Center for the Integration of Research, Teaching, and Learning (CIRTL)

Graduate students at research universities will shape the future of STEM undergraduate education in the United States. The graduate students trained at approximately 100 research universities will flow into the science, technology, engineering, and mathematics (STEM) faculties of all undergraduate institutions, dispersing among more than 3,500 research universities, comprehensive universities, liberal arts colleges, and community colleges. Equally important, future STEM faculties will be increasingly engaged in all forms of STEM education for diverse audiences, including higher education, K-12 pre-service preparation, distance learning, and informal education. Thus, the graduate schools of research universities are a critical leverage point for national reform of STEM education.

We propose to create a professional development program in teaching and learning that will prepare graduate students, and with them post-doctoral researchers and current faculty, to meet the future challenges of national STEM higher education. Our program will be designed to overcome the demonstrated resistance to education reform at research universities (Eiseman & Fairweather, 1996; Menges & Austin, 2001). This resistance derives in part from the perception of STEM faculty that the teaching process is orthogonal to the research process, and that research is more interesting and more valued (Fairweather, 1996; Massy, Wilger, & Colbeck 1994). We assert that successful development of STEM graduate students, post-doctoral researchers, and faculty as educators will be advanced by the combination of (a) a fundamental transformation in conceptualization of the process of teaching and (b) the creation of learning communities favorable toward that transformation.

The new conceptualization of teaching is grounded in the idea of teaching-as-research. From this perspective, STEM educators will engage in their teaching in the same way they engage in their research—by hypothesizing, implementing, observing, analyzing, and improving. This approach to teaching aligns with the skills and inclinations of graduate students, post-doctoral researchers, and faculty at research universities (hereinafter graduates-through-faculty) and promotes their investment in teaching reform. Equally important, teaching-as-research leads directly to ongoing improvement in STEM undergraduate education. The nation must develop STEM faculties who themselves continuously inquire into their students’ learning. 

 Furthermore, development of graduates-through-faculty in teaching and learning will be best achieved in a collaborative environment that actively engages all participants, much like STEM laboratories and research teams. We will create graduate-through-faculty learning communities where growth in teaching skills occurs through collaborative relationships and activities and where the shared identity rests on values of learning, teaching, and professional development. Such learning communities have proven successful at aligning participants with institutional goals and values and developing the networks necessary for institutional change (Gabelnick, MacGregor, Matthews, & Smith, 1990; Shapiro & Levine, 1999). Moreover, successful learning communities recruit participants who are interested in but not yet committed to change.

We combine these two powerful ideas in this proposal. Specifically, we propose to create, implement, and transfer on a national scale an interdisciplinary program of graduate-through-faculty professional development in STEM higher education, founded on teaching-as-research activities implemented within learning communities. Our program will prepare graduate-through-faculty to teach diverse student audiences in all forms of STEM higher education. Our work will build on the strong STEM higher education capabilities of the University of Wisconsin – Madison (UW), Michigan State University (MSU), and the Pennsylvania State University (PSU). We will use UW as our laboratory for the development, implementation, and evaluation of tools and strategies. We will then establish a national network of 10 diverse research universities and develop methods for transferring the successes in the UW laboratory to research universities throughout the nation.

The whole of this initiative will constitute the Center for the Integration of Research, Teaching, and Learning (CIRTL).

I. Goals and Outcomes

The 5-year goals for CIRTL are to:

1. create effective tools and strategies for preparing graduates-through-faculty to use and improve best practices in STEM teaching and learning, with special attention to the needs of diverse student audiences;

2. create graduate-through-faculty learning communities that promote, support, and sustain improvement of teaching and learning practice;

3. develop and implement strategies for transferring the CIRTL Professional Development Program in Teaching and Learning between research universities;

4. produce cohorts of STEM graduate students and post-doctoral researchers who are launching new faculty careers at diverse institutions, demonstrably succeeding in promoting STEM learning for all, and actively engaging in improving teaching and learning practice;

5. become the center of a national conversation about professional development in STEM higher education teaching and learning.

The long-range goal of CIRTL is to develop a national STEM faculty with the knowledge, experience, and inclination to forge successful professional careers that include implementing and advancing effective teaching and learning practice for diverse audiences. 

II. Background and Rationale

There is an urgent societal need for a more scientifically literate citizenry and increased recruitment into STEM-related careers (Center for Science Mathematics and Engineering Education. Committee on Undergraduate Science Education, 1999; National Science Foundation, 1996; Project 2061/American Association for the Advancement of Science, 1989). At the same time, there is widespread concern that present teaching practice in STEM higher education does not address these needs. Seymour and Hewitt (1997) found that 90.2% of students who switched from majors in science, mathematics, and engineering, and 73.7% of “non-switchers,” complained about poor teaching by STEM faculty.

A critical pressure point for change is the training of doctoral students at research universities. As Gaff and Lambert (1996) have pointed out, 102 universities award 80% of all doctoral degrees in the U.S. each year, and “these few universities operate as a funnel through which the vast majority of faculty members in America’s 3,500 diverse colleges and universities must pass” (p. 38). Since only 1 out of 10 new Ph.D.s will end up at another research university, the vast majority of doctoral recipients who remain in academia are hired by institutions—liberal arts colleges, comprehensive universities, and community colleges, for example—with values, institutional missions, and academic cultures different from the research universities where they were trained (Atwell, 1996). Changing the ways in which research universities educate doctoral students for faculty work will both improve teaching and learning at research universities and better prepare most newly hired Ph.D.’s for their first faculty position. Research universities in this country—the envy of the world for their research capability—have an unprecedented opportunity, and challenge, to lead the way in advancing change and innovation in graduate training, with the goal of systematically and rigorously preparing the future national STEM faculty to teach in ways that enhance student learning. Furthermore, the time to address this challenge is now. With large numbers of faculty retirements expected in the near future (Finkelstein, Seal, & Schuster, 1998), universities and colleges will soon be hiring young STEM scientists to replace their ranks. 

II.a. Teaching-as-Research

A premise of this proposal is that the people doing the work must be the agents of change and reform, following a central principle of human factors engineering (Hackman, Oldham, Janson, & Purdy, 1975; Lawler, 1986). We suggest that the concept of teaching-as-research can play a powerful role in engaging STEM graduate-through-faculty in reform of teaching practice. Teaching-as-research – wherein STEM graduate-through-faculty hypothesize, experiment, evaluate, and improve their teaching practice – places teaching in a context with which STEM researchers are comfortable and skilled (albeit in different methods). Teaching-as-research also immediately makes STEM educators agents for the ongoing improvement of teaching practice.

Research by practitioners (known also as action research, teacher research, and classroom research) has proven a useful and influential form of research for improving teaching practice. Practitioner research has existed for more than half a century (Zeichner & Noffke, 2001) and played a significant role in improving teaching in K-12 settings over the past 20 years (Cochran-Smith & Lytle, 1999, 1993). In higher education, Cross and colleagues (Angelo & Cross, 1993; Cross, 1990) have helped to guide a burgeoning classroom research movement. As Cross and Steadman (1996) explained, “The premise of Classroom Research is that if faculty are encouraged to become active participants in the search for knowledge about teaching and learning, they will become interested in building bridges across the chasm that separates the practice of teaching from knowledge about assessment, research, and faculty development” (p. 6).

Examples of investigations conducted by STEM research faculty that have led to improved teaching and learning are compelling. In one study, UW chemistry professor John Wright used systematic methods to develop an “active learning” approach for his large introductory analytical chemistry course (Wright et al., 1998). He then devised an innovative assessment strategy in which 25 independent chemistry faculty interviewed students to measure skills that the faculty could observe and value. By comparing two sections of the large analytical chemistry course—one using lecture-based teaching and the other active learning methods—Wright et al. found that students in the active learning section learned more on average than those in the lecture-based section. Many of the faculty assessors subsequently implemented Wright’s teaching methods. Other examples of classroom research, many involving graduate students, can be found at the National Institute for Science Education (NISE) College Level One Web site (www.wcer.wisc.edu/nise/cl1/ilt) and in the growing number of discipline-based journals on teaching (e.g., Journal of Chemical Education, Journal of College Science Teaching, Physics Education, Journal of Engineering Education). 

Thus CIRTL will approach teaching as a setting for the generation of knowledge.  CIRTL will use the teaching-as-research concept to recruit STEM graduates-through-faculty to teaching and learning reform and to produce a national STEM faculty that will itself drive ongoing improvement in STEM higher education. 

