meaningful interaction.
First-year GSIs are all assigned a section of pre-calculus to teach as the instructor of record in
their first term, and so redundancy is built into the structure of how they begin their work as
GSIs. Further, as GSIs continue in their programs, they talk with their peers about teaching, help
each other make decisions about how to teach, and work together to generate solutions to
teaching-related issues. Henry, a sixth-year GSI, summarizes how he has found redundancy
across his teaching and the teaching of his peers through conversations over the years:
Henry:

I don’t think that there is any single aspect [of my teaching] that no
other grad student is doing, but I don’t think I’m teaching like any
single grad student I know. Like, lots of take and borrow from
different things that either works for that person and would also
work for me. But, you know, I don’t think I’m standing on my own
in any way. I think I did more earlier on, but I’ve kind of
converged toward a lot more of people, especially in like my same
year because we’ve talked about our teaching stuff over the years.
And, I don’t know, I feel like on some level there’s a baseline
consensus on what a good balance between best teaching practices
are and efficient teaching practices.

As Henry explains, over the years he and his peers have developed a “baseline consensus” for
which teaching practices are appropriate. GSIs “take and borrow” from their peers and look to
each other for support. This process develops redundancy in GSIs’ teaching that enables them to
communicate about their experiences. Therefore, because the GSIs as a system have the two

74
characteristics presented by Davis and Sumara (2006) – a common purpose and adequate
redundancy – I believe the GSI system is a complex one.
GSIs also display many of the other qualities complex systems typically have. For
instance, a complex system is unique in its ability to be self-organizing and adaptive (Davis &
Sumara, 2006). A self-organized system has “no all-powerful leaders and no prespecified plans
in the heads of individuals. Instead, collective activity emerges organically from a mass of
interactions” (Davis & Sumara, 2001, p. 90). The self-organizing, or emerging, quality of the
GSI system is most evident in the data when the GSIs both discuss the freedom they are given to
make individual choices about their teaching but also reference a notion of the way things are
done around here. Henry describes that as a later-year GSI, he is both “drinking the Kool-Aid”
of being a GSI and that he is “let free” to teach how he would like. As I continue to explore in
the remainder of this document, GSIs are given nearly unlimited freedom as teachers with few
constraints on how they must lead their classes. This means that there is no central leader
dictating how teaching must be carried out. Henry and the other GSIs continually negotiate the
control they have to make their own decisions about teaching (being “let free”) with fitting into
the implicit and explicit expectations for their work as GSIs (“drinking the Kool-Aid”).
It is more straightforward to observe how the system of GSIs is adaptive: as new GSIs
enter the program each year and later-year GSIs move on, the system’s structure shifts to
accommodate the changes. Offices are reassigned, course assignments are redistributed, the
network of connections between GSIs adapts as the incoming members interact with remaining
GSIs, and GSIs continue to teach. Each individual GSI is also adaptive in that they are able to
continue their work amidst these structural changes. In this way, the GSI system is consistently
adapting to structural changes.
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A complex system is also in a constant state of disequilibrium, meaning that it must
“continuously respond to a diversity of circumstances that do not allow it to exist in a steady
state” (Davis & Sumara, 2001, p. 92). While some aspects of GSIs’ work as teachers stays
consistent, others change each term. When the new term begins, GSIs are given a potentiallynew-to-them teaching assignment, and they are introduced to a new group of students who are
enrolled in the course they are teaching. As Andrew, a first-year GSI, explains, “You have to
teach a little differently to each body of students, that’s for sure.” Additionally, term-to-term,
GSIs may alternate between the teaching roles of instructor of record, teaching assistant, and
grader. Each of these roles brings with it a different set of expectations and duties. All in all, the
circumstances of GSIs’ work as teachers are diverse and shift regularly.
GSIs’ work as graduate students also changes throughout their graduate programs. GSIs
are expected to make progress toward their degrees, and so their work as a student is constantly
shifting. Early-year GSIs focus on coursework and passing qualifying exams, while later-year
students transition to conducting research and planning for their future careers. George reflects
on his experience as a graduate student over the last six years:
George:

The program itself is kind of a series of crises. Like, okay your
first year is your first year, and that’s a crisis. Your second year,
you’re getting ready to take the qualifying exams, and that’s a huge
crisis. Your third year, you’re either panicked cause you failed
them and you have one more chance, or you’re trying to find an
advisor and you’re scrabbling for that. Then you get an advisor and
it’s like, “Oh shit, what am I gonna do?” And then it’s, “Okay, I’ve
decided what I’m going to do, and I have an oral exam.” And then
it’s, “Okay, I need to write a dissertation.”

As George describes, there is always a new crisis awaiting as a graduate student. While these
crises shift each year, the work of GSIs as students also changes from term to term. GSIs are
enroll in new courses, and their workload likely shifts with the change in their coursework.
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Furthermore, the demands GSIs experience as students impacts their work as teachers, and vice
versa. For example, when GSIs have exams to study for or homework to complete, they might
have less time and energy to spend preparing to teach. Alternatively, during weeks where GSIs
are administering exams to their students, their available time for their own coursework might
decrease as they have to dedicate hours to preparing and grading the exam. GSIs have to balance
their dual roles as both student and teacher, and the context of these roles is constantly shifting.
Because of this, the GSI system exists in a perpetual state of disequilibrium.
In summary, the system of GSIs has agents with a common purpose and adequate
redundancy to allow for interaction between them, and the system is both self-organizing and
adaptable to structural changes. Additionally, the context of GSIs’ dual roles as both teachers and
students means that the system exists in a state of disequilibrium. Therefore, I conclude that the
GSI system is a complex one. Considering the GSIs as part of a complex system is central to my
purpose in conducting this research and is directly tied to the first research question, “What can
we learn from viewing GSIs as a complex system?” Thus, for the remainder of this document I
am viewing GSIs as a system that is complex. From this point onward, any time I reference “the
GSI system,” this is intended to be synonymous with “the GSI complex system.”
4.2 The Nested Organization of the GSI System
Although the current study is designed to focus specifically on the GSI system, it is also
important to consider the other complex systems GSIs belong to that influence their work as
teachers. As Davis and Simmt (2006) suggest, and as is the case here, complex systems are
situated within other complex systems: “Complex forms are often nested, with many
intermediate layers of organization, any of which might be properly identified as complex and all
of which influence (both enabling and constraining) one another.” (p. 296) Unfortunately, but
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perhaps unsurprisingly, it is difficult to neatly separate a complex system from the others
systems it is involved in. Davis and Simmt (2006) go on to describe that because “the boundaries
of complex systems are difficult to determine, it is impossible to draw tidy lines between these
organizational layers – although, pragmatically speaking, they can be distinguished according to
the paces of their evolutions and the sizes of the populations involved” (p. 296). I follow this
advice and classify the systems GSIs are involved in by the time it takes them to change and the
number of agents in them.
Consider the following statement about the GSIs in the current study: GSIs teach collegelevel Mathematics courses in the Department at the University. This statement references
multiple complex systems: the Department the GSIs are a part of, the University that houses the
Department, and the Mathematics classes the GSIs teach, which are college-level and thus situate
all of these systems within the context of Higher Education. From this, I distinguish five nested
complex systems: the Classroom system, the GSI system, the Department system, the University
system, and the Higher Education system. These five systems are illustrated in Figure 4.1.

Figure 4.1 Five Nested Systems
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The systems are organized both by their population size and by the rate at which they
change. An individual classroom system that a GSI interacts with has the fewest number of
agents, while Higher Education includes all of the systems nested within it and thus has the most
members. Further, a classroom can change from one day to the next: as I explore in more detail
in the final section of this chapter, the Classroom system often sees change happen quickly when
GSIs adjust the course material or the instructional activities after getting feedback about their
students’ motivation or current level of understanding. Meanwhile, Higher Education takes much
longer to evolve. For example, it has taken decades for the status quo in post-secondary
mathematics teaching to shift from teacher-centered to student-centered, and this change is still
in progress (Saxe & Braddy, 2015). Classroom systems and the GSI system deal with small-scale
and localized change, while the University and Higher Education systems’ evolution is more
global, affecting a larger population.
As I detailed in the introduction to this chapter, the scope of the current study is focused
to the GSI system and how its members – and consequently the system – learn about teaching.
Thus, to maintain this focus, I am choosing to report results only about the GSI system and the
two systems neighboring it: the Department system and the Classroom system. Figure 4.2
represents these systems and their time-frame for evolution. Specifically, I posit that while
Higher Education takes decades to change, the Department may only require years to evolve.
I am only considering the interactions with the Department and the Classroom systems
for two reasons. First, one of my research questions asks how the five necessary conditions for a
system that learns are present in the GSI system, and so I created my interview questions to
target the GSIs’ experiences as teachers in that system, not between systems. The interactions
between the GSIs and the University, for example, were not emphasized in the interviews and
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thus do not frequently show up in the data. Second, despite my focus on the GSI system and the
interactions within it, the GSIs often discuss the members of the Department they interact with
and how they engage with the students in their Classroom systems. To not incorporate the
Department and the Classroom systems into a discussion of my results would be to ignore a
sizeable portion of the data. Further, the information shared by the GSIs in the interviews about
the Classroom and the Department systems provides valuable context for their work as teachers.

Figure 4.2 Three Nested Systems
The Classroom, GSI, and Department systems present in the current study are similar to
the structure that typically exists at large, research-oriented universities with doctoral programs
in Mathematics. Professors, instructors, staff, and administrators are all agents in the Department
system. The students, both graduate and undergraduate, enrolled in courses in the Department
can also be considered as members. The current study focuses specifically on the graduate
students who are employed as instructors by the Department, namely the GSIs, and these GSIs
can be considered as their own system. Furthermore, each term the GSIs are given a teaching
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assignment as either an instructor of record, a teaching assistant, or a grader. In these roles, each
GSI has a Classroom system they become a part of. Consequently, there are always many
Classroom systems present and nested within the GSI system. This information is summarized in
Figure 4.3.

Figure 4.3 Detailing the Department, GSI, and Course Systems
I am classifying the members of a Classroom system to be the GSI and the students
enrolled in the class. When a GSI is an instructor of record, this distinction is straightforward
because the GSI and their students are the primary actors involved on a day-to-day basis for
teaching. However, when GSIs are teaching assistants or graders, they report to the instructor of
record for the course as their supervisor, and so this person has a role in GSIs’ teaching. Even so,
because the instructor of record is typically not present when GSIs interact with their students,
such as during class time, office hours, or in e-mails, I choose to exclude them from the
Classroom system. Instead, when a GSI is a grader or a teaching assistant, I consider the
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instructor of record they are supervised by to belong to the Department system. Thus, in all
cases, the Classroom system includes an individual GSI and their students.
To simplify the language I use in presenting the rest of my results, any time I refer to the
Department, I mean to include only the members of the Department system who are not in the
GSI or Classroom systems. That is, when I say “the Department,” I am referring to the staff,
administrators, professors, and (non-graduate student) instructors who are members of the
Department.
4.2.1 The Department System: Responsibilities and Expectations, Explicit to Implicit
GSIs have various responsibilities and expectations in their roles as instructors, teaching
assistants, or graders. These responsibilities are presented both explicitly and implicitly from the
Department system to the GSI system. Explicit expectations are communicated through teaching
assignments and written materials from the Department while other expectations are implied,
such as the responsibilities of an instructor of record or what role teaching plays in the life of a
graduate student. GSIs’ work as teachers is shaped by the explicit and implicit guidelines
provided by the Department.
The Department is clearest about expectations when it assigns teaching duties. In
particular, the Department gives each GSI a specific teaching assignment each term, such as
“Teach a section of Pre-Calculus,” “Lead weekly discussion sessions for Business Calculus as a
Teaching Assistant,” or “Grade for the Graduate Algebra class.” Further, in the cases where GSIs
are assigned to be instructors of record, the Department maintains a standard syllabus for most
classes. The standard syllabus includes the Department-designated course outcomes and a list of
topics to be covered. Some courses have more detailed syllabi that have been updated and
expanded by faculty. These updated syllabi might include a course calendar with pacing
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guidelines, a recommended order of content, or commentary about topics that students typically
struggle with. George explains this in detail:
George:

It depends on who wrote the syllabus. Sometimes it’s just like, an
estimate of like which sections will be covered in which week. But
if, for example, [Professor] wrote the syllabus, he will have a
bunch of like, “It seems like they get confused about this. You
should probably do this before you do that. Here are some pitfalls,”
but that’s above and beyond. The average syllabus is kind of like,
“Here is the book, here are the sections, good luck.”
And I mean, you don’t have to do that, either. It’s nice out of the
box to be like, “Okay, the last person that taught this thought they
could get through this material on this timeframe” and go from
there. But, you have some freedom.

Thus, the explicitness of expectations for course content varies and is dependent upon what is
included in the syllabus provided by the Department. Although the Department-provided syllabi
sometimes include guidelines for teaching, he syllabus acts more as a starting point for course
planning rather than a set of rules to be followed or enforced. I elaborate on the Department’s
suggestions for teaching as communicated in the syllabi they provide in 5.1.1 Tim as a Central
Authority for Teaching.
The Department also has a handbook that outlines explicit expectations for GSIs. The
handbook focuses on policies and procedures, such as what to do if you are sick and need a
teaching substitute, when it is appropriate to award an Incomplete grade, and how to follow
FERPA (the Family Educational Rights and Privacy Act) when communicating with students.
Although the handbook is easily accessible online, GSIs mention being unfamiliar with its
specific contents; as Jack explains, “There’s a handbook that describes all of our, like, actual
responsibilities in legalese. I don’t think I’ve actually read that? We’ve talked about things that
are in it.” When he says “we” here, Jack is referring to multiple meetings led by members of the
Department that he has attended with other GSIs. Specifically, the Department holds a meeting at
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the beginning of each academic year to explain and remind GSIs of the guidelines for teaching
outlined in the handbook, and these ideas are reiterated to incoming GSIs during their first-term
teaching seminar.
Even in cases where the handbook is specific, such as with how many office hours to
hold, the policies are not always common knowledge. George, a sixth-year GSI, encountered this
during one of the group interviews: “Weirdly, I thought I was required three office hours a week
not four, but I do have office hours four days a week, so I’m in the clear. I thought I was going
above and beyond, but I guess not!” Simply because the handbook provides explicit expectations
for teaching does not guarantee that GSIs are aware of them.
The GSIs also identify that the handbook does not explain their specific responsibilities
as a teacher. Instead, the handbook is more useful for “common sense things” and the “practical
requirements” for teaching:
Tyler:

I will say, for me, I think the responsibilities aren’t that clearly laid
out? It’s more sort of common sense things. Like, you’re the
instructor, you should kind of know what you’re responsible for. I
think that handbook mainly says you’re supposed to spend roughly
this many hours this week and have x amount of office hours, stuff
like that. I don’t know that it really goes super in depth on like
what your specific responsibilities are. I think that’s a lot up to
interpretation.

Andrew:

I think that you [to Tyler] just pretty much nailed it for me too. The
book more like basically says, “teach the course,” and offers a few
little practical requirements like you should have four office hours
and you should show up on time, those kind of things. But, I think
it purposefully leaves a little bit of room for interpretation.

As Tyler and Andrew explain, GSIs’ sense of their responsibilities as a teacher is informed by
other influences rather than what is explicitly communicated through the teaching handbook.
When GSIs have a teaching question related to policies and procedures, they will often
go to a specific Department member named Tim for guidance rather than the handbook. To
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briefly introduce Tim, Tim is a faculty member in the Department who facilitates a week of
training for incoming GSIs to prepare them for teaching and leads a seminar on teaching
throughout GSIs’ first term. Moreover, Tim informally serves as a teaching advisor for GSIs. As
I continue to discuss throughout this section and again in 5.1 Decentralized Control, most of the
GSIs’ interactions with the Department system occur through Tim.
Additional explicit and implicit expectations from the Department become evident when
teaching-related issues arise. This occurs in two ways. First, GSIs reach out to Tim when they
are looking for explicit recommendations about what actions to take. When Jack had a student
cheat on his final exam, he talked with Tim multiple times to determine the best course of action.
As a sixth-year GSI, Henry speaks to Tim less frequently but still asks him questions in
particular cases: “I would say about once a year, I’ll like go talk to [Tim] about a particular
student that is causing a particular issue where I really just don’t know [what to do].” Tyler
confirms, “If it’s something where everyone’s kind of like, ‘Yeah, I don’t really know, like that’s
kind of an oddball situation,’ that’ll be the point where I’ll go to [Tim] and ask him.”
When Tim responds to GSIs’ questions about teaching, he often provides guidance that is
complementary to the procedures outlined in the handbook. For example, when Jack was
concerned about a student cheating, he likely could have found similar information by reading
the handbook section on handling academic dishonesty. However, he went to Tim for individual
support. By sharing his advice for action as a member of the Department system, Tim is
explicitly communicating the Department’s expectations for how to act in situations of academic
dishonesty. The same is true whenever a GSI asks Tim for support about a teaching-related issue.
Tim has other influence when it comes to GSI’s teaching, such as with the GSI’s pedagogical
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choices and the course materials they use, but I leave this discussion 5.1.2 Opportunities for
Shared Meaning-Making.
Second, a GSI may not know that they are falling short of the Department’s expectations
for teaching. In these cases, the Department intervenes when they have been alerted to the
concern. For example, the GSIs mention that the Department occasionally sends out mass emails containing reminders pointed to specific expectations about teaching. As Jack recalls:
Jack:

I have a feeling that there are some rogue [GSIs] who are teaching
classes in ways very independently from the way the department
wants you to teach it. There have been a couple of e-mails along
those lines that have kind of told me the expectations for the
department in a little bit stronger terms perhaps than what I’d
already seen.

Nancy also mentions this type of e-mail, explaining that it the messages are one of the only ways
she hears from the Department: “There was that one e-mail at the start of this term which was
‘Don’t go way off book,’ but other than that, [I don’t hear] a ton from the department anymore.”
Although the e-mails Jack and Nancy are describing provide explicit expectations, the
Department also occasionally sends e-mails that communicate more implicit expectations. Nancy
describes how the Department sent a message asking GSIs to identify which of their students
were struggling in the class and would benefit from additional resources. As Nancy explains, the
Department was not transparent about why they were asking for this information: “They didn’t
communicate very well what it was for, and so I recognized it as something pertaining to, like
this is how we pinpoint our most at-risk students.” Nancy interpreted the e-mail as the
Department expressing an implicit expectation that GSIs take actions to support their students’
success.
GSIs become aware of other implicit expectations when the Department reaches out to
them individually about teaching concerns. When Andrew showed up late multiple times to one
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of his graduate courses, the professor of the class confronted him about his tardiness. Andrew
explained that he was preparing his lecture notes for teaching later that day and needed to finish
before he came to class. Andrew’s professor encouraged him to find a better balance of how he
divided his time between teaching and coursework so that he could be on time to class. From this
interaction, Andrew shifts his understanding of the Department’s expectations about teaching. As
he describes, “I thought I was supposed to teach well, but apparently that comes second.”
Further, Andrew experiences this expectation as being communicated implicitly: “I had spent the
effort in trying to be a good lecturer and preparing for them, and then I find out I’m actually sort
of being punished for it, implicitly.” In this interaction, Andrew interprets that the Department is
communicating that his coursework should take priority over teaching.
Oliver also faces a teaching-related issue that the Department becomes aware of. During
his second term, Oliver teaches his course as a flipped classroom. As Oliver puts it, the students
“hated it.” The Department is alerted to Oliver’s teaching when one of Oliver’s students
complained to the Provost and then to the Department Chair. Oliver explains the chain of events:
Oliver:

I had a student complain about my teaching to the Provost. And
then a few weeks later, they complained about my teaching to the
[head of the department]. In both cases, [the Department Chair]
was the one who contacted me, because the provost isn’t going to
contact me directly. When I went in and talked to him about it, it
was like, really good, like the department’s very supportive.

Although Oliver is previously aware that the flipped model was not being well-received by some
of his students, the individual student’s complaints and subsequent conversations with the
Department means Oliver had to confront the concern. In particular, Oliver explains his current
method of course organization and day-to-day teaching to the Department, and they are
supportive of his choices. Further, the Department Chair was empathetic with Oliver about the
emotional challenges of having a student complain about his teaching. Through reaching out to
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Oliver when his student complained and being accepting of his current teaching plan, Oliver
understands the Department as having the implicit expectation that GSIs’ teaching is acceptable
as is and without adjustment.
Overall, interacting with the Department through the Department Chair led Oliver to
believe that the Department is “very supportive” about teaching-related concerns. Further, Oliver
believes that the Department’s priorities when it comes to teaching are addressing problems as
they arise and being available for questions, rather than sending out proactive communication
about teaching. As Oliver concludes, “I feel like the department’s pretty – I guess there’s not a
whole lot of stuff going out about teaching on a regular basis, but I feel like there is support if
you need it.”
Through their communication with GSIs, the Department shares both implicit and
explicit expectations for teaching. Teaching assignments and the handbook for teaching are the
most explicit way the Department gives GSIs responsibilities. Tim reaffirms the Department’s
expectations when he interacts with GSIs about their teaching concerns. Other Departmental
expectations are implicitly communicated via e-mails to the GSIs and when a member of the
Department speaks directly to a GSI about teaching. I will revisit the Department’s expectations
for teaching in 5.1 Decentralized Control when I argue that explicit expectations point to
instances of control being centralized while implicit expectations are often the result of
decentralized control.
4.2.2 The Classroom System: Supporting Student Motivation and Learning
While the Department implicitly and explicitly communicates their expectations for
teaching to the GSIs, the students in GSIs’ Classroom systems can also influence how they teach.
In this section, I describe how some GSIs prioritize providing motivation for their students, and I
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also illustrate ways in which GSIs use students’ mathematical work to inform their future
lessons. I conclude with a counterexample of a GSI who views these efforts as outside of their
responsibilities as a teacher before transitioning to Chapter 5.
GSIs often make decisions about teaching with their students’ interests and motivations
in mind. In particular, creating a positive experience for students is a priority for some GSIs. For
example, George emphasizes the importance of relatability in his teaching:
Interviewer:

What is most important to you about your teaching?

George:

I think probably relatability. I want students to see me as someone
who used to be a student and like a human, and that there’s nothing
superhuman about doing mathematics. I want them to be able to
visualize themselves in my position in terms of knowing how this
thing works and trying to explain it.
So, I try to be transparent about, “You know, I feel like I’m doing
a bad job of explaining this” if I’m doing a bad job at explaining
something, or, “I thought this was confusing too the first time,”
just that kind of thing. Rather than, if we’re struggling collectively
with the material, I don’t want them to have the impression that
they’re struggling and I’m not. It’s a communal thing.

To connect with his students’ struggles, George shares his own struggles as a teacher. George
chooses to share in this way because it shows his students that they are working together to learn
rather than being in opposition. In another instance, George explains how he decides to make
solution sets for his students even though he had originally planned not to. The shift in plans
happens because George’s students request the solutions:
George:

I had planned to make like fewer worksheets and not write up
solutions to things. Just cause it’s time consuming. […] Once
you’ve done it once, there’s always somebody that’s like, “Oh,
you’re going to write solutions to this?” and if they ask that I’m
like, “Yes, okay” cause I feel bad saying no to that, cause I’m still
excited that they want that. So, I did more of that than I planned to.

89
George is happy his students are asking for solution sets, so he creates them even though they are
time-consuming to make. George does this for his students’ benefit as members of the Classroom
system, not because it is something he wants to do independently. That is, when making
decisions about teaching, George often uses data he gathers from his Classroom system to
consider how he can support his students and improve their experience in the course.
Nancy similarly adjusts her teaching to improve her students’ affect. Nancy has
previously used instant feedback clickers during her lectures, but she also starts giving the
students a clicker prompt partway through their in-class worksheets. She explains her reasoning:
Nancy:

I like [clicker questions during worksheets] because it saves me
from having to grade their worksheets that they do in class, but it
also gives them incentive to do them correctly. It gives them some
motivation – they get extra credit for doing it all right, and that
makes them happy and it’s very easy for me to set it up to do that
for me. […] I like it for the fact that it does give me a way to gauge
what my students as a whole understand before the quiz. And then
it also gives them like that extra little boost of motivation to show
up and do something.

As Nancy explains, she has chosen to implement her clicker questions in a way that gives her
students an “extra little boost of motivation” and that “makes them happy.” This change is
specific to supporting the students within the Classroom system. However, it is worth noting that
Nancy uses clicker questions for more than just improving student affect: students’ responses to
the prompts also give her a means of assessing the students’ current understanding. Nancy also
mentions that the clicker questions save her time because it means she does not have to grade the
worksheets. GSIs often make teaching decisions based on efficiency, but I save this discussion
for 5.2 Enabling Constraints when I explore how GSIs’ time management impacts their teaching.
Lastly, Henry also tailors his teaching to improve his students’ experience in the
Classroom system. When he can, Henry selects content that matches what his students are
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interested in. He explains, “The more control I have over the order of the material they’re
learning, I try to be really responsive to what they seem to be the most interested in. […] I try to
make sure that they are both having their interests satisfied but also making sure they are filling
their blind spots.” Henry wants to keep his students interested in the course material, and so he
combines this with his own understanding of what students need to learn to tailor the course
content to best fit his particular group of students. That is, Henry uses information from the
students in his Classroom system to help him decide what content to cover in the course. Henry,
Nancy, and George make teaching decisions that they believe will support their students’
motivation, interest, and happiness as members of the Classroom system.
GSIs also make teaching decisions based on feedback they get from student work. When
GSIs grade students’ quizzes or homework, they observe what concepts students are
understanding and what topics they are struggling with. This information then influences GSIs’
upcoming teaching. For instance, Henry not only adapts his course material to fit student
interests, but he also adjusts his focus when he sees common student errors on homework:
Henry:

What they write on their homework will sometimes change the
entire next week. I’ll see like, oh these people are having a hard
time understanding how to quantify their variables before they
start, and these people are having a hard time figuring out how to
set up what their assumptions are, so I’m going to change my
material to give them problems that better sets up how that works.

With the intention of improving the students’ understanding of the course content, Henry uses
his students completed homework to help him select material to reinforce in his future lessons.
Here, the input that changes his teaching comes from the Classroom system rather than from the
GSI system or the Department system.
Tyler and Jack, two first-year GSIs, also use students’ mathematical work to inform how
they will teach. For Tyler, seeing students’ homework and quizzes help him identify areas he
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wants to spend more time discussing. As he notices, “Some concepts I might go over a little too
quickly, and then I don’t realize until maybe they do the homework or I give them a quiz on it.
And then, sometimes I have to go back and kind of reexplain things to make sure that it’s a little
more fleshed out.” For Jack, poor scores on assessments indicate that he needs to adjust his
lesson plans. He recalls a quiz that particularly highlighted that students in his Classroom system
were struggling with the content:
Jack:

[I got] back a horrendous quiz that I created and completely
revamped my lesson plan for today in order to account for the fact
that well, I’m giving a test on Friday, and my students have no clue
what I’m even asking with this particular question. I should
probably talk about this question a little bit more. And so I
redesigned the lesson plan and said, “We’re going to spend a lot of
time talking about this problem, why it works, why you need to do
the things you need to do in order to solve it, and what solutions
generally should look like.”
Because it was definitely clear based on the quiz and the fact that
most students, like, just didn’t write down more than copying
down the statement of the problem that I needed to spend more
time on that. So I think it was a feedback thing where I saw my
students definitely not getting it and said, “I think I need to make
some changes right now.”

After seeing his students’ struggle to be successful on the assessment he created, Jack promptly
changes his lesson plan to focus on helping students better understand the concepts from the
quiz. Further, Jack wants to see his students do well on the upcoming test, and so he prioritizes
reviewing this material instead of going ahead with the lesson he originally had planned. That is,
Jack adjusts his teaching based on his observations of students within his Classroom system. All
in all, Jack, Tyler, and Henry want to see their students be successful with the course material as
members of the Classroom system, and so they review students’ mathematical work to identify
what material to emphasize in the future.
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As I have described thus far in this subsection, GSIs often make teaching decisions that
they believe will improve their students’ motivation and interest, and they adapt their upcoming
lesson plans to spend more time on material that they see students struggling with. In this way,
information GSIs gather as part of their Classroom systems influences changes in their teaching.
However, Andrew is a notable exception to these behaviors in that he does not adjust his
teaching as a result of feedback he gets as part of his Classroom system. In particular, Andrew
believes that student affect is not an indicator of good teaching. As he explains, “I think happy
students are a poor metric.” Instead, what is important to Andrew is that he meets his baseline
standard for quality teaching. To Andrew, this means that he presents the material in a timely
fashion and that he is able to answer any and all student questions:
Andrew:

Most important about my teaching – I think really honestly, it’s
just making sure that I hold my teaching at least to a standard that I
could stand by. So, if the students didn’t enjoy the teaching, that’s
one thing. But if I felt I delivered the content, all the content, and I
delivered it all in a reasonable timeframe and in a reasonable
manner and answered all the questions to the best of my ability, to
a reasonably good level of ability, that was it.

Andrew is clear that his own perspective and standards for quality influence his teaching, not the
experiences of the students in his Classroom system.
When Andrew enters graduate school, he is uncertain if teaching will be a good fit for
him as a career. A difficulty for Andrew is that he would prefer to teach students who are already
motivated to learn mathematics. He ponders, “Am I going to be satisfied knowing that part of my
job is going to be providing motivation to people when ideally this is something I already like
talking about and teaching? It’s, you know – I would rather just talk and teach it!” Throughout
the year, Andrew continues to struggle with how much time, if any, he should spend motivating
his students:
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Andrew:

There’s a kind of difficulty that I have? It’s like, where do you go
in providing motivation for your listeners, your students, so that
they will be motivated to follow along and learn? And where do
you just put purely your time and focus into just presenting the
material, you know? Because, I suppose in an optimal situation,
the students are completely motivated and there’s no need there,
and then you just provide all the material as best you can and all
you do is just answer questions and more content. So, where do
you go between trying to provide motivation and provide material?

Andrew questions his role as a teacher and if he wants part of his job to involve helping the
students in his Classroom system find the motivation to learn. Although Andrew discusses the
idea of spending class time to motivate his students, it unclear from the data if he ever adjusts his
teaching in order to do so. Ultimately, Andrew seems to sustain his belief that his primary
responsibility as a teacher is to present the content “in a reasonable timeframe and in a
reasonable manner.” As Andrew concludes, “You didn’t pay me to make you happy, that’s for
sure, not if I’m your algebra teacher.”
Overall, when deciding how to teach, GSIs consider their students’ experiences as
members of their Classroom systems. While Andrew is an exception, GSIs often make teaching
decisions based both on their understanding of their students’ interests and motivations and
based on their observations of students as learners of mathematics. That is, the Classroom
systems influence how GSIs decide to teach.
Looking ahead, in Chapter 5 I transition to the results that focus primarily on the GSI
system. In particular, I explore how GSIs experience the five necessary conditions for a complex
system to learn. As a reminder, I have intentionally kept my focus narrowed to the GSI system
because the research questions for the current study are specific to GSIs as a complex system.
That is, I am interested in how the GSIs learn to teach as members of a system alongside their
peers, and so throughout the study design I have prioritized their interactions within the GSI
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system. However, the GSIs often discuss how the Department and the Classroom systems impact
their experiences as teachers. Thus, throughout Chapter 5, I include the influence of the
neighboring systems whenever it is relevant to GSIs’ learning about teaching. I return to a
discussion about the Classroom and the Department systems in Chapter 6 when I review the
nested nature of the systems and discuss how future work may benefit from paying additional
attention to the interactions across system boundaries.
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5. Five Necessary Conditions for a Learning System
In this chapter, I explore how each of the five necessary conditions are present in the GSI
system. First, in 5.1 Decentralized Control I examine the instances of centralized control and
discuss the absence of collective decisions for teaching in the GSI system. Then, I consider the
intersections between Decentralized Control and both Enabling Constraints and Neighbor
Interactions. I elaborate on the constraints GSIs experience for their teaching in 5.2 Enabling
Constraints, focusing on how GSIs manage their time between coursework and teaching.
Additionally, I address the impact of new or repeated teaching assignments and how they
contribute to the system’s diversity and redundancy.
Third, in 5.3 Internal Diversity, I consider instances of GSIs’ common experiences
leading to diverse perspectives. I also discuss how the GSIs often highlight commonalities
among GSIs’ teaching when they are asked to identify ways their instruction is unique. For 5.4
Internal Redundancy, I present two examples of how GSIs rely on the redundancy in the system.
The remainder of the results about Internal Diversity and Internal Redundancy occur at the
intersection with Necessary Conditions, so I dedicate time to unpacking their overlapping
relationships in the final section.
Chapter 5 concludes with 5.5 Neighbor Interactions. Here, I describe the “neighbors” at
play and how they interact in the system. In particular, I detail how graduate coursework, sharing
common complains, and asking for help from other GSIs conversations are sources for neighbor
interactions. I also explain how these neighbor interactions either reinforce the redundancy of the
system or rely on the existing diversity.
Before continuing, I want to acknowledge a limitation of using the five necessary
conditions as categories for organizing my findings: because the necessary conditions are
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inherently interwoven, it is difficult to identify and separate aspects the data that are related to
only one necessary condition. Often, two or three necessary conditions provide useful vocabulary
for describing the GSIs’ experiences. Thus, I spend time in each section discussing the
overlapping components of the necessary conditions that I believe deserve attention.
Additionally, I am intentional about identifying when I am leaving a topic for a later
discussion because it best fits in a different section or subsection. Despite the challenges in
separating the necessary conditions, there are also meaningful instances worthy of discussion
where only one necessary condition is present. Therefore, rather than using a different
organizational strategy, I believe that considering the necessary conditions in their own sections is
the best way to fully explore how each condition is present. To help remind the reader of the
relationships between the necessary conditions, I have included figures at the beginning of each
subsection that shows the current progress through the overlapping diagram of results (Figure
3.5). Each figure is an expansion of the one that came before it, indicating how the upcoming
results relate to the results that have been already presented.
5.1 Decentralized Control

Figure 5.1 Progress through the Necessary Conditions, Section 5.1
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Decentralized Control is the necessary condition for ensuring the self-regulated quality of
a complex system. In instances of decentralized control, there is no central authority responsible
for decision-making about teaching. As Davis & Sumara (2006) explain, decentralized control
means that “a person should never strive to position [themselves] as the final authority on
matters of appropriate or correct action. Structures can and should be in place to allow [agents in
the system] to participate in these decisions” (p. 145). Thus, the GSI system, decentralized
control would mean that GSIs are given opportunities to determine a common mission for
teaching and collaboratively establish guiding principles. In order for collective understandings
to emerge as part of decentralized control, it is necessary to have both constraints that enable
growth and neighbor interactions that allow for the sharing of diverse ideas. Without these
components, each GSI will be making decisions independently without input from other
members of the GSI system.
As I present in the remainder of this section, there is minimal evidence of decentralized
control where the GSIs are provided opportunities to develop common goals for their work as
teachers. Instead, the GSIs are making their decisions for teaching as independent actors rather
than as part of a system of collective action. First, I discuss how Tim is often positioned as the
central authority for teaching. Then, in 5.1.2 Opportunities for Shared Meaning-Making, I
describe the teaching seminar as an opportunity for decentralized control, and I explain how
enabling constraints and neighbor interactions contribute to making decentralized control
possible. I provide additional evidence of how Tim’s authority is reinforced when he observes
GSIs’ teaching in 5.1.3 Top-Down Communication. I conclude in 5.1.4 Freedom Without Limits
by exploring how, once the first-term seminar has finished and there are no longer constraints
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that enable collective decision-making, GSIs have teach as individuals with independent plans
rather than as members of a collective with common goals.
5.1.1 Tim as a Central Authority for Teaching

Figure 5.2 Progress through the Necessary Conditions, Section 5.1.1
GSIs often view Tim as their supervisor and as a central authority for teaching. As Tyler
summarizes, “I don’t know what to call him – like our boss, our head guy?” As the GSIs describe
together:
Tyler:

So [Tim] is like our, I guess, advisor.

Jack:

Supervisor.

Tyler:

Supervisor, yeah.

Interviewer:

Supervisor of just all the grad students?

George:

Of all the teaching.

Tyler:

All of the teaching, specifically for first years.

While Tim does not hold any formal position as the GSIs’ advisor for teaching, his role in GSIs’
work as teachers informally positions him as their supervisor. This perspective of Tim as an
authority for teaching begins in GSIs’ first year: GSIs attend a weekly teaching seminar
facilitated by Tim during their first term, and Tim also conducts a teaching observation of each
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first-year GSI later in Winter term. While Tim provides some opportunities for decentralized
control as part of the teaching seminar, he maintains centralized control during his observations
of GSIs’ teaching. I discuss the teaching seminar in 5.1.2 Opportunities for Shared MeaningMaking. Then, in 5.1.3 Top-Down Communication, I explore how the neighbor interactions that
occur as part of the first-year GSIs teaching observations reinforce the perception of Tim as a
teaching authority.
Tim’s role in choosing the GSIs’ assignments for teaching also contributes to the GSIs’
perception of Tim as a central authority for teaching. Although GSIs are able to provide
preferences for what type of assignment they would like (i.e. instructor of record, grader, or
teaching assistant) and specify which classes they are interested or uninterested in teaching, the
GSIs understand that they are not guaranteed to have their requests fulfilled. That is, GSIs are not
invited to be part of the process of making decisions for what teaching experiences would be best
for them and their learning about teaching. Instead, the control for selecting teaching
assignments is centralized to Tim. Further, it is not entirely clear to the GSIs how Tim chooses
who is assigned what course. For example, George describes the process as a bit of a mystery:
Interviewer:

You can choose any of those teaching assignments?

George:

Choose is a strong word. You can request any of those
assignments. And then, it’s a little – it’s not fully transparent, like
[Tim] has a crystal ball that he looks in that tells him who gets
what based on those requests. I think he tries to accommodate
people, but he is also trying to put people doing a good job
teaching in teaching positions and shuffle people around a little bit.

Interviewer:

Okay.

George:

I don’t really know what he’s up to.

