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Introduction
This paper presents an evaluation of a Master Graduate Teaching Fellows (MGTF) program at a public flagship research university.  The MGTF program was part of a broader P-20 science education initiative funded through the National Science Foundation’s (NSF) Math and Science Partnership (MSP) program.  The MGTF program sought to enhance the capacity for teaching excellence in graduate students in the sciences through the provision of intensive professional development and peer mentoring.  MGTFs were assigned to lower-level science courses which traditionally enroll large numbers of first-year undergraduate students and employ large numbers of graduate teaching assistants (TAs).  In addition to their own professional development and teaching responsibilities, MGTFs were responsible for mentoring new TAs, providing direct support to struggling TAs, administering mid-term and end-of-term TA evaluations, running weekly TA meetings, revising lab manuals and other instructional materials for their courses, and delivering professional development workshops for TAs.  Fellows received 12-months of funding at current departmental stipend levels, including tuition and fees. 
This paper focuses on the MGTF program during its pilot year of implementation, and its effects on participants, the courses they taught, and the fellow graduate students they mentored.  The goals of the pilot were the following: to develop capacity for excellence in teaching for future STEM faculty; to provide peer support and instruction to novice STEM TAs to build increased capacity for future STEM teaching; to pilot and evaluate a TA peer mentoring system for lower-level STEM laboratory courses; and to develop and pilot a set of general professional development workshops for STEM TAs.
Program Rationale 

The ability to compete globally requires that our nation recruit STEM (science, teaching, engineering, and mathematics) professionals, and while the need to produce them in ever greater numbers cannot be over-emphasized, our educational system has long failed to do so.
  This need has a cascading effect.  The training of professionals qualified to do STEM research begins early in life, so well-qualified elementary and secondary STEM teachers are in high demand.  Both the training of scientists themselves and the training of elementary and secondary science teachers culminates with their postsecondary education, creating a demand for faculty in postsecondary institutions with both expertise in the art of teaching and commitment to the recruitment of students to STEM disciplines.  The production of faculty members who possess these teaching skills (along with the ability to do quality research and the willingness to offer service to the institution and community) poses both the mandate and the challenge to institutions of higher education to provide for the professional development of STEM graduate students whose career plans include a faculty position.  Of course, graduate students ought not to be valued merely as “future faculty.”  Even as TAs they impact the retention of undergraduates in the study of STEM disciplines as well as the recruitment of undergraduates into STEM disciplines.  Research shows that undergraduates are influenced by graduate TAs with respect to the climate of the laboratory experience, information about career possibilities and, more directly, by the grades TAs assign.
  

In Preparing Future Faculty in the Sciences and Mathematics: A Guide for Change, Pruitt-Logan, Gaff, and Jentoft (2002) noted the well-known “mismatch” that exists across disciplines between graduate student expectations, training practices employed by academic departments, and actual career opportunities.  While graduate students are predominantly trained for careers in research universities, such faculty positions are in short supply.  Students often do not have a clear idea of other career paths that exist, nor are they well trained for the faculty positions they seek, insofar as their training in good teaching practices is minimal or lacking altogether.
   The authors point out that this institution-wide problem is particularly relevant in STEM disciplines, where many of the undergraduate students with whom TAs interact “lack adequate background, fear their own inadequacies, and seek to avoid these subjects altogether.”
  

Pruitt-Logan., et al, reported that research in the professional development of graduate students indicates that these students benefit from multiple mentoring relationships with faculty, both in their own institution and in others where emphases and practices differ.  Future faculty also require training in pedagogy, particularly in the areas of experiential learning,  the use of educational technology, and techniques to address the diverse needs of individual learners.  To add to the complexity of the dynamics of such professional development, experiences cannot demand more of the student than his or her schedule can accommodate, taking into account the need to complete coursework and engage in research that is often emphasized by academic advisors at the expense of attention to teaching.
  Likewise, Henry et al. (2007) claimed that programs designed to train future faculty in teaching suffer from a particular drawback—the difficulty of assessing the impact of mentoring on the actual classroom performance of TAs.  In fact, this has been seen as a problem general to all teacher reform and improvement programs, as there are no evaluation instruments available ready-made that address all the possible techniques and practices focused on in the training sessions.  Yet development of a valid and effective assessment instrument that is tailor-made can be quite time consuming and impractical.  Because of these considerations, such programs often rely on self-reports, with all of the deficiencies inherent in that method of assessment.
  

