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The research reported in this study describes associations related to teaching and learning in an innovative graduate education curriculum project (NSF/IGERT) at a Research I University. This ongoing exploratory study examines the complex relationships involved in student and faculty engagement within a multi-disciplinary curriculum over several years. The first two cohorts of students and a number of faculty have participated over the first three years of the project. A mixed methods approach has been used to document student and faculty experiences first using qualitative interviews and observation techniques to inform the development of quantitative survey questionnaires. A control group of graduate students not participating in the innovative doctoral curriculum was added in the third year.  Results demonstrate the experience of graduate students and faculty exposed to the curricular innovation as they engage in and potentially expand the boundaries of learning across traditional disciplines. Barriers to crossing disciplinary borders are documented. 
Context
The call for universities to provide training for a diverse cadre of graduates to work in interdisciplinary settings on multi-disciplinary research teams continues unabated. National leaders from policy and industry have called for educational training that integrates disciplines, focuses on problem-based solutions in applied research settings, and emphasizes skills for effective teamwork (see reports: Committee on Science, Engineering Public Policy, 1995; Pew Foundation, 2001; Nyquist, 2000; Woodrow Wilson Foundation, 2000; Carnegie Initiative on the Doctorate, 2007). This demand for change is particular acute in the fields of science and engineering (Bordogna, Fromm, & Ernst, 1993; Felder & Brent, 2003, 2004; Splitt, 2003). 

 In response, the National Science Foundation funded IGERT projects since the late-1990’s promoting an interdisciplinary curricula and research focus.  However, as Haviland & Goldsmith (2002) in their program review of the first IGERT cohorts found, “a fundamental challenge to the IGERT projects is developing a common understanding of what students should learn and be able to do as a result of participating in an interdisciplinary training project” (p.3). It is here at the nexus of bridging knowledge across fields of inquiry that learning experiences can promote or detract from the true intent of not only embracing “multi”-disciplines, but integrating these in new and innovative ways. 

Interdisciplinary teaching and research are promoted as essential to education reform efforts, particularly those for science, technology, engineering and math (STEM) education reform (Briggs, 2007; MacMynowski, 2007; Metz, June- July 2001; Walker et al., 2008). In their article examining the interdisciplinary aspects of STEM education, Bordogna, Fromm, and Ernst (1993)  find that the “complexity and commingling of many engineering, industrial, economic, environmental, political, and social problems demand individuals with the technical skills and professional confidence in the integrative approach to defining problems” requires programs that meet these needs (p.). And meeting these needs requires joining research scholars from different disciplines that then necessitates developing a “common” research framework (Golde and Gallagher, 1999). To support this development, faculty play a key role in shaping the culture of programmatic change in doctoral education (Bair et al., 2004) and supporting the evolution of the traditional doctoral program format from individualistic, discipline-bound to an engaged, integrative cross-disciplinary group process (Walker, et al., 2008). Students also play key roles often serving as both messengers and as leaders in innovative change movements and becoming key catalysts for sustainable change (Théroux and Durand, 2008).
In this study, a longitudinal mixed methodology approach was enlisted in order to move beyond documenting traditional patterns of graduate student progression and begin to explore the more complex ways curricular change and an interdisciplinary focus impacts the teaching and learning experience.  Through the lens of real world, problem-based learning opportunities spanning academic disciplines and potential spaces beyond the walls of the academy, this study documents the blurring of boundaries by exploring the interconnectedness of science, engineering, entrepreneurialism and social realties through the problem-based topic of alternative fuel technologies. By documenting the evolving spaces in which communication and collaboration around a problem-based learning opportunity are taking place, this project begins to unravel the intertwining threads of traditional educational philosophies that often restrict graduate student experiences and confine teaching and mentoring habits and, consequently, limit the potential for interdisciplinary thought and action. By studying the learning spaces both at and beyond the borders of disciplines and the walls of academia, this research begins to document places that potentially provide opportunities for expanded educational endeavors. 
Research Question(s)

As this is an exploratory study documenting the experience of faculty and students in an innovative program that promotes curricular and cultural change in doctoral education, the following research questions served as guides. Overall, the intent was to document what changes were made, who reacted to these changes and why, if and how these changes are being modified and maintained.  By incorporating both the content and the interaction with change, this research draws attention to the ways in which curricular change overall and learning in particular are simultaneously an organizational and cultural group process as well as an educational and social process at the individual level.
What evidence is there of changes in teaching philosophy and learning opportunities (both documented programmatic changes as well as more symbolic cultural changes at the organizational level and attitudinal/behavioral modifications at the individual level)? How do these opportunities impact student and faculty perception and experience of formally contrived interdisciplinary occasions (such as mentorship, internship, class/lab sessions).