Here, George mentions that Tim is making decisions about teaching assignments based on his
interpretation of GSIs’ needs for teaching rather than bringing the GSIs in to be part of the
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process. GSIs have limited control over what they are assigned to teach aside from making
requests and hoping that Tim honors them.
Tim can also decide to give a GSI two teaching assignments for a single term and then
assign them no teaching in a later term. The GSIs refer to this as “doubling up” on teaching
assignments. For example, Henry requests to double up in Fall term as a way to give him more
time for research in Winter. However, as Nancy illustrates in her response below, Henry is only
allowed to double up because Tim fulfills his request:
Henry:

I’m teaching a full class, and grading for a class, and I’m helping
do the office hours and the help sessions for a third class.

Nancy:

And they let you do that?

Henry:

Yeah. So, and I mean, my goal is to – we can double up on terms.

Nancy:

Oh, you’re doubling up.

Henry:

And so I’m taking a double term now so that next term I can really
focus on research.

Tim is responsible for determining the GSIs’ course assignments and thus has the authority over
whether or not Henry is able to double up. In this way, Henry can make a request for his teaching
assignment, but he has no control over what he is ultimately assigned. This decision is made by
Tim. By giving Tim the decision-making power, the control is explicitly situated in the
Department system rather than being distributed or shared within the GSI system. Thus, there are
currently no opportunities for decentralized control when it comes to GSIs’ assignments for
teaching.
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5.1.2 Opportunities for Shared Meaning-Making: Decentralized Control, Enabling Constraints,
and Neighbor Interactions

Figure 5.3 Progress through the Necessary Conditions, Section 5.1.2
The only instance of decentralized control in the data happens during GSIs’ first year
teaching seminar. Moreover, the neighbor interactions and enabling constraints that occur in the
seminar contribute to the decentralized control that is present. Therefore, after I describe the
context of teaching seminar, I explore how the neighbor interactions and enabling constraints
facilitate collective meaning-making among the GSIs and how this prompts the GSIs to expand
their possibilities for teaching. Then, in the following two sections, I examine how neighbor
interactions and enabling constraints contribute to the absence of opportunities for decentralized
control once the teaching seminar has finished. Specifically, in 5.1.3 Top-Down Communication,
I explain how neighbor interactions between Tim and the GSI system do not allow for
decentralized control to occur, and in 5.1.4 Freedom without Limits, I investigate how there are
no constraints present after GSIs’ first term that enable them to come together in collective
decision-making.
First-year GSIs attend a weekly teaching seminar during their first term of teaching. This
seminar is facilitated by Tim and is a dedicated time for new GSIs to talk about teaching. All
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incoming GSIs are given the same teaching assignment in Fall term, namely teaching a section of
pre-calculus as the instructor of record, and so the seminar offers specific advice about teaching
pre-calculus. In the seminar, Tim represents the Department system, but rather than maintain his
status of an authority for teaching, he works to distribute control in the GSI system. Tim
accomplishes this by providing constraints for GSIs teaching and promoting neighbor
interactions within the first-year GSIs in the GSI system.
All first-year GSIs are instructors of record for pre-calculus, and historically, Tim has
been heavily involved in creating curriculum for this class – in fact, Tim authored the textbook
that is used in the Department for the pre-calculus course. During the teaching seminar, Tim is
clear that he would like the GSIs to follow how the textbook presents and orders the content. The
first-year GSIs understand that the Department expects them to follow Tim’s lead, and so they
have less freedom in their teaching during their first term. Tyler describes Tim’s guidelines for
their teaching: “Tim wants us to sort of stick to the layout of the book. And then after this term,
once we have one term of teaching under our belt, then we have a bit more freedom to explore a
bit.”
As part of placing boundaries on their possibilities for teaching by asking the GSIs to
follow the structure of the textbook, Tim also offers teaching materials that the GSIs can use so
they do not have to create their own. The materials Tim provides include a detailed syllabus with
a weekly schedule, guided lecture notes that include the content to be presented to the class and
exercises to give students time to work on, online homework assignments with problems already
selected, and sample exams and quizzes. Jack explains his interpretation of why Tim shares these
documents:
Jack:

[Tim] provided us with a lot of materials as well: some lecture
guides, some kind of example exams, example quizzes, just like
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example problems that you can do in class and whatnot. I think,
you know, it’s set up so that you don’t need to be innovative in
your first term as you’re kind of figuring all of this out. You can
just kind of take as much material from [Tim] as you need and
kind of get through it that way if that’s what you need.
Jack understands that the materials are intended to help him and other GSIs be successful during
their first term of teaching as they are “figuring all of this out.” Jack also emphasizes that the
GSIs can choose how heavily they rely on the materials in that they can take as much as they
need. In this way, the first-year GSIs are given some constraints for teaching, namely that they
need to teach pre-calculus and follow the textbook’s presentation of content, but they are also
allowed to decide how they will use Tim’s resources. This balance is enabling to the GSIs. In
particular, the GSIs find it enabling that they can take the materials and adapt them to fit how
they want to teach.
For Tyler, having lecture notes and homework assignments to adapt and implement
during his first term reduced his workload and enabled him to transition to making his own
materials:
Tyler:

One thing that was really good is they do, like we have a lot of
resources. So, we don’t, at least for the first term, we don’t really
have to plan every lecture meticulously. […] [Tim] gave us these
packets that he used for lectures in the past. I started off using
those, just because I had no idea what else to do at first, but then as
I went on, I just started looking in the book and writing my own
lecture notes and things like that. […] So overall, the workload
wasn’t too bad. It was definitely manageable.

Initially, Tyler did not know what to do and so he relied on Tim’s materials, but he started to
create his own once he knew more about how he wanted to teach. Tyler explains that when he
uses resources from Tim, he always makes modifications to fit how he wants to teach. Moreover,
Tyler sees having these resources as an asset for his teaching: “I like having other people’s
resources, it’s always a huge help, but then I always like to go through and make sure that it’s
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what I want to do in the classroom.” Tyler is able to further refine how he wants to teach by
looking at Tim’s materials and adapting them to fit what he is looking for.
For Nancy, it is also helpful that there are existing materials she can use and modify.
Nancy attributes to her ability to survive as a high school teacher to being able to use other
people’s teaching materials:
Nancy:

I think the ideal is where I can modify somebody else’s materials,
and when I have the ability to make a modification without it
taking a year, that’s always good. […] I survived my entire first
two years teaching high school by stealing people’s material and
modifying it to my own situation. So, I have no qualms about
taking other people’s material because I would not have been able
to like actually do my job if I hadn’t done that. Because I wasn’t
given any curriculum at all, like nothing. And so, I was just
constantly making stuff.

Additionally, Nancy finds it straightforward to adapt Tim’s resources to how she would like to
teach. She explains how she uses his lecture notes:
Nancy:

It was a huge help the first term to just like, I took his lecture notes
and I was like, I’m not a huge fan of some pieces of this, cause I
really just didn’t like how it jumped in to like relations for
functions, and I really wanted them to be thinking about them in a
different way, or something like that, but then like I, all I had to do
was modify that document and add something I like, remove
something I didn’t like, print it, copy it, and then the students have
this big like guide for them that they could work through.

Nancy also likes the notes because they provide a resource for her students to use. Next, Nancy
goes on to explain how having her modified version of Tim’s lecture notes supported her as a
teacher. Specifically, Tim’s materials both provided problems for her to work through in
preparation to teach and gave her something to rely on for days when she had less time to
prepare:
Nancy:

And then, I had a little form to follow while I was lecturing so
even if I didn’t have any time to actually go through and prepare, if
I went through those, I knew that I knew how to solve those
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problems. But, it was always nicer to be able to actually work
through them ahead of time so that I could think about like what do
I want to say when I’m doing this.
Nancy relies on Tim’s materials to keep her from having to create all of her own curriculum.
Tyler expresses a similar sentiment as he compares teaching a different course in Winter term to
teaching pre-calculus when he had resources from Tim:
Tyler:

I don’t have the same resources that I had when I was teaching
[pre-calculus]. Just because, you know, [Tim] gave us all of his
[pre-calculus] stuff, and so if there was ever a week where you’re
kind of stressed with your own work, you can fall back on that. I’m
finding that this term, I’m having to be more conscious about how
I prepare for class and things like that.

Tyler has to be more conscious about preparing for class when he does not have Tim’s resources
to rely on. In this way, having Tim’s materials is enabling for both Nancy and Tyler’s teaching
because it gives them a foundation to both fall back on and build from.
Not all GSIs find Tim’s resources to be as helpful for their teaching. Andrew does not
find the resources as enabling because it feels like too much work to make the modifications
necessary for him to feel confident with the materials:
Andrew:

You’re given a syllabus that you can work with and like
assignments that you can give for the first term, but you know
they’re kind of cookie-cutter. If your teaching style doesn’t quite
match those problems or you find there’s a mistake in those
problems – you have to look at all the problems anyway, so you
might as well just like make your own assignments.

Andrew wants the materials he teaches with to be more aligned to his teaching style, and
adapting Tim’s content is more work than it is worth. Andrew would rather make his own
materials than use Tim’s, and so having Tim’s resources is neither enabling or disabling for his
teaching. However, for both Nancy and Tyler, the existing materials act as a constraint that is
enabling for their growth as teachers.
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Tim also gives GSIs options for how they could implement active learning and other
instructional activities. In particular, Tim shares these ideas as suggestions rather than enforced
rules for teaching. Because of this, the GSIs can collaboratively decide what should be common
practice. For example, George recalls a readiness quiz that he was encouraged to give his
students during his first year as a GSI. Jack, a current first-year, clarifies that they still exist but
are presented as more of a suggestion from Tim than something that is regulated:
Interviewer:

I wonder if you could do a survey, though, at the beginning of the
term.

George:

They do that in [pre-calculus]. Or they did, back in the day.

Jack:

Not a survey, nope.

George:

Didn’t they have like a, entrance quiz?

Jack:

There are readiness quizzes that you can give?

George:

Readiness quiz! Yeah.

Jack:

But I don’t know if like – that’s not like a well-regulated thing.

George:

That was kind of de rigueur when I started, was just like – I mean
it wasn’t enforced because nothing is enforced, but the culture was
everyone gives this readiness quiz.

As George states here, specific instructional practices are not enforced by Tim or the Department
“because nothing is enforced.” However, George also illustrates that at some point in time, the
culture was for all GSIs to administer the readiness quiz. Thus, Tim’s suggestions through the
seminar have an impact on what the GSIs view as standard practice – or as George would say,
“de rigueur.”
Tim explicitly encourages active learning as an instructional practice GSIs could
implement, and this advice impacts how the GSIs in the seminar decides to teach. For instance,
Jack does not anticipate using active learning, but he decides to because of Tim’s suggestion:
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Jack:

I actually lectured less than I expected to. Going into it, honestly I
was expecting for it to be like a regular lecture course where I just
talk for 50 minutes and then let students go in and out, kind of like
how all of my college courses had been. I wasn’t expecting to do
like worksheets or anything like that as part of class. But I got here
and that was kind of an encouraged thing, and I liked that. I like,
kind of, students engaging with material, and I know firsthand
from tutoring how students can really struggle with lecture format,
because then they would come to me as a tutor and they’d say, “I
didn’t understand the lecture.” And so I liked the fact that I got into
worksheets, but I wasn’t expecting to do things like that inside of
the classroom.

The lecture notes – or worksheets, as Jack and the other GSIs often call them – that Tim provides
enable Jack to use active learning in his class when he otherwise might not have. As Jack recalls,
“[Tim] mentioned at one point, he said, ‘Really just like five minutes of some kind of active
learning during your 50-minute lecture makes a big difference as far as student engagement.’
And I said, ‘Okay, that’s completely reasonable.’” Through suggesting that GSIs give students
time to engage in the mathematics during class, Tim gives the GSIs the opportunity to
collaboratively decide that their teaching should include active learning.
During the teaching seminar, Tim also suggests using clickers for an instant response tool
in class. Nancy has previous experience using this type of technology as a high school teacher,
and so the idea appeals to her:
Interviewer:

How did you decide to use clickers, or had you heard about them
from someone?

Nancy:

[Tim] had mentioned clickers? And said that they were a thing and
he occasionally uses them, and so I was like, “I’ve used instant
response and feedback things before when I taught high school,
I’m comfortable with the idea.”

Because Nancy goes into her first term of teaching with some level of comfort being in the
classroom, she feels especially enabled to implement the clickers even though they are somewhat
new to her. As Nancy explains, “[Tim] suggested [clickers] and I was like, “Hey that sounds, that
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doesn’t sound bad. I’ve taught in a classroom before, it won’t be hard for me to set that up.” And
it wasn’t hard to set up.” Nancy decides to use clickers because Tim suggests it as an option for
active learning.
GSIs also model their future teaching based on the guidance Tim gives during their first
term. George has been using weekly quizzes in his teaching throughout his six years as a GSI.
He explains:
Interviewer:

Have you done weekly quizzes most of the time you’ve – ?

George:

Yeah, that was the model for the first course I taught here. It was,
“This is sort of how we do it.,” and I was like, “Okay.” Then I
liked it, so I stuck with it.

George was shown the model for weekly quizzes by Tim during the first-term teaching seminar,
and he has continued to use the instructional activity throughout his years as a GSI.
As a first-year, Tyler plans to continue teaching with a similar model to the guided notes
Tim provided. When asked how he hopes to teach in the following year, Tyler describes, “I
would want to do like more of like an interactive type of lecture. Like, like our first term, [Tim]
gave us a lot of worksheets to use, and then I would periodically use those, and those are very
good. So maybe something like that where it’s kind of like a guided lecture.” Because Tim
shared his lecture notes with the GSIs during the teaching seminar, Tyler intends to use Tim’s
model for guided lecture worksheets in the future. Tim’s suggestions continue to have influence
after the GSIs leave the first-term seminar.
In terms of neighbor interactions during the teaching seminar, the GSIs explain that Tim
opens the floor for GSIs to share their recent experiences but also directs the conversation to be
more specific to how the GSIs might teach:
Tyler:

Among the first year grad students, we have a weekly teaching
seminar with [Tim], our supervisor. […] We just go and then we
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kind of start off, [Tim] just says “Alright, so, anything you just
want to share?” And people complain about something.
Jack:

We call it therapy for a reason.

Tyler:

Then, [Tim] might guide the discussion more towards, alright so
now we’re going to go over like you know exponential functions
are coming up, like these are things you might want to look out for
or ways you want to teach and people can like bounce feedback.

Here, Tyler explains that although the GSIs spend some time complaining about current
teaching-related issues, Tim moves the discussion to be about their future teaching. After
opening the floor for GSIs to “complain about something,” Tim directs the GSIs to “bounce
feedback” about the material that is coming up next. In this way, Tim prompts the GSIs to
discuss their shared experience of being assigned to teach the same course rather than express
their individual complaints about teaching.
Consequently, the teaching seminar shows GSIs the value in talking with other GSIs.
Henry recalls the impact of the seminar for relationships with his peers:
Henry:

Our very first term seminar on teaching was very helpful. Um,
developing, um, you know, collegiate relationships with other
[GSIs]. […] Developing those relationships and having a network
of people to talk to about, you know, to bounce ideas off of, has
been super valuable. I think that like having that seminar is really
why I started talking to people about these things as much as I did.
Otherwise I think I could have just plugged it in to, “Oh this is
background work.” So, while I don’t think there is an intentional
purpose in that seminar, is it’s probably been the most valuable
thing from that first term. Now, I think I talk to at least one other
graduate student about teaching at least once or twice a week.

Henry now regularly talks to other GSIs about teaching, and he believes he may not have
dedicated this time to talk with peers if the seminar had not shown him the value in it. Tyler also
explains that building relationships with other GSIs during his first year continues to have an
impact on how he collaborates:
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Tyler:

Other grad students often have lots of course material that they’re
freely willing to just share with whoever wants them, so, like
making friends with older grad students and asking them, you
know, “Do you have quizzes or tests that I can take a look at?”
[…] Another thing is just like collaborating with fellow, like, you
know first years. That was always great, just like talking to them
about how their teaching is going. Yeah, forming that relationship
is good because I think still to this day a lot of current first years,
I’ll like share, like you know, “Can you take a look at this exam,
does it look too hard?” Or, “Point out any typos,” or, “Here, take
this exam, you have 10 minutes!”

As Tyler says, he “still to this day” participates in and observes others sharing materials with
other GSIs. I will more fully explore how GSIs interact with other members of the GSI system
later in 5.5 Neighbor Interactions.
However, Tim also emphasizes that once the seminar is over, GSIs can seek him out
directly if they want to talk about teaching. Tyler includes this in his description of his
experience with the seminar:
Tyler:

Our fall term, and I think this is just, since it’s the first term
teaching for all of the first-years, we had like an actual seminar
class that we had weekly. Then we’d just go and bounce ideas off,
and like we would bring our exams when it was midterm time and
peer review them and things like that.
That was just for our first term, and now we don’t have that
seminar, but I know [Tim] is still willing to talk to you. So, I think
we still have that resource – if we need to talk to someone about
teaching, we can always talk to [Tim]. But it’s not as formal as it
was that first term.

Tyler explains that the first-term seminar helps establish that the GSIs can go to Tim whenever
they want to talk about teaching. This is confirmed by the other GSIs:
Interviewer:

Is there anybody in the department who has said, “If you ever have
questions about teaching, like, my door is open, come talk, we’ll
have conversations?”

Jack:

[Tim], for sure.
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Andrew:

[Tim], [Tim]’s the guy, yeah.

Tyler:

Yeah, [Tim] is good for that.

Oliver describes Tim similarly: “[Tim] is sort of like, whenever he’s in his office, he’s available.
I ask him something on a regular basis, or just go in and talk about how I’m feeling about
teaching – he’s open to that.” As a sixth-year GSI, Henry still knows that he can go to Tim for
support about teaching: “[Tim] has been super clear with us that if we ever do need support that
he’s there and we can talk to him.” In this way, Tim is maintaining some of his status as the
central authority for teaching in the Department system. In the next section, I explore how Tim
further reinforces his position as expert on teaching through his observations of GSIs’ teaching.
Further, as I describe in 5.1.4 Freedom without Limits, after the teaching seminar is over, GSIs
no longer have constraints that enable them to come together and make collective decisions for
teaching. That is, the decentralized control present in the teaching seminar is only temporary.
5.1.3 Top-Down Communication: Decentralized Control and Neighbor Interactions

Figure 5.4 Progress through the Necessary Conditions, Section 5.1.3
Tim’s Winter-term observations of GSIs teaching are one of the only formal interactions
the GSIs have with the Department about their work as teachers. In fact, the GSIs identify it as
the most direct way they hear from the Department about teaching. Tyler and Jack ruminate:
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Tyler:

I don’t hear much, like, talk about teaching? Yeah, I don’t know.

Jack:

Yeah, [Tim] does observations?

Tyler:

Oh yeah, that’s right.

Jack:

I’m being observed tomorrow, which is why this is on my mind, so
I know that’s a thing and that will generate some kind of
conversation. As on like a department level though? Not really a
lot.

Rather than facilitating decentralized control or neighbor interactions in the GSI system, Tim’s
observations reinforce his position as a central authority for teaching and are an example of topdown communication from the Department system.
During the observation, Tim has a checklist of items he rates in regards to the GSI’s
teaching. Then, Tim meets independently with each GSI afterward for a debrief meeting to
discuss what he noticed and to review the checklist with the GSI. As Nancy describes, “[Tim]
had an observation checklist, he we went through it, and like we talked about his observations.”
Tim comes to the observation with a set of criteria, indicating that he has expectations for how he
wants the GSIs to be teaching. In this way, Tim is positioned as the expert for teaching. Further,
rather than facilitate peer observations or prompt GSIs to collectively reflect on the experience of
having their teaching observed, Tim conducts the observation and debrief meetings with each
GSI one-on-one. This structure communicates that teaching is an individual endeavor and
emphasizes communication between Tim and the GSIs rather than within the GSI system.
The feedback Tim shares with GSIs is a source of neighbor interactions: specifically, the
“neighbors” interacting are ideas and advice from Tim about how the GSIs can improve their
teaching. In particular, the GSIs describe that the feedback they receive includes minimal
discussions of pedagogy or curriculum is instead are focused on remediating behavior. Thus, the
GSIs’ believe that the intention Tim’s observations is to identify and remedy poor teaching
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practices. As George describes it, Tim’s observations are “fairly perfunctory.” George goes on to
explain that that Tim’s comments for his first-year observation focused on the absence of issues
or concerns:
George:

I think largely at that stage [Tim]’s putting out fires, I mean it’s
like, “Oh wow, you were swearing at the students, we need to talk
about why that’s not okay.” So he came and watched me and like,
it was fine, and he was like, “That’s fine,” and that was all I got.

George perceives that for observations, Tim’s focus is identifying problems that need addressing
in the GSIs teaching. Andrew, a first-year GSI, further describes that the observations do not
prompt discussions of pedagogy or curriculum. Instead the feedback he was given as mostly
focused on fixing problems in his teaching:
Andrew:

As for my [pre-calculus] series the last two terms, very hands off. I
would say the only kind of really involvement that I had for
guidance was just from the observations, like, “Hey, you did these
well, work on this,” kind of stuff. But nothing like, “Hey, you
should go over the curriculum this way,” like no very substantial
guidance, just like “Improve this, look at that, doing good here.”

Andrew confirms here that although it is not “substantial guidance,” the observation is one of the
primary ways the Department is involved in guiding his teaching. Oliver, another first-year GSI,
also believes that the observation is intended to identify issues in GSIs’ teaching. After his
observation, he is relieved to find that his teaching was satisfactory:
Oliver:

I had my, like, official formal observation yesterday. And it went
pretty well, it went better than I thought. So, I guess, I’m not as –
it’s not as like terrible as I thought, as I sometimes feel like I’m
doing.

Oliver expects the observation to result in Tim pointing out issues with his teaching and is
surprised when he is not told that his teaching is “terrible.”
Overall, the feedback Tim provides to the GSIs situates Tim as an expert teacher who is
there to remediate poor teaching. Via these interactions, Tim maintains his status as a central
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authority and communicates from the top-down as a member of the Department system. In this
way, the Department is acting as an authority for teaching rather than helping the GSI system to
self-regulate. Because Tim does not share or distribute authority for teaching to the GSIs when
conducting his teaching observations, decentralized control cannot occur.
Although Tim’s observations do not allow for decentralized control, the GSIs describe
benefits of having their teaching observed. For instance, returning to Andrew’s experience, his
description mentions that Tim gave him some positive feedback (“you did these well” and
“doing good here”). Tyler similarly describes receiving both constructive and complimentary
feedback from Tim:
Tyler:

I really enjoyed when [Tim] came to observe me last term, just
because it was a lot of great feedback and kind of highlight – it was
good to get like an outside perspective on like, you know, here are
the things you’re doing well, here are the things you could be
doing a lot better, and things like that.

Tyler views the observation as a useful experience where he was able to get “great feedback”
from “an outside perspective.” George expresses a similar sentiment, explaining that having
another pair of eyes in the classroom can help identify ways he can improve his teaching:
George:

If you just go and talk to colleagues, the only person reporting on
what happened when you’re like, “Oh, here’s what happened in my
classroom, how do I fix it?” is you. So really, it’s, “Here’s what I
think just happened. How do you fix it when that happens if indeed
that is what happened?” I think it’s really valuable to have another
set of eyes in the room, to even just describe to you, “So here’s
what I saw.” And we have not been doing much of that at all.

Having an outside perspective helps George understand what is happening in his classroom. In
this way, Tim’s observations are helping the GSIs learn about teaching independently. However,
the observations do not prompt learning at the GSI system level. This is exacerbated by fact that
the observations facilitate neighbor interactions between the Department and individual GSIs
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rather than between members within the GSI system. Therefore, although GSIs can learn about
teaching individually as a result of Tim’s observations of teaching, the current observation
structure reinforces Tim as a central authority for teaching and does not allow for decentralized
control to occur.
5.1.4 Freedom Without Limits: Decentralized Control and Enabling Constraints

Figure 5.5 Progress through the Necessary Conditions, Section 5.1.4
A constraint is any factor that places boundaries or barriers on GSI’s teaching, and a
constraint may be experienced as enabling or disabling. Further, an enabling constraint would
encourage GSIs to grow as teachers and explore new ideas for teaching narrowing the scope of
what is allowed. I will revisit constraints more broadly in 5.2 Enabling Constraints, so the focus
of the discussion here is narrowed to the constraints that are related to decentralized control.
Specifically, an enabling constraint can support decentralized control by bounding the domain of
GSIs’ work as teachers and directing GSIs’ to make decisions for teaching collaboratively. In
this way, “decentralized control is only possible if the phenomenon is framed by constraints that
enable unanticipated [collective] possibilities” (Davis & Simmt, 2006, p. 311). Thus, the
decentralized control GSIs experience is related to the constraints GSIs have for their work as
teachers. Overall, the GSIs do not have enabling constraints that would bring together their
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independent decisions for teaching into shared decision-making about how teaching should
happen, and so decentralized control does not occur.
Upon first consideration, it might seem that the Department-provided syllabi are a
constraint for GSIs’ teaching. However, the syllabi act as a set of recommendations rather than
rules that limit or bound their GSIs’ work as teachers. Instead, GSIs can make independent
decisions about how they want to interpret the syllabus, and there are no structures in place to
make sure they do so. That is, the syllabi provide no actual boundaries on GSIs’ work as
teachers. For instance, the Department does not check in with GSIs to ensure that they are
teaching what is suggested in the course syllabus. As Jack describes, “Those department syllabi
are all up on the department website or whatever. But as far as like, what my day-to-day lessons
have to look like, that’s pretty much up to me.” Jack concludes, “In fact, I’m pretty sure I could
be doing whatever I want. I don’t think anybody would actually know if I were to go rogue.”
Nancy similarly interprets that she has freedom to teach as she would like: “We’re all
instructors of record, and so they give us a lot of latitude about what we’re doing as long as we
cover the right material over the class.” Further, George summarizes, “There’s a sort of vague
notion of what the curriculum of the class is. You have a fair amount of free range of how you’re
going to teach it, the order in which you want to do it, and what you’re going to emphasize.”
Each GSIs can choose how they want to teach their assigned course in terms of content, grading,
assessments of learning, and instructional activities. In this way, control for teaching is being
given to individual GSIs rather than being shared, or distributed, within the GSI system. That is,
while the syllabus provides guidelines for how GSIs might want to teach, it does not orient or
guide GSIs’ instruction toward a collectively understood way of teaching. This is one way the
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lack of enabling constraints for teaching contributes to the absence of decentralized control in the
GSI system.
Because there are no boundaries on their teaching, GSIs have no reason to work
collectively as teachers and instead make independent judgements and decisions for what is
important for teaching. Nancy, Henry, and George have prior K-12 teaching experience, and they
compare their current teaching freedom to the stricter supervision they had in the past:
George:

It’s nice that [the Department is] kind of hands off, and you have
some room to kind of explore and have some academic freedom to
figure out how you want to do things. I wouldn’t have minded a
little more check in over the years. I’ve been observed once.

Henry:

Yeah, I mean after the first year, like starting the second year, I
thought it was almost comical how little direct oversight there is of
us. Just because previous work experiences were as different from
this as they can possibly be.

George:

Yeah.

Henry:

And so I was just like, I can’t believe they give me this much trust
to do this. I know they see the evaluations I get and like all of these
other things, but I feel like I’m just let free.

Nancy:

Yeah. I mean, I find it a little, to some extent, preferable to having
mystery drop-ins from my principal and VP every other week.

Henry:

Yeah, I don’t think it’s bad at all.

George:

Yeah, it’s definitely nicer for me like than at high school.

Henry:

It was just comical how different it was.

The GSIs appreciate having freedom to explore in their teaching, but they also find it “comical
how little direct oversight there is” and thus “wouldn’t have minded a little more check in over
the years.” Henry, George, and Nancy confirm in their individual interviews that they find it
preferable to have the decision-making power in their own hands rather than centralized to an
authority in the Department. However, they acknowledge that the Departments’ minimal support
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for teaching can have negative consequences for some GSIs. In this way, Henry, George, and
Nancy distinguish themselves from the GSIs who are struggling, further indicating that the GSI
system does not have a common goal for teaching and that the GSIs are pursuing their growth as
teachers independently.
As a sixth-year GSI, Henry notices the Department’s lack of involvement but is satisfied
with the support that is available. Henry is also thankful for the opportunities he has been given
to grow as a teacher through the advanced courses he has been assigned to teach. Henry
identifies positive outcomes from the lack of direct support he was given and the lack of control
he had over his teaching assignments:
Henry:

Things have mostly worked out pretty good for me, so I think that
the most important is non-support support. The most important
type of support that I have been given, and can continue to get, is
opportunities for valuable ways to continue to evolve how I think
about teaching. And so, I mean, I think that [teaching an upperdivision] course this past term has been very valuable for that and
has really advanced the way I think about mathematical pedagogy.
[…] The random order that I have been given assignments has
been really helpful for how I think about all of these things. It
worked out really great.

Henry views the “random order” to his teaching assignments and “non-support support” as assets
to his teaching development. As Henry summarizes, “I think that the formal support we have
here is very little. And I don’t think I’ve suffered for it.”
Also in his sixth year, George is grateful that the Department does not impose limits on
his teaching. Specifically, George identifies his previous experience as a teacher as a reason he
appreciates the Department’s lack of involvement:
Interviewer:

Do you feel like you’ve received adequate support for teaching?

George:

There isn’t a ton here. In a sense, I felt like it was adequate for me
because I came here pretty comfortable with teaching and actually
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probably would have bristled against a lot of micromanaging. I
was sort of like, “I already know how to do it, don’t bother me.”
Freedom is preferable for George because he wants room to make his own decisions. As he
reiterates, “I need the free rein to fail. I had plenty of that here.” On the other hand, similar to
Henry, George is aware that he received little support for his teaching over his years as a GSI. As
he summarizes, “I wasn’t floundering, but I also was not getting a lot of nurturing of my craft.”
Nancy, a first-year GSI, came to graduate school because she was unsatisfied with her
previous teaching job. In particular, Nancy felt restricted by what she felt she was expected to do
as a high school teacher:
Nancy:

In high school, I have to baby you and get you to – like, my job is
to get you to pass no matter what, whether or not you want it.
Right? That’s sometimes how I felt.

Interviewer:

And maybe that’s not the vibe in the college all the time.

Nancy:

Yeah, it’s less so. I feel less pressure to get my students to pass. I
want my students to succeed, and I feel a lot of pressure to help
them to the best of my ability, but I also don’t feel like it’s my job
to drag them by their toes, drag them by their ears, like, get them –

Interviewer:

Pull them across the finish line.

Nancy:

Yeah, I can bring them to water but I don’t have to shove their
faces into it.

For Nancy, it is a relief that the Department has fewer expectations about student success than
her past high school administration. However, along with not pressuring her to make her students
learn, Nancy also notices that the Department is not pressuring her to push her boundaries and
expand her possibilities as a teacher:
Nancy:

I got a lot more out of [the first-year GSI teaching seminar] than I
ever did out of my teacher meetings in [high school].

Interviewer:

Why do you think you got more out of [the seminar]?
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Nancy:

There was no pressure to be a good teacher. Like, there was
pressure? It was like, “This is what you want to do to be a good
teacher.” But there was also not pressure, like there was no
expectation of holding up the appearance that you’ve got
everything down.

Without the Department encouraging her to change her teaching, Nancy implements fewer
innovative teaching practices during her first year as a GSI than she did as a high school teacher:
Nancy:

I probably regressed in the sense that I didn’t force myself to do a
ton of new things.

Interviewer:

So, do you mean before when you were teaching high school, you
would make yourself do new things?

Nancy:

I didn’t have much of a choice. Like, [the high school] wanted
evidence that we were using best practices. Everything took a lot
of work, and so this year [as a GSI], I’m like, well I’m going to do
what I know works and do some of the things that I know work
well with me, but I’m also not going to like push the boundaries of
teaching or anything. So I wouldn’t, I mean, I use the word regress,
but only because I was very, very innovative when I was teaching
high school.

Overall, Nancy is relieved to have less involvement from the Department than her past job, but
she acknowledges that the freedom means she stays in her comfort zone. Without any constraints
to enable, or pressure her to “be a good teacher,” Nancy is not pushing her boundaries for
teaching. That is, the lack of enabling constraints means that not only is she not learning as part
of the collective GSI system, but she is also not prompted to pursue individual growth.
While George, Henry, and Nancy are content to have freedom to teach how they would
like, they also worry about how the lack of constraints for teaching is affecting their peers.
George explains that he believes GSIs can often learn to be great teachers, but the Department is
apathetic about whether this happens:
George:

I think first-year PhD students, and especially second-year PhD
students who have gotten some of the basic errors out of the way,
can be really excellent teachers. But it’s weird, [the lack of
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oversight] speaks to a sort of institutional apathy that it’s just like,
“Eh, it’ll be fine.”
Interviewer:

Yeah, it’s not to say no one rises to the occasion.

George:

But, it doesn’t seem like there’s much effort being made to see that
they do.

In this way, the GSIs are left to teach on their own, and the Department does not facilitate any
opportunities for the GSIs to come together and set collective goals or co-specify plans for how
to be successful as teachers.
Further, Henry worries that because GSIs do not have any boundaries or guidelines for
their teaching from the Department, some GSIs rely heavily on their own experiences as
graduate students studying challenging mathematics to inform their teaching:
Henry:

I think that I have always had a natural high level of interest in the
courses I’ve taught and so that’s made it easy for me to maintain
the amount of energy required to put the time into making really
good courses. But, I’ve seen other grad students who are doing
really hard things, and so they’re like, “My students can do really
hard things.” Then, like half of their classes fail, and it’s like,
maybe they could use a little intervention. But, that doesn’t really
happen here. You just go into it and deal with it.

As Henry states here, his interpretation is that the Department expects GSIs to figure out
teaching as the instructor of record through the process of going into it and dealing with it. Henry
does not necessarily see this as disabling: he explains, “I think that [being a GSI] is something
that I’ve learned a lot from. It was very intimidating at first, but I think that there are lots of
intimidating things about grad school and it’s just one of those things that you’re prepared to
handle.” He continues, “I think that it’s certainly not a system that just can feed anyone into it
and work fine, but I think it’s good for most people.” Although Henry has “learned a lot” from
having no constraints on his teaching, he wonders if some of his peers “could use a little
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intervention.” In this way, Henry is indicating that while he is satisfied with his experience, the
Department’s lack of involvement is not supporting the GSI system as a whole.
Additionally, Nancy expresses concern that without limits for how to teach, some GSIs
adopt more radical approaches to teaching and then struggle to find support for how to enact
them successfully. As she recalls:
Nancy:

There were a handful of [GSIs] who I would say like – not just like
first years, but maybe like just people in general – who kind of
went far enough off of the beaten path that they didn’t have enough
people around them to guide them and help them succeed, or help
their students succeed. That was kind of rough to watch.

Here, Nancy is emphasizing that some GSIs did not have “enough people around them” to
support them as teachers. Left to make their teaching decisions independently, the other GSIs
struggled to be successful. George echoes this, stating that some GSIs exhibit a lack of
professionalism in their teaching, and without any observation or involvement from the
Department, it goes unnoticed and unchecked:
George:

There’s some egregious nonsense happening that would be caught
just like another adult in the room. Or, an adult in the room is
maybe what I should say? I don’t know.

Interviewer:

What do you mean by egregious?

George:

There are some [GSIs] who really don’t take the teaching
seriously, and have, I’m going to go ahead and use the word
contempt, for their students and in a way that comes through.
There’s just some really unprofessional, like, language for
example, that I think starts out being like, “Oh, I’m a grad student
now,” like, “I’m kind of important, I can get away with doing this.
It feels liberating.” And then it ossifies and becomes the teacher
they are.

Because there are no constraints that direct GSIs’ activity as teachers, some GSIs do not take
teaching seriously and can “get away” with “egregious nonsense” in their teaching. That is, GSIs
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are allowed to make their own decisions for teaching, and without boundaries to limit the domain
of their work as teachers, the GSI system does not have a unified mission for teaching.
Henry also comments that when other GSIs do not take their seriously teaching, it
impacts students’ perceptions of other GSIs, including himself, as instructors:
Henry:

It’s less about me feeling unsupported but more about feeling like
it is possible for some grad students to fall through the gaps, and
that affects all of us.

Interviewer:

In what ways do you mean it affects all of us?

Henry:

Well, I think that like, when I first started teaching, I looked much
younger than I do now, and so like, it was a little bit of a battle
convincing my students that I should be, like, I am someone who
knows what I am talking about, that I can actually teach them the
things that they need to know. And I think any time that there is a
lack of professionalism on the part of a graduate student, that it
makes all of us have a harder time convincing our students that we
are really serious about what we do.

Henry observes that when one GSI is unprofessional in their teaching, it has an impact on the
other GSIs in the system. Thus, even though GSIs can teach independently without input from
others, each GSIs’ teaching is contributing to how the GSI system is perceived. While Henry is
satisfied with the amount of support he has been given for teaching, he acknowledges the current
structure is not necessarily good for the system. As he states, “It is possible for some grad
students to fall through the gaps, and that affects all of us.”
All in all, while Nancy, George, and Henry are able to rely on their past experiences as
teachers, they are concerned that the Department is not providing enough constraints for GSIs’
teaching. That is, even though the GSIs with previous teaching experience are able to make it
work, having unlimited possibilities for how to teach is disabling for some GSIs. Without any
constraints on their work, GSIs are not enabled to come together and determine guiding
principles or common practices for teaching.
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To further explore how having nearly unlimited and independent decision-making power
for teaching is not enabling for GSIs learning about teaching, I want to discuss two examples of
GSIs who are given teaching assignments with few constraints. First, when Henry teaches as the
instructor of record for an introduction to proofs course, he is given particularly minimal
guidelines from the Department about what content should be included in the course. As Henry
describes, “This term I feel like I have a lot of control over content of my class, tremendously.”
This tremendous amount of control is related to the nature of the introduction to proofs course
within the context of the Department’s coursework:
Henry:

It’s a little bit weird because I don’t think [the Department] has
totally figured out where it wants it to sit in like the math majors
total experience with math. Because before, peoples’ introduction
to proof writing was more like an intro to analysis class? And so
this kind of sits somewhere between the discrete class and that.
And so, I have a lot of flexibility with them, which is really great,
because I think that we can spend a lot of time tailoring the content
to their interests and their level of like mathematical maturity. But,
it’s also super open-ended, and so, like I will be talking about one
thing one week, see where it’s going, and all of a sudden next
week we have to head in a different direction to kind of fill another
gap. Talk about other things. But yeah, it’s been a good exercise in
being very responsive to the needs of the class, and so I’ve been
feeling pretty good about that at least.