Background and Context
NSF’s MSP programs are research and development efforts that aim to improve STEM education through partnerships between K-12 schools and higher-education institutions, particularly through the involvement of STEM faculty.  The broader partnership that housed the MGTF program was comprised of several very different institutions, including one of the largest school districts in the country, a flagship research university, a research-extensive university, a comprehensive university, a two-year community college, and a non-degree granting research institute, with overall management led by a state university system office.

Because of the diversity of institutions in the partnership, multiple programs were designed to meet the project’s central goal of improving science education in high-school and college classrooms. These included teacher- and faculty-designed professional development and associated curriculum guides for 350 high-school science teachers, and learning communities of science faculty focused on reforming undergraduate courses. Despite multiple invitations to faculty members from a number of science departments at the flagship research university, none of them agreed to participate for the first three years of the project.  The difficulties encountered by project leadership to engage faculty at this institution led them to shift focus to another key population in the science education pipeline: graduate students. Undergraduate courses at this institution, as at most research institutions, are taught largely by graduate teaching assistants, most of whom have little formal training or support before stepping into their teaching roles. 
Description of the Pilot Program
In order to meet the specific challenges of this research-intensive university, a new program, MGTF, was designed with the purpose of enhancing the capacity for teaching excellence among graduate students in the sciences through intensive professional development and peer mentoring.  The MGTF program was directed by the director of the campus’s Center for Teaching Excellence (CTE), a campus support center for faculty and teaching assistants.  The program was implemented in three entry-level science courses, two in biology and one in chemistry. These courses routinely enroll large numbers of first-year undergraduates and utilize the services of approximately 30 graduate TAs.  Although the course lectures are given by full-time faculty or lecturers, the management of each course and the implementation of laboratory sections are handled by a dedicated course coordinator, who is a member of the departmental staff. These course coordinators are also in charge of orienting TAs to their assignments.  
The centerpiece of the program was the appointment of six MGTFs, two for each of the three entry-level courses. These fellows, all doctoral students in chemistry or biology, were experienced TAs in these courses. They received standard stipends, tuition remission, and benefits for their participation, funded by the MSP grant. Their participation in the program consisted of special training and experiences in teaching, the scholarship of teaching and learning, and mentoring of other teachers (namely, other TAs assigned to their course). In particular, the MGTFs participated in:

· UNIV 798a, Introduction to University Teaching: a special course in teaching and learning at the college level, taught by the CTE director

· Bi-weekly meetings with the CTE director

· Structured, multi-faceted experiences in supporting other TAs, including:
· Mentoring new TAs

· Providing direct support to struggling TAs

· Administering mid-term/end-term TA evaluations

· Running weekly TA meetings, with support of course coordinators

· Revising lab manuals and other instructional materials

· Developing rubrics for grading student work

· Designing and delivering professional development workshops for all STEM TAs at university
While the MGTF program that was the focus of this evaluation study incorporated many aspects of professional development discussed in the literature, it was innovative in several respects.  First, as a mentoring program, it utilized peer mentors to provide advice and support in teaching STEM courses.  Second, the mentoring in question occurred at two levels—the mentoring of less experienced TAs by MGTFs, and the mentoring of more experienced MGTFs by faculty involved with the campus’s Center for Teaching Excellence.  Third, it did use feedback and consultation as a mentoring technique, but depended on mentor evaluations rather than student evaluations in the consultation process.  Fourth, it avoided the problem of added stress and workload by awarding a graduate fellowship to the MGTFs so that they could focus on their professional development in teaching for one year.  It also required their enrollment and participation in UNIV798a, a teaching and learning seminar.  The final innovative aspect of the MGTF program was its focus on STEM inquiry instruction with undergraduate students.  
Research Questions
Using data gathered throughout the pilot year, this paper presents evidence for each of the following four research questions that were developed at the outset of the MGTF program: 

· To what extent does the MGTF program help future faculty to understand and use basic principles of teaching and learning central to university teaching and student learning? 

· To what extent does the MGTF program produce peer TAs who are effective in working with and supporting novice TAs?

· To what extent does the presence and use of MGTFs in STEM laboratory courses improve performance of novice TAs in laboratory-based teaching and learning?

· To what extent do professional development workshops for STEM TAs impact their interest and understanding of teaching and learning?

Data Collection and Methods    

Program impact was evaluated in four areas aligned with the research questions: (1) MGTF understanding and application of principles related to inquiry and the scholarship of teaching and learning, (2) MGTF effectiveness as peer mentors to novice TAs, (3) classroom performance of novice TAs, and (4) broader TA professional development on campus. Analyses were triangulated across multiple data sources collected during the one-year pilot program.  Interviews with and surveys of MGTF participants, TAs who were mentored by MGTFs, and supervising course coordinators were central to this analysis.  These data were supplemented with course records, teaching observations, and documents produced by the MGTFs themselves, including journal entries, reflective papers, and final reports.  A complete list of data sources is shown below.