II.b. Learning Communities

Calls for reform in STEM graduate (and post-doctoral) education highlight several specific concerns: (a) Preparation for the professoriate typically is not organized in a systematic or developmentally focused way; (b) the graduate experience primarily emphasizes research and publication, whereas STEM faculty work includes extensive teaching and service (especially at non-research institutions); (c) graduate students often lack opportunities to talk with faculty advisors about the multiple dimensions of faculty careers and the significant institutional differences in faculty roles; and (d) STEM graduates rarely engage in discussions with non-STEM colleagues and thus often have an insular view of teaching and learning (Austin, 2002; Committee on Science, Engineering, and Public Policy, 1995; Golde & Dore, 2001; Nyquist & Woodford, 2000). These issues combine to deter interest in pursuing STEM academic careers and leave those entering academic careers not fully prepared to be effective teachers. Thus, calls for reform argue for (a) greater attention to preparing future faculty members for responsibilities in varied institutional settings and with diverse student audiences; (b) better mentoring and more feedback from faculty; and (c) more opportunities for interaction between graduate students, post-doctoral researchers, early career faculty, and established faculty (Austin, 2002; Golde & Dore, 2001; Gaff, Pruitt-Logan, Weibl, & Others, 2000).

Change in STEM graduate and post-doctoral preparation must be accompanied by change in the graduate faculty at research institutions. Research shows that for STEM faculty the most respected source of knowledge about teaching and learning comes from their “near peers” (Rogers, 1995; Foertsch, Millar, Squire, & Gunter, 1997). Thus, a critical means of fostering change in teaching and learning is communication among faculty. We stress that important change can vary widely in degree, and be incremental in nature. A change in faculty attitudes may be enough to open the door for graduate students and post-doctoral researchers to make use of opportunities for broader professional development. Faculty awareness of changes around them—including the attitudes and practice of their students and post-doctoral researchers—will produce further changes in faculty attitudes and practice. 

In order to address these issues, CIRTL will form graduate-through-faculty learning communities as rich, enduring, integrative environments for change in teaching and learning. Learning communities are intellectual and physical places where members blend academic, professional, and social activities, and where growth occurs through collegial relationships and activities (Brower, & Dettinger, 1998). Learning communities help participants reach new goals and values, and they foster strong relationships among members across an institution that provides the foundation for true institutional change (Gabelnick et al., 1990; Shapiro & Levine, 1999). Learning communities are “life changing”—they change participants, and institutions, in ways that have lasting impact (Lenning & Ebbers, 1999).

The successes of undergraduate learning communities are well documented. (Brower, 2000; Lenning & Ebbers, 1999; Pike, 1999). Learning communities that support the development of graduates-through-faculty are less common, though a few models do exist (e.g., Yale’s McDougal Graduate Student Center, www.yale.edu/graduateschool/mcdougal/, and the Spencer Foundation’s “Discipline-Based Scholarships in Education” program, www.spencer.org/programs/index.htm). A compelling example is the UW faculty development program “Creating a Collaborative Learning Environment” (CCLE; Sanders et al., 1997). CCLE engages faculty and instructional staff from diverse disciplines in weekly small-group discussions about topics that reach to the heart of academic life. CCLE participants address questions such as “What is it like to be a learner?” before they address the question of how to be a better teacher; and “What does it mean to create a safe and respectful climate for learning?” before they explore how to teach diverse student audiences. CCLE has had a significant impact on the UW campus over the past 8 years, serving over 200 faculty and staff from over 80 departments. Its impact has been seen in curricular reforms, policy changes, and the elevation of CCLE participants to high-profile positions within the institution. It has also been adapted to other research universities, for example, Texas A&M.

Learning communities will support STEM graduates-through-faculty as they adopt new views of teaching and learning, help them transform their capabilities in teaching, prepare them to be effective teachers in a range of institutional settings and with a diverse array of students, and enable them to become change agents at their present and future institutions. Requiring only modest resources, learning communities are an efficient strategy for affecting large numbers of graduates-through-faculty. Learning communities can be implemented in departments, colleges, or a university as a whole. Our proposal calls for creating such learning communities and assessing how their structure, processes, and content promote CIRTL’s goals.

We stress that the union of the teaching-as-research and learning community concepts is greater than the sum of the two. Research has documented that success in training graduates-through-faculty to approach their teaching in new ways has been limited by the lack of structures to support and expand these changes (Druger 1997). Likewise, the creation of supportive environments without a clear conceptual focus does not lead to reform.  Our proposal will create both a new conceptualization of higher education teaching practice and an environment to support this reform in ways that lead to institutional change (Angelo, 1997).

III. The CIRTL Scope of Work

The first objective of CIRTL is to create the CIRTL Professional Development Program in Teaching and Learning for STEM graduates-through-faculty, based on the principle of teaching-as-research and integrated within a learning community. We will build an interdisciplinary program that spans the educational responsibilities of current and future STEM faculty. We will create, implement, and evaluate activities in the following five areas, and integrate them within a learning community:

1. Curricula providing a foundation for teaching-as-research and improved classroom practice;

2. Informal education;

3. Instructional materials development in a K-12 preservice teacher environment;

4. Internships in varied learning environments; and

5. Teaching and learning with diverse student audiences.

Experts from UW, MSU, and PSU will guide the work, informed by a review of national graduate-through-faculty professional development programs. We will use UW as a laboratory for the initial implementation and evaluation of the activities and the learning community. The key deliverables will be tools and strategies for successful implementation, such as activity designs, instructional materials, evaluated assessments, training protocols, and videos. These products will enable adaptation of CIRTL successes at other research universities.

Preparing the national STEM faculty requires a national solution. The second objective of CIRTL is to prototype a national implementation of the CIRTL Professional Development Program. Recognizing that research universities differ greatly, we will develop a network of 10 research universities that span these differences. We will then develop, implement, and evaluate methods for adapting the CIRTL Professional Development Program to these diverse environments. The key deliverables will be adoption of the program at 10% of the major graduate institutions in the U.S. and a research-based blueprint for expansion to a nationwide implementation.

III.a. The CIRTL Professional Development Program in Teaching and Learning 

This proposal is founded on a recognition of the strategic importance of graduate students at research universities as the STEM faculty of tomorrow. Thus our discussion of the CIRTL Professional Development Program in Teaching and Learning is cast in the context of graduate student participation in courses that build foundation knowledge, seminars as frameworks for experiential learning, and internships for practical experience, each within semester/quarter units. Nonetheless, all aspects of the program will be equally effective for post-doctoral researchers. Furthermore, most are appropriate for faculty at all career stages. Thus we also plan versions in short, intensive workshop modes. These might be offered during summers, or as part of teaching assistant training programs. We anticipate that these will be attractive to faculty, and will also increase the number of graduate student and post-doctoral participants.

Clearly, STEM graduate students (and post-docs and faculty) are not a homogeneous population in their commitment to teaching and learning, time available for professional development, and career stage. Thus the program will permit a wide range in degree of participation. For the most committed students, CIRTL will provide a rich opportunity for a minor or certificate program in STEM education. Minor/certificate students would design an individualized plan of activities from the CIRTL program under the guidance of a mentoring committee, and do an internship. We anticipate that such students will also form deep commitments to the CIRTL Learning Community. While requiring a greater investment of time, we note that as a minor this route need not be an overload. Other students may enroll in only one CIRTL activity, for example by participating in the Informal Education program to develop a background for outreach to minority communities. Yet others may only find time for a summer workshop. In the UW laboratory we envision an implementation that permits all of these entry points, thereby maximizing the number of graduates-through-faculty served. This approach also provides us with a research base for exploring the impact of the CIRTL Professional Development Program as a function of participation. 

A key goal of CIRTL is to identify effective incentives for graduate-through-faculty professional development in teaching and learning. Broadly speaking, we are responding to a demand for better preparation for future faculty positions (see sections II.b and V). Thus we consider it essential that participation in CIRTL programs be formally recognized, whether it be through a minor or certificate program, course credit, publication, or presentation at a professional meeting. It is this formal recognition that will be most significant in obtaining faculty positions. The current research funding environment also provides strong incentives for graduate-through-faculty participation in CIRTL. STEM funding agencies are requesting effective educational components to research programs, providing incentive to both current and future STEM researchers to develop products and capacity in all forms of education. We will build on this incentive in several CIRTL programs, as described next. Finally, incentive will be provided by leading STEM faculty who endorse new views of graduate training. CIRTL will develop such core faculties (see section V) to both found the Learning Community and proactively promote the value of development in teaching and learning.

The components of the CIRTL Professional Development Program in Teaching and Learning are:
III.a.i. Curriculum for Teaching-as-Research and Improved Classroom Practice

The national investment in developing best practices for STEM higher education has yielded a rich array of methods for STEM teaching and learning, such as collaborative learning techniques and innovative approaches to assessment. Most research universities now provide opportunities for graduates-through-faculty to learn these teaching practices. These important courses are aligned with CIRTL’s goal of improved practice in STEM higher education classrooms and will be incorporated within the CIRTL program. However, they typically do not address several key issues for future STEM faculty or provide students with the skills needed for ongoing practitioner-based improvement of STEM higher education. The CIRTL Professional Development Program will offer three key courses: (a) Teaching as Research: The Classroom as a Laboratory; (b) Technology-Enhanced Learning: Teaching with Technology; and (c) Teaching and Learning with Diverse Student Audiences.