The Department does not have specific instructions for what content the course should include
and so Henry has control over this decision. That is, Henry can independently make decisions
about what content he teaches without input from the Department.
There are three other GSIs also teaching the introduction to proofs course, but because
the Department has provided no limitations about the content, each GSI is taking a different
approach to teaching the course. From this, Henry concludes that content is not the goal of the
course:
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Henry:

There are four different sections of [the introduction to proofs
course], and I think all four of us are doing totally different things
with the class. So, the content is really not the point of the class,
the goal is just to like produce students who are capable of looking
at a problem, figuring out how to solve it, and then writing it in a
way that is intelligible to another person.

The Department’s lack of oversight influences Henry’s understanding of the course’s purpose.
Rather than conclude that the inconsistency in content between the four sections is a negative
impact of having unlimited options for what content to teach, Henry concludes that the goal of
the class is to help students develop certain mathematical skills.
The Department has not specified any constraints for the introduction to proofs class, and
without boundaries on the content, each of the GSIs is teaching the course in their own way.
There is nothing facilitating or prompting the GSIs to come together and collectively decide what
the course should look like. Rather than sharing the control of the content and working together
to develop common goals, the GSIs can instead make decisions independently with no reason to
get input from the other GSIs teaching the same course. Decentralized control is not present.
Furthermore, the lack of constraints is also limiting Henry’s individual growth. Specifically,
Henry acknowledges that he would put more effort into the course if the Department more
clearly defined its purpose: “I think that a course like this could have a specific niche if the
department commits to it? And that could be like about developing a lot of mathematical
maturity. If that were the framework, I think I could go more, like, gung ho into this.”
As the second example, Jack is assigned to be a TA for a business calculus course in
Winter term. GSIs who are given a TA role typically have more constraints on their teaching and
feel as though they have less authority than when they are an instructor of record. This occurs
because the instructor of record for the large lecture section acts as a supervisor to the TAs and is
able to provide guidelines for how they would like these sessions to be organized. However,
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when Jack is a TA, his supervising instructor is flexible about how he would like discussions
structured:
Jack:

The professor gave us a lot of freedom for these and said, pretty
much, “Make sure you give the relevant quiz or test and just do
some problems for the rest of the time.” And, as far as what the
problems are or how we want to structure the problem-solving
session, it’s just kind of on us.

Although Jack is given some constraints for how to lead his sessions in that he has to facilitate
the assessment for that week, he has freedom in how he structures the remaining time.
Jack is more confident leading discussion sessions than being the instructor of record, and so he
does not mind having the control. He explains, “I like the discussion style format a lot because
again, where I’m more comfortable right now is working with people on individual questions
rather than presenting new material to them.” However, there are other TAs also leading
discussion sessions for the course, and Jack becomes worried that the freedom is impacting the
consistency between different sections:
Jack:

I’m also a little bit worried that the lack of structure is leading one
of the TAs to kind of go off and do his own thing. […] So, I worry
that the lack of structure means that the discussion sections are
very different, and that the grading scheme is going to be different,
and the students are going to be, in the same class, running into
this problem with inconsistent grading and quizzes and that sort of
thing. So, I’m a little worried about that.

Jack is concerned that because there are few constraints for how the TAs lead their discussions,
students will experience inconsistency across discussion sections even though they are in the
same lecture section.
Jack also notes that despite his worries about consistency, he is grateful to have the
freedom because it allows him to make his own decisions for his teaching. He explains his
feelings about the freedom as a double standard:
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Jack:

But for me at least, it’s nice because I’m able to, I guess, work in
the way that I find most effective? Rather than feeling forced to
either lecture or do problem solving or whatever it is that, you
know, a professor who imposes more structure on the discussion
sections may impose. So, yeah, it’s a double standard.

Jack views the control he is given as a benefit because he can teach in ways he is
confident in (“Where I’m more comfortable right now is working with people on individual
questions”) and that he believes are the “most effective.” However, this means that Jack is
staying where he is comfortable and not expanding his possibilities for how to teach. In this
example, Jack has slightly more constraints than Henry, but he still identifies this as not entirely
enabling for his growth. In particular, Jack’s supervising instructor is not implementing
constraints that contribute to decentralized control. Rather than having TAs collectively establish
how they will teach their discussion sessions, each TA is allowed to run their class however they
would like. There are no boundaries on the TAs teaching to prompt them to come together and
collaborate in decision-making and goal-setting for teaching.
To conclude this section dedicated to decentralized control, I want to share the following
quote:
Andrew:

I have been having that kind of thought process, too. I was
wondering, yeah, when things start going wrong in the class, in
whatever form, what is the, what is the thing that, you know, alerts
the department of it.

George:

The only failsafe is if you do it so badly that it’s clear that you’re
doing it in the way that you shouldn’t be, and then somebody goes
to [Tim]. […] There’s definitely no content monitoring of any
kind, and the only quality monitoring is if you teach so badly that
somebody goes to [Tim] and complains.

GSIs are responsible for making decisions about nearly all aspects of their teaching. George
states this bluntly when he says there is “no content monitoring of any kind” and that there is
only quality monitoring if Tim is alerted to a problem. The Department is involved with GSIs

128
teaching by deciding what course they are assigned to teach and through the policies and rules
presented in the handbook, but GSIs have complete authority over their day-to-day teaching.
Further, once the first-term teaching seminar is over and Tim has conducted his
observation of GSIs’ teaching, the GSIs can make their decisions for teaching entirely
independently. That is, the GSIs are no longer prompted to come together and collaborate as a
system. In this way, the opportunities for collective decision-making are not happening, and thus
decentralized control is not present. The absence of decentralized control after GSIs’ first term of
teaching is influenced by the enabling constraints and neighbor interactions present in the GSI
system. As I continue to explore in the remainder of Chapter 5, GSIs experience few enabling
constraints on their teaching, and neighbor interactions are focused on complaining or reactive
problem-solving rather than collective goal-setting for teaching or the sharing of diverse ideas.
5.2 Enabling Constraints

Figure 5.6 Progress through the Necessary Conditions, Section 5.2
In this section, I discuss the constraints GSIs experience in regards to their teaching.
Specifically, I explore what factors limit GSIs possibilities for teaching and place boundaries on
their work as both graduate students and teachers. I first introduce time as a constraint and
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present the ways time influences how GSIs balance their coursework and teaching
responsibilities. This discussion also includes information about how GSIs feel their time for
teaching is especially limited during their first term of teaching and about GSIs’ perception that
creating curriculum for active learning is more time-consuming than preparing to lecture.
Second, I relate the necessary conditions of internal redundancy and internal diversity to GSIs’
teaching assignments and investigate how new and repeated course assignments act as
constraints on GSIs’ teaching.
The term “enabling constraints” combines two seemingly different ideas into one
concept. When I first think about “constraint,” what comes to mind is a barrier, restriction, or
restraint – a constraint stops things from happening and removes opportunities. This is in
opposition to my initial thoughts about “enabling” where to enable is to promote, encourage, and
support – to make things possible and create opportunities. In order to make sense of these two
ideas as complementary rather than in opposition, I have shifted my perspective to consider
“constraint” through a more positive lens. Rather than think of a constraint as a wall that
prohibits and separates, I instead imagine a constraint as a fence that creates boundaries while
keeping things together.
This new, more optimistic notion of “constraint” can be well-illustrated by examples of
actual fences and their purposes. For instance, consider a fenced-in backyard owned by a family
with a dog named Spot. In this example, the fence is not inherently bad just because it places
constraints on Spot’s life. Sure, I could argue that the fence prohibits Spot from being free and
roaming the neighborhood as he pleases. But phrased differently, the fenced backyard keeps Spot
nearby so that he does not run away after a squirrel and forget how to find his way home. Spot is
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only allowed to chase squirrels as far as the fence allows. The fence places boundaries on where
Spot is able to go, and it sets guidelines for action.
Moreover, I would argue that having a fenced backyard is enabling for Spot. Here, it is
important to clarify what the fence enables. Spot’s squirrel chasing adventures are certainly not
enabled by the fence. Instead, the fence is disabling for this possibility. However, the fence
enables Spot to be outside for hours on end without needing attention from or worrying his
human companions. Assuming Spot enjoys being outside, the fence enables Spot to be a happier
dog. Thus, the fence is both enabling and constraining for Spot. It is an enabling constraint.
This example brings up two important points I want to emphasize. First, a constraint does
not explicitly dictate what is possible, rather it defines what is not possible. Second, when
considering if a constraint is enabling or disabling, I believe it is important to be specific about
what is being enabled. By clarifying these two points for the context of the GSI system, I hope to
justify how I selected which results are appropriate for 5.2 Enabling Constraints and why others
are left for subsequent sections.
Returning to the first point, enabling constraints are proscriptive rather than prescriptive,
setting limits on what is not possible rather than determining a specific set of possibilities. That
is, enabling constraints are “conditions that one must avoid in order to remain viable” (Davis &
Sumara, 2006, p. 148). In Spot’s case, this is less flexible: the condition Spot “must avoid” is
running away, and the fence is in place to help this happen. In the context of GSIs, this quality
means that a constraint suggests what GSIs should not do rather than what they should do. As I
explore in 5.2.1 Time Management, GSIs often feel they should not dedicate too much time to
teaching. This experience involves two constraints: coursework and time. GSIs have to pass their
classes and make progress through their graduate programs in order to remain in the Department.
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The Department looks to GSIs’ performance as students, not as teachers, to determine if they can
continue being supported both financially and academically to pursue their degrees. GSIs must
avoid failing their classes in order to remain in the Department. Further, time is a limited
resource for GSIs. For example, time is limited in how many years GSIs have for available
funding, pressures to cover course material by the end of the term, and day-to-day scheduling to
both get homework finished and prepare for teaching. The demands of GSIs’ work as teachers
and students further limit how much time GSIs have available. Together, time and coursework
are constraints on GSIs teaching.
This leads to the second point of what is being enabled or disabled by these constraints.
In the current study, I am specifically interested in how GSIs learn about teaching and grow as
teachers – how they expand their possibilities for teaching. Thus, I want to consider the effect of
constraints on GSIs’ lives as teachers. Are GSIs enabled to explore new ideas for teaching, or are
they discouraged from doing so by the constraints they experience from having to balance their
time between teaching and coursework? When I talk about an enabling constraints in the context
of GSIs, I am concerned with how the constraint enables or disables the GSIs’ learning about
teaching.
To transition to the results about enabling constraints, I want to return to the literature.
Davis and Sumara (2006) describe enabling constraints as “the structural conditions that help to
determine the balance between sources of coherence that allow a collective to maintain a focus
of purpose/identity and sources of disruption and randomness that compel the collective to
constantly adjust and adapt” (p. 147). Next, in 5.2.1 Time Management, I explore how teaching
and coursework act as “sources of coherence” and “sources of disruption and randomness”
respectively. That is, using the language of Davis and Sumara, I discuss “the structural
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conditions [of GSIs’ work] that help to determine the balance between [their responsibilities as
teachers] that allow [the GSI system] to maintain a focus of purpose/identity and [their
responsibilities as graduate students] that compel [the GSI system] to constantly adjust and
adapt.” More succinctly, I consider how coursework is an enabling constraint for GSIs’ teaching.
5.2.1 Time Management: Finding Balance Between Teaching and Coursework

Figure 5.7 Progress through the Necessary Conditions, Section 5.2.1
First-year GSIs have one week of training for teaching prior to Fall term. The focus of
this training is to inform GSIs about policies and procedures for teaching, many of which are
duplicates of what is presented in the handbook, and to discuss some essential information for
teaching. GSIs also present two brief practice lectures as part of this training. Jack recalls what
the week of training includes:
Jack:

A lot of it was like policy, like when do you give a student an
incomplete, and when do you give them, you know, when do you
do such and such. We did a little bit with how to teach effectively
as far as lecture style, like making sure you’re not standing in front
of the board that you’re writing on, or at least once you do write on
the board, like step back and allow students to take a look at it.
You know, making sure that you’re making eye contact with
students when lecturing, making sure that you’re doing essentially
public speaking things that make you an effective communicator.
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So, I think that was the primary focus of the fall training, making
sure at least that you’re an adequate communicator, and talking
about course policies and what are the essentials that you need to
know before stepping at the head of a classroom.
As Jack describes, the primary focus of the training is to ensure that GSIs are prepared with
basics about communication and policies about teaching before they begin their work as
instructors of record.
However, GSIs often cite that the brevity of the training leaves them feeling unprepared
to teach during their first few weeks of the term. Tyler explains that the practice lectures they
gave as part of training was not enough for him to feel ready for teaching:
Tyler:

So definitely in the very beginning, I don’t think I was ready, and I
don’t think a lot of the other people were ready as well. There were
like a few people who had taught already, so I mean they knew
what was going on. We had like a week where we just kind of gave
maybe two mini-lectures that were like five to ten minutes long,
but that definitely didn’t feel like enough.

Tyler did not feel ready to teach at the beginning of the term, and he believes other GSIs felt
similarly. Although Tyler thinks the GSIs who had taught previously “knew what was going on,”
having prior teaching experience was not enough for Nancy to feel satisfied with her first term of
teaching. As she considers, “I’m a little bit worried that this term maybe I’m not doing quite
enough? Because I’m just trying to survive.” All of the first-year GSIs in the current study report
feeling a lack of confidence in their first term of college teaching, and this theme repeats
throughout the remainder of this discussion of enabling constraints. Tyler summarizes, “In the
beginning it was sort of like a big shock, like they just kind of throw you in there and then you
have to figure it out,” and Jack concludes, “I certainly would have liked a little more preparation
time before just getting thrown into the deep end.” Receiving minimal preparation time is the
first constraint GSIs experience for their teaching.
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A result of having to teach after one week of training is that first-year GSIs often feel
rushed in making teaching decisions throughout the term. That is, incoming GSIs have limited
time to prepare for teaching prior to teaching their first class, and this constraint on their time
continues to affect how they prepare for the remainder of the term. For instance, Andrew feels
“dropped in” to teaching, and he perceives that many of his teaching decisions were made “on
the spot”:
Andrew:

Not to discount [the Department’s] current attempts, because they
certainly gave like a whole week rush to do it, but what would be
nice is if they perhaps gave two weeks of preparation, like a week
to train you how to teach and then a week for everyone to perhaps
work together and individually to prepare their lesson plans for the
term. One of the biggest things was that you get taught how to
teach, and you all have practiced presenting in front of everyone,
each other, and then you have until Monday – Saturday, Sunday,
and then Monday – until you’re just dropped in. […] Totally
rushed, like I don’t know how to do this in the first place! So, it’s
kind of like now I have to choose my lessons on the spot, too.

Because he has minimal time to prepare for teaching before the term begins, Andrew feels
rushed in making his lesson plans. Similarly, Jack describes his experience during the first term:
“I didn’t have a lot of time to think about how I was teaching the course in the middle of
teaching it because I had almost no prep time before actually starting the class, and so I was
starting my lecture notes the week beforehand.” Jack has limited time to prepare his course
before the beginning of the term, and so he typically has only the next week of teaching planned
in advance.
The feeling of being rushed in their teaching means that some of the GSIs spend their
first term focused on survival. As I shared in an earlier quote, Nancy says that she spends her
first term “just trying to survive.” Jack’s focus during the first term is on basic skills for teaching,
such as delivering content and classroom management: “It was my first class teaching, as far as
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lecturing goes. […] I was a bit shaky at the beginning of the term as far as just figuring out how
to run a classroom, how to actually lecture, that sort of thing.” Recall that Tim shares his
materials for pre-calculus as part of GSIs’ first-term seminar. As I discussed in 5.1.2
Opportunities for Shared Meaning-Making, many GSIs find Tim’s curriculum to be an enabling
constraint for their teaching. I want to elaborate here about the ways in which having Tim’s
materials contribute to how the amount of time GSIs dedicate to teaching.
For Tyler, a first-year GSI, having materials from Tim for teaching pre-calculus enables
him to spend less time planning his course. As he reflects, “One thing that was really good is
they do – like we have a lot of resources, so we don’t, at least for that first term, we don’t really
have to plan every lecture meticulously.” Tyler further explains, “If you want to, you can literally
just teach all of your classes from that and not have to actually plan the material, you just have to
teach, which is a great resource.” With the resources available from Tim, Tyler feels that he has
flexibility to choose how much time he wants to spend preparing for teaching. In particular,
having existing resources for pre-calculus allows Tyler to focus first on surviving his own
coursework as a student until he was ready to dedicate more time to teaching:
Tyler:

It’s your first term in grad school, classes are going to be like a
million times harder than they were as an undergrad, so like, take
advantage of the resources, and also don’t maybe don’t worry
about teaching so much? I thought it was going to be like way
more stressful than it actually ended up being. Maybe the first
week or so it was pretty stressful, just cause you know I was
nervous in front of a classroom because I hadn’t taught before, but
once you get into it, it’s not that bad and you can honestly put as
much time or as little time as you want into it. Especially that first
term with so many resources available, I think it’s good to take
advantage of the resources at first and then once you’ve been in
grad school for a couple weeks or even a few months, then you can
kind of decide, “Alright, I really actually want to tailor the class
this way,” and really put a lot more time into teaching.
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Tyler believes it is a good idea to use the resources available during the first weeks as a GSI and
wait for later to “tailor the class” and dedicate “a lot more time” to teaching. Tim’s guidance for
how to teach is enabling to Tyler because it helps him balance his time spent between teaching
and coursework. Here, Tyler also alludes to the difficulty of his coursework impeding on the
time he has available for teaching, which I discuss later in this section.
Jack and Nancy also believe it is in GSIs’ best interest to follow the plan provided by
Tim during their first term. Nancy observes that some GSIs who deviate from the plan struggle
with their teaching:
Nancy:

I would tell [first year GSIs] not to deviate too far from [Tim]’s
plan the first term or the second term. Not because of my
experience but because of my observations of what happened to
people who did deviate too far. It was just really stressful on them,
and it was really stressful for their students.

Jack further suggests that GSIs should wait to experiment with the curriculum provided by Tim
until they have taught the course and have an understanding for why it was assembled the way it
was:
Jack:

Don’t mess with the curriculum too much. I know people who do
things out of order and that’s okay, but there’s no need to spend
that energy when you don’t know why it’s in the order that it’s in.
Maybe, once or twice through the course that you’ve taught, like
then you can flip things around. But I don’t know – I don’t see any
reason to experiment before you know why this is the way it is.

Reflecting on his observations over the past six years, George agrees that the focus for incoming
GSIs should be survival, not reinvention:
George:

There is a contingent of people that show up and have been
professional sort of critics of teaching their whole life. They’ve sat
in classrooms going, “Well this teacher’s not good. And that
teacher’s not good,” and so they think because they’ve critiqued
teaching, they’re going to be good at it and so they’re going to
reinvent the whole thing. […] I’ve seen people try to reinvent the
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curriculum he first time they teach. It’s like, “Oh, you do not want
to try to juggle all of those balls. Like, just survive.”
Overall, the experiences of both being a new GSI learning how to teach and observing others go
through the same scenario have influenced Nancy, Jack, and George to believe that it is best to
use Tim’s materials at first and that innovation can happen later.
Although GSIs may feel rushed in their preparation for teaching during the Fall term,
some GSIs are able to find confidence in their course structure and schedule by Winter term.
Tyler describes how most of the GSIs he knows experience a similar first few weeks of teaching:
“I do feel like I was maybe lucky in the sense that I adapted kind of quickly. I’m not sure how it
is for most people. Most of the people I’ve talked to seem like they’ve kind of had the same sort
of, you know – first two to three weeks are rough, but then after that, it got better.” Tyler
emphasizes that he adapts quickly to teaching, and he proves this in his descriptions of his
development during the following terms. In particular, Tyler finds a balance between his
coursework and teaching – something many GSIs struggle with:
Tyler:

I think last term I maybe went in without a clear plan of how I
wanted to – like, you know, [as a] first-term grad student, I was
still figuring out how my schedule would work and things like that.
And then, this term, I’m really comfortable at least with my course
scheduling and when I have to make time to do homework and
things like that. I have a more concrete plan of when I’m going to
do things, and so that helps a lot.

Because Tyler becomes comfortable with his course schedule as a graduate student, he is also
able to implement structure for the students in his class. In Spring term, Tyler describes that he
has started to be more organized as a teacher, and it helps both him and his students know what
to expect:
Tyler:

Being organized is always really – that’s something that I’ve
learned a lot. Like first term, I wasn’t super organized with my
teaching, and since then it’s gotten a lot better. I feel better about
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teaching, and I think the students feel a lot better, like especially
being prompt with grading. […] Now that I have the structure of
the weekly quiz, it’s really – the students know what to expect, I
know what to expect, and so being more organized in terms of the
structure of the class has also been great.
By being organized and consistent with his teaching, Tyler feels better about his teaching and
believes his students feel better about the class, too. During his first term, Tyler describes that
teaching was “a lot to manage at the very beginning,” but by his third term, he is able to find an
organizational structure for teaching that works for him.
Nancy also develops structure and consistency in her teaching during her first year as a
GSI. Nancy comments that the rushed nature of the beginning of the term means that she is not
able to focus on having a consistent weekly schedule until Winter term:
Nancy:

This term, I’ve found a way to structure [my class] so that I’ve
always kind of got this same structure each week, which I couldn’t
really have done a week before the term started last term. So, now
I’ve thought about how I wanted to structure it.

Similarly to Tyler, once Nancy survives her first term as a GSI, she is able to be more mindful of
her course organization and the consistency of the weekly schedule:
Nancy:

I’m doing some of the changing now, which was like just getting it
more organized, getting it more tight, trying to stick with, keep
myself to a pace, even if that occasionally might mean I go through
some things in class really fast for like some chapters. I don’t
know, I feel like the consistency is almost, almost outweighs the –
I don’t know. I have yet to decide. Like, that’s something I’m
playing with. But, I think that students knowing what to expect is a
big thing.

Now that Nancy has time to think about the structure of her class, she is being more reflective of
her teaching and considering how her course schedule impacts her students.
In summary, GSIs have limited time to prepare for teaching during their first term, and
they often rely on the pre-calculus resources provided by Tim in order to help them survive and
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manage their time. After the rush of the first term is over, some GSIs are able to find growth in
their teaching. Tyler and Nancy are examples of how GSIs’ teaching can become more organized
and focused as they become accustomed to teaching.
The pressures of work as a graduate student also act as a constraint on the time and effort
GSIs can to dedicate to teaching. Recall that the GSI system exists in a state of disequilibrium
because GSIs are always balancing their responsibilities as both teachers and graduate students.
Through the lens of enabling constraints, I observe that GSIs experience their coursework as a
constraint on their teaching, and this constraint varies in how enabling or disabling it is for GSIs’
growth as teachers. First, consider how Oliver describes his first term as a GSI:
Oliver:

Teaching was terrifying. The first week, all of my mental and
emotional energy was like, “This is terrifying, I have to get up and
talk about this in front of people.” Then, because of the homework
load, you quickly cease having the ability to care. I mean, I care
about teaching, but my ability to stress about it is substantially
reduced because I have other things that I need to stress about
more. I was spending lots of time preparing the first two weeks [of
teaching] and now I’ll spend an hour preparing for class tops.

In this way, Oliver’s responsibilities as a student dominate and dictate how much time he spends
preparing for teaching. Oliver is not alone in this experience. In Spring term, the GSIs discuss
how the demands of their coursework limit their time for teaching:
Interviewer:

What has been having the biggest impact on your teaching lately?

Nancy:

My lack of time.

Tyler:

Yeah, that’s a big one.

Interviewer:

Do you feel like you have less time right now than in the past?

Nancy:

Eh, kind of, not really but kind of. I don’t know, analysis is taking
a lot more time out of my life this term than it has in previous
terms. And so, as a result everything else takes a little less time to
compensate. Yeah, and then it’s the last term of all of the different
sequences, so it’s the hardest. […] The other classes are a lot

140
harder too, so I’ve been doing everything I can to keep up in that
and allowing teaching to be a little bit lower on my priority list.
When Nancy’s courses get more difficult and require more of her time, she compensates by
allocating some of the time she would typically spend on her teaching duties to instead focus on
her responsibilities as a student. Tyler also voices his agreement that time has an impact on his
teaching when he concurs, “Yeah, that’s a big one.” Jack more directly explains the effect of
coursework on his teaching:
Jack:

I’ll look to my professors for good or bad influences, just as far as,
“You know, I didn’t like how that was done,” or, “Oh, I really
liked how that was done.” So, I get a little bit out of taking courses
and also teaching at the same time. But I think the primary impact
of my coursework on my teaching is just – well I spend lots of time
on coursework, and that takes away from time that I’m going to
spend on teaching.”

As Jack explains, by dedicating time to coursework, he has less time to dedicate to teaching. Jack
also mentions that he looks to his professors for examples of both good and bad teaching.
Because this is not related to time, I save the discussion of this aspect of coursework for 5.5
Neighbor Interactions.
Andrew, another first-year GSI, similarly expresses that balancing his time as both a
teacher and a student is challenging. Andrew describes, “I’m just not very good at scheduling.
I’ve always had difficulty with it. I think as my schedule gets better over the term, I’ll have
assignments handed back sooner, I think I’ll have my lectures more well-prepared, and stuff like
that.” Andrew struggles to settle in to his coursework and teaching schedule, and it means that
the time he has for preparing lectures and grading student work is limited. Further, having
limited time means that Andrew does not feel able to explore other avenues for learning about
teaching. As he explains, “I just don’t have much time outside of my studies because I’m a very
slow worker, slow learner, and so I haven’t had the time to look for seminars and stuff like that.”
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Attending teaching-focused events is likely to support Andrew’s learning about teaching, but he
does not believe he has the time to seek out these events. Thus, coursework acts as a disabling
constraint for Andrew’s growth as a teacher because he spends most of his time focused on
studying rather than pursuing his teaching development.
For Andrew, Nancy, Oliver, Tyler, and Jack, coursework is a constraint for their
teaching. In particular, it limits the amount of time they have to dedicate to teaching
responsibilities because they prioritize their work as a student over their work as a teacher. The
constraint coursework poses may not always be disabling, as we will see in Tyler’s case next, but
does not seem to be particularly enabling for some GSIs’ growth as teachers.
Tyler describes that having limited time to distribute between his student and teaching
duties has helped him develop time management skills. Reflecting on the past year of teaching as
a first-year GSI, Tyler explains how he learned to survive as both a grad student and a teacher:
Interviewer:

What did you learn most about teaching during the year?

Tyler:

Hm. I guess I learned…I don’t know. Probably time management
was maybe like not like a specific thing I learned, but it was a skill
that I definitely had to learn in order to survive teaching and grad
school at the same time. With teaching, I learned that you can put
as much time as you want into it, but that doesn’t mean you should
put in all of your time into teaching. So I definitely learned how to
kind of balance, like, okay, I have to do teaching stuff, but just
force myself to only work on it for like an hour this day, and then
come back to it later.

Tyler limits the amount of time he spends teaching because “you can put as much time as you
want into it” but there needs to be a balance between time spent on teaching and his other
responsibilities as a grad student. Specifically, Tyler feels he has control over how he schedules
his students’ work as their teacher, and so he uses the deadlines he imposes for his students as a
way to determine when he spends time on teaching:
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Tyler:

I’ve gotten really good at managing like, “Alright, I know I have
this homework due this day, quizzes are this day, this is the time
I’ll spend grading, this is the time I’ll spend coming up with
examples problems and writing the midterm.” So, I have a very
good, for myself, like schedule of when I’m going to do things,
just because I’ve become more organized with my teaching. I feel
like I have a lot of control over that.

Over the academic year, Tyler learns how to plan his schedule as both a student and a teacher so
that he can feel confident that he has enough time for everything. Tyler’s advice to incoming
GSIs “would be to plan more. Like, maybe more on a personal level than on a teaching level, just
like schedule your week well so that you know roughly when you’re going to do things and
you’re never really stressed about running out of time.” Tyler feels that he could spend unlimited
time on teaching, and so he finds it enabling to have limits put on the time he has available.
Coursework is a constraint on Tyler’s time and is thus enabling for his learning about time
management:
Tyler:

Sometimes it’s like, “Okay, I know I have to grade all of this stuff,
but I also have this algebra assignment. I’ll just do the grading
first.” In a way it’s kind of good, like the hard homework forces
me to get my teaching stuff done when it needs to get done, but at
the same time, it’s a time commitment.

As Tyler summarizes, the constraint of his courses can be a good for his teaching even though it
is a time commitment.
Time is also a constraint for teaching when GSIs are considering adopting new
pedagogical strategies. Specifically, GSIs perceive that creating materials for implementing
active learning takes more time than preparing for lecture-based class sessions. For example,
Oliver incorporates some flipped-classroom structure into his teaching during Winter term, and
he notes that making the materials are time-consuming, especially when compared to having
Tim’s resources for teaching during the first term:
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Oliver:

[This term] is very different because last time I was just lecturing,
and it’s much harder.

Interviewer:

What’s harder about it?

Oliver:

It requires a lot more preparation. I think, that that’s to some extent
because of the amount of support we have in the first term. [Tim]
wrote our textbook and gives us complete materials, like handouts
that you can just lecture from. So last term I was doing that, I was
following exactly the, the path we went down.

Moreover, GSIs may rely on lecturing because they perceive that creating active learning
materials would require time they do not have. Tyler explains how he would like to implement
other types of activities during class aside from lecture, but he feels pressed for time because of
the demands of his coursework:
Tyler:

I don’t want to do a lot of lecturing, but I feel like that, if you’re
going to do other stuff, it often takes a lot more time to prepare
things like that. So, I find myself doing a lot of lecturing and
maybe I’ll have a worksheet every once in awhile to get the class a
little more involved.
But I do wish I had, maybe still lecturing but more like I have
planned out more of how I want the students to work in groups on
this problem. Like, I’ll lecture for a bit, put up a problem on the
board, work together as a group, and have that a little more
planned out.
I always have that in my mind, like, I want to do that. And then
when it comes to like planning the lectures, it’s like, “Oh my. I
don’t have time, I have all this homework to do.” Then it doesn’t
really end up happening.

Tyler wants to incorporate group work during class time, but when it comes to planning his
teaching to accommodate this, “it doesn’t really end up happening” because of the time it would
take to prepare the materials. Tyler summarizes, “I always tell myself I want to lecture less and
do more engagement types of things, but I don’t know, just time – I don’t have enough time to
necessarily plan all of those types of activities. […] It’s not quite how I would want to teach like
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in an ideal situation.” Tyler credits having limited time to why he is not implementing more
active learning during his class sessions. In this case, time is a disabling constraint for Tyler’s
teaching because it is keeping him from teaching the way he would like to.
Sixth-year GSIs Henry and George also comment that it takes more time to create inclass activities for students than to prepare a lecture. Similar to Tyler, George would like to
incorporate more worksheets into his class sessions, but he finds it time-consuming to make
them:
Interviewer:

Are those worksheets something you do like once a week? Or –

George:

Yeah, it’s usually about once a week. Just cause it’s time
consuming. I’d like to do it – honestly I would like to do sort of
like lecture worksheet lecture worksheet. I think that’s probably
the ideal ratio, just because the longer you go without doing any
class work, the more insular [the students] become. So, t’s easy to
have a class where you pass out a worksheet and everyone just sits
and quietly works by themselves. And that’s not as useful. […] If
you do more worksheets, I think they get more into a rhythm of
working through things together. But they’re time consuming. And
the higher the course, the more so, I find. Like, designing a [vector
calculus] problem that’s, like, just the right level of difficulty while
also being challenging and having nice numbers fall out at the end
is really hard to reverse engineer, so it just takes me a long time to
write these things.

George sees value in having his students do worksheets more than once per week because he
believes it would help students get “into a rhythm of working through things together.” However,
George feels unable to have more than one worksheet each week because he believes he does not
have the time to create them. In particular, George wants his worksheets to have problems that
are “just the right level of difficulty” and will have “nice numbers fall out at the end,” and he
feels this is especially time-consuming. Henry also would like to incorporate more active
learning into his classes, and he is particularly interested in teaching a course with some flipped,
or inverted, qualities. He has implemented some of these qualities in a course he taught over the
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summer when he had more available time, but he feels this would take more time to prepare than
he has available during terms when he has expectations for research:
Henry:

I’ve heard a lot of really great things about doing inverted
classroom type things, and I have done things similar to that in the
summer when like I was less worried about like my other
commitments. I didn’t expect to get much research done or things
like that, but like unless that already exists, it takes a ton of time to
get that all prepared. And so, while I think a lot of the classes that
I’ve taught recently would be well-served by an inverted classroom
style, there’s no way I could do it unless everything was like
already there.

Henry believes many of the courses he has taught recently would be “well-served by an inverted
classroom style,” but he feels unable to implement this type of teaching because he does not have
the time to make the resources. Henry also mentions that having access to existing materials for
teaching in a flipped-style classroom could enable to him to teach in this way because it would
reduce the time needed to prepare the course.
In summary, time and pressures to be academically successful act as constraints on GSIs’
teaching, and these constraints often communicate to GSIs that they should be spending more
time on their coursework than their teaching. Tyler summarizes how he adjusts his time
allocation over the year between teaching and his work as a student:
Tyler:

I’ve noticed, so first term I think I spent the most time on teaching
stuff of the three terms so far. And partly it might have just been
because I wasn’t as experienced as I was, or as I am now. But now,
I’m definitely realizing like I maybe don’t need to put in as much
time into teaching as I had been putting in before. Last term I felt
that I was doing a lot better in my own classes than I was the first
term, and so this term I’m trying to continue that and it’s been
more time studying, less time with teaching stuff. Which helps
cause [the second precalculus course in the sequence], I’m
teaching it for the second time so I can definitely afford to not
spend too much time on teaching stuff.
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Tyler explains that initially, he spends a lot of time on teaching because he was inexperienced
and was unsure of how to balance his time as a GSI. In his second term, Tyler begins putting
more time into his coursework and becomes more successful academically, and so he continues
in the third term to dedicate more of his time to coursework rather than teaching. Further,
teaching the same class both winter and spring term means that Tyler can spend less time on his
preparation for teaching and rely on the materials he developed previously. This means he has
more time to dedicate to his schoolwork.
5.2.2 Teaching Assignments, New or Repeated: Enabling Constraints, Internal Diversity, and
Internal Redundancy

Figure 5.8 Progress through the Necessary Conditions, Section 5.2.1
In the last section, I discussed how time and coursework are both constraints for GSIs’
teaching and learning about teaching. Now, I will focus more closely on the constraints GSIs
face as teachers that are imposed by teaching itself. Specifically, I claim that GSIs experience
constraints for teaching specific to whether they are assigned a course that is new to them or a
course they have taught previously. First, I consider GSIs’ experiences teaching a given course
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for the first time and explore how these experiences contribute to the internal redundancy of the
system. Then, I look at instances where GSIs have taught a particular course multiple times and
discuss how this relates to internal diversity.
GSIs face a unique set of struggles when they teach a class for the first time. For
example, GSIs often describe that it is difficult to understand what mathematical content is
important to emphasize when they have not taught the course before. Nancy explains how during
her first time teaching a particular class, she is often planning only a few weeks in advance and is
unsure of how the later weeks of the course will take shape:
Nancy:

I haven’t taught this one yet, and so it’s a little bit rougher the first
time around.

Interviewer:

What makes it rougher?

Nancy:

Well, the fact that I don’t know what I’m going to be teaching.
Like, I don’t know as well what I’m going to be teaching in two
weeks, so it’s hard to prepare my students for what we’re doing in
two weeks if I’m not 100 percent sure what we’re going to be
covering. Which is not great.

Nancy can look ahead to the material that she is going to cover later in the term, but she is
missing the insight of what to emphasize for students now to best support them with what they
will be learning next. As she explains, “I can know what the curriculum says, but like then really
actually saying, like, what do they really need to know?” Nancy elaborates on how this concern
took shape when she was teaching pre-calculus for the first time in Fall term:
Nancy:

I think my biggest struggle was just staying organized, because it
was a new course and so I wasn’t sure about how I should pace
things. I wasn’t sure about what the most important content was
relative to the least important regarding their next classes to come.
I wasn’t sure what was the most important to emphasize and the
least important to emphasize, cause I have my own opinions, but
whether those match what the students need in the future is a
different question, I guess.
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When teaching a course that is new to her, Nancy focuses on her organization, pacing, and
choice of content, and she finds it difficult to have a broader understanding of what is most
important for students to be learning for later in her class and for their future mathematics
classes.
Jack faces similar struggles when he teaches pre-calculus for the first time in Fall term. In
particular, Jack does not have experience teaching pre-calculus, and he finds it challenging to
pace the course content because he is unsure which topics will be difficult for students:
Jack:

I’ve never really tutored pre-calculus before, and I don’t know
what the sticking points in the material necessarily are. I don’t
know where students get stuck as well as I know for calculus. I
know that where the difference quotient comes from is a huge
sticking point for students in calculus, like “What, why are we
caring about this magical f(x + h) – f(x) over h?” It just seems like
a black box formula, and I know that sometimes explaining where
that comes from is a helpful step into understanding the derivative
conceptually.
But, with pre-calculus, I have really none of that. I can state a
definition, I can write an example on the board and be like, “Tada!” and I don’t know where my students are going to get stuck in
that. So, I think part of [my issues with] pacing may have just been
a content thing. I’m just not used to teaching this particular content.

Jack is “not used to teaching” pre-calculus and consequently finds it difficult to predict “what the
sticking points in the material” are for students. Similar to Nancy, Jack is unsure what to
emphasize because he is not familiar with what content students will need extra support with.
Reflecting on his first term of teaching pre-calculus, Jack describes his difficulties in selecting
content for his lectures:
Jack:

The biggest student complaint that I had on my course evals was
that I didn’t use course time effectively. And I think what that
comes down to is really deciding what to talk about, what
definitions to provide, what examples to use, what graphs to talk
about. I think that decision-making process as far as what goes into
what I should be saying, that was maybe the part that I was the
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least familiar with when lecturing. Just kind of that decisionmaking process and knowing what should I talk about with this
definition, what examples are good examples to illustrate certain
facets of this concept, and how can I present those in a way that
kind of reveals all of the relevant information that I want this to
convey to the students.
Without knowing what to emphasize about specific content or how he wanted to present the
material, Jack struggled with the “decision-making process and knowing what to talk about” as a
teacher. During Spring term, Jack teaches the second pre-calculus course in the sequence. He
looks back on his experience teaching the first pre-calculus course in Fall term and notes that he
lacked the awareness of what concepts would be critical for students’ future mathematics classes:
Jack:

I skimmed over a couple [of topics] where there was some – like
we didn’t talk about interest rates at all for exponential functions,
and we very much glossed through function composition and
function inverses, which are kind of critical components for
courses later. I think now that I’ve taught both classes, I can say,
“Okay, here are the more important things. And next time, if we’re
behind, I can cut the less important stuff.” But in the moment, you
know, I was just like, “Uh, we’re just going to go at whatever pace
we go, and I guess we’ll miss this function composition stuff.”

