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Director, Office of Integrative Activities



NSF Committee Management Officer

Attached is a copy of the Committee of Visitors (COV) Report on the Division of Mathematical Sciences for the period FY 1998 – FY 2000.  Included with this Report is a report on the COV membership as specified in Section 343, acceptance of the Report by the Mathematical and Physical Sciences Advisory Committee, my response to the final COV Report, the response of the Division of Mathematical Sciences to the final COV Report, and, on pages 23-24 of the Report, a list of the COV members.



Robert A. Eisenstein



Assistant Director

MEMORANDUM

TO:

M. Aizenman, O/AD MPS

FROM:
B. R. McDonald, EO/DMS

SUBJ:

Division of Mathematical Sciences Committee of Visitors (COV)

DATE:
May 3, 2001

The Division of Mathematical Sciences held its triennial COV on February 7-9, 2001.  The COV was composed of 32 members from the scientific community chosen for their scientific expertise, awareness of developments in their respective fields of the mathematical sciences, as well as a sense of issues, perspective, and balance across the mathematical sciences.   The 32 COV members composed a diverse committee with geographic, institutional, gender, ethnicity, age, private sector, and scientific representation.  The following table describes the main features of the COV diversity:

	Category
	Number

	Member of MPS Advisory Committee
	4

	Institutional Type
	

	     Research
	17

	     Comprehensive
	3

	     4-year
	3

	     Public
	13

	     Private
	8

	Industry
	4

	Outside of US
	2

	Professional Society
	1

	National Institutes
	1

	Location
	

	     Northeast
	9

	     East
	4

	     Southeast
	3

	     Midwest
	4

	     Southwest
	4

	     Rocky Mountain
	1

	     West Coast
	5

	     International
	2

	Female
	8

	Minority
	3

	No NSF Support in Five Years
	13


The COV was briefed on issues of Conflict of Interest for the purpose of one of the COV’s statutory responsibilities, namely the reading of proposals, reviews, and recommendations and commenting on the handling of actions and the appropriateness of recommendations.  Each COV member completed a NSF Conflicts of Interest form.  In addition, they were instructed to reveal to all other COV members in the breakout sessions all such conflicts of appearances of conflicts as described in the NSF Conflicts of Interest Manual 10.  Proposals and files were not available to COV members in those cases where the member had a conflict of interest.  Furthermore, the COV members were instructed to leave the room during discussion of such actions.

The Division of Mathematical Sciences believed that the efforts of the COV and the COV Chair, Dr. William Pulleyblank/IBM, were outstanding in all respects: fairness, thoroughness, expertise, statesmanship, and judgement.  The Division staff detected no situations in which conflicts of interest were not handled properly.  The Division was pleased with the quality, professionalism, and thoroughness of the COV report and its findings.

Director’s Office

Building 510F 

P.O. Box 11973-5000

Phone 631 344-5414

Fax 631 344-5820

tkirk@bnl.gov

April 24, 2001

Dr. Robert Eisenstein

Assistant Director for the

Mathematical and Physical Sciences

National Science Foundation

4201 Wilson Boulevard

Arlington, VA 22230

Dear Bob:

This comes to provide my formal statement, as chairman of the MPS Advisory Committee, that the recent Committee of Visitors Reports for the NSF Chemistry and Mathematics Divisions have been accepted and endorsed by the Advisory Committee in separate, unanimous votes at our Meeting of April 12-13, 2001.  Both reports were considered by the full Advisory Committee, along with the written responses by the Divisions reviewed, and were the subject of oral presentations during this meeting at NSF.

The Advisory Committee also wishes to add its thanks to the members of these Visitors Committees for their complete and rigorous reviews and for generating clear and convincing COV reports in both cases.

I am available for questions as you may require.

Sincerely, on behalf of the Advisory Committee

Thomas B.W. Kirk

Chairman

Cc: M. Aizenman

MEMORANDUM

15 March 2001

To: 
MPS Advisory Committee

From:
Robert A. Eisenstein, AD/MPS 

Subject:
Response to the Division of Chemistry and the Division of Mathematical Sciences Committee of Visitors Reports

Please find attached the MPS responses to the Committee of Visitors (COV) reports from the 7‑9 February COV review of the Division of Mathematical Sciences and the 12‑14 February COV review of the Division of Chemistry. The reviews were thorough and insightful, and the findings will be very helpful to me and to the Divisions of Chemistry and Mathematical Sciences in fulfilling our responsibilities to the scientific community and to the nation. The reports also provide a GPRA assessment of the degree to which the Divisions of Chemistry and Mathematical Sciences met their performance objectives. These will form the basis of the GPRA assessment that you will be asked to carry out for the Directorate as a whole for the next budget cycle.

The attached responses were drafted by the Division of Chemistry and by the Division of Mathematical Sciences, and I concur with their content.  I therefore adopt them as the official response of the MPS Directorate.  I hope the full MPS Advisory Committee finds these COV reviews and the NSF responses useful and acceptable.

MEMORANDUM

DATE:            March 12, 2001



TO:

Dr. Robert A. Eisenstein



Assistant Director, Directorate for Mathematical and Physical Sciences

FROM:
Dr. Philippe Tondeur



Director, Division of Mathematical Sciences

SUBJ:

Response to the Committee of Visitors

The Division of Mathematical Sciences (DMS) appreciates the extremely positive assessment of the Division’s activities and future provided by the report of the Committee of Visitors (COV).  We are especially appreciative that the COV identified the historic changes and unprecedented growth of the mathematical sciences in both its core research activities and its dramatic new relevance to science engineering, business, industry, health, and national security.  

The COV correctly noted that today’s large amounts of digital data in science and engineering, that new powerful computing platforms, and the growing existence of high speed global communications lift mathematical and statistical research to the critical forefront in the advancement of science and engineering.  Examples include molecular modeling, protein folding, nanotechnology, and the next-generation Internet.  Mathematical tools are needed to decipher the abrupt transitions in many geosystems, whether manifested as earthquakes or a reversal of the Earth's magnetic field, and in organismal and cellular systems experiencing developmental transitions, such as metamorphosis or genetic alterations.  A small snapshot of the expanding reach of the mathematical sciences is provided by successes listed in the COV’s Appendix B.  For example:

· Subsurface modeling to simulate hydrodynamic flows and transport of fluids in oil reservoirs and aquifer, and also surface flow in estuaries and bays.

· New industrial mathematics describing electromagnetic wave diffraction by surfaces

· Improvement of the quality and performance of products and materials through simulation and optimization of industrial manufacturing processes.

· New, novel techniques for the analysis of images based on the apparently unrelated mathematics of shock waves.

· Optimization algorithms at the leading meteorological centers in support of weather forecasting but also provide for airplane wing design.

· Groundbreaking research in image edge detection and compression, encoding algorithms and signal analysis.

· Mathematical and computational techniques that increase bit-rate in optical fiber communications.

· Differential geometric analysis to map the surface of human body to aid plastic surgery.

· Visualization and statistical analysis of large databases in biocomplexity to study ecology and population biology.

The COV noted that within the limits of available resources, DMS is doing an excellent job of achieving its strategic goals.

However, the COV also noted that the mathematical sciences is facing serious challenges due to the decreasing supply of young mathematical scientists and the decline of mathematical sciences support in several of the Federal mission agencies (thus increasing the demand on the NSF to support the U.S. mathematical sciences enterprise).   These concerns have been noted by DMS and, for example, are documented in the DMS supported Report of the Senior Assessment Panel of the International Assessment of the U.S. Mathematical Sciences, March 1998.

The DMS was especially pleased with the COV enthusiastic endorsement of the Mathematical Sciences Initiative (MSI), describing the NSF effort as ambitious but important.   The NSF effort to support the mathematical sciences will have a profound impact on the Nation’s mathematical and statistical sciences, on their connections to other sciences and engineering, and on the mathematical sciences workforce. 

The COV’s suggestions for DMS to engage the broader mathematical sciences community and its professional organizations to launch conferences, workshops, and studies to address important issues facing the community are excellent.  Identifying scientific “bottlenecks” due to limited knowledge of or needed mathematical research in the Nation’s research agenda and improving the larger mathematically trained of research workforce (not, in general, mathematical scientists) are critical to the advancement of science and engineering. DMS is already substantially engaged in such activities. Recent examples are the DMS April 1999 report Mathematics and Science, and the DMS June 2000 workshop report Opportunities for the Mathematical Sciences, as well as several workshops organized together with the Board of Mathematical Sciences of the NAS, and supported by DMS.    

The COV raised a number of questions and observations that the DMS will now address:

1. Screening Panels.  We feel this is a very effective process for reviewing proposals and encourage program officers to consider expanding its us.

The DMS concurs with this assessment.  The Screening Panel, an activity designed by the Probability and Statistics Program of the DMS, has been described as a model activity within the NSF and has been featured at “effective practices” panels internal to NSF.  The challenge to the DMS is that such panel activities require extensive program officer and support staff planning and effort.  With current DMS proposal loads, the MSI activity, and crossdirectorate and interagency activities, the further expansion of panel activities is not possible without Directorate and NSF help to increase the number of DMS staff.   The DMS will pursue these staffing issues with the Directorate and NSF. 

2. Criteria II – The Broader Impacts.  The responsibility for appropriate consideration of the second review criteria lies with the program officer. 

