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Executive Summary
The Committee of Visitors (COV) for the Division of Design, Manufacture, and Industrial Innovation (DMII) met on March 25-27, 2003, to review the academic programs of the Division. The review covered the fiscal years 2000, 2001, and 2002. Although the foundation-wide Small Business Innovative Research (SBIR) program resides in the Division and constitutes a large aspect of the Division’s overall portfolio, it was not included in the review. The SBIR program is normally reviewed by a separately convened COV. 

The COV was charged with reporting on (a) the integrity, efficiency, and the quality of the processes used to solicit, review, recommend, and document proposal actions, (b) the quality and significance of the results of the Division’s programmatic investments, (c) the degree to which the award process supports the long-range goals and core strategies of NSF, (d) the Division’s balance, priorities, and future directions, and (e) any other issues considered relevant to the review. 

The Division was rated effective by the COV on the integrity and efficiency of the program’s processes and management and applauded the leadership, the Program Directors (PDs) and the Administrative and Program Assistants (PAs) for their commitment and conscientiousness. The spirit of teamwork was clearly evident in the Division’s operation and how the employees related to one another in their work. The COV also evaluated the Division’s progress toward the NSF strategic outcome goals that address People, Ideas, and Tools.  Supported by several key findings and contributions to the fields of manufacturing and service and the impact to the society resulting from the Division’s award portfolio, the COV also rated the Division as successful in all the three strategic outcome goals. 

The COV also made some observations and provided several recommendations aimed at further enhancing the Division’s operational effectiveness and relevance to NSF and the nation. The observations and recommendations fall into three broad categories, namely, resource needs, short-term direction, and long-term direction. On the resource category, the COV was concerned with the low success rate of proposals and the high workload in the Division relative to all other divisions in the Directorate. The Division not only tied in the last position in average proposal success rate but also ranked the highest in average workload per program officer or program assistant in the Directorate. The low success rate and the high workload were seen as extremely unhealthy for attracting good researchers and employees to the Division. 

The Division was commended for being proactive in exploring new initiatives and for broadening the definition of manufacturing beyond the plant level. In particular, the COV applauded the Division’s program reorganization and the creation of focused programs in the area of service and nanomanufacturing. Given the growing importance of nanomanufacturing and the service sector to the US economy, the Committee recommends that the Division should continue to enhance its role in service and other emerging areas such as environmentally benign design and manufacturing and the supply chain pipeline from manufacturing through service to retirement. Manufacturing is increasingly global in perspective. Therefore, collaboration with other federal agencies and foreign peers of the Division are also encouraged in areas where there are common interests. 

The COV noted that manufacturing represents a solid core value of the US economy and provides the foundation of US prosperity and technological leadership. Maintaining worldwide superiority in manufacturing will ensure the continued enhancement in the standard of living in the US. DMII can lead this response by encouraging research that features and develops the strength of US manufacturing, while overcoming its inherent limitations.  To advance the US economy toward continued global competition, the Committee recommends that the Division foster research in the emerging areas of hybrid manufacturing, security of manufacturing systems and the supply chain pipeline, and processes and infrastructure that can support manufacturing in the hydrogen economy. 

The Committee also noted the low count of awards to high-risk proposals in the Division’s award portfolio and a low percentage of the Division’s budget expended in small grant exploratory research (SGER) awards. To increase the number of awards to innovative, high-risk and potentially high payoff proposals, the Committee recommends that a special request for proposals (RFP) for high-risk proposals be considered. The Committee feels the Division can serve as a model for the Foundation in the future if such a RFP proves successful. Finally, the COV believes the premise under which the GOALI program was established to be still valid and relevant to the competitiveness of US manufacturing by fostering industry-academic collaboration. To increase industry participation, the Committee urges the Division to undertake a thorough review of GOALI policies with the intent of increasing industry involvement. Active promotion of the program after the review and possible changes is also recommended.

Introduction

The Committee of Visitors (COV) for the Division of Design, Manufacture, and Industrial Innovation (DMII) met on March 25-27, 2003, to review the academic programs of the Division. The review covered the fiscal years 2000, 2001, and 2002. The academic programs in the Division fall into three main clusters, the engineering decision systems cluster, the manufacturing processes and equipment systems cluster, and the bridge programs across NSF. The Manufacturing Enterprise System (MES), Service Enterprise Engineering (SEE), and the Engineering Design (ED) programs make up the engineering decision systems cluster. Manufacturing Machines and Equipment (MME), Material Processing and Manufacture (MPM), and Nanomanufacturing (NM) are the three programs that make up the manufacturing and equipment systems cluster. The bridge programs covered the two Foundation-wide programs of Grant Opportunities for Academic Liaison with Industry (GOALI) and the Innovation and Organizational Change (IOC). The Production Systems program and the Integration Engineering program, which were discontinued during the three-year period under review, also had jackets that were reviewed by the COV. 

The staffing for the entire Division (both academic and small business) currently has a total of seven support staff and fourteen program officers (seven of the program officers manage SBIR/STTR programs). During the period covered by the review, the Division completed an average of 2455 proposal actions per year or 39% of the average workload for the entire Directorate of six divisions. Program assistants in the academic programs also must handle final actions on all proposals for the Foundation-wide Small Business Innovative Research (SBIR) program, Given the foundation-wide nature of the SBIR program, its workload contribution to the Division is quite large and does constitute a major component of the Division’s activities, particularly for the permanent support staff.  The SBIR program is normally reviewed by a separate COV; so except for workload discussions that consider support staff, subsequent discussions in the report are focused on the academic programs in the Division.

The annual budget for the academic programs has steadily increased from $44 million in 2000 to $55.7 million in 2002, to an average of $49.9 million annually. During the same period, the proposal pressure increased from 754 in 2000 to 980 in 2002, to an average of 846 annually.

The COV started with welcoming remarks and the introduction of the Division’s personnel by the Division Director, Dr. Warren DeVries. This was followed by welcoming remarks and introduction of the COV members by Dr. Pius Egbelu, Chair of the Committee. Dr. Esin Gulari, Acting Assistant Director for Engineering also spoke and welcomed the Committee. In her presentation, she reiterated the charge to the Committee and the importance of the Committee’s work to NSF. The Division’s Director also gave a briefing on the Division’s role, its resources, and the responses to the recommendations of the last COV report. Each of the Program Directors (PDs) in the Division also gave a brief presentation of the programs they manage. There was a Conflicts-of-Interest (COI) briefing by Dr. George Hazelrigg, Senior Advisor in the Division, and a review of the contents of a jacket by Ms. Dianne McCormick, Center Manager, and Betty Person Division Administrative Officer so COV members would know where to locate information needed for their assessment. A review of GPRA (Government Performance and Results Act) was provided by Dr. Elbert Marsh, Deputy Assistant Director for Engineering.

The COV commenced the review of proposal jackets following the briefings by the Foundation’s personnel. A total of 198 jackets, representing a cross section of the proposal actions completed during the period by the Division, were reviewed. Although the COV Chair initially drew a set of proposals randomly for review, the COV had the discretion to ask for any jackets for review. It was on the basis of the information derived from the review of the jackets, along with information obtained from the Division’s annual reports, presentations, the briefing book prepared specially for the COV that included papers and nuggets on CDs from DMII annual conferences , and oral responses to questions asked by the COV that were used in the preparation of this report. The report addressed (a) the integrity and efficiency of the programs’ processes and management, (b) the contributions of the programs’ resulting portfolio of awards to the NSF strategic outcome goals of people, ideas, and tools, and (c) recommendations for continued program improvement and relevance in the future. 