With hindsight and experience teaching the subsequent course, Jack can reflect on the curriculum
and identify the “critical components” of the material for students in the current course and the
courses that follow it. Overall, when Nancy and Jack have not seen a course from start to finish,
they feel they cannot adequately provide their students with insight about what will be important
for later in the curriculum. In this way, teaching a course for the first time is disabling for Jack
and Nancy’s teaching.
GSIs also have a difficult time knowing what to expect when they teach a course that is
different from what they have experienced as students. Jack is assigned to teach a summer class
that is condensed into a four-week session, and he does not know how he plans to teach:

150
Jack:

I have a four-week class over the summer where it’s two hours
each day, five days a week. And I really don’t know how I’m
going to structure it, because there’s no way I can talk for two
hours, and there’s no way my students want to hear me talk for two
hours. So I’ll have to find some way to kind of break up that time.
[…] I don’t know what I’m doing yet.
There’s a lot of stuff that’s just so different from how teaching
would work during the normal school year. And I’ve never taken a
summer class before, so I’ve never even like seen anybody
structure a summer class. I’ve got essentially no background, so
I’m going to make something up and we’re going to see how it
goes and, and hopefully I’ll learn something from it. Hopefully my
students learn something from it too! I guess that’s the higher
priority.

As Jack comments, he has never taken a summer class before, and so he is unsure of what
students will expect for how the course is structured. Jack lacks the previous experience to draw
from for when he designs the class, and he does not feel enabled to adapt his teaching to the
summer schedule. That is, Jack feels that he has “essentially no background” to work from, and
so he has to “make something up” and hope his students learn something from the course.
Tyler also finds himself unsure of how he will teach over the summer because he is
assigned to teach statistics – a class he has never taken:
Tyler:

I am teaching statistics [in the summer]. So, that’s very different.

Interviewer:

How do you feel about that?

Tyler:

So that, I’m actually kind of nervous for! Because I’ve never
actually taken a statistics class. So, this will be completely new. I’ll
have to kind of learn along with the students to some extent. But,
I’m kind of excited, I don’t know.
I’m glad I’m teaching it during the summer and not like, during –
cause one of my friends actually had to teach it this past term. And
he was kind of in the same boat where he had never taken a
statistics class, and so I imagine that would have been a lot more
stressful. So, I don’t mind, and I’m kind of excited like I said. But
at the same time, I kind of don’t know what to expect at all!
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Tyler has never been a student in a statistics classroom, and so he is particularly unsure of what
to do as the teacher of the course. As Tyler says, he will have to “learn along with the students to
some extent.” Tyler is nervous about teaching the new class, but he also emphasizes that the
course provides him with an opportunity to grow as a teacher and he is “kind of excited” for the
experience.
Tyler’s experience also demonstrates how teaching a new class reinforces the internal
redundancy of the GSI system: Tyler adds statistics to the list of classes he has taught, meaning
he now shares an experience with his friend he mentions who taught the class the previous term.
When GSIs are assigned to teach classes that are new to them, they increase the number of
different courses they have taught. In broadening their teaching experiences, they expand the
common ground that can be redundant with other GSIs’ teaching experiences. Although Tyler
and Jack do not know what to expect for teaching with content and structures they are unfamiliar
with, being assigned to teach courses that are new to them increases the internal redundancy of
the system.
As a sixth-year GSI, Henry has experience teaching courses over the summer, and so
unlike Jack, he is used to the summer session. As he explains,
Henry:

I’m quite comfortable with the four-week session. In fact,
sometimes it’s really fun because people are spending so much
daily time in it that there’s less losing facts day-to-day. And so
students end up getting really quick about the type of materials that
they’re dealing with.

Henry is “quite comfortable” teaching in the condensed summer schedule and has found it can be
a “really fun” experience. This starkly contrasts with the lack of confidence Jack presents when
he says, “I really don’t know how I’m going to structure it, because there’s no way I can talk for
two hours, and there’s no way my students want to hear me talk for two hours.” Henry also has a
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similar experience to Tyler in that he was assigned to teach statistics as an early-year GSI even
though he had never taken the course as a student. He reflects on the impact the experience had
on his understanding of statistics and its relationship with mathematics:
Henry:

It’s really interesting cause, gosh, like four years ago now? I was
assigned to teach statistics over the summer. I had never taken or
taught statistics, and I had a very low view of statistics up to this
point. I didn’t understand very much about statistics, but I had this
bias where, in the back of my head, I felt like statisticians were
coming up with their statistics, like they were defining, “Oh the
variance is this thing and it does this.” And so I don’t think I
appreciated how, while yes they’re defining these things, these
definitions are natural and they come from natural places and they
do really say important things. […] I was definitely really snobbish
about it. It was super bad.
But, I think learning that, and learning how we can learn things
about statistics, has given me a lot of appreciation for non-rational
ways of thinking. Like, most of what we know and what we’ve
accomplished in the world has been through empirical science, and
that’s based on, like, statistics. Which I, because statistics is so tied
to this empirical world, I always assumed that it in itself was an
empirical framework, but it really is a rational framework that’s
been so well-established. […] Going through that experience has
both significantly improved my view of what statistics is, but it’s
also really helped me understand the way that mathematics fits into
these empirical sciences and how they interconnect.

Before teaching statistics, Henry was biased about the subject and “really snobbish” about it.
Being assigned to teach a course that was new to him expanded Henry’s knowledge about
statistics as a rational framework and how it fits in with his beliefs about mathematics. Henry did
not know what it was like to be a student in a statistics class, and he was unfamiliar with the
subject, but being assigned to teach it gave him an opportunity to learn “how we can learn things
about statistics” and thus learn about teaching. This experience increases the internal redundancy
of the system because Henry can now relate with other GSIs who also are teaching or have
taught statistics.
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In summary, Nancy and Jack experience challenges in knowing which course content is
important to emphasize when they are teaching a course that is new to them, and Jack and Tyler
express uncertainty of how they will teach when they are given an unfamiliar course structure or
topic to teach. Teaching a particular course for the first time can be a disabling constraint on
GSIs’ teaching because their possibilities for how to teach are limited by their inexperience.
However, even though teaching a course for the first time can be challenging, it also allows GSIs
to grow as teachers when they are assigned the class for a second time. That is, when GSIs teach
a class they are comfortable with, they feel more enabled to focus on aspects of their teaching
they want to improve.
For example, first-year GSIs all teach the first pre-calculus course in the sequence during
Fall term, and in the remaining two terms they often either teach this course again or teach the
second pre-calculus class in the sequence. Consequently, Tyler and Nancy each have the
opportunity to teach the same course twice during their first year. Tyler is an instructor of record
for the second pre-calculus course in both Winter and Spring terms. Initially, Tyler has to create
a set of materials for the class and determine how he wants to structure the schedule, but he is
able to reuse this curriculum when he teaches the course again. Tyler reflects on his preparation
during Spring term when he is teaching pre-calculus for the second time:
Tyler:

This term, I hardly prepared. Just because I had like a bunch of
materials, and I had sort of a very nice schedule going where I
would have like homeworks due Monday that were every week,
and I would get them graded and hand them back like on
Tuesdays, then we have a quiz on Thursday. And so I sort of had
this system kind of planned out from last term.

Tyler has less preparation to do for teaching when he can rely on materials and decisions he has
already made. Having more time allows Tyler to focus on other aspects of his teaching, such as
how he paces the content and maintaining student engagement:
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Tyler:

I am teaching [the second pre-calculus course] for a second time,
and so one good thing that I’ve been doing is like, since I don’t
have to focus so much on like preparing the course materials since
I have a lot of stuff from last term, I focus I guess more on like the
overall structure of the class? Like I’ve been focusing – last term I
learned what topics are really, really hard for students and the
topics that they hate, and then I spend like more time maybe easing
them into those topics.
Like, I know the law of sines and law of cosines are nightmares for
the students often, so this term, I just started those topics a lot more
slowly and kind of worked up like with easy examples at first and
then harder examples and did like a lot of in-class worksheet stuff
to help the students with that.
So, I think just being more conscious of like how to get the
students to be engaged with the material since I don’t have to focus
on actually preparing individual lecture notes.

Because Tyler is familiar with the course, he can identify which topics students struggle with and
spend more time discussing these ideas and helping students work through them. Teaching a
class he has materials for is enabling for Tyler’s growth as a teacher because he is able to instead
focus on improving how he engages students with the mathematics,.
Nancy also has the opportunity to teach the same course twice during her first year. In
particular, she requests to teach pre-calculus again during Winter term because she was happy
with how her first term fared for both her teaching and her coursework:
Interviewer:

It sounds like you’re teaching [pre-calculus] again.

Nancy:

Yep, same class. I’m not going to complain, I asked for it.

Interviewer:

Okay, I was going to ask you if you requested it.

Nancy:

Yeah, I asked for it, I was like, “I don’t want to change anything, I
passed my classes last term, I want to pass them again this term.”
It’s a lot easier once you’ve taught it once, so I wanted to teach the
same thing again.
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As Nancy comments, she believes that it is easier to teach a class when you have taught it
previously, and she requests to teach pre-calculus so she can take advantage of this. This also
demonstrates the effect of coursework as a constraint on Nancy’s teaching: Nancy feels pressure
to be successful in her courses, and she requests teaching assignments that she believes will
support her in doing so.
After teaching pre-calculus again in Winter term, Nancy reflects on how having a
familiar course improved her course structure and her predictability as a teacher:
Nancy:

I feel like I was a lot more consistent [the second term] in the sense
that it was very predictable what the students could expect. And I
think that helped them be more successful. Like, every week we
would do some lectures with intermittent feedback for the first two
and a half days, and then at the end of Wednesday we’d do a
worksheet for the remainder of the day. On Friday you could
expect a quiz that was mostly based on the stuff that was in the
worksheet, and then we’d go on to the next topic. And so, that I
think helped them know what to expect and how to prepare. I think
the first time I teach a class it’s really hard to have that kind of
consistency. But then, because I was teaching the same class again
the second time, it was easier.

Nancy finds that she is able to maintain a consistent schedule for her students that allows them to
know what to expect each week of class. While Nancy is unsure of how to structure her course
content during the first term she teaches pre-calculus, she feels more enabled to support her
students and provide them with consistency when she is teaching the class for the second time.
Nancy is clear that she believes teaching a class for the second time is an easier task.
Jack is given three different teaching assignments during his first year, but he hopes that
in the following year he can teach pre-calculus again and work on improving some aspects of his
teaching. In particular, Jack identifies that he struggles with managing class time. Jack perceives
that the way he gives students time to work on problems during class is inefficient and not
supportive of student engagement:
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Jack:

In the Fall where I was bouncing between lecture and problem
solving during every session, the students who would finish the
problems early would then become disengaged from the course
and go on their phones or go on their computers or work on other
homework or whatever while I was walking around taking
questions from other students. […] So kind of figuring out what’s
the key to get students to be engaged and involved in the class, I
think is kind of the missing component for me right now.

Jack wants to be able to keep his students engaged when giving them time to work on
mathematics during class while also being efficient with class time. Thus, looking forward to his
next year of teaching, Jack hopes that he can address these issues. That is, because he will likely
be teaching a class he already has materials for, Jack will have more time to focus on finding a
balance between lecture and problem solving during his class sessions:
Jack:

I should be teaching [one of the pre-calculus classes] again in the
Fall […]. I kind of like that because I’ve got a bunch of material
for the classes already, I won’t have to spend as much time
preparing, or at least writing you know a bunch of new lecture
notes or whatever. So, I think I’m going to try to keep roughly the
same model, but see if I can find some kind of middle ground
between what I was doing this term and what I was doing [this last
Fall]. Just kind of setting up and saying, “How can I kind of get
this regular class engagement and problem solving without
sacrificing some of the time efficiency.”

Jack believes that teaching the same class multiple times will enable him to focus on specific
aspects of his teaching that he wants to improve. Having previous materials means that Jack
“won’t have to spend as much time preparing” and thus will have time to dedicate to changing
his teaching.
While GSIs feel enabled to improve how they teach when they are assigned the same
course multiple times, this experience also increases the internal diversity of the GSI system. By
spending extended time working with one course, GSIs increase their depth of experience with a
given class and thus become more uniquely knowledgeable. When a GSI teaches a course
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multiple times, they develop a strong foundation for how they teach the course, and GSIs have
different classes that they choose to teach repeatedly. Even though GSIs begin by all teaching
pre-calculus in their first term, their experiences diversify over their years of teaching. In this
way, GSIs can become specialists in teaching certain courses, and this makes the system more
diverse.
For instance, Henry has taught pre-calculus during some point in every year he has been a
GSI. Looking back, Henry believes he has learned something about teaching every time he has
taught the class: “The first five years I taught [pre-calculus], I think I learned something new
every term about like subtle things you could connect here and there.” Henry has a unique
experience in that he has taught pre-calculus regularly over five years, and this represents part of
the GSI system’s diversity. Henry works to pass along his perspective to earlier-year GSIs to
support them in also learning from teaching pre-calculus. However, Henry also notices that he
learns less each time he teaches the class:
Henry:

So, for a long time when I would talk to younger grad students, I
would tell them that every time I’ve taught [pre-calculus], I’ve
learned something new about it. And that’s still true. But, I am
starting to notice that it becomes true to smaller and smaller
extents as time goes on. I learn fewer new things each time.

Henry’s experience indicates that the enabling quality of teaching a course repeated times
diminishes over time. As he explains, he learns “fewer new things each time” he teaches the
same course.
This is further exacerbated when Henry has additional pressures on his time, such as
when he is doubling up on teaching assignments. In Fall term, Henry is the instructor of record
for a pre-calculus class, but he also assists with two other courses as part of his double teaching
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assignment. Henry relies on his past curriculum for pre-calculus to save time, and he finds that
because of this, he learns less about teaching than he has in the past:
Henry:

Honestly this year, probably mostly because I was so busy with the
two other course responsibilities I had, I can’t say that I remember
learning anything specifically new. I probably had to rest a little on
what I already knew for that course and not think too deeply about
other connections we could build.

Moreover, like the first-year GSIs who teach a class for the second time, Henry finds that
teaching a course multiple times requires less time and effort when it comes to preparation. He
recalls the differences between teaching a proofs-based course for the first time and teaching precalculus repeatedly:
Henry:

[When I was teaching a proofs-based course], I spent a lot of time
writing almost like to the level of word to word what I wanted to
talk about. Whereas you know I teach [pre-calculus] and I will
basically put the word I want to define, I won’t even write the
definition out for myself anymore because I would just do it all
over again. I can give any of those definitions on the fly.

Henry is familiar with the pre-calculus content and so he does not need to write detailed lecture
notes as part of preparing for class.
George similarly finds that although teaching the same class repeatedly is less demanding
on his time, the growth in his teaching diminishes when he becomes too familiar with the course.
George describes that when he has taught a course multiple times, he knows what to expect and
finds the experience to be predictable: “This is the part where I always draw a picture and they
look at me blankly. And this is the part where I shouldn’t say this so I won’t. And you know, like
yeah, I’ve already made the mistakes, or had the surprises, for that course.” George experiences
this during the current study when he teaches vector calculus in Fall term – a course he is
familiar with – and he feels like he is teaching on autopilot.
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George:

In the Fall, I was teaching [vector calculus], which I’ve taught a
bunch of times and it was kind of on autopilot a little bit. And I
was actually pretty happy with how it went, I mean I’m never
super proud of just reading a lecture that is an old lecture that I
haven’t put some new thought into? But, because I’ve taught this
course several times, I feel like I’ve done all the wrong things, I’ve
gotten that out of the way, and so it went pretty smoothly and was
not a ton of work, which was nice.

As George explains, because he has taught vector calculus “a bunch of times” and he feels he has
gotten “all of the wrong things” out of the way, teaching the course is not demanding. When
asked how he would describe his teaching experience in Fall term, George replies,
“Comfortable! In that it was very, yeah, sort of like, I’m competent and know what I’m doing,
I’ve got this ironed out, you know, everything’s sort of already set up. So, it was very easy and
comfortable. But, it’s still enjoyable.” George is comfortable implementing the curriculum he
has prepared from previous iterations of teaching the course.
Teaching vector calculus again is “still enjoyable” for George, but he also mentions that
because he has taught it multiple times, he does not have any “breathtaking” moments of
learning: “It was my like my umpteenth time teaching [vector calculus], so I don’t think I had
any breathtaking things there.” George also expresses that his teaching becomes somewhat
stagnant when he does not have to update his curriculum. This is highlighted in one of George’s
previous quotes when he says, “I’m never super proud of just reading a lecture that is an old
lecture that I haven’t put some new thought into.” George explains how he has settled into a
particular way of teaching vector calculus after teaching the class multiple times:
George:

[Vector calculus] I’ve taught three or four times now, so I’m not
doing a lot of like innovation with this class currently. About an
hour before, I, you know, print out whatever worksheets I’m going
to be using or I go over my lecture notes.

Interviewer:

So, you said like not being terribly innovative. Like, do you feel
like the first or second time you taught the class you –
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George:

I was kind of reinventing and tweaking and tinkering with the
order in which I did things. It’s not – I actually like the way I’m
teaching the class now, but I feel like if you teach a class and then
teach it again exactly, like, if it doesn’t change it kind of gets
worse.

George describes that initially, teaching vector calculus again means he is making adjustments to
his teaching to get the course to a place he is happy with. However, George perceives that the
class gets worse when he stops making changes to it. He illustrates what this feels like as a
teacher:
George:

I don’t know why that is, but it kind of stagnates and becomes, you
know, if I write a lecture and I’m like really excited about the way
I’ve laid out these ideas, I’ll be like, “Guys, check this out!”
[upbeat voice, mimes excitedly writing on board]. And when I go
back and give that same lecture, I’m like “Guys, check this out”
[monotone voice, mimes slow writing]. You know like, it’s just not
as alive anymore. So, I’m giving kind of a fossilized version of a
course that I do really like. I’m happy with how I have it set up,
but I can’t – if I had more time I wouldn’t be resting on that quite
so much.

George perceives that the course becomes stagnant over time if he stops “reinventing and
tweaking and tinkering” with it. As George says at the end of the quote, he also has constraints
on his available time. Without an impetus to bring life back to his course, he teaches with his
existing materials even though it means he is delivering what he believes to be a less alive,
“fossilized version” of the class. In this instance, teaching a familiar course not enabling for
George’s growth as a teacher.
When George is asked what he learns about teaching as an instructor of record for vector
calculus in Fall term, he confirms that he is not finding the repeated teaching assignment to be
enabling. In reflecting on his Fall term teaching, George compares the experience to the
challenges he is currently facing while teaching linear algebra in Winter term:
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Interviewer:

Do you think you learned anything about teaching last term?

George:

Probably not a lot. You always have little things, but I’d already
kind of polished that course down to where I was pretty happy with
it. Whereas this term [teaching linear algebra], I’m learning – […]
linear algebra is hard when you don’t know it, and once you know
it, it’s easy. And so, there’s all sorts of things where I’m just like,
“Well this is in the linear span of these vectors!” You know, what
else is there to say? Cause I haven’t thought for a long time about
what it’s like not to understand that stuff, so that’s been
challenging.

For George, his experience teaching linear algebra for the first time strongly contrasts with his
vector calculus experience Fall term. In particular, because linear algebra is a topic that is easy
for him but that he has not taught yet, he has to work to relate with his students and reflect on
“what it’s like not to understand that stuff.” Consequently, when he is assigned linear algebra,
George has to take more time to prepare for teaching:
George:

In contrast [to vector calculus], this term I’m teaching linear
algebra, which is a lot of fun. Yeah, but I have to reverse engineer
all of these problems to try to make them work out nicely, and I’m
just, there are things that I have been taking for granted for a long
time that I have to sort of think carefully about how to explain. So
that’s really fun, but it’s been time-consuming.

Teaching a class multiple times initially allows George to grow as a teacher, but he eventually
finds that he becomes stagnant in his teaching. When assigned a new class to teach for the first
time, George enjoys preparing materials even though it takes more time than reusing curriculum
like he does when teaching the same class repeatedly. Overall, as sixth-year GSIs, George and
Henry’s experiences indicate that for growth as a teacher, it is possible to teach the same class
too many times. That is, there is a limit to how enabling a constraint can be.
Henry and George also demonstrate that a variety of experiences, not just specializing in
one course, help GSIs find growth as teachers and begin to broaden their focus for teaching. For
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instance, moving to teaching upper-division courses helps George learn about how to support
students in developing mathematical maturity:
George:

I think probably this year I thought most about sort of the proof
and the transition from non-math major to math major. Like sort of
the, how to teach and foster mathematical maturity. Because I’ve
got used in lower-division courses to teaching skills and teaching,
you know, to sort of getting students to work hard, but it’s getting
them to think hard or think rigorously or think carefully is
something I’ve thought less about.

When George was teaching lower-division courses, he focused on teaching students
mathematical skills and how to be hard workers. Transitioning to upper-division courses allows
George to expand his possibilities for teaching as he begins to think more deeply about
supporting students in rigorous mathematical thinking. Henry has experienced similar growth
over the years as a GSI. He explains how becoming comfortable with teaching has allowed him
to focus on skills that will help his teaching over time:
Henry:

I think this year in particular, I have focused more on teaching
efficiency than I have in the past. This is like a combination of, on
the one hand I feel comfortable enough in the things I know and
my techniques and in preparing that I feel like I can try and make
the background work for teaching less onerous without sacrificing
too much. But on the other hand like, I think that like, as a teaching
practice, it is a fundamental skill because if you don’t develop
these skills at some point, I think you’re going to run into some
kind of burnout wall. And I definitely don’t want to.

Interviewer:

The skills to prepare efficiently, you mean?

Henry:

To prepare efficiently, but also to like, to give valuable feedback to
students in an efficient way. […] It’s just like, you know, kind of
like the sharpen the axe for two hours before you chop the tree.

Henry is looking ahead to his future as a teacher and has started to dedicate time to learning how
to be more efficient with his grading and providing feedback to students. Before, as a new GSI,
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Henry was focused on only the class at hand and not about his teaching more broadly. He reflects
on this transition:
Henry:

I think, obviously the thing that’s most dramatic is in terms of how
I spend my preparation and grading time. I think that like, when I
first taught, I think I thought about everything within the context of
the course. And I think I spend a lot more energy thinking about
the course’s context in their entire education now. I think when I
first taught, I didn’t really worry about how difficult what they
were doing felt to them in that point in time, especially because
like, you know at first it was really hard to be sympathetic. I was
like, my homework right now is so hard! But that’s not helpful.

Whereas first-year GSIs have to balance their challenging coursework with their teaching, as a
later-year GSI, Henry is enabled by his teaching experience to consider his students’ education
more broadly. Teaching a class multiple times, but not too many times, is enabling for Henry and
George’s growth, as is having the opportunity to teach a breadth of courses.
All in all, GSIs have some constraints on their work as teachers that help promote their
growth. GSIs can both specialize by teaching one course multiple times, contributing to the
internal diversity of the GSI system, and gain a range of experiences by teaching classes that are
new to them, improving the system’s internal redundancy. To summarize, when GSIs get
comfortable with teaching, they feel better enabled to pursue their interests as teachers and
choose aspects of their teaching to improve. Nancy explains the types of questions she is
pursuing now that she is more comfortable and experienced as a GSI:
Nancy:

“How do I manage my expectations, what do I expect of [my
students], what does it mean to teach somebody,” like, you know,
all of those kind of fuzzy questions that you need answered at the
start of your first year. As opposed to like once you’ve got some
experience in the classroom, you can start asking, “Well, I really
want to have more effective [online homework].” Or, “I really
want to improve the way I connect what we’re learning, and how
do I change what I’m doing to match their mathematical
maturity?”
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First-year GSIs like Nancy face unique constraints for their teaching throughout their first term
as GSIs, particularly in that they often feel their preparation time is limited both before and
during the term. Then, as GSIs progress through their graduate programs, they have to navigate
their responsibilities as graduate students as their work shifts from being coursework-heavy to
research-focused.
The constraints GSIs experience for their teaching come from whether their teaching
assignment is a course that is new or familiar to them and from the pressures to balance having
limited time with the demands of coursework and research. These structural aspects of GSIs’
work influences their growth as teachers, and they vary from being enabling to disabling.
However, these are not the only influences on GSIs’ teaching. As I go forward to the remainder
of the results, I explore the neighbor interactions GSIs engage in related to teaching and discuss
further the internal diversity and redundancy of the GSI system.
5.3 Internal Diversity

Figure 5.9 Progress through the Necessary Conditions, Section 5.3
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This section about internal diversity and the following section 5.4 about internal
redundancy are noticeably shorter than the sections for the other three necessary conditions. This
is because the notions of internal diversity and redundancy are present in the data within
instances that are also reliant on another condition. Because much of the data about internal
diversity and internal redundancy overlaps with other necessary conditions, I leave the bulk of
the discussion about them to the other sections they are related to. In this section, I describe both
the data that highlights internal diversity independently and the data that relates internal diversity
to internal redundancy.
First, in 5.3.1 Unique Perspectives from Previous and Shared Experiences, I discuss how
the internal diversity of the GSI system is established by the participants’ previous work
experiences and continues to develop through their teaching as a GSI. Specifically, I present
instances of GSIs’ describing how their views on teaching differ from their peers. In 5.3.2
Differences that point to Similarities, I discuss how GSIs identify differences in their preparation
habits for teaching and the assessment structures they implement. I also explore how GSIs often
point to redundancy in the GSI system when they are attempting to indicate examples of
diversity.
Recall that the internal diversity of a system determines the possibilities for action and
reactions. In the context of GSIs, the diversity among the GSIs determines what strategies,
activities, and methods GSIs know as possibilities for how to teach. Moreover, the internal
diversity in the GSI system represents the intelligence of the system. Because of the
unpredictability of life as a member of a complex system – or in this case, the ever-changing
work of being a teacher – having a diverse set of possible actions is important for making sure
that members of the system know how to respond when teaching concerns arise.
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5.3.1 Unique Perspectives from Previous and Shared Experiences

Figure 5.10 Progress through the Necessary Conditions, Section 5.3.1
GSIs come to graduate school with varying previous work experiences, and this impacts
how they view themselves in relation to other GSIs. George, Henry, and Nancy all have past
teaching experience, and they identify ways this contributes to their perspectives about teaching.
On the other hand, Andrew spent multiple years working in industry before attending graduate
school, and this uniquely impacts his teaching philosophy.
Henry is aware that his past teaching experience sets him apart from other GSIs. As he
states, “I think that a lot of students have come in with less teaching background than I have, like
I had some.” Henry spent the year before graduate school mentoring first-year college students,
and this influences how he thinks about undergraduates students’ transition to college. He
reflects,
Henry:

Some students are just in a place where they’re experiencing a new
level of freedom, and that’s a great and wonderful opportunity for
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growth, but sometimes those students aren’t necessarily going to
be told what the best way to live their college experience is. And
that’s fine. There are other students who come in – well I mean
especially, right before starting grad school, I spent a year working
with mentorship programs, like developing mentorship programs
for first-year college students, especially college students that
didn’t have anyone else in their family go to college before them.
And so this is an angle I think about a lot, personally. Like, there
are students who are figuring out what the game is on their own.
And so, I think those students sometimes are very receptive to any
advice on how to play the game correctly.
Henry is aware that his past experience means that supporting first-generation college students is
an issue that is important to him as a teacher.
Nancy and George have past experience teaching high school mathematics. George
realizes that his previous experiences with high school students have made him more
understanding and patient undergraduates who are struggling with prerequisites. Specifically,
George acknowledges that this mindset distinguishes him from other GSIs:
George:

I think [my experience teaching high school] makes me certainly
more appreciative of curious students who really want to be there.
Which is just nice for morale, I guess. It also makes me more
forgiving, I think, than the average grad student? So, I’m just used
to – I don’t know, I think in any education, or at least math
education, you try to teach x, you realize your students don’t really
understand prerequisite y, and then you do one of two things: you
scold them and proceed as though they knew it and expect them to
scrabble and catch up, or you do some sort of quick review and try
to get back on course. And scolding never worked in high school.
So, I don’t really do that.

George believes that scolding is not an effective way to support struggling students, and he
learned this from teaching high school. This habit, he explains, is an example of how he is “more
forgiving” than other GSIs.
Nancy especially feels that her high school teaching experience separates her from her
fellow GSIs. Nancy frequently mentions that she does not see herself as a “typical graduate
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student,” and she attributes this to the influence of her previous experiences as a teacher. For
instance, Nancy gets positive feedback from Tim during her first-year observation, and she
credits this to having been a teacher previously. She explains, “I’ve been doing really, really
well, in part just because I have been a teacher before. So, I mean, I don’t know that I’m your
typical first year grad student.” Here, Nancy is clear that she believes her success is due “in part”
to having experience as a teacher. Like how George finds he is more understanding of students
needing support with prerequisite material, Nancy also expects her students to struggle with this.
However, she is surprised to find that her students exceed her expectations:
Nancy:

I was worried that they’d all be struggling with [the prerequisite
material], because it’s what I saw in public schools. A lot of public
schools. But, yeah.

Interviewer:

Well, I’m glad that it was at least better than your expectations, not
the opposite.

Nancy:

Yeah, I know that it’s different probably than a lot of graduate
students’ experiences.

Nancy mentions here that this perspective is different from how other GSIs perceive students
prerequisite knowledge. Specifically, Nancy is referring to other GSIs’ expectations that students
will remember most of what they have learned previously. Because Nancy saw high school
students struggling with the material, she anticipates that her undergraduates students will too.
Similar to how Henry, Nancy, and George identify unique qualities of their current
teaching and attribute them to their previous teaching experience, and Andrew also notices how
his experience working in industry uniquely impacts his teaching. Andrew is surprised to find
that many of the other first-year GSIs are unfamiliar with the opportunities afforded by having an
industry position. He recalls,
Andrew:

One of my first days here, we were in the study session for algebra
and it was funny, we were talking about [what we did before
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graduate school]. […] But it is amazing because there is a
complete lack of awareness of, you know, the satisfaction that you
gain from industry, just financially for one. It’s like hey, you can
make a lot of money, and that brings a lot of freedom! […] It’s a
different life. You work, you have weekends off, and if you want
to learn math and do stuff with it, you can. You don’t have to be in
a classroom to do that, so. It was an eye-opener. It was kind of
really funny.
Interviewer:

Yeah, just a very different perspective.

Andrew:

Very different perspective! Yeah, and they’re all younger, so they
didn’t have the opportunity to work and stuff, so I understand that.

Andrew spent time working before coming to graduate school, and as he mentions, this means he
is older than some of his fellow GSIs. The influence of Andrew’s previous work experience on
his perspectives about teaching is most notable when he discusses his students as clients paying
for a service. Andrew finds from the first-term teaching seminar that his beliefs about the
responsibilities of a teacher differ from the beliefs of his peers:
Andrew:

We had varying opinions throughout our cohort, and from faculty,
but especially amongst us. Some of them who explicitly stated, I
don’t want to fail anybody. […] And not to say that’s wrong if
everyone deserves to pass.
But, I get the sense that perhaps some [GSIs] believe it’s their
responsibility to make sure everyone passes. And, you know, let
them have their argument, but I don’t think that’s our responsibility
at all as an instructor. I think, as a student, I would say more as a
client, you’re paying for not an education or even a degree, you’re
paying for the opportunity of an education and the opportunity to
be certified by us for your degree.

Andrew is aware that other GSIs have expectations for how many students will pass their class
and “believe it’s their responsibility to make sure everyone passes.” Instead, Andrew sees grade
curves that limit how many students fail as “damaging” and believes that his students are clients
who are “paying for the opportunity of an education.” Andrew is aware that his past experience
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in industry differentiates him from other GSIs, and he identifies ways that his teaching
philosophy is also unique.
GSIs’ experiences prior to attending graduate school influence how they teach, and their
perspectives as teachers continue to diversify as they teach as GSIs. Initially, GSIs share the
experience of teaching pre-calculus because they are all assigned to teach it as the instructor of
record during their first term. Using this similar experience as a way to compare their teaching to
others, GSIs identify ways their views about teaching differ from their peers’ perspectives. For
example, Nancy is aware that some of the other first-year GSIs view the pre-calculus curriculum
as disjoint in that it is difficult to make connections between the course content. Nancy, on the
other hand, feels comfortable with weaving a cohesive story through the pre-calculus material
and identifies this ability as the most important aspect of her teaching:
Interviewer:

So what is most important to you about your teaching?

Nancy:

To me, it’s being like – can I give a multi-faceted answer?

Interviewer:

Please.

Nancy:

Okay. So, to me it’s giving like a clear and cohesive picture. Like
giving students a kind of, like…I’m miming a rainbow right now. I
don’t know how to describe it other than that. Like kind of like put
it all like in one connected piece as opposed to like a bunch of
disjoint things.
Even when I taught [pre-calculus], I guess like a lot of my
classmates feel like [pre-calculus] is very disjoint, cause you jump
through all of these different types of functions, and there’s a lot of
types of functions. But, if you make it about, instead of like, if you
focus on the things you can do with functions? All of the different
types of functions are different vessels for that.

It is important to Nancy to create a “clear and cohesive picture” of the content for her students,
and she is able to do so even though her classmates see pre-calculus as disjoint. This belief of
pre-calculus content as a set of disconnected topics is present in the data: Tyler, a first-year GSI,
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and Henry, a sixth-year GSI who has taught pre-calculus for many years, describe their
perceptions of pre-calculus:
Tyler:

Fall term I was teaching [pre-calculus], which is a lot of more
problem application, here’s a function and come up with some
creative problem to do with that, kind of stuff. Which maybe I
didn’t really enjoy that much? […]

Henry:

[Pre-calculus] was just this random topic and this random topic.
[…] Yeah, I mean like you have to redefine what your form
function is over and over again, and you’re doing the same basic
structure over and over. Like, here’s the type of function, here’s
the type of things you can see it in, here’s word problems that
might describe the situation you would anticipate this type of
function fitting into. And then repeat with the next situation.

Tyler:

It doesn’t like build as much, like there’s sort of, you do something
and then you sort of start something new with a little bit of the old
stuff.

Nancy is aware that some GSIs see pre-calculus as a set of disjoint topics, and Henry and Tyler
confirm this is the case.
George presents a broader comparison when he considers GSIs’ perspectives of teaching
lower-division courses like pre-calculus. He reflects,
George:

Yeah, maybe three years ago I got [assigned to a pre-calculus
course]. Which actually I really like, so I wasn’t bummed about it,
but it was a little bit of a recalibration that first week of just, okay,
freshman’s dream, that kind of thing. But, I think some people
once they taste upper-division courses don’t ever want to go back,
and I’m actually not. I really like some of the lower-division stuff,
it’s got interesting content.

While George does not mind teaching a pre-calculus class because he finds the content
interesting, he acknowledges that some GSIs “don’t ever want to go back” to teaching lowerdivision courses. In this way, George identifies how his beliefs about teaching pre-calculus are
different than some of his peers.
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As part of teaching pre-calculus, GSIs are responsible for spending one hour tutoring in
the tutoring center specifically dedicated to helping students enrolled in pre-calculus. The GSIs
refer to this hour as a “help session.” Tyler explains that as a GSIs teaching pre-calculus, during
the help session “you just go and students can come and they just work on their homework and
ask for help as they need it.” Henry elaborates that undergraduate students often attend the help
sessions looking for help with their online homework:
Henry:

One thing that I think is really special about [pre-calculus] is that
we have, in addition to like the four teaching hours, we have one
communal office hour called help sessions where students can
come in with their homework questions and then like get
troubleshooting help. And I think most [pre-calculus] teachers give
them the [online] homework and so a lot of the questions are just,
“How do I input the answer that [the online system] will register as
correct?”

GSIs have varying opinions of how enjoyable it is to tutor for a help session. For Henry, the help
sessions are one of a “really special” part of teaching pre-calculus, but he is aware that not all
GSIs feel similarly:
Henry:

I think that I’m like maybe the only person who thinks this, but it’s
like my favorite part of [pre-calculus]. It is kind of fun to be in a
room full of people where you can immediately help them and
you’re just immediately the cause of progress. […] I think a lot of
people just like are annoyed at the extra responsibility. Because,
like, it’s an office hour you don’t have to do, but often, like
especially if you’re not near an exam, your office hours are only
busy like half the time. And so you can kind of get work done.

Henry notes that other GSIs may feel that the help sessions are an “extra responsibility” because
they are losing the hour they normally have to get their own work done when their office hours
have low attendance. However, as Henry explains, he enjoys the help sessions because he can
see immediate results with students’ progress through their homework. Moreover, Henry
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typically likes working with students when they come to office hours, and the help sessions feel
like an upgraded office hour because there is a “rapid fire” of students to work with:
Henry:

If I’m teaching [pre-calculus], my favorite thing is doing the help
sessions. I’m probably the only person that like really likes them,
but they’re like my favorite part of doing [pre-calculus]. […] I
really do like talking to a student who has a problem and knows
something is off in their thinking, but they’ve thought about it
some, and just kind of trying to pick their brain and figure out
where their misconception is – trying to do that, like realign them
so that they can do that quickly. The help sessions are like rapid
fire, like get inside a bunch of different people’s brains about how
they think about math.

Again, Henry acknowledges that he may be “the only person that really likes” the help sessions.
While Henry enjoys spending one of his office hours in a help session, he correctly
suspects that some GSIs do not like the time commitment. In particular, Tyler and Nancy dislike
that working in the help sessions takes away from their available time. Tyler believes that the
sessions are helpful for students, but he does not find them satisfying as a teacher. He explains,
Tyler:

[Doing the help sessions] was good in the sense that I feel like the
students maybe really needed it? The sort of bad thing is that it was
sort of a “Do my homework for me” session, you know. […] But, I
think overall they were, they were a positive. Like, there were
definitely a lot of students pretty much every week, so the students
definitely made use of it. In terms of, like, from my point of view, I
didn’t really like them, because it takes an hour out of your time,
and then you have to be there just in case someone shows up.