The DMS concurs with this assessment and believes that improved recognition of the second review criteria by the mathematical sciences community would enhance the mathematical sciences opportunities in both education and training and in multidisciplinary activities.  The DMS can place greater emphasis on these criteria for its mail and panel reviewers and improve its monitoring of criteria II in its internal review of proposal recommendations.

3. We support the creation of more institutes, having different characters, foci and modes of operation. 

The DMS agrees with this recommendation and is currently undertaking an institute competition under the solicitation Mathematical Sciences Research Institutes (NSF 00-86).  The solicitation specifically states, “...the existing institutes meet only part of the increased challenges due to the growing interface of the mathematical sciences with other disciplines and the increasing fundamental and mathematical and statistical problems whose solution will contribute to both the knowledge base and societal needs. Thus, the establishment of new institutes will aid in helping the mathematical sciences, in partnership with science and engineering, to meet these new challenges.” 

4. We encourage increasing and systematizing shared funding of interdisciplinary programs, involving the DMS and a funding agency from another discipline.  

The DMS agrees with this recommendation in spirit.  As noted by the COV, DMS is developing a partnership with NIH and NIGMS on the mathematics of medicine and more generally mathematical biology.  In addition, DMS is developing a new partnership with DARPA.  However, the DMS believes that important interdisciplinary partnerships also exist within NSF and is currently exploring joint activities with BIO in mathematics and biology and with GEO in geophysical modeling.

5. The mentoring program for new program officers should be expanded.
Currently the DMS Executive Officer, Dr. Bernard McDonald handles the initial training of all new rotators in the MPS Directorate, during two weeks in the fall.  This training has been recognized as among the best in the Foundation.  However, the Division concurs that additional mentoring is needed.  Experienced permanent program officers in each of the disciplinary programs best handle mentoring.  Currently, there is an imbalance in the DMS technical staff between 7 permanent and 12 rotating program officers.  Mentoring would be significantly improved with an equal balance between permanent and rotating program officers.  In addition to mentoring, other advantages to an improved balance among the technical staff would be expanded institutional memory, improved longer-term involvement in internal NSF activities, deeper understanding of the agency mission, and continuing engagement with other agencies.  To achieve an improved balance, the DMS will (subject to NSF approval) convert selected outstanding rotators to permanent appointments.  

6. We believe that it is highly desirable to provide grant funding to researchers early in their careers.

The DMS concurs with this recommendation and believes that investment in junior researchers is fundamental to the nation’s future world-leadership in science and engineering.   In FY 2001, the Division tripled its CAREER awards.  In the COV review period, FY 1998 through FY 2000, the DMS increased its awards to new principal investigators from 23% to 26%.  Equally important, the DMS increased its number of postdoctoral associates from 218 to 236 and dramatically increased the dollar investment in postdoctoral associates’ salary from $7.8M to $10.2M
, which means that postdoctoral associates are now supported for longer duration.    A significant part of the proposed MSI investment will support junior investigators.   The DMS also agrees that this investment principle should be applied universally, across all programs, and will monitor program investments to achieve this goal.

7. The GOALI and the IGMS programs are suffering from lack of quality applicants.

The DMS is pleased that the COV found the goals of these programs – supporting academic liaison with industry and interdisciplinary grants – as excellent.  The DMS is also concerned with the lack of applicants.  Both of the programs involve in part the relocation of researchers from their home institution to either an industrial setting or to another academic discipline.  That has not been a traditional model for university researchers in the mathematical sciences except during a sabbatical activity.  We hope that today’s junior investigators who mature in a more multidisciplinary research environment will be more enthusiastic about these two opportunities.  However, in the interim, the DMS can and will increase efforts to advertise these opportunities to the mathematical sciences community.

 8. The program of REU sites and supplements should be expanded.

The DMS is in agreement with this recommendation and will expand these activities.  

9. The DMS should increase is presence on the NSF web site, encourage the creation and maintenance of accessible web sites by other parts of the Mathematical Sciences enterprise, and by encouraging researchers to give accessible university-wide and public lectures.

Both the DMS and the MPS Directorate have recognized the need for improvement of the NSF website.  The MPS Directorate has been working with a contractor to improve the user-friendliness and uniformity of all the MPS divisional and directorate web sites.  A new website is scheduled for April 2001.  This should lead to an improvement of the DMS website and will be more informational.  The DMS will consider what is possible with regard to creation and maintenance of web sites by other parts of the mathematical sciences community.  Certainly, the DMS can and will assure that its national institutes and other DMS major projects address this concern.  The DMS can include in its communications to the community encouragement to give university-wide and public lectures.

10. The COV is concerned with shortages of human resources and, in particular, the number of America students pursuing graduate-level mathematical sciences.

The COV offers several reasonable suggestions on the use of incentive funds, conferences to identify to identify relevant data on human resources, and several other helpful suggestions. The DMS has a long history of efforts to address human resource development concerns.  A major effort occurred in partnership with EHR in the late 1980s in the area of calculus and other curriculum reform.  More recently, the VIGRE activity represents a multimillion-dollar investment to bring about systemic departmental reform in undergraduate and graduate education and postdoctoral training to address underrepresentation by American students in the mathematical sciences.  The DMS has invested in activities crafted to intervene at career choice points and in the transitions between undergraduate and graduate education. The DMS will be exploring new opportunities with EHR in the President’s Math and Science Partnership initiative.   Nevertheless, the DMS can try new strategies and serve as a catalyst for change.  Ultimately, the solution to these concerns rests with adjustment of cultural values and with a comprehensive effort by the mathematical sciences community.  

11.  The problem of increasing participation in the mathematical sciences and statistics by underrepresented minorities and women continues to be unsolved. 

The DMS concurs with this concern.  This has been a decades long challenge for the entire National Science Foundation and the nation.  While U.S. Ph.D. production figures show a continuing but slow growth of mathematical sciences Ph.D.s to women, there is no significant improvement in minorities.  The National Science Foundation also struggles with these concerns, especially in light of the recent legal assault on race-based and gender-based affirmative action.  Today the NSF must take care to adequately compile evidence demonstrating compelling and important reasons justifying all race or gender conscious programs and encourage non-exclusive eligibility criteria for activities targeted to benefit underrepresented groups.  The DMS can support outreach activities where we encourage women and underrepresented to participate and apply.   This is especially important in such activities as conferences and meetings and in collaborative activities. In particular, the DMS makes a strong effort to involve women and minorities in the merit review process and all panels are required to include women and minorities.  The COV correctly states that, “This will require a long-term commitment”. 

Among the other comments was the Division’s use of the NSF Merit Review Criteria.  The DMS recognizes there needs to be greater effort to integrate the “broader impact” criteria into the review and recommendation process.  This may be easier to implement in the program officer recommendation and in panel review activities.  Even though mail merit reviewers are asked to address the second criteria, greater effort is needed.

The comments on the extreme helpfulness of program officers in the data provided to the COV were appreciated.  The suggestions for improvements will be taken into account in the next COV.   We are pleased to report some initial efforts that will soon be available to the National Science Foundation.  In the fall while preparing the data for the COV, staff in DMS realized that the NSF data modules collating proposals and reviewers were not adequate for COV analysis.  Although these data was not available for the DMS COV, DMS staff continued to pursue this with the Division of Information Systems.  An outcome is that the Division of Information Systems will add a new module to the NSF internal data reports under the Proposal and Reviewer System that will provide COV-type data on proposals and reviewers, describing reviewer rating trends.  This will be useful to all NSF divisions in future COVs. 

Philippe Tondeur

Director, DMS

Report of the 

COMMITTEE OF VISITORS

To the

DIVISION OF MATHEMATICAL SCIENCES

NATIONAL SCIENCE FOUNDATION

February 7-9, 2001

Submitted by William R. Pulleyblank, Chair

Committee of Visitors

to 

Thomas B.W. Kirk,

Chair of the MPS AC
1. Introduction

The Committee of Visitors (COV) for the Division of Mathematical Sciences (DMS) met for three days, February 7-9, 2001, to review the division programs for the years 1998, 1999 and 2000 (see Appendix A for a list of COV members). The charge to the committee was given by Robert Eisenstein, Assistant Director for MPS. The COV was asked to address:

 The integrity, efficacy and quality of the processes used to solicit, review, recommend and document proposal actions;


 The quality and significance of the results of the Division’s programmatic investments;


 The degree to which the award outcomes for the Division meet NSF’s GPRA Performance Plan Objectives;


 The Division’s balance, priorities, and future directions;


 Any other issues the COV feels are relevant to the review.


The COV was charged with responding to these questions, emphasizing the DMS as a whole rather than focusing on the individual programs. 

Prior to the meeting of the COV, members were provided with the Programmatic Annual Reports of the DMS for the years 1998, 1999 and 2000, summary statistical data, a copy of the previous COV report, the NSF GPRA Strategic plan for 2001-2006 as well as instructions on the conducting of COVs.  Upon arrival, COV members were given the 1/23/2001 draft of the Mathematical Sciences Strategic Plan FY 2001-2006, the NSF FY 2001 GPRA Performance Plan, a set of core questions to be addressed,  an article from the Notices of the AMS describing the Mathematical Sciences Initiative (MSI) launched by the NSF and End-of-Year Summary Reports for each program and each fiscal year. The COV was also presented with the material presented in the report of Philippe Tondeur, Director of the DMS, in the opening session. Conflict of Interest rules were discussed by Bernard McDonald, Executive Officer of DMS. In addition to reviewing DMS activities and initiatives, Philippe Tondeur presented an overview of the objectives and plans for the MSI. 