A.1 Effectiveness of the program’s use of merit review procedures

The PDs are to be complimented on their management of the review process and their high level of judiciousness and integrity in exercising discretion.  The Division relies primarily on panel reviews, supplemented by mail reviews at the discretion of the PDs. The panel process allows for openness of the review process, productive interactions among panelists during their deliberations, and access to the collective expertise of the panelists during proposal review, which is valuable for evaluating multidisciplinary research in areas such as nanomanufacturing. Requiring written reviews prior to the panel meeting was seen as very helpful in guiding the panel discussion, a practice that all PDs in the Division employ. The COV also noted that PDs do not always solely rely on panel recommendations, utilizing additional mail reviews to provide useful additional input to their decision making. 

The COV addressed both review efficiency and effectiveness. With respect to efficiency, panel reviews are highly efficient for a timely review process and better reviewer compliance. The small number of proposals funded for the amount of effort expended in proposal review is certainly unfortunate, but is really a reflection of funding pressures as there are many more proposals worthy of funding than resources available.  The COV considered the review process to be highly effective in a number of ways. The best proposals bubble up naturally during panel deliberations, reviewer and panel feedback to PIs of unsuccessful proposals often lays the groundwork for future proposal success, and the panel process also serves to educate panelists who come from a variety of disciplinary and cultural backgrounds. While it is possible to prescreen proposals and reduce proposal count for panel review in a number of ways, the COV feels that such a step is not necessary. Finally, the Division is significantly improving the efficiency and quality of proposal preparation by young faculty through the proposal development workshop at the annual grantees’ conference.

Panel reviews and PD review analyses were consistent with program goals and objectives and guidelines in general, and with solicitations for specific initiatives such as Product Realization and Environmental Manufacturing Innovative Systems (PREMISE NSF-02-053). The area where a marked improvement was noted from 2000 to 2002 was in the assessment of the broader impact of proposed work - a much higher proportion of the 2002 proposal reviews addressed this criterion, presumably in response to more explicit instructions from PDs to do so. Review emphasis on the technical merit criterion continues to be excellent. The COV was informed that about twenty proposals submitted for the Fall 2002 review cycle to the Division were returned without review to the PIs as they did not adequately address the broader impact criterion.

Overall, the reviews provided sufficient feedback to the principal investigators. Occasionally, reviewer comments were out of phase with the rankings as they were not changed to reflect panel deliberations. Broad interdisciplinary areas require careful decisions regarding the makeup of the panel, as shorter reviews were observed when proposals went beyond the panelist’s expertise. Reviews written prior to panel meetings and mail reviews tended to be detailed. However, as the collective expertise of panels may change reviewers’ recommendations, efforts should be made to record these changes and improve consistency of reviews with final panel and funding recommendations. Panel summaries were usually sufficiently informative, but could be improved in instances where conflicting panel reviews were resolved during panel deliberations.

The PDs provided excellent documentation and summaries of the review processes and funding decisions. Justifications for their recommendations were very clear and their discretionary actions well documented. In one instance noted by the COV, when the reviewers recommended funding one part of a proposed effort and so recommended in their panel summary, the PD followed through promptly, negotiated accordingly with the PI, and documented the action taken. Among the many proposal jackets reviewed, reviewers’ comments were missing from a few. The COV recommends that each page of the jacket documenting an action be dated.

The Division’s time to decision is exceptional as is the progress in this area in the last three-year period, with the fraction of the proposals processed within 6 months increasing from 77% to 98%.  This was the best record of any division at NSF in FY 2002.

The Division’s use of review processes is highly objective. The panel review system has opened up the process through increased participation of women and minority groups, young engineers, assistant professors, as well as representatives from industry and national laboratories. Funding of women and minority PIs continues to show an upward trend except for African-Americans. Also, higher representation of young engineers, women and minority PIs was observed in new thrust areas such as nanomanufacturing, service, and environmentally benign manufacturing, as compared to traditional core emphasis areas in the Division.
A.2 Implementation of the NSF Merit Review Criteria by reviewers and program officers 
The COV overwhelmingly endorsed the fairness, thoroughness, and the appropriateness of DMII use of the NSF merit review criteria and the processes for reviewing proposals.  Specifically, the COV observed that the reviewers did an excellent job of addressing both intellectual merit and broader impacts.  The comments pertaining to intellectual merit demonstrated that the reviewers had carefully read the proposals and could accurately discern whether the proposals offered intellectual merit and were technically strong.  In cases where the COV had reviewed the jackets, it generally took no exception with the appropriateness of the reviewer comments and panel summaries.  

There was a steady and clear increase – from 2000 to 2002 – in the use of the broader impacts review criterion, both in the individual reviews and the panel summaries.  In 2002, the use of both merit review criteria was observed in most individual and panel reviews; at which time, the percentage of reviews that addressed both of these review criteria ranged from 80% - 90%. This increase can be directly linked to the PDs’ efforts at the beginning of each panel review to inform panelists that both review criteria should be addressed.  The COV observed that reviewers were willing to overlook cursory “broader impact” sections if the intellectual merits were strong.  Conversely, the COV noted that “broader impacts” sections could make-or-break a proposal if the intellectual merits were borderline. The COV perceived this approach to decision-making as appropriate.

One COV member suggested that an improvement in the response to the “broader impact” criterion can be realized by providing the individual reviewers with easy access to the merit review criteria while they are completing their reviews.  This can be a simple software improvement in the form used by the reviewers on Fastlane. Others suggested that the RFP’s could include a better definition of what “broader impacts” means.

The summaries provided by the PDs were excellent in addressing both merit review criteria.  These summaries sometimes provided more extensive and very useful reviews and analyses of both criteria that would potentially benefit the PI.  It was apparent from the jackets that the PDs were doing their jobs quite well, and working hard to capture the perspectives of the reviewers. The willingness of PDs to “go the extra mile” was recognized repeatedly by the COV. 

A.3 Selection of Reviewers


It was the opinion of the COV that the program made use of an adequate number of reviewers for a balanced review. Although some of the jackets reviewed by the COV only had the minimum of three required reviews, in general, more reviewers were used.

The COV concluded that overall, the program made use of reviewers having appropriate expertise and/or qualifications. On most panels reviewed by the COV, the required expertise was present. A few exceptions were noted. The COV realizes, however, that PDs have to balance trade-offs between panelists’ expertise and availability. The COV noted that PDs overall did a very good job of composing panels given the resources that they have. Some evidence seemed to suggest that high ranked schools were not as well represented due to Conflicts-of-Interest with submitted proposals. It was also noted that when necessary or desirable, PDs used mail reviews from targeted experts, mostly in support of panel reviews. Given the breadth of expertise typically required to review DMII proposals, the COV does not recommend that mail reviews should substitute for panel reviews. Especially for interdisciplinary proposals, panel reviews are the best. For high-risk projects, the need for close expertise was noted. 

The COV noted that the Division made appropriate use of reviewers to reflect balance among characteristics such as geographic region, type of institutions, and underrepresented groups. Over the three years reviewed, the COV was pleased with the nice balance by geographical region from the data provided. The percentage of reviewers from underrepresented groups ranged from 0% (in a few programs) to 26% for Manufacturing Enterprise Systems and a high of 33% in Nanomanufacturing. Engineering Design, Materials Processing and Manufacturing, and Manufacturing Machines and Equipment all had around 15%. The number of female reviewers (201) was below 10% according to the data given, but has risen since 2000. The increasing inclusion of Assistant Professors in each review panel is also commendable and highly beneficial in terms of mentoring and people development. All programs used reviewers from industry, but especially in the Nanomanufacturing area, a nice balance of reviewers between industry and academia was noted.

The COV noted that the programs recognized and resolved Conflicts-of-Interest when appropriate. The COV found no instances in which Conflicts-of-Interest were overlooked. The PDs’ documentation and disclosures of Conflicts-of-Interests were excellent. 

In general, the COV noted that the PDs did an excellent job of briefing panel members and moderating panel discussions. 