As Tyler says, the help sessions mean that “you have to be there” for the students that come for
assistance and it “takes an hour out of your time.” Nancy similarly dislikes the impact the help
sessions have on her time, namely that they disrupt her workflow. In her words,
Nancy:

I don’t like the help sessions. I’d like to be able to not go to one of
those in the evening cause it kind of just chops up my evening, and
then like the momentum that I make before that kind of just goes
away.
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Interviewer:

Do you have a sense for why the help session stops your
momentum?

Nancy:

It’s just kind of like whatever I’m working on before that, I have to
kind of just cut it off and go and help. And then like, you know,
you stop working on something and you’re kind of just
disconnected from it and it takes a while to get back into it.

The timing of the help sessions means that Nancy gets disconnected from what she is working on
and has to spend extra time to regain her momentum.
During the help sessions, Tyler and Nancy also dislike the challenges of assisting
students who are not in their Classroom system. For Tyler, it is difficult to identify what students
have learned from other instructors when it is different from what he has taught in his own
section:
Tyler:

The other I guess bad thing about the help sessions is that since
you’re not just helping students in your class, it’s hard to know
how they taught the material. First, [you have to] figure out what
they know versus what you teach your students, and then kind of
try to bridge the gap a little bit. So, that’s a difficulty that I found a
lot of the time.

Tyler finds he has to “bridge the gap” between what he has taught his students and what the
students in help sessions have been taught. This distinction between Tyler’s students and other
instructor’s students further highlights the internal diversity of the system. That is, Tyler’s
example indicates that other GSIs are teaching the content differently from him. Nancy similarly
encounters diversity in the GSI system during help sessions:
Nancy:

Yeah, so we’ve got help sessions – like a one day a week thing
where [pre-calculus] instructors sit around and help people with
their [pre-calculus] stuff and like different people are assigned to
different days of the week. There was one instructor’s problems
who I always looked at his problems and was like, “What on earth
are you asking them to do?” […] I would not expect a [precalculus] student to be doing these [problems] without being taught
explicitly how. So, I felt really bad for his students.
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Nancy is shocked at what one GSI is expecting of their students because she does not have the
same expectations for her own students. For Tyler and Nancy, working with students outside of
their classroom systems emphasizes that there are differences between the GSIs’ teaching.
In summary, the internal diversity of the GSI system is present in the example of the help
sessions in two ways: through the differing experiences of how satisfying or frustrating the help
sessions are and in the differences between how the content is presented by GSIs teaching precalculus. As I explore in the next section, this second category of diversity in the system
continues to be present outside the context of pre-calculus when GSIs describe the differences in
their instructional practices.
5.3.2 Differences that point to Commonalities: Internal Diversity and Internal Redundancy

Figure 5.11 Progress through the Necessary Conditions, Section 5.3.2
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GSIs have varying styles in how they prepare to teach, what assessments they give their
students, and the instructional activities they implement. However, when GSIs describe how
their teaching is unique, they often also illuminate common practices of the GSI system. That is,
the diverse aspects of a GSI’s teaching are noticeable because they contrast with the typical ways
in which GSIs in the system teach. In this section, I present instances where GSIs identify how
their teaching is different from their peers’ teaching, and I consider what the examples indicate
about the redundancy in the GSI system. Overall, I was able to identify only a few examples in
the data of GSIs explicitly identifying their teaching as unique. I provide a possible reason for
this in 5.4 Internal Redundancy when I explore how the GSIs have limited evidence to use for
comparing their teaching to the teaching of their peers.
One example of GSIs identifying diversity in the GSI system occurs when GSIs make
comparisons between how they prepare to teach and how they perceive their peers do so. For
instance, Tyler explains that his style of preparation may not work for other GSIs:
Tyler:

I don’t really have like clear plans – I guess I tend to, like the way
I teach is I know what I want to cover. And then I have like a set of
notes to follow should I need it. But other than that, I kind of just
talk. […] So, I think that has worked well for me. And I can see
that not working well for other people, like some people need a
strict plan, which is definitely understandable.

Tyler does not have a “clear plan” for how he will teach and is happy about how this has worked
for his teaching, but he understands that other GSIs “need a strict plan.” Henry recalls that a GSI
friend of his used to prepare even less for teaching:
Henry:

I had a friend who was a couple years older than me, he’s
graduated now, but he never prepared for teaching [pre-calculus]
and would just show up and teach and would get all of these
terrible reviews of people being like, “This guy doesn’t do
anything to prepare, he like knows his stuff but he is not trying.”
And so then, the next term, he just brought a blank notepad with
him? And just like, very obviously put it on the table in front of the
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class. It changed everything with his reviews, but yeah, never
prepared really that much. Like, he would like look over what he
wanted to talk about that day and be aware of it, but not write
anything down.
Here, Henry highlights that the students in the other GSI’s Classroom system notice that he does
not have notes to teach from and find this unusual. In this example, it is implied that the other
GSI knew there was a standard way of preparing to teach and that he was not following it. That
is, the GSI understood that his peers bring lecture notes to class, and so he starts to bring “a
blank notepad with him” in order to appear to be prepared in a way similar to other GSIs.
Moreover, Henry brings up this story as a contrast to his own methods for preparing. As
Henry concludes, “I don’t think I could ever get to that level [of the other GSI], and I don’t think
I’d want to.” For Henry, it is important to have lecture notes to keep him organized, on task, and
mindful of the mathematics he is presenting:
Henry:

Every time I lecture, I still write out like a good, pretty thorough
guideline of what I’m going to talk about. There are two reasons
behind this. One is that I get really excited and so it is important
for me to have a document that says what order I want to talk about
things in so that I don’t jump around, or wherever my excitement
takes me.
Two is that – I feel like I’m not the only person who experiences
this, but my math skills decrease when I am at the chalkboard. And
so, I like to go through, especially like more involved calculations,
where you’re keeping track of multiple things, I like to go through
those at least once beforehand, just so that, like, when I’m doing it
at the board, I’ll have like a gut feeling something is going wrong.

Here, Henry points out that it is likely a common feeling among GSIs to experience a decrease in
math skills while at the board. That is, in identifying how he is different than his friend, namely
that he makes detailed notes to teach with, Henry highlights aspects of the internal redundancy of
the GSI system around preparing for teaching.
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Andrew also compares his preparation style to that of his peers. After noticing that other
GSIs finish their grading quickly, Andrew believes he is taking more time than he needs to on his
teaching. He reflects,
Andrew:

Sometimes I think that I spend a little bit too much more [time on
teaching], and I think it comes down to my preparation habits.
Which is, I kind of notice that some of my classmates when they
have to grade, they just kind of run through it, and they tend to be
spending more time consistently working on homework than I do.
That gave me the sense that maybe some of my preparation habits
weren’t as efficient as they could be.

Andrew observes a difference in his teaching preparation in comparison to other GSIs, and in
doing so he alludes to a redundancy in the system – namely that GSIs spend less time on their
teaching and more time on their coursework. Andrew’s method for preparing stands out to him
because it does not fit into the habits for teaching that he sees as common in the GSI system.
GSIs also identify differences in the instructional activities they implement, especially
around their summative and formative assessments. In particular, GSIs perceive that the standard
schedule for assessments in GSIs’ teaching is to have two midterm exams and one final exam.
Then, GSIs highlight how their teaching differs by comparing it to this model. Specifically,
Nancy, Tyler, and Jack all comment on how their assessments are unique, and in doing so they
identify what they consider to be the standard way of giving assessments in the GSI system.
Nancy follows the assessment structure of two midterms and a final, but she also uses
weekly quizzes. As she explains, “Instead of just having two midterms and a final, they’ve got a
quiz weekly.” Nancy identifies that she does more than the baseline structure of two midterm and
one final exam. Nancy also incorporates clicker questions as an additional assessment strategy
during class, and she identifies this as a unique aspect of her teaching. As she states, “I haven’t
found another grad student who uses clickers yet.” Although Nancy is not the only GSI to use
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weekly quizzes, she is the only GSI she is aware of who has implemented instant feedback tools
during class.
Alternatively, Tyler gives only one midterm in his courses. He identifies this as
something unique in his teaching:
Interviewer:

Do you feel like you’re doing anything different [than other GSIs]?

Tyler:

Maybe one thing, at least for these lower-level classes, is I only
have like one midterm. So it’s like midterm and a final and those
are the only two exams, and I think most people have at least two
midterms. But what I do instead is I have like weekly quizzes that I
treat very formally, like almost like a mini-exam kind of thing.
[…] I’ve found that it’s been a good sort of variation.

Tyler emphasizes that “most people have at least two midterms” and that having only one
midterm exam is a “variation” on the typical structure. In answering how his teaching differs
from other GSIs, Tyler confirms that there is a standard way of structuring assessments in the
GSI system.
Jack is aware that other GSIs, like Nancy and Tyler, give weekly quizzes, and he notes
that the ungraded quizzes he implements sporadically differ from this model. He describes,
Jack:

I don’t do like conventional quizzes, I guess, where like – I know a
bunch of [graduate] students who will do like one quiz a week and
they’ll do it on the last day or whatever, and it’ll be graded for
accuracy just like any other – so I don’t do anything like that.

Jack explains that there are “a bunch” of GSIs who give quizzes on the last day of the week, and
he uses this as a comparison point for his unscheduled quizzes. Through pointing out an aspect
of his teaching that is not “conventional,” Jack highlights that GSIs commonly assign weekly
quizzes.
All in all, GSIs often rely on the internal redundancy of the GSI system in order to
identify the diversity that is also present. Tyler, Henry, and Andrew compare their methods for
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preparing to teach to the preparation habits of their peers, and Nancy, Jack, and Tyler identify
differences in their teaching by contrasting the assessments they give with the exam structure
commonly used by GSIs. In this way, the internal diversity and internal redundancy of the GSI
system are co-implicated. Thus far, I have explained how the system’s internal diversity has
implications for its internal redundancy. Specifically, I explored how the GSIs describe the
diversity of the system by comparing it to the redundancies they observe. Next, I describe the
reverse implication, namely that GSIs observe the internal redundancy of the system by
contrasting it with instances of diversity they have experienced.
5.4 Internal Redundancy

Figure 5.12 Progress through the Necessary Conditions, Section 5.4
My observations of the GSI system’s internal redundancy are distributed throughout
multiple discussions about the GSI system. The GSI system’s internal redundancy has already
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been considered through its relationship with enabling constraints and internal diversity. Further,
in Chapter 4 I also discussed the redundancy present in the GSI system while arguing that the
system is complex. Additionally, I will revisit internal redundancy again in 5.5 Neighbor
Interactions.
In claiming that the GSIs can be considered as a complex system in Chapter 4, I argued
that there is sufficient internal redundancy among the GSIs to facilitate common language and
understandings about teaching and to allow for interactions between the GSIs. Now, I explore
further the redundancies that GSIs identify in describing their teaching. To begin investigating
the data related to internal redundancy, I want to first return to a quote I shared from Henry in
Chapter 4:
Henry:

I don’t think that there is any single aspect [of my teaching] that no
other grad student is doing, but I don’t think I’m teaching like any
single grad student I know. Like, lots of take and borrow from
different things that either works for that person and would also
work for me. But, you know I don’t think I’m standing on my own
in any way. I think I did more earlier on, but I’ve kind of
converged toward a lot more of people, especially in like my same
year because we’ve talked about our teaching stuff over the years.
And, I don’t know, I feel like on some level there’s a baseline
consensus on what a good balance between best teaching practices
are and efficient teaching practices.

Henry highlights that his teaching is the result of collecting strategies and methods from other
GSIs. In doing so, Henry assembles a way of teaching that is both unique to him and also has
aspects that overlap with how other GSIs teach. In this way, Henry’s teaching simultaneously
contributes to the diversity of the system and reinforces the redundancy.
As I discussed in 5.3 Internal Diversity, GSIs refer to internal redundancies in the GSI
system when they indicate how their teaching is unique. In this section, I explore how GSIs also
mention the diversity of GSIs’ teaching when they describe redundancies in their teaching. First,
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I present instances in the interviews that focus primarily on the redundancies between the GSIs’
teaching. Specifically, I consider two examples of internal redundancy presented in the data:
substitute teaching for other GSIs and shared experiences in graduate courses. I conclude by
investigating how GSIs assume redundancy in the system because they struggle to identify
evidence that would confirm how their teaching is different to the teaching of other GSIs.
In assembling the data for this section 5.4 Internal Redundancy, I was able to identify
only a few instances of internal redundancy where other necessary conditions were not also
involved. I believe this absence of examples is influenced by the assumption of redundancy to be
present within social systems. That is, I claim that the GSIs often assume redundancy between
their teaching and the teaching of other GSIs and thus do not frequently mention it
independently. Consider Davis and Sumara’s (2006) explanation of how similarities can be
overlooked in social systems:
In a social grouping, redundancies include common language, similar social status
of members, shared responsibilities, constancy of setting, and so on. Such
redundancies tend to fade into the backdrop of social action and are only pulled
into focus when there is some sort of rupture in one or more of them. In fact, at
least among humans, there is vastly more redundancy than diversity. This sort of
deep sameness is vital. A complex system’s capacity to maintain coherence is tied
to the deep commonalities of its agents. (p. 138-139)
As Davis and Sumara (2006) describe, redundancies are often only noticed when there is a
“rupture in one or more of them.” From analyzing the data, I have found that this is often the
case with the GSIs in the study: as I described in 5.3.2 Differences that Point to Commonalities
as part of my discussion of internal diversity, when GSIs observe how their teaching is unique,
they also acknowledge the similarities between their teaching and the teaching of others. In this
way, identifying aspects of diversity in the system illuminates the redundancies that have
potentially “fade[d] into the backdrop.” Later in 5.4.2 Lack of Evidence Prompts Assumed

183
Similarities, I argue that when GSIs encounter some way their teaching might be different, or a
“rupture” in the system’s redundancy, they often then describe their assumption that they teach
in similar ways to their peers. In conclusion, the internal redundancy of the GSI system is
infrequently present on its own, and I attribute this to the GSIs’ underlying assumption that their
teaching is generally similar to the teaching of other GSIs.
5.4.1 Two Instances of Similar Perspectives

Figure 5.13 Progress through the Necessary Conditions, Section 5.4.1
GSIs infrequently discuss how their teaching is similar to the teaching of their peers
without also mentioning how it is different, and so the examples of a GSI discussing the
redundant aspects of their teaching are limited. In this section, I present two examples of internal
redundancy I have identified from the data.
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The first and more brief example is from Henry, a sixth-year GSI. Henry discusses how
he seeks out GSIs with similar teaching philosophies to his own and how this supports the GSIs
in substitute teaching for each other:
Henry:

[When] I need substitutes, it’s good to have people that I’m on the
same wavelength with about teaching philosophy. […] It’s great
when I’m leaving to tell my students, “The person who’s coming
in is great,” and here’s all the great things I’m going to tell you
about them cause we’ve talked about this.

Henry wants to be confident that the person teaching in his absence is someone he trusts, and he
communicates this trust in the substitute to his students. Moreover, Henry explains that because
he often knows which courses other GSIs are teaching, he feels confident in substituting if they
need someone to teach their class:
Henry:

Most often when any one of us needs a sub, we’ll talk to each other
first. And so I’m generally pretty aware of who’s teaching what
and how their classes are going and where they’re at in their
curriculum in case they need a sub. I’ve already subbed for one
person this term even though I’m not teaching personally. And I
know I’m planning on subbing for someone else a couple of times
in week give because she’s going on job talk interviews.

The internal redundancy of the system helps Henry in substituting for other GSIs. That is, he is
“generally pretty aware” of his peers’ teaching assignment for the term, and this awareness
means that he is able to cover other GSIs’ courses because he knows “where they’re at in their
curriculum.” Internal redundancy also contributes to how Henry finds GSIs to substitute for him:
Henry seeks out GSIs that are “on the same wavelength” with his teaching philosophy. Henry is
the only GSI in the study who discussed substituting for other GSIs, but it seems that being
knowledgeable and up-to-date with certain GSIs’ current teaching is important to Henry as a
teacher.
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The second instance of internal redundancy comes from the group interviews where GSIs
are discussing their shared experiences in graduate courses. To illustrate this, I present two
examples from the interviews where GSIs demonstrate internal redundancy in conversing about
the teaching they observe as graduate students. GSIs’ coursework appears in multiple sections of
this chapter. As I explained in 5.2 Enabling Constraints, GSIs’ coursework acts as a constraint on
their time for teaching. Moreover, GSIs’ graduate coursework is also a source of neighbor
interactions for ideas about teaching, but I leave this discussion for 5.5 Neighbor Interactions.
The first example from the group interviews occurs during an exchange between Jack and
Tyler. Earlier in the interview, Jack describes how one of his professors states that the
mathematics they are learning is “really easy.” Jack explains, “One of the courses especially, the
professor is like, “This is all really easy,” and it’s definitely not.” Tyler then chimes in and
explains that he has also experienced this because he and Jack are in the class together:
Tyler:

I have very similar experiences to [Jack]. We’re in the same class.
I think he was referring to the professor a minute ago.

Jack:

Yeah, yeah. Yep.

Tyler:

Yeah, that [saying that the math is “easy”] happens a lot.

Tyler goes on to share another observation from his graduate courses and again mentions that
Jack can relate to the experience:

Tyler:

Another thing, kind of just a funny random thing, is one of my
professors erases the board really well, in like a very – it’s crazy!
[Jack] knows what I’m talking about!

Jack:

Yep!

Tyler:

It’s like perfect! Like he has this way of doing it so he doesn’t miss
a spot, and so I started doing that. I think it’s awesome.
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Jack and Tyler share similar observations in the graduate courses they have together, such as one
professor’s explanations of mathematics as “easy” and another professor’s precise board erasing.
Another set of exchanges occur between George, Henry, and Oliver about an instructor
for one of their graduate courses, Professor Johnson. Specifically, when asked if there is a
professor who demonstrates teaching they would like to emulate, George, Henry, and Oliver all
think of the same person:
Interviewer:

Do you feel like you’ve had a graduate professor where you
looked at the professor and was like, “That’s the kind of teacher I
want to be?”

Henry:

I’m sure you and I [gestures to George] are thinking of the same
person.

Interviewer:

So what about that person?

George:

[Professor Johnson] is –

Oliver:

Oh, okay I’m also thinking of [Professor Johnson] as well.

This illustrates a shared experience between these three GSIs in that they all look up to the same
professor as an example of quality teaching. They go on to explain what stands out about
Professor Johnson’s teaching:
Interviewer:

This person clearly has impact not just on one person but on
multiple [GSIs]. So, what stands out about this person?

Henry:

I mean like on the most basic level, [Professor Johnson] has
excellent boardwork, and so it’s really easy to follow along what
he’s doing and to make good notes for yourself. When he makes
comments, he leaves time for you to like get those comments that
are important down so like it’s really easy to create a good record
of the course so that it’s easier to study later. But then, on top of
that, he’s like very good at giving context, like we understand
where things are fitting. […]

Oliver:

He tells a story. He always tells a story. And he phrases it like that,
he’s like, “This is our story so far, this is our goal today” and I
think he usually tries to have covered the story like far before, like
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covered the main thing he wants to say far before the end of the
time. He doesn’t run out of time telling his stories usually, so
usually a lecture is like, there’s at least one big coherent block that
was the important thing in there.
George:

I think he told me once that anything that happens in the last five
minutes of the lecture, you can assume they weren’t listening.
Because just somehow it gets swept under the rug. So he tries to,
yeah, hit it before then.

Together, George, Henry, and Oliver agree that Professor Johnson is mindful of the narrative he
tells about the content by giving context about what story he is trying to present and making sure
to reach the end of the story far before the time period is over. These three GSIs are all in the
same graduate course, and they are having similar experiences with observing Professor
Johnson’s teaching. Later, George explains a particular strategy that Professor Johnson uses that
he now implements in his own teaching, and Henry and Oliver both confirm that they have also
experienced this strategy as students in Professor Johnson’s class:
George:

I honestly think I learned that trick of like, “Let me, let me do this
something that seems a little easier because it’s actually something
interesting happening” from [Professor Johnson].

Henry:

Oh yeah.

George:

Now that I think about it, that’s a classic [Professor Johnson]
lecture move for him to be like, “Let me just remind you guys of
such and such.” And half the time when he does that, still I’m like,
“Oh, well I know this I’m going to put my pen down,” like I don’t,
I’m just, eh. And then he’ll be like, “But check it out!” And I’m
like, “Oh shit, wait!”

Oliver:

Yeah, he absolutely, he definitely does that.

George:

It’s a way of like, scooping down and picking up people that
you’ve lost, and then like jumping up and making sure nobody’s
bored and going on with the branch you’re going on.

Henry, George, and Oliver share the experience of being in a class with Professor Johnson, and
they also share the desire to emulate his teaching. This foreshadows a topic I will discuss in more
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detail in 5.5 Neighbor Interactions, namely that GSIs’ professors serve as examples for GSIs’ to
use to inform how they want to teach.
The exchanges between Henry, George, and Oliver and between Tyler and Jack illustrate
one way that redundancies are developed through the experiences of the GSIs: GSIs take some of
their graduate courses together and observe the same professors as examples of teaching.
Therefore, these shared experiences in the classroom as students contribute to the GSIs’
redundancy as teachers.
5.4.2 Lack of Evidence Prompts Assumed Similarities: Internal Redundancy and Internal
Diversity

Figure 5.14 Progress through the Necessary Conditions, Section 5.4.2
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GSIs describe having minimal data to refer to for comparing their teaching with the
teaching of their fellow GSIs. Specifically, when asked questions about makes their teaching
different from their peers, they acknowledge that they have a lack of evidence to base their
answers from and conclude their teaching is redundant with other GSIs’ teaching. For example,
consider how Nancy describes that she is unsure if her method for written homework is unique
because she does not know if other GSIs implement something similar:
Nancy:

I don’t know who else – I’m sure there’s somebody else who does
this, but like for my written assignments, I have like cut them way
shorter and half of it is from the [online homework]. […] I’m happy
with that, but I don’t know who, if anyone, else has done that.

Nancy assumes redundancy between GSIs when she says, “I’m sure there’s somebody else who
does this,” but she does not have evidence to confirm that what she is doing is either similar or
different from her peers.
Andrew is also unable to identify if aspects of his teaching are unique or common in the
GSI system. In particular, Andrew explains that he does not see other GSIs teach and so it is
difficult to know how his teaching compares to theirs:
Interviewer:

Are there any parts of your teaching that you think are different
from other graduate students and how they teach in the
department?

Andrew:

Oh, that’s kind of hard, because I don’t really see a lot of the other
students ever teach, so. […] I probably have more to learn, but I
think other than that my teaching style is probably a little different
here and there, but nothing that stands out that I know of or that I
can think of.

Andrew concludes that his teaching is “probably a little different here and there,” but he cannot
identify any aspects that stand out in comparison to other GSIs’ teaching. Andrew is confident
that there are redundancies between his teaching and his colleagues teaching, but he not sure
what specifically is redundant and what is diverse because he has no evidence for differences
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between his and other GSIs’ teaching. That is, Andrew does not have any data that indicates his
teaching is unique, and so he assumes he is mostly similar to his peers.
Jack also comments that he lacks data to help him understand what stands out about his
teaching. During Fall term, Jack struggles with feeling unsatisfied with his teaching, and he does
not know what to make of this feeling:
Jack:

I think I just had like more days where I came out feeling
dissatisfied than where I came out feeling satisfied, so I think that
was mostly my indication [that I didn’t teach as well as I wanted
to]. I don’t know, my students did about as well as anybody else’s
students from having talked to people, so I don’t think there’s
much of an indication that I got from my students’ performance
that would have told me anything else about how I was doing.

Jack talks to other GSIs to try and get a sense for how his teaching might be affecting his
students’ success, but all he can determine is that his “students did as well as anybody else’s.”
Jack’s peers suggest that there is redundancy in the system between their teaching, and so Jack
has only his feeling of dissatisfaction to rely on as indication that his teaching might be different.
When Jack does have evidence of a way his teaching is unique, he finds himself still
unsure of why the difference occurs. Jack explains that he expects to have a redundant
experience to that of his fellow GSIs who have disrespectful students, but when he does not have
this issue, he is cannot distinguish if his teaching was a contributing factor or if it was simply
luck. He describes his analysis of the situation:
Jack:

I think one of the things that stood out to me was my class, in that
they were like really good. I heard from other grad students that
said, “Yeah, people in my class would just like leave ten minutes
early and they would like talk when I was lecturing and they would
do all this and that and this and that,” and I never ran into that. So,
that was one thing that I think really stood out to me was the lack
of problems that I had. […]

Interviewer:

Why do you think it was different from other people’s classes?
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Jack:

I don’t know? It’s possible that I just got lucky and had just like
really good students. I know I had some really good students. I
think part of it is that I tend to be personable at the front of the
classroom. […] If I’m up there occasionally like making mistakes
and being like, “Wait a second, does that actually work out?” They
see, “Okay, he’s human.” I think that helps in some sense. But then
again, the other grad students may have been doing the exact same
thing? So, I don’t know.

Jack has heard that other GSIs have issues with their students’ behavior, and because this is the
only data he has for assessing his teaching, he thinks he may have “had just like really good
students.” Moreover, Jack thinks he may be more personable than some other GSIs, but without
knowing how they teach, he concludes “the other grad students may have been doing the exact
same.”
Overall, Jack believes his teaching is redundant with the teaching of other GSIs. When
acknowledging the similarities, Jack does point out one difference:
Jack:

I mostly take material from other graduate students, so I feel like if
anything, my style is especially derivative. But maybe, I mean like
the one thing that I can think of that might be different is like I
dress up specifically for teaching. So I don’t know if that’s like
something that plays into it, but that’s like, I don’t know, that is a
difference, I guess.

Jack lacks data that would help him identify unique aspects of his teaching, and so the difference
he points to in his teaching is one he can observe: how he dresses. The other piece of data Jack
has is that he is using materials shared by other GSIs, and this reinforces his perception of
redundancy in how teaching happens in the GSI system.
George also sees his teaching as more similar to the teaching of other GSIs than different.
Even though George is aware other GSIs may see themselves as having a diverse philosophy,
George believes he is teaching like most other GSIs. He describes overhearing another GSI claim
they have a unique approach to teaching:
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George:

There’s a guy across the hall from me who thinks he’s discovered
teaching. I can constantly overhear him talking to his students
about how like, “Everyone else will teach it like this, but I’m
teaching it like that because like I get it!” And I’m just like, “Dude
you’ve never, you don’t know! You have no idea what you’re
talking about!” I have no reason to think my teaching is different
than anyone else in any qualitative way. There are small
differences from day to day, but I don’t think I have some unique
philosophy or anything.

Even when the other GSI claims to be teaching differently, they reinforces that there is a
common way of teaching in the system when they say, “Everyone else will teach it like this.”
George confirms that he feels his own teaching is part of this “everyone else” in that he does not
have a unique philosophy in comparison. As George concludes, “I have no reason to think my
teaching is different in anyone else in any qualitative way.” Nancy, Jack, and Andrew also
express this sentiment: without evidence to argue otherwise, the GSIs assume that their teaching
is like the teaching of their peers and thus is part of the internal redundancy of the GSI system.
5.5 Neighbor Interactions

Figure 5.15 Progress through the Necessary Conditions, Section 5.5
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In this section, I define the “neighbors” that GSIs engage with about teaching and I
describe what “interactions” facilitate this engagement. Broadly,
the neighbors that must interact with one another are ideas, hunches, queries, and
other manners of representation. [Further], there is often a physical component to
the interaction of ideas. For notions to bump against one another, they must be
represented in some way. (Davis & Sumara, 2006, p. 142-143)
What is important to note here is that the “neighbors” in consideration are ideas, not the GSIs
themselves. This can be confusing, because neighbor interactions most frequently happen
between neighboring members of the system. That is, “the relationships among agents in a
complex system tend to be short-range, meaning that the bulk of information exchanged is
among near neighbors” (Davis & Simmt, 2006, p. 295). Thus, throughout this section, I often
pause to indicate both the “neighbors” and the “interactions” that are happening.
I concluded 5.4 Internal Redundancy with a discussion of how GSIs have the shared
experience of observing the teachers of their graduate courses. Next, I will elaborate on how
graduate coursework provides a source of neighbor interactions for GSIs to observe teaching that
is not their own. GSIs’ graduate courses act as constraints on the time they have available to
spend on teaching, but they also provide examples of instruction that GSIs can choose to either
integrate or avoid in their own teaching. For the GSIs, being both a student and a teacher in the
same day is a valuable experience for the expansion of their possibilities for teaching.
Additionally, the GSIs report that having dual roles as both a student and a teacher help them
develop and maintain empathy for their students. I spend the section 5.5.1 Coursework as
examples of desirable and undesirable teaching discussing these neighbor interactions GSIs
engage in as part of being a student in graduate courses.
In 5.1 Decentralized Control, I discussed how Tim shares ideas about teaching with the
first-year GSIs during their Fall teaching seminar. As part of this, I argued that this seminar helps
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GSIs develop a habit of interacting with their peers about teaching. Thus, in the final two
sections of 5.5, I explore further how GSIs talk to their peers about teaching and how these
conversations relate with the necessary conditions of internal diversity and internal redundancy.
In 5.5.2 Kvetching and Common Complaints, I share examples of how the internal redundancy of
the GSI system allows GSIs to relate to each other about their teaching assignments and share
common complaints about students. Then, in 5.5.3 Finding Solutions for Unique Situations I
consider how GSIs engage with teaching ideas different from their own using the internal
diversity present among GSIs. Throughout these conversations, I emphasize the role of the
physical proximity of GSIs who share workspaces in supporting the sharing of ideas, or
“neighbors,” related to teaching.
5.5.1 Coursework as Examples of Desirable and Undesirable Teaching

Figure 5.16 Progress through the Necessary Conditions, Section 5.5.1
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During their graduate courses, GSIs observe their professors teach. This is a source of
neighbor interactions for GSIs. Specifically, as students in graduate courses, GSIs encounter
examples of what choices teachers can make for how lectures are delivered, styles of writing
mathematical ideas on the board, and their professor’s attitudes about the content they are
teaching. The teaching GSIs observe in their graduate courses can be an example for teaching
methods they both want to emulate and want to avoid in their own teaching.
GSIs often find themselves being in both the student and teacher roles within the same
day. Sitting as a student in a graduate course one hour and then teaching a room of undergraduate
students in the next is impactful for GSIs’ teaching. Henry explains how this experience can feel
surreal: “I think there’s like a magical experience of in, within the same day, sitting in one
classroom and then standing at the blackboard in a different classroom. Like, being on both sides
of that, it’s just kind of surreal.” Reflecting back on his earlier years as a GSI, Henry believes the
dual nature of being both a student and a teacher in the same day is especially valuable:
Henry:

Looking back on my first couple years of teaching, I think that the
perspective of being that close to being in the classroom as a
student and in the classroom as the teacher in the same day is just
so valuable. I would really encourage [first-year GSIs] to pay
attention to the two-level side of that problem, like what they see
their own professors doing that works well and what they see them
doing that doesn’t work well and try and think about that
perspective. Because it’s like, there’s not going to be another time
where you like get that so immediately in your development as a
teacher. Now that I’m not taking any classes anymore, I don’t get
to see that same stuff, and so get those lessons while you can. Get
that perspective and think about what questions you should be
asking yourself and paying attention to when you have that
opportunity.

As a sixth-year GSI, Henry is no longer in graduate courses, and now that he has had some
distance from it, he especially believes that earlier-year GSIs should take advantage of the
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opportunity while they have it. Further, Henry emphasizes that what is provided by observing
professors teach is that GSIs can identify “what they see them doing that works well” and “that
doesn’t work well” to help inform how they would like to teach as instructors themselves. This
notion is the basis of the remainder of this section: GSIs observe teaching they both like and
dislike, and these observations inform their decisions for teaching.
For Henry, being in the role of student while teaching his own class highlights ways of
teaching that he dislikes. Then, in noticing which teaching strategies he is not fond of, Henry
then considers why the teaching stands out to him as negative:
Henry:

Being in the position of simultaneously being a student and being a
teacher, I feel like I paid a little more attention to the things that
were bothering me and articulating to myself why they were
bothering me – why they made it difficult for me to internalize
some of the things that were being communicated to me. In some
ways, watching bad teachers teach has been a good way for me to
kind of keep my energy up and know what things I shouldn’t
invest my time in.

As Henry explains, “watching bad teachers teach” has both helped him know what teaching
strategies he can avoid and kept him motivated as a teacher. Henry goes on to illustrate an
example how observing teaching he dislikes can inform how he teaches his classes:
Henry:

It is really easy to want to just read out of the book or do
something like that, and so experiencing like what it feels like to
be the student while someone is doing that I think is a really good,
you know, motivational place to be in to say, “Oh no, I don’t want
to do this, and I can make this, you know, small little difference by
not doing these types of things, not taking these shortcuts.”

Henry does not like how it feels to be a student while the teacher reads from a textbook, and this
motivates him to not take similar shortcuts in his teaching.
Other GSIs describe similar experiences of observing negative examples of teaching as
students in graduate courses while also being teachers themselves. Oliver summarizes, “I think
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the fact that it happens in the same day really highlights things that I had done badly because
they’re being done badly by another professor.” Oliver reflects on his own teaching when he
witnesses another instructor demonstrate the same strategies. Andrew, another first-year GSI,
particularly notices how lectures are presented in his graduate courses and uses his observations
to improve his own lectures:
Andrew:

I would say largely like paying attention to the lecture style, I find
things because like I’m so nit-picky about my lecture, like, I
always feel like, “Oh what did I do good today or bad today, what
could have I done to improve.” I become more particular about my
instructors, not criticizing them but looking for what do I like and
what do I not like. And I’m always trying to pull things and change
my lecture up based off that, all the time, for sure.

For Andrew, it is valuable to pay attention to the lectures he observes as a way to help him make
decisions when he is being “nit-picky” about his own lecturing. Moreover, Andrew echoes
Henry’s sentiment that as a student in graduate courses, it is valuable to look for examples of
teaching he both likes and does not like.
Tyler similarly pays attention to how his professors lecture. In particular, he shares
Henry’s experience in that it is difficult to feel engaged as a student in a class where the teacher
is reading from the textbook rather than providing additional context. Tyler does not like how it
feels to be a student in this class, and he does not want the students in his Classroom system to
feel the same way when he is teaching:
Tyler:

Often times the professor would just come in and just start
lecturing without giving a lot of motivation. […] Like, I think the
only thing I would get out of the lecture other than what’s in the
textbook is if I asked questions during the lecture. And I guess
seeing that kind of influences how I teach. Where I’m like, “I don’t
want my students to feel like this when I teach,” so, I try to at least
get students more involved during the lecture and things like that.
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After seeing what has “gone wrong in the lectures” that he attends, Tyler works to “not do those
same things.” Specifically, Tyler works to get students involved during his lectures so they can
have a better experience than he has with this particular graduate course.
Andrew is in the same course, and he also identifies repeating textbook information as an
undesirable teaching strategy. Like Tyler, Andrew struggles to find purpose in coming to class
when he does not enjoy the lectures:
Andrew:

Certainly something I don’t want to do is regurgitate the textbook.
I want to try to provide some context for them and some
perspective on the matter. So that’s one thing that I notice from
one of my lecturers is like, I’ve gone in there and like, “You just
regurgitated like two pages of the textbook! I could have just sat
there, worked through the examples, and in a half hour! Why did I
come today?” And so I’ve made that a purpose of mine to make
sure that after the class is done, and before the lecture, that I try to
provide perspective on what I’m going to give.

Because Andrew notices that he dislikes this style of teaching, he is intentional to consider what
perspective and context he is going to provide for his students before he teaches.
Overall, as students in graduate courses, Henry, Andrew, and Tyler observe teaching that
they do not like – namely lecturing that relies too heavily on the content in the textbook – and
this informs their teaching. In the context of neighbor interactions, the “neighbor” the GSIs are
encountering is an example of teaching they find undesirable, and the interaction occurs during
their graduate courses.
First-year GSIs Jack and Tyler reference two other examples of poor teaching in their
graduate courses that have influenced their choices as teachers. Tyler observes that his professors
typically only write down a portion of what they say aloud during class. Although Tyler is
comfortable as a graduate student making notes for himself that include the verbal components
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of lecture when he feels they are helpful, he wants his students to have more guidance to help
their notetaking when he teaches:
Tyler:

Another thing that I’ve maybe picked up is, like at the graduate
level, especially when you’re doing some long complicated proofs,
you can’t write everything on the board, like there’s just too much.
But I’ve noticed when the professor is writing on the board, they’re
like not writing everything? Which I think for a graduate level
class is okay, because you can kind of go back and fill in the
blanks for yourself. But I’ve found that [as a teacher], I like to
write sort of everything I’m doing and maybe the reasons why I’m
doing it on the board is so that my students have that in their notes.

Tyler observes the professors in his graduate courses are conservative with how much they write
on the board, and from this Tyler determines that he wants to write out all of what he is
presenting along with some of the reasoning behind the ideas.
Jack also makes observations as a student that inform how he wants to support his
students’ learning during class. Specifically, Jack has a professor who often describes what is
being presented as obvious and trivial, and this is a frustrating experience for Jack:
Jack:

It’s almost like a humbling experience in the sense of I am
struggling with math in courses that I’m taking. One of the courses
especially, the professor is like, “This is all really easy.” […] It just
bothers me when he makes a comment and says, “Oh yeah, this is
trivial” or whatever. Like, “Eh, that’s not obvious actually, sorry.”
And so I know that my students are going through the same thing
while I’m at the board doing that, and so I know to take questions
that I think maybe are really easy and trivial, to take them
seriously, they’re legitimate questions, and to handle them without
dismissing them. To say, “Alright yeah, here’s, the exact like trick
that we’re doing, and if that doesn’t make sense, here’s maybe
some motivation for why that should make sense.” And, you know,
recognize the student isn’t dumb for asking that question. They’re
legitimately struggling cause this isn’t as familiar for them as it is
for me.

