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Teaching assistants (TAs) play a vital role in the mathematics education of undergraduates and may go on to become professors of mathematics. From the K-12 literature, we know that patterns of teaching practice, as well as beliefs about teaching and learning, form early in a teacher’s careers. Yet, while there is a large body of research about K-12 teachers, researchers are only beginning to consider the development of TAs. To date, the small body of work that exists addresses TAs in two distinct ways: professional development, usually taking the form of week- or semester-long introductory programs to help TAs during their first teaching assignments; and research into the graduate student experience and the challenges TAs face, both in and out of the classroom. This discussion group will bring research- and practice-focused people together and provide a forum to begin identifying researchable questions and establishing agendas for future work. In addition, it will foster collaboration on these issues between K-12 and undergraduate mathematics educators.

Introduction

At present, we know very little about the characteristics (including teaching practices, beliefs, challenges, needs, and understandings of mathematics and teaching) of graduate students who are mathematics teaching assistants (TAs) or about the factors that shape those characteristics. Over the past five years, mathematics educators have begun to address these issues in two ways: (1) by designing preparation and development programs that target mathematics graduate students who are or will be teaching undergraduates and (2) by beginning research programs focusing on the TA experience. As the community becomes more aware of the importance of TA development and of understanding the TA experience, there is a growing need to organize what has been done, to facilitate cooperative efforts at understanding these issues, and to discuss and determine needs for future work. In particular, in order that research and practice not be disjoint, it is critical that participants from multiple perspectives have opportunities to share their ideas, articulate challenges, report on progress, and establish further agendas for moving the field forward. To that end, this paper is meant to fuel a discussion by briefly describing each of the following related areas: the recent interest in undergraduate mathematics education that provides a context for research about TAs; the fundamental need and exciting opportunities for research about TAs; some of the research already in progress; and connections to TA preparation and development programs as well as to the K-12 literature. In the last section of this paper, we present our expectations for the discussion group session at PME-NA XXIV in Athens, GA, and suggest potential research directions that the discussion group might pursue.

Undergraduate Mathematics Education

Fueled by research and national reports about the state of the teaching and learning of college mathematics (National Science Foundation, 1986; Seymour & Hewitt, 1997), over the past two decades the amount of attention paid to undergraduate mathematics education has increased substantially. Efforts have been made to examine and to improve teaching and learning. These efforts have taken the form of instructional design projects (e.g., new textbooks, computer-based curricula), research on student learning, and (to a lesser extent) research on teaching at the undergraduate level. Although the focus of this paper is on research, the relative novelty of innovation in mathematics instruction at the college level is an important part of the context in which the research is conducted. Research in the teaching and learning of mathematics at pre-college levels (as well as some research on college teaching in general) has been ongoing since early in the 20th century, but research specifically in undergraduate mathematics education has only been active since the mid-1980’s. These factors combine to make undergraduate mathematics education an arena flush with rich contexts for research.

Undergraduate mathematics education research is intimately related to research into mathematics teaching and learning at the pre-college level, but there are two important distinctions: the focus on questions surrounding undergraduate mathematics content and the individuals involved in conducting research in this area (Schoenfeld, 1994; Selden & Selden, 1993). First, undergraduate mathematics education research assumes students are enrolled in college courses, thus there tends to be a focus on student learning of mathematical topics typically presented in such courses, i.e., calculus, differential equations, linear algebra, and abstract algebra.

The second distinction is the different demographics of the researcher populations in each area. Pre-college mathematics education research is typically carried out by Ph.D. mathematics educators, and often involves some level of collaboration with teachers in schools. In some cases, researchers from the K-12 community have expanded their agendas to include examination of issues at the undergraduate level. Undergraduate mathematics education has also attracted the interest of many Ph.D. mathematicians, who have come to questions about student learning during their own teaching careers. Unlike their colleagues in mathematics education who are professionally interested in pre-college education, these mathematicians are most directly concerned with the success of undergraduate students in mathematics courses. Another way in which K-12 education researchers and mathematicians with an interest in education differ is that the latter group often begins with little formal exposure to the existing body of mathematics education research and learning theory. They succeed through a kind of on-the-job training and, thus, their experiences, competencies, backgrounds, and perspectives are different from those of mathematics educators and are an important factor to consider. It is often these mathematicians who take responsibility for the design and implementation of TA preparation programs.

