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

Based on the COV’s study of proposal actions completed within the past three fiscal years, please provide comments on each of the following aspects of the program’s review processes and management.  COVs are encouraged to provide comments for each program being reviewed.  Constructive comments indicating areas for improvement are encouraged.  

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

a.    Overall design, including appropriateness of review mechanism (panels, ad hoc reviews, site visits);

b.    Effectiveness of program’s review process;

c.    Efficiency; time to decision;

d.    Completeness of documentation making recommendations;

e.    Consistency with priorities and criteria stated in the program’s solicitations, announcements, and guidelines.

Comments:

a)   The review mechanism is appropriate and well implemented.  Proposals typically receive 7 or 8 ad hoc reviews.  Proposals that are exceptionally highly or poorly rated are not necessarily sent to the panel so as not to burden them with what seem to be clear-cut cases.  However, panel members are welcome to discuss even these proposals if they wish.

This COV focused analysis on a number of proposals for which the ad hoc proposal rank seemed inconsistant with the eventual funding decision.  During FY 98, all awards received numerical ratings of 3.6 or higher, and all declinations received 4.3 or less.  During subsequent years there was more overlap  (FY99:  3.5, 4.7; FY00 3.6, 4.4; FY01 (from incomplete data):  3.7, 4.6).   In the cases of the declinations, several resulted from inconsistent reviews between the IF request and companion proposals considered by the research programs.   In these cases it made no sense to fund equipment in the absence of a research award.  In the case of awards, two facts accounted for the incidence of lower ratings.  First, the ad hoc reviews favored criterion 1 and were not evenly applying criterion 2.  The IF program has recognized opportunities to meet broader impact goals and has acted on them in a targeted and carefully justified fashion.  Secondly, the program has responded to an increasing number of opportunities to leverage IF funds by split-funding with other NSF and interagency programs.  These decisions typically also are driven by the broader impacts criterion.


One highly valued aspect of the program management that emerged from informal discussion with IF staff was an extraordinarily high level of personal contact with PI's, especially after declination of promising proposals.  Many PI's have received personal visits at their institutions, as well as informative correspondence and phone discussions, from EAR/IF program officers that helped the PI shape a good idea into a fundable project.  This mentoring of PI's by NSF staff has increased the breadth, vitality, and community respect of this program.
b)   The IF program follows two review process tracks: one for multi-user large facilities and initiatives, such as IRIS, and another for smaller facilities and initiatives.

The review process in the IF program consists of mail review of proposals followed by panel discussion of the mail review results.  Panel summaries are normally not written, but in some cases panel members with expertise in an area relevant to a specific proposal may be asked to write a review of the proposal, after the fact.   Multi-user facilities in addition may have site visits.  In the case of the IRIS program, the proposal was sent to a large number of reviewers with diverse backgrounds, followed by review by a panel of experts specifically convened for reviewing the proposal.  Finally, the proposal and previous review results were brought in to the regular IF panel for recommendation.

One aspect of the review process that may merit some attention is the balance between support for multi-user facilities, which now account for more than 70% of the IF budget, and smaller facilities and programs.   Concerns were raised by the last COV about this issue, and we affirm the same concerns.   More importantly, it may be helpful to have a programmatic review to address the issue of funding balance and overall review of programmatic content. 

c)    Summary statistics across the IF program show that time between award submission and Directorate concurrence (dwell time) is less than 6 months for approximately one third of proposals, while approximately 80% have a dwell time of less than 9 months.  The average is approximately 8 months with some evidence of decrease by one month over the period.

We closely examined a sample of proposals from a group that included awards to proposals that were relatively poorly rated by panel and declines that were relatively highly rated.  This sample is likely to be biased towards apparently lengthy decisions allowing us to focus on the reasons for unusually long dwell times.  Results generally support overall statistics quoted above.  We found a significant difference between the dwell time and the time that the PI was first informed of the program’s recommendation.  We suggest that the time between submission and first notification (feedback time) is what is most important to the PI.  Feedback time for both awards and declines are typically 5-6 months.  In the biased sample examined, feedback times for awards were typically 3-4 months shorter than dwell times, whereas feedback times for declines were typically 2-3 months shorter.  We felt that a 6 month feedback time was satisfactory, representing a reasonable balance between efficiency and thoroughness.