This material gave a comprehensive overview of program activities and plans. During the remainder of the first day, the COV formed into three cluster subcommittees to review selected program jackets and program initiatives. The areas covered by each committee were:

 Cluster I:

 Algebra, Number Theory and Combinatorics

 Applied Mathematics

 Focused Research Groups and other parts of Infrastructure


 Cluster II:

 Topology, Geometric Analysis, and Foundations

 Statistics and Probability

 National Institutes and other parts of Infrastructure


 Cluster III:

 Analysis

 Computational Mathematics

 VIGRE and other parts of Infrastructure

The subcommittees reviewed jackets, statistics and other information and were able to ask questions of the appropriate program officers. The focus was on the set of questions provided. 

The full COV reconvened the morning of the second day. The chairs presented their subcommittees findings which were discussed by the entire COV to arrive at overall conclusions and recommendations. In the afternoon the subcommittees reconvened. Subsequently the COV met again, focusing on the GPRA issues as well as questions specific to the DMS formulated by the Chair of the COV.

The subcommittees met the morning of the third day to preparing their written reports. Philippe Tondeur met with each subcommittee to discuss the details of the Mathematical Sciences Initiative. The full COV then met to discuss this topic. At 2:00 the Chair of the COV presented a preliminary summary of the findings to Robert Eisenstein, Associate Director of the MPS. The meeting then adjourned.

Subsequently the Chair prepared this report, based on the subcommittee reports. This was circulated to the COV members and the DMS staff for comments, which are incorporated into this final version.

The responses to the questions posed are presented in Sections 5 through 7 of this report. In Section 2, we present some general observations and in Section 3, we discuss the planned Mathematical Sciences Initiative. In Section 4 we summarize the observations and recommendations of the Committee of Visitors.

2. General Comments

We are in an exciting period of development for the Mathematical Sciences. We are seeing historic advances in the core discipline and unprecedented growth in the applications and relevance to other areas of science, engineering, business and industry. This is occurring for several reasons: 

First, the availability of large amounts of digital data makes possible the consideration of problems that could never have been treated before. It also dramatically increases the need for statistical analysis and for data aggregation methods. In addition, new fields of science are emerging which focus on nonphysical data, for example, network traffic analysis and financial mathematics. These require the development of new mathematical theories and foundations.

Second, the availability of powerful computing platforms is having an influence on many areas of mathematics. In some areas, such as computational and applied mathematics, we are seeing the emergence of mathematical “laboratories”, where experiments can be run, results analyzed and methods can be improved. In other areas we are seeing the development of tools, such as symbolic algebra packages and visualization systems, which are affecting both education and research in these fields. The existence of powerful platforms are enabling us to address problems, such as the measurement and analysis of risk, which previously were beyond our computational capabilities.

Third, the existence of high speed global communication, as embodied in the Internet, have greatly strengthened the communication of the global Mathematical Sciences community, allowing much more effective collaboration and rapid dissemination of results.

However, the community is facing serious challenges. The supply of young mathematicians entering the pipeline continues to decrease. Between 1992 and 1999, the number of full-time graduate students in the mathematical sciences decreased by 21%; US citizens by 27%. In this same period, the number of upper division mathematical science majors dropped by 23%. In 1997, only 12% of full-time mathematical sciences graduate students were supported by research assistantships.

The NSF is playing an increasingly critical role in supporting research in mathematical sciences as many other funding agencies are reducing their budgets and focusing on targeted research. In 1997, the NSF provided approximately two-thirds of federal academic research support in mathematical sciences; in 2000 this was approximately 70%.

Within the limits of available resources, DMS is doing an excellent job of achieving its strategic goals, as we detail elsewhere in this report. However, it is clear that limits on resources have presented a substantial obstacle to the full achievement of the central aims of the Division. Many crucial needs of the mathematical infrastructure go unmet due to lack of funding. In particular, the human capital of mathematics is in danger of not being renewed as the pipeline of future mathematicians becomes too small. The cutoff level for receiving grant support is so high that many mathematicians capable of producing first quality research do not receive grants. The high cutoff level leads to insufficient support for recent PhDs and to too few grants awarded to high-risk projects that may have large payoffs. The average grant size is so small that promising graduate students frequently are not supported. As our good students and young mathematicians notice this pattern, some are pulled from mathematics into other professions which they perceive to be more rewarding.
We endorse the decision of the DMS to focus its funding on its prime constituency, the community of productive research mathematicians and statisticians. The overall problem of revitalizing the mathematical sciences is too large to be solved by DMS alone, but by increasing funding to world class investigators, and by encouraging them to support postdoctoral fellows, graduate students and, in some cases, undergraduate students, the DMS will obtain significant leverage on its investments. Recent initiatives, such as institutes, REU and VIGRE begin to address the disciplinary infrastructure needs. 

3. The Mathematical Sciences Initiative

The COV enthusiastically endorses and supports the planned Mathematical Sciences Initiative. The additional funding to be provided to support research in the mathematical sciences is welcome and equally important is the balance and interactions among the three parts of the initiative: 

 Fundamental Mathematics and Statistical Sciences, 

 Connections to Other Sciences and Engineering, 

 Mathematical Sciences Education.

The objectives of this initiative are ambitious. It will drive research in fundamental mathematics as well as the applications to a broad range of science and engineering problems. It will also integrate state-of-the-art statistical principles and mathematical tools and concepts in all NSF sponsored research. It will also strongly encourage collaborative, interdisciplinary research involving mathematicians, statisticians, other scientists and engineers.

The initiative will increase both the size and duration of research grants, including increased support for graduate students and postdoctoral fellows. The intention is to increase the number of mathematical sciences institutes and to establish interdisciplinary centers. Educational enhancements will be linked to research efforts.

The Initiative will have profound effects on the nation's human resources in relevant disciplines. It will result in a new generation of researchers trained in interdisciplinary approaches. It will also increase the number of US students trained in the mathematical and statistical sciences to meet the increasing demands in academia, industry and government. It will also improve the preparation of teachers in the mathematical sciences. 

This initiative will require a substantial increase in funding for the DMS programs. In addition to support of the core disciplinary programs, it will require significant new investment in interdisciplinary programs, linkage programs and educational outreach. However, the return on this investment should be substantial. There is currently a large collection of unfunded, high quality research proposals across all programs that would benefit from support. The linkages of the initiatives will benefit science, engineering, industry and the educational system.

Achieving the second and third parts of the initiative will require creativity and support of the broader mathematical sciences and statistics community. To this end, the DMS should continue to work with other suitable organizations, for example, the AMS, SIAM, MAA, ASA, the Math. Sciences Institutes, the Board of Mathematical Sciences (BMS), to launch conferences or studies addressing these issues. Two topics we propose for consideration are:

1. Expanding the Pipeline; Where do mathematically capable students come from?

The scientific “bottlenecks” identified in Rita Colwell’s speech reported in Nature, as well as many other scientific and technical problems, demand a larger number of mathematically trained individuals (not, in general, “mathematicians”). The objective would be to identify the current sources of mathematically trained individuals within the US educational system, and discuss how this could be improved. It should have participants from three areas: members of industry and technical institutions that use mathematics and want to employ students who have strong reasoning and quantitative skills; members of the undergraduate education establishment; and professional mathematicians involved in the training of graduate students in the mathematical sciences, broadly interpreted.

As part of their preparation, the organizers should collect data about the current sources of well-trained undergraduates (for example: to what extent do they come from liberal arts colleges as opposed to research universities?). Some is available from various sources. After this data is developed, the goal would be to develop new approaches that could increase the flow.

2. Mathematical Challenges in Science and Engineering
Science and engineering are facing bottlenecks due to either limited knowledge of existing mathematical sciences research or to needed new mathematical sciences research.  A goal is to describe mathematical sciences challenges, opportunities, and tools needed by science and engineering. A series of multidisciplinary workshops, cosponsored by the mathematical sciences community or the NAS together with other science and engineering disciplines could help chart future areas of investment, partnership, and research. DMS, in partnership with the other disciplines and agencies, could provide important support to such a community activity.

This follows on from the June 2000 DMS report entitled Opportunities for the Mathematical Sciences, which discusses a broad range of potential topics. There are two potential groups of participants: people from the various domains who can describe the challenges; mathematicians who can identify possible relevant areas of mathematics. 

Some possible problem areas are 

a. multiscale phenomena - situations where we have information of various scales, and the challenge is to model and understand the complex interactions;

b. protein folding and determination of molecular structure; 

c. very large scale problems of logistics and transportation;

d. qualitative behavior of large dynamical systems such as combustion. 


4. Observations and Recommendations

The central aim of DMS is to provide support for fundamental research in the mathematical sciences, in order to promote advances within this field and in the sciences generally, in engineering, and in technology, and in general learning. As other forms of Federal support for mathematics decline, it becomes even more important to the future health of the field that DMS achieves this strategic goal. As the dependence of science and engineering on new mathematics accelerates, success by DMS becomes critical to advances in a wide range of other fields. 
1. Screening panels are currently used by some program officers. This mechanism begins with a panel that performs a preliminary review of the proposals. Proposals which are clearly outstanding are selected for funding and proposals that are clearly not competitive with the current submissions are rejected. The remaining proposals are recommended for mail review; suitable reviewers are discussed and selected during the screening process. Two or three panelists write individual reviews of each proposal. We feel that this is a very effective process for reviewing proposals and encourage program officers to consider expanding its use.


