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Introduction

The National Science Foundation Engineering Research Centers (ERC) Program has established 37 ERCs since 1985.  These are unique, long-term partnerships between NSF, Universities, and Industries.  The Centers Program was designed to create the knowledge and technology necessary to advance next-generation engineered systems.  The mandate of each Center is threefold, including strong education and technology transfer components in addition to the research focus.   NSF has played a major role through the ERC Program in the development and institutionalization of what has been called a “new paradigm” in engineering education.  The Committee on Science, Engineering, and Public Policy  (COSEPUP) called for graduate education to move away from a narrowly defined, single department focus to a broader student experience (1).  There was an acknowledgment by the committee that students were not being prepared to function in the multidisciplinary environment which characterizes industry today.    The ERC education model has been called  “new paradigm” of graduate education (2) and addresses this need by bringing together faculty, students and industry partners in an interdisciplinary environment that more adequately reflects the industrial model of technology and product development.  The National Science Foundation views ERCs as change agents, and ERC innovations in research and education are expected to impact curricula at all levels from pre-college to life-long learning, to encourage diversity in all levels of programming, and to be disseminated to both academia and industrial partners (3).

The mechanism to achieve this systemic change in the multidisciplinary integration of engineering research and education is a cooperative agreement between the lead university and NSF, the duration of which was initially 11 and now is potentially 10 years.  NSF support for successful ERCs is phased-down in years nine and ten to prepare the Center for self-sufficiency, as ERCs are expected to be self-sustaining after ten years when NSF support ceases.

Previous Self-Sufficiency Studies
Given the expectation of ERCs to serve as change agents, the strong emphasis on the education component, and the time-limited NSF support of the Centers, it is of interest to examine the status of ERC educations programs in graduated Centers.  In 1997, NSF contracted with SRI International to study the effects of graduation on Centers (4).  SRI rightly focused not only on whether or not programs continued to be offered post-graduation, but if the key features fostered by the ERC (i.e.multidisciplinary, team-based, research integrated with the education program) were maintained.  In this study, 12 Centers were included: two from the first cohort, five from the second cohort, two from the third cohort and three from the fourth cohort.  At the time, only the first and second cohorts had experienced the ramping down of NSF support that occurs in the last two years, so the report in some cases was predicting what the Center Management Team expected would happen when the funding was completely phased out.  

With only one exception, all of these maturing centers downsized, involving fewer students and less multidisciplinary research.  Student involvement and seminars decreased.  Much of the outreach (i.e. REU programs and minority recruitment) was curtailed.  Most classes that had been introduced had been institutionalized and were being maintained, although in one case new courses were dropped when the faculty was no longer available to teach them.  It was noted that the reduction in NSF money had additional impacts on education, in that it typically was used to fund undergraduate research as well as the outreach programs and the outreach and undergraduate programs were not continued.  It was suggested by this study that keys to the success of education programs post graduation might include:

· Alternate NSF or other Federal funding for education programs

· Institutional support to continue them

· Faculty and student interest high enough to maintain the programs regardless of the source of funding and

· Industry becoming involved in the cost of student training. 

A follow-up study also conducted by SRI looked at five cohorts – 1985-1990 (5).   Once again the focus was not on whether the Center survived as a viable research Center, but if it did so while retaining the ERC culture.  Two of the original first and second cohorts had evolved into different entities and had most closely maintained the ERC culture.  Downsizing, concerns about a shift in focus towards applied research, and a decrease in student involvement were problems that all experienced.  SRI concluded that this follow up study essentially confirmed the findings of the first.  SRI noted that a harbinger of the decline of ERC educational programs post graduation was that the first thing to go is the pizza and cookies!

Of interest is that in contrast to the original hypothesis that increased industry involvement would help a Center in transition, this study concluded that strong industry involvement might hinder the continuation of the ERC culture, in both research and education areas.  It was noted that these studies lacked an operationally defined measure of successful “graduation” and primarily relied on tracking the continuation of specific programs.  This may or may not reflect the institutionalization of the interdisciplinary ERC culture.  

