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OVERVIEW

Introduction

The Committee of Visitors (COV) for the Division of Electrical and Communications Systems (ECS) of the Engineering Directorate (ENG) of the National Science Foundation (NSF) met at the NSF Headquarter on October 4-6, 1999.  The Division has two program areas: (a) Electronics, Photonics and Device Technologies (EPDT), and (b) Control, Networks, and Computational Intelligence (CNCI).  In addition, there is a third area encompassing both EPDT and CNCI, that of Integrative Systems. 

The COV met with the Division Director, Dr. Arthur C. Sanderson, the Senior Engineering Advisor, Dr. Lawrence S. Goldberg, and Program Directors Dr. Rajinder Khosla and Dr. Usha Varshney for EPDT, and Dr. Kishan Baheti, Dr. Marija Ilic, Dr. Vladimir Lumelsky, and Dr. Paul Werbos, for CNCI.

The panel was greeted by Dr. Elbert Marsh, Deputy Assistant Director for the Engineering Directorate Dr. Sanderson provided an overview of the ECS Division, and Dr. Goldberg discussed the COV process. The Committee then organized itself into two Sub-Panels, focussing on EPDT and CNCI, respectively.  The major activity for the remainder of the first day was the review of a selection of proposal jackets from the past three years.  The Sub-Panels carried out these reviews separately, but reconvened as a committee at the end of the first day, to discuss common findings.

On the morning of the second day, the committee was given presentations by the Program Directors, describing in some greater detail the initiatives being pursued in their areas. Dr. Eugene Wong, the Assistant Director for Engineering, also made a brief appearance before the committee, and spoke of some issues facing ENG in general. During the afternoon, the Sub-Panels then met separately to discuss issues common to their program areas, and to begin drafting of the report.  The committee again met as a whole at the end of the day in closed session, to discuss general issues.  NSF personnel joined the committee in final discussions and questions.

The morning of the third day was spent in final discussions of the general conclusions of the committee.  NSF personnel joined the committee briefly at the end of its discussions. 

General Observations

 The Panel believes that ECS is doing an outstanding job in promoting leading-edge science and engineering in the academic sector.  Fostering both the education and basic research that underlies science and engineering in the U.S. has been the NSF's hallmark, as well as its greatest strength and contribution.  We realize that is becoming increasingly difficult to fully carry out that mission, given the limited resources of funds and personnel, the complexity and rapid evolution of the engineering disciplines, and the desire to broaden the base of talent that sustains engineering innovation.  Thus we applaud the ability of ECS to operate so successfully within such a challenging environment, while at the same time, charting new areas of engineering innovation, supporting critical contributions to engineering education, facilitating the introduction of young investigators to the engineering/academic community, and maintaining the efficacy of the peer review process. The reports of the Sub-Panels provide a greater detail of observations and recommendations. We highlight some general observations and recommendations below, offered by the entire Panel. 

1. In general, the CoV found the review process to be of the highest integrity, the documentation of the procedures to be good, the reviewer selection process effective, and the portfolio of research projects to be excellent. There were a few issues of concerns, but those details are provided in the reports of the Sub-Panels.

2. We found that the reorganization of ECS into three program groups: (a) Electronics, Photonics, and Device Technologies, (b) Controls, Networks, and Computational Intelligence, and (c) Integrative Systems to be an extremely effective one. It is an organization that well reflects the scope of engineering issues spanning device to systems, as well as the multidisciplinary approach needed for current engineering research and education. The coordination and cooperation among Program Directors is to be highly commended: the coordination in making award decisions, delegation of proposals and decisions according to expertise, and the collaboration in establishing exciting new integrative initiatives.  This method of operation should serve as an excellent model for all of NSF. 

3. ECS's integrative approach makes apparent the common, broader themes of Information Technologies that link the various programs in ECS and form part of its Intellectual Core: ECS is well-positioned to influence the invigoration of both research and education (curricular reform) in this area. 

General Recommendations:

1. Effective peer-review is critical to the NSF award process.  The use of individual mail reviews, combined with Panel Reviews appears to be working well for selection of ECS proposals. Nevertheless, it is important to cultivate and sustain a broad base of knowledgeable and responsive reviewers. These issues are further described in the reports of the Sub-panels, including some discussion of possible incentives to improve reviewer response. 

2. ECS has made a diligent effort to apply the New NSF Review Criteria.  Reviewers and PIs are responsive to the more traditional criterion of intellectual merit; however, there is a much poorer consideration of the 'broader impact' of the work to societal goals. If this criterion is to have any credibility, some further education of the community must take place.