Jack does not like how he feels when his professor comments that what they are learning is “all
really easy,” and noticing this helps him be more understanding toward his students when he is
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the one teaching. As Jack explains, he is intentional about taking students’ questions seriously
and to “handle them without dismissing them.” Being both a student and a teacher helps Jack be
empathetic with the students in his Classroom system. Moreover, Jack observes that teaching
boosts his confidence after he has been struggling in his graduate classes:
Jack:

It’s kind of nice to go from kind of struggling in some a sense with
the material of kind of my classes in the morning and kind of just
kind of working through all of those details, especially cause the
class right before I teach is analysis, which is by far my toughest.
Going from that kind of struggle to, okay you know here is
something where I’m kind of comfortable with the material, I’m
comfortable kind of up here talking and explaining things.
Especially if I have like a really well-organized or a particularly
kind of a good lecture set up, then I find that that ends up being
kind of really satisfying after the morning classes.

Jack can better relate with his students’ struggles because he spends time struggling in his own
classes. As he summarizes, “I know for sure me going straight from analysis and then teaching
kind of presents me with, ‘Alright, I’m struggling. Alright, now my students are struggling, I
totally get where you’re coming from. Like, I was there like ten minutes ago.’”
Other GSIs also describe how their coursework increases the empathy they have for their
students. For example, Henry has observed his professors having limited empathy for their
students over time, but he has found a way to maintain it for himself. He explains, “Like you see
in professors, I assumed that my empathy would drop off more over time. But I think if you take
the right attitude, it doesn’t have to.” Despite having his instructors display a decrease in
empathy over time, Henry finds that he continues to be understanding of his students as a sixthyear GSI.
George further explains what makes the dual experience being both student and teacher
so impactful for fostering empathy:
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George:

[Being in graduate courses] helps you bridge the empathy gap, too.
It’s very easy to be like, “Oh, my professors are stupid,” and, “My
students are stupid,” but together you have to be like, “Okay,
wait.” Like, I am the dumb student in the classroom and I’m
trying, that means that the dumb student in my classroom is also
trying, like I should recognize that more.

When George experiences being “the dumb student” in his graduate courses, he finds it easier to
relate to the students that might feel “dumb” when they are in the class he teaches. Nancy
expresses a similar sentiment: when Nancy was a high school teacher, she could sympathize with
what it might be like to struggle with material during class as a student, but the experience of
struggling as a graduate student helps her better empathize with the students in her Classroom
system as a GSI:
Nancy:

I think it gives me a bit more empathy for my students, to some
extent. Because, when I was in undergrad, I was definitely like – I
never had issues with my learning, I didn’t have very many
difficulties. And I mean of course I knew when I was a high school
teacher that my students have challenges, and I was an empathetic
high school teacher, I was not like an awful mean person. But like
I actually have some more of the actual kind of, I don’t know how
to say it, like kind of a bit more of the sensation of, “Oh, this is
what it feels like to sit in a class and have no clue what’s
happening,” […] like what it feels like to be an average student. I
think a lot of us haven’t felt that until graduate school possibly – I
hadn’t felt it until graduate school. And so that kind of makes me a
little bit more empathetic.

As Nancy describes, having the sensation of being a struggling student in a mathematics
classroom improves her empathy as a teacher. In this same vein, George elaborates on how he
learns about teaching while being a student:
George:

For me, being a student lets me study being a student. So,
struggling with hard math lets me think about what struggling with
hard math looks like, and if I wasn’t taking difficult courses or
working on difficult problems, I think I would get very – it’d be
easy to be less empathetic to the nature of being in a classroom and
just going, “What’s going on?” Like, you know, there’s just this,
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like, “This is all clear, I don’t understand. I’ve said words to you
that were perfectly clear so how did you not know the math now?”
But, the fact that I’m constantly on the other side of that, whether
it’s a one-on-one conversation or a classroom or whatever is a
good way to remember, “Oh yeah, that’s not how learning works.”
And like, you know, getting confused in as many ways as possible
and finding my way out of those confusions means I have more of
a roadmap for students that get confused in very diverse and
interesting ways.
Engaging with difficult mathematics both in graduate courses and in research ensures that
George remembers what it is like to struggle with challenging problems. In the context of
neighbor interactions, the experience of struggling with difficult mathematics is the “neighbor,”
and the “interaction” happens during GSIs’ regular role-switching between teacher and student.
Along with finding more empathy for their students, GSIs also express that because they
have teaching duties alongside their graduate courses, they are more sympathetic toward their
professors. For example, Oliver finds that being a teacher helps him be more understanding when
his professors teach in ways he finds undesirable:
Oliver:

I think it’s made me more sympathetic both as a teacher and as a
student. Like, I’m much more sympathetic to my professors, and
I’m much more sympathetic to my students. And so like, I know
that I’m not the greatest teacher, and I can see that because I can
compare myself to, like, complaints that I make about my
professors, and I’m like, “Oh, I do the same thing.” And so having
to be on both sides of not great things.

Oliver is prompted to acknowledge aspects of his teaching that he wants to improve when he
sees his professors teaching in similar ways, and this makes him more sympathetic of his
professors. Tyler also expressed how having teaching duties also him better understand his
professors both past and present:
Tyler:

I guess another thing is [being both a teacher and a student] just
gave me like a lot of perspective. Like I’d never been on the other
side, you know, I was always the student in the classroom, and
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now I understand why teachers can’t put in all of their time into
their teaching. Like, I guess it gives me a better appreciation for
professors I’ve had in the past, and I guess even for professors I
have now, to some extent.
Tyler’s experiences as a teacher help him be more understanding as a graduate student. That is,
the back-to-back experiences of being a teacher and a student help GSIs find and maintain more
empathy for their students and for their professors.
Thus far, I have described how being in graduate courses both supports GSIs’ empathy in
the classroom and prompts GSIs to identify and avoid teaching strategies they dislike. However,
GSIs’ graduate courses are also a source of positive teaching inspiration. As Andrew
summarizes, “That’s how I carry out what I get from my graduate level courses into my lecture.
Like, definitely I want to take the best that I find and then try to remove the worst.” That is, GSIs
identify aspects of the teaching they observe in their graduate courses that they enjoy and want to
emulate in their own teaching. In 5.4.1 Two Instances of Similar Perspectives, I discussed how
GSIs have redundant experiences in their graduate courses, and I shared instances where the
GSIs agree on which teachers and teaching strategies are especially positive. Returning to this
idea here, I discuss Tyler and Jack’s mutual experiences with teaching that they enjoy, and I
provide more information about Professor Johnson, one of George’s favorite teachers that Oliver
and Henry also acknowledged as an example of effective teaching in 5.4 Internal Redundancy.
Tyler and Jack are both enrolled in the same analysis and topology graduate courses.
They discuss that while their analysis teacher mostly teaches from the textbook without
providing motivating details about the material, their topology instructor is more aware and
tuned in to the students. Tyler describes the contrast between the teaching in these two classes:
Tyler:

Some of the lectures in the graduate courses are not the greatest.
[…] At least, like, in my analysis course specifically, it’s more like
a regurgitation of the textbook rather than anything else. […] On
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the other hand, like my topology class I feel is like the lectures are
great and I am getting a lot out of them. […] At least from what I
can tell, he seems to like almost check in with students, and then
he goes at a slow enough pace so people can understand. And he, I
don’t know, it seems like he’s kind of checking in to make sure
people are following along as he goes.
Tyler feels like he is “getting a lot out of” his topology lectures, and he enjoys how the professor
is careful with how he paces the content and checks in with students about their understanding
during class. Jack agrees with Tyler’s assessment and elaborates on what he enjoys about their
topology teacher:
Jack:

I’m in the same analysis and topology class [with Tyler], and I
think another thing that I particularly like about the topology
lectures is kind of how the professor presents the connection
between the motivation and the actual kind of rigorous kind of
math that we’re doing. How he kind of presents, “Okay, here’s
why we care about this problem, and here’s how to solve this
problem.” The flow between those things is good and still kind of
maintains a solid rigorous level, and maintaining that balance
between, “Okay, intuitively, here’s what we feel should be going
on, but rigorously, here’s actually how things are going on.” That’s
a really nice balance that he’s able to strike, and so that’s
something that I try to emulate.

Jack appreciates how the professor finds a balance between providing mathematical rigor and
sharing the intuition and motivation behind the concepts, and Jack works to find this same
balance when he is teaching. Similar to the examples I provided previously where GSIs identify
teaching they dislike, in this example with Jack and Tyler, the “neighbors” at play are examples
of successful approaches to teaching, and the “interactions” are occurring during their graduate
courses.
George shares another example of noticing positive aspects of teaching while being a
student in graduate courses. George has a professor who he looks up to as a teacher. As he
expresses, “[Professor Johnson] is kind of my teaching guru at this point. There are a lot of ways
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in which I want to be like him.” Professor Johnson demonstrates effective teaching practices that
George wants to emulate. For example, consider the following quote I presented in 5.4 where
George discusses Professor Johnson’s teaching:
George:

I honestly think I learned that trick of like, “Let me, let me do this
something that seems a little easier because it’s actually something
interesting happening” from [Professor Johnson]. […] Now that I
think about it, that’s a classic [Professor Johnson] lecture move for
him to be like, “Let me just remind you guys of such and such.”
[…] It’s a way of like, scooping down and picking up people that
you’ve lost, and then like jumping up and making sure nobody’s
bored and going on with the branch you’re going on.

As George describes, he learns Professor Johnson’s “trick” of pausing to remind students of a
previous idea by observing it as a student in Professor Johnson’s class.
Further, George explains that even though Professor Johnson is an effective teacher who
is skilled at explaining mathematical ideas, he is less fluent when it comes to explaining his ideas
about teaching:
Interviewer:

Have you spent time talking to [Professor Johnson] about teaching,
or is it more just being in the classroom with him?

George:

Not really, no. It’s funny, he has a lot of, like, sort of innate
instinctive teaching skills. Except for teaching, I don’t think he
knows how to teach how to teach. Like, there are people who for
whom math comes naturally, and so they just say, “Oh, well it’s
obvious.” And they can’t do it. He’s not like that with math, but he
is like that with teaching. He’s like, “Well just give a good lecture!
Just explain it so it makes sense.” […] He’s very blasé about how
he teaches. I don’t think he recognizes the gift that he has, and so
he hasn’t thought carefully about how he does it.

George finds that Professor Johnson does not seem to recognize the nuance in how to teach. This
leads George to conclude that Professor Johnson has “innate teaching skills” and that teaching
comes naturally to him. Here, the neighbors interacting are not just positive examples of teaching
but also the notion that some aspects of teaching simply come naturally to people. George learns
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ideas for how he wants to teach through observing Professor Johnson in the classroom rather
than by talking with Professor Johnson about teaching.
In summary, the “neighbors” related to teaching that GSIs describe encountering in their
graduate course are opportunities to struggle with difficult mathematics and both positive
negative examples of ways to teach. Through interacting with these neighbors, GSIs identify
teaching strategies they want to avoid, ideas for teaching they plan to implement, and the
increased ability to empathize with the students in their Classroom systems. Tyler summarizes
these three points when he explains how it feels to be both a student and a teacher as a GSI:
Tyler:

Since I’m in classes now, seeing actual other professors teaching
and experiencing it from the student’s point of view, not only is it
like helpful to kind of critique what they’re doing well and think,
“Oh, I could do that,”, but the things they’re not doing well, “I
should avoid that.” Also, it gives you a good, I don’t know, like I
often find myself thinking whenever I’m like, “Oh, why did this
student do this?” I always think, “Hm, that’s probably what that
professor thinks of me.” I don’t know, it gives me a little bit of
sympathy towards like the other side of the story. And also from
the professor’s point of view, like normally as an undergrad I
would be irritated like, “Why isn’t my exam graded yet, like c’mon
it’s been like two weeks already!” And now I’m kind of like,
“Alright, I get it, I get it, you’re busy, exams take awhile.”

5.5.2 Kvetching and Common Complaints: Neighbor Interactions and Internal Redundancy
Thus far, I have described two sources of neighbor interactions: the first-year teaching
seminar and GSIs’ graduate courses. A third way that GSIs describe interacting with ideas, or
neighbors, related to teaching is through their conversations with each other. In this section, I
explore how the internal redundancy of the system supports GSIs in commiserating through
common complaints about teaching. Then, in 5.5.3 Finding Solutions for Unique Situations, I
consider how GSIs rely on the internal diversity of the GSI system to help them collectively find
solutions to teaching-related problems.
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Figure 5.17 Progress through the Necessary Conditions, Section 5.5.2
In 5.1.2 Opportunities for Shared Meaning-Making, I discussed how the teaching seminar
Tim facilitates during GSIs’ first term teaching is one source of neighbor interactions for the GSI
system. After this first-term seminar has ended, GSIs continue to regularly talk with their peers
about teaching. For first-year GSIs, the redundancy of their teaching assignments – most firstyear GSIs are assigned to teach one of the courses in the pre-calculus sequence – facilitates
continued conversation between GSIs. As Nancy explains:
Interviewer:

This term you probably don’t have the same sort of weekly
meeting like you did last term?

Nancy:

Yeah, there’s less of a network, but I’ve got like all of my – I know
all of my classmates are teaching similar classes. If they’re not
teaching [the first pre-calculus course], they’re teaching [the
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second one]. They can be an emotional resource, and they can be
an actual resource.
Nancy describes that even though there is “less of a network” once the teaching seminar is over,
she still knows she can talk to the other first-year GSIs about teaching because they are all
teaching similar classes. Further, Nancy expresses that the GSIs act as resources for each other
both for emotional and teaching concerns. Andrew agrees that GSIs with similar teaching
experiences can offer comfort and advice about teaching. He describes,
Andrew:

I was lucky enough to have three officemates all who have been
here at least two years, and so they all have experience teaching
numerous classes, so anytime something comes up I don’t know
about, it’s like, “Oh my gosh, I got this email,” or “This student
said this in class, […] what do I do?” And they’re just like, “Do
this, do that,” and “Oh I had that happen, don’t worry, it’ll happen
again, it’ll be okay.” It’s really nice.

Andrew identifies that because his officemates have “experience teaching numerous classes, they
are able to relate with him when he has questions about teaching. Here, Andrew confirms the
role of internal redundancy in supporting the conversations: because Andrew’s officemates have
taught a variety of classes, they have a broad enough set of teaching experiences to overlap, or
have redundancies, with what Andrew is going through. Andrew describes further how his
officemates emphasize their similar experiences when he talks to them about teaching:
Andrew:

My officemates gave some good feedback, or at least like helpful
ideas and like a bouncing wall, whatever you call it. Like, “Oh, we
went through this too, this is what we did so you’re not alone, this
is normal, everyone makes that mistake, here’s how you do to fix
it, it’s not the end of the world, and here’s what you should do.”

As Andrew explains, the other GSIs in his office let him know that what he is experiencing as a
teacher is “normal,” that he is “not alone,” and that “everyone make’s that mistake.” The GSIs’
redundant experiences as teachers help facilitate their interactions with Andrew, and from these
interactions, Andrew gets advice for how to handle the teaching issues he is experiencing.
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Tyler, another first-year GSI, describes how he talks with an officemate who is teaching
the same course as him. Even though he is a “more independent” teacher than other GSIs, Tyler
talks with this GSI because they share the same office and teach the same course:
Tyler:

I tend to be a little more independent. But, I do feel like if I needed
support, I would probably find – in fact, well one thing that I guess
is a really good support system for me is one of my office mates is
also teaching [the second pre-calculus course], so we often kind of
bounce ideas back and forth. Like, “Oh can you take a look at this
quiz and let me know what you think, like should I change one of
these problems?” or something like that. That’s been good.

Tyler and his officemate talk to share ideas about teaching and review each other’s course
materials, and their common teaching assignment helps facilitate this interaction. Andrew shares
a similar viewpoint and explains how when he is assigned to be a TA for a large lecture course,
he talks about teaching with his officemate because they have the same teaching assignment:
Andrew:

One of the other TAs for the same class happens to be my
officemate. So we do, occasionally, “Oh dude, I just heard my
student say this,” or, “Oh I just got this e-mail.” We have those
moments every now and then, like, “Can you believe that?”
Occasionally I do ask for advice, like, “Hey we’re going to come
to this section, what kinds of things, how do I want to explain this
kind of test, or this stat,” or whatever. So occasionally there’s that.
Or, like advice, “How should I go about grading the exams more
efficiently,” stuff like that, and you know sometimes we
collaborate a bit.

Andrew reiterates his earlier sentiment that he works with his officemates, particularly the ones
with shared experiences to his, to “collaborate a bit” together about ideas for teaching. For Tyler
and Andrew, they describe that the “neighbors” interacting are ideas about the mathematics they
are teaching and how they are selecting and grading problems. Then, the internal redundancy in
the GSI system, specifically the GSIs’ similar teaching experiences, provides a foundation of
common understandings and relatability to allow the neighbors to interact through conversations.
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Redundant teaching experiences allow the GSIs to provide positive reinforcement
through offering moral support and advice to each other. The redundancy of the system also
impacts the GSIs’ neighbor interactions about teaching through facilitating conversations about
issues with students. In particular, the GSIs explain that their discussions about teaching are
often centered around complaining about students. Sometimes, the conversation is about how to
handle a concern about students that arises. For instance, Tyler describes a discussion he has
with an officemate about a “prolific issue that goes on” with students:
Tyler:

I had a conversation actually today with one of my officemates. He
was talking about how there’s a huge rift between the grades a lot
of students think they deserve and the grades that they’re actually
getting in the class. […] We were talking about how that’s like a
very prolific issue that goes on, and you have a lot of students
coming in like asking for a better grade because they’ve been, you
know, doing all the work.

Although this is an instance where Tyler is working with another GSI to find a way of addressing
a student-related issue, the GSIs primarily describe their peer-to-peer conversations about
students as venting and complaining rather than being solution-oriented.
As sixth-year GSIs, both Henry and George express that much of their talking about
teaching is sharing common issues with students. Henry describes what many of his
conversations about teaching include:
Henry:

I do spend a lot of time talking to other graduate students about
their teaching experiences, and I have had lots of conversations
like, “Can you believe the gall of this student who e-mailed me this
and asking me this question,” or something like that. And I think
that definitely, one, I mean it helps to like make sure that you’re on
the same as like your peers, and also it’s cathartic.

Henry talks to other GSIs about frustrating instances with students. Doing so is “cathartic” and
helps him know that he is “on the same page” as his peers. Again, Henry and the GSIs he is
talking to are relying on their redundant experiences as teachers to provide a basis for
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conversation. George also finds that complaining together with other GSIs is cathartic, but he is
less optimistic about its value. George states, “Most of the shop talk is just kvetching about
students, which is cathartic but not useful.” In particular, George expresses dissatisfaction with
how his teaching conversations have devolved into being primarily kvetching. He states, “It’s
mostly kvetching, unfortunately. It’s mostly just sitting around complaining.” Similar to Henry,
George reflects that his conversations about teaching are about student e-mails or other studentfocused complaints.
Outside of kvetching with his officemates, George has sought out some other
opportunities for talking about teaching. For instance, George has conversations about teaching
during the Department-facilitated tea each week. However, he explains that these interactions are
not substantial: “I’ve talked about teaching at department tea. […] It’s not like in-depth teaching
craft stuff. It’s water cooler, you know, jokes about students and that kind of thing.” George also
previously attended the Department’s teaching seminar, but he found that the conversation there
was also primarily complaining:
George:

There’s a teaching seminar that we have – you know, there’s
seminars every week for various topics and there is a teaching one.
And I went to it for a while, but it became – maybe it’s better now,
I haven’t gone in a couple of years, but it became just like these
two or three people, whatever the speaker was saying they’d
interrupt with their pet complaint. And then it was the same thing
every week, and so I just stopped going. It’d be nice if we had
more venues for productive discussion about teaching.

George finds it unfortunate that his conversations about teaching are not more “productive” than
kvetching about negative experiences with students that are redundant between GSIs. When
George attempts to encounter more interactions about teaching at the Department’s tea or
teaching seminar, he does not find the “in-depth teaching craft” conversations he is looking for.
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As a first-year GSI, Jack notices that his teaching conversations could include more
substantial ideas about teaching. He often talks about teaching, but these conversations often do
not include any diverse opinions or experiences:
Jack:

I’ll frequently talk to people whether it’s in or out of the
department about teaching, but it’s almost always just like surface
level stuff. Just like, I don’t know, whether it’s venting or whether
it’s just saying, “Oh yeah, you know, we did this, I had this cool
idea for a thing that we did in class and, and it went really well,” or
whatever. But as far as like actually, I don’t know, talking about
like, whether it’s brainstorming or asking somebody a question or
for advice or whatever – I don’t know, not super frequently.

Jack often finds himself “venting” about teaching or sharing the ideas for teaching he already
has, but it is “not super frequently” that he is able to brainstorm or get advice that would provide
him new information about teaching. Jack concludes, “Most of my teaching stuff is done kind of
in a vacuum.”
Earlier, I shared how Tyler and Andrew get support and comfort from their officemates.
Additionally, Tyler and Andrew also explain that the physical component of having other GSIs
in their same office is part of what facilitates these conversations. Andrew explains, “In the
office, I’m venting to my officemates right then and there, like ‘Oh my gosh, I heard this.’ And
that’s how it happens.” Because his officemates are nearby and available in the moment, Andrew
shares his thoughts with them. Further, Andrew is aware that the proximity of his officemates is
a factor in who he talks to about teaching: “Since I have my officemates, I don’t really go out to
other offices [to ask questions about teaching].” Tyler also acknowledges that when he talks
about teaching, it is often just part of the conversation already taking place, and he does not go
out of his way to bring up issues he is experiencing. He reflects:
Tyler:

I think for me, it’s more like passing conversation. It just might be
something sort of in the back of my mind. I don’t think I
unfortunately ever do anything to really investigate the issues
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being brought up. It’s more just, “Oh yeah, good point.” And then,
that’s it.
Tyler’s officemates mention issues with students as part of their “passing conversation,” but this
does not prompt Tyler to discuss or consider the issues further.
Similar to Tyler and Andrew, George also experiences that his officemates are his
primary source for talking about teaching and that their shared location is a factor:
George:

Unfortunately, now that I don’t have this group therapy thing [with
the first-term teaching seminar], there’s my officemates, basically
is what it comes down to. One of us will turn to the other and say,
“I just got a student e-mail saying such and such.”

Because George and his officemates spend time physically near each other makes it easier to
discuss teaching-related events in the moment. Sharing an office provides another source of
internal redundancy that can in turn facilitate neighbor interactions between GSIs.
The GSIs’ descriptions of their conversations about teaching highlight both that some
“neighbors” for teaching are interacting while others are not. GSIs are relating to each other
about their common experiences with students, and these shared understandings are
communicated via complaining and kvetching. On the other hand, it seems that productive, indepth ideas for teaching are not interacting. The redundancy of the system is being relied on
heavily when the GSIs conversations focus on common complaints. Moreover, the physical
proximity of the GSIs contributes to who they talk to about teaching and what topics the
conversation includes. However, the GSIs’ observe that their diverse experiences and ideas about
teaching are often not included in the conversations they have about teaching. George
summarizes how he engages with other GSIs in conversations about teaching:
Interviewer:

It’s weird how the teaching talk doesn’t always happen.

George:

Yeah, well especially on sort of this metacognitive like, “What’s
the big picture” level. It’s usually nuts and bolts stuff, which at this
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point I have reflexive answers. Just like, [begins tapping fingers
like typing on a keyboard] I don’t stop the e-mail I’m writing when
my officemates ask me how do you deal with this situation. I’m
like, you know, [still tapping] “I send them an e-mail saying they
have an extra week to work on it.” Like I have a solution, and I just
throw it out.
As George explains, because the neighbors interacting are “usually nuts and bolts stuff,” he does
not have to think deeply or consider any new possibilities when he responds to questions.
Instead, George can throw out “reflexive answers” without taking his attention away from the email he is writing. The ideas about teaching George is interacting with do not require him to
think metacognitively, and so he does not encounter the opportunity to engage with novel or
unique ideas about teaching.
5.5.3 Finding Solutions for Unique Situations: Neighbor Interactions and Internal Diversity

Figure 5.18 Progress through the Necessary Conditions, Section 5.5.3
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As another instance of neighbor interactions, GSIs also describe that they talk with their
peers when they encounter teaching situations that they do not know how to handle. In Jack’s
words, “I definitely talk to my peers a lot as far as how do I – if there’s like a weird situation that
shows up, ‘Hey, how would you handle this if you were dealing with this? Does this course of
action seem reasonable?’ that sort of thing.” The GSIs often reach out to other GSIs who have
knowledge different from their own for assistance when a “weird situation” happens.
Jack explains an instance where he accidentally assigns two different homework
assignments. After making the mistake, he goes to his officemate – someone nearby and easily
accessible – to find help with generating a solution:
Jack:

I talked to my officemate yesterday cause I screwed up and put up
the wrong sections for the right problems on the course website.
[…] And then, half the students submit the wrong assignment, and
half of them submit the right assignment, and I just didn’t know
what to do about that. Cause I was like, “I want to grade this for
accuracy, because I always do, but at the same time, can I?” And
we kind of collectively decided no, there’s not really a good way
of doing it.

Jack and his officemate “collectively decided” what course of action Jack should take. Here, the
neighbors present were possible solutions to Jack’s teaching issue, and they interacted through a
conversation between two GSIs. Jack can talk to his officemate about the situation because they
have enough redundancy to support the interaction in happening, but it is the diversity of ideas
that Jack is seeking out. As he explains, he “just didn’t know what to do” and needed other ideas.
Moreover, Jack goes on to explain that this is the primary other form of conversation about
teaching that he finds himself having:
Jack:

That was the most recent [conversation about teaching]. I mean
others on a daily basis or whatever between, “Hey, is this a good
test question?” or, I don’t know, just complaining about students
wanting to leave early, take the final early, that sort of thing.
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Jack’s conversations about teaching include complaining about students, asking for feedback on
the exam materials he is writing, or looking to other GSIs for their input when he finds himself
lacking the information he is looking for.
Tyler finds that he also goes to his peers for help with how to handle teaching situations
that are new to him. This is the type of help he wants to know is available rather than support
with how to teach or different ways to present the content:
Interviewer:

What supports do you feel like you still need for teaching?

Tyler:

I definitely need, like, I keep saying this, but like people to talk to?
Like whether it’s just about like, “Does this assignment look
reasonable for what I’m trying to get the students to learn?” Or if
it’s like, “How should I handle this situation?” Like, that’s actually
maybe the biggest fear I have with teaching is not like the actual
content or like how to teach? It’s more like how to handle those
oddball situations, “A student wants to go to their sibling’s
graduation,” or you know something like that. Like, what do I do?
I don’t know.

Tyler is concerned about “how to handle those oddball situations,” when he finds that he does
not know how to react. Although he also talks to other GSIs with teaching practice questions like
selecting problems to include on assessments, he concludes that his “biggest fear” with teaching
is knowing what to do when he encounters a situation he does not immediately know how to
respond to. Jack summarizes his frequent interactions with GSIs similarly: “Talking to other grad
students has been helpful, but that’s kind of like a very specific case-by-case thing where it’s
like, ‘I’ve got this weird thing happening, what do I do now?’” All in all, Jack and Tyler look to
other GSIs to diversify their possibilities for how to handle their “weird” and “oddball” situations
for teaching.
In his sixth year, George reports that most of his conversations about teaching are about
topics he has “reflexive answers” for. These reflexive answers are in response to the most
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frequent type of interaction George has about teaching: questions about finding fixes to teaching
issues. He describes, “Right now, at least for me, it’s mostly sort of Band-Aid kinds of things of
like, my officemates will come to me or I’ll come to them with, ‘Kind of stuck on this, do you
have any ideas?’” Moreover, George explains that he typically does more answering of questions
than asking them during these conversations. This was a habit that was established in his early
years of being a GSI:
Interviewer:

What sort of resources do you rely on when you’re preparing to
teach?

George:

[…] Pedagogy-wise, basically officemates. You know if I’m trying
to explain something and it’s not going well – and my officemates
will do the same thing – we’ll turn to each other and be like, “How
do you teach this?” or, “Can you think of a good example of blah,”
or, you know, that kind of thing.

Interviewer:

Does that happen pretty often?

George:

Reasonably. I’d say once a week, one of us asks someone else. I
probably ask less than I am asked, which cause when I got here I
knew more than them and that’s sort of established a pattern. But
it’d be a weird week if nobody mentioned anything about teaching.

George and his officemates frequently ask each other their teaching questions, such as how to
present certain content. As George concludes, “it’d be a weird week if nobody mentioned
anything about teaching.” However, George also reiterates that he feels these conversations are
often focused on “Band-Aid” solutions for when things go wrong, and things are “going wrong”
with less frequency as he and his officemates become more experienced teachers:
George:

Also, just most of the conversations were, “This thing went wrong,
what do you do when this thing goes wrong?” And fewer things
over the course of my teaching have been going wrong. Also just
the, I mean, my officemates are also increasingly senior and so
they’re having fewer problems, and we all just kind of have it
figured out to a large extent, so there’s less to talk about.
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Because George and his officemates now know how to handle their teaching problems on their
own because they “just kind of have it figured out,” there are fewer neighbors introduced to their
interactions about teaching.
GSIs use the internal diversity of the GSI system to help them find solutions to teaching
issues they do not know how to handle. Additionally, GSIs occasionally find that they are
unexpectedly introduced to unique ideas for teaching because other GSIs have diverse teaching
experiences. Andrew, Jack, and Tyler all mention how talking with other GSIs can expose them
to new ideas that they had not considered before. Andrew describes that while his peers can
relate to his experience as a first-year GSI, they also offer insight about teaching that he has not
thought to ask about before:
Interviewer:

What sort of resources would you recommend for incoming grad
students that they could like seek out or reference?

Andrew:

I would say people first. Your officemates if you have any,
otherwise your neighbors. Ask them how they taught it, how they
taught down to the chapter or the page of the material if you want,
or they’ll have a whole outline of the course. And you can just ask
them about general, “What would you do in this case?” cause
you’ll run into – like I ran into dozens of times, like, “This just
happened, what should I do? A student said this, what should I
do?” And they’ll be like, “Oh, that happened to me, this is what I
did.” People, number one. Cause yeah, they’ll probably answer the
questions that you need to ask that you’re not even thinking to ask
or haven’t come up with yet.

Jack:

Yeah, I don’t have much to add to that. Talk to other grad students.
People are more than willing to share materials, you’ll get things
from them that you didn’t know you needed.

In this description, Andrew also further reinforces that talking to the people in close proximity,
such as officemates and neighbors, are his first resource for teaching. Moreover, when Andrew
talks with these nearby GSIs, they provide answers to teaching-related questions that he has not
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yet thought to ask. Jack also agrees with Andrew that in talking with other GSIs, he encounters
ideas that he did not know he was not already interacting with.
Tyler also finds that talking with GSIs has been especially helpful for his teaching
because it exposes him to a diverse set of ideas. For instance, Tyler appreciated the first-term
teaching seminar because of the neighbor interactions it facilitated:
Tyler:

[Tim’s seminar] is actually really helpful, even though sometimes I
don’t really participate in the discussion a lot. Just being there,
hearing what other people have to say, it’s things like yeah I hadn’t
thought of that before.

Like Andrew and Jack, Tyler finds it helpful when he encounters ideas for teaching that he has
not previously seen. Then, similar to how being a student in graduate courses provides GSIs with
positive and negative examples for teaching, talking with other GSIs allows Tyler to hear both
ideas for teaching he is fond of and ideas that he does not agree with. He explains the impact this
has on his growth as a teacher:
Interviewer:

What have been the most important things for your teaching?

Tyler:

Talking for sure. Just like hearing other people’s perspectives on
things and how they deal with certain situations. I mean,
sometimes it’s positive things, like, “Oh that’s great. I should be
doing more of that.” And also sometimes, even though you might
not say it to their face, like it’s kind of like, “Eh, I don’t know. I
don’t know about that.” But just like, I think the more you can hear
and see, the more you can kind of decide for yourself what you
think is right and what you think is wrong. And so that is been
really good for my development.

Through interacting with diverse ideas about teaching while talking with other GSIs, Tyler is
able to identify which “neighbors” are ideas he wants to incorporate in his teaching and which
are options he will pass on. As he summarizes, “I think the more you can hear and see, the more
you can kind of decide for yourself what you think is right and what you think is wrong.”
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Overall, GSIs look to their peers for ideas about teaching and solutions to teaching
problems. While the internal redundancy in the GSI system makes it possible for these
conversations to happen by supporting the GSIs in understanding and relating to what is being
communicate, the internal diversity of the system ensures that there are unique ideas to be
encountered. The GSIs sometimes seek out diverse ideas, particularly when they encounter
atypical situations for teaching that they do not already have responses to, but GSIs also interact
with diverse ideas in the conversations they have with the people nearby them. In their offices
and in the first-term teaching seminar, GSIs hear and see new ideas for teaching that they did not
know they were unaware of. Both when GSIs ask their peers’ questions about teaching and when
they arise as part of already-occurring conversations about teaching, the internal diversity in the
GSI system contributes to the neighbor interactions GSIs have about teaching.
6. Discussion of Conclusions and Implications
In this chapter, I summarize the results of Chapters 4 and 5 and frame the findings within
the research questions of the current study. Then, I reflect on the process of conducting the study,
specifically focusing on the affordances and constraints of the complexity science framework
and study design. Lastly, I conclude by considering the implications of the current study for
educators and researchers.
6.1 Answering the Research Questions
To frame my discussion of conclusions and implications from the data, I want to return to
the research questions for the current study. There are two research questions (RQs), each with a
set of sub-questions (SQs):
•

RQ 1: What can we learn from viewing GSIs as a complex system?
o SQ 1.1: How do the participants demonstrate the qualities of a complex system?
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o SQ 1.2: In what ways are the five conditions necessary for a complex system to
learn present in the GSI system?
o SQ 1.3: Are there qualities necessary for an evolving complex system that are
lacking or not identifiable in the GSI system?
•

RQ 2: How are GSIs learning about teaching?
o SQ 2.1: What are GSIs learning about teaching?
o SQ 2.2: What prompts and impacts GSIs’ learning? Where are GSIs encountering
new ideas for teaching?

In the following sub-sections 6.1.1 Research Question 1 and 6.1.2 Research Question 2, I will
discuss my findings related to each of the research questions and sub-questions in the order they
are listed above.
6.1.1 Research Question 1
The sub-questions for RQ 1 each correspond with a chapter of this document. Chapter 4
attends to SQ 1.1, Chapter 5 is focused on SQ 1.2, and I will synthesize the results of Chapters 4
and 5 here in Chapter 6 to answer SQ 1.3.
6.1.1.1 Sub-Question 1.1
In Chapter 4, I first explain my perspective of viewing GSIs – specifically the GSIs in the
Mathematics Department at the University in the current study – as a system. Then, I argue that
the GSI system is in fact a complex one by considering how the GSI system exhibits some of the
characteristic qualities of a complex system. This argument in Chapter 4 directly attends to SQ
1.1, “How do the participants demonstrate the qualities of a complex system?” To provide a
complete response to this question, I will summarize the argument from Chapter 4 and
supplement my claims with some additional synthesis of the data presented in Chapter 5.
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The GSI system has qualities of a complex system in that it is adaptable and selforganizing, is nested within other complex systems, and has adequate redundancy to facilitate
interactions between the GSIs. First, the GSI system is adaptable in that it accommodates
structural changes. These changes occur term-to-term as course assignments and coursework
shift, and year-to-year as new GSIs join the system and others leave. In this way, GSIs’ work as
teachers and students is in constant disequilibrium. Throughout the duration of the study, the
participating GSIs demonstrated their resiliency and adaptability in that they were able to survive
the demands of their regularly-changing coursework and teaching duties. Five of the participants
were first-year GSIs just joining the system and had to adjust to life as a GSI, and the existence
of sixth-years in the study establishes the ability of the GSI system to maintain its coherence as
its members change each year and as the GSIs’ responsibilities as teachers and students shift as
they progress through their graduate programs. Thus, the GSI system is able to adapt as it
encounters changes.
Second, the GSI system self-organizes. As I described in 4.1 The Complexity of the GSI
system, GSIs come to graduate school with the common purpose of obtaining an advanced
degree in mathematics. Although there is a formal process for applying, the GSIs who are
accepted are left with the final decision of whether or not to attend. In this way, the system
emerges bottom-up as the GSIs self-organize around their shared pursuit of PhDs in
mathematics.
Third, the GSI system is nested in other complex systems. In Chapter 4, I presented a
framework for considering the nested systems: the GSI system is contained in the Department
system, the Department lives inside the University system, and the University is part of the
Higher Education system. Further, the GSI system has multiple Classroom systems nested within
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it because the GSIs each teach a group of students as part of a Classroom system. In 4.2 The
Nested Organization of the GSI System, I explored the boundaries between the GSI system and
its neighboring systems, namely the Department and the Classroom systems, and I discussed
how the GSIs interact across these boundaries. I believe the boundaries of the nested systems are
deserving of additional attention in the future, and so I will revisit this again later in the Chapter
when I discuss implications.
Finally, the GSI system has sufficient redundancy to facilitate interactions between its
members. First, the self-organizing quality of the system, namely the GSIs’ shared desire to go to
graduate school, means that the GSI system initially has redundancy. Redundancy in the system
is further established during GSIs’ first term when they are all assigned to teach pre-calculus.
Then, the first-term teaching seminar supports the first-year GSIs in talking to each other about
teaching, and the sixth-year GSIs in the study describe that they have continued to discuss
teaching with their peers throughout their graduate programs as a result of the habits created by
the seminar. This common characteristic of a complex system is overlapping with two necessary
conditions, namely internal redundancy and neighbor interactions, and so I will discuss it further
when answering SQ 1.2. What is important here is that there is enough redundancy for the GSIs
to have common experiences that allow for them to share their ideas and perspectives. All in all,
because the GSIs demonstrate the qualities of self-organization, adaptability, existing in
disequilibrium, and being nested in other complex systems, I am confident in asserting that GSI
system is a complex one.