A.4 Resulting portfolio of awards under review  
The COV found the overall quality of funded research and education projects was excellent.  The evidence for the COV assessment went beyond the review of the portfolios to include the reviews of the presentations at the annual grantees’ conference.  It would have helped in the assessment, however, if more intermediate progress and final reports were available for the COV to judge the final outcomes.  It was the understanding of the COV that missing reports was primarily associated with Standard Grants where funding for the entire project is provided up front versus Continuing Grants that are funded yearly based on performance and annual report submission. This is a NSF wide problem and DMII is taking steps to address this situation.

Beyond the excellence of the funded projects, it was the sense of the COV that there were many projects that deserved to be funded but were not.  The main reason these projects were not supported appeared to be limits on DMII available funds.  This point became apparent by reviewing the data describing the success rate for proposals within the Directorate for Engineering.  While the budget of DMII increased from $44 million to $55.7 million over the three year review period with a concomitant increase in the number of funded DMII competitive awards, the number of submitted proposals also increased.  As a result, the percentage of funded proposals in 2002, 18%, was actually less than that of 2000, which was 19%.  The COV also noted that the average success rate over the three-year period never exceeded 19%. For the three years, the Division’s average success rate was tied in the last position in the Directorate. 

With some caveats, the COV was satisfied by the size and duration of the projects particularly when viewed with respect to the number of excellent proposals that could (and maybe should) have been funded.  Several forces seemed to be in effect.  The major one is that since the standard size and duration of a grant are well understood, proponents seem to scale their projects accordingly.  The COV wondered whether more ambitious, innovative proposals might be submitted if some proposals were funded at a higher level for a longer period.  The COV also noted that with increases in the cost of living it is difficult to pay for two graduate students and to adjust to other costs with the current average annual award size of $100,000/year.

A second feature, which the COV applauds, is the evident practice of the PDs to find opportunities and to leverage money in order to fund as many excellent proposals as possible.  Beyond finding resources from other sources (NASA, Sandia, other NSF divisions, etc.), in some cases the PDs negotiated with principal investigators, whose grant might otherwise be declined because of limits on funds, to partially support the project in order to ensure that this line of research will continue or take place.   

Funding for equipment was noted to be low. The COV was concerned about how this practice would affect research directions since much of DMII’s work requires a sound infrastructure of supporting equipment. A concern is that a change in the direction of research could reduce the impact the Division will have on the crucial problems of manufacturing.   

There was considerable discussion concerning an appropriate mix of “high risk – potentially high gain” projects.  As reflected by the current rate of less than 1.5% (below the 5% NSF target) of funding for SGER grants, the COV finds that the Division could, and should, invest more in this direction.  

Some of the SGER grant money was directed toward planning grants that led to full proposals; some were directed toward new directions and high-risk projects.  Rightfully so, the decision whether these grants were funded was determined by the PDs.  It was the sense of the COV, however, that truly high-risk, potentially high gain projects probably would not receive a positive panel review because in general, panelists tend to be conservative in their judgments. 

Because the COV appreciates the importance of truly creative research in this area, it considered ways to encourage more high risk, potentially high gain efforts.  One suggestion was to have a solicitation for a limited number of particularly creative proposals that would be funded at an attractive level over a time span sufficient to permit more than exploratory work.  

Reflecting the multidisciplinary nature of research in this area, the Committee found that the Division’s portfolio had an appropriate balance of multidisciplinary proposals.  

The Committee’s assessment with respect to the innovative nature of the research portfolio is mixed.  On the positive side it noted that DMII has taken leadership in several directions such as the nanomanufacturing, encouraging multidisciplinary efforts, and creating workshops to enlist the thoughts of experts on future research directions. Also, for some DMII areas, research is necessarily innovative.    

On the other hand, while DMII funded proposals tended to be excellent and will provide improvements to the field, it was the assessment of the COV that in spite of the efforts of PDs, not all of the proposals reached an expected level of innovation. The reason for this situation is interesting; based on some of the panel and reviewer comments, it appears that in some programs there is a fundamental conservatism of panel members where their funding recommendations may discourage overly innovative proposals.  (The COV also noted that in some cases the PDs might have encouraged a SGER grant for particularly interesting, highly exploratory projects).  

The program portfolio demonstrated a balance between groups and individuals.  The COV also noted that the Division had effectively used workshops to provide advice and direction to certain DMII programs, to elevate the level of researchers in the area by providing tutorial information, and to promote research contributions.  

The portfolio had a balance of awards to new investigators where the level across programs ranged from 14% upwards; for several of the programs this percentage improved significantly over the review period.  The percentage of CAREER awards was compatible within the Directorate.  The COV recognizes and applauds the actions of  DMII to provide experience and encouragement to selective young investigators by including them on review panels.  

During any one year, awards show a slight imbalance for certain geographic regions and institutional types.  However, over the three years review period, the balance was excellent.  In particular, no geographic region or institution unduly dominated in awards.  Diversity was achieved in a manner compatible with the goals of the Division.  

The portfolio had an impressive number of grants that integrated research with education. While most grants that were reviewed discussed, or implied how material might be used in the classroom, other proposals went the extra step of explicitly providing more educational services.  Examples of this activity included research opportunities for undergraduates such as the REU, opportunities provided for high school teachers through RET, college students going out to provide engineering demonstrations for high schools, and even foreign exchanges involving students.  An even greater involvement came from a small number of funded grants where the project was explicitly directed toward providing expertise developed in engineering to help in education; e.g., in the management of  K-12 schools.  

The COV found that DMII did an excellent job in providing balance across disciplines, subdisciplines, and emerging opportunities.  In fact, the COV was impressed with the way DMII has taken a proactive stance and leadership role in reflecting changes in needs in these areas. This is reflected by the Materials Use: Science Engineering and Society (MUSES) and PREMISE activities, the reorganization of a portion of the Division (along with a shift in PDs’ responsibilities) to reflect new needs, and the Nanomanufacturing program.  The COV also noted that the Division has responded to research issues in homeland security (for instance, using engineering managerial approaches to improve the efficiency of police forces) and financial engineering.  

The COV noted that the percentage of female participants in the proposal submission remained about the same, below one-tenth in the three-year review period. This might be a reflection of the ratio of female faculty members in academia. Although the overall percentage of the Hispanic participants remained low at around 3%, the COV was pleased to note that this represented an increase of more than 20% of Hispanic participants in the proposal activities from FY97-99 to FY00-02. The percentage of the proposals awarded to women and Hispanics were slightly higher than those awarded to males in the low 20%.  The number of African-American participants has been steady but  low in percentage. The COV recommends that DMII continue encouraging women and minorities to submit proposals. Increased communication of funding opportunities to these minority groups may further increase the number of minority participants.
It was clear that DMII adapts well to changing requirements and keeps its focus relevant to national priorities, agency missions, relevant fields, and other customer needs. To illustrate this, the COV was pleased with the new Nanomanufacturing Program and its multi-disciplinary efforts; the COV also applauds the formation of the Service Enterprise Engineering and its coverage of the emerging areas of homeland security, aviation access control security, health care delivery, and financial engineering; the Manufacturing Enterprise Systems sponsorship of the Product Life Cycle management research, one of the few key emerging industry focuses, is also important.  Furthermore, the collaboration with other agencies and NSF programs are extensive and satisfactory. There are many examples of DMII projects that were cross-funded.
A.5 Management of the programs under review

The COV unanimously agreed that the managerial practices and procedures in DMII are excellent. The work of PDs and the Program Assistants is commendable. The documentations available in the jackets reviewed by the Committee were complete, demonstrated integrity and showed their commitment to “go the extra mile” as necessary. After analyzing the work load and resources assigned to the Division the Committee concluded that its productivity is extremely high; proposal submission has grown from 754 to 980 in two years.