3. There was difficulty in making the assessments on the GPRA outputs and outcomes of ECS investments because (a) effective assessments of outcome can often only be made over a longer time frame, and (b) the sub-panels found that there was often insufficient data upon which to make an assessment. We recommend that ECS explore more effective ways of displaying and disseminating the results of its portfolio of investments. For example, ECS might maintain a Website that could serve as an electronic showcase for highlights of the projects that ECS has supported. 

4. The model of integration among disciplines and the goal of integration of research and education enforce the necessity for ECS to have close intellectual coupling with and authority over the educational issues related to these areas. Rather than having educational resources concentrated into a separate Division within the Engineering Directorate, we believe that responsibility and authority for educational reform should be distributed within the research programs in ECS that build upon that education.

5. ECS is doing an excellent job in developing a balanced portfolio of short-term exploratory research, longer-term research in both 'traditional' and new cross-cutting areas of engineering. We recognize that the current ~3-year duration of standard awards represents a necessary balance between 'breadth and depth': at a given time, awards of longer duration would limit the total number of PIs to whom awards could be made.  However, we note the critical role that long-term investment has played in developing ideas in the basic engineering sciences, and NSF's unique position in that regard. In developing bold new research directions which may cut across traditional disciplinary boundaries, a greater investment in time would allow for the ideas and research to better come to fruition, and would also allow a more informed assessment of these new approaches.  We urge that some attention be given to the larger total funding investments that would make more longer-term awards possible. 
REPORT OF THE SUB-PANEL ON CONTROLS, NETWORKS AND COMPUTATIONAL INTELLIGENCE (CNCI)

A. INTEGRITY AND EFFICIENCY OF THE PROGRAM'S PROCESSES & MANAGEMENT.

1. Effectiveness of the Merit Review Process
a) Overall design, appropriateness of review mechanism.

The amount of information being processed through the years in a NSF program is really staggering. We estimate that with the figures given, the ECS program has roughly 2,000 active proposals divided by 8 Program Directors. Simple math shows that each Program Director handles on the order of 270 active proposals per year. Our first comment is to compliment the NSF staff and Program Directors in being able to handle such a huge amount of information while at the same time preserving the quality of programs and responding in a timely manner.  

In our sub-panel we found that most of the reviews are panel reviews. We believe that panels produce speedier action than mail reviews and also give a consensus-based evaluation. Mail reviews are encouraged in particular if NSF can convince (using payment, having reviewing be regarded as an honor, etc.) the key players in the field to take the time to produce illuminating reviews. Seeking international mail reviews may be a way to bring more quality reviews into the picture. 

From the random sample we analyzed, there was a single proposal that was lost during login. This is not acceptable, but the fact was recorded in the jacket, which means that the problem was found and corrective actions taken.

b) Efficiency, time to decision.

In the proposals we analyzed, the decision time varied from 3 to 12 months, with a bimodal distribution. Many proposals (mostly the solicitations) had a time to award of less than six months. Unsolicited proposals tended to wait a longer period due to the asynchronous nature of the submission versus the review cycle. We consider the current time to decision appropriate.

c) Documentation of recommendations.

The documentation of the written recommendations was judged very good. We found that panel discussions tended to be recorded too synthetically, which creates missing links between the written reviews and the panel decisions. Here, the review summaries of the Program Director were generally much more enlightening with respect to the conclusions and the rationale for the actions taken on the proposal. 

d) Consistency with announced criteria.

The vision of programmatic goals is consistent with the awards. On occasion we spotted discrepancies across time and across Program Directors regarding the final decision (award versus declination) and the proposal’s written review score. However, we do not think this is a problem due to the local nature of the decision (proposals compete among themselves within groups), the evolving goals and multidisciplinary content among the programs. 

2. Use of New NSF Review Criteria
a) Intellectual Merit: advancing knowledge within and across fields, creative and original concepts, capabilities of proposers.

The CNCI sub-panel saw clear evidence of the application of the new merit review criteria to award proposals. The Division’s use of the criteria in these cases can be termed as excellent.  

· We judge the use of this criterion to be Exceptionally Strong. 

b) Broader impact: advancing discovery and understanding while promoting teaching, training and learning, participation of under-represented groups, infrastructure, benefit to society.

The sub-panel however observed cases in its review where this criterion was either not followed or a ‘lip service’ was paid.  A concerted effort needs to be made to ensure that both the reviewers and the PDs follow the criteria rigorously for all proposals. 