Teaching as Research: The Classroom as a Laboratory. STEM graduate students will come to CIRTL with an aptitude for experimental thinking and the scientific way of knowing. At the same time, each will come with different technical skills (e.g., in mathematics and statistics) and experimental methods. For these students to apply research methods to their teaching, they will need to broaden their skills and their ways of knowing (e.g., Coppola & Jacobs 2002). This course will provide a solid foundation of learning theory and research design for teaching-as-research. Specifically, students will (a) review the ways students learn; (b) review recent trends and best practices in curriculum development, including content, method, assessment, and learning environment; (c) design research questions about learning outcomes; (d) learn research designs and experimental methods, with an emphasis on existing instruments and procedures; (e) learn analysis methods, including basic statistical tools; (f) design and implement teaching-as-research capstone projects; and (g) explore issues related to the scholarship of teaching and learning within disciplines. The course development will be led by Conrad and Courter.

Technology-Enhanced Learning: Teaching with Technology. The modalities of teaching and learning are changing rapidly. The idea of the scheduled classroom as the primary learning space and time is being challenged by the convergence of computer and communications technology. Future faculty will increasingly use technology to achieve their learning objectives. In this course, students will learn how to use technology to design integrated conventional and technology-based learning environments that best meet their goals. They will study the following elements in technology-based education: (a) design of learning outcomes; (b) components of curriculum; (c) design of in-class and out-of-class approaches to presenting new information, inquiry activities, problem solving, student-teacher communication, and student-student collaboration; (d) online assessment techniques; (e) evaluation techniques for technology-enhanced learning; (f) the “Digital Divide” and how to use technology effectively for diverse student audiences; and (g) design and implementation of teaching-as-research capstone projects. The course development will be led by Moses, drawing on the research of the NISE College Level One Institute on Technology in Learning.

Teaching and Learning with Diverse Student Audiences. Research shows the pivotal impact of classroom experiences on equitable student achievement and persistence in STEM (Cabrera, Colbeck, & Terenzini, 2001; Colbeck, Cabrera & Terenzini, 2001; Tinto, 1997). This course will prepare students to engage in effective teaching practices for diverse student audiences. Students will (a) become familiar with the profile of women and minorities in sciences and engineering; (b) study the connection between learning styles and teaching practices; (c) learn about the effect of classroom climate on student outcomes; (d) review teaching practices that engage students while minimizing ethnic- and gender-based conflicts; (e) assess the impact of teaching practices on diverse students; and (f) become familiar with collaborative learning as a tool for engaging all students in active learning. The course development will be led by Burstyn and Cabrera, building on the outcomes of our Teaching and Learning with Diverse Student Audiences line of work (section III.a.v).

All of these courses will be developed and evaluated as models of teaching-as-research within a learning community. Thus we will form teams of education and STEM faculty, post-docs, and graduate students (employed as project assistants [PAs]) to create, implement, and evaluate the courses.

We plan to offer these courses not only in the classroom but also as distance learning courses. This effort will yield several benefits. First, distance learning will offer a mechanism for immediate national dissemination of these CIRTL products. Second, STEM graduate students (employed as PAs) will be integrally involved in the transformation of the courses to distance learning, thus acquiring valuable skills in this rapidly advancing area of higher education delivery. Finally, this pilot effort will give a team of STEM graduates-through-faculty the opportunity to engage in a teaching-as-research design project to evaluate the comparative impact of learning at a distance and traditional classroom courses.

(Curriculum Development Team Leaders: Conrad, Educational Administration; Courter, Engineering Learning Center; Moses, Engineering Physics)

III.a.ii. Informal Education

The importance of STEM informal education to the development of a scientifically literate nation cannot be overestimated. Informal education takes place in the information channels that become the principal avenues for learning about science once formal schooling is completed—mass media, the World Wide Web, museums, public talks. Scientists who effectively bridge the gap between academic and public communication have major impacts on STEM literacy and recruitment into STEM careers. This has been nationally recognized, and informal education has become central to the missions of funding agencies, including NSF. Increasingly, STEM research grants have informal education components. Evidently most future STEM faculty members will engage in informal education throughout their careers. 

Few research universities prepare STEM graduates-through-faculty for this national challenge. Yet the technical nature of science, the specialized languages it requires, and the general lack of training in effective communication place science at a continuing disadvantage in public discourse. The CIRTL Informal Education program will build the skills needed to enhance public understanding of what STEM researchers are doing, why they are doing it, and what they are learning. 

We propose a teaching-as-research design for experiential learning in informal education. We expect that participants will be actively engaged in STEM research. The core objective of this program is for participants to conceive, create, implement, and evaluate an informal education product related to that research. Such products may range from public talks and Web pages to press releases and Java applets.

Each student will be a member of a seminar group of 10–15 participants taught by two faculty members, one in STEM and one in communications (initially, Ackerman and Dunwoody). Seminar work will concentrate on both basic skills and discussion of central questions such as: What can one reasonably expect audiences to learn from an informal science message? How does one explain concepts and processes to informal audiences? How does one communicate effectively about what science does and does not know? What are effective approaches to design in different media? How do diverse audiences receive and interpret informal education differently? And how does one assess and evaluate informal education?

A crucial role of the seminar will be peer formative assessment. Students will present their informal education product to the seminar group and receive formative feedback. The seminar goals will be to enable all participants to (a) develop skills in evaluating informal education products, with modeling by the faculty; (b) experience a wide range of approaches to informal education; and (c) learn formative assessment strategies for improving their own projects. This format parallels the design of many research laboratories and teams.

We will also expect students to develop assessment tools for their projects, implement their projects, and evaluate their projects’ success in a real-world context. Recognizing that research also involves scholarship, students will present their evaluation results to the seminar and will be encouraged to consider presentations in other professional venues.

We emphasize that this program has an important natural incentive for the participation of STEM graduate students. Funding agencies value informal education components of STEM research activities. Thus the development of informal education materials in the course of this program is a valuable deliverable to the research projects supporting the participating students. Similarly, NSF is providing a major incentive to current and future young faculty through the CAREER Award program. While the incentive for CAREER applicants is strong, very often their capacity on the education side is not yet developed. This program is directed precisely at developing the capacity to respond to NSF by enabling participants to enhance their communication skills while bringing the excitement of STEM research to public audiences.

 (Informal Education Team Leaders: Ackerman, Atmospheric and Oceanic Sciences; Dunwoody, School of Journalism and Mass Communication)
III.a.iii. Instructional Materials in K-12 Preservice Education

The creation of inquiry-based instructional materials is central to modern STEM higher education. In the past instructional materials were often developed for teaching laboratories. With the recent explosion of technological capabilities instructional materials have now permeated every facet of STEM higher education, not the least of which are asynchronous, direct access materials over the World Wide Web.

Often the graduate-through-faculty creators of these instructional materials do not have expertise in their design or evaluation. Such expertise does exist for K-12 STEM instructional materials, and is often part of preservice education programs at research universities. Thus we propose a CIRTL Instructional Materials program that brings STEM graduates-through-faculty together with the instructional materials expertise of education schools. The program will provide a teaching-as-research experience in the process of creating K-12 STEM instructional materials for national use. 

The CIRTL Instructional Materials program will implement and evaluate a team approach to STEM professional development, building on the successful experiments of the NSF-funded K-Through-Infinity Professional Development Partnership (KTI) at UW (T. Millar, PI). Each team will consist of STEM graduates-through-faculty, education faculty, preservice students, inservice teachers, and STEM undergraduates.  The team will create, implement (in a K-12 classroom), assess, and revise a product related to the research of the participating STEM graduates-through-faculty. These activities will be embedded within a seminar which will provide the basic skills in instructional materials development and a forum for formative assessment and sharing of work. This seminar will be co-taught by one STEM faculty and one education faculty (initially Goodman and Stewart).

The outcomes of the CIRTL Instructional Materials program will be several. First, graduates-through-faculty will develop capability in design, development, and evaluation of STEM instructional materials. Also, the implementations in K-12 classrooms will permit STEM graduates-through-faculty to directly study changes in student understanding of science content and ability to engage in their own inquiry. Use of materials in a diverse set of schools will provide opportunities to study performance across a wide range of student factors. All of these skills and experiences will transfer to the development of higher education instructional materials.

Second, graduates-through-faculty will gain an understanding of pre-service education that is now largely absent in STEM faculty. We believe that this will influence their future teaching and mentoring of potential K-12 STEM teachers. Equally important, preservice and inservice teachers as well as the education faculty will gain knowledge and insight about STEM fields and the processes of STEM research. 