Throughout the review of the different programs the Committee found very interesting and exciting examples of the Division’s management practices:

· PDs have increased the awareness of proponents and reviewers in addressing the two merit review criteria.

· PDs continuously seek collaborations and interactions, within NSF or with other agencies, to fund quality proposals.

· PDs work in coordinating interagency activities to effectively leverage the use of fiscal resources in supporting thematic areas of national relevance. 

· PDs promote international outreach activities that result in joint initiatives and better understanding of global issues.

· Permanent PDs have been rotated which allows them to refresh their professional perspectives and the programmatic agendas. 

· Wise and continuous use of IPAs (rotators), a practice that offers faculty clients who visit NSF the notion that “we have been in your shoes.”

· Support an effective mix of rotating and permanent PDs to ensure continuous renewal of programmatic activities while maintaining organizational continuity.

The combined effect of these practices has resulted in maintaining a teamwork approach and a responsive and proactive working environment that has incorporated new research and educational thrusts of national and international relevance. Some examples of these new thrusts are the initiatives in nanomanufacturing, sensor and sensor networks, environmentally benign systems, engineering the service sector, and the inclusion of the impact of these initiatives in graduate and undergraduate education. It is important to observe that new initiatives have been the result of a methodical process. PDs gather information and recommendations from the external community, conduct systematic consultations and formulate an idea or proof of concept of potential new themes. Then the PDs promote the development of workshops to bring together experts in these themes. The convergence of these experts result in the delineation of exploratory requests for proposals that later evolve into institutionalized programmatic endeavors. The Committee found this process very effective in planning new activities and delineating priorities.

The Committee commends, and strongly encourages the Division to continue, the Annual Grantees Research Conference. This is an excellent dissemination and outreach forum that shows the quality of the research being conducted. Furthermore this Conference has become a very effective networking and mentoring activity for both current and prospective grantees. The conference is serving as a way to advise faculty in proposal writing, grant management and in becoming effective panel reviewers, promote programs available in NSF, and to create awareness among graduate students of career opportunities in research. The COV understands that DMII is the only division that hosts such a conference and considers that this conference could serve as a model for other divisions.

The COV noted that the process used in rapidly developing the research/technology roadmaps in emerging areas is highly commendable. Given the high potential of these emerging areas in creating a positive impact on the economy, and the expectation that as this research progresses, there will be need for higher level of funding, the COV recommends that additional resources be sought for increasing investment in these areas without depleting current investments in other DMII areas.         

PART B. RESULTS: OUTPUTS AND OUTCOMES OF NSF INVESTMENTS

The COV takes note of the contributions DMII researchers make to the field.  While it is difficult to assess the greater impact research results might have in the short term, several preliminary conclusions can be drawn about the research supported in the Division.  The COV believes that DMII’s research portfolio is contributing to the GPRA outcome goals.  A number of awards are highlighted in the FY 2000-2003 to demonstrate the important contributions.

B.1 NSF outcome goal for people

The COV found the Division performance for this goal to be successful.  The Division is clearly the leader in supporting research in its designated areas of design, manufacturing and industrial innovation, contributing to the development of intellectual capital and improving the knowledge and capability of U.S. citizens.

· Shaochen Chen at the University of Texas at Austin (DMI-93364) developed an advanced laser based process to produce controlled micro- and nano- scale patterns on biodegradable polymer surfaces.  Biodegradable polymers hold immense promise as new materials for implantable biomedical micro-devices due to their biocompatibility and ability to naturally degrade and disappear in tissues over time,  thereby reducing scope for rejection as well as eliminate the need for second surgery to retrieve / remove implanted micro-devices.  Subsequent to receiving the CAREER award, this young investigator submitted three new proposals to NSF, all of which were highly rated and recommended for funding.  On grounds of reducing over-commitment, one of the proposals was funded (co-funded with CTS).  This is a clear demonstration of people development through CAREER investment.  

· The Society of Hispanic Professional Engineers utilized DMII support (DMI-0206800) for a student design contest in conjunction with the society’s National Conference.  Students in teams of two to six provided a design and prototype of a commercially marketable product that could improve the quality of life.  Ten finalists presented their products in a national competition.

· The American Society for Engineering Education employed DMII and other government agency support (DMI-0079926) to sponsor an annual competition to modify stock vehicles to achieve improved levels of fuel economy and performance, and reduced levels of emissions.  Students gain an in-depth engineering design experience, involving complex systems, project management, teamwork and competition.

· Antoinette Maniatty, Rensselaer Polytechnic Institute and Wojciech Misiolek, Lehigh University, (DMI-0115146 and DMI-0115330) developed a web site for middle school students explaining what jobs there are in the materials field.  The pages link to more highly developed and technical sites for further investigation.  The web site makes it easier for teachers to search for connections to engineering and peak the interest of students.

· Donald Saari, University of California Irvine, (DMI-0115013) led a DMII supported workshop to introduce decision analysis for engineering design to engineering faculty.  The goals were to introduce the mathematics of decision theory, to ground the faculty in the mathematics necessary to correctly apply decision theory, and to provide an exportable version of the workshop that would enable a broader impact across the engineering faculty teaching engineering design.

· A three-day workshop was jointly organized and sponsored by DMII and the National Cancer Institute (DMI-0236447) to bring together three major research communities – medical doctors, medical physicists and operations researchers -- interested in creating the best chance of killing targeted tumors without undue damage to surrounding tissues.  Each presented the way they conceptualize the problem and the latest achievements.  The workshop sought to create opportunities for synthesis and future collaboration across community boundaries.

· Jorge Leon, Texas A&M University, (DMI-0116635) developed case studies based on real industrial situations illustrating how global issues affect engineering decisions and models.  An international and multi-disciplinary team of investigators and students conducted case data gathering, analysis and deployment.  Initial participating universities are Texas A&M University, Universidad de las Americas (Puebla, MX) and Arizona State University.  Disciplines represented include Engineering (Industrial, Manufacturing, Mechanical) and Liberal Arts (Organizational Communication).  The case studies were designed so they could be implemented in regular engineering classes.  Educators and students using these case studies will gain knowledge about important considerations for global operations.

· The second NSF-EC (European Community) Nanomanufacturing and Processing Workshop (DMI-0136002), held in San Juan, Puerto Rico, gathered 50 European and U.S. delegates attending keynote addresses and presenting their views on composite materials; coatings, surfaces and tribology; instrumentation and processing technologies; and biological, chemical and energy devices.  The participants defined the scope of the new field and identified key research milestones, especially those with security implications; the required resources and infrastructure; the collaboration modes between the European Commission and NSF; and the interfacing with other technical communities.
· John Villarreal, University of Texas Pan American, (DMI-0090582) created a University/Industry/Economic Development Partnership to facilitate the process of taking academic research into product design and development. The program provided internship for students in industry for design projects, virtual international design teams, technical support for small and medium businesses, experience and expertise in rapid product development, interdisciplinary teams (computer science, electrical engineering, mechanical engineering, and manufacturing engineering), and experience for students in a global environment.  The potential economic outcomes include producing graduate engineers with experience in rapid product development in an international setting; creation of new industries and new jobs, and providing technical assistance to small and medium companies.