2. The responsibility for appropriate consideration of the second review criterion - the broader impacts criterion - lies with the program officer. The program officer should draw this to the attention of the reviewers, particularly in cases where this is a major factor in the decision. The program officer should ensure that this is documented in the jacket.


3. Mathematicians depend heavily on collaboration with fellow researchers. The DMS sponsored institutes provide unique opportunities for mathematicians to work with other researchers in related areas of mathematics and in applied fields and/or to expand their horizons to new areas of mathematics and mathematical applications. With three institutes, only a small percentage of active mathematicians are able to attend the institutes each year. We support the creation of more institutes, having different characters, foci and modes of operation. (Note that Canada, despite having one-tenth the population of the United States, has three mathematical sciences research institutes.)

4. We encourage increasing and systematizing shared funding of interdisciplinary programs, involving the DMS and a funding agency from another discipline. This provides leverage to DMS funds and, in addition, ensures that the research will have real value to the "partner" science as well as leading to top quality mathematics. As a first step, formal joint programs with NIH and NIGMS should be established in the near future.


5. The mentoring program for new program officers should be expanded. This is particularly important for rotators spending only one or two years in the position. Mentors, who should be experienced program officers, can help with the creation of consistent, efficient, well documented processes.

6. We believe that it is highly desirable to provide grant funding to researchers early in their careers. Note that the GPRA requirement is that 30% of funding go to new investigators. However, the overall size of the DMS budget clearly affects the amount of funds that can be spent in this way. Assuming the funding increases planned in the MSI, the participation in the CAREER program should be significantly increased. The very high cut off levels for funding have resulted in well qualified applicants being unfunded, and it was often difficult to understand why one applicant was successful while a comparable applicant was unsuccessful. This may be inevitable when the number of funded applicants is so small. The decisions should be carefully documented. 

In the absence of funding increases, it is still desirable to ensure coverage of early-career researchers, by providing appropriate level grants. However, the funding level of the CAREER program, which is greater than the average DMS grant, will limit participation in this program.

It is important that this principle be applied universally, across all programs.


7. The GOALI and the IGMS programs are suffering from a lack of quality applicants. The goals of these programs -- supporting academic liaison with industry and interdisciplinary grants -- are excellent. These programs should be promoted more vigorously both within the Mathematical Sciences and Statistics communities and within the targeted communities.


8. The program of REU sites and supplements, which introduces undergraduates to research in Mathematical Sciences and Statistics, should be expanded. It shows promise of being an effective way to reduce the loss at one point of the pipeline.


9. Improved communications and public education in the Mathematical Sciences would both broaden the public support for the initiative and increase the attractiveness of a research career for students. This could be done by increasing DMS presence on the NSF web site, by encouraging the creation and maintenance of accessible web sites by other parts of the Mathematical Sciences enterprise, and by encouraging researchers to give accessible university-wide and public lectures.


10. It continues to be a struggle to address the shortages in human resources, in particular the number of American students pursuing graduate-level mathematics. With an attrition rate that exceeds 50%, the loss of students at the graduate level from the mathematics pipeline represents a great loss in resources, especially when we consider the REUs and other efforts which go into bringing students to this point. A 1980's study by Bettye Anne Case, et. al, indicated that the dropout rate in mathematics was higher than in the other sciences.  

Incentives should be considered for mathematics graduate programs to decrease the attrition rate of American students. Incentive funds could be given to those without VIGRE grants to establish transition programs that help to retain graduate students past the first year.  Conferences should be supported which identify the data relevant to human resources issues in mathematics and provide a venue where graduate departments can exchange ideas on what works, and other departments can adopt or adapt the ideas to their environments.


11. The problem of increasing participation in mathematical sciences and statistics by underrepresented minorities and women continues to be unsolved. The dropout rate is extremely high among underrepresented groups as can be seen by the number of students in graduate programs relative to the annual single digit numbers of African-Americans that earned Ph.D. degrees in mathematics (every year except in 2000) and the small number of Hispanic and American Indian graduates.


Since 1991, the percentage of African-American Bachelors mathematics majors attributed to the Historically Black Colleges and Universities (HBCUs) has ranged between 45 and 48%, according to the most recent NSF report on minorities, women and handicapped persons in science. Most large universities produce a small number of mathematics graduates from the underrepresented groups.  In order to address the issues of diversity in the mathematics community as well as the decline in the number of American graduate students, more support must be given to the departments in all universities that are successfully producing these students. 


Funds should be directed to improving the infrastructure in the departments of minority serving institutions, including support of faculty research and other faculty development activities, student research training, research post-docs at the universities and teaching post-docs (scholar-teachers) at the colleges, and computing facilities that support instruction and research in mathematics and science. In keeping with broader NSF initiatives, these mathematics departments should be encouraged to collaborate with other departments within their institutions and beyond, to broaden the training of their undergraduates. This will require a long-term commitment.


12. We were impressed by the management provided by the DMS director, executive officer and program officers of the many areas. There is considerable vision combined with technical expertise. Improvement can be achieved in the direction of having a greater impact on societal issues; this improvement is unlikely to be achieved without the provision of resources commensurate with the vision and expertise.


5. Integrity and Efficiency of the Program’s Processes and Management

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

a. Overall design, including appropriateness of review mechanism.

Successful
We find the overall design of the merit review procedures satisfactory. The mix of mail reviews and panels was appropriate. There is a tradeoff between these two forms of reviews: mail reviews are usually more detailed and provide more useful feedback to the PI, whereas panels are more balanced and more efficient in providing rankings of proposals but tend to be more difficult to document and often lead to less detailed documentation and less useful feedback to the PI. We like the use of screening panels, where panelists do a first screening out of proposals and select reviewers for promising ones.

b. Effectiveness of program's review processes:



Successful
The review process seems effective and the decisions seem correct in most cases.

c. Efficiency; time to decision:




Successful
Time to decision (between 6-9 months) seems fine. There were only occasional cases of overly long delay. Some of these were due to problems with the Fastlane process during 2000.

d. Completeness of documentation making recommendations:

Successful
This was very good in disciplinary programs but some problems occurred with infrastructure programs. For example, earlier VIGRE reviews were spotty in documentation of panel discussions and there were some discrepancies between mail (when needed) and panel reviews but the situation is much improved today. Similar situations occurred for CAREER and MSPRF awards. We did observe differences in the completeness of documentation across program officers. This should be made more consistent.


2. The program’s use of the NSF Merit Review Criteria (intellectual merit and broader impacts):

a.  Performance Goal: Implementation of Merit Review Criteria by Reviewers: NSF performance in implementation of the merit review criteria is successful when reviewers address the elements of both generic review criteria. Did reviewers adequately address the elements of both generic review criteria?


Successful/Unsuccessful


The reviewers always addressed adequately the intellectual merit criterion in their reviews. For disciplinary proposals, on the broader impact criterion, most reviewers’ comments, if present at all, are limited to impacts on science and technology and training of graduate students and postdocs. These comments are more common in Computational Math. The broader impacts criterion was not usually addressed by reviewers unless issues relevant to that criterion (e.g. the presence of minority students) were raised by the proposer. In Applied Mathematics and in the various cooperative and interdisciplinary programs we looked at, impact on other sciences and applications was a major factor; impact on students was still rarely addressed by reviewers.

 Reviewers rarely comment on diversity, infrastructure and dissemination. We suspect that most reviewers focus on the scientific aspects of a disciplinary proposal and tend not to read the reviewing instructions. Also, these criteria are relatively new and most reviewers may not be familiar with them. For infrastructure proposals (Institutes, VIGRE), both criteria seem to be used properly.

b. Performance Goal: Implementation of Merit Review Criteria by Program Officers: NSF performance in implementation of the merit review criteria is successful when program officers address the elements of both generic review criteria. Did program officers adequately address the elements of both generic review criteria?

Successful/Unsuccessful


Program officers always addressed adequately the intellectual merit criterion in their decisions. Program officers were inconsistent in addressing the broader impacts criterion in their decisions. The documentation was inconsistent in showing that the broader impact was considered (again, individual grants). We know from personal experience on panels that these issues have been discussed without being documented in the jacket, but cannot verify that this always happens from the jackets alone. If program officers regularly address these issues in their feedback on both successful and unsuccessful proposals, it would help generate new ideas in the mathematical community.

c. Discuss any concerns the COV has with respect to NSF’s merit review system.
1.
CAREER: We have two concerns: 

(a) The basis for decisions amongst top ranked applicants was unclear. Part of the reason is the lack of detailed documentation. Another reason is the very high cutoff - there were only four awardees in 2000, but up to 13 will be awarded in 2001 as a result of a conscious decision by DMS to increase the dollar support in this program. The DMS attempted to combine mail reviews with panels but not all proposals get mail reviews and using them may be unfair to some proposals. DMS is limited severely in the total number of CAREER awards it can afford by the NSF wide imposed minimum award of $300K/5 years (starting 2001) that is substantially higher than the average PI award. 