Often long delay times result from actions taken by program manager to help the PI and the community.  For example, the IF program does not have formal deadlines.  Proposals submitted just after or immediately before panel meetings are not rejected, but are held over for the next panel round.  In some cases, high quality proposals that cannot be funded during the current fiscal year are held over for consideration under the following year’s budget.  In other cases, priorities within the PI’s research program may change during the review process, triggering additional discussion, e.g. negotiations between the PI and the program manager.  These actions can increase the dwell time by as much as 6 months but are of considerable benefit to the PI and show good judgment by program managers.  We recognize that the scope of proposals handled by the IF program is very broad in terms of the size of requests (tens of thousands to over 10 million dollars), and the range of science which often requires interaction with other programs and panels.  Large multi-component/multi-PI proposals may have long dwell times in order to fully analyze all relevant issues including interaction with other NSF programs, parallel research proposals, and the need to involve larger numbers of referees.

d)   The documentation associated with each proposal submission to the IF program is truly impressive (with one minor exception discussed below).  Not only is every piece of correspondence associated with each submitted proposal saved in chronological order, but also the Form 7 summaries are carefully written and identify the key elements and reasons for the program officer’s final judgment on each proposal.  In all cases that we reviewed, this written record of the program officer’s judgment identified the most important shortcomings of the proposal with particular elements of the IF program solicitation guidelines.  For example, when a particular proposal for technician support was rejected, the Form 7 report stated the conclusion that the associated PI had not developed the significant ongoing NSF support required to justify an award at the present time.  The program officer even went so far as to evaluate the PI’s actual derived contribution from several joint proposals in this evaluation.  

The documentation also demonstrates that any concerns about a proposal were transmitted to the PI.  This was accomplished with the highlighting of those specific parts of the reviewers comments that most influenced the program officer’s decision on that proposal. Often this dialog between the PI and the program officer represents an important form of mentoring that allowed the PI to ultimately submit a successful proposal.  This mentoring certainly meets NSF’s performance goal to “develop a diverse, internationally competitive, and globally-engaged workforce of scientists.”  It also helps to assure that the ideas and tools funded in this program are of the highest quality.  This mentoring process is clearly documented with the incorporation in the proposal jacket of all former proposals and reviews.  In this way the process of reviewing the newest version of a proposal is facilitated.

We were also impressed with the documentation associated with those few awards funded at levels significantly below the requested level.  The record in terms of both the Form 7 and the transmittal letters to the PI clearly states the reason for the reduced award and that these reasons were clearly conveyed to the PI.  The information was also conveyed to the PI by highlighting those parts of the reviewers’ comments that led to the reduction.  

While it took a moment to understand the code, programmatic tracking forms used by IF distinguishes between comments of external written reviewers and for reviews written by the panel members.  It is our understanding that these individual reviews may be, but are not necessarily, representative of the panel at large.  This process occurred for those proposals where the panel consensus was different than the external reviewers or when the external record was inconsistent in some way.  This method once understood certainly leaves an appropriate written record of the panel review.  One concern of this COV was that the PI may not clearly understand that this part of the review is (or may be) a panel consensus.  We realize that to prepare a panel consensus report for every proposal would be time consuming and may further limit the time needed for the primary task of identifying quality proposals.  However, for those proposals that were “borderline” and were either declined or received significantly reduced funding at the program officers discretion, it would be useful to include a clear panel consensus review rather than indications that appear to be from a single reviewer.

e)   The four funding priorities of the EAR-IF program directly address NSF’s Annual Performance Goals.  These include equipment acquisition and modernization (tools), development of new instrumentation or techniques (ideas leading to new tools), support of shared facilities (tools available to people with ideas), and support of research technicians (skilled people creating access to tools).   These priority areas have been systematically funded through awards in response to meritorious proposals.  It is clear from the mix of IF awards and declinations that this program management has communicated its priorities well and frequently to the investigator community.  It is furthermore clear from the review process documentation that this has been a formative process that has led to refinement, improvement, and ultimate success of initially declined proposals.  

Among these four areas, much of the IF budget and most of its growth supports the multi-user facilities, which now command about $20M annually (FY 01).   Equipment acquisition ($4.2M), instrument development ($1.6M), and technician support ($0.9M) receive successively fewer IF dollars.  An even smaller amount has gone to support workshops and related activities.  This prioritization makes sense in light of the needs and expertise of the scientific community, although the particular balance of dollars needs to be evaluated on an ongoing basis as we have already mentioned.  Overall, it is clear that the program's priorities are being systematically funded.  It is noteworthy that IF has leveraged its support of these priorities with other NSF program support, other agency support, and institutional support of scientific infrastructure.