This second report concluded that the most successful transition occurred where there was:

· Strong institutional support

· Motivated faculty, with institutional incentives to encourage this motivation

· Research that is able to evolve to remain on the cutting edge

In 2001, a meeting of the National Science Foundation Research Center Educators Network (NRCEN) that included NSF Centers Education Program Administrators from ERCs, Materials Research Science and Engineering Centers (MRSEC), and Science and Technology Centers (STC) was convened to explore areas of mutual interest and concern.  A working group was formed to discuss the sustainability of education programs beyond the lifetime of the Center.  It was reported that in education programs the key resources are the personnel in place developing and running the programs (6).  It is this expertise and the programs they develop that are often the first cut when NSF funding ends.  The group noted that much of this information about post graduation status was anecdotal.  Therefore, the group identified the need for data collection with respect to what has happened to matured Centers to get an accurate picture of what programs survive graduation and what mechanisms were instrumental to their continuance.

To investigate this question for ERC’s, the authors of this report not only looked at the data that was reported by SRI but also sent out a detailed survey specifically related to the to education program components to all 16 graduated Centers.  In some cases follow-up phones calls were made.   Responses were received from nine Centers.    A web search was conducted for the non-responding Centers and is discussed later in this report.  All participants were ensured of the confidentially of their response, to encourage candid responses. The survey is found in Table 1.   

	Table 1. Graduated ERCs Education Program Survey

	1.Does/did the ERC Education program developed by your Center continue to offer programming post graduation?

	1.a.   If it did for a time and then ceased, please indicate for how long it was continued and why it ended.

	1.b.   If it is continuing, is it providing the same level of services post graduation as pre graduation? If no, please explain what was discontinued and why.

	1.c.   How does the Education program budget compare pre and post graduation?

	1.d.  What is/are the primary source(s) of funding for the education program post graduation?

	1.e.   How does the Education program staff resources (Director, Coordinator, support staff, etc...) compare pre and post graduation?   

	1.f.  What is the role of industry in the continuing education program?

	1.g.  To what do you credit your ability to provide an education program post graduation?

	2.What do you know now but wish you knew pre graduation about the continuation of the ed program that no one told you at the time?

	3.Do you have a story you want to share as a case study?


Survey Results

The initial findings and predictions found in the SRI reports were confirmed by this survey.   Responses to specific questions are grouped and summarized below.

Does/did the ERC Education program developed by your Center continue

to offer programming post graduation?  

Seven of the ten Centers reported that an Education Program continued after the NSF funding ended.   Follow up questions however revealed that six of those seven reported a decrease in education programming.  Five indicated that ERC-developed classes were continued.  Four reported diminished or cancelled undergraduate research opportunities; three reported fewer precollegiate activities and one reported a decrease in the number of graduate students involved.  

How does the Education program budget compare pre and post graduation?

How does the Ed program staff resources (Director, Coordinator, support staff, etc...) compare pre and post graduation?    

All but one Center reported either a significant decrease or a zero budget.  As reported by NERCN, a critical education resource is the personnel developing and managing the programs.  Therefore this survey looked at the status of the Education Program staff post graduation.  In seven Centers the number of people running education programs post graduation was either none or significantly reduced from the pre graduation level.  In one Center, the Education Director became a non-paid position assigned to a faulty member. One Center reported that faculty members volunteer their weekends and evenings to participate in precollegiate outreach programs.  It is likely that this type of small scale, uncoordinated outreach was in place prior to the Center, and its continuation is dependent on dedicated individuals willing to volunteer off-hours.

One respondent noted the need for an education program administrator as “faculty do not have the time needed in order to make them (education programs) a success.”  In one case, the Center did not plan for the continuation of the education administrator, so the program continued post graduation for 15 months until the position was vacated and not re-staffed.  These survey results indicate that in the absence of a dedicated person to coordinate activities, the education program will decline and eventually disappear, even when Centers have faculty with good intentions but no organized direction.

If it is continuing, is it providing the same level of services post graduation as pre graduation? If no, please explain what was discontinued and why.

Respondents commented that education programs that need funded (typically outreach and undergraduate research) ended after graduation. In one case, to continue undergraduate internships they would have had to seek other funding and did not do so.  One commented that when funding for undergraduates ended, faculty had to raise their own funds for them and as faculty often do not obtain “tangible” benefits to their research, only those dedicated to training these students would seek funding to continue this support, therefore the program lacked coordination and subsequently declined.  One reported that the formal precollegiate outreach ended, but their Center continued the low or no cost outreach activities such as tours to school groups.  