(b) There is a critically low number of female awardees relative to the number of applicants: 1/13 vs. 20/90 over 3 years. (It was pointed out to us that there was 1 female awardee in both the year before and the year after the 3 year period under consideration.) 

2.
MSPRF: There is a situation similar to CAREER, a low percentage of female awardees relative to applicants: 10/93 vs. 61/335 over the last 3 years. MSPRF also has low minority participation and awards: 2 applicants and 1 award in 2000.

3.
Infrastructure programs: There is a need to get more detailed feedback to PIs on declined proposals.

3. Reviewer selection:

a. Use of adequate number for balanced review;



Successful

b. Use of reviewers having appropriate expertise/qualifications; 

Successful

c. Use of reviewers reflecting balance among characteristics such as geography, type of institution, and underrepresented groups;



Successful
d. As appropriate, recognition and resolution of conflicts of interest by NSF staff and adequacy of documentation justifying actions taken.



Successful
The number and qualifications of reviewers were generally appropriate. Not surprisingly, panels seem to have been better able to suggest appropriate reviewers than unassisted program directors. Screening panels for Probability and Statistics were geographically balanced and included women and members from nonacademic institutions when appropriate. A wide variety of academic departments was involved in evaluations of proposals in Statistics. Conflict of interest issues for panels were carefully handled and documented by program staff. 

We did not have data available on minority representation on panels or on reviewers.

4. Resulting portfolio of awards:

a. Overall quality of science/engineering;
Successful
The threshold for quality of grants awarded was always high, sometimes very high, sometimes much too high. New, experimental programs such as IGMS showed evidence of a deliberately accessible threshold; others, in particular FRG, were very tough indeed, as warranted in that case by the size of the rewards involved. The quality of individual awards, and many individual declinations as well, was high; more money could be well used in this and other programs where strong applicants were turned down.

b. Appropriateness of award scope, size, and duration;
Successful
The scope, size and duration of awards was consistent in most cases with the proposal and program involved. However, in individual grants, quite a few large, senior applications were cut back distressingly, although necessarily, in view of the many young applicants who could be supported with the money saved. We were not able to see, however, what criteria governed which senior grants were cut back (for example, to one of month summer support) and which were not. We would like to see more worthy proposals funded at the five year NSF maximum.

c. Effective identification of and support for emerging opportunities; Successful
The DMS effectively sets up workshops to encourage activities in emerging areas (e.g. Math and Robotics, Opportunities in Math. Sci. Workshop in June 2000) but does not explicitly solicit proposals in specific areas, in contrast to other federal agencies such as DARPA. Generally, NSF/DMS emphasizes openness and equal opportunities in the funding process and therefore tends to be more reactive than proactive in soliciting proposals. Given that NSF is now funding a much higher percentage of the mathematical research in the country, we feel that DMS can take a more proactive role in soliciting proposals in important emerging areas as well as a more diversified portfolio of research grants that balances between high risk and traditional areas. Also, the DMS has been funding joint programs with other agencies on emerging opportunities, for example, the VIP program with DARPA. The joint program under development with NIH will be an excellent step forward.

The NSF has introduced the SGER (Small Grants for Exploratory Research) program which has been used by the DMS to fund speculative, high-risk projects with potential high payoffs. 

d. Appropriate attention to maintaining openness in the system, for example, through the support of new investigators;
Successful
The individual grant effort clearly reflected a desire to get more young people into the system, but many more such grants could be awarded without fear of lowered quality if more money were available.

e. Evidence that proposers have addressed the integration of research and education in proposals;
Successful
This is well addressed in VIGRE, CAREER, and KDI/ITR but less so in individual PI grants although there are exceptions.


f. Evidence of increased numbers of applications from underrepresented groups;


Unsuccessful

DMS is still far short of acceptable numbers of applicants from underrepresented groups. There have been fluctuations in numbers in some programs but we saw no encouraging trend, despite efforts. This is a very tough problem which neither the DMS nor the DMS and the COV can solve by themselves, but the DMS must not stop trying to get as many qualified applicants as possible.

g. Balance of projects characterized as 

 High-risk

 Multidisciplinary

 Innovative
Successful

Although there the interdisciplinary proposals which were funded were of high quality, there were some strong interdisciplinary proposals that had been declined. This suggests that there may be an intrinsic problem of judging interdisciplinary proposals. Overall there was a strong emphasis on innovative proposals, but it appeared that borderline high risk/high payoff proposals may have been more vulnerable to declination than more conservative proposals. The Infrastructure Program did an excellent job in funding a wide range of proposals ranging from the CBMS lecture series and workshops to cutting edge research by researchers such as J. Sacks (0073952). This was inconsistent across programs; among the more successful were Computational Math. and Applied Math., in which the program officer’s portfolios achieved a diversification target of 25% (in $) in “high-risk” grants and we were provided with evidence that this has been achieved. In those programs, a significant number of the proposals are multidisciplinary in nature.

6. Results: Outputs and Outcomes of NSF Investments

5. Strategic Outcome: PEOPLE - A diverse, internationally competitive and globally-engaged workforce of scientists, engineers, and well-prepared citizens.

Performance Outcome: The program is successful when, in the aggregate, results reported in the period demonstrate significant progress in achieving one or more of the following indicators:








a) Improved mathematics, science and technology understanding and skills for US students at the K-12 level;

b) Improved mathematics, science and technology understanding and skills for citizens of all ages, so that they can be competitive in a technological society;

c) A science and technology and instructional workforce that draws on the strengths of America's diversity;

d) A science and technology and instructional workforce that has global career perspectives and opportunities;

e) Globally engaged science and engineering professionals who are the best in the world; and

f) A public that is provided access to the processes and benefits of science and engineering.


Successful in all categories
Comments:

Within the constraints imposed by its tightly limited resources, the DMS has succeeded in having a positive impact on the mathematically trained workforce. By supporting researchers who in turn train postdocs and students, DMS is helping to create a community of mathematical scientists who in turn enrich mathematical education throughout the community. The well-documented and worrying decreases in mathematical human capital at all levels clearly would have been more severe without these very creative efforts.

a. This is an important area in which more needs to be done. The NSF has funded conferences for high school teachers and a number of lectures at the high school and junior high school level (reported in the DMS Annual Report for FY 2000).

b. NSF programs we have reviewed contribute to a healthy mathematical atmosphere at undergraduate institutions (RUI, REU) and also to dissemination of mathematical ideas among scientists from other fields. Support of the Mathematical Sciences Institutes also contributes to public understanding of science and of mathematics in particular. Many expository lectures are placed on the world wide web for wide dissemination. MSRI has been especially innovative, with such programs as “Journalist in Residence”, internships, “conversations with teachers,” and the Bay Area Math Olympiad. 

c. The POWRE program (to be replaced by ADVANCE) contributed to the professional development of women mathematicians. The success rate for applications of minorities in the individual grants is higher for minorities than in the general population (but the numbers are very small). Despite attempts to ameliorate the problem, our dominant impression is that the participation of minorities in research mathematics remains extremely small. The most relevant programs here are those that address the most junior people. However, the proportion of NSF applications from women remains much lower than the proportion of PhDs going to women. In contrast to the situation of minorities, the success rate for applications by women seemed if anything lower than the average.

d. The NSF program keeps US science at a global level. One of the ways it does this is to support US scientists traveling abroad to conferences and collaborations. Another very important mode is the support of many mathematicians in the United States who are not US citizens/permanent residents. This is an extremely important and forward-looking activity, which is essential for keeping US science at a global standard. The programs IGMS and GOALI attempt to keep academic scientists connected with vital industrial mathematics and with sciences in which applications of mathematics are made. These two programs seem to have a hard time getting first-rate applications, and may need bolstering.

e. The NSF engages with other countries through its division of International Programs and in many activities within the DMS itself to keep US mathematicians well aware of global trends.

f. There are many isolated examples of public outreach programs that are providing access to the public of the benefits of mathematics research. For example, MSRI runs a Journalist-in-Residence program; hosts public programs such as “Mathematics in Arcadia; an interview with Tom Stoppard” (available on videotape); hosts many lectures (produced at MSRI and elsewhere, for example the Dartmouth CHANCE Lectures) for the public on its web site in the form of streaming video. Another good example is the film (now in production) being produced by Dan Rockmore (DMS-0086157). The panel felt that it would be good for the NSF to cultivate such things more systematically. A bureau providing press releases (as done by the physicists, by NASA, e.g. the Hubble telescope) could be very valuable (Curt Supplee, then at the Washington Post, now at NSF, has outlined what would be required for this at a conference on Math in the Media at MSRI in fall 1998; his lecture is available in streaming video on the MSRI web site). (NOTE: the references to MSRI are not intended to be exclusive; they merely represent the knowledge present on this panel.)

6. Strategic Outcome: IDEAS: - Discovery across the frontier of science and engineering, connected to learning, innovation and service to society.

Performance Outcome: The program is successful when, in the aggregate, results reported in the period demonstrate significant progress in achieving one or more of the following indicators: 

a. A robust and growing fundamental knowledge base that enhances progress in all science and engineering areas including the science of learning;

b. Discoveries that advance the frontiers of science, engineering, and technology;

c. Partnerships connecting discovery to innovation, learning, and societal advancement; and

d. Research and education processes that are synergistic.