· MGTF, TA, and Course Coordinator Interviews (semi-structured) 

· TA Teaching Observations (twice-semester feedback/consultation model) 

· TA Evaluations of MGTFs (post-survey)

· TA Evaluations of Professional Development Workshops (post-survey) 

· Course Artifacts (revised lab manuals, grading rubrics) 

· MGTF Artifacts (initial applications, journal entries, reflective papers, final reports)

Observations and Findings
When viewed in light of the literature on the preparation of future faculty, several findings emerged from this evaluation study.  Perhaps the most interesting observation was the extent to which enrollment and participation in UNIV798a, which provided an academic introduction to the scholarship of teaching and learning, had an impact on the MGTFs, who saw themselves as better prepared for teaching than many new faculty.  According to the MGTFs themselves, the program was effective in preparing them as future faculty members with respect to their own teaching and the skills they would need to mentor graduate students in the art and science of pedagogy.  The opportunity to participate in a community of educators and the responsibility of actual mentorship provided them insight into the role of teaching in STEM disciplines.  In particular, they recognized the advantage to be gained from utilizing the accumulated wisdom of that professional community, rather than trying to reinvent teaching individually.  Their success in applying for and receiving grants to fund the development of courses and curricular materials testifies to this commitment to effective teaching.  

MGTF Growth in Inquiry and Teaching and Learning


With respect to the first research question, the extent to which the MGTF program helped participants understand and use basic principles of teaching and learning, several findings emerged.  First, there were documented shifts in the ways the MGTFs perceived and regarded their roles as teachers, as illuminated in interviews, journal entries, and written reports.  When triangulated across several data sources and across several individual MGTFs, these shifts occurred in the following areas:
Table 1    
	Regarding selves as seasoned and comfortable in TA role
	→
	Being willing to take risks and try new approaches in teaching

	Viewing teaching as an insular activity
	→
	Valuing peer networks and communities of practice

	Sharing tips, following intuition, and using common sense
	→
	Gaining deeper understanding of the scholarship of teaching and learning

	Seeing TA role as facilitator of a faculty member’s curriculum
	→
	Developing ownership for instruction and student learning

	Teaching based on own learning style and preferences
	→
	Feeling responsible for reaching students with diversity of learning styles

	Seeing teacher at center of learning
	→
	Seeing students at center of learning

	Conveying content
	→
	Helping students relate scientific concepts and processes to their own experiences to enhance understanding

	Being the expert with the answers
	→
	Modeling scientific inquiry to help students find their own answers



MGTFs also reported a deepened understanding of the process of inquiry learning in the sciences as a result of their participation in the program.  As one MGTF wrote in his/her journal, “I never had thought of how mimicking the process leading to real scientific discoveries could help students learn in a classroom setting.”  Another explained, “Teaching is about discovery.  Students get excited when they come up with something on their own or interpret something correctly and are able to formulate an understanding on their own.  Inquiry is very well in sync with what a scientist has to do.”  MGTFs also reported new insights and perspectives on the role that they themselves played in teaching.  As one MGTF shared in his/her final report, “My original idea of teaching turned out, after an informed review, to be presentation rather than teaching. My take on the experience had been that the instructor showed me information and I learned upon seeing or hearing it. This overly simplistic notion completely left unaccounted my own contribution to the equation.”  Another explained during an interview, “I was always just comfortable teaching the way I was taught.  I realized you have to take yourself outside of your comfort zone in order to help other people get into theirs.”  Another MGTF wrote, “What surprised me most was how little I really understood my own learning and how it affected my teaching.” 

Likewise, the other TAs involved in the program, and especially novice TAs, agreed that the MGTFs impacted their success in many ways—as teachers  who led them through the week’s lessons in detail, as advisors to be consulted with problems, and as “old hands” who could lend emotional and practical support.  Through having the MGTFs available to observe their teaching, answer their questions, and provide tips and resources, TAs became more confident in their roles over the course of the semester and also realized that they were not “in this all alone.”  In addition to face-to-face help in individual and group settings (weekly lab meetings), MGTFs supported TAs by creating grading rubrics for lab reports, revising lab manuals, and writing grant proposals for additional course improvements.  
The fact that professional development with regard to teaching would place demands on time that would otherwise be available for study or for research was readily recognized by the participants of the program, who acknowledged that these challenges were part of the culture of graduate STEM education.  Likewise, several of the TA interviewees mentioned that the MGTFs had helped to create a more positive climate for STEM teaching—it wasn’t just something to “endure” or check off the list of things to do on their degree plan—as the MGTFs provided a degree of encouragement and support (and practical resources) that they did not necessarily receive from their advisor or other faculty in their department.   