What is the role of industry in the continuing education program ($, internships, etc.)?

The Year 1 SIR report suggested that one source of funding post graduation might be industry, so industry participation in education programs was investigated.  In the Second Year report SRI amended this with the finding that industrial funding is generally not available for educational activities.   For the most part, this was borne out by this survey. Three Centers receive no funding from industry.  Industry support is limited in others and in most cases very restricted. One Center has industry involvement via sponsorship a senior design course and one reported limited (curtailed from pre graduation status) industry support for undergraduate research.  

Two Centers are able to offer self-supporting short courses to industry that are also available to graduate students.

Two Centers reported graduate students supported through industrial research grants, and one reported direct support in the form of industrial fellowships that are limited to projects closely aligned with industry interest.  One center reported that while industry took over the major research thrust, it concurrently severely curtailed education program support.  This confirms one respondent who noted that while industry support continues for research, it is not willing to fund undergraduate research projects.  The most successful continuing education program reported no funding from industry.

To what do you credit your ability to provide an education program post graduation?
Center personnel were asked what elements were necessary for them to be able to continue offering whatever education programs remained in place post graduation.  Responses were

· NSF support for the initial development of education programs, 

· committed and dedicated faculty, and

· becoming institutionalized as a college-level institute. 

WEB Search of Non-Responders
Although a web page is not a definitive report of the status of an education program, in the absence of responses, one was conducted for the seven non- responding Centers and produced the following results:

· Center 1 - Education was mentioned in the mission statement and it was noted that students are the primary product.  There was no education page and no other mention of education programs.

· Center 2 – This Center has evolved into a collaboration with a MRSEC and it was noted that the ERC culture of integration of education and research was maintained. While there were research programs pages, there was no education page.  The most recent Director’s message was from 2000 and it was not possible to determine the date for the rest of the site.

· Center 3 – When searching for this site, one is sent to a research group page that perhaps was part of the original Center.  Courses are listed and there was no education page.

· Center 4 – At this site there was an education page that was a list of industrial short courses. The student opportunities listed were twofold – a visiting scholars program for foreign graduate students and graduate fellowships.

· Center 5 – was last updated in 1998 when NSF funding ended.

· Center 6 – This search leads to a laboratory facility that once “housed the ERC” and now houses a DAPRPA-funded Center.

· Center 7 – This Center site indicates a commitment to education, and included descriptions of both graduate and undergraduate research opportunities.  It is impossible to determine how the funding and personnel changed post graduation however. 

Exceptions to the Rule

There were some notable exceptions to the general rule of overall declining education activity.   One Center reported a decline in the number of graduate students concurrent with the loss of NSF funding, but also reported that the undergraduate program had expanded beyond the original Center program.  It has retained the ERC-inspired multidisciplinary research experience for these students.  These undergraduate programs are funded primarily by individual PI grants and a campus-wide Undergraduate Scholars Program.   This program is also an exception to the general rule that industry funding does not support undergraduate student research.  At this Center a portion of the Industrial Partners fees is used to fund a training laboratory through which students can participate in research. 

Another Center has completely discontinued the precollegiate program but has maintained a robust collegiate level program that also unlike other Center experiences, has been maintained by strong industrial support.  This includes industrial supported graduate fellowships and research assistantships and undergraduate research awards as well as an REU program.  At this location a Master of Science Program that was developed during the NSF support period continues to enroll 25-30 students per year.

A Success Story

There was one Center that reported not only no decline in programming after graduation, but an expanded program as well, and this Center can serve as a model for others seeking to successfully transition to self-sufficiency.  The ERC Education Program Administrator has been integrated into the college post graduation, and therefore the ERC focus has been disseminated into the college-wide programs that she manages.  That her position is funded by the Dean’s Office is an indication of the degree of institutional support for the ERC vision, a key element identified by SRI as a necessary condition to the maintenance of an ERC culture post graduation.  The ERC at this location successfully seeded an undergraduate Fellows Program that has been expanded to the College of Engineering as a whole, the REU program has gone college-wide, and the precollegiate outreach activities have also expanded. These programs operate on an expanded budget derived from a combination of NSF grants, multiple foundation grants, School of Engineering funds and other non-industry sources.   