224
6.1.1.2 Sub-Question 1.2
SQ 1.2 asks about the presence of the five necessary conditions for a complex system to
learn, and Chapter 5 was devoted to answering this question. For the sake of providing a more
succinct answer, I will summarize the results from Chapter 5 here.
First, in 5.1 Decentralized Control, I discussed how GSIs no longer experience
decentralized control after their first term of teaching. In particular, the only instance of
decentralized control occurs during the teaching seminar when incoming GSIs come together to
share their experiences and perspectives about teaching pre-calculus. Tim helps to direct activity
toward defining a collective purpose by facilitating discussion about possibilities for
instructional activities or nuances in the mathematical content. However, decentralized control is
not entirely present within the teaching seminar because Tim maintains his status as an authority
for teaching. For instance, Tim provides explicit advice about how to teach effectively rather
than creating opportunities for GSIs to co-create a collective understanding of what good
teaching might look like. When the teaching seminar is over, the GSIs do not have similar
opportunities for collective meaning-making. Further, Tim continues to be positioned as an
authority for teaching through his control over GSIs’ teaching assignments and his teaching
observations of first-year GSIs. In this way, centralized control is present because Tim does not
relinquish his status as authority and expert for teaching. Thus the decentralized control that did
exist as part of the seminar ceases to be present.
Although the Department provides GSIs with a master syllabus for the course they are
assigned to teach, GSIs are ultimately left with the decision-making power to choose how they
want to teach. Without any constraints to orient their activity, each GSI has the freedom to
independently make choices about how they will teach. Moreover, GSIs describe being
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successful even though they are given limited guidance for teaching, not because of it. The GSIs
also express a concern that the lack of oversight allows for some GSIs to be unprofessional in
their teaching, and they identify that there is no mechanism to ensure consistency between GSIs,
particularly when GSIs are teaching different sections of the same course. Without limits or
boundaries placed on their teaching, GSIs can make decisions for teaching entirely on their own.
Consequently, they have no reason to come together around a common purpose or goal for
teaching.
Further, because there are no constraints on the structure of how GSIs conduct their work
as teachers, the primary constraints GSIs do experience are related to limits on their time. As I
described in 5.2 Enabling Constraints, first-year GSIs have a week of training before they begin
teaching their own course as the instructor of record in Fall term. The brevity of the training
period means that many GSIs feel “dropped in” to teaching and that they are “thrown into the
deep end.” Further, the GSIs find that having limited time to prepare prior to the beginning of the
term continues to make their teaching decisions feel rushed throughout rest of the term. While
the first-term teaching seminar is enabling for GSIs growth, having limited time to prepare prior
to the term is disabling for their teaching.
Additionally, GSIs’ responsibilities as students require that they take graduate courses,
and these courses are demanding on their time. The GSIs describe that they often prioritize their
coursework over teaching. They allocate their time this way because they want to continue
progressing through their programs, and their academic success contributes to their ability to do
so while the quality of their teaching does not. Thus, GSIs limit the amount of time they spend
on teaching in order to have more time to devote to their coursework and their research.
Moreover, the GSIs describe being interested in implementing more active learning strategies
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such as group-learning worksheets during their teaching, but they feel that these materials would
take more time to create than they have available to spend. All in all, the constraints that GSIs
experience because of their responsibilities as a student limit their time and are not enabling for
their growth as teachers.
One constraint that can enable GSIs’ growth is their teaching assignments. Specifically,
when GSIs are assigned to teach the same course again, they have an existing set of materials
they are familiar with and thus feel enabled to focus on the aspects of their teaching they want to
improve. However, later-year GSIs find that after teaching a course too many times, they feel
like they are teaching a “fossilized version of a course” and that they “learn fewer new things
each time.” This indicates that there is a limit to how enabling the constraint of a repeated
teaching assignment can be. Overall, the GSIs do not have many constraints for their teaching
that enable their growth. Instead, they feel pressured to spend more of their time on their
academic responsibilities and struggle to find the time to work on improving their teaching
unless they are teaching a course they have experience with.
Along with being a constraint for their teaching, the GSIs’ teaching assignments also
contribute to the internal diversity and internal redundancy of the GSI system. In particular,
when a GSI teaches a course that is new to them, they reinforce the redundancy of the system by
expanding the teaching experiences they can draw from for relating to others. On the other hand,
a GSI teaching the same class multiple times develops specialized knowledge that is unique to
their repeated experience with a given course, and this increases the internal diversity of the
system.
In 5.3 Internal Diversity and 5.4 Internal Redundancy, I discuss how these characteristics
are present in the interview data. In general, the diversity and redundancy of the system is
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infrequently mentioned by the GSIs unless they have been made aware of how their teaching is
distinguishable from their peers’. For instance, GSIs notice when they are spending more time on
teaching than other GSIs or when they are not experiencing a common issue other GSIs express
having with students. Additionally, the GSIs have varying backgrounds in terms of prior
teaching and work experience, and they identify this as contributing to their diversity in the
system. When the GSIs identify how their teaching is unique, they often compare their teaching
with what they perceive to be the common or typical ways of teaching in the GSI system. That is,
without additional evidence to support how their teaching differs from their peers, GSIs assume
their teaching is mostly similar to how others GSIs teach. Diversity is present in the GSI system,
but redundancy is dominant in the GSIs’ narratives about their teaching.
GSIs’ neighbor interactions about teaching rely on both the diversity and redundancy in
the system. As I describe in 5.5 Neighbor Interactions, internal redundancy makes it possible for
GSIs to relate about common teaching experiences. However, GSIs describe their discussions
about teaching as primarily centered around sharing common complaints. Because these
conversations do not contribute new ideas to GSIs available options for how to teach, this type of
neighbor interaction has a limited impact on GSIs’ growth as teachers. On the other hand, GSIs
rely on the system’s diversity when they encounter a teaching problem they do not know how to
solve. Specifically, when an issue arises, GSIs often seek out a GSI who has teaching experience
different from their own, and they work together to create a solution. In this way, the internal
diversity of the system impacts GSIs’ learning about teaching by contributing to the expansion of
their possibilities for how to respond as a teacher.
GSIs also are exposed to ideas for teaching when they attend their graduate courses. GSIs
have dual roles as student and teacher, and they often act as both within the same day, attending
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their own classes in one hour and then going to teach in the next. Through watching their
graduate professors teach, GSIs observe teaching strategies they find desirable and undesirable.
Then, the GSIs “take the best” and “try to remove the worst” as they consider how they want to
teach. GSIs’ graduate courses act as a constraint on their time, but they are also a source of
neighbor interactions where GSIs encounter new ideas for teaching. Even so, these neighbor
interactions are limited. The only demonstrations of teaching GSIs observe happen while they
are students in their graduate courses where their focus is likely directed to the mathematics
rather than to reflecting on the teaching they are witnessing.
Overall, the neighbor interactions the GSIs are engaging in with their peers contribute
limited diverse ideas to their repertoire for teaching and are mostly reactive, acting as a “BandAid” to problems rather than being forward-thinking to future teaching. Moreover, the neighbor
interactions GSIs experience are primarily a result of the context GSIs work in: GSIs observe
teaching during their graduate courses, and their conversations about teaching occur mostly with
the people they share their office with – their near neighbors. Conversations happen regularly
between GSIs about redundant teaching experiences, but GSIs infrequently seek out diverse
information that would contribute to their learning about teaching.
While Chapter 5 offered a longer elaboration on how the five necessary conditions for a
learning system are present in the GSI system, here I have summarized what I observed in the
data that attends to each of the conditions. All five conditions are present in the GSI system, but I
believe there are components that are not currently as robust as they could be. In answering the
next sub-question, I consider which qualities of a complex system and which necessary
conditions are lacking in the GSI system. I offer my suggestions for what supports could increase
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the presence of these components later in 6.3 Going Forward: Implications for Educators and
Researchers.
6.1.1.3 Sub-Question 1.3
Now, I answer the final sub-question of RQ 1 by identifying which of the qualities
necessary for an evolving and learning complex system are lacking in the GSI system. Overall,
the defining characteristics of a complex system are present in the GSI system, but some of the
components could be more robust in order to support the system in expanding its possibilities for
action. That is, the GSI system is lacking in some of the qualities that support its ability to come
together and learn as a collective. In particular, the GSI system has few guiding principles or
common goals for teaching, and thus it is not experiencing decentralized control past the first
term teaching seminar. Additionally, the interactions between the five necessary conditions are
contributing to this absence of guiding principles for teaching. Specifically, the constraints that
are present for GSIs’ teaching are not enabling, and the neighbor interactions that are occurring
do not tap deeply into the internal diversity of the GSI system, instead relying heavily on internal
redundancy. Together, these four necessary conditions – the enabling constraints, internal
diversity, internal redundancy, and neighbor interactions – are not enough to facilitate
decentralized control in the system and provide a collective, guiding mission for GSIs’ teaching.
I spend the remainder of this section investigating how this occurs.
First, I claim that the GSIs have minimal guiding principles for their teaching, and this is
related to the system’s lack of decentralized control. GSIs have a common academic goal that
unites them as a system – their desire to complete an advanced degree in Mathematics – but their
teaching lacks similar coherence. In particular, incorporating regular low-stakes assessment and
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some amount of active learning are the only guiding principles for teaching I have observed in
the data.
During the first-term teaching seminar, Tim suggests to the GSIs that they incorporate
activities to involve students during class because, as Jack summarizes, “five minutes of some
kind of active learning during your 50-minute lecture makes a big difference as far as student
engagement.” The guidelines Tim provides GSIs for course organization also includes weekly
quizzes, and so many of the GSIs in the current study incorporate them into their class structure.
George, for example, still uses weekly quizzes in his sixth year as a GSI because they were part
of “the model for the first course [he] taught,” and because he liked the idea, he “stuck with it.”
While lecture is the primary form of content delivery in the GSI system, the GSIs in the current
study are aware that active learning is good for student learning, and they incorporate some
active learning strategies into their teaching.
Despite this awareness, the GSIs vary dramatically in how they implement active
learning. For instance, Nancy uses instant feedback clickers daily during her lectures and as
supplements during worksheet days, while Henry and George primarily lecture and have one
designated activity day per week. In cases where GSIs are interested in incorporating more
student involvement during class, they are unwilling or unable to dedicate the time they perceive
it takes to produce the materials. There is not a strong expectation that GSIs increase the amount
of active learning in their teaching, and therefore they do not do so. While the GSI system seems
to acknowledge that teaching strategies that support student success and engagement are
important, this conviction is not strong enough to influence changes in their teaching.
The lack of guiding principles for teaching is also influenced by the absence of enabling
constraints for GSIs’ teaching. As Davis and Sumara (2006) describe, constraints that are
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enabling facilitate both “sufficient coherence based on a sufficiently constrained domain” and
“an openness to randomness in order to allow for the emergence of unanticipated possibilities”
(p. 149). I conclude that in the current study, the domain of GSIs’ work as teachers is not
sufficiently constrained, and so the GSIs’ teaching does not always demonstrate coherence.
GSIs face no restrictions for what is off-limits when it comes to teaching, but they also
are given few guidelines for possible ways they could teach. After their first year, GSIs are “let
free” with minimal oversight for their teaching and no additional formal training or observations.
Without constraints in place, GSIs are left to decide how they will teach. This includes choosing
how to balance their time between their responsibilities as a teacher and a student: while GSIs’
coursework and research come with assignments, deadlines, and expectations determined by the
Department, they do not experience similar constraints and oversight for their teaching. Thus,
GSIs often prioritize their academic responsibilities over their teaching.
Another example of the absence of constraints is that there is no formal coordination
between instructors responsible for teaching the same course. In the Department, weekly
coordination meetings occur as part of some large lecture sections that have a supervising
instructor of record and multiple TAs. However, this is not present in the data: two GSIs are
assigned to be a TA during the year of data collection – Jack during Winter term and Andrew
during Spring term – but neither of their TA duties include coordination meetings. Instead, Jack
and Andrew are given freedom to teach their discussion sessions however they please. Therefore,
although it does exist as part of some TA assignments, the GSIs in the current study do not
engage in any sort of formal coordination for their teaching and thus do not experience this type
of constraint. Moreover, no coordination exists for GSIs when they are assigned to be instructors
of record.
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While teaching assignments are an example of enabling constraints that do exist –
particularly when GSIs are assigned to teach the same course multiple times – it is unclear how
intentional the Department is about choosing which classes each GSI teaches. As George
explains, “it’s not fully transparent, like [Tim] has a crystal ball that he looks in that tells him
who gets what.” Thus, while teaching the same course is enabling for GSIs’ development as
teachers and increases the internal diversity of the system, it seems that this constraint is often
left up to chance. Moreover, this constraint is only enabling for so long: once GSIs have taught a
class multiple times, they experience diminishing returns on how much they are learning about
teaching. Aside from their teaching assignment potentially being enabling to their growth, the
GSIs are provided with minimal constraints for their teaching to support them in expanding their
possibilities for how to teach or to offer them a common goal for teaching to pursue together.
Another aspect of the GSI system that is lacking is the quality of the neighbor
interactions, particularly during GSIs’ conversations with their peers. Specifically, the GSIs
conversations about teaching rely heavily on internal redundancy and under-utilize the internal
diversity. When discussions about teaching primarily involve complaining about students, the
redundancy between GSIs is reinforced, and when asked to identify how their teaching is
different, GSIs assume redundancy between their teaching and the teaching of their peers. Some
internal diversity is required when GSIs talk to each other to generate solutions to teachingrelated issues. While there is enough diversity for the system to manage these teaching conflicts,
the system’s diversity is rarely discussed outside of this reactive problem-solving. Similarly, the
redundancy of the system facilitates complaining and getting support for day-to-day choices
about how to present content or what homework to assign, but conversations about larger
teaching decisions are not taking place. That is, the GSIs could be engaging in more productive
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and substantive neighbor interactions for teaching. Instead, GSIs are often talking only with their
close neighbors – their officemates – and are getting only as much diversity as they need to
handle issues that arise in their teaching.
The tendency to interact with near neighbors is itself not problematic. In fact, complexity
scientists suggest that it is to be expected: “[M]ost of the information within a complex system is
exchanged among near neighbors rather than being distributed from a central hub” (Davis &
Sumara, 2006, p. 104). However, I assert that the GSIs have too few peers near them to interact
with. That is, the amount of information the GSIs are exchanging within the system is limited
because the GSIs tend to talk about teaching solely with their officemates, and these GSIs
comprise only a small portion of the members in the system. From this, I conclude GSIs’ growth
as teachers could benefit from having opportunities where other GSIs were in close proximity to
engage with. I elaborate on this argument in 6.3 Going Forward: Implications for Educators and
Researchers.
The neighbor interactions and enabling constraints of the system are lacking robustness,
and this contributes to why decentralized control is not currently present. I assert that without
sufficient enabling constraints and neighbor interactions, the GSIs do not come together to cocreate the collective guiding principles and goals for teaching that are necessary for decentralized
constraints. In particular, each GSI can independently make their own decisions for teaching, and
there are not enough constraints that limit GSIs’ work as teachers or neighbor interactions about
substantive teaching ideas to prompt the GSIs to work together and find coherence in their
teaching.
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The independent decision-making of the GSIs alone is not causing the GSI system to
exist without a common goal for teaching. In fact, the complexity science literature confirms that
independent action is to be expected within a complex system:
[I]ntelligent group action is dependent on the independent actions of diverse
individuals. This point is reflective of a core tenet of complexity thinking and a
consistent finding across studies of complex unities: Intelligent collective action
arises out of the bottom-up, independent (but co-specified) actions of individual
agents who act out of self-interest and who may even be motivated by profound
selfishness. (Davis & Sumara, 2006, p. 85)
A key component of the above statement is that the actions of agents acting independently must
be co-specified in some way. I conclude that GSIs do not have enabling constraints that define a
collectively-specified way to teach, nor are they engaging with their peers in ways that allow for
co-specified action to occur. Further, this contributes to the absence of decentralized control in
the system.
In the most extreme cases, this combination of lack of decentralized control and minimal
enabling constraints and neighbor interactions allow GSIs to make all of their decisions about
teaching with minimal input from any outside influences. For Jack, these conditions mean that
“most of [his] teaching stuff is done kind of in a vacuum.” Without stronger connections via
neighbor interactions between GSIs or more constraints to guide and focus their teaching, the
GSIs are working in “pockets” of connection in the system where they are only sharing teaching
ideas with these close peers. Because GSIs can make decisions about their teaching
independently once the first-term teaching seminar is over, GSIs can decide to put as much or as
little effort into teaching as they want. Thus, the existing combination of the neighbor
interactions and enabling constraints in the GSI system is not supporting the emergence of a
coherent purpose for teaching that is necessary to unite the GSIs as a collective and prompt
sustained decentralized control.
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6.1.2 Research Question 2
The organization of this section is similar to the organization in 6.1.1. To answer RQ 2,
“How are GSIs learning about teaching?” I focus my attention primarily to responding to the
sub-questions. First, I discuss what I observe the GSIs are learning about teaching. Then I
summarize what prompts and impacts GSIs learning about teaching. While the discussion I just
concluded regarding RQ 1 involved identifying components for GSIs’ growth that are absent or
lacking, in this section I am intentional in keeping my focus to what is present in the data.
Specifically, I synthesize the data about what the GSIs have learned as a result of the structure of
their work as teachers rather than what they might have learned given different circumstances.
6.1.2.1 Sub-Question 2.1
In Chapters 4 and 5, I discussed GSIs’ growth as teachers regularly, but it was presented
within the structure of the qualities of a complex system and the necessary conditions for a
complex system to learn. Here, I focus specifically on what the GSIs demonstrate they are
learning about teaching. To do so, I use Speer et al.’s (2010) framework to provide language for
the types of learning the GSIs are experiencing. I mention this framework in Chapter 2 as part of
my review of the literature, and I am choosing to return to it here because it provides a clear
distinction between two types of teaching-related work that college mathematics instructors
engage in: teaching practices and instructional activities. In the Speer et al. (2010) framework,
instructional activities are described as the various types of activities teachers implement during
class time, such as having students complete an activities in groups or providing content via
lecturing. On the other hand, as summarized by Miller et al. (2018a), teaching practices are the
“instructional judgments, decisions, and actions employed by instructors in and outside of the
classroom” (p. 628). In their paper, Miller and colleagues (2018a) provide a summary of Speer et
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al.’s categories of teaching practices, and I have replicated this in Table 6.1 to have as a
reference point for my discussion of RQ 2.
Speer et al. (2010) conclude that collegiate mathematics instructors’ teaching practices
are an under-examined topic in the literature, and Miller and colleagues (2018a) further argue
that GSIs’ “growth as teachers is a largely unexamined practice” (p. 627). Thus, knowing that
researchers often do not attend to GSIs’ specific teaching practices or their growth as teachers, I
am intentional here to address both. Throughout the remainder of 6.1.2, in instances where I am
intending to identify GSIs’ learning about teaching practices, I italicize any text that corresponds
to the practices described in Speer et al. (2010) framework as provided in Table 6.1.
Teaching Practice

Description

Allocating time within lessons

Deciding how much time to allocate among
topics and within individual class periods

Selecting and sequencing
content within lessons

Choosing and sequencing the mathematical
content presented in an individual class period; for
example, selecting problems and deciding which
theorems to present

Motivating specific content

Introducing, motivating, and providing a rationale
for sequencing topics, specifically to promote
student engagement

Posing questions, using wait
time, and reacting to student
responses

Deciding what questions to ask, how long to wait
for a response, and how to respond to students’
answers

Representing mathematical
concepts and relationships

Deciding which mathematical ideas to present in
the classroom and how to present them

Evaluating and preparing for
the next lesson

Reflecting and evaluating on individual class
periods, and using (or not using) this information
to inform the next lesson

Designing assessment
problems and evaluating
student work

Developing assessment problems by considering
content coverage, expected difficulty level,
sequencing of problems, and relevance to
particular elements of content

Table 6.1 Teaching Practices Framework from Speer et al. (2010)
as provided in Miller et al. (2018, p. 628)
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Additionally, although the locations of where learning occurs is primarily addressed by
SQ 2, I believe it provides a helpful organizational tool for discussing SQ 1. Thus, I organize
what GSIs are learning about teaching by where the learning is happening. Note that “where”
does not necessarily indicate a physical location but rather points to a certain activity of GSIs’
work as teachers. Specifically, I have identified the following four categories of where GSIs’
learning about teaching occurs: through peer-to-peer conversations, while preparing for and
enacting lesson plans for teaching, by observing the instructors of graduate courses, and in the
formal professional development for teaching the GSIs have during their first term as teachers. I
revisit these sources of GSIs’ learning when I address SQ 2.2.
GSIs learn about teaching through talking with their peers. After problems arise in their
teaching, GSIs evaluate the lesson they gave and reach out to other GSIs to help them generate
possible ways to handle the concern and prepare for the next lesson. Additionally, GSIs talk with
their peers when they are making decisions about how to sequence content in an upcoming
lesson or when they are designing quizzes and exams. The GSIs in the study describe that they
frequently ask other GSIs to look over their assessments or provide input about how they should
structure the content of their next class session. However, the GSIs provide limited evidence of
what happens during these interactions and simply explain that they occur. I hypothesize that
GSIs are learning about teaching through these conversations with their peers, but from the data
in the current study I do not have conclusive evidence to support this claim. Thus, the
conversations GSIs have with their peers specific to designing assessments of student learning
and sequencing and motivating content warrants additional study and exploration to determine
what learning is prompted by these interactions.
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The GSIs describe learning about sequencing and motivating content on their own
through preparing and enacting their lesson plans for teaching. As I discussed in 5.2.2 Teaching
Assignments, New or Repeated, when GSIs teach a class for the first time, they struggle to
identify what topics to emphasize or where students often struggle with the material. However,
when they are assigned to teach the same class again, GSIs find they have more insight about
how to support students’ learning because they have an increased awareness of what content is
important for student success. This demonstrates that by teaching a course repeatedly, GSIs learn
which topics they want to allocate additional time to and, they gain a better understanding of
how they want to represent the mathematical concepts during their lessons.
The GSIs also learn about teaching by attending their graduate courses. In particular,
GSIs observe their graduate professors’ teaching, and from this they identify instances of
teaching they perceive as both successful and unsuccessful. While attending classes as students,
the GSIs learn about ways of implementing teaching practices they want to avoid, such as
lecturing without providing motivation for content, and they identify teaching practices they
want to incorporate, such as posing questions to students that reference previously discussed
content or taking the time to write out their thought process on the board while lecturing in order
to more fully represent the relationships between concepts. Additionally, through being in
graduate courses, GSIs learn what it is like to be a student struggling with difficult mathematics,
and this helps them empathize with the students in their Classroom systems as they encounter
content that is similarly difficult to them.
While GSIs learn about teaching practices through talking with peers, planning for future
teaching, and attending graduate courses, GSIs learn mostly about instructional activities during
the week of training prior to their first term of teaching and throughout their first-term teaching
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seminar. In their formal training at the start of the term, GSIs are taught briefly about policies
and procedures for teaching, such as what to do in cases of academic dishonesty, but the
remainder of the training is focused on how to communicate effectively while lecturing. The
GSIs give practice lectures and are informed about the importance of making regular eye contact
and ensuring that students have time to read what is written on the board. The week of training is
intended, as Jack describes it, to make sure the GSIs are equipped with “the essentials that you
need before stepping at the head of a classroom.”
GSIs learn further ideas about possible instructional practices during their first-term
teaching seminar. Specifically, Tim provides them with existing materials they can use in their
teaching such as lecture notes, worksheets, quizzes, and exams. Tim also facilitates discussion
about additional possibilities for how to structure class time. Through these interactions, GSIs
learn about possibilities for their instructional activities including providing content via writing
on the board or filling in guided lecture notes, using clickers as an instant response tool,
designating one class session each week as a worksheet day, and incorporating regular quizzes.
In the teaching seminar, GSIs are introduced to active learning as an effective strategy for
supporting student learning, and they are given options for how they can incorporate these
strategies in their teaching. Because all of this content is focused on instructional activities, I
conclude that the learning that occurs in the first-term seminar does not address their teaching
practices and is instead primarily focused on expanding the GSIs’ possibilities for which
instructional activities they implement.
Overall, GSIs are learning both about changes they can make to their instructional
activities and their teaching practices. Although in answering RQ 1 I identified ways that GSIs’
learning about teaching is not fully being supported by the necessary conditions, learning is still
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occurring in the GSI system in its current state. Through talking with their peers and attending
graduate classes, the GSIs learn about new possibilities for their teaching practices and make
decisions about their upcoming teaching. Moreover, all of the teaching practices in Speer et al.’s
(2010) framework are present in GSIs’ learning about teaching. However, it is worth noting that
this learning about teaching practices is not happening during GSIs’ beginning-of-the-year
training and teaching seminar. Instead, these events contribute only to GSIs learning about
instructional activities. I elaborate on this next when addressing SQ 2.2, but I will also return to it
later in the chapter when I provide suggestions for how educators and researchers could better
support GSIs’ growth as teachers.
6.1.2.2 Sub-Question 2.2
As I introduced in answering SQ 2.1, the GSIs in the current study encounter new ideas
for teaching through their conversations with peers, as part of planning, enacting, and reflecting
on their lessons, while being a student in their graduate courses, and during the training and
subsequent teaching seminar that occurs at the beginning of their first year of teaching. Because I
have already addressed these as prompts for learning, here as part of attending to SQ 2.2, I
explore how these locations are situated within the nested complex systems.
Looking at the boundary between the GSI and the Department system, GSIs’ interactions
explicitly about teaching with the Department system typically happen only via conversations
with Tim. These interactions these take place throughout the first-term teaching seminar, during
Tim’s classroom observation of the first-year GSIs’ teaching, and when GSIs seek out additional
support from Tim. However, as I described when addressing SQ 2.1, GSIs learn mostly about
possibilities for instructional activities rather than expanding their knowledge of teaching
practices during the formal training provided by Tim on behalf of the Department. Thus, while
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the GSIs learn about instructional activities from their time with Tim at the beginning of their
first year, there is no evidence that indicates the GSIs in the current study are learning about
teaching practices from the training offered by the Department system. However, the Department
influences GSIs’ teaching practices through their graduate coursework. Specifically, GSIs
identify which of their professors’ teaching practices they want to avoid and which they would
like to emulate in their own teaching.
In Chapter 4, I explored how GSIs learn about teaching in their Classroom system when
they look to their students’ work to inform their future lessons. Restating these conclusions
through the lens of the Speer et al. (2010) framework, GSIs are using information from the
Classroom system to evaluate student work and then reflect and prepare for their next lesson.
Specifically, GSIs often make changes to their lesson plans based on what they see in their
students assessments and homework. In this way, the Classroom system is able to influence GSIs
to change their teaching. However, while this indicates that GSIs’ teaching practices are affected
by their Classroom system, it is unclear from the data specifically how GSIs are encountering
new ideas for teaching via their students’ mathematical work. Thus, additional attention and
investigation of the interactions between GSIs and their students is needed in order to make
conclusions about how GSIs are learning about teaching within their Classroom system.
Presently, I can conclude that the Classroom system has an impact on GSIs’ learning practices,
but I have insufficient evidence to identify what specific ideas about teaching they learn from
their students and their students’ mathematical work.
To answer SQ 2.2 directly, what is prompting and impacting GSIs’ teaching practices is
their graduate coursework, their time spent planning and enacting lessons, and conversations
with their peers about teaching. On the other hand, GSIs’ first-term training and teaching seminar
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promote learning about instructional activities rather than teaching practices. Overall, GSIs are
both learning about teaching within the GSI system and as they interact across the boundaries of
their nested systems with faculty members of the Department and with the students in their
Classroom systems. Figure 6.1 presents a summary of what prompts GSIs learning about
teaching in each system and indicates if this learning attends to teaching practices or instructional
activities.
To return to the language of complexity science, learning occurs when ideas for teaching
are shared within the GSI system through neighbor interactions, and as GSIs encounter these
new ideas, they expand their possibilities for action. However, as I discussed in answering RQ 1,
the five necessary conditions are lacking the robustness and balance to best support the GSIs in
sharing diverse ideas and being enabled to incorporate these ideas into their teaching. While the
GSIs’ learning about teaching is occurring, it is not currently reaching its full potential.
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Figure 6.1 Locations of Learning about Teaching within the Nested Systems
6.2 Reflecting on the Process
To begin my reflection on the experience of conducting this study, I return to the
statement of RQ 1: “What can we learn from viewing GSIs as a complex system?” My purpose
in choosing the framework of complexity science was to test the claim that the five necessary
conditions offer a lens for considering specific aspects of GSIs’ work that can be affected by
educators. As Davis and Sumara (2006) argue, “[C]omplexity thinking has evolved into a
pragmatics of transformation – that is, a framework that offers explicit advice on how to work
with, occasion, and affect complex unities” (p. 130). I agree that using the framework of the
necessary conditions for my analysis provided me with the ability to identify areas of GSIs’ work
as teachers that could be changed to better support their teaching – I offer these
recommendations at the conclusion of this chapter. Thus, an answer to “what we can learn” from
using the lens of the five necessary conditions is that it can help researchers identify how to
better support GSIs’ growth as teachers. The language of the necessary conditions not only offers
a framework for analysis to aid in identifying how the GSIs are currently learning about
teaching, but it also provides possibilities for what could be made to happen.
An affordance of conducting the data analysis for the current study with the five
necessary conditions as a lens is that it encouraged me to view the GSIs’ collective experience
rather than focusing on GSIs’ individual trajectories. Looking for instances of the necessary
conditions meant I was searching for common features across the GSIs’ experiences rather than
considering how each GSI progressed over the year. Although a case study approach focusing on
individuals within a system is also a valid option for conducting complexity science research
(e.g., Moore, 2018), I found that in order to address how the necessary conditions were present in
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the GSI system itself, I had to zoom out from examining how individual GSIs’ narratives
developed sequentially. Instead, I set the intention in my data analysis to identify multiple
instances of GSIs’ experiences that could together tell the story of how the GSI system
experiences their work as teachers.
Another benefit of viewing the GSIs as a complex system was that it allowed me to
separate the influence of the Department and the Classroom systems on their teaching and focus
the majority of the results to the impacts occurring within the GSI system. By considering how
each of the necessary conditions is present specifically in the GSI system, I was able to identify
and address how the structure of GSIs’ dual responsibilities as teachers and graduate students
influence their learning about teaching.
A challenge of using complexity science as a framework is that it provides few clear
distinctions that can neatly separate aspects of the phenomena it is designed to consider. A
complex system is one where all of the processes are co-implicated, and any claims of linear
causality need to be made carefully (Cochran-Smith et al., 2014). Because of this, it is difficult
when conducting qualitative complexity science research to present results that fit into strictly
organized categories. As Davis and Sumara (2006) explicate, the necessary conditions are
simultaneously a reference to global properties of a system and to the local
activities of the agents. […] Such conditions are not easily pried apart. Indeed as
we have attempted to do so in our considerations of different moments in the
collective activity, we have found ourselves caught up in tangled cross-references,
repetitions, and qualifications. (Davis & Sumara, 2006, p. 136)
In assembling my findings, I encountered similar challenges in separating the data for each
necessary condition. Similar to Davis and Sumara, I found myself caught up in the tangled
overlapping instances of each of the conditions. Just when I believed I had identified an impact
on GSIs’ teaching that squarely fit into only one condition, with further analysis I noticed the
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GSIs descriptions included references to other necessary conditions. Even the instances in the
data where GSIs talk about internal diversity frequently include mentions of the system’s internal
redundancy – two conditions I anticipated would occur separately. Thus, the results in Chapter 5
often refer ahead to future discussions and back to past conclusions. Indeed, I concur that “such
conditions are not easily pried apart” (Davis & Sumara, 2006, p. 136). Currently, distinguishing
five conditions that are necessary for a complex system to learn is the best complexity science
has to offer in terms of discrete categories.
Despite the difficulties that come with attempting to separate the five necessary
conditions as part of the complexity science framework, I believe the affordances outweigh the
constraints. In particular, the language of the necessary conditions provided me with a way to
make conclusions about what could be made to happen in the GSI system. That is, not only was I
able to identify what was happening and what was not happening, but the necessary conditions
also illuminated what could be possible in the system. For example, I observed in the data that
GSIs experience diverse ideas about teaching only when they talk to their peers or when the
professors of their graduate courses teach in unique ways that GSIs have not seen previously.
From this, it is clear to me that the GSIs are not being provided with many opportunities to
expand their knowledge for teaching. Then, complexity science offers a lens for to identifying
what aspects would be important to include as part of any additional opportunities that are
implemented. That is, the framework of the necessary conditions does not explain what new
supports for GSIs teaching should look like, but it is specifies that in order to be successful, the
content of these meetings, training sessions, presentations, or observations must include
sufficient “neighbors,” or ideas for teaching, that can interact that are both new to the GSIs while
also containing enough redundancy to be relatable to the GSIs’ experiences. In this way,
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complexity science provides a lens for highlighting which aspects of support would benefit the
system’s ability to learn.
Now, I return to RQ 2 and consider my successes and challenges in identifying how the
GSIs learn about teaching. I approached the current study with an interpretivist perspective, and
in alignment with this, the data I collected assigns meaning to and values the participants’
descriptions and retellings of their own experiences. In choosing this theoretical orientation, my
data does not include observations of any aspects of GSIs’ daily work such as their classrooms,
interactions with their peers, time spent in coursework, or preparations for teaching. Rather than
observing GSIs’ teaching practices and making conclusions about what I perceive they are
learning by watching their behavior, as a researcher I instead interpret the GSIs’ storying of their
experiences as teachers and look for evidence in the data that indicates growth in their teaching.
Then, an affordance of the interpretivist orientation is that I can include the thoughts,
feelings, reflections, considerations, and understandings of the participants when I synthesize and
present the results. If I were to simply observe the participants’ work as GSIs, when making
conclusions about GSIs’ learning I would have to rely solely on my interpretation of how I
observe their experiences. Privileging and valuing the GSIs’ interpretations helps me ensure as a
researcher that my results align with their experiences instead of simply reflecting what I
perceive and observe. To connect this with RQ 2, by narrowing the scope of the current study
and excluding observations of their work, I am inherently limiting what data I am capturing that
would attend to how they are learning about teaching.
In my analysis, I identified that the GSIs are learning about teaching through four
activities: attending their graduate classes, talking with their peers, planning and enacting
lessons, and in the Department-facilitated professional development for teaching during GSIs’
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first term of teaching. However, it is possible that if different GSIs had elected to participate in
the study, these results might be different. For instance, there is an ongoing and regular teaching
seminar in the Department, but none of the GSIs in the current study attend these meetings.
Therefore, the teaching seminar is not a source of learning about teaching for the GSIs in the
current study, but it could be an important factor in how other GSIs in the Department grow as
teachers. While all of the GSIs in the Department were invited to participate in the study, the
GSIs self-selected if they want to be involved, and this shapes what data I was able to collect.
Moreover, I determined through my data analysis that GSIs feel pressure to prioritize
their academic work and have limited time to devote to teaching. Because of this, the GSIs who
decided to participate in the study likely believe teaching is worth dedicating time to. If instead
the participants of the study viewed teaching as a responsibility they owe the Department in
exchange for funding their degrees, the results about how they learn about teaching would likely
be quite different. Thus, it is important to note that the qualities of the participating GSIs have an
impact on the result of the study.
More specifically, the characteristics of the group of GSIs who chose to participate offer
both affordances and limitations for the current study. Seven GSIs signed up for the study, and
six completed all of the interviews – Oliver left after Winter term. Of these six participants, four
were first-year GSIs (Andrew, Jack, Nancy, and Tyler) and two were sixth-year GSIs (Henry and
George). Thus, the current study lacks data from the middle years of GSIs’ graduate programs.
However, I believe that having GSIs at both the beginning and the end of their graduate
programs offered some unique affordances. In particular, when presenting the results I was often
able to describe a common experience for first-year GSIs and then follow up with data about
how Henry or George perceive their teaching was impacted over the past six years by this
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experience. For example, the first-year GSIs identify that their coursework prompts them to learn
about teaching, and Henry agrees that being both a student and a teacher is a “magical
experience” that has had a meaningful impact on his growth.
GSIs’ responsibilities and expectations as graduate students shift from the beginning of
their programs to the end of their programs. Specifically, GSIs’ academic work transitions from
coursework to research during the middle years of their graduate programs, and so I believe it is
important to explore how these changes affect GSIs’ learning about teaching. Fortunately, as part
of the larger study, data is being collected at the University for a second year. Three of the
participants in the current study (Jack, Nancy, and Henry) are continuing in the second year of
data collection along with six new participants. Thus, data about the GSI experience in years two
through five will be available for analysis in future work.
The participants in the current study are also unique in their varied previous teaching and
work experience. Nancy, George, and Henry all have prior teaching experience, and Andrew
worked in industry before coming to graduate school. Oliver recently completed a master’s
degree in mathematics, and Jack and Tyler came directly from their undergraduate experiences.
The GSIs with previous teaching experience all identify this as atypical in the GSI system, but it
is a common occurrence in the current study. An affordance of having some participants with a
background in teaching is that it allowed me to identify what types of learning GSIs experience
once they are comfortable in the classroom. For instance, Nancy was familiar with the decisionmaking process of choosing how to structure a course and selecting content to present to
students, and this enabled her to incorporate instant feedback clickers immediately during this
first term of teaching as a GSI. However, without additional data, I am unsure of how common
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or atypical it is for a GSI in the Department to have previous teaching experience, and so it is
possible that this background is over-represented in the data.
The Department the GSIs are situated in also has unique qualities that are not common
among all doctoral-granting institutions. For instance, graduate students primarily teach as
instructors of record, and they do so beginning their first term of graduate school. In cases where
graduate students serve as teaching assistants without the opportunity to teach their own courses,
the necessary conditions might be present in different ways. Thus, the results of the current study
are likely not generalizable to any group of GSIs in every Mathematics Department. Instead, my
intention in the current study is to illuminate aspects of how a particular group of GSIs learn to
teach as a way to provide possibilities for what might be made to happen in other contexts.
Along this line of reasoning, I want to conclude this section by discussing my perspective
on a limitation of complexity science in educational settings posited by Morrison (2008). In his
analysis of complex systems theory as a potential framework for education research, Morrison
(2008) argues that “though it offers an explanation for change and evolution in particular
instances and circumstances, [complexity theory] is essentially a post hoc explanation” (p. 29,
emphasis in original). That is, Morrison (2008) expresses concern that the guidelines for change
provided by a complexity science framework are applicable only to the context of the study that
suggests them.
Following the counter-argument of Cochran-Smith et al. (2014), I want to similarly
challenge the notion that the purpose of education research “is to ‘prescribe’ specific behaviors
and strategies and to ‘guarantee’ their effect on future contexts” (Cochran-Smith et al., 2014, p.
18). Instead, researchers can contribute meaningful insights to the field of teacher development
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by focusing on their unique contexts and settings. As Cochran-Smith and colleagues (2014)
assert, part of the task of research informed by complexity theory is
describing and explaining how the complexity of factors, levels, interconnections,
and systems that constitute teacher education function in different local conditions
and under differing circumstances to contribute insights about the particular that are
also useful beyond the local context and beyond a single moment in time. (p. 19)
In alignment with this reasoning provided by Cochran-Smith et al. (2014), I believe that the
current study is valuable as education scholarship in that it identifies local and specific instances
of what impacts GSIs’ learning about teaching, and these findings can inform how GSIs’
learning is conceptualized more generally. That is, I have described what GSIs’ are learning and
what types of mechanisms and activities support this growth, and educators and researchers can
use these conclusions to inform their work with GSIs in their specific University and Department
contexts. I conclude this discussion next in 6.3 by exploring the implications of the current study
for future research and education that attends to GSIs’ learning about teaching.
6.3 Going Forward: Implications for Educators and Researchers
Thus far in Chapter 6, I have answered the research questions of the current study and
considered both the limitations and affordances of the complexity science framework and the
research design. Now, I discuss the implications of the findings in each research question and
suggest ideas for future projects to continue exploring how GSI systems learn as complex
systems. I conclude by explicating how the current study has contributed to research in
undergraduate mathematics education and in complexity science for education.
6.3.1 Implications from Research Question 1
In answering RQ 1, I concluded that the GSI system’s learning could be improved with
additions to the structure of their work. In particular, the necessary conditions provide a lens for
identifying what supports would be beneficial. By observing where the necessary conditions are
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lacking, I am able to identify areas of the GSI system that could be strengthened to improve its
ability to learn. Further, GSIs often have suggestions for what types of support could help them
grow as teachers, and I believe many of these are complementary to addressing the implications
of what is lacking in the robustness of the necessary conditions. Because of this, I occasionally
incorporate some additional data from the participants to supplement my following conclusions
about what additional structures could be implemented to promote GSIs’ growth.
The GSIs in the current study do not experience many enabling constraints for their
teaching. Thus, a possibility for a constraint that could be introduced is some form of
coordination between instructors teaching the same course. GSIs are currently responsible for
creating their own assessments for their students, but a possibility of coordination is to have
common exams for some courses. Nancy suggests this idea and believes it would enable her to
be a more effective teacher. In particular, Nancy believes common exams would both create
some consistency and comparability between GSIs and provide her with a common goal to work
with toward alongside her students:
Nancy:

I wish there was a common exam, actually. I like the idea of
something standardized at the end of the term so you can know
how your teaching compares to others. So, I wish that there was a
common exam so we’d all at least know that we’re working
towards this goal […] and every class is held to the same standard.
I want there to be some sort of common beast that we’re all about
to slay as opposed to having to be the one who sets that in front of
them every time.