Need for Research about TAs

At many universities, graduate student teaching assistants play a critical role in the education of undergraduates. TAs are often given significant responsibility for teaching lower-division courses, including courses for mathematics majors, service courses (e.g., engineering calculus), and content courses for prospective K-12 teachers. This responsibility comes in many forms: some TAs have sole responsibility for teaching a course, some teach recitation or discussion sections that accompany large lectures given by faculty, some work as homework graders, and some provide tutoring services to students. Whatever the form, contact with TAs can constitute a significant portion of undergraduates’ instructional time in lower division courses. Thus, the potential influence that TAs have on undergraduate students’ experiences with mathematics is tremendous. 

In addition to their importance as TAs, the current pool of graduate students is also the source of mathematics faculty of the future. Several authors (e.g., Brown, 1985; Eisenhart, 1995; Lacey, 1977; Lortie, 1975; Zeichner & Tabachnick, 1985) have discussed the significance of early experiences in solidifying beliefs, developing practices, and setting patterns of social learning for new teachers. Thus, the time spent as a TA is the time during which young mathematicians will discover teaching in a way they will likely carry with them into their careers as faculty. A TA’s first teaching experience provides rich opportunities to support and shape emerging instructional practices. Yet, traditionally, support structures and guided enculturation experiences have not been available, let alone an expected part of a graduate student’s professional development. Although over the past two decades more attention has been directed at undergraduate education than was in the past, the focus of this attention has mostly been on areas other than instructional practices (e.g., curriculum development, uses of technology, assessment). These features of the context provide great challenges as well as interesting opportunities for research that has the potential to improve both current and future undergraduate mathematics education.

Connections to TA Preparation and Development Programs

TAs often have a great deal of responsibility for instruction but little opportunity to learn how to teach in ways other than those they have experienced themselves or those modeled by their faculty mentors. Even for college and university faculty, early and ongoing instructional development opportunities tend to be somewhat limited. TAs (future faculty) will need a rich and reflective understanding of their teaching practices if they are to make informed decisions and respond professionally to changes in mathematics education. Yet, the preparation and support TAs typically receive is minimal. Most arrive in graduate school with little or no prior teaching experience. Before they start to teach, they may attend a department- or campus-wide orientation session, lasting a few hours or a few days. The range of topics that are addressed in these sessions is broad. In a typical program, new TAs learn about campus, department and course policies and procedures. They may receive information about the specific course they are teaching and a list of tasks they are expected to perform (such as grading homework, administering quizzes, holding exam review sessions, etc.). They might also receive information about teaching, learning, and ways of interacting with students. In some cases, new TAs have the opportunity to practice teaching (often very briefly) and receive feedback (often very superficial) from their peers and/or people running the orientation sessions.

In efforts to provide ongoing development opportunities, some institutions run semester- or year-long seminars to introduce graduate students to their roles as teachers as they are beginning to function as TAs. In 1999 and 2000 the American Mathematical Society (AMS) - Mathematical Association of America (MAA) Joint Committee on Teaching Assistants and Part-Time Instructors sponsored Joint Meetings sessions about the preparation and development of mathematics graduate teaching assistants. At both of these sessions (designed for an audience of practitioners, not researchers), presenters described programs ranging from quick orientations to semester-long courses on teaching. Activities included reading about teaching and learning, microteaching, keeping journals, observing others teach, and participating in discussions (Murphy, et. al., 2000). Only a few presenters at these sessions referred to the literature on teacher preparation or professional development.