Elements to Facilitate Successful Graduation

This survey of graduated Education Programs confirmed many of the findings of the SRI studies and further identified factors believed to be importance to education programming in particular. These are summarized below:

· A full time (hard money) person to coordinate activities, who is prepared to seek funding from grants and other sources

· Institution support for the ERC Education culture. Several respondents noted finding champions of the education and preparation of students, both in industry and at the University, level to be critical.

· Institutional financial support of some of the harder to fund projects (undergraduate research and outreach activities)

· Successful securing of funding from governmental and foundations

· Creative ways of packaging program elements that fit the type of activities industry is able and willing to support (i.e. lab training internships, design course support, graduate fellowships.)

Summary

The main lasting effect of the NSF ERC funding to date has been the development of multidisciplinary degrees, minors and certificates that have helped shift engineering education from the traditional disciplinary boundaries towards the interdisciplinary focus that is required to solve today’s engineering challenges.  These are made possible through the development of associated courses added to the engineering curriculum.  Eighteen interdisciplinary degree programs and certificates have developed along with 1300 new course modules/materials (7).  These courses and degrees programs are perhaps the most successfully institutionalized ERC-developed educational programs.  

Of equal importance is the “mindset of the faculty and students as far as teamwork and the value of cross-disciplinary work,” as described by one graduated Center respondent.  “The most lasting effect will be the way the students worked in the Center and how they are carrying that over into their industrial jobs.”   A 1997 study on the benefits and outcomes of the ERC program looked specifically at this measure of effectiveness of ERC students once they entered industry.  This study reported that ERC industrial partners that employed ERC graduates ranked this as the most important benefit of membership.  ERC graduates were ranked superior to non-ERC graduates on important factors including ability to work in teams, and both depth and breadth of technical understanding (8). 

In contrast, Universities have been less successful at institutionalizing outreach programs to precollegiate students and undergraduate research opportunities.  Many of these programs provide important mechanisms for outreach to women and minority students and seek to diversify the student pool interested in engineering careers, so the discontinuation of them is especially troubling.  Outreach and undergraduate programs are generally initiated with NSF money and while Universities tend to institutionalize other aspects of the ERC program, they have not extended this to a financial commitment on these levels.   Nationally, ERCs have a strong record of inclusion of women and minorities due in large part to programs on these levels.  Universities that are also committed to the ERC focus on the importance of undergraduate education and diversity must include in their strategic plan mechanisms to institutionalize these components of an ERC.   

The Second Year SRI Report determined that an educational program that is valued by the institution and that has institutional support is a key factor in the continuation of a post graduation Center with the ERC culture intact.   Therefore, support for the education program can help maintain the overall ERC program on a campus after the center has matured.

Similar studies of the STC and MERSC education programs will provide additional information on the long-term, postgraduation effects of these Centers. 

References
1. Committee on Science Engineering, and Public Policy, Reshaping the Graduate Education of Scientists and Engineers, Report Brief, National Academy Press, 1995. 

2. Costerton, J.W., The ERC Model For a “New PhD, Report from the Center for Biofilm Engineering, Bozeman, MT, 1997.
3. Engineering Research Centers (ERC): Partnerships in Transforming Research, Education and Technology Program Solicitation NSF 02-24 http://www.nsf.gov/pubs/2002/nsf0224/nsf0224.htm
4. Ailes, C.P., Roessner, J.D. and Coward, H.R.  Documenting Center Graduation Paths, First Year Report, SRI International, May 1999.

5. Ailes, C.P., Roessner, J.D. and Coward, H.R.  Documenting Center Graduation Paths, Second Year Report, SRI International, April 2000.

6. Waldron, A., Goodchild, F., Hunter, L., Singhota, N., and  Donnelly, A.,  NSF Research Centers: Partners in SMET Education Report of Outcomes and Future Plans, Ithaca New York, Nov. 2001
7.   Pauschke, J. Overview of ERC Education Highlights, 2000 ERC Annual Meeting, November 4-6, 2000, Washington, DC

8.   Parker, L., The Engineering Research Centers (ERC) Program: An Assessment of Benefits and Outcomes, Engineering Education and Centers Division, National Science Foundation, Arlington, Virginia.