· We judge the implementation of this criterion by ECS to be effective, but the use of this criterion by PIs and reviewers to be Minimally Effective.
3. Reviewer Selection
The selection of individual reviewers is a cornerstone of the quality of any program. We found many peers as reviewers, always a good match between the experts and the areas of the proposals analyzed, and we found also a balance between academicians and industrial experts. We also found the pool of reviewers being drawn from across the country and including under-represented groups. However, the same names tended to pop up across the years. It is natural to make use of good reviewers, but broader lists of experts should be created, generated by recruiting reviewers from the newcomers (such as the CAREER awardees). 

4. Resulting Portfolio of Awards
GENERAL COMMENTS: We found it difficult to evaluate the quality of the awards in the absence of reporting material from most jackets (even for 1996 awards). Based on the evidence contained in the jackets, the panel could not determine the means (if any) through which a Program Director (PD) monitors the progress made in a project. We realize that because the NSF awards grants, rather than contracts, detailed monitoring may not be possible. 

a) Overall quality of science and engineering.

It is difficult to make an accurate evaluation of how an awarded project meets its objectives for the reasons mentioned above. Overall, no concerns were expressed regarding the quality of proposals as perceived by the panel's examination of the jackets. As a rule, truly 'good' proposals seem to be readily identifiable by reviewers and PDs and are awarded the funding they deserve.

On occasion, the panel observed that the PD made ample use of discretionary power to override the written reviews by providing justifications such as "the importance of the topic" or the "past accomplishments of the PI". The panel also observed substantial differences over award decisions (e.g., two proposals rated G, F, G and F, G, VG got funded, whereas two others rated E, VG, G/F and VG, G, G did not).

Recommendations: The panel recommends that the issue of timely and proper reporting by PIs be considered and that some effort be put into incorporating such information into the jackets.

b) Appropriate award size, scope & duration.
The panel did not have any major concerns regarding these issues. However, we observed that top-level departments/universities were not well represented in the awards made. This is most likely due to low funding levels that cannot support 'expensive' research in certain universities.

Recommendations: The panel recommends that appropriate funding levels be provided to attract more researchers at top-level programs.

c) Effective identification of and support for emerging opportunities.
As mentioned under 4(a), PDs occasionally supported proposals based on the importance of a particular topic. The panel also observed that several funded proposals were submitted under special initiatives for  'emerging opportunities' such as KDI and Wireless.

Recommendations: The panel recommends that more initiatives (solicited proposals) be generated to attract proposals in targeted areas. The PDs seem to be favoring such targeted areas, as was evidenced by the presentations given by ECS Program Directors.

d) Attention to openness of systems: support of new investigators, increasing diversity of investigators.
The panel felt that these issues are addressed through the CAREER program (bringing in new researchers) and programs such as POWRE (for women). The general impression is that a concerted effort is being made to meet the 'openness' goals and there is clear evidence of awards to minority candidates.

Recommendations: The panel recommends that the ECS Division continue its strong and focused efforts in this area.

e) Integration of Education and Research.
This is a relatively new criterion and both PIs and reviewers are still getting used to it (this is an issue also addressed under 'New NSF Review Criteria'). Currently, the panel felt that a lot of 'lip service' is involved, but it also observed some notable exceptions as examples to be emulated. CRCD projects are a case in point.

Recommendations: The panel recommends that PDs place more emphasis on reviewing web sites produced by PIs (e.g., from CRCD projects), and proliferate this knowledge. 

B. RESULTS: OUTPUTS AND OUTCOMES OF NSF INVESTMENTS

In general, the following caveats should be recognized with regard to the rating of the GPRA Outcome Goals described below. CNCI's performance in terms of important discoveries, as well as new knowledge and techniques, was found to be difficult to judge on the basis of award performance of the last three years. This is partly because of the longer tracking time necessary to truly evaluate the outcome of a research program.  Effective 'tracking' in turn requires effective means of displaying and disseminating the outcome of the research.  Nevertheless, the sub-panel found strong evidence, highlighted below, that the Program Directors have done a commendable job in pursuing a balanced research program portfolio that is consistent with NSF’s long-term mission, and this evidence has led us to judge the program’s performance as successful.

5. GPRA Outcome Goal 1: Discoveries at and across the frontiers of science and engineering that result from NSF investments.
The CNCI Sub-panel found that ECS performance for Goal 1 is successful. 