Third, teams will produce high-quality K-12 STEM instructional materials for national use. Two successful pilot programs at UW-Madison—The Science Education Scholars Program (coordinated by the Center for Biology Education) and the School of Education’s Modeling for Understanding in Science Education (MUSE; Stewart, Cartier & Passmore in press) — provide examples of such products (www.wcer.wisc.edu/ncisla/muse/). CIRTL will scale these successful pilots to larger numbers of teams, and create tools and strategies for the transfer of the CIRTL Instructional Materials program to other research universities.

Lastly, we hope to demonstrate that by having STEM undergraduates in their first or second year participate in this program, some may be recruited into the K-12 STEM teaching profession.  Seymour and Hewitt (1997) find that many entering STEM undergraduates have an interest in K-12 STEM teaching, an interest Seymour and Hewitt find to have usually disappeared by graduation.

Our pilot programs have identified important incentives that make it desirable and feasible for individuals to participate. For STEM graduate students, a key professional incentive is again the expectation of NSF and other funding agencies that research programs have a broader impact. The CIRTL Instructional Materials program provides important training for linking research results to K-12 education, and we anticipate that, as with the CIRTL Informal Education program, research PI’s will support their graduate students in producing instructional materials based on their research. For in-service teachers the activity can be applied to masters degree programs, or to the State-required professional development experiences necessary to renew teaching licenses. Course credit is an important incentive for both pre-service teachers and the STEM undergraduates. 

The number of instructional materials teams will be increased over the duration of CIRTL, beginning the first year with three teams of six to seven members each and with a goal of 12 teams at the end of 5 years. 

(Instructional Materials Team Leaders: Goodman, Entomology; Stewart, Curriculum and Instruction)
III.a.iv. Internships in Varied Learning Environments

Although many doctoral students are interested in faculty careers and teaching (Golde & Dore, 2001), surveys suggest that they are not prepared for the full range of faculty responsibilities or for the kinds of colleges and universities in which they are likely to be employed (Golde & Dore, 2001; National Academies of Science, 2000; Nyquist & Woodford, 2000). The highly successful Preparing Future Faculty (PFF) program is an effort to redress these shortcomings by integrating graduate education and professional socialization (Gaff et al., 2000). Variations on the PFF model have been widely adopted. Most include the opportunity for graduate students to apprentice with faculty mentors and learn about faculty life in different kinds of institutions. Similarly, the Committee on Science, Engineering, and Public Policy (2000) has recommended that STEM postdoctoral training be enhanced by including teaching and other experiences related to career goals.

We propose a CIRTL internship program to provide STEM graduate students and postdoctoral researchers opportunities to implement teaching-as-research in various venues. Typically, these internships will occur after preparation in related CIRTL activities.

The internships in higher education will take place at a set of local colleges and universities that provides an array of institutional types. For the UW laboratory, these institutions will include UW itself; the Madison Area Technical College; Beloit College and Edgewood College (liberal arts colleges); and the University of Wisconsin–Whitewater (a 4-year comprehensive). (Letters of endorsement appended.) All of these institutions have one or more STEM departments with instructors engaged in teaching innovation, providing fertile ground for teaching-as-research activities. The scope of work taken on by the intern will vary, with possibilities ranging from developing and testing an assessment tool to teaching a class for a semester.

The internships in informal education will primarily be on the UW campus. Like most research institutions, UW has a large number of research programs with substantial funds for education and public outreach. Programs such as the Ice Cube neutrino experiment or the Cooperative Institute for Meteorological Satellite Studies will supply rich opportunities for interns. We will also explore internships in museums, building on the NSF-funded Internships in Public Science Education collaboration between UW and the Discovery World in Milwaukee.
Another alternative at UW is The Why Files, an award-winning science Web site (whyfiles.org), which offers the “Science Behind the News.” Students working for the site will develop writing, research, graphic design, and content development expertise in a medium that is fast becoming a major source of science, health, and environmental information. 
Internships in teaching to diverse student audiences can be provided in many ways. At UW we have an important opportunity for interns to develop a deeper understanding of pipeline issues. Thus we will offer internships in the Precollege Enrichment Opportunity Program for Learning Excellence (PEOPLE). PEOPLE is a joint effort by school districts in Madison, Milwaukee, Beloit, and Racine and UW to increase the enrollment and graduation of African American, American Indian, Asian American (especially Southeast Asian American), Latino/a, and disadvantaged students at UW. The PEOPLE program for high school students is a 4-year comprehensive program with a summer residential component at UW that includes STEM classes and research experiences. There is also a strong professional development component for STEM high school teachers. CIRTL interns will teach in the summer programs, and if they wish, continue their work the following semester with the participating K-12 teachers. 

We will also create internships via the post-doctoral exchange program between UW and Howard University. As part of the transfer to the CIRTL network we will explore internships at historically black colleges and universities and predominantly women colleges.

All of these internship programs will draw heavily on the concept of learning community. Both the PFF and KTI programs have shown that it is essential that interns not be isolated. Thus, each intern will be supported by a team that includes faculty and peer mentors. In addition, each cohort of interns will meet in a regular seminar to reflect, share, and synthesize new approaches to their teaching-as-research practice. We will model the seminar after laboratory research groups that come together to discuss different experiments related to answering a common question. Ultimately, the interns will develop a portfolio, including a journal of their experiences, their reflections on moving theory to practice, and their increased knowledge of the diversity of students’ learning styles.

(Internships Team Leaders: Callahan, Graduate Student Professional Development Office; T. Millar, Mathematics)

III.a.v. Teaching and Learning with Diverse Student Audiences

The National Science and Technology Council (2000) has identified women and minorities’ participation in STEM fields as a precondition for ensuring a strong U.S. workforce for the 21st century. Though progress has been made in attracting women and minorities into STEM fields, this success has been dampened by high dropout rates. High-ability women drop out of math courses about 30% more often than men, and high-ability African Americans drop out of science courses about 40% more often than Whites (Steele, 1997). These high dropout rates cannot be explained by differences in precollege academic preparation for STEM. Women students and students of color enter STEM fields with academic backgrounds and test scores comparable to those of White males (Grandy, 1998; Tracey & Sedlacek, 1987 Sax, 1994; Nettles, Thoeny, & Gosman, 1986; Seymour & Hewitt, 1997).

Mounting research shows the pivotal role of classroom experiences on student learning and persistence (Cabrera et al., 2001; Colbeck et al., 2001; Tinto, 1997). Research has also found that these classroom experiences are a complex combination of teaching practices, delivered curriculum as experienced by the students, and climate permeating interactions among students and between instructors and students (Cabrera & Nora, 1994; Stark & Lattuca, 1997). When classroom experiences are positive, students gain in competence, self-confidence, and awareness of the occupational choices open in STEM (Colbeck, et al. 2001). On the other hand, poor teaching, poorly structured curriculum, or gender- and ethnic-based prejudices cause students to change majors, experience lower than anticipated academic development, and be strongly predisposed to drop out from the institution. This research also shows that gender- and ethnic-based barriers in classroom experiences are often present (Drew, 1996; Sax, 1994). Seymour and Hewitt (1997), for instance, found that women often mention a hostile classroom climate in their engineering classes as a key factor in their decision to change majors.

Put simply, many STEM faculty are not aware of these gender- and ethnic-based issues and thus do not design their teaching practice to respond to them. It is our firm belief that STEM faculty wish to serve all students well, and with heightened awareness and knowledge they will be more prone to create equitable classroom climates and engage in effective teaching practices for all students. Such abilities will soon become a requirement of the STEM professoriate as future STEM faculty will be teaching ever more diverse student populations.

The challenge of addressing equity issues in STEM higher education classrooms is of such importance that we propose to develop a resource that will serve both the CIRTL Professional Development Program and the national STEM faculty more broadly. Our approach will be modeled on that of the College Level One (CL-1) team of the NISE, which synthesized research knowledge in key areas of education practice, and transformed those syntheses into products easily accessible to STEM faculty. The products of this approach can be found on the heavily used CL-1 Innovations in STEM Education Web site (www.wcer.wisc.edu/nise/cl1) which includes the Field-tested Learning Assessment Guide (FLAG), the Student Assessment of Learning Gains (SALG), the LT2 (Learning Through Technology), and the Collaborative Learning modules.

We will begin with a comprehensive synthesis of what is known about (a) effective teaching practices; (b) students’ experience with different curricula; and c) equitable classroom environments conducive to learning. This research will lay the foundation for an Equitable Classroom Practices module for the Innovations in STEM Education Web site. Likely components of this module include:

• 
A primer on classroom equity issues

• 
Personal stories to help raise STEM faculty awareness (e.g., students’ vignettes about practices that inhibit equitable outcomes; instructors’ stories about discovering equity problems in their learning environments)

• 
A compendium of best classroom practices for diverse student audiences;

• 
Case studies to show how instructors have employed these classroom practices to meet specific goals and objectives

•  
Links to other resources

Following the CL-1 model, we will use the CIRTL Fellows program (see section IV) to bring together education researchers and STEM faculty who are nationally recognized for expertise in higher education equity issues. Burstyn and Cabrera will be the Lead Fellows, providing initial intellectual direction and assistance in developing the team. The Fellows will first synthesize the intellectual foundation and produce scholarly products (e.g., meta-analyses, literature summaries, databases, publications) that will be a foundation for both researchers and practitioners entering the subject area. We will join in this effort with the NSF-funded Diversity in Mathematics Education (DIME) Center at UW, Berkeley, and UCLA, which is developing a research foundation for preparing K-12 mathematics teachers (www.wcer.wisc.edu/dime; letter of endorsement appended.)