Successful in all categories
Comments:

This is a great strength of the Research Programs of the DMS. Outstanding research projects have been funded; the results are documented in the Programmatic Annual Reports of the DMS for the years 1998, 1999 and 2000.  We list some of the outstanding results in Appendix B. 

a.  Along with world-leading breakthroughs in fundamental mathematics, DMS has supported a wide variety of successful projects addressing critical contemporary issues in science and engineering. DMS has also taken the lead in integrating research and education at K-12, undergraduate, graduate and postdoctoral levels. Combinatorics is a good example: with the help of DMS, this field, formerly criticized for its prevalence of isolated problems and techniques, now boasts a strong common base of concepts and theorems. Broadening to a case where one mathematical field forms a common base for many others, we have the now-ubiquitous presence of dynamical systems throughout applied mathematics. Finally, mathematics as a whole is becoming a universal tool in such areas as biology and materials science.

b. There are many examples of mathematical ideas that have “escaped” the mathematical community and infected various scientific fields or the public in general. Much of the work connected to the Taniyama-Shimura conjecture was funded by NSF, as are new collaborations between number theorists and quantum theorists; and even the public is becoming aware of the role that string-matching and other mathematical techniques is playing in the Genome Project. 

c. Most of the core programs contribute synergistically at the level of graduate education. At the undergraduate level, the RUI and REU programs are critical, as well as is support of graduate and postdoctoral students. Support of faculty research programs leads to energized professors teaching classes at all levels, and including new results and points of view in their curricula. 


d. Data show that there has been a serious drop-off in the mathematical pipeline between undergraduate and graduate school.  The importance of early research experiences in creating interest and in preparing students for further study in mathematics has been widely noted. The Committee enthusiastically recommends continuing and increased support for REU programs as one means of enhancing the pool of potential graduate students. 
7. Strategic Outcome: TOOLS - Broadly accessible, state-of-the-art information-bases and shared research and education tools.

Performance Outcome: The program is successful when, in the aggregate, as a result of its investments, results reported in the period demonstrate significant progress in achieving one or more of the following indicators:

a.  Shared use platforms, facilities, instruments, and databases that enable discovery;

b.  Shared use platforms, facilities, instruments, and databases that enhance the productivity and effectiveness of the science and engineering workforce;


c.  Networking and connectivity that takes full advantage of the Internet and makes SMET information available to all citizens; and


d.  Information and policy analyses that contribute to the effective use of science and engineering resources.


Successful in all categories
Comments:

The major-shared facilities of the mathematics communities are the three research institutes supported by DMS: MSRI, IMA and IPAM. These institutes have important and distinct roles to play in creating opportunities for communication among mathematicians and between mathematicians and the larger scientific community. They provide databases, internet use, streaming video and other elements that enhance the capability of the mathematics and engineering workforce. For example, they provide computing platforms for mathematicians who come to visit. Web sites are used by high school teachers and students.  Computing infrastructure in many math departments, unfortunately, is not up to par; but the availability of web resources in mathematics can help change that. NSF provided a seed grant to develop MathSciNet, which is one of the most used mathematical databases. 

SCREMs provide an important source of funds for the acquisition of computer equipment and software for individual departments and groups. The DMS has been a leader in sponsoring programs for the design of numerical methods and algorithms that are the core of simulation software. Algorithms are described in important articles in the mathematical literature and have made their way into systemic inclusion in the scientific and engineering simulation codes at universities, industry and the national laboratories. Historically, many numerical methods developed over the last fifty years have cited the National Science Foundation for support. The DMS also supports the development of many software packages that are distributed over the internet and facilitate the entry of new research efforts into existing fields. This can lead to the formation of new collaborations.

8. Areas of Emphasis: For each area of emphasis shown below that is relevant to program activities, determine whether the investments and available results demonstrate the likelihood of strong performance in the future. Explain and provide NSF-supported examples that relate to or demonstrate the relevant strategic outcomes.

 a. Strategic Outcome: People

 K-12 systemic activities

 Enhancing instructional workforce/professional development
- Centers for Learning and Teaching (CLT)

-  Graduate Teaching Fellows in K-12 Education

 Broadening participation 

-  Tribal Colleges

-   Partnerships for Innovation (PFI)

 Addressing near-term workforce needs

- Advanced Technological Workforce program (ATE)


Successful   

Comments:

The dramatic decrease in undergraduate mathematics majors and US citizens attending graduate school in mathematics suggests that college and university mathematics departments need to pay more attention to encouraging students to major in mathematics by providing quality teaching, indicating the excitement of mathematics, and working with the K-12 community. It is especially important that attention is paid to the pre-service mathematics education of teachers. The COV recommends that DMS find opportunities to support research departments in addressing this important issue. For example, supplements to VIGRE proposals could be provided for those institutions willing to expand their activities to include K-12 and lower division undergraduate plans for increasing the pipeline. Mathematics departments should be encouraged to participate in NSF supported Centers for Learning and Teaching and GK-12 programs. Opportunities exist for mathematics students and faculty to become actively involved in the expansion of research and education in technology areas.

DMS should endeavor to find ways to expand the applicant pool for all of their programs, especially for underrepresented groups. Attention should be paid to representation in the award set as well. Geographic distribution in big initiative areas such as VIGRE is especially important.

 b. Strategic Outcome: Ideas

 Appropriate Balance of Portfolio (high risk, multidisciplinary, or innovative research) for each NSF program

 Investment in three initiatives:

-  Information Technology Research (ITR)

-  Nanoscale Science and Engineering 

-  Biocomplexity in the Environment

 Investments in non-initiative fundamental research:

-
Mathematical Sciences Research 

-   Functional Genomics

- Cognitive neuroscience


Successful
Comments:

The division seems to have an appropriate balance of high risk and multidisciplinary projects. There has been very little participation in the nanoscale science and engineering initiative. The Information Technology Research initiative provides support for a number of mathematicians. The 50 million dollar investment in Biocomplexity has resulted in approximately 10 million dollars of support for mathematicians. The coming initiatives in Functional Genomics and cognitive neuroscience should also provide exciting opportunities. While probability and statistics are core areas of mathematical sciences research, within the past 5-10 years a large number of investigators have, with the support of DMS, become involved in the designated initiatives and in the listed non-initiative areas of fundamental research. Prime examples are the ITR research of Cook (DMS-9982341) and the biocomplexity research of Neuhauser (DMS-0083468). These are rapidly expanding areas of exciting scientific development, and future successful participation by mathematicians will require increased funding.

 c. Strategic Outcome: Tools

 Investments in Major Research Equipment:

-
Terascale Computing System

 Continuing investments:


-
Major Research Instrumentation Program (MRI)


-
Science and Engineering Information/reports/databases


-
New types of scientific databases and tools for using them


Successful
Comments:

The continuing success of the DMS in sponsoring the development, improvement, and parallelization of mathematical simulation algorithms is a critical part of the national scientific program. Currently the DMS Applied Mathematics and Computational Mathematics programs support numerous projects developing numerical methods for scientific computing. Previous success in algorithmic research and the incorporation of these algorithms into university and commercial software packages indicates the high likelihood of success in future efforts. The DMS can play an important role in such major investments as terascale computing systems by providing resources for individual researchers and groups to these systems. The DMS Computational Mathematics program also supports the development of several Internet distributed packages, such as CLAWPACK, that are finding increasing use by independent researchers.

7. Other Questions:

9. Please comment on program areas that the COV believes need improvement.

Comments: See Section 4.

10. Comment as appropriate on the program’s performance in meeting program-specific goals and objectives (non-GPRA outcomes). 

Comments: See Section 4.

11. NSF would appreciate your feedback on the COV review process, format and core questions.

Comments: 

Overall Structure and Format: The format of the COV process in 2001 is much more productive than the past, because of clearer objectives with regard to past evaluation and what is required for the future. The questionnaire was not, we realize, prepared by DMS but it is ambiguous in places and suffers repeated changes in style. The extent to which COV can actually be helpful varies greatly from one section to another; it is desirable for a COV to focus on the relevant parts.

Some of the questions appear to be redundant, for example, Question 8 could probably be combined with the previous  three. The dashed items form an odd list, which we viewed as examples, but even so found a bit confusing.

It would have been helpful (and should be possible in the future) to include the list of questions with the other materials sent to the COV prior to arrival at NSF, and to organize the materials sent accordingly.

Jackets and Statistical Data: The program officers were extremely helpful in providing all additional information requested. However, we believe that the materials presented for our inspection could be initially selected and organized in an improved fashion. For example, it would have been helpful to have had statistics on minority reviewer and geographical representation since questions about this are specifically asked.

 Spreadsheets containing various types of information would be very useful, for example, 

(a) summaries of awards and declines by PhD. age and program, 

(b) a list of all the folders presented for analysis with information on status, time of awards, PhD. age, and whether the jacket is part of the random sample selected by the program officer. 

A spreadsheet containing all “accepts” and “declines” for the program under review would be an excellent complement to the selected statistics provided.

Making a “random” selection of folders for review in addition to those selected by the program officers helps guarantee the credibility of the assessment. However, as a result, the COV is faced with a mountain of folders from which it is difficult to select. We note that a few small classes of folders are much more informative than others, for example, PIs that have been systematically funded in the past but are declined in the present competition, young PIs only a few years past their PhD., SGER grants, POWRE grants, and perhaps some others. It would make sense to stratify the random sample and sample more heavily from some strata than others. For example, perhaps all SGER grants should be included and more young PIs.  In addition, a selection of jackets from all three years covered by the COV should be included for examination.