As a specific example, NSF has provided funding over a period of over 10 years to the Univ. of Michigan for multi-disciplinary research coupling methods of control theory with semiconductor manufacturing.  These awards have led to developments that have reduced semiconductor manufacturing variance by a factor of four; widespread implementation of these findings will have major economic impact arising from vastly improved yields.  Recently, advances in robust multivariable control have led to the development of software tools, deployed in Matlab, that are becoming widely accessible to the general engineering community.  Fundamental research in nonlinear and adaptive control has led to constructive design methods that may be particularly appropriate for applications in automotive engine control.  These results in the theory and application of control are complemented by recent discoveries in computational intelligence and neural networks.  Developments in advanced approximate dynamic programming designs demonstrate significant promise for realizing the grand vision of achieving what can be truly viewed as intelligent control.  As an example, NSF Awards and have led to successful demonstration of neurocontrol of a difficult turbogenerator control problem using advanced learning methods.  We are encouraged as well by the recognition of the need to pursue research in the control and diagnostics of networked systems (e.g., electric power grids, communication networks, sensitive skin technology), employing learning methods (neural networks), as well as hybrid systems (which combine discrete event dynamical system components and time-driven system components). Initiatives in these areas should have a strong impact of NSF’s Information Technology program.

6. GPRA Outcome Goal 2: Connections between discoveries and their use in service to society.

The CNCI Sub-panel found that ECS performance for Goal 2 is successful. 

The COV sub-panel 2 has observed that NSF investments in the CNCI program have successfully resulted in significant connections between research discoveries and service to society.  In the area of control, awardee results have been made available to the private sector in a variety of ways.  First, a program in nonlinear control of autonomous vehicle systems generated enthusiasm in the private sector resulting in donations from Freightliner Corporation, Daimler-Chrysler and Ford Motor Company to further fund this activity.  Two examples were presented to the COV in which PIs have left academia or taken leaves-of-absence to pursue commercialization of tools based on NSF-funded research.  One of these examples turned out to be an unexpected outcome, where the methods of convex optimization are to be applied to the development of CAD tools for analog VLSI circuits.  Of equal importance is the placement of outstanding recent Ph.D. graduates into industry to exploit the findings of NSF-funded research; for example, a recent graduate from Texas Tech joined the automotive industry to pursue research and applications of approximate dynamic programming for automotive control.

The standards for Tenure and Promotion at U.S. public and private universities include requirements for research that could not be met if funding for research were not available. The National Science Foundation is one of the organizations that should be credited with the vibrant and widespread climate of research in science and engineering at Universities. The U.S. research output is unique in the world and it is a great contribution to economic development. NSF grants carry great prestige and adherence to the peer review process, unique among funding organizations.

7. GPRA Outcome Goal 3: A diverse, globally oriented workforce of scientists and engineers resulting from NSF Investments.

The CNCI  Sub-panel found that ECS performance for Goal 3 is successful. 
The sub-panel has found that the ECS Program Directors have successfully pursued programs and initiatives that directly lead to a diverse and globally oriented workforce of scientists and engineers.  NSF sponsorship of workshops and conferences provides a mechanism by which international points of reference influence practices in research and education.  For example, ECS has participated in the World Technology Evaluation Center (WTEC) of the International Technology Research Institute (ITRI) at Loyola College of Maryland. WTEC has successfully evaluated the status of U.S., Japanese and European technical efforts in a number of ECS technical areas; this provides guidance in planning future strategic investment strategies.  Another example of global orientation is NSF’s co-sponsorship of the Joint U.S.-Mexico Conference on Neuroengineering, which provided special funding for Spanish-speaking students from Mexico and the U.S. to attend.  Of equal importance is the continued evolution of special NSF programs such as GOALI, CAREER, and POWRE, for which we have observed significant support from the ECS Division.

8. GPRA Outcome Goal 4: Improved achievement in math and science skills needed by all Americans.

The sub-panel observed evidence that certain NSF investments are leading to development of models and practices that address the mathematics and science skills of both students and teachers of engineering.  All projects funded through the CRCD program have provided successful models of disseminating notes and software via the WWW.  Conceptually, this appears to be a trivial example; on the other hand, this type of activity demonstrates how to effectively use this media to broadly share the results of research findings.