Then the Fellows will join with Mathieu (former CL-1 Institutes Director) and other CIRTL members to transform the syntheses into products readily accessible to STEM faculty. CIRTL will provide technical assistance in product development, especially creation of an effective Equitable Classroom Practices Web site, and associated workshop and dissemination materials. Following the previous CL-1 products the Web site will undergo extensive formative and summative evaluation.

Graduates-through-faculty will be involved in this process in two important ways. First, the Fellows will work with STEM graduate students (employed as PAs) in developing the research synthesis. These students will become intimately familiar with education research, which will help them build bridges with education schools in their future institutions. Second, CIRTL graduates-through-faculty will be recruited to apply the ideas directly in their classrooms and do teaching-as-research on the efficacy of the classroom techniques being promoted.

The results of this work will be integrated into every facet of the CIRTL Professional Development Program. The course Teaching and Learning with Diverse Student Audiences will derive from this work, and the curricular materials will be included on the Web site, thus promoting the offering of the course throughout the nation. We will develop activities for the Learning Community designed to raise graduate-through-faculty awareness and capability for teaching to diverse student audiences. And we will work with all team leaders to address issues of diversity in their programs.

 (Diverse Student Audiences Team Leaders: Burstyn, Chemistry; Cabrera, Educational Administration)

III.a.vi. Integration within the CIRTL Learning Community

Structuring CIRTL as a learning community focused on teaching and learning is central to our program design. The CIRTL Learning Community will (a) provide a physical and intellectual home where graduates-through-faculty can develop their teaching practice; (b) be a welcoming environment for those beginning to explore change in their approach to teaching and learning; (c) serve as the home for all CIRTL activities; (d) furnish mentoring and leadership opportunities; and (e) be an ongoing source of support for those who have participated in CIRTL programs and now are applying teaching-as-research in their classrooms. 

In addition to the CIRTL activities previously described, the CIRTL Learning Community will also be home to several formative activities. First, we will create a peer-mentor program (where “peer” may be any of graduate students, post-docs, and faculty), an electronic drop-in clinic, and a referral service. An important role of the Learning Community will be to support those trying to do teaching-as-research for the first time. For example, a teaching assistant might want to develop and evaluate a new inquiry-based exercise in symmetry rules, or a post-doc might want to evaluate a Java applet teaching astronautics by simulating a rocket launch to Mars, or a faculty member might want to determine if ConcepTests are effective in her large mechanical engineering course. It is essential that such reform-ready instructors not be isolated and have support when problems arise.

Second, the Learning Community will offer activities that deepen understanding of teaching and learning and integrate graduate-through-faculty experiences. We will build on the successful CCLE faculty development program (see section II.b) and develop graduate-through-faculty Roundtables, small interdisciplinary groups of new and advanced graduate students, post-docs, and faculty. Facilitators will help participants engage in wide-ranging discussions addressing both the content of their CIRTL activities (e.g., curriculum development, informal education, internship supervision, etc.) and the relationship between these activities and other aspects of academic life. These roundtables will model using teaching and learning experiences as opportunities for self-reflection and mentoring, support participants as they move from theory to practice and back again, and provide a platform for socialization and professional development.

 Third, the Learning Community will help foster the leadership skills necessary for CIRTL graduates-through-faculty to function as change agents at their future institutions. Advanced graduate students, post-docs, and faculty will be offered training in peer mentoring and group facilitation and will meet weekly for ongoing support and assistance—an approach that CCLE has found to be scalable to large numbers. Both peer mentors and group facilitators will be carefully selected for related experiences and skills. They will go through training and will meet weekly for on-going support and assistance with their learning and growth as mentors.

Fourth, the Learning Community will host large-group events composed of all CIRTL participants to focus on the development of shared values about teaching and learning. Campus and national leaders will be brought to these events to broaden institutional and professional awareness.

Physically, the Learning Community will consist of offices and a multipurpose space dedicated to CIRTL activities. Office space will be required for coordinating staff, as well as for students and faculty who rotate through leadership positions. The multipurpose space will be used for formal seminars and informal discussions and optimally will be large enough to handle 40 people. For the UW laboratory we have begun discussions with the Wisconsin Union for such space. 

We envision extending the Learning Community beyond the boundaries of a physical space as CIRTL activities create an ever-increasing network of participants at each institution. In formalizing this network, we will emulate the approach adopted by Project Kaleidoscope’s Faculty for the 21st Century network, using electronic communications, annual symposia, social events, and the like to link current CIRTL participants with CIRTL alumni.

 (Learning Community Team: Brower, Social Work; Carlson-Dakes, CCLE; Moore, Chemistry)

III.b. Transfer of Success: Building a National Network

Time and again, research shows that large-scale STEM education reform is thwarted more by difficulty in institutionalization and dissemination than by the development of effective practices in teaching and learning (Barr & Tagg, 1995; Birnbaum, 1988; Eiseman & Fairweather, 1996; Fairweather, 2000; Green, 1997; Gumport & Pusser, 1997; Huba & Freed, 2000; Tierney, 1999; Tobias, 1992). From this perspective, the ultimate success of CIRTL must be measured by its influence on graduate-through-faculty development at a significant number of research institutions throughout the nation. To achieve this impact, we will create a national CIRTL Network. 

Initially we propose to include 10 institutions in the CIRTL Network, including UW, MSU, and PSU. The Network must span the range of research institutions in the U.S. In Year 1, we will categorize research universities by their current commitment to (a) faculty development programs to improve teaching and learning, (b) reform in STEM undergraduate and graduate education, and (c) scholarship on teaching-related activities. We will also classify these institutions by (a) number of women and racial/ethnic minority STEM Ph.D. students and (b) percentage of STEM doctoral recipients going into teaching positions at nonresearch universities. We will then select seven additional research universities to represent variation on these commitment and demographic factors. Thus the CIRTL Network will represent 10% of research universities producing 80% of Ph.D.s.

For every institution in the Network, we propose to test various combinations of programs and implementation strategies. Our goal will be to identify a set of transfer and institutionalization strategies most likely to be effective in the diverse environments of all research universities. We consider four levels of intervention. The first level—the UW as a laboratory—will be the most intensive intervention. We will not attempt to adapt the CIRTL program to other research institutions until evaluation has shown successful progress toward accomplishing the CIRTL goals at UW (see Evaluation and Research plans in section VI).
Two institutions—MSU and PSU—constitute the second level of intervention. We will focus our most intensive transfer efforts at these two institutions, led by the CIRTL Evaluation and Research Team. We will involve MSU and PSU faculty and administrators, the eventual adapters of CIRTL innovations, in the developmental work at UW, with two anticipated outcomes: (a) that the close interaction between UW, MSU, and PSU will lead to improved CIRTL products; and (b) that making the developers and adapters aware of each others’ needs and situations will increase the odds of success in transferring CIRTL program to MSU and PSU (Tornatzky, Fleisher, & Chakrabarti, 1990).

PSU and MSU represent similar institutions at which we will employ two very different transfer strategies. At PSU, we will test a “bottom-up” approach using one or more departments with a strong track record in STEM education reform. Our strategy here will be modeled on a method developed by the Collaboration for the Advancement of College Teaching and Learning in Minnesota, where the host institution identifies a team of key STEM faculty and administrators who make a commitment to the innovation. (Such PSU faculty have written letters of endorsement for this proposal.) In contrast, at MSU we propose to target established institutional structures already shown to be supportive of STEM education but not necessarily reporting to STEM departments or their faculties. The MSU Graduate School, the Bailey Scholars Program (a learning community of undergraduates, graduate students, and faculty members located in the College of Agriculture and Natural Resources), and various existing professional development programs are examples. Here we will see if we can achieve large-scale transfer through already established university-wide organizations. 

The remaining seven institutions in the CIRTL Network will be the targets for the third level of intervention. These institutions will represent a broad, nationally representative group of research universities potentially helped by CIRTL but only loosely affiliated with it. We anticipate that a wide variety of adaptation strategies will be necessary. Nonetheless, our fundamental approach will be based on the model of Tornatzky et al. (1990). The Engineering Coalition of Schools for Excellence in Education and Leadership (ECSEL), using this model, showed that a key to success in transferring reform from one institution to another is having researchers and faculty at both institutions actively assist in the transfer process. Active networks of like-minded STEM faculty and administrators are much more likely to succeed in institutionalizing reform than individual faculty working in isolation (Eiseman & Fairweather, 1996). 