Additional ideas for curricula and reports of efforts were gathered in Case (1994). Rishel (2000) proposes mathematics-specific, basic strategies for new (and experienced) TAs to be successful. To fuel conversations about deeper issues related to undergraduate teaching, Friedberg, et al. (2001) offers crafted vignettes of common situations that challenge instructors' perspectives and behaviors. With support from the Fund for the Improvement of Postsecondary Education, these case studies were pilot-tested with groups of TAs over a period of years at a variety of institutions. Furthermore, recognizing that the mathematicians typically in charge of TA development programs lack experience with case study discussion as an instructional strategy, Friedberg, et al. held training workshops in the Boston area in 2000 and 2001 (see http://www.bc.edu/casestudies for more details). Despite the wealth of valuable ideas collected here, none of these resources was specifically based on research about teaching assistants or related issues.

More recently, Meel (2000) spoke at PME-NA XXII about using journaling and the reading of journals to help new TAs become reflective about their classroom experiences, as the beginnings of a project relating research and practice. The TAs who participated in Speer (2001) were teaching a particular kind of calculus discussion section for the first time and were simultaneously participating in a professional development program for which Speer was partially responsible. These efforts to connect research and practice are impressive because, for the most part, researchers and TA educators have worked separately. 

TAs themselves contribute significantly to college instruction and they may become faculty members with lifelong contributions to education, yet the historic lack of communication among players has led to a paucity of program models based on systematic investigations of TAs' contributions and challenges. TA educators have developed courses for beginning TAs to help address their first semester needs; they have published course materials; many have participated in orientation sessions at the start of the semester for incoming TAs. These projects are most frequently limited in scope and in publication to the department where the TA educator works. Rarely do TA development course projects lead to collaboration with members of the larger mathematics and mathematics education communities (Friedberg’s (2001) contribution is a notable exception). Similarly, mathematics educators studying the experiences, beliefs, and contributions of TAs are distinctive in the field because of the relative isolation in which they have worked. While many are tangentially aware of the work of others, collaboration in the field has been rare. Communication has so far been limited, and there is a clear need for TA educators and for researchers to communicate, discuss, plan, and organize ideas, both within the groups and (perhaps more importantly) between the groups. The current climate is in part due to the emerging nature of the interest in the field, but its affect has been, thus far, to limit understanding and progress. The PME-NA discussion group was motivated primarily by a need for greater communication and opportunities for collaboration.

Connections to the K-12 Literature

Literature addressing teaching and learning at the K-12 level includes a rich base of information about how preservice teachers think about mathematics and about the teaching and learning of mathematics. This base is extended to document how established teachers practice in and reflect upon their own classrooms. In particular, there is an emerging base of information about how teachers’ beliefs and practices shape the implementation of reform. There is no comparable base of information about TAs, neither about their beliefs about mathematics, nor about the teaching or learning of mathematics, nor about how they understand and think about their own classroom practices. Indeed, although the research on general undergraduate mathematics teaching and learning is increasing, the body of literature that exists is still quite small relative to that at K-12 levels. Attention has yet to be focused on TAs specifically. One important gap is the lack of scientific documentation of what TA teaching typically looks like. Informed by efforts at the K-12 level, this basic research is needed to guide efforts to help TAs develop their teaching practices in productive ways.

K-12 teachers and TAs are different from and similar to one another in some interesting ways. Unlike most elementary and secondary schoolteachers, college instructors do not typically participate in compulsory, extensive teacher preparation programs. Like elementary and secondary schoolteachers, TAs (and other college instructors) can become isolated from colleagues, with little or no opportunity to grow from interactions with other instructors (Lortie, 1975; Murphy, in press). For many, their first jobs as TAs will be the only time in their careers when they (may) participate in (essentially minimal) professional development about teaching. K-12 teachers, on the other hand, may encounter a variety of opportunities for professional development throughout their careers. Since faculty are unlikely to receive any further guidance regarding their teaching, the practices they develop as TAs may well shape their teaching for the rest of their careers. Support and professional development associated with their initial teaching may be the only formal opportunity to help college instructors develop their teaching practices in effective ways.