9. Likelihood of strong future performance in new investments.

On new types of scientific databases, the expectation is that use of the Web will grow in importance, providing a very valuable resource for conducting information gathering.  On life-extreme environments, research in robotics and sensitive skins should have a significant impact. Research on modeling should yield useful results on maximizing performance and utilization of the next-generation Internet. Continued success is expected as a result of providing integrative research and education opportunities at all levels.  In particular, the NSF’s POWRE Program is one of the few sources of support of funding for women.  The CAREER Program is viewed as being very important in terms of providing opportunities to young faculty for support of their research and educational efforts. On professional development of teachers, the program on exposing high school teachers to topics in systems and controls is expected to have a substantial beneficial impact. 

COV Members, Sub Panel II

Christos Cassandras, Boston University

Edward Kamen, Georgia Institute of Technology

Jose Principe, University of Florida/Gainesville

Gint Puskorius, Ford Motor Company

Dave Sharma, Private Consultant

REPORT OF THE SUB‑PANEL ON ELECTRONICS, PHOTONICS AND DEVICE TECHNOLOGIES (EPDT) 

A. INTEGRITY AND EFFICIENCY OF THE PROGRAM'S PROCESSES & MANAGEMENT.

1. Effectiveness of the Merit Review Process 

a) Overall design, appropriateness of review mechanism.

There is general consensus that the decisions reached by the present review process are good. Occasionally it is difficult to follow all aspects of the process, but the conclusions appear to be valid.

There is some concern with the appropriate match of reviewers with proposals. We saw some instances where reviewers stated that they did not feel well qualified to review a particular proposal, but nevertheless participated in the decision‑making process. In these cases, usually there were more than the minimum of 3 reviewers required for a proposal, so these inputs could provide additional supporting information for decisions on proposals. It would be useful to indicate the area of expertise of each reviewer in the proposal jacket.

It appeared that panel reviews work better than mail reviews in ensuring a speedier resolution of decisions on proposals. Mail reviews are also useful, and can provide a depth and variety of analysis important for the full evaluation of the merits of a proposal. However, NSF personnel noted the difficulties in retrieving an adequate number of mail reviews in a timely manner. Panel reviews can also utilize the various complementary expertise of the panelists, and thus provide an informed and comprehensive evaluation of a proposal. Panels may arrive at an informed consensus and the use of reviewers is much more efficient. 

The EPDT Sub‑panel also followed up on the procedures used for appeals on decisions. The Senior Engineering Advisor was asked whether any declinations of proposals had been appealed, or resulted in significant complaints from those who had submitted the proposals. While no formal appeals were made, there was a case in which a PI applying for the CAREER program felt that the decision not to fund his proposal was influenced by the fact that he teaches at a predominantly minority and undergraduate institution. In this case, the PI applied for two consecutive years, and was denied in both years. The jacket for the second proposal contains documentation of the relevant email messages sent by the PI and the staff at the NSF. The situation was resolved in a very positive manner; the PI was given suggestions for modifying his proposal so that he could resubmit it as an SGER. The modifications included improvement of the substance of the proposal, and reducing the level of the funding request. The PI was ultimately granted the SGER. We commend the Division on the fairness, investment of time, and quality of feedback given to those submitting proposals.

b) Efficiency, time to decision.
The time to arrive at decisions is generally acceptable. The goal of having a six‑month response time is good. We saw only a minority of proposals for which the decision making process required excessive time. It appears that the efforts of the ECS have not compromised the quality or depth of the review process in any way. The policy of providing at least 3 months for proposal preparation after an announcement is also a good one.

c) Documentation of recommendations.
Documentation is generally quite good. However, the panelists found a number of minor errors and it was not always easy to trace the decision‑making path, given the information presented in some of the jackets.

It would be helpful if the summaries provided by the Program Directors would always address exactly which of the reviewer's comments played a critical role in their decision to recommend or decline support.

d) Consistency with announced criteria.

Reviewers and program directors do a very good job of applying the announced criteria. Many times, they did this more effectively in their evaluation of a proposal than was easily discerned in the proposal itself.

2. Use of New NSF Review Criteria 

a) Intellectual Merit: advancing knowledge within and across fields, creative and original concepts, capabilities of proposers.

This is the traditional criterion, is well understood by PIs and reviewers, and is addressed well in all successful proposals.

· We judge the use of this criterion to be Exceptionally Strong

b) Broader impact: advancing discovery and understanding while promoting teaching, training and learning, participation of under‑represented groups, infrastructure, benefit to society.
Both PIs and reviewers are beginning to address these issues, but a good deal of education is still necessary before there will be consistent application of this criterion to the desired extent. It sometimes appears that some PIs are only paying lip service to this criterion.