· DMII made an award on Research Experience for Teachers supplements to W. Roger Cannon, Rutgers University New Brunswick, and Gary Lehmann, SUNY at Binghamton, (DMI-9908332). The following details a few experiences:  Mr. Matthew Gristina, a high school physics teacher from the New Brunswick School district (NJ, near Rutgers), worked with a graduate student on a research project during the summer of 2001. His research involved determining the solubility of silicon nitride in glass, which leads to further measurements of the surface tension of glasses in silicon nitride. These measurements can then be related to sintering stresses. Mr. Gristina also submitted a lesson plan for a high school class on x-ray powder diffraction.  Mitchell Johnson, a high school physics teacher at Union-Endicott High School, conducted research in the summer of 2002 on the deposition of metals on substrates, and on the preparation of thin-film, multilayered composites. Substrates with different metallizations provide flow surfaces with wetting characteristics that more closely mimic those of the solder obstructions found in real DCA obstruction fields. This work last summer resulted in his co-authorship of a publication, “Calorimetric investigation of the formation of metastable silicides in Au/Si multilayers,” R. R. Chromik, L. Zavalij, M. D. Johnson, and E. J. Cotts, J. Appl. Phys. 91, 8992(2002). Mitchell will continue his research during the summer of 2003.  Thomas Mellin performed research on the reflow of solder alloys in an annealing chamber. He will be continuing these efforts on a volunteer basis during weekends of the summer of 2003. Thomas also has helped to promote long-term interactions between his Binghamton High School and the SUNY Binghamton laboratory. Because of Mr. Mellin's RET connection with SUNY Binghamton, he was able to arrange for Sara Lee, Binghamton High School's Bausch and Lomb award winner for highest grade point average in science, to participate in these reflow experiments.  These awards show investment in the development of K-12 teachers to better prepare them as educators in the sciences, but also create new opportunities for their students’ involvement in science and engineering

.

· Constantinos Mavroidis, Rutgers University New Brunswick, (DMI-9984051) developed a procedure for the application of rapid prototyping in the fabrication of non-assembly robotic systems and mechanisms with inserts. A rapidly prototyped mobile vehicle was fabricated to demonstrate the process. This effort has resulted in the development of an upgraded and renovated graduate course on design of mechanisms, and it has provided an opportunity for undergraduate students to participate in the research. The effort has been conducted in collaboration with General Motors and Adept Technologies.
B.2  NSF outcome goal for ideas 

The COV found DMII’s performance on the NSF strategic outcome goal for ideas to be successful.  Moreover, the COV found that DMII research program has substantial intellectual depth as well as strong current and potential societal impact.  Some samples of the intellectual contributions are given below.

· Sutapa Bhaduri of Clemson University (DMI-00085100) developed new methods for producing dental implants that eliminates the need for machining.  This approach produces implants with improved surface adhesion of titanium to bone.  The long-term potential benefits include the ability to achieve more stable and long lasting implants.

· Jennifer Lewis of the University of Illinois (DMI-00-99360) developed concentrated colloidal inks for robotic deposition.  The ink flows through a fine deposition nozzle and is able to set rapidly.  Achieving these objectives required the development of a fundamental understanding of the flow behavior of concentrated colloidal inks.

· Michele Miller of Michigan Technological University (DMI-9875251) has performed research aimed at improving the productivity of ceramics grinding.  Methods to improve and maintain grinding wheel condition during the grinding process were investigated, including vibration-assisted grinding, water-jet in-process dressing, and promotion of wheel self-dressing.  A method for measuring wear of individual grinding abrasives that uses mold replication and stereo scanning electron microscopy was developed.  This is an important tool for studying wheel wear and the self-dressing process.  This research is likely to lead to more economical ceramics manufacturing processes that will enable wider use of ceramics.  Higher performance products will take advantage of the favorable properties of ceramics, such as higher strength, tolerance to high temperature and resistance to chemical reactions
· Steven Girshick of the University of Minnesota (DMI-0103169) developed new methods for synthesizing and depositing nanoparticles to make super-hard nanostructured films, and friction- and wear-resistant MEMS.  This research involved the first ever measurements of hardness and modulus of individual nanoparticles.  Micro-fabrication is accomplished using focused beams of nanoparticles generated by aerodynamic lenses. Materials are characterized by several diagnostic techniques.  These methods should lead to improvements in the performance and durability of high-speed machine tools, automotive shafts and bearings, MEMS devices and biomedical implants.
· Heiko Jacobs of the University of Minnesota (DMI-0217538) developed tools to position nanoparticle building blocks on surfaces. Nanoparticles can provide a variety of functions and are potential building blocks of future nanotechnological devices.  The ability to assemble nanoparticles of arbitrary materials onto arbitrary substrates would enable the realization of a series of novel non-technological devices.  Examples include single electron transistors, quantum-effect-based lasers photonic bandgap materials and high-density data storage.

· John Kobza of Texas Tech University and Sheldon Jacobson of the University of Illinois (DMI-0114499) developed techniques for the cost-effective design of aviation security systems.  In cooperation with the Transportation Security Administration they have developed metrics and analysis techniques whereby different aviation security system strategies can be compared.  These techniques apply to both new and existing aviation security technologies.

· W. Hopp, S. Iravani, L. Birnbaum and T. Tirpak of Northwestern University (DMI- 0114598), by combining manufacturing principles with artificial intelligence methods, have organized information to enable managers and engineers to diagnose, design and improve manufacturing cells.  They developed models of one-worker manufacturing cells with automatic equipment and showed that the manufacturing system may have capacity substantially lower than its bottleneck rate.  They showed that downstream automation is more effective than upstream automation, and concentrated automation is more effective than evenly distributed automation.

· Vadim Linetsky of Northwestern University (DMI-0200429) has developed methods to value complex financial products and manage financial risks.  This research employed analytical and computational methodologies, including spectral (eigenfunction expansion) methods, PDE methods, Monte Carlo simulation and stochastic optimization methodologies.  The methods have been applied to option pricing and interest rate modeling.  The project that supports this research also supports a new PhD major in Financial Engineering.
· William L. Cooper of the University of Minnesota and Tito Homem-de-Mello of Ohio State University (DMI-0115385) developed new multi-dimensional revenue management models.  Simple revenue management models have been applied very successfully to the dynamic pricing of airline tickets.  The multi-dimensional models are appropriate to capture the effect of networks of flights but also can be used for other (non-aviation) products.  The application of revenue management outside of aviation represents an area of significant interest both to business and the research community.  The focus of this research was the development of a group of “hybrid” policies that combine techniques from Markov decision processes (MDP) and sampling-based stochastic optimization. The goal was to balance the optimal but computationally expensive MDP approach with inexpensive but sub-optimal mathematical programming-based heuristics.  The new techniques developed were very robust compared to other traditional heuristic methods, such as the ones based on linear programming.  
· Dorit Hochbaum of the University of California Berkeley (DMI-0084857) has developed efficient algorithms for certain convex parametric network flow problems that arise specifically in image processing. In the process of transmission, a color image can be distorted as the colors of individual pixels deviate from their original transmitted value.  The problem of error correction is to modify the transmitted collection of pixels' colors to their original value.  The modification is controlled by the assumption that in a "regular" image the areas of colors tend to be uniform.  The goal is to modify the colors so as to balance the trade-off between the cost of deviating from the given colors in the transmitted image, and the cost of variations of color in adjacent pixels.  Based on presenting the problem as convex parametric network flow, particularly efficient algorithms were developed by the PI for convex parametric network flow problems.  This algorithm, adapted for this setup, makes it possible to solve the problem, for the first time, in polynomial time.  The algorithm enables error correction to be applied in real time.  This enables error correction in very large images and makes possible the use of more heavily compressed images.