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?
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?
c. Discuss any concerns the COV has with respect to NSF’s merit review system.

The COV should keep track of the percentage of reviewers and program officers who address the merit review criterion regarding the broader impacts of the proposed activity.
Comments:

NOTE:  To answer the questions in this section, this COV randomly chose and read all the reviews and program officer review assessments (Form 7) from six proposal jackets from FY 98 (three accepted and three declined), as well as from four proposal jackets from each of FY 99 and FY 00 (two accepted and two declined in each year).  We then spoke with the IF program manager and associate program manager to see if our perception gained by looking at the reviews from these 14 proposals was representative of all 1998-2000 proposals.  We found that in fact this was the case.  Therefore, we feel that our assessment of the questions posed in this section, and described below, is reasonably valid for FY's 98, 99, and 00.


Because attention to the "broader impacts" criterion has changed recently, we also looked at three randomly selected proposal jackets from FY 01 as well as nearly all review assessments written by Russell Kelz for FY 01.  Therefore, we have also included our analysis of "broader impacts" issues for FY 01 below.

a)   Did reviewers adequately address the intellectual merit criterion in their reviews?  Yes, the great majority of reviewers do a reasonable job of this by addressing most or all of the aspects of intellectual merit (importance of work, PI qualifications, quality of writing, access to resources, etc.).
Did reviewers adequately address the broader impacts criterion in their reviews?  No, this is definitely not the case for FY's 98, 99, and 00.  Of the 14 proposal jackets studied by this COV for this purpose, the majority discussed instrumentation infrastructure which is obviously an integral part of most of these IF proposals, but only 16 out of 80 reviewers addressed other broader impact issues (dissemination, teaching, training, benefits to society, underrepresented groups).  When a reviewer did address these issues, it was typically inadequate and/or incomplete.

FY 01 is a completely different story.  Because the Fastlane review page displays a "broader impact" text box, we have found that nearly all reviewers are addressing this issue to some degree whether the proposal has addressed it or not.  Clearly, this is an area that has dramatically improved very quickly, and is perhaps one of the unexpected benefits of Fastlane.
b)   Did program officers adequately address the intellectual merit criterion in their decisions?  Yes, in every case that we have seen, the program officers very carefully document most or all aspects of intellectual merit based on all available mail and panel reviews.  The COV was especially impressed with the care used by IF officers in preparing these review assessments.  The assessments always seem to be well organized, thorough, and thoughtful.

Did program officers adequately address the broader impacts criterion in their decisions?  No, not in FY's 98, 99, and 00.  Of the 14 review assessments read in this random sample for these years, only two contained comments on broader impacts other than infrastructure issues.  We believe that this finding is somewhat inevitable considering the general lack of broader impact issues in proposals.  When these items are missing from proposals, reviewers and panels do not comment on them, and therefore program officers may not include these issues in their reviews due to the lack of information, or because of the "out-of-sight, out-of-mind" phenomenon.

However, in FY 01, it is abundantly clear that EAR/IF program officers (Lambert and Kelz), as well as NSF program officers in general, are working hard to address broader impact criteria.  For example, in looking through several dozen review assessments written by Russell Kelz for FY 01, we found substantive broader impact analysis about 90% of the time.
c)   This COV would have had great concerns with regard to the merit review system had it met just a few months ago.  This is because a fundamental portion of the merit review criteria (organized under "broader impacts") was being largely ignored or de-emphasized by PI's and reviewers alike.  However, such does not seem to be the case in FY 01 as detailed above, and we are confident that things will only improve from here.  Otherwise, despite the frustration of some, NSF is widely known for the thoroughness and fairness of its merit review system, and no member of this COV sees any part of the EAR/IF review system as an exception to this pristine reputation.
3.   Reviewer selection:

a. Use of adequate number for balanced review;

b. Use of reviewers having appropriate expertise/qualifications; 

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

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

Comments:

a)   The average number of ad hoc (mail) reviews per proposal is 7 with a range of 1 to 34.  There is no discernable difference in the number of reviews between declined and awarded proposals.  The program directors do an excellent job of beating the bushes to increase the number of reviews when the number on hand just before the panel meets is insufficient.  In addition, individual reviews from IF panel members are used to supplement reviews regardless of the number of mail reviews.