· We judge the implementation of this criterion by ECS to be effective, but the use of this criterion by PIs and reviewers to be Minimally Effective.

It would help to provide good examples of proposals that address these issues available on the NSF website so PIs can get a better idea of what is expected.

3. Reviewer Selection

Identifying knowledgeable and responsive reviewers is critical in carrying out the entire decision making process on proposals, and every effort should be encouraged to ensure that NSF Program Directors (PDs) have access to an identified body of excellent reviewers. Knowledgeable reviews could readily be supplied by well‑known researchers in the particular field, but it is often those very individuals whose other commitments prevents their expeditious participation in the review process. At the same time, to 'open up' the review process, a broader representation of reviewers should be sought. It appeared to the sub‑panel that since there is a relatively small number of women and minorities in the field, their representation as reviewers is similarly small. Likewise, there could be an improvement in the representation of both reviewers and proposal submissions from smaller academic institutions.

The problem of poor response to requests to review proposals was discussed. This in particular affects the timeliness and effectiveness of mail reviews. The panel discussed the following suggestions for improving the process: What incentives could be provided? Can reviewing be made an honor without forming a closed group of favored reviewers? Are monetary incentives an option? Should the base of reviewers be extended into other countries, such as those in Europe and Asia? Are there other professionals, for example state or local government employees, who could also participate in the review process?

4. Resulting Portfolio of Awards 

a) Overall quality of science and engineering.

The overall quality of science and engineering was found to be very consistent and of high quality, when examining both the awarded and declined proposals. It is evident that a consistent and coherent process has been used to make award decisions. The documentation supporting the decision of the mail and panel reviewers was generally complete. From this, it is observed that the quality of the funded proposals was generally excellent, while the proposals that were declined were generally deficient in one or more areas.

b) Appropriate award size, scope & duration.

The appropriateness of the size and duration of the proposals was generally considered as reasonable. The sub‑panel believed that the blend of one‑year SGER awards and the longer, three‑year programs for standard proposals provided good balance: the $50K, one-year duration of the SGER awards provide a good time frame to carry out feasibility studies for exploratory investigations. There was some concern expressed that a three-year award duration is generally insufficient for the completion of study and training of a Ph.D. student, although there is the possibility for an additional follow‑on award if the initial ideas and result are successful. We note that long term investments in enabling science has been the hallmark, strength and unique contributions of the NSF, and therefore it is important to allow for research projects that may require longer time periods to reach fruition. However, the panel recognizes that there is a critical trade‑off between increasing the duration of awards, balanced against the number of total proposals that can be funded. The ideal solution to this trade-off would lie in increased resources for the entire NSF in general, and for ECS in particular.  While there has only been a slow growth in the NSF budget over recent years, there has been a proliferation of exciting new areas of science and technology that warrant investment, as well as a host of young researchers entering the profession.  It is important to both seed new directions and encourage new researchers, but at the same time nurture outstanding researchers already in the field, carrying out the highest quality fundamental work. Regarding the scope of the tasks to be completed in many of the NSF proposals, many reviewers noted that the proposals were perhaps 'too ambitious', i.e., in an effort to provide exciting, compelling proposals, PIs may promise too much to be accomplished for a given amount of funding and a given award duration.

c) Effective identification of and support for emerging opportunities.
NSF has established a program to assist in the support of high‑risk/high pay‑off research. The sub‑panel found that SGER (Small Grants for Exploratory Research) is an effective way to support emerging opportunities in a rapid fashion. In addition, since this program is not required to have the proposals undergo the merit review process, it provides an excellent opportunity for NSF Program Directors to fund small efforts that assist in supporting the overall missions and goals of NSF. The sub‑panel saw cases where a successful SGER award provided the basis for a later, fully funded prestigious CAREER Award. This clearly speaks to the success of the SGER Program. Recent initiatives such as 'XYZ on a Chip', 'Nanotechnology', and 'Wireless IT and Networks' have injected significant vitality into the research community. A salient example of the vision of ECS to exploit an important emerging opportunity was the initiation of the program of Multidisciplinary Research in Optical Science and Engineering. The program helped to foster fundamental multidisciplinary research and education pertaining to a critical and significant research opportunity that is now playing an important and significant role in emerging Information Technologies. It should be stressed that it was the leadership and vision of NSF Program Directors in ECS, in cooperation with other colleagues in the Foundation, that allowed this to occur.