· Constantinos Mavroidis and Martin Yarmush of Rutgers University (DMI-228103) under an SGER grant developed revolutionary biomolecular machine components using viral proteins.  These components can be assembled to form multi-degree of freedom nanodevices to apply forces and manipulate objects in the nanoworld.  Viral proteins are known to fold or unfold, depending on the pH. These and other proteins will be developed into viral protein linear (VPL) motors.  The interface of these proteins with other biomolecules, such as DNA joints and carbon nanotubes, will be explored both computationally and experimentally.  Although a high risk project, there is tremendous potential advantage, if the idea is successful.  Being based on viral proteins, these machines are expected to be highly efficient, economical in mass production, work under little supervision and be controllable

· Richard Kiehl leads an interdisciplinary team from University of Minnesota and New York University (DMI-210844) investigated the use of DNA as a programmable scaffolding upon which nanocomponents can precisely self-assemble to form the basis for an electronic manufacturing technology.  Their approach exploits the Watson–Crick base-pairing for precision assembly limited only by the 0.34 nm nucleotide separation.  The project will focus on the design, synthesis and assembly of 2D DNA crystal scaffolding for the self assembly of arrays of closely packed Au-nanoparticles and will design and synthesize Au-DNA conjugates optimized for electron tunneling properties.  If successful, this approach will provide unprecedented component resolution capabilities at the nanometer scale.

B.3 NSF outcome goal for tools

The COV found the Division’s performance on the strategic outcome goal on tools to be successful. The Division’s programs have supported research at the forefront of developing tools across the design and manufacturing spectrum. Several examples of such discoveries follow.

· Robert Hocken of University of North Carolina Charlotte (DMI-9821003) has improved the electronics and mechanical systems of a magnetically levitated stage with 25 mm by 25 mm travel to allow it to move with subatomic precision. The measuring machine has broad applicability in the fabrication of new nanostructures.
· Stuart Smith and colleagues Trumper and Hocken at the University of North Carolina at Charlotte (DMI-0210543) built on the recent successful developments by Hocken to develop the Sub-Atomic Measuring Machine that allows motion with sub-atomic precision over areas of 25mm x 25mm.  This proposal takes this concept and develops it into a portable and accurate instrument for sample/probe motion that is capable of performing precision positioning and repositioning  of macro-objects (wafers) at nanometer levels over protracted periods of time.   This will be a particularly important enabling tool for the observation of nano-scale processes as well as the assembly of “pick-and-place” multicomponent assembly of macro to nano sized components that requires nanoscale precision.
 .    
· Judy Vance of Iowa State University (DMI-9872604) developed new analytical techniques for the design of spatial mechanisms that employs virtual reality. The complexity of spatial mechanisms can make visualization extremely difficult. The software that embodies this system runs in a six-sided virtual reality laboratory in which engineers can immerse themselves in the design. This software tool allows designers to visualize very large data sets and to see these designs working in 3 dimensions.
· Kemper Lewis of SUNY Buffalo (DMI-0115444) developed a related visualization for large design data sets. He has shown the cloud visualization techniques can be an effective method for designers to understand the consequences of and making design decisions.
· Dave Morton of the University of Texas at Austin (DMI-9702217) developed and demonstrated methods for the approximate solution to difficult stochastic programming problems that involve uncertainty. A core methodology has been developed and Golbon Zakeri, as part of the Argonne National Laboratory’s META-NEOS project, has implemented web-based software. This tool provides important optimization capability for industry.
· With joint support from the National Science Foundation and the National Institute of Health, Mitzi Diley and James Deye from NIH (DMI-0207533) conducted a workshop on rigorous optimization methods applied to radiology. This is an example of cooperation between agencies in an effort to integrate disparate disciplines to create critical health service tools.
· An interdisciplinary research award (DMI-0140466) titled, Microscale Robotic Scale Deposition, proposed to develop new materials systems, manufacturing systems, and control and planning algorithms required for micro-scale robotic deposition of colloidal gels. The integrated effort was directed towards the fabrication of 3-D periodic structures (feature size less than 10 µm) required for emerging photonic applications.  The tool offered a facile approach for broadly exploring the “design” space without specialized tooling, such as masks etc., necessary in competing technologies. The goal of this research is to yield a new µ-RD technique capable of producing 3-dimensional complex structures on a length scale comparable to lithographic techniques.
· One of the major hurdles to realistic investigations of computer algorithms for supply chain management is that real case data are deeply imbedded in legacy systems and databases of proprietary commercial software.  Mike Ball of the University of Maryland (DMI-9908137) developed a testbed by means of which data sets in familiar commercial formats can be readily employed to evaluate newly developed design, planning and control tools. An interface has been achieved with Oracle and Manugistics databases, and other systems are scheduled for incorporation.  The result will be an invaluable tool for supply chain research as well as an infrastructure for graduate student case exercises.
· A mathematical challenge that has plagued researchers for several decades is to find a formally efficient procedure for recognizing whether binary constraint matrices of combinatorial optimization problems have a special "balanced" structure.  Problems with binary constraints abound in cases extending from facilities locations to airline crew scheduling, to mold management in steel manufacture.  However, there are dramatic differences in how fast cases of similar size can be solved depending upon whether the associated constraint matrix is balanced.  Thus it is important to be able to recognize when a model yields constraints of this highly tractable form. Dr. Gerard Cornuejols and colleagues (DMI-9802773) produced a complete solution to this long-standing detection problem.  They were awarded the tri-annual joint Fulkerson Prize of the Mathematical Programming Society and the American Mathematical Society for their achievement.
C. Comments and recommendations 

The COV clearly recognizes that manufacturing has represented a solid core value of the US economy and providing the foundation of US prosperity and technological leadership.  However, the percentage of US workers employed in manufacturing has declined from 20% in 1980 to 13% in 2002.  As this downward trend accelerates, resultant job losses are sapping the US economy. This decline has been coupled with considerable migration and growth of manufacturing activity outside of the US.  While the COV welcomes the international growth generated by this improvement in world economies, it is vital to America’s future that US manufacturing capabilities be adapted to the advancing of global economy.  Specifically, DMII can lead this response by encouraging research that features and develops the strengths of US manufacturing, while overcoming its inherent limitations.  

To advance the US economy toward continued global competition, DMII is encouraged to foster research that: 

a) Capitalizes on means by which the US work force can work smarter, faster, and more effectively in a manner that counters the lower labor rates offshore;

b) Introduces the next generation of custom products that will fill the void left behind by lost market share from commodity products;

c) Increases the efficiency of manufacturing processes, logistics systems, energy usage, and material handling; 

d) Introduces the next generation of manufacturing equipment and processes that will lead to new market share for U.S. manufacturers

e) Advances environmentally benign manufacturing (EBM) systems that will improve competition in the European Union and Japan, where EBM issues thwart US exports to these regions;

f) Soften the disruption incurred within an existing facility when introducing new product lines into that facility, or when retrofitting new methods to make the same product. 

DMII is uniquely positioned to provide leadership in this area of global competitive manufacturing. The PDs within DMII have demonstrated exceptional leadership in identifying specific opportunities in emerging technology areas such as nanomanufacturing, service enterprise systems, homeland security etc.  They are accomplishing this by setting up a technology roadmap and vision, in collaboration with the global scientific community through focused workshops at national and international levels.  The outcome is used to establish and implement a strategy of funding that promotes interdisciplinary research programs in highly innovative ideas for product design, development and manufacturing goals, in line with the key milestones identified in these roadmaps.  In addition to promoting research, DMII and NSF are actively emphasizing the education of a more competitive workforce ready for the challenges of the 21st century global science, engineering, technology and economy.  As such, DMII has the best potential for leading the US to a position of global leadership in manufacturing by creating a strategy for innovations in manufacturing that addresses the above activities.  The COV feels that this leadership position of DMII should not only be supported, but further enhanced. In support of the enhanced role, the COV makes the recommendations given below.

C.1 Action items for the short-term  

Recommendation 1: Environmentally Benign Design and Manufacturing

As a nation, the US seeks to develop those activities that can provide long term economic growth, that create jobs, and provide national security, while at the same time protecting the environment, efficiently using resources and not compromising opportunities for future generations.  Manufacturing has played a key role in providing many of these benefits, but unfortunately, often in wasteful and non-sustainable ways.  It is becoming increasingly apparent that new paradigms are needed to meet all of these goals.