What evidence is there that interdisciplinary opportunities lead to productive engagement in multidisciplinary interactions, both formal and informal (including communication or networking across disciplines, collaborative work such as research, presentations, publications, grants and other opportunities for interaction)? What barriers are there to disciplinary border crossing? What suggestions are there that this type and focus of activity is promising?
Theoretical Framework
The theoretical frameworks for this study are guided by two overarching concerns on documenting change. The first concern is to expand knowledge in the area of understanding curricular/programmatic change, especially its impact on faculty and students given the existing disciplinary structures and organizational frameworks with traditional academic expectations, administrative responsibilities and cultural values (Edwards 1999). Beyond this, it is important to understand the peculiar obstacles facing inter/multi-disciplinary efforts, including the time and effort from participants to learn discipline specific vocabulary and attain consensus on key conceptual definitions (Naiman, 1999), as well as the challenge of reconciling differing research methodologies, funding and grant sharing issues and obstacles to publication (Golde & Gallagher, 1999; Heberlein, 1988; Metz, June- July 2001).
The second concern is with multi-faceted forms of methodology that guide the gathering of data and the assumptions about findings. A mixed methods research design utilizing a longitudinal framework is critical to this study. Imperative is an understanding of the sequential nature of mixed methods research and the unique contribution and demands this type of data gathering entails (Creswell 2003). Overall, guiding the documentation of this work is what Bolman & Deal (1997) refer to as combining frameworks to document a broader picture of how organizations “work” and how various structures and stakeholders respond to change.  Subsequently, the aim is to document aspects of this programmatic intervention that were both intentional and unintentional, that produced outcomes (products) as well as effects (context of change) (Bolman & Deal, 1997).

Methodology
This ongoing research study is longitudinal taking place over a five-year period. The first few years are the focus of this phase of the study (See Figure 1). This phase involved the first two cohorts of graduate students admitted to this innovative graduate program and their faculty mentors. A multiple methods research design was employed utilizing a mixed methodology approach in order to move beyond documenting traditional patterns of graduate student progression (e.g. time to degree, etc.) and begin to explore the more complex ways curricular change and an interdisciplinary focus impacts the learning experience.  

The project uses multiple data sources and a number of methodologies in a research design that incorporates qualitative and quantitative methods through both simultaneous and sequential mixed methods models (see Figure 2).  Using a mixed methods design for exploratory work accepts the premise that the type and nature of the inquiry may evolve as new information is discovered. This project initially gathered data through participant observation, followed by more structured interviews and focus groups and then designed extensive survey questionnaires to explore the complex nature of graduate activities in interdisciplinary focused environments. In addition, archival information on student characteristics was juxtaposed with the interview & survey data to begin to understand various social dimensions of students’ motivation, engagement, and experience with graduate work in general.  Through a multi-method approach over time, this study brings the strength of a longitudinal design in representing more definitive associations documenting this particular case-study.
Data from students and faculty have been collected through observation, interviews, surveys, as well as more traditional documents. Traditional measures of doctoral program outcomes were gained through documents that noted grades, examinations, research publications/presentations and traditional measures related to time to degree, along with basic demographic data on students. In order to document cultural and organizational frameworks, information was collected through observation and interviews that noted departmental requirements and rituals, communications and opportunities/ support for multidisciplinary study and teamwork as well as through participant observation of committee and program planning meetings. Observations to record learning activities were performed in classrooms and other educational spaces. Individual and group interviews were conducted to explore perceptions and experiences in the program generally as well as with multidisciplinary opportunities and barriers. Extensive surveys were developed and administered to faculty and students participating in the program as well as to students not participating in the program. Analysis includes basic descriptive and correlation  information associated with the survey information; with the interviews and observations, analysis includes transcripts and observational rubrics analyzed to determine trends or themes. 
Preliminary Findings