We recognize that whatever is selected by the DMS staff, a COV will always request some additional information or information organized in different ways. Staff support during the COV meeting in accessing and analyzing information, as was provided, is invaluable.
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Appendix B. Examples of programmatic successes in 1998-2000, supporting NSF objectives. 

Strategic outcome: People

Improved mathematics, science and technology understanding and skills for US students at the K-12 level
Liming Ge (DMS-9875822) is integrating his CAREER-funded research with enhancement of math education in local middle schools. He has created new materials and courses in algebra, geometry, and pre-calculus, designed to accelerate the progress of talented fifth and sixth graders so that they can begin calculus by eight or ninth grade.

Estelo Gavosto (DMS-9970576) uses novel 4 dimensional visualization techniques as a science-learning tool for college undergraduates and high school students. Students and teachers study complex dynamics, Fourier analysis, and various applications in this project.

Improved mathematics, science and technology understanding and skills for citizens of all ages, so that they can be competitive in a technological society
Robert Strichartz (DMS-9623250, DMS-9970337) has created a very productive REU program centered around computer modeling of physical processes on fractal sets. This project has given undergraduates an authentic taste of mathematical research, and led to significant conjectures and even publications – of the 18 students who have worked with Strichartz during the past three summers, 11 have become his coauthors, one has written a sole-author paper, and one has won the MAA Morgan Prize (1997). David Lutzer (DMS-9619577) directs a successful REU project on Matrix Analysis and its applications. The program has led to numerous student presentations at national conferences, and about 50% of the student participants have co-authored papers that have appeared in refereed journals.

The Park City Mathematics Institute (DMS-9907887) integrates summer learning and research experiences for high school students and teachers, undergraduates, graduate students, and senior researchers. This very successful program is administered by the Institute for Advanced Study, and is set to continue through summer 2005.

Achievements by current and former MSPRF fellows include: (1) Liliana Borcea (DMS-9627407) developed an entirely new way to look at high contrast electrostatic imaging problems in high contrast materials, such as human tissue and geologic formations. (2) Hubert Bray (DMS-9706006) established the truth of the Penrose conjecture in general relativity. (3) John Entyre (DMS-9705949) works on the topology of hydrodynamics, which encodes some of the complexity of flow. He collaborates with Robert Ghrist, whose noteworthy early work on knotted orbits in dynamical system was also supported by a MSPRF (DMS-9508846).

The Vertical Integration of Research and Education in the Mathematical Sciences (VIGRE) program, begun in 1998, integrates undergraduate, graduate, and postdoctoral education in the context of a structured program of research and learning. Many VIGRE projects (31 are in place or pending) also feature K-12 outreach activities.

A science and technology and instructional workforce that draws on the strengths of America's diversity
Ivelisse Rubio and Pablo Negron (U. of Puerto Rico – Humacao) and Herbert Medina (Loyola Marymount U.) conducted a six-week program at UPR-Humacao in summer 1999, funded by the Infrastructure Program and the Office of Multidisciplinary activities (DMS-9907887), with additional funding by the National Security Agency and the UPR. Along with several other goals, the program gave student participants a chance to become personally acquainted with successful Chicano/Latino and Native American scientists.

As a result of her Professional Opportunities for Women in Research and Education (POWRE) award (DMS-9720607), Suely Oliviera visited the University of Iowa for six months, and was subsequently hired as a full time faculty member. She is now co-PI on DMS-9874015, which supports work on CAD, Simulation and Design.

The Mathematical and Theoretical Biology Institute at Cornell University (DMS-9977919) supports research opportunities mostly for underrepresented minority undergraduates who have had no prior research experience. One of many successes recorded by this program was the development of a mathematical model for assessing genetic damage on HIV populations after anti-retroviral populations, work carried out by Ileana Borjas, Meera Lea Pradhan, Magnon Ivan Reyes, and Kenneth Jeremy Spencer.

Dominic Clemence (DMS-9971031) incorporates undergraduate students at his HBCU institution into his research on Sturm-Liouville problems arising in quantum scattering. His project includes significant involvement with the University of Zimbabwe, where he was formerly Head of the Mathematics Department.

A science and technology and instructional workforce that has global career perspectives and opportunities
Leslie Trotter, Donald Goldfarb and their collaborators develop efficient algorithms and software for integer programming problems (DMS-9527124). This very difficult class of problems arises in many real-world applications, for instance airline crew scheduling, vehicle routing, and aircraft maintenance. The group has applied their newly developed tools to all of these problems, obtaining solutions to problems previously regarded as intractable.

Globally engaged science and engineering professionals who are the best in the world
Mary Wheeler and her colleagues at the University of Texas Center for Subsurface modeling have developed a software package for simulation of hydrodynamic flow and transport (DMS-9873326). This package simulates underground flow of fluids in oil reservoirs and aquifer, and also surface flow in shallow water such as estuaries and bays. It has been used to predict tidal flow and storm surge along the Gulf of Mexico at unprecedented levels of accuracy. Such predictions have great importance in environmental and disaster management.

David Dobson has been awarded the first Felix Klein prize by the European Mathematical Union, for his work on electromagnetic wave diffraction by surfaces. The early part of this work was supported both by an Industrial Postdoctoral Fellowship at the IMA, and by a Mathematical Sciences Postdoctoral Research Fellowship, both funded by the Infrastructure Program.

Computational and Applied Mathematics are the intellectual homes of several large infrastructure grants jointly funded with DARPA under the Optimized Portable Algorithms and Application Libraries initiative (OPAAL). The Integrated Modeling, Simulation, and Design program at the California Institute of Technology (DMS-9874082) addresses the design of thin flexible structures using multiresolution techniques. The Optimized Meshless Algorithms for Seamless integration of CAD, Simulation, and Design project at the University of Iowa (DMS-9874015) brings together academic and industrial experts in mathematics, computer science and mechanical engineering to develop and validate meshless computational analysis methods that integrate CAD geometry, CAE analysis, and multidisciplinary simulation. The Simulation of Casting and Extrusion Processes project at the University of Illinois (DMS-9873945) aims to improve the quality and performance of products and materials through simulation and optimization of industrial manufacturing processes.

The Analysis Program supports world-leading research by US researchers. Recent work of Jean Bourgain, 1994 Fields Medalist, has determined the well-posedness of the Cauchy problem under conditions of minimal regularity, for a broad class of equations arising in physics and geometry, including nonlinear wave and Schroedinger equations (supported by the analysis program). J. Fox (DMS-9623285) applies techniques of non-commutative geometry to mathematical problems arising in neuroscience. 

A public that is provided access to the processes and benefits of science and engineering

Stan Osher and Tony Chan (supported by CM) have introduced a dramatically novel technique for analysis of images, based on the apparently unrelated mathematics of shock waves. These PDE-based techniques outperform older approaches in many applications which require clarification of images by suppression of image noise or identification of edges, for example. Their work was the subject of the Los Angeles Times COLUMN ONE feature on July 14, 1998. This work was also the topic of UCLA’s Mathematics Awareness Week, April 26-May 2 1998.

Thomas Hou, John Lowengrub, and Michael Shelley, who have been supported by both AM and CM, received the Francois N. Frenkiel Award for 1998 for their joint paper “The long time motion of vortex sheets with surface tension”, Phys. Rev. 9 (1997) pp. 1933-1954, from the Division of Fluid Dynamics of the American Physical Society.

The L-BFGS optimization algorithm, developed by Jorge Nocedal (Northwestern University) with support from CM, has been employed by the leading meteorological centers and geophysical research laboratories during the last seven years to perform data assimilation in support of weather forecasting. This algorithm has been used in many other technological applications as well, for example airplane wing design.

The work of Gregory Buck (DMS-9706865) and Jonathan Simon (DMS-9706789) in physical knot theory has been featured in several articles in Nature (v. 392, 19 March 1998 and v. 395, 3 September 1998) and Scientific American. 

Jeffrey Weeks (DMS-9803362) was awarded a 1999 MacArthur grant for helping to understand the shape of the universe. Week’s April 1999 article (co-authored with Luminet and Starkman) “has made many people aware of the exciting possibilities for the determination of the topology of the universe”. His user-friendly SnapPea computer software is a principal tool for researchers in this filed to explore examples, develop conjectures, and prove theorems on hyperbolic 3-manifolds.

MetaNEOS (EIA-9726385, co-funded by CM) pioneered the use of metacomputing environments for solving scientific and industrial optimization problems through the WWW. The web site has had tens of thousands of hits.

Strategic outcome: Ideas

A robust and growing fundamental knowledge base that enhances progress in all science and engineering areas including the science of learning;

Roman Polyak (DMS-9795672) has introduced a novel class of scaling algorithms that outperform several of the best-known solution methods for constrained optimization problems. These problems are pervasive in science and engineering; robust and efficient solution methods are still largely lacking, leading researchers to adopt inadequate problem formulations. This work represents important progress towards remedying this deficiency.

A KDI award (DMS-9872890) supported the establishment of the Wavelet Center for Ideal Data Representation at the University of Wisconsin, directed by Amos Ron. The center conducts groundbreaking research in image edge detection and compression, encoding algorithms, and signal analysis.