The transfer process will start with each third-level network institution sending two representatives to a meeting sponsored by CIRTL. Network representatives will share their current professional development, teaching and learning, and equity issues, and we will present and discuss the CIRTL program and its implementation at UW, MSU, and PSU. After returning to their campuses, network representatives will identify the CIRTL tools and strategies they find most suited to local needs. They also will select a local team to implement the transfer and carry out the reforms. Members of the CIRTL Evaluation and Research Team will visit each network institution to guide the network institutions in “constructing their own way” for implementation, and to gather information for subsequent design of evaluation instruments. At this stage, we will send a team of UW, MSU, and PSU faculty and staff to each network institution to initiate the formal transfer of relevant tools and strategies. They will deliver materials, describe the best ways to use the tools and strategies, and discuss their own experiences. The network institutions will then implement the tools and strategies. At a relevant time, the CIRTL Evaluation and Research Team will send instruments to each site to assist them in collecting evaluative data; the team will follow up with a site visit to interview participants. We will use these data to provide formative feedback to network institutions during implementation, and ultimately to develop summative findings about the transfer process. 

Based on an assessment of these dissemination efforts at the third-level network institutions, we will expand and refine strategies for wider dissemination. The CIRTL Network institutions will become engines for further national transfer of the CIRTL successes. Given success in the CIRTL development and transfer strategies, we anticipate expanding the CIRTL Network after the initial 5-year project.

The fourth level of intervention will reach all other research institutions potentially benefiting from our work but not within the initial CIRTL Network. We will reach out to all research institutions through a national conversation, described in the next section.

To demonstrate success, CIRTL must show that its Professional DevelopmentPprogram can be adapted by other research institutions. A basic principle of the CIRTL transfer strategy is that such adaptations must require little additional funding for either the transfer or the institutionalization. Previous research has shown that institutional leaders are unwilling to make initial commitments to change when maintenance of reforms will require substantial ongoing funding (Colbeck, 2002; Eiseman & Fairweather, 1996). Sack, Bras, Daniel, Hendrickson, Smith, and Levitan (1999) have recommended looking for “grant-neutral” dissemination strategies—that is, reforms that do not require substantial additional funds to continue over time. We have designed the CIRTL activities (section III.a) to include non-financial incentives for participants and to ensure that their implementation will not require resources above those reasonably available at research institutions. Similarly, we will seek institutionalization and transfer strategies that are not resource-intensive.

IV. The National Conversation

CIRTL will become a focal point in the national conversation about STEM professional development in teaching and learning. Following the successful NISE model (Mundry, Britton, Raizen, & Loucks-Horsley, 2000), we will host annual CIRTL Forums to address central issues in the development of STEM teaching and learning. We anticipate that the first CIRTL Forum in Fall 2003, modeled after the 1998 NISE Forum in Graduate Education (www.wcer.wisc.edu/gradedforum), will produce a national status report on present STEM graduate-through-faculty teaching and learning development programs. We will also carry the national conversation to STEM disciplinary meetings, for which we have built-in capacity in the diverse set of STEM faculty on the CIRTL team. And we will contribute to the broader ongoing conversations regarding graduate education being led by the Carnegie Foundation (Cambridge, 2002), the Council of Graduate Schools, the American Association for Higher Education, the Association for the Study of Higher Education, and various disciplinary associations.
We are enthusiastic about developing distance learning programs that will provide in-service professional development beyond the CIRTL Network. We will also disseminate CIRTL products via the Web, building on our experience with the Innovations in STEM Education Web site. The fundamental research work will be presented at conferences and in journals and books.

We will create a CIRTL Fellows program modeled on the NISE Fellows program. These Fellows will bring national expertise and diverse perspectives to CIRTL and make scholarly contributions that will strengthen the CIRTL program. Equally important, the CIRTL Fellows will create a strong national network for both dissemination and ongoing collaboration.

V. Impact of the CIRTL Professional Development Program

To estimate the number of graduates-through-faculty who will participate in CIRTL programs, we use UW as a model with 900 STEM faculty and 4000 STEM graduate students. We have several measures of baseline faculty participation. More than 40 STEM faculty at UW, including the chairs of chemistry, engineering physics, industrial engineering, mathematics, and physics, have already indicated their willingness to support the participation of their research teams in CIRTL. More broadly, over 100 STEM faculty have participated in the CCLE faculty development program, which was begun in the UW College of Engineering and then expanded to the entire faculty. These faculty represent a solid base on which to develop the CIRTL activities and learning community. Our goal is to have an ongoing participation of  100 STEM faculty in the CIRTL program.

The UW Graduate School Study (2001) found that over 50% of graduate students for whom teaching enrichment opportunities were available participated in them. Students felt that mentoring, peer discussions, and courses were the most effective experiences; however, only 38% of those surveyed had access to mentoring opportunities. Courses were available to even fewer students, but still were utilized by over half of those students to whom they were available. The study concluded that there was a graduate student demand for more opportunities and recommended their provision by the Graduate School.

The STEM enrollments in existing UW courses on teaching practice, in the KTI program, and in other development opportunities suggest a baseline number of 200 graduate students per year currently participating. In addition, teaching assistant training programs serve 250 STEM graduate students annually.

At startup in the UW laboratory the CIRTL Professional Development Program will have the capacity to serve approximately 100 STEM graduate students and post-doctoral researchers in academic year courses, experiential seminars, internships, and the learning community. Given the baseline numbers, we anticipate an initial demand comparable to this capacity. We will expand the program as demand increases and more graduates-through-faculty take on leadership roles. Conservatively, our goal at UW will be to annually serve 200 graduate students and post-doctoral researchers and to support 50 minor or certificate programs in STEM education during the academic year, and comparable numbers of graduates-through-faculty through summer programs and workshops.

If these numbers are representative for the entire CIRTL Network, at the end of 5 years the CIRTL Professional Development Program will be serving at least 2,000 STEM graduate students and post-doctoral researchers annually and have established learning communities for graduates-through-faculty at 10 research universities. The ultimate national impact will be to seed all undergraduate institutions with faculty bringing a new, dynamic approach to teaching and learning, and thereby enhance STEM education for all students.

VI. Evaluation and Research

Evaluation and research will be a critical component of CIRTL, embedded in all of its activities. Fairweather (MSU) will lead an experienced and nationally recognized multi-institutional Evaluation and Research Team of Austin (MSU), Baldwin (MSU), Cabrera (UW), Colbeck (PSU), S. Millar (UW), and Webb (UW). Our research program will be one of action research (National Research Council, 2000). The Evaluation and Research Team will be involved in all CIRTL activities, gaining important knowledge about changing graduate-through-faculty practices and beliefs toward learning through teaching. Indeed, the graduates-through-faculty will be key informants as they study their own teaching. Through this participation, we will learn about critical aspects of the change process difficult to study through surveys and observations. Equally important, the Evaluation and Research Team will be able to inform and guide CIRTL development and transfer activities.

VI.a. Evaluation

The CIRTL Evaluation and Research Team will bring together a group with extensive experience in conducting studies over the full range of educational experiences. Team members have conducted evaluations of numerous education programs, including ECSEL, GK-12 graduate student fellowship programs, education systems as part of NISE, teacher professional development programs, and K-12 curriculum programs. 

Ongoing formative evaluation will ensure that CIRTL effectively achieves its goals in a timely way. Using outcome measures described below, the Evaluation and Research Team will provide an ongoing assessment of CIRTL’s interim progress that will enable the CIRTL co-directors and team leaders to make midcourse corrections and improvements. As part of a continuous improvement management model, we will develop an electronic monitoring system to enable each project to report its progress to CIRTL management. As problems are identified, the Evaluation and Research Team will use ethnographic interviews to examine programs, uncover reasons for any poor performance, and make recommendations for improvements. Because the CIRTL development activities and first implementations will be at UW, these formative evaluation efforts will be led by Webb and primarily executed by UW evaluators. 

Ultimately, CIRTL’s success will be measured by achievement of its five goals (section I). We will evaluate successful achievement of these goals as follows:

Principal Objective for Goal 1: Develop tools and strategies that prepare and motivate STEM graduates-through-faculty to use and further improve best practices in STEM teaching and learning for all students. Throughout the CIRTL Network, we will measure and compare graduate-through-faculty instructional practice pre- and post-CIRTL participation, particularly with respect to best practices, effectiveness with diverse audiences, and engagement in effective teaching-as-research. We will also compare the attitudes and instructional practices of graduates-through-faculty who have had extensive CIRTL participation with those who have had limited or no direct exposure to CIRTL activities. A number of instruments exist for measuring classroom instructional practices, classroom climate, students’ perceptions of their abilities in STEM, and student performance, including those of Cabrera et al.,  (2001), the National Survey of Student Engagement (www.indiana.edu/~nsse/), and the College Student Experiences Questionnaire (www.indiana.edu/~cseq/).