For Nancy, having a “common beast” to face would help her better relate to her students because
it would help her demonstrate she is not “out to get them” but is instead “out to get them to learn
math.” I also agree that having all GSIs administer the same final exam could help the GSI
system find a common goal for teaching – namely that they are all working toward having their
students be successful on the shared exam for the course. As Nancy explains, this would also
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help her compare her teaching with her peers. In the context of the necessary conditions, the
constraint of a common exam would provide Nancy with additional evidence to help her identify
how her teaching is diverse or redundant with the teaching of other GSIs.
A common exam could also remove some of the decision-making power from individual
GSIs and distribute it among the GSIs who are members of the coordination team for the course.
However, similar to how the GSI system is not experiencing decentralized control because they
are not prompted to make collective decisions for teaching, it would be important to ensure that
the control for creating the common exam does not become entirely centralized to one authority
figure in the coordination team who makes all of the decisions. The decision-making needs to be
shared among the coordinators in order for it to be a constraint that enables GSIs’ growth as
teachers. Specifically, for decentralized control to be present, the coordination team would need
opportunities to collectively define the goal and purpose of the common exam.
Additionally, I argue that having regular coordination meetings could further supplement
the necessary conditions by facilitating neighbor interactions. For example, Tyler mentions
course-specific meetings as a support he is interested in having for his teaching:
Tyler:

Having someone who’s teaching [pre-calculus] talk to someone
who’s teaching linear algebra, like there’s probably not a lot of
overlap in the type of experience you’re having, so I think having
more course-specific types of meetings would be very helpful.

Tyler believes that GSIs have diverse experiences that are dependent on which class they are
teaching, and he would like there to be some type of regular meetings between people teaching
the same courses. For Tyler, course-specific meetings could promote the redundancy between
himself and other GSIs. Similar to how a common exam could help GSIs feel more connected by
providing them with a uniting goal, course coordination meetings could provide designated time
for GSIs to come together and focus on their common goals for presenting course content.
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Presently, the GSIs in the current study talk primarily to the GSIs who are in close
proximity to them. However, having regular meetings between GSIs teaching the same course
could also increase the number of peers GSI have close by and available to readily interact with.
Similar to how GSIs often spend their conversations about teaching sharing common complaints
about students, coordination meetings also have the potential to devolve into a session dominated
by complaining. In order for coordination meetings to be supportive of GSIs’ learning about
teaching, meaningful “neighbors” related to teaching must be interacting. Complaining about
already-shared experiences do not expose GSIs to new ideas for teaching, but discussing the
merits of various instructional activities, reading educational research related to the topics of the
course, or exploring teaching practices such as how to organize the mathematical content for the
week would provide more substantial neighbors to interact. Thus, the logistics of how the
meetings take place are less important. Instead, what matters is the content and the topic of ideas
that are shared as neighbors to interact. This conclusion is supported by the complexity science
literature:
Small group meetings, round-table discussions, face-to-face interactions, and so
on may be no more effective than large conventions, straight rows, and textmediated exchanges. Indeed, in some instances, the latter can be considerably
more effective. To restate this vital point, then, complexity thinking explicates the
importance of neighbor interactions, but offers little generalizable advice on
means to accomplish the meeting and blending of ideas. (Davis & Sumara, 2006,
p. 143)
Therefore, I do not have suggestions for how often coordination meetings should occur, where
they should take place, or what they should look like. Rather, I assert that facilitators of course
coordination should ensure both that they are providing the proximity of new people for GSIs to
form connections with and that attention is given to the topics of discussion that are prioritized
during meetings.
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Recently, researchers (e.g., Apkarian, 2018; Apkarian & Reinholz, 2019) have begun to
explore the impacts of course coordination in Mathematics departments. These studies have
focused on the challenges and benefits departments experience when adopting coordination
models and how the faculty selected as coordinators are able to influence changes in teaching.
However, researchers have not yet explored how GSIs engage with coordinated courses. Thus, I
believe future research investigating the impacts of course coordination on GSIs’ learning about
teaching would be especially valuable.
Returning to the findings of the current study, the lens of the necessary conditions also
highlights the limited opportunities GSIs have to observe other GSIs teach or have their own
teaching observed. That is, the GSIs are not currently finding opportunities to observe their
peers’ teach, and their own teaching is observed only once during their graduate programs unless
they request an additional observation. In 5.1.3 Top-Down Communication, I discuss how GSIs
would like more frequent observations of their teaching and that GSIs prefer the idea of peer
observations rather than having members of the Department conducting observations.
As a summary of the argument I provided in Chapter 5, I return to George and his
opinions about the usefulness of teaching observations. George believes it could be helpful if the
Department conducted additional observations, he includes the caveat that observations would
only be useful if “they’re done right.” When prompted, he provides further explanation:
Interviewer:

So, what would be a good observation?

George:

Well, so when I say “doing it right,” I don’t necessarily mean the
act of observing, but the way that the observation is set up. If the
observation is, you know – punitive is not the word I want, but
scary – if you’re being observed by your boss and your boss might
fire you or be angry with you or something, then you put on a
show for an observation. And you don’t learn as much and
probably don’t teach as well, or at any rate, it’s not going to help
you with the other days of teaching.
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Here, George emphasizes that not all observations are equally supportive of his growth as a
teacher. In particular, George believes that if GSIs feel pressured to perform during their
observations, they may “put on a show” and not demonstrate how they typically teach. In this
way, it is important not just that observations occur but that they are structured in a way that
enables GSIs to get useful feedback for their growth.
Jack describes that he would like feedback about his teaching to come from someone who
can both provide him with unique ideas for how to teach and relate to his experience as a GSI:
Jack:

I’d want it to be probably from a more experienced teacher.
Somebody who knows a fair bit and who’s kind of been through all
of the figuring out how to teach for the first time […]. But, it
would also be nice to have feedback from people who are in
roughly the same spot that I am. Maybe like a year or two ahead
whose struggles in these areas have been more recent and are a
little bit more fresh. […] It would either come from one of those
two sources, and ideally both.

Jack wants feedback about his teaching to add diverse ideas for teaching to his repertoire, and he
thinks it would be valuable if it came from a later-year GSI who has similar experiences to his
own. In complexity science terms, having senior GSIs conduct observations would contribute
both to the redundancy and the diversity of the GSI system: the two GSIs can relate because they
share the experience of being a GSI, while the observer hopefully has a robust and diverse set of
ideas for teaching that they have developed through their additional years of being a GSI that
they can share with the GSI they are observing.
Peer observations can provide a source of neighbor interactions about teaching. However,
as with the other instances of neighbor interactions, it is possible that the feedback shared as part
of the observation is focused more on the redundancies in the system rather than providing
diverse ideas. The same is true for any observation and subsequent feedback that GSIs are given.
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Thus, it is important not only that additional observations happen but that the people conducting
the observations are given guidance – or, in the context of complexity science, enabling
constraints – for what feedback they should be providing.
Further, I assert that for observations to be most supportive of GSIs’ learning, they should
be implemented in a way that facilitates decentralized control in the GSI system. For instance,
GSIs could be given the opportunity to collectively decide what they want from observations of
their teaching. Rather than have observations be mandated or enacted by a central authority in
the Department who is positioned as an expert, GSIs could be consulted about what would be
valuable to them. Furthermore, GSIs could be given the shared responsibility of determining the
conditions of the observations or how feedback is presented. In the literature, researchers have
begun to consider GSIs’ input when designing and assessing peer mentoring and observation
structures. For example, Rogers and Yee (2018) collected data about which topics mentor GSIs
and their mentees found most valuable to their learning. I recommend that researchers and
educators implement mentoring or observations similarly look to GSIs for input and consider
how they can intentionally create conditions that promote decentralized control.
The suggestions provided here align with the findings of Reinholz (2017b) and Yee and
Rogers (2016, 2017) in their investigations of peer observations and mentoring. Yee and Rogers
(2016, 2017) have asserted the importance of providing training as part of creating a peermentoring structure as a means of helping experienced GSIs become successful mentors to
novice GSIs. Reinholz (2017b) has studied how GSIs provide feedback as part of observing their
peers’ teaching and concludes that critical feedback is best for GSIs’ growth. Specifically,
Reinholz (2017b) found that when substantive, critical feedback was not provided, GSIs report
learning more by observing their peers than by receiving feedback on their teaching. Then, Yee
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and colleagues (2019) found that when mentor GSIs observed and provided feedback to novice
GSIs, only certain types of feedback were helpful in supporting novice GSIs’ growth as teachers.
Using the language of complexity science, this indicates that certain “neighbors” need to be
interacting during peer mentoring in order to prompt GSIs’ learning about teaching. That is, the
existence of a mentoring structure does not guarantee it will be successful – mentor GSIs need to
know how to facilitate productive discussion and provide feedback that supports growth and
learning about teaching.
6.3.2 Implications from Research Question 2
In answering RQ 2, I summarized the learning GSIs experience about either teaching
practices and instructional activities, and I situated the source of the learning as either within the
Department, GSI, or Classroom systems. Now, I discuss the implications of these results
researchers and educators future efforts in supporting GSIs’ growth as teachers.
In the current study, the training for teaching provided by the Department is only
influencing GSIs’ learning about instructional activities. This means that the GSIs are instead
learning about teaching practices from observing their graduate professors teach, through talking
with their peers about how to solve problems that arise with teaching, and by interpreting their
students’ mathematical work. However, there is not data to support that the GSIs encounter any
research or evidence-based information about teaching practices from these sources. Instead, they
are relying on their own experiences, the perspectives of their peers, and the teaching modeled by
their graduate professors to inform their learning. This indicates that the Department could
significantly increase the diversity of ideas GSIs interact with by including information about
teaching practices linked to student success in any additional PD they implement.
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Following this observation, I recommend that administrators of GSI PD examine their
curriculum to determine whether the intention is to teach GSIs about instructional activities or
teaching practices. The results of the current study indicate that it is possible for Departmental
training to not address teaching practices in any way. This is not to say that PD about instructional
activities is not valuable, but I argue that GSIs’ learning would be better supported by additional
information and training specific to improving their teaching practices. Thus, I conclude that
educators and researchers should consider how they can support GSIs’ teaching practices through
PD. In particular, I believe that the Speer et al. (2010) framework provides a valuable vocabulary
that PD facilitators could use to frame and direct their goals for GSIs’ learning.
The suggestions I provided in the previous 6.3.1 Implications from Research Question 1
about course coordination and observations of GSIs’ teaching also apply to any future
professional development offered by the Department system, or a Mathematics Department more
generally. For instance, in the current study, the Department facilitates a weekly teaching
seminar open to all Mathematics GSIs, but the GSIs either do not participate in it or have stopped
attending. As George explains, the teaching seminar “is dominated by some obnoxious
personalities, and so it’s poorly attended.” Because the participants do not attend the seminar, I
do not have further data to share about it, but I bring it up as a means of making a more general
conclusion: the existence of a teaching seminar does not imply that it provides neighbor
interactions about teaching.
That is, simply having additional opportunities to talk about teaching is not enough – the
discussions that take place during these meetings need to be substantive and contain actual
“neighbors” related to teaching that can interact. George summarizes this point succinctly: “I
don’t know what the mechanism is, but the result that I would like is having a venue to think
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critically about my teaching and get other people’s input.” It is less about the logistics of having
a time to talk about teaching and more about ensuring that the discussions during the sessions are
productive in supporting GSIs’ expansion of possibilities for how to teach. Complexity scientists
assert that an “intelligent unity is one that generates a diversity of possibilities and that has a
mechanism for critically debating the merits of those possibilities” (Davis & Sumara, 2006, p.
86). Using this language, I conclude that the GSI system will be more intelligent – that is, have
more possibilities for how to teach – if they are provided with supports that ensure they are able
to share and debate the merits of their diverse ideas about teaching.
I also recommend that educators, researchers, or facilitators who are planning to
incorporate additional support for teaching into the structure of GSIs’ work consider the implicit
and explicit messages GSIs are receiving from the Department about teaching. Do GSIs perceive
that the Department values their coursework over their teaching? How do GSIs know that their
time spent on improving their teaching is valued and important to their department and
administration? What efforts can be made to help GSIs collectively establish common goals and
theoretical tenets for teaching, and what role does the Department system want to have in helping
direct and guide these goals? As a complex system, the GSIs will be better enabled to learn if
they can participate in creating guiding and uniting principles for their teaching. Thus, prior to
making any adjustments to the structures that define GSIs’ dual roles of student and teacher,
administrators should consider how the decentralized control – specifically the presence of a
collective and shared goal for teaching – of the GSI system will shift when it adapts to the
changes in its structure.
Another finding of the current study related to RQ 2 is that GSIs are experiencing
significant learning about teaching while participating in their Classroom systems. One of the
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participants, George, explicitly indicates that information from the students in his Classroom
system prompt most of the changes his makes in his teaching. He reflects:
George:

On a day-to-day basis, I’m probably not going to have a
conversation with my officemate that leads me to believe I need to
totally change the way I’m teaching a course, but occasionally I
will get back a quiz that will lead me to believe I need to totally
change the way I’m teaching the course. I think the big feedback
loop is not the conversations with people or the book, but rather I
say things to the students, then my students show me evidence of
understanding or confusion, and I have to figure out if I get credit
for that understanding and how do I fix the confusion.

As George describes, interactions between GSIs and their students can serve as a feedback loop
that directs GSIs to make changes their teaching. While the Classroom Systems were not the
focus of the current study, I believe future research would be strengthened by investigating how
GSIs’ Classroom systems are sources for their learning about teaching.
Moreover, I suggest that professional development facilitators consider how GSIs could
be supported in using the information they obtain from students’ mathematical work to inform
their next lessons. For example, what would it look like if professional development provided
GSIs with evidence-based teaching practices that specifically address the issues they are
observing in their students’ work? Maybe GSIs would then be prepared to incorporate these
practices the next time they encounter evidence that their students are struggling with the
content. A particular asset of helping GSIs make improvements in teaching as part of their
Classroom systems it that change can happen quickly: while Department structures may take
years to see significant change, GSIs can adjust the teaching they enact in their Classroom
systems from one day to the next. Ultimately, future research is needed to more fully understand
how GSIs are learning about teaching by evaluating their students’ mathematical work.

261
6.3.3 Contributions to the Field
To conclude this document, I consider the contributions of the current study to the fields
of post-secondary mathematics education and complexity science. Researchers have previously
identified GSIs as an important component of the mathematics teaching that is provided in
university settings (Belnap, 2009; Ellis, 2014; DeFranco & McGivney-Burelle, 2001; Speer et al,
2005). Then, in response to national calls (PCAST, 2012; Saxe & Braddy, 2015) to improve
instruction in college mathematics, educators and education researchers have been working to
implement effectively professional development for GSIs (Belnap, 2005; DeFranco &
McGivney-Burrelle, 2001; Speer, 2001). Specifically, the intention of much of these professional
development opportunities is to help GSIs adopt more active learning and evidence-based
strategies for teaching that have been shown to support students learning and success (Freeman
et al., 2014). However, these efforts have struggled to have a lasting impact on GSIs’ teaching,
and researchers have subsequently worked to identify the barriers keeping GSIs’ from making
long-term changes to their teaching (Beisiegel & Simmt, 2012; DeFranco & McGivney-Burrelle,
2001; Deshler et al., 2015; Harris et al., 2009). While these studies focused on determining
reasons that GSIs’ teaching is not changing, GSIs’ growth and learning about teaching is still in
many ways an unexamined practice (Miller et al., 2018). The current study contributes to efforts
to improve GSIs’ teaching of undergraduate mathematics courses by investigating how and what
GSIs are currently learning about teaching and what activities support this growth.
Complexity science has been used in other educational settings to identify how
transformation can occur (Cochran-Smith et al., 2014), but it has not been applied to the system
of GSIs. Thus, the results of this study also contribute to the field of complexity science by
exploring how GSIs can be viewed as a complex system. The complex systems approach
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allowed me to identify what impacts the GSIs in the current study and their learning about
teaching, and the framework of the necessary conditions for a learning system helped me
consider what supports and structure would further enable the GSIs to be a learning system. I
conclude that complexity science is especially valuable for researchers who are hoping to make
suggestions for change that will impact how the group they are investigating adapts, evolves, and
learns.
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Survey Protocol: First-Year GSIs
Background information
Name:
Age:
Educational background (undergraduate program/major):
Why did you decide to go to graduate school in mathematics?

What is the degree you are currently seeking? Please check one.
 PhD in mathematics
 PhD in mathematics education
 Masters in mathematics
 Masters in mathematics education
 Other: Please Specify
Why are you seeking this degree? What are your interests and goals?

Questions about teaching
Are you interested in teaching mathematics? Why or why not?

What are you most excited about with regard to teaching mathematics?

What are you least excited about with regard to teaching mathematics?

Do you know how you would like to teach? Describe what you think your classroom will be like
(i.e., traditional, lecture-based instruction, group learning, other formats).
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What/who has influenced the way that you think about teaching and why? (Past teachers, current
teachers, peers, articles about teaching)

How would you describe a well-taught mathematics lesson? What is the instructor doing in that
lesson? What are the students doing in that lesson?

How would you describe quality learning in mathematics?

What should the students learn about in undergraduate mathematics (content, approaches to
mathematics, the nature of mathematics, mathematical practices)?

Do you believe that students are either good or bad at mathematics? Why or why not?

Do you believe that teachers are either good or bad at teaching mathematics? Why or why not?

What kinds of support do you feel you will need in order to be successful?

Please answer the following by checking one of the boxes below.
I feel prepared to teach.
 Strongly disagree
 Disagree
 Agree
 Strongly Agree
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How strong is your interest in the following. Please circle one answer for each row.
Teaching college
algebra (Math 111)
Teaching business
calculus (Math 245)
Teaching differential
calculus (Math 251)
Teaching integral
calculus (Math 252)
Teaching more
advanced classes like
linear algebra, real
analysis, abstract
algebra
Participating in
activities that raise
your awareness of
how students learn
key mathematical
ideas
Improving your own
teaching
Conducting research
in mathematics
Conducting research
in mathematics
education
Finding a professor
position in a
research intensive
university
Finding a professor
position in a
undergraduate
institution, with
more focus on
teaching and service
and less focus on
research
Finding an
instructor position at
a university or
community college

Very
Interested
Very
Interested
Very
Interested
Very
Interested

Low
interest
Low
interest
Low
interest
Low
interest

Not
interested
Not
interested
Not
interested
Not
interested

Neutral

Low
interest

Not
interested

Interested

Neutral

Low
interest

Not
interested

Interested

Neutral

Interested

Neutral

Low
interest
Low
interest

Not
interested
Not
interested

Very
Interested

Interested

Neutral

Low
interest

Not
interested

Very
Interested

Interested

Neutral

Low
interest

Not
interested

Very
Interested

Interested

Neutral

Low
interest

Not
interested

Very
Interested

Interested

Neutral

Low
interest

Not
interested

Interested

Neutral

Interested

Neutral

Interested

Neutral

Interested

Neutral

Very
Interested

Interested

Very
Interested

Very
Interested
Very
Interested
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Questions about teaching and learning. Please circle one answer for each row.
No matter who you
are, you can change
your math abilities a
lot.
No matter how much
math ability you
have, you can always
change it quite a bit.
You can always
change how much
math ability you
have.
You have a certain
amount of math
ability, and you really
can’t do much to
change it.
Your math ability is
something about you
that you can’t change
very much.
You can learn new
things in math, but
you can’t really
change your basic
math ability.
In math, the truth
means different
things to different
people.
In math, everyone’s
knowledge can be
different because
there is no absolutely
right answer.
Things written in
math textbooks are
true.
I believe everything I
learn in math class

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree
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If a math teacher says
something is a fact, I
believe it.
Mathematical
knowledge is all
factual and there are
no opinions.
In math, there is
usually one correct
way to solve
problems.
To be successful in
math, you need to
memorize procedures
and facts.
In math, something is
either right or it’s
wrong.
Good math teachers
show students lots of
different ways to look
at the same question.
Good math teachers
show you the exact
way to answer the
math questions you’ll
be tested on.
In math, you can be
creative and discover
things by yourself.
Real math problems
can be solved by
common sense instead
of the math rules you
learn in school.
The best way to do
well in math is to
memorize all the
formulas.

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Please provide any additional comments or feedback here:
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Survey: Later-Year GSIs
Background information
Name:
Age:
Educational background:
How long have you been a graduate student in your current program?

Why did you decide to go to graduate school in mathematics?

What is the degree you are currently seeking? Please check one box.
 PhD in mathematics
 PhD in mathematics education
 Masters in mathematics
 Masters in mathematics education
 Other: Please Specify
Has this changed since you began your graduate program? If so, how did it change (i.e., from
masters to PhD or vice versa, from mathematics to mathematics education or vice versa)? Why
did this change?

Questions about teaching
What courses have you been a teaching assistant for? What courses have you taught as the
instructor?

What are your favorite courses and why?

What are you least favorite courses and why?
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How would you describe your teaching? Please check one box.
 Very traditional (i.e., entirely direct instruction, lecturing)
 Somewhat traditional (i.e., mostly traditional with some innovative aspects)
 Somewhat innovative (i.e., mostly innovative with some traditional aspects)
 Very innovative (i.e., entirely group learning, using hands-on learning, etc)
Has the format of your teaching changed over time? If so, how and why?

Preparation for teaching
Please answer the following by checking one of the boxes below.
I feel prepared to teach.
 Strongly disagree
 Disagree
 Agree
 Strongly Agree
Please explain your answer to the question above.

What have been the most helpful aspects for preparing you to teach?
 TA training at the beginning of your program
 A graduate seminar
 Meeting with instructors
 Talking to other teaching assistants
 Faculty mentor
 Faculty observation of your teaching
 Peer observation of your teaching
 Observing a faculty member teaching
 Observing a peer teaching
Please describe any other experiences that have contributed to your level of preparation to teach.
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How strong is your interest in the following. Please circle one answer for each row.
Teaching college
algebra (Math 111)
Teaching business
calculus (Math 245)
Teaching differential
calculus (Math 251)
Teaching integral
calculus (Math 252)
Teaching more
advanced classes like
linear algebra, real
analysis, abstract
algebra
Participating in
activities that raise
your awareness of
how students learn
key mathematical
ideas
Improving your own
teaching
Conducting research
in mathematics
Conducting research
in mathematics
education
Finding a professor
position in a
research intensive
university
Finding a professor
position in a
undergraduate
institution, with
more focus on
teaching and service
and less focus on
research
Finding an
instructor position at
a university or
community college

Very
Interested
Very
Interested
Very
Interested
Very
Interested

Low
interest
Low
interest
Low
interest
Low
interest

Not
interested
Not
interested
Not
interested
Not
interested

Neutral

Low
interest

Not
interested

Interested

Neutral

Low
interest

Not
interested

Interested

Neutral

Interested

Neutral

Low
interest
Low
interest

Not
interested
Not
interested

Very
Interested

Interested

Neutral

Low
interest

Not
interested

Very
Interested

Interested

Neutral

Low
interest

Not
interested

Very
Interested

Interested

Neutral

Low
interest

Not
interested

Very
Interested

Interested

Neutral

Low
interest

Not
interested

Interested

Neutral

Interested

Neutral

Interested

Neutral

Interested

Neutral

Very
Interested

Interested

Very
Interested

Very
Interested
Very
Interested
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Questions about teaching experiences
What have been your least helpful experiences as a teaching assistant?

What have been your most helpful experiences as a teaching assistant?

Please fill in the following:
I used to think __________________________ about teaching, but now I think _____________.

Please fill in the following:
I used to think __________________________ about students, but now I think _____________.

What do you like best about teaching?

What do you like least about teaching?

Describe your typical classroom – what you do as the teacher, what the students do.
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What types of ongoing support for teaching would you like to receive during the school year?

What/who has influenced the way that you teach and why? (Past teachers, current teachers,
peers, articles about teaching, textbooks, online resources, etc)

Who do you tend to talk to about your teaching? Why? (Peers, instructors, professors)

How much time and effort do you spend on teaching compared to studying for your classes and
doing research?

What have you had to learn on your own about teaching?

How have your needs as a teacher changed since last year?

How would you describe a well-taught mathematics lesson? What is the instructor doing in that
lesson? What are the students doing in that lesson?
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How would you describe quality learning in mathematics? What should the students learn about
(content, procedures, approaches to mathematics, the nature of mathematics, mathematical
practices)?

Do you believe that students are either good or bad at mathematics? Why or why not?

Do you believe that teachers are either good or bad at teaching mathematics? Why or why not?

What questions do you still have about teaching and learning that have not yet been answered?
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Questions about teaching and learning: Please circle one answer for each row.
No matter who you
are, you can change
your math abilities a
lot.
No matter how much
math ability you
have, you can always
change it quite a bit.
You can always
change how much
math ability you
have.
You have a certain
amount of math
ability, and you really
can’t do much to
change it.
Your math ability is
something about you
that you can’t change
very much.
You can learn new
things in math, but
you can’t really
change your basic
math ability.
In math, the truth
means different
things to different
people.
In math, everyone’s
knowledge can be
different because
there is no absolutely
right answer.
Things written in
math textbooks are
true.
I believe everything I
learn in math class

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree
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If a math teacher says
something is a fact, I
believe it.
Mathematical
knowledge is all
factual and there are
no opinions.
In math, there is
usually one correct
way to solve
problems.
To be successful in
math, you need to
memorize procedures
and facts.
In math, something is
either right or it’s
wrong.
Good math teachers
show students lots of
different ways to look
at the same question.
Good math teachers
show you the exact
way to answer the
math questions you’ll
be tested on.
In math, you can be
creative and discover
things by yourself.
Real math problems
can be solved by
common sense instead
of the math rules you
learn in school.
The best way to do
well in math is to
memorize all the
formulas.

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Strongly
Agree

Agree

Undecided

Disagree

Strongly
Disagree

Please provide any additional comments or feedback here:
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Mid-Year Individual Interview Protocol
The following text will be read by the principal investigator at the beginning of the interview.
This interview is a part of the study Mathematics Graduate Students’ Perceptions of
Mathematics and Teaching Mathematics conducted by Dr. Mary Beisiegel in the Department of
Mathematics at Oregon State University. The purpose of this study is to understand how
mathematics graduate students’ views about mathematics and the teaching and learning of
mathematics change during the course of their graduate programs. An additional aim is to
understand how mathematics graduate students’ support needs change over time in order to
improve teaching assistant training in mathematics departments.
Please answer the questions as completely as possible. If you feel uncomfortable answering a
question, you may ask to pass on the question.
Your answers to these questions will be confidential. Participating in this study and answering
these questions will not impact your position in the Department of Mathematics at [University],
nor will any of your answers have an impact on your participation. You can withdraw from this
study at any time without penalty.
It is expected that completing this interview will take approximately 90 minutes.
Do you have any questions or concerns before we begin the interview?
1. Were you a teaching assistant or an instructor for a course in the fall? Which course(s)?
2. Tell me about your teaching experience in the fall. What stands out to you?
3. What did you learn most about teaching during the fall? Did you try any new approaches to
teaching? If so, what were they and why?
4. What about the mathematics that you taught?
a. Do you feel like you learned new things about mathematics?
b. Do any ‘ah-ha’ experiences stand out to you where you learned something new about
the math?
5. What about the students that you taught? Were they what you expected – what did you
expect and how did they meet or not meet your expectations?
a. How did you react to students – their questions, ideas, other things?
b. Were you able to form relationships with students that helped you to understand their
thinking and understanding? Why or why not?
c. What guidance or support do you feel you need to be able to form relationships with
your students?
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6. What about your teaching? Did you teach the way you expected to?
a. What is most important to you about your teaching?
b. How do you prepare for teaching?
c. Do your lessons go as you planned them? Why or why not?
d. What would you most like to change about your teaching?
e. What are you not going to change about your teaching and why?
7. Are you currently a teaching assistant or an instructor for a course this term?
8. Tell me about your recent teaching experience.
a. What is going well? What would you like to improve?
b. Are you teaching the way you want to teach? If not, why not?
c. Do you have any experiences that stand out to you as very positive – something that
you learned in the moment of teaching?
9. Are you receiving adequate support for your teaching? What is going well?
10. What resources do you rely on for your teaching?
11. What else would you like to say about your experiences teaching so far this year?
12. Do you have any other thoughts or comments that you would like to share?
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End-of-Year Individual Interview Protocol
The following text will be read by the principal investigator at the beginning of the interview.
This interview is a part of the study Mathematics Graduate Students’ Perceptions of
Mathematics and Teaching Mathematics conducted by Dr. Mary Beisiegel in the Department of
Mathematics at Oregon State University. The purpose of this study is to understand how
mathematics graduate students’ views about mathematics and the teaching and learning of
mathematics change during the course of their graduate programs. An additional aim is to
understand how mathematics graduate students’ support needs change over time in order to
improve teaching assistant training in mathematics departments.
Please answer the questions as completely as possible. If you feel uncomfortable answering a
question, you may ask to pass on the question.
Your answers to these questions will be confidential. Participating in this study and answering
these questions will not impact your position in the Department of Mathematics at [University],
nor will any of your answers have an impact on your participation. You can withdraw from this
study at any time without penalty.
It is expected that completing this interview will take approximately 90 minutes.
Do you have any questions or concerns before we begin the interview?
1. Were you a teaching assistant or an instructor for a course in the spring? Which course(s)?
2. What did you learn most about teaching during this year? Did you try any new approaches to
teaching? If so, what were they and why?
3. What about the mathematics that you taught?
a. Do you feel like you learned new things about mathematics?
b. Are there any experiences that stand out to you where you learned something new
about the math?
c. Do you feel like your perceptions about mathematics have changed over the course of
the year?
4. What about the students that you taught? Were they what you expected – what did you
expect and how did they meet or not meet your expectations?
a. Do you feel like you’ve learned how to engage with students? To react to their
questions, etc?
b. Were you able to form relationships with students that helped you to understand their
thinking and understanding? Why or why not?
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5. What about your teaching? Did you teach the way you expected to?
a. What is most important to you about your teaching?
b. How do you prepare for teaching?
c. Do your lessons go as you planned them? Why or why not?
6. If you were to describe what your teaching practices were like last year, how would you
describe them?
7. How would you describe your current teaching practices? How are they different from your
past teaching practices?
a. If they changed, why did they change?
b. If they didn’t change, why didn’t they change?
8. How will you plan to teach next year?
9. How would you describe successful teaching? Do you feel like you’ve learned all that you
need to for successful teaching? What do you feel is missing?
10. At this point in your graduate program, what is most important to your development as a
teacher?
11. What have been the most important things (TA training, talking to fellow graduate students,
talking with instructors, observing others) for your teaching?
12. What supports do you feel like you still need for your teaching? What could improve how
you learn about teaching and your teaching experience?
13. Do you have any other thoughts or comments that you would like to share?
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Fall 2017 Group Interview Protocol
1. Suppose a friend asked, “What do you do in graduate school? What is it like?” What would
you tell them?
2. Describe a typical day for you as a graduate student. What do you do? Where do you go?
Who do you talk to?
3. Describe your ideal day as a graduate student. Would it be different from your typical day?
4. Suppose a friend asked, “What does a Graduate Teaching Assistant do?” What would you
tell them?
5. Consider the duties you have in both your role as a graduate student and as a Graduate
Teaching Assistant through your coursework, teaching, and research. How do these roles
interact? Which aspects work together well? Which aspects are harder to balance?
6. Your future career may involve working within a Mathematics department. What would your
ideal mathematics department look like?
a. What work would you do? What environment would allow you to do the work you
want to do?
b. Who else is there? Who would you collaborate with and how?
7. How do your experiences in your graduate courses influence your teaching?
8. What do you believe the purpose of a graduate education in mathematics is for a career that
will involve teaching?
9. Imagine you are reviewing application materials for a mathematics instructor position at your
university. What skills and experiences would indicate to you that the applicant would be a
good fit for this position?
10. Think back to a teacher that was especially memorable.
a. What makes this teacher stand out to you?
b. What do you think this instructor did to prepare for class sessions and for teaching?
Who might they have consulted for guidance? What resources did they use to inform
their teaching?
11. Imagine a mathematics classroom where good teaching is taking place. What does this look
like? What is the instructor doing? What are the students doing?
12. What types of opportunities do you have to talk about teaching? How do these discussions
take place? When do they occur?
13. Suppose you were in charge and could make one or two changes in the department to
improve your experience as a Graduate Teaching Assistant. What would you do?
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Winter 2018 Group Interview Protocol
1. Reflect back on your teaching Fall term.
a. What is an aspect of your teaching in Fall term that you are proud of?
2. What about this term?
a. What is an aspect of your teaching this term that you are proud of?
b. What is an aspect of your teaching that you would like to change? What would
help you make that change?
3. If you could go back to your first term of teaching and give yourself a piece of advice or
tell yourself one thing, what would it be?
4. Describe a recent conversation you have had about teaching. Who did you talk to? What
did you talk about?
5. Are you enrolled in graduate courses this term? If so, how do your experiences in your
graduate courses influence your teaching?
6. As a graduate employee, you have to balance your duties as a graduate student taking
coursework and as an instructor of a mathematics class.
a. How do you balance the time you spend in each of these roles?
b. How do you think this compares to how other graduate students in the department
balance their dual roles of teacher and student?
7. What is the role of a mathematics teacher? What are a teacher’s responsibilities?
8. Being an instructor or a teaching assistant requires multiple types of work: preparing for
class, attending class, grading, holding office hours, etc.
a. What is your favorite part of your job?
b. When do you feel most like a teacher?
9. Do you write assessments like exams or quizzes as part of your teaching duties?
a. How does writing assessments go? What is the process like?
b. How do you wish the process went? What would make that possible?
10. What resources or people do you access when you have a question about teaching? Are
there any resources that you wish you had?
11. Imagine you are reviewing application materials for a mathematics instructor position at
your university. What skills and experiences would indicate to you that the applicant
would be a good fit for this position?
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Spring 2018 Group Interview Protocol
1. Reflect back on your teaching Winter term.
a. What is an aspect of your teaching in Winter term that you are proud of?
2. What about this term?
a. What is an aspect of your teaching this term that you are proud of?
b. Are there any aspects of your teaching that you feel are different from the
teaching of other graduate students in the department?
3. What advice would you give incoming graduate students entering their first year of
teaching this fall?
a. How would you describe what their first year of teaching will be like?
b. What resources would you recommend they seek out or reference?
4. Describe a recent conversation you have had about teaching. Who did you talk to? What
did you talk about?
a. How often do you talk to other graduate students about teaching? How often do
you talk to anyone else about teaching?
b. Are there regular gatherings, either formal or informal, where you talk to other
members of the department, such as a weekly department tea? How do these
events typically go?
c. Does the department or someone in the department tell you what your teaching
should look like or recommend a format for lessons? What does that guidance
look like? Are you implementing those suggestions?
5. Aside from your teaching duties and conversations with your peers about teaching, what
else influences your engagement (your thoughts and experiences) with teaching?
a. Are you enrolled in graduate courses this term? If so, how do your experiences in
your graduate courses influence your teaching?
6. What has been having the biggest impact on your teaching lately?
7. What aspects of your teaching do you feel you have the most control over?
What aspects of your teaching do you feel you have the least control over?
8. Suppose you were presented with research that showed a particular way of teaching is
best for student success. Would you adopt this teaching method? What factors would
impact your decision?
9. What beliefs about teaching that you held previously do you now feel differently about?
10. Reflect back on the departmental training for teaching prior to fall term. What stands out
about that experience?
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11. What resources or people do you access when you have a question about teaching? Are
there any resources that you wish you had?
12. Are there teaching opportunities for you for during summer term? How did you learn
about those opportunities?
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