Bernardo Cockburn (DMS-9807491) and Clinton Dawson (DMS-9805491) have introduced novel adaptive discontinuous Galerkin and mixed upwind finite element methods for nonlinear advection-diffusion equations. These equations model core processes in geosciences (contaminant transport and surface water flow) and biomedicine (brain tumor growth and treatment). The new methods offer important technical advantages over older continuous element methods.

In recent years, NSF supported research in analysis has made notable progress in several fundamental areas. In operator algebras (an area with origins in quantum theory), G. Yu (DMS-9800869) proved Gromov’s conjecture, while Higson and Roe (DMS-9800765) made substantial progress on a conjecture of Novikov. In harmonic analysis, Lacey (DMS-9706884) and Thiele (DMS-9985572) introduced new phase-space decompositions which led to a complete resolution of Calderon’s example of a bilinear transform and which will likely have many other applications for theory as well as for applications such as signal processing. Understanding of complex dynamical systems reached a mature state with the work of Milnor, Lyubich, Epstein, and Sands (DMS-9803242). In partial differential equations, Caffarelli (DMS-9714758), Jerison (DMS-0070412), and Kenig (DMS-998871) made substantial progress in free boundary problems. Important advances in integrable systems have been obtained by Deift (DMS-0071310) and Zhou (DMS-0071398), using Riemann-Hilbert methods.

Woodin (DMS-9970255) has shed new light on the continuum and in particular has given a setting in which it is aleph2. Investigation of real analytic sets including the work of van den Dries (DMS-9802745) and Marker (DMS-9971417) has impact in a variety of areas including dynamical systems and asymptotic analysis.

Discoveries that advance the frontiers of science, engineering, and technology
Focused Research Groups provide an explicitly interdisciplinary framework for work on applications of computational mathematics. Four awards are managed jointly by AM and CM: (1) modeling and simulation in materials science, e.g. of semiconductors grown by molecular beam epitaxy, led by R. Caflisch (DMS-0074152); (2) development of mathematical and computation techniques for increasing bit-rate in optical fiber communications, C. Jones (DMS-0073923); (3) analysis and simulation of biomedical micro-electro-mechanical systems, using new active materials, M. Luskin (DMS-0074043); (4) modeling, analysis and simulation coupled with laboratory experiments on thin film behavior, A. Bertozzi (DMS-0074049) and M. Shearer (DMS-0073841).

Many fundamental advances in analysis, such as those cited in (g), lead to advances in other areas of science. Work of Evans (DMS-9801013), Caffarelli (DMS-0070480), Gangbo (DMS-9714758), and Feldman (DMS-9970520) bears directly on mass transport theory in meteorology and oceanography. The potential use of soliton pulses in fiber optics has been furthered by work of Bleher (DMS-9623214), Deift (DMS-0071310), and Its (DMS-9970625). Steven Krantz (DMS-9820756) has developed a novel application of analysis to medical science. He uses differential geometric analysis (including quasiconformal mapping) to map the surface of the nose, to aid plastic surgeons in rhinoplasty. He develops software that recommends a surgical protocol; as the nose has a complex 3-dimensional anatomy, this optional recommendation could be quite useful.

The ITR initiative was preceded by the large scientific and software data set visualization program.  Cook (DMS-9982341) is concerned with visualization and statistical aspects of large databases. Claudia Neuhauser was the leader of a group receiving a major biocomplexity award that uses methods from interacting particle systems, first proposed to study problems in physics, to address problems in ecology and population biology (DMS-0083468). Others working in these models in biology include Durrett (DMS-9877066) and Krone (DMS-9626764). Lawler (DMS-9971220), in collaboration with Schramm (Microsoft), and Werner (Paris) established rigorous results for critical exponents of Brownian motion and conformal properties of scaling limits for two-dimensional models. These results had eluded researchers for forty years.

Conjectures of physicists about the phenomenon of “aging,” which occurs as physical systems move toward equilibrium, have recently received rigorous justification through the research of two groups: Talagrand (DMS-9988489) and Dembo (DMS-0072331), the latter in collaboration with Ben Arous (Lausanne) and Guionnet (Orsay). Donoho and Johnstone have developed wavelet based methods for reconstructing images from a variety of different kinds of noisy signals from satellite images to medical imaging. DMS-0072523 is concerned with statistical methods for a number of (surprisingly) related applications in industrial quality control, genetic mapping and biomolecular sequence analysis. Important research in network traffic is being done by Kurtz (DMS-9971571), Bramson (DMS-9971248), Williams (DMS-0071408), Samorodnitsky and Resnick (DMS-0071073), and Taqqu and Willinger (DMS contribution to ANR-9805623). Special programs and workshops in network traffic and communication networks are being held at the IMA in the summer of 2001 and in 2003-4 (DMS-9810189) and at IPAM in the spring of 2002 .

Hales (DMS-9704129) announced a solution to the 400-year old sphere packing problem, which has applications to error-correcting codes and various computational techniques. Montgomery (DMS-9704763 and DMS-0072336) and Alain Chenciner found an elegant new family of solutions to the three-body problem. Smith (DMS-9625392 and DMS-0071625) discovered the equilibrium equation for anisotripic elastic membranes. Ghrist (DMS-9971629) has discovered striking new applications of geometry to hydrodynamics. NSF supported conferences have connected geometry to information technology, image processing, computational algorithms, and robotics.

Partnerships connecting discovery to innovation, learning, and societal advancement
Many PI’s supported by the CM Program have collaborated intensively with researchers from other disciplines and from various industries. James Glimm (DMS-9732876 – also supported by AM) works with technical staff from two petroleum companies, Chevron and British Petroleum, on analysis and simulation of petroleum production. David Shmoys and his student Dan Brown (DMS-9805602) work with the USDA’s Center for Bioinformatics and Comparative Genomic to apply contemporary computational optimization ideas to make genomic experiments faster and more accurate, and cheaper to perform.

The Fast Marching Method, introduced by James Sethian (DMS-9843528, and prior funding by CM and AM), is a numerical technique for solution of a large class of important partial differential equations known as Hamilton-Jacobi equations. These equations arise in simulation of etching and deposition processes in semiconductor manufacturing. Introduction of FMM has revolutionized these simulations, leading to tremendous cost savings realized by the semiconductor industry. 

DMS has a very good record of sponsoring Partnerships for Innovation. An outstanding example is D. Nychka, who has become a senior scientist at NCAR (National Center for Atmospheric Research). His research focuses on the development of spatial-temporal models for weather prediction, pollution tracking and long-term global change. A second example is the research sponsored by the Environmental Protection Agency through the Mathematical and Physical Sciences Directorate of NSF, which together with DMS funds the research of several statisticians, e.g., M. Kaiser, M. Fuentes and R. Smith, J. M. Hughes-Oliver. 

Research and education processes that are synergistic.

Nancy Kopell (DMS-9706694) directs a large group of graduate students and postdocs who work with bioscientists and other mathematicians in analyzing and modeling biological oscillators. Her project is one of a number of excellent efforts supported by CM and AM which integrate graduate education and postdoctoral mentoring with some of the most important contemporary research directions.

C. Thiele (CAREER, DMS-9985572) pioneered a new perspective in the study of multilinear operators and applications of wavelet theory. Amongst his educational activities, he has organized a summer research institute bringing together graduate students, postdocs, and other young investigators in analysis.

The REU site at Worcester Polytechnic Institute (DMS-9732338) involves students in work on mathematical problems suggested by industrial partners. In 2000, a group of undergraduates analyzed an ODE model for heat, mass, and humidity flow in a room, to determine optimal heating schedules to maximize an index of comfort.

String theorists and mathematicians collaborated in producing a book on quantum field theory for mathematicians (DMS-9627351). This continuing interdisciplinary activity explores the relation of geometries through mirror symmetries, the appearance of noncommutative geometries and other geometrical tools providing seminal results in probing the substructure of matter and the short distance nature of spacetime itself. Support includes some Focused Research Group Grants (DMS-0074329, DMS-0074072, DMS-0074177, DMS-0074126, DMS-0073657).

Strategic outcome: Tools

During the period of review by the panel several important examples of new and improved numerical algorithms can be cited. These include image reconstruction methods (Grunbaum DMS-9971151), least squares methods for the solution of elliptic partial differential equations (Bramble et. al. DMS-9973328), discontinuous Galerkin methods for finite elements (Cockburn and Dawson, DMS-9807491 and DMS-9805491), fast marching methods for the solution of the eikonal equation (Sethian DMS-9843528). The image reconstruction methods of Osher and Chan have had an important impact on this technology and have been cited in the national media (Osher and Chan DMS-9973341 DMS-9626755).

The DMS is also supporting the development of a variety of mathematical software packages that are openly distributed over the internet.  The PLTMG package (Bank DMS-9706090) is a package for the solution of elliptic partial differential equations. CLAWPACK is a package for the solution of systems of hyperbolic conservation laws such as compressible gas dynamics (LeVeque DMS-9803442). The MetaNEOS optimization package (Bank EIA-9726385) was part of the NSF Challenges in Computational Science initiative that was co-funded by the DMS Computational Mathematics Program.

The “legacy code” project of the National Institute of Statistical Sciences (NISS), working in partnership with AT&T provides systematic support for widely used but no longer supported computer code. Another partnership with industry is the network traffic research of Taqqu and Willinger (AT&T)(ANR-9805623).

� There is a corresponding increase in fringe benefits and indirect costs related to the increase in salary. 
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