For large multi-user facilities like IRIS, great care is taken by the program directors to ensure that reviews are obtained by a large number of geoscientists and educators from a broad cross-section of the community (e.g. academia, industry, national societies).  Because of the magnitude of the IRIS award, this proposal received a multi-step review process that included ad hoc (mail) review by 34 geoscientists, a Special Emphasis Panel made up of 8 scientists from academia and industry, and a review by a standing instrumentation and facilities program panel made up of 8 geoscientists from a wide range of disciplines.

b)   Review of a random selection of proposal jackets (two accepts and two declines from FY 98, FY 99, and FY 00; i.e. 12 proposals) clearly shows that the reviewers have the appropriate qualifications to make informed decisions.

c)   Review of the same proposals used in 3b above shows that reviewers come from U.S. and foreign institutions, and reflect much of the diversity present in the geoscience community.  However, most reviewers come from large research oriented universities and not from small liberal arts colleges or other teaching oriented institutions.  This probably reflects the fact that individuals from these smaller institutions are less likely to be present in the NSF reviewer database either because they do not submit proposals to NSF or because they are not known by the larger research community.

d)   Conflicts of interest are usually weeded out by review of self-identified conflicts present on PI CV's.  In a few cases, reviews have been received that clearly contain a conflict; these are identified by the program officers, noted in the jacket, and removed from consideration.  In the case of a large project such as IRIS, the program officers address potential conflicts in a separate summary statement included in the jacket.  This thoroughness was greatly appreciate by this COV.

4. Resulting portfolio of awards:

a) Overall quality of science/engineering;

b) Appropriateness of award scope, size, and duration;

c) Effective identification of and support for emerging opportunities;

d) Appropriate attention to maintaining openness in the system, for example, through the support of new investigators;

e) Evidence that proposers have addressed the integration of research and education in proposals;

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

g) Balance of projects characterized as 

· High-risk

· Multidisciplinary

· Innovative

Comments:

a)   It is the unanimous opinion of this committee that the EAR/IF program selects, encourages, and funds the best scientists to develop and use the best instruments to do the highest quality geoscience in the United States, and in many cases in the world.  It is easy to find examples (outlined below) of scientific excellence directly resulting from the EAR/IF funded programs.  However, limiting the discussion to only these does a disservice to the IF program.  Hidden under the hood of many advances in Earth Science, Environmental Science, Cosmochemistry, and even Defense Science as well as other fields, are the facilities, instrumentation, and technique developments funded in part or wholely by the EAR/IF program.

The IF program directly funds an exceptionally wide range of research in all areas of Earth Sciences. The objects of investigation are unique among physical sciences in that they vary in size from planetary to atomic and in time scale from billions of years to minute fractions of a second. These studies require instrumentation with cutting edge capabilities for measurements and calculations. The breadth of demands presented by these needs is a challenge and many advances come directly from the availability of improved and often revolutionary analytical instrumentation.    


The development of world-class instrumentation and facilities is a uniquely difficult task fraught with expensive, high-risk decisions.  The IF program has tirelessly used the merit review process to mentor PI’s, improve the scientific quality of the proposals it receives, and ultimately improve the quality of science produced.  One excellent example is the development of a new electron microprobe that promises to improve monazite dating and to use chemical zonation to decipher complex tectonic events that may not be recorded by any other mineral. This exciting development is being co-sponsored by Cameca Instruments and NSF (Mike Williams, Univ. of Massachusetts, Development of an Optimized Electron Microprobe for Geochronologic Analysis, EAR-0004077). Another promising example is the construction of a double focusing mass-spectrometer to use with a Cameca 6f ion microprobe source (Erik Hauri, Carnegie Institute of Washington, Development of a Large-Radius Multicollector Secondary Mass-spectrometer, EAR-0114603) that will have improved capabilities for precise analysis of low abundance isotopes that are critical to understanding processes ranging from local environmental to planetary scales.


Important instrumentation developments come in smaller sizes as well.  Two awards for reverse phase HPLC instruments along with funding for the development of improved techniques for measuring the racemization of amino acids (D. S. Williams; EAR-9530417 and G.H. Miller; EAR-9817645) are providing the means for the more accurate dating of a wider range of samples.  These results provide, for instance, direct indication of four rather than three glacial events over the last 125,000 years.  Another measure of success for these particular instruments is their continuous use (one running 24 hrs/day, 7 days/week since 1996) and the adoption of these techniques in many other labs.