We recognize that a great strength of ECS' activities lies in the talents and perspectives of its Program Directors; it is critical that they keep abreast of new trends and newly emerging science and technology areas in order to initiate new programs and make important award decisions. NSF program directors should be encouraged to award more SGER grants for exploratory research. To address new significant problems, it is critical that NSF continually establishes sufficient funds and solicits proposals with program announcements under new initiatives. The recent regrouping of programs into three thrusts in electronics & devices, system & computation and integrated microsystems should give rise to a wealth of multidisciplinary research and is to be highly complimented. Indeed, the emphasis on cross-fertilization of three important areas of technology, namely the nano‑chip technology, information technology and biotechnology should be continually promoted not only within NSF, but also throughout the nation.

d) Attention to openness of systems: support of new investigators, increasing diversity of investigators.

The issue of maintaining an open system that is responsive and encouraging to new investigators is critical to fostering new ideas and encouraging high risk‑high payoff research. New PIs and creativity are desired in innovative, cross‑cutting areas, but a classic 'catch‑22' situation may prevent these new PIs from being funded. One may not have a proven track record in a new area, yet at the same time have applicable expertise and good ideas. NSF programs such as CAREER, POWRE, and the recently eliminated MRI (minority research initiative) help provide a mechanism for increasing openness and diversity while at the same time fostering high quality research. NSF truly deserves credit for instituting and maintaining these programs. ECS has made good, merit‑based decisions in tapping these programs. Programs like POWRE should be continually pitched and expanded. For instance, POWRE awardees should be encouraged not only to recruit women undergraduate students, but also go further back in the pipeline, and attract women high school students under NSF funding.

Also important in establishing an 'open system', the use of Fastlane and NSF web pages should facilitate the process of proposal submission and communications between PIs, potential PIs, and Program Directors.

e) Integration of Education and Research.

Generally, the integration of education and research is not as clearly thought out as the standard research portion of a proposal. In order to focus attention on this issue, NSF might require a minimum page requirement (~3 or more pages) for the detailed description of the integrated R&E program (in a similar manner as in CAREER, IGERT, CRCD, etc).

We recognize that there exist other divisions within NSF that are focused on educational goals in engineering. Owing to the fact that research creates new dimensions and requirements in technology, the decisions to fund the educational component should be more tightly coupled to research goals to ensure the appropriate training of future scientists and engineers, assuring the competitiveness of the Nation. Hence, the Division of Electrical and Communication Systems should play a more integral role in helping to guide the educational activities in the Directorate of Engineering.

B. RESULTS: OUTPUTS AND OUTCOMES OF NSF INVESTMENTS

This Sub‑panel found that performance in terms of important discoveries, as well as new knowledge and techniques, was difficult to judge on the basis of award performance of the last three years. This is partly because of the longer tracking time necessary to truly evaluate the outcome of a research program. Effective 'tracking' in turn requires effective means of displaying and disseminating the outcome of the research. Nevertheless, the sub‑panel found strong evidence, highlighted below, that the Program Directors have done a commendable job in pursuing a balanced research program portfolio that is consistent with NSF's long‑term mission, and this evidence has led us to judge the program's performance as successful.

5. GPRA Outcome Goal 1: Discoveries at and across the frontiers of science and engineering that result from NSF investments.

The EPDT Sub‑panel found that ECS performance for Goal 1 is successful.

An evaluation of many of the proposal jackets available to the COV reveals a uniformly high quality of the research being performed under NSF sponsorship in the EPDT. It was a difficult exercise to select just a single example of an outstanding program, from among the many excellent programs sponsored.

One such example of such a frontier program is the one entitled "Photorefractive Quantum Well Devices and Applications for Optical Scanning and Femtosecond Pulse Processing" at Purdue University. This program involves 3 PIs from the departments of Electrical Engineering and Physics, having a complementary set of expertise in quantum optics, thin film growth and applications. The eventual goal is nothing less than to be able to produce three-dimensional facsimile generation and transmission. The PIs of this program have also brought the results of their research to the public domain, providing a Keynote Speech at the Frontiers of Science Program held at Purdue in October l998. The Program was designed for high school science teachers and seniors interested in science careers.

Another example of a cross‑cutting program 'across the frontiers of science and engineering' is the joint NSF/DOE Partnership on Basic Plasma Science and Engineering. The part of the program supported by ECS addresses a variety of fundamental issues in areas from plasma processing to lasers. This program has encouraged a large number of researchers to investigate new areas of research and application for plasma science and engineering.  NSF's Program Directors played a leadership role in developing this joint program as well as in helping DOE to identify and evaluate excellent examples of fundamental plasma work.