Principal Objective for Goal 2: Develop learning communities that recruit, support, and sustain STEM graduate-through-faculty reform in teaching and learning and lead to institutional change. We will measure the number of graduate-through-faculty participants in CIRTL activities as a function of gender, race/ethnicity, and discipline. We will also measure changes in participation over time at institutions throughout the CIRTL Network. We will document the spread of reforms from participating graduates-through-faculty to their colleagues. We particularly seek to document the role of the learning community in attracting graduates-through-faculty to CIRTL. We will measure the extent that CIRTL-developed activities have been incorporated and funded as regular operations throughout the CIRTL Network. Relevant indicators include the development of new organizational structures to carry out CIRTL or the integration of CIRTL into existing administrative units; increased institutional and departmental commitment to teaching as indicated by faculty rewards and incentives for faculty development in instruction; widespread use of CIRTL-recommended practices; and reallocation of resources for improved teaching and learning.

Principal Objective for Goal 3: Transfer and implement the CIRTL program throughout the CIRTL Network. We will examine the effectiveness of various transfer strategies between institutions in the CIRTL Network. The focus will be on measuring the success of adaptation and implementation of the CIRTL program via the tools and strategies produced by the CIRTL teams. We will describe the distinct institutional environments and contextual factors that impede or enhance the transfer of tools and strategies between institutions. We will use documentation and case study techniques to describe the effectiveness of the transfer of tools and strategies, taking into account the different institutional resources, governing structures, and prior efforts to improve STEM education. Measures of the effectiveness of these tools and strategies at the varied institutions will be attained through evaluating achievement in Goals 1 and 2.

Principal Objective for Goal 4: Demonstrate that participating STEM graduate students and postdoctoral researchers show a commitment to use of best instructional practices in future faculty positions, and to ongoing improvement of those practices through teaching-as-research. To determine the effects of the collective CIRTL experiences on STEM future faculty, we will conduct a longitudinal study of a cohort of UW STEM Ph.D. students and post-docs over 5 years. We will collect baseline data on the entering cohort and document the attitudes of this group about teaching and teaching-as-research at different points in time during their program. We will track their teaching practices for those who do teach during the 5 years. In the 5th year, we will again assess attitudes. Our assessments will include their views about student engagement in their own learning, knowledge of active and collaborative instruction, awareness of teaching to diverse student audiences, and the practice of teaching-as-research (Colbeck, Cabrera, & Marine, 2001). When possible, we will follow the Ph.D. recipients into their new positions, document their attitudes and teaching practices, and compare these practices to those encouraged by CIRTL. We anticipate that this longitudinal study will follow CIRTL alumni after the 5-year duration of the center.

Principal Objective for Goal 5: Lead a national conversation about STEM graduate education and early faculty career development. We will judge effectiveness by the following kinds of indicators: (a) presentations at disciplinary and professional conferences, (b) evidence that the CIRTL agenda has been recognized and used by national associations, (c) amount of use of Web-based and other dissemination tools, and (d) publications in major outlets. We will also look to our National Advisory Board (section VIII) to judge our progress in leading a national conversation on improving teaching and learning of STEM education at the undergraduate level.

VI.b. Research 

The Evaluation and Research Team will produce knowledge on STEM professional development and reforms needed to achieve significant change in STEM higher education. The team will conduct a broad survey and analysis of existing STEM professional development and graduate preparation programs throughout the U.S. Team members will visit other higher education institutions to document the teaching needs and concerns of the full range of institutions that hire STEM graduates, including community colleges, historically black colleges and universities, liberal arts colleges, masters-level universities, and research universities. These studies will inform the design of the CIRTL program and will be important early deliverables.

A particular emphasis of the research program will be the transfer of successful programs between research universities. Relevant questions include: (a) What transfer and institutionalization approaches are most effective, and in what institutional contexts, taking account of different institutional resources and different levels of prior involvement in efforts to improve education in STEM? (b) What challenges and barriers occur in the use of various strategies for transfer and institutionalization? (c) What general lessons apply to non-CIRTL institutions wishing to use faculty development and graduate education as a lever for improvement in teaching and learning in STEM?

VII. Prior Work, Institutional Capacity, and Personnel

We will build CIRTL on a strong foundation in STEM higher education. UW, MSU, and PSU have extensive experience and success with national, NSF-funded, multi-institutional centers in STEM education. UW hosted the National Institute for Science Education (REC 9452971; 7/1/95 - 1/31/01; $10,265,866; Porter, PI). In 5 short years, NISE (a) built working partnerships with states, districts, scientific and educational organizations, federal agencies, and foundations; (b) completed eight books; (c) published over 100 journal articles, research monographs, and briefs; (d) produced 11 Web sites, including the award-winning The Why Files; and (e) conducted five innovative and highly successful national forums. The NISE created a partnership of STEM faculty and social science researchers working collaboratively to produce new knowledge and products for the improvement of K-16 STEM education. The College Level One team performed a 5-year synthesis of education research in collaborative learning, assessment, student evaluation, and learning technology, and presented that knowledge in the Innovation in STEM Education Web site. NISE work led to a major reconceptualization of K-12 professional development presented in Designing Professional Development for Teachers of Science and Mathematics (Loucks-Horsley, Hewson, Love, & Stiles, 1998). The NISE proposed new methodologies for evaluating systemic reform. It also created a Web-based approach to teacher education that is continuing under NSF funding. Finally, the NISE conducted a national survey of best practices in graduate preparation for STEM education.

The Center for the Study of Higher Education (CSHE) at PSU held the subcontract to evaluate the seven-school coalition constituting the Engineering Coalition of Schools for Excellence in Education and Leadership (D6-34024; 1990-95; $560,890, Fairweather, co-PI; 6340-66D, 1995-00; $818,945, Colbeck, co-PI). Qualitative and quantitative studies analyzed internal and external factors that facilitate or inhibit climate change across various institutional contexts, effect on student learning, personal and departmental factors that motivate faculty to use new teaching practices, and organizational conditions that predict institutionalization of reforms. Evaluation tools developed for ECSEL, including student and faculty surveys, have been disseminated for use by engineering schools around the U.S. and will be used in the CIRTL evaluation. To date, publications resulting from the ECSEL evaluation include 15 articles in national and international refereed journals, three book chapters, and more than 30 proceedings and presentations at engineering and education conferences. 

Looking to the future, we will build CIRTL on cultures of excellence in both STEM and education research at UW, MSU, and PSU. CIRTL will be able to draw on internal experts and organizations and will be well connected to organizations throughout the nation that are committed to the goals of this proposal. UW hosts numerous disciplinary centers in STEM higher education, including the Institute for Chemical Education, the Center for Biology Education, the Engineering Learning Center, and the Women in Science and Engineering Leadership Institute, as well as the more broadly based Creating a Collaborative Learning Environment and UW Teaching Academy. All will be involved in CIRTL. MSU and PSU are nationally recognized for innovative reforms in STEM undergraduate teaching and learning environments, in faculty development programs, and in faculty rewards on behalf of teaching. MSU hosts the Lyman Briggs School and the Bailey Scholars Program, both pioneering learning communities for STEM students. PSU hosts the Leonard Center in Engineering and the Schreyer Institute for Innovation in Learning which encourage campus-wide teaching reform. The supporting letters from senior leaders at UW, MSU, and PSU indicate the strength of their commitment to CIRTL, and the centrality of CIRTL activities to the institutional objectives.

The PSU Center for the Study of Higher Education (CSHE), the MSU Higher, Adult, and Lifelong Education (HALE) Program, the Wisconsin Center for Education Research (WCER), and the UW Learning Through Evaluation, Adaptation, and Dissemination (LEAD) Center are at the forefront of research in higher education. The combined expertise encompasses the preparation of new and future faculty, reform in undergraduate education, best practices in college teaching and learning, studies of faculty rewards and motivation, and evaluation of major STEM education initiatives, such as the NSF-funded New Traditions chemistry curricular reform project and ECSEL

CIRTL is a strong collaboration of STEM faculty and education researchers. All co-PIs and team leaders are briefly described below; however, they represent only a subset of those involved in CIRTL. 

Steve Ackerman, Professor of Atmospheric and Oceanic Sciences, UW; Director of the Cooperative Institute for Meteorological Satellite Studies; Chancellor’s Award for Distinguished Teaching and Aerospace Outreach Awards from the Wisconsin Space Grant Consortium. 

Ann E. Austin, Professor of Higher, Adult, and Lifelong Education, MSU; nationally known for work in faculty professional development, improvement of teaching and learning in higher education, and organizational change in higher education; co-PI of Spencer- and Pew-funded “The Development of Graduate Students as Teaching Scholars.” Past President, Assoc. for the Study of Higher Education.