The IRIS consortium of 96 universities has undergone a successful review by NSF in 2001. The major achievements of IRIS are the establishment of a high quality global seismographic network, a program for portable instruments, a quality controlled data management center providing access to the global community, and a highly successful education and outreach program. We note the latter places particular emphasis on K-12 students and teachers. The IRIS programs have been outstandingly successful, enabling scientists throughout the world to participate in forefront research in the geosciences using state-of-the-art data.  This is a unique resource, unanimously supported by the community, which is continuing to significantly advance our understanding of Earth’s internal structure and function.


In conclusion, the IF program has supported a world-class science portfolio across its purview of individual investigator instruments, several investigator facilities, and multi-user, multiple institution facilities.  

b)   The IF program does an excellent job weighing many competing factors when deciding on the size, scope, and duration of awards.  The size of awards vary by a factor of 500, from ~$14M/year for the IRIS proposal, to less than $30k/year for the smaller equipment acquisitions.  The program balances awards of varying size and scope by intentionally maintaining an acceptance rate of near 50%.  In this way, the program appropriately recognizes the importance of supporting small requests, including single-investigator equipment acquisitions, by granting the bulk of the awards (~70%) to requests of less than $100k/year.  At the same time, the program recognizes the value of large multi-user facilities to the infrastructure of the scientific community, by awarding more than half the budget towards these facilities.  Appropriate duration depends on the nature of the award.  Many equipment acquisitions and upgrades require only the minimum duration (12 months).  Support for multi-user facilities, for technician support, and for the development of new instruments and techniques, typically requires greater duration (up to 60 months). 

c)   The IF program actively pursues emerging opportunities through discussions with the community regarding possible new directions, encouragement and advice to potential PI's, awards to proposals on the cutting edge of instrument and methods development, and support of large multi-user facilities that can allow scientists to pursue novel ideas and approaches.  Examples of support for emerging opportunities include:

Hervig and Williams (EAR-9975540) proposed a new method for quantitative hydrogen analyses in geologic materials at high spatial resolution by combining SIMS with calibrations against implanted materials of known H content.  Challenges include characterization of background hydrogen levels and matrix effects.  The promise of the proposal is the rapid and routine measurement of H concentrations for the first time allowing rapid progress on many fundamental questions including the geologic history of the hydrosphere and its interaction with the solid Earth.

Bass (EAR-0002021) proposed a method for measuring the elastic constants of minerals by Brillouin spectroscopy in situ at high pressure and temperature in the diamond anvil cell.  Combining laser heating with Brillouin scattering will present substantial technical challenges.  If these are overcome, this new method will provide the first measurements of seismic wave velocities at mantle conditions for any material, thus realizing one of the long-standing goals of mineral physicists to simulate the Earth's interior in the laboratory.

d)   Overall we found that the number of awards remained approximately constant while the number of proposals increased.  This seems to be reflected in a decrease in the success rate of early career researchers (ECR's) defined as PI's who are five years or less from their Ph.D. (58% success rate in FY 98 to 33 % in FY 00).
Other clear trends are that the number of proposals submitted increased with time since the Ph.D. award and the success rate also increased with time since the Ph.D. award.  Overall the number of proposals from early career researchers averaged around 20% of the total.

We closely examined jackets of ECR's resulting in awards.  Common factors of the declines were referee reports questioning the experience of the PI, the amount of infrastructure available, as well as the feasibility of the research plan.  A recurring concern amongst reviewers, which was reflected in the analysis by program managers, was the difficulty in investing in expensive equipment for ECR's with little other support or experience.

We found some encouraging examples of proposals from ECR's which led to awards following feedback from earlier (declined) proposals. Particular examples are Peucker-Ehrenbrink (EAR-9905530), Sims et al (EAR-0079733) and Baker (EAR-0114532).  In each case the proponents were able to build a convincing case by performing extra groundwork, or by directly addressing specific issues raised in the earlier proposal.

The IF program is clearly one where promising early career researchers have needed to make very strong cases for the investment of expensive equipment.  They have been more successful at the less expensive end of the scale, and program managers appear to have been responsive to the needs of new PIs.