The similarities may point to ways in which the existing research base on K-12 teacher development can be applied to TAs. Differences may help identify areas where additional research is especially needed. In both situations, making use of and building on what is known from research in K-12 teacher development could be an important component of the design and implementation of professional development for TAs.

Research in Progress

Thus far, most of the attention to TAs has been on professional development activities and programs. Now, however, the community is poised to engage in research in substantial ways and will be able to build on the momentum gained by research in undergraduate mathematics education and by the increasing investment in TAs as current and future key players in undergraduate education. Ideally, research directions will be based on the needs of TAs and TA educators and findings will inform the design of increasingly effective preparation and development programs.

Some groundwork research is already in progress. For example, DeFranco and McGivney-Burelle (2001) reported on TAs' beliefs about the nature of teaching and learning mathematics. Speer (2001) also conducted a study about TAs' perspectives, focusing on the instructional practices of TAs teaching calculus and the relationship between collections of beliefs and moment-to-moment teaching decisions in class. A broader approach is to consider the entire graduate experience. For example, Herzig (2001) investigated reasons for attrition among mathematics graduate students, finding a mismatch between the preferred work styles of students who left (e.g., collaborative) and the perceived culture of the discipline. Related work includes research that addresses the cultural climate in which mathematicians work. Examples of this approach are Gutmann’s (2000) ethnographic case study of a small, teaching-focused mathematics department; Enzensberger’s (1999) essay, which addressed the attitude toward mathematics common in the general population; and Damarin’s (2000) sociological observation that mathematicians represent a marked category and, like other minority groups, operate in a world partially defined by their otherness.

The issue of enculturation is especially important. Graduate students somehow learn to function in their departments. To succeed, they need, or at least believe they need (Lacey, 1977), to adopt the habits and attitudes of their faculty mentors. Pressures to become part of the existing culture are strong. Even TAs who arrive in graduate school with substantial concern for undergraduate education and strong motivation to teach may find that holding on to those ideals is incompatible with success as defined by their department, their faculty mentors, and the discipline as a whole. With proper support and enculturation, it may be possible to build on and nurture good intentions and practices.

The Discussion Group at PME-NA XXIV and Potential Research Questions

Inaugurated at PME-NA XXIV in Athens, Georgia, this discussion group is intended to generate ongoing conversation about potential research paths. The discussion group will facilitate dialogue among and between researchers and practitioners, at all levels K-16. Participants will be asked to speak for a few minutes to the group about their own interests and to summarize their connections to work with or about TAs. These introductions should assist group members in meeting potential colleagues and in beginning collaborative projects of mutual interest. Further time will be spent generating researchable questions and considering how best to organize the diverse contributions in the field for future productivity. As part of this process, we offered above an overview of some research-in-progress. We offer also the following sample of potential research questions that the discussion group might consider pursuing:

(1)
In what ways and to what extent does research about pre- and in-service teachers apply to TAs? In particular, what are the similarities and differences in knowledge and beliefs about teaching and about mathematics?

(2)
What are TAs' expectations about teaching?  What are their self images in terms of thinking of themselves as teachers? How do these expectations/images evolve as TAs gain experience?

(3)
What are TAs' conceptions of mathematics?  conceptions of teaching?  conceptions of how students learn mathematics?

(4)
In terms of professional preparation and development, what can be transferred from the K-12 research?  What adaptations need to be made for K-12 models to work in the TA setting?

(5)
What effects do students' perceptions of TAs have on them?  What effects do faculty members' perceptions have on them?

(6)
What challenges/opportunities does cultural context present?  How do TAs learn how to value teaching?

(7)
How are TAs similar to/different than K-12 pre-service/in-service teachers? As a result, how should the preparation and development of TAs be similar to/different than K-12 programs?

The community needs large-scale investigations to identify critical, widespread issues. Small case studies will provide in-depth understanding of TAs' perspectives and of the challenges they face. Research with longitudinal designs will inform the design of exemplary programs that have lasting impact on instructional practices. Given that TAs are critical agents in college instruction, such research is especially vital at this time of increased attention to the quality of education at the undergraduate level.
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