TA-to-TA Peer Mentoring

The second research question addressed the extent to which the MGTF program produced peer TAs who were effective in working with and supporting novice TAs.  The components of the program that most directly addressed peer mentoring included expanded lab prep meetings involving both MGTFs and TAs, built in time for TAs to observe MGTFs and experienced TAs teaching the lab, and periodic feedback and consultation (both formal and informal observations).  Peer mentoring with regard to teaching proficiency was seen as beneficial by both MGTF mentors and those TAs being mentored, and these data add to what was previously known about the impact of various sorts of mentoring relationships.  
One of the most important findings that emerged from this aspect of the evaluation was the role that the MGTFs played in helping novice TAs build the necessary level of confidence to effectively teach their lab sections and to better relate to the students with whom they were working.  For the novice TAs, it was less about improving their pedagogy and more about developing their ability to transition from the role of student to teacher.  In comparison, the most important function with the experienced TAs, most of whom were already confident in their roles through semesters of teaching experience, was to help them build their capacity for effective teaching through improving their teaching skills and challenging them to try new approaches to engage students.

When asked to rate the impact of the mentoring of their MGTFs, TAs (N=39) provided the following survey responses summarized in Table 2.  Perhaps not surprisingly, novice TAs were slightly more positive in their assessments of the utility and impact of the MGTFs than were experienced TAs.

Table 2

	1=strongly disagree

5=strongly agree
	All

TAs
	Novice

TAs
	Experienced

TAs

	MGTF feedback was useful
	4.31
	4.35
	4.25

	Access to MGTF improved teaching
	4.19
	4.38
	3.94

	Having peer mentor was useful
	4.14
	4.24
	4.00

	Interactions with MGTF helped with understanding of teaching
	4.03
	4.32
	3.57

	Would consult MGTF with a problem
	3.77
	3.95
	3.53

	MGTF program was beneficial
	4.15
	4.29
	3.97


Mentored TA Classroom Performance

The third research question addressed the extent to which the presence and use of MGTFs improved the classroom performance of the TAs with whom they worked. As part of their responsibilities, the MGTFs were charged with implementing a plan for assessing the development of the pedagogical skills of the TAs whom they mentored.  During the pilot program, the TAs were observed twice a semester using an evaluation protocol developed by the MGTFs, which included both quantitative and qualitative measures for two basic dimensions in the teaching of the labs: (1) organization/presentation/mechanics, and (2) learning environment/student engagement.  The MGTFs also developed a rubric that was used for scoring the instrument.  Average TA scores increased on 9 of 12 measures between the first and second MGTF observations.  Across the board, the greatest positive changes were in the TAs’ abilities to articulate the goals of the lab, the TAs’ abilities to explain the next steps of the lab to the students, and the TAs’ abilities to link the broader relevance of the lab to the lecture. 

Since this protocol was an internally developed instrument without established validity and reliability, one cannot interpret the above findings as caused by the effects of mentorship.  The lack of consistent objective data on the improvement of classroom techniques was problematic for the evaluation of the program as a whole, as was the heavy reliance on self-reported data from program participants, and the fact that the evaluation design was not experimental, comparative, or longitudinal in nature.  In general, the MGTFs observed that TAs improved their teaching in several key areas over time, although since this was not established as a control-comparison evaluation, it was impossible to separate out the effect of the MGTFs versus the normal maturation of the TAs as they gained teaching experience.  
TA Professional Development

The fourth and final research question focused on the impact of professional development workshops on participating TAs.  During the pilot year of the program, the MGTFs developed and offered five workshops open to all STEM TAs on campus: two pedagogy-focused (chemistry) and three role-focused (classroom communication, time management, and managing student interactions/relationships).  Designing and implementing these professional development workshops for fellow TAs was seen as a challenging and beneficial activity by the MGTFs, as it provided them with the opportunity to apply their mentoring skills in a broader and more formalized teaching and learning setting.  All five workshops received consistently high ratings from TA participants, with the highest ratings being in the areas of “participation activities” and “question/answer periods,” and the lowest ratings being in the areas of “formal presentations” and “handouts/resources.”  As gleaned through interviews and surveys, participating TAs saw the primary benefits of these workshops as having the opportunity to “compare notes” and “share knowledge” with fellow TAs.  The MGTFs themselves interpreted this feedback as reflecting the relative isolation that many TAs experience on campus, and the lack of formal opportunities that they have to come together in community with other TAs.  