In the future, societal pressure, competition and regulations will require that companies examine and reorient their entire range of enterprise activities including marketing, sales, product development, manufacturing, packaging, supply chain management, logistics, transportation and others.  To do this a wide range of new practices and technologies will be needed.  Many of these are already under development, primarily in the EU and Japan, and fall under the general heading of Environmentally Benign Design and Manufacturing (EBDM).  

EBDM is a new area of study, which considers the role of manufacturing in the broader context of an industrial ecological system.  In this view, the long-term viability of the system becomes the primary goal, and methods are developed to measure and modify the system to meet this goal.  DMII has already positioned itself to be in a leadership position in this area through their studies, workshops, initiatives and interactions with other agencies.  The COV applauds DMII’s considerable efforts in this area and proposes that EBDM now be promoted to program status with the addition of a new program manager to head this effort.

The COV believes there is an excellent fit between the elements of EBDM and the mission of DMII.  For example, key elements of EBDM include new design methodologies for products, new manufacturing processes, new control schemes, new types and uses of materials, new recycling technologies, new energy sources and improved resource efficiency at all levels.  Other issues include reverse logistics, supply-chain management, environmental-cost modeling etc.  All of these areas fall squarely under the purview of DMII.  Furthermore, the recognition of EBDM by NSF and DMII as a bona fide area of study will have a positive effect on the development of this area and the corresponding disciplines needed to meet the challenges of sustainability and responsible manufacturing behavior for the future.  Finally, these actions will help ensure a proper match between reviewers and proposal topics, which will have the combined effects of improving project quality and helping to develop the EBDM community.

Recommendation 2:  Research in Service

The COV views the establishment of the Service Enterprise Engineering (SEE) program very positively.  The service sector has become an increasingly dominant force for the US economy so dedicating resources to this area not only is reasonable but is long overdue.  Furthermore, the COV feels service innovation and improved service productivity can contribute to global competitiveness in manufacturing.   Specifically, there is a need for the US to develop new value models based on combined manufacturing/service product offerings.  There is also a need to support the progress in service technologies with parallel investment in service enterprise engineering models, methods and the enabling technologies.  To accomplish these objectives, a funding strategy that involves interdisciplinary research and industry participation is highly desirable.

Currently, the program is very broadly based to support activities such as logistics optimization, analysis of queuing systems, vehicle routing and repair services scheduling.  The current broad range of supported activities is highly appropriate.   Over time this breadth should be maintained but, at the same time, areas that emerge as having significant research depth or a strong potential for societal and economic impact should become areas of focused research activity.  Many of the currently supported topics are noteworthy in their importance to business, including financial engineering and revenue management.  The area of health care delivery clearly has the potential for major societal impact and is a strong candidate for a long-term area of focused research.  The collaboration with NIH is very appropriate and should be pursued.  Homeland and aviation security also represents a good candidate for a focus area.  

In addition, emerging areas that have high potential to fundamentally change US industry in the next 2-10 years should be specifically focused on. Of particular importance are the new innovative service business models and technologies that exploit IT technology, pervasive devices, real time business intelligence, and Operations Research techniques.  Recent industry successes in these areas show strong long-term potential for generating new business value, improving service productivity, contributing to global competitiveness in manufacturing, enhancing security, and managing environmental and social-economic impacts.

Recommendation 3:  Inter-agency Cooperative Programs

DMII has developed joint programs with other government agencies on at least three occasions.  These include initiatives on transportation systems with the US Department of Transportation, on environmentally benign manufacturing with the US Environmental Protection Agency and on healthcare delivery with the National Institutes of Health.  From the perspective of the scientific community such joint initiatives are highly desirable since they bring the prestige of NSF, its peer review system and quality control and its orientation toward scientific rigor to the funding process.  From the perspective of NSF these represent mechanisms for leveraging NSF funds and for broadening the perspective of the research carried out.  The COV recognizes that developing these relationships has required substantial effort.  The COV feels that caution should be taken in pursuing them – specifically, it is important that the substantial effort required to develop them not distract the Division from its primary goals and, further, that the NSF standard for objectivity and high scientific content not be diluted through them.  Subject to these cautions, the COV encourages DMII to continue to pursue such relationships.  A desirable goal is the development of long-term relationships or programs with certain agencies, most likely through high-level agency contacts.  This way, such programs could be institutionalized and continued with less year-to-year effort.  

Recommendation 4: International Collaboration

Manufacturing is becoming increasing global. Many research problems span across international boundaries. To improve their global manufacturing competitiveness, many countries have established research agencies whose roles mirror those of the National Science Foundation and DMII in particular. Working with the Office of International Science and Engineering, it behooves the Division to seek and engage in international collaborative relationships that would permit it to leverage its resources and broaden international opportunities for US researchers, educators, and students in manufacturing and service. 

C.2 Recommendations on resource need 

Recommendation 5: Proposal success rate

The Committee observed several proposals that were obviously fundable and for which no awards were made for lack of funds. The lack of awards represents lost opportunities in possible advancement to the fields of manufacturing and service and to the society in general. As shown inn Table 1 below, it is also the Committee’s observation that the success rate for proposals in the Division was consistently below 20%, and when averaged over the three-year period was one of the lowest and significantly below the Directorate’s average. The lower funding rate combined with the lack of awards for fundable proposals is considered unhealthy for the Division and should this continue, it can affect the responsiveness of researchers to the Division’s call for proposals and initiatives. Furthermore, continued low funding rate could also discourage many good researchers from considering DMII for proposal submission. The impact of such disassociation by researchers to the Division’s programs can be significant in the long run. Given the critical nature of manufacturing and service to US global competitiveness, the Committee recommends that the Division be seriously targeted for increased funding to capture some of the fundable proposals currently lost to the system due to lack of funds. 

	
	Research Proposal Success Rate by Divisions


	Year
	ECS
	CTS
	CMS
	EEC
	BES
	DMII

	2002

2001

2000
	27%

30%

29%
	30%

24%

25%
	15%

14%

23%
	41%

39%

21%
	17%

20%

23%
	18%

15%

19%


Table 1: Proposal success rate by divisions
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Recommendation 6: Administrative support

DMII programs, which cover both the SBIR and the academic programs, serve a very large research community. The number of proposals submitted and handled by the Division continues to grow annually. The increase in proposal actions is manifested in increase in the Division’s workload. In fact, as shown in Table 2, the Division’s workload per academic PD is about 20% more than the rest of the Directorate. Because Program Assistants who are NSF employees must perform final processing actions on SBIR/STTR proposals, about 14% of the SBIR/STTR proposal actions is done by Program Assistants who also support academic programs’ work, the same workload issue also applies to them. Note that the 14% of proposal actions for seven Program Assistants is approximately the equivalent workload for one full time Program Assistant. The Committee recognizes that outside contractors are employed to relieve the workload level in the Division. However, the outside help notwithstanding, given that the permanent employees are the only authorized personnel to perform some of the tasks required for processing a proposal, the relief is still significantly insufficient. The Division’s workload remains high in spite of the subcontracting. The Committee recommends that the staffing level for both PDs and Program Assistants be increased to bring the Division’s average workload to a level commensurate to the rest of the Directorate.

Recommendation 7: Travel funds for PDs

The COV recognizes that the PDs who are on the permanent staff of DMII are playing an important leadership role in the engineering field. It was brought to the Committee’s attention that throughout NSF travel funds are allocated differently to PDs based on whether they are rotators or permanent staff. To minimize this discrepancy and make all PDs more available, relevant, and effective to their various research communities, the COV recommends that such a policy be reviewed to give the PDs on permanent staff access to more travel budget.

	Workload distribution for PDs and Support Staff by Engineering Divisions

	
	ECS
	CTS
	CMS
	EEC
	BES
	DMII

Academic Prog.