6. GPRA Outcome Goal 2: Connections between discoveries and their use in service to society.

The EPDT Sub‑panel found that ECS performance for Goal 2 is successful.

The sub‑panel found that ECS is doing an excellent job of funding technologies that are being embraced due to the significant contribution they make to society. Research on Wavelength Division Multiplexing will be important to long haul, high‑speed optical transmission of information. A program on Sensitive Skins ('skins' of integrated, multiple sensors) will have important implications for remote sensing, care of the elderly or invalids, and other nontraditional use of machines. These applications can benefit humanity in a variety of ways, many of which are yet to be defined. Research on Etching of Amorphous Silicon for Displays deals with the practical issues of reliable and reproducible fabrication techniques that may ultimately reduce the cost of displays that are so widely used.  A program on Uncooled Infrared Detector Arrays, a collaboration between university and industry, led to development of technology that is today producing royalties. These are among the many examples of discoveries resulting from EPDT investments that will have ultimate benefit to society.

7. GPRA Outcome Goal 3: A diverse, globally‑oriented workforce of scientists and engineers resulting from NSF Investments.

The EPDT Sub‑panel found that ECS performance for Goal 3 is successful.

The increasingly global economy requires developing technologies in cooperation with researchers across a wide diversity of countries. NSF is also making an impact here.

One excellent example that was noted in our review was an international symposium to discuss visionary ideas of future microcircuits (including nanotechnology). The appropriate impact to applications of importance to the world's population was addressed through the attendance of high‑level industry drivers including Vice Presidents and Chief Scientists of companies across the world.

In addition, programs such at POWRE (Professional Opportunities for Women in Research) and CAREER seek to broaden the workforce of scientists and engineers, and emphasize the importance of integrating research and education. The panel saw a variety of programs directed towards both undergraduates and high school students. The GOALI program seeks to foster university-industry partnerships. 

Although these programs are gradually growing, at this time, the largest portion of NSF funding is through more traditional means. The committee discussed the possibility of soliciting a larger number of proposals, enabling development of a larger number of scientists and engineers, by emphasizing programs like those listed above.

8. GPRA Outcome Goal 4: Improved achievement in math and science skills needed by all Americans.

The EPDT Sub‑panel found that ECS performance for Goal 4 is successful to the extent of involvement of ECS in these activities.

As a by-product of well-integrated research and education programs, ECS has given rise to a number of programs that foster improved achievement in math and science skills. For example, the Combined Research‑Curriculum Development Program (CRCD) is stimulating faculty researchers to develop non‑traditional courses in enabling technologies designed to stimulate improved achievement in math and science skills. This program has been responsible for inventions and patents based on student projects. Another excellent example is the Summer Outreach Program for High School Students and Teachers at Howard University.  During a four-week course, students learn about the basics of electrical engineering, and work in teams to develop research projects. 

9. Likelihood of strong future performance in new investments.

Nanotechnology, like many of today's enabling technologies cuts across a wide variety of disciplines, requiring that the NSF encourage the development of a workforce exposed to a broader spectrum of disciplines than has been traditionally required. To meet this new challenge, NSF is funding a wide variety of research projects in nanotechnology. The National Nanofabrication Users Network (NNUN) is based within ECS, with participation by other divisions at NSF. NNUN provides the infrastructure research and education to enable exploration in nanotechnology for a broad user base. The panel observed that a significant number of other awards have been made in nanostructures, nanodefects and nanofabrication. Among the intriguing proposals funded in this area, the panel noted (1) a program nanostructure technology for photonic crystals, (2) research on the mechanical properties of nanotubes, (3) use of carbon nanotubes for functional devices, and (4) research on quantum dot, vertical cavity lasers. The XYZ on a Chip initiative is funding projects on nano-scale magnetic probes to measure spin states of particles, and nanotechnology techniques for DNA sequencing.  Moreover, ECS has provided support for the educational infrastructure for these new multidisciplinary areas. An NNUN-sponsored Research Experience for Undergraduates (REU) communicates the excitement and multidisciplinary approach of this new field to students. NSF has also funded a program to develop training to expose high school students to MEMS technology. Similar funding of multidisciplinary approaches to student training at the BS level has also been established. In view of the emerging importance and potential role of nanochip technology and the mutual enabling capabilities with the area of biotechnology, NSF's advocacy for and initiatives in nanotechnology cannot be overemphasized. 
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