At the same time, the MGTFs encountered some challenges with respect to this portion of their fellowship experience, in that the workshops were sparsely attended by TAs in spite of strategies and incentives to help encourage and reward participation.  Several TAs cited that the timing of the workshops (i.e., mid-day) posed a challenge, while others suggested that unless the workshops were embedded in existing TA responsibilities such as lab meetings, very few TAs would take it upon themselves to take advantage of such an opportunity.  This particular feature of the MGTF program was structured as a “one-shot” professional development program versus a more sustained and embedded approach (which was reflected in the other portions of the MGTF program including the teaching and learning course and weekly lab meetings).  One of learnings from this aspect of the program was the limitation inherent in the “workshop” model of professional development in reaching a broad-based audience of STEM TAs who were dispersed across campus in various departments and programs.  
Unexpected Findings

In addition to the findings presented above around each of the four research questions, there were also a number of unexpected findings that emerged during the course of the program evaluation.  First, structuring this experience as a “fellowship” (which included summer funding) ended up serving as a means for legitimizing this work in the eyes of the MGTFs—providing students with dedicated time during their graduate program to focus on their personal and professional development as teachers.  The MGTFs shared that while their advisors or departments did not seem to generally support activities that took them too far away from their research agendas, the fellowship was seen as a prestigious form of recognition and something that would be worth the time investment.  Second, it was surprising to the program administrators and faculty who worked with the MGTFs to witness the extent to which the MGTFs, as a newly formed community of six graduate students, initiated sustainable changes to course curricula and supporting instructional materials that fell outside the boundaries of their fellowship responsibilities.  For some MGTFs, this work extended to applying for and receiving additional university grants to support these self-initiated curriculum reform activities.    

Third, there were findings around the analysis of benefits and costs that were associated with a university-level approach to TA professional development (as was the case with the MGTF program) versus more traditional departmental or discipline-specific approaches to TA training.  In terms of benefits, external funding was available via the broader MSP grant to support this model of TA professional development, which otherwise would have required a substantial investment of resources on the part of the institution—financial, intellectual, and human.  In addition, this model was shaped and led by faculty members from across the campus who had substantial expertise with the scholarship and research on teaching and learning in STEM.  On the flip side, the lack of departmental “ownership” for the MGTF program ultimately resulted in the lack of institutionalization of the program beyond the initial one-year pilot.  While the program had broad-based campus support and was generally viewed as yielding positive benefits to the MGTF participants, the graduate TAs whom they mentored, and the courses with which they worked, it did not have “champions” or “backers” within individual STEM departments who were willing to make it a funding priority after the grant ended.  
Conclusion
According to the fellows themselves, the MGTF program was effective in preparing them as future faculty members with respect to their teaching and the skills they would need to mentor graduate students in the art and science of pedagogy.  The opportunity to participate in a community of educators and the responsibility of actual mentorship provided them insight into faculty roles in higher education.  In particular, they recognized the advantage to be gained from utilizing the accumulated wisdom of that professional community, rather than trying to re-invent approaches to teaching and learning individually.  Their success in applying for and receiving grants to fund the development of courses and curriculum materials testifies to this commitment.  Likewise, the other TAs involved in the program, and especially novice TAs, agreed that the MGTFs impacted their success in many ways—as teachers who led them through the week’s lessons in detail, as advisors to be consulted with problems, and as “old hands” who could lend emotional and practical support.  The TAs felt that their jobs had been made easier because of that support, and many believed that they had become better teachers due to the assistance of the MGTFs.

When viewed in light of the literature on peer mentoring and the preparation of future faculty, there were few surprises from the evaluation results discussed herein.  Peer mentoring with regard to teaching proficiency was seen as beneficial by both MGTF mentors and those TAs being mentored, and these data add to what was previously known about the impact of various sorts of mentoring relationships.  The lack of consistent objective data on improvement of classroom techniques was problematic for the evaluation of the program as a whole, and highlights the challenges of evaluating such programs given the difficulties of using standard student evaluations, of developing new instruments for measurement that are both precise and valid, and relying on self-reported data.  The creation of the fellowship opportunity, given the recognition that professional development with regard to teaching would place demands on time that would otherwise be reserved for science research, was appreciated by the participants of the program.  In addition, one of the most valuable insights from the evaluation may be the extent to which enrollment and participation in the UNIV798a course and the corresponding introduction to the scholarship of teaching and learning was appreciated by MGTFs, who saw themselves as better prepared in this respect than many new faculty.
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