Roger G. Baldwin, Professor of Higher, Adult, and Lifelong Education, MSU; known nationally for research on professional development strategies, the academic career development process, and faculty collaboration; expertise in teaching and learning issues, curriculum development and reform. 
Aaron M. Brower, Professor of Social Work & Integrated Liberal Studies, UW; Chancellor’s Award for Distinguished Teaching; nationally known for developing and evaluating residential learning communities; currently Director of the Bradley Learning Community.

Judith N. Burstyn, Professor of Chemistry and Pharmacology, UW; Co-Director Women in Science and Engineering (WISE) Residential Learning Community, former chair, Department of Chemistry Undergraduate Curriculum Committee, restructured undergraduate chemistry curriculum at UW, internationally recognized researcher in bioinorganic chemistry.

Alberto F. Cabrera, Professor of Educational Administration, UW; nationally renowned for work on equity issues pertaining to minorities and socioeconomically disadvantaged students in higher education; his research on access to and persistence in college has been adapted by the Pathways to College Network as a framework to guide funding and intervention strategies.


Eileen Callahan, Associate Director of the Graduate Student Professional Development Office, UW; co-PI on the GK-12 award “K-Through-Infinity Systemic Professional Development”.

Chris Carlson-Dakes, Associate Director, Creating a Collaborative Academic Environment, UW; adjunct faculty in College of Engineering; executive committee of the UW Teaching Academy; focuses on creating cross-disciplinary communities in higher education.

Carol Colbeck, Associate Professor of Higher Education, PSU, and Senior Research Associate in the Center for the Study of Higher Education; conducts research on faculty integration of teaching, research, and service, and relationships between organizational climate, faculty teaching, and student learning; co-directed evaluation of the NSF-funded ECSEL coalition.

Clifton F. Conrad, Professor of Educational Administration, UW; nationally recognized scholar of higher education teaching and learning in undergraduate and graduate education across the liberal arts and sciences; Past President, Association for the Study of Higher Education.

Sandra Shaw Courter, Director, Engineering Learning Center, Adjunct Professor, Engineering Professional Development, UW; Executive Committee of Educational Research and Methods, Division for the American Society for Engineering Education; research interests in curriculum innovation and graduate student development.

Sharon Dunwoody, Professor and Director of School of Journalism and Mass Communication, Associate Dean for Social Sciences, Graduate School, UW; international reputation for studies of public understanding of science via the mass media; teaches science writing to a variety of audiences, including scientists; policy experience with science advisory bodies of the American Association for the Advancement of Science and the National Academy of Sciences.
James Fairweather, Professor of Higher, Adult and Lifelong Education, MSU; nationally known for his work in faculty roles and rewards, industry-university partnerships, reforming undergraduate engineering education, and higher education policy; extensive experience in evaluation and project management; co-directed evaluation of the ECSEL coalition and is co-PI of a GE Fund project to study reform in undergraduate engineering service courses.


Walter Goodman, Professor of Entomology, UW; research areas include genetic regulation of insect development and insect immunity; instructional interests include development of new methods of enhancing inquiry-based science.

Robert D. Mathieu, Professor of Astronomy, UW; internationally recognized researcher in stellar astrophysics; Presidential Young Investigator, Guggenheim Fellow; Chancellor’s Award for Distinguished Teaching; experience in managing large programs includes Associate Director of the NISE, Director of the CL-1 Institutes, President of Board of Directors for WIYN Observatory, Inc.

Susan Millar, Director of the Learning through Evaluation, Adaptation, and Dissemination (LEAD) Center, UW; evaluation work focuses on faculty and student learning and organizational change processes associated with efforts to improve learning in the STEM disciplines; currently serves as chair of the NSF Education and Human Resources Advisory Board.

Terrence Millar, Professor of Mathematics, Associate Dean for Physical Sciences, Graduate School, Interim Director of the Graduate Student Professional Development Office, UW; PI on the GK-12 awards “K-Through-Infinity Professional Development Partnership” and “K-Through-Infinity Systemic Professional Development”; former co-director of NISE.

John Moore, W. T. Lippincott Professor of Chemistry, UW; Director of the Institute for Chemical Education, Editor of the Journal of Chemical Education, former co-PI of the New Traditions project, one of five NSF-funded systemic initiatives in chemistry; awarded every major award in chemical education and the UW-System Underkofler Award for Teaching Excellence.

Gregory A. Moses, Professor of Engineering Physics, UW; internationally recognized in inertial fusion; reformer of higher education using information technology; co-lead of NSF PACI Education and Outreach Program Leadership Team, and on Executive Committee of NSF/NPACI partnership.

Andrew Porter, Anderson Bascom Professor of Educational Psychology, and Director, Wisconsin Center for Education Research, UW; leader in work on student achievement assessment; member of the National Academy of Education and Immediate Past President of the American Educational Research Association; has directed a number of large education R&D centers, including the NISE.

James Stewart, Professor of Science Education, UW; an active research program on student learning and reasoning in the sciences; Associate Director of the National Center for Improving Student Learning in Mathematics and Science and a founding member of the UW-Madison’s Center for Biology Education and the BioQUEST Curriculum Consortium.

Norman L. Webb, Senior Research Scientist, Wisconsin Center for Education Research, UW; nationally known for work on evaluation and assessment; co-PI of GK-12 program evaluation, Study of Systemic Reform in Milwaukee Public Schools, and Study of the Impact of the State Systemic Initiatives; evaluator of the vertical integration projects.

VIII. Management

CIRTL will be structured to be a highly interactive, collegial system, while maintaining the clear lines of authority and responsibility necessary to ensure quality accountability, direction, and leadership. CIRTL will be operated through a partnership of UW, MSU, PSU, and the NSF. CIRTL will be co-directed by Robert Mathieu, UW Professor of Astronomy, and Andrew Porter, UW Professor of Educational Psychology. This balance in leadership between STEM and social science reflects the character of the center we seek to establish, and is reflected in each development team.

Mathieu will have primary responsibility for the development and implementation activities at UW described in Section III.a. Mathieu will be assisted by a half-time Program Coordinator, whose responsibilities will be management of the implementation of the CIRTL program at UW, including communicating with graduate-through-faculty participants, coordinating the learning community, serving as liaison with campus teaching and learning initiatives, managing the internship program, promotion of CIRTL programs, etc. The UW Graduate School strongly endorses this proposal, and over the duration of CIRTL will provide half of this position as well as project assistants in order to promote successful institutionalization of the CIRTL programs at UW. Mathieu and these staff will be physically located at the CIRTL Learning Community. 

Porter will have primary responsibility for the evaluation, research, and transfer activities. Evaluation of UW development and implementation activities will be led by Webb and administered out of WCER. Development, management, and evaluation of the transfer activities will be led by Fairweather and administered out of MSU. Fairweather will coordinate closely with Mathieu and Webb in the transfer of the CIRTL program from UW to the Network institutions. The research programs will also be led by Fairweather. 

Mathieu will be the principal contact to NSF, while Porter will take lead responsibility for managing day-to-day activities of the center administration, supported by a project manager. WCER has established capacity to support large and geographically dispersed centers such as CIRTL.

Mathieu, Porter, Fairweather, and the team leaders for the development activities will constitute the Management Team. This management team approach is patterned after the NISE, which was highly effective in maintaining coherence, communication, and quality in that geographically dispersed consortium. The Management Team will convene at least once monthly through conference calls or face-to-face meetings. The Management Team will provide oversight of CIRTL work and dissemination activities; identify and implement strategies for improvements; ensure that individual activities continue to be coordinated as a coherent strategy; and plan future directions. When appropriate, NSF staff will join these meetings via conference call or videoconference.

CIRTL will have a National Advisory Board of representatives from academic campuses, national centers, and industry. A primary purpose of this board is to ensure that CIRTL is aware of and responsive to the teaching needs and concerns of the full array of institutions that hire STEM Ph.D.s. We will include on our board representatives of community colleges, historically black colleges and universities, liberal arts colleges, and masters-level institutions, ensuring their input in the development of CIRTL tools and strategies. We also anticipate local advisory boards of faculty, staff, students, and administrators to guide the implementations throughout the CIRTL Network.

IX. Summary

The proposed Center for the Integration of Research, Teaching, and Learning will create, implement, and transfer on a national scale an interdisciplinary program of graduate-through-faculty professional development in STEM higher education. CIRTL is founded on the concept of teaching-as-research implemented within a learning community. We believe that the combination of these two powerful ideas will significantly increase the number of STEM faculty who use effective teaching practices and who establish career-long commitments to improving STEM undergraduate education. The ultimate achievement of CIRTL will be to contribute to the creation of a national STEM faculty that enables all students to achieve STEM literacy, whose teaching enhances recruitment into STEM careers, and whose leadership ensures the continued advance of STEM education.
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