Preliminary data began to reveal tensions in the “what” “when” and “where” of various curriculum requirements and classroom/laboratory characteristics as students began crossing traditional disciplinary lines in their learning experiences. Of particular consequence to students’ ability to understand and integrate interdisciplinary opportunities were the lexicon barriers between disciplines. These findings document the frustrating constraints of long-standing organizational structures and entrenched educational philosophies, but also attest to the less constricted ways students are engaging and defining their own interdisciplinary opportunities in formal and informal learning spaces, both inside and outside of academia.  The study also analyzed faculty surveys comparing questions similar on both the student and faculty surveys to determine differences in perceptions about changes in the doctoral education experience as a result of this programs.  Of note, students and faculty have differing perceptions related to the objectives of doctoral programs, particularly with regard to this innovative program.  Students are less likely to share the multidisciplinary view of their experience than faculty report. Faculty are more likely to assume meeting the interdisciplinary requirement of the program by referring to stated program objectives whereas students refer to their actual experiences (or lack thereof). In addition a comparison group of students from non-interdisciplinary graduate programs was added.  This data is currently being analyzed, but preliminary findings suggest that these students perceive opportunities for interdisciplinary occasions, but then report less concrete ways of demonstrating this (eg collaborative research, presentations, papers, etc) than those students participating in the program. Preliminary findings substantiate the perception that student participants in the innovative curriculum are different in noteworthy ways from non-participants, both in their academic experiences and in faculty assessments. In addition, as was initially noted in the cohort student data, students exposed to occasions for cross-disciplinary opportunities are not only embracing the prospect, but are building interdisciplinary knowledge and social networks.  Already in the planning stages are follow-up interviews to determine the portability of those networks outside the graduate student environment. 
Recommendations
This research points to the continuing need to address the alignment of graduate education with 21st Century needs for a cadre of trained experts capable of embracing multi-disciplinary problems with breadth and depth of knowledge beyond one field specialty, as well as capable of working with interdisciplinary teams on solutions. It points to the challenges inherent in curricular change and the issues related to organizational barriers as well as ingrained human expectations and behaviors. Future research will continue to document the progress of this ongoing project with anticipated expansion in two areas: in-depth interviewing of the women who have participated in this project; future expansion and documentation of mentoring opportunities afforded these graduate students.  For the former, the women participants represent nearly fifty percent of the program cohort—well above the national norms for women participating in doctoral level STEM, and it is imperative that their experience be documented beyond the current data of overall group participation. For the latter, a pilot study in Spring 2008 in which these doctoral students worked with high school math and science teachers on developing and delivering STEM curriculum in conjunction with mentoring opportunities with the high school students should be expanded for the 2008-2009 school year. Of import is the developing literature on learning communities and communities of practice, particularly as these coincide with the more traditional literature on mentoring.  The mentoring literature will guide the development of both of these future research agendas focusing on women’s experience as well as on cross-mentoring in communities of practice where high school teachers and graduate level knowledge “experts” work on secondary school curricula and where graduate and high school students participate in cross-age mentoring through this learning community. 
Ending Remarks
As an educational researcher, I believe that this research opens up the dialogue about re-conceptualizing student post-secondary learning and provides a forum to explore robust research designs that capture intricacies inherent in tough research questions. The conversation, of necessity, embraces both the gathering of multiple sources of data and the subsequent complexity of analyses that contribute to understanding student’s complex, multidisciplinary perspectives on real life problem solving. Pushing against the boundaries of traditional educational inquiry by accounting for new ways to embrace learning and afford students space to cross traditional boundaries inside and outside of the academy begins to document the yet to be adequately defined contributions that interdisciplinary problem solving is adding to the student learning experience. Documenting these experiences, both perceptual and real, begins to attest to the new and innovative ways students, and to some degree faculty, are defining and managing occasions for interdisciplinary opportunities.  It is at this intersection, where academic, technical, practical and social boundaries become blurred, that educational researchers must rethink their research designs and, more importantly, their conceptualizations of when, where and how learning takes place.  
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Figure 1: Project Data Points


Figure 2: Multi-Method Design
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