(SBIR Prog)
	ENG

	Sup. Staff

PD

Prop Actions

2000

2001

2002

Ave/Staff

Ave/PD
	    7

    8

681

679

940

111

  97
	  7

  8

813

709

688

105

  92
	     7

  13

1082

1359

1388

  182

    98
	    9

  12

 391

226

411

  38

  28
	   5

   9

646

740

761

143

 79
	    7

    7 (7)

  754 (1654)

  803 (1462)

  980 (1712)

 151 (217)

 120 (229)
	    42

    64

6021

5978

6880

  149

    98


Table 2: Workload distribution for PDs and Support Staff by Engineering Divisions

C .3 Long-term strategic directions

Recommendation 8: Manufacturing for the hydrogen economy

A new manufacturing infrastructure will be required if the hydrogen economy is to become a reality.  This will impact many aspects of the manufacturing community including but not limited to: the production of hydrogen storage materials, development of hydrogen embrittlement resistant materials, development and manufacture of increased efficiency fuel cells, mass production of hybrid vehicles, new distribution networks for

hydrogen, many associated supply chain issues, etc. The COV notes that science and engineering must also find sources of hydrogen that can be tapped in an energy-efficient manner.  Very little, if any, energy is gained when hydrocarbons are heated or decomposed to segregate hydrogen from carbon and the hydrogen is subsequently burned as a fuel

It is timely for DMII to nucleate a “seed” activity, comparable to that initiated for the “environmentally benign manufacturing” activity several years earlier, in order to be positioned for a leadership role in the hydrogen economy.  Currently funded “hydrogen-related” proposals should be identified and focused to provide a core activity for this new area, which can form a basis for increased and expanded funding in the future.  Through a proactive stance, DMII will be well positioned to address the manufacturing needs of the hydrogen economy and take advantage of anticipated future increases in multi-agency support.

Recommendation 9: Multifunctional manufacturing systems

DMII has already in place initiatives emphasizing underlying research issues in novel hybrid additive/subtractive processes in Material Processing and Manufacturing, Manufacturing Machines and Equipment, and synthesis of bottom-up with top-down processing in Nanomanufacturing.  In order to support future developments in all three areas, new multifunctional capabilities must be developed.

The next generation of competitive manufacturing processes will require integrated, intelligent, systems with multifunctionality capable of handling multiple materials at multiple scale lengths.  Such systems will need integrated design-build-test-interrogate-repair multifunctionality for applications in the material and/or biological realms.  They will be needed for high value applications and products that can be produced more economically in a multifunctional system.

.

The range of examples of such systems might include: 

· Nanomanufacturing systems, where molecules are self assembled on as-designed, as-built scaffolds to form structures whose properties are characterized in-situ, referenced to a data source to provide feedback to the manufacturing process so that remedial build actions or self healing repair mechanisms can be invoked as appropriate.

· Macromanufacturing systems with in-situ design and multiple materials feed systems, property characterization tools, in-situ diagnostics and wireless sensors to provide feedback to the build process.
Recommendation 10: Security of the manufacturing/service infrastructure

The tragic events of September 11, 2001, created an urgent need for enhanced security within the manufacturing/service infrastructure. It is important to find engineering solutions to the problem of securing the entire supply chain from initial manufacturing all the way to the final customer.  This requires the development of new concepts, ideas and methodologies in equipment design, sensors, materials identification, tracking and tracing, and operations research in the design of complex engineering systems.  Products will be traced, containers secured and tracked, facilities secured, people identified and cleared, etc.  Every aspect of the supply chain is vulnerable and will require new, innovative engineering solutions for their enhanced security.

The advent of wireless MEMS may provide a new opportunity.  An embedded or attached MEMS chip, capable of communicating remotely with a centralized information system, may make it possible to track the location and possibly status of products throughout many stages of the manufacturing and inventory process.  Indeed, such a system could also be capable of tracking routine items such as tools, eliminating the many costly mistakes or injuries that can arise from misplaced equipment.  When the communication devices are integrated with an information storage and retrieval system, major economies could be made in many manufacturing plant.

Recommendation 11: “Servicizing” the economy- a special Challenge and beyond

In looking ahead to the future of manufacturing, one sees a profound shift as we move from a manufacturing to a service economy.  This trend can be noted in personal spending, employment and economic activity.  The consequences for manufacturing will be in many areas.  Products, in growing numbers, will be embedded in services, shifting product performance requirements, ownership and even product knowledge to other segments of society.  Coupled with the change from vertical to horizontal enterprise structuring, the very sources of innovation may change from flowing primarily from technology development in the manufacturing sector, to a more dynamic interchange between manufacturing and service.  Even more profound, in as much as the physical artifacts of products represent tools and tool manipulation is known to affect brain development, the shift from products to services in the market place, and skills to knowledge in the workplace will change who we are.  The richness of this problem, as a source of important new research, cannot be overstated.  Complications at all levels of society and across numerous disciplines exist.  The COV endorses DMII’s creation of the SEE program and recommends consideration of fertile new areas of interchange between service and manufacturing.  These include: sources of innovation, product ownership and the environment, and skill retention in the information age.
Recommendation 12:  Industry-Academia collaboration through the GOALI program 

The NSF-GOALI program is unique in its intention to foster industry-academia collaboration and promote long-term relationships that will enhance technology transfer and competitiveness of the manufacturing sector, increasing the vitality of the economy and the S&T leadership of the US.  The COV sees the premise under which the original program was developed to be still valid and relevant.  However, while there are a number of examples of successful GOALI awards, there is also concern in the industrial sector that some of the current guidelines of the GOALI program may inhibit full and effective participation of industrial scientists and engineers as equal partners in this research collaboration.  These include (a) the limitation of the industrial PI’s role to that of a sponsor and a co-PI only instead of allowing them to also lead such projects as PIs; and (b) the restriction that no part of the NSF funds can be used to provide any support to the industrial PI for his/her time and efforts.  To increase industry participation, the COV recommends that NSF make a thorough review of the program policies to enhance industrial involvement. Active promotion of the program after the review and possible changes is also recommended.   

Recommendation 13: Increasing the number of innovative and high-risk proposals

There is a continuing need both for research in detailed improvement in existing processes as well as for research that enables disruptive game-changing technologies. As its name suggests, creativity and innovation have been inherent in DMII since its inception and the Committee encourages this emphasis. The COV recognizes that there currently exist excellent programs that encourage innovative "high risk - high reward" research. This includes the SGER grants that can be used to encourage research that is out of the mainstream but technically sound with potentially high rewards. Multidisciplinary research is another area that fosters highly creative and innovative research. While the COV recommends that these programs be used to a maximum extent possible, it is also recommended that the Division develop specific programs or initiatives to serve as a catalyst to encourage the submission of highly innovative and high-risk proposals; proposals addressing crucial DMII issues which also are more soundly based on mathematical and engineering principles than found in the present pool. In particular, the COV recommends that the Division consider a special call for proposals in which innovation and/or attention to perplexing fundamental difficulties from DMII areas are given substantially higher priority than in the normal review process. While the COV envisions a highly competitive program with a limited number of awards, to ensure that this call is attractive to DMII research community, the award grant should be substantial.

� From the NSF’s EIS, selecting “Research Grants”


� Staffing from the NSF/ENG online directory


� Total number of proposals from EIS using “All categories”, and DMII Academic proposals identified selecting “Research Grants” to separate SBIR/STTR activity.


� . Support staffing based on the 7 NSF staff having 80% of their responsibility for Academic Programs.  SBIR/STTR support staff is from the balance of the NSF staff’s time plus six contractors. These staffing assumptions are used to determine the Avg/Staff for DMII. Ave is average number of proposals over 3 years.
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