Overall we find the access to awards in the IF program by new PIs to be fair and reasonable given the level of requests and the quality of the proposals.

e)   The multi-user facilities proposals have strong educational and outreach components to them.  For example at the University of Arizona AMS facility which is supported by IF, the lab did radiocarbon measurements for 64 students from 33 universities and one high school during one funding cycle.  This was in addition to on site training of students and general public outreach such as open lectures and tours.  The other more important component of the education aspect of the IF is funding of grants from undergraduate institutions.  For example, over 20 awards during FY 01 were made to undergraduate institutions.

f)   Ethnic minority representation in Earth Sciences in general is distressingly small, about 5%, both with respect to graduate students and professionals.  Minority proposal submission to the IF program has remained low: FY 98, 2/112; FY 99, 3/91; FY 00, 2/111; FY 01 (for the data available), 1/47.  Participation of women in the program is better, at about 14% over the past four years.  At least in one case EPSCoR participation was helpful in the funding formula.  

g)   Program managers appropriately recognize the importance of funding proposals in each of these categories.  However, all successful proposals necessarily involve some degree of risk, innovation, and impact across traditional disciplinary boundaries.  The focus here is on the exceptional cases that are identified as follows:

High-risk:  These are proposals judged to have a lower probability of success, but that, if successful, may lead to significant, previously unforeseen advances.  Example: Holloway (EAR-9814378) proposed to construct a physical model of a seafloor hydrothermal vent in the laboratory to test the hypothesis of abiotic organic synthesis in this environment.  Reviewers and program manager recognized a significant probability of failure but decided, appropriately in our opinion, that potential benefits outweighed these concerns.  In fact, the research led to the discovery of abiotic synthesis of methanol, a result published in Chemical Geology.

Multi-disciplinary:  These proposals involve PI’s from different disciplines, and/or projects that have a significant impact on other disciplines.  Example: The IRIS proposal (Simpson, EAR-0004370) continues a successful program in seismology that has had broad impact as documented by highly favorable reviews, most of which came from outside the seismological community.  Discoveries enabled by the Global Seismographic Network and the PASSCAL program, in particular, have stimulated and enriched research in geodynamics, mineral physics, structural geology, and tectonics.

Innovative:  These proposals involve the development and implementation of new methods, or approach existing problems in novel, powerful ways.  Example: Renne (EAR-9814378) proposed to increase the accuracy of the Ar-Ar dating technique by an order of magnitude by comparing Ar-Ar dates with U-Pb dates and known historical events (e.g. the eruption of Vesuvius in 79 AD).  Proposed research was characterized as pain-staking and thankless by reviewers who nevertheless recognized the novelty of the approach and the value of results to the community.

B. RESULTS:  OUTPUTS AND OUTCOMES OF NSF INVESTMENTS

Strategic Outcome Goals: For each of the strategic outcome goals listed below comment on the following: Has  the program demonstrated success in achieving the outcome goal?  (NOTE:  COV’s should separately address each of the indicators listed under the strategic outcomes.)  Provide NSF-supported examples which demonstrate your judgement, and explain why they are relevant or important to the outcome goal.  If performance is not successful, comment on the steps that the program should take to improve performance. It is important to note if the outcome goal is not relevant to the program and provide a brief explanation.
5.   PEOPLE Strategic Outcome Goal: Development of a diverse, internationally-competitive and globally-engaged workforce of scientists, engineers, and well-prepared citizens.

FY 2001 Performance Goal: The program is successful when, in the aggregate, results reported in the period demonstrate significant achievement in one or more of the following indicators:

a. Improved mathematics, science, and technology skills for U.S. students at the K-12 level;
b. Improved mathematics, science, and technology 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 reflects America's diversity;
d. Globally engaged science and engineering professionals who are among the best in the world; and
e. A public that is provided access to the processes and benefits of science and engineering research and education.
Comments:

a)   Some large multi-user facilities like IRIS and ChiPR have model outreach programs directed at K-12 students and teachers.  For example, ChiPR created an Earth Science Educational Resource Center (ESERC) that “offers a suite of educational programs that bring the process of ‘doing science’ to a wide array of audiences including secondary schools students, undergraduates, teachers, elementary and pre-K.”  Programs offered by ESERC include continuing education courses for K-12 teachers on the geology of Long Island to a pre-K through third grade science enrichment program that teaches basic concepts in geology and physics.

A review of smaller, single institution awards shows that some PI’s have made a determined effort to use IF funded equipment to assist local K-12 schools on science projects and to use their instruments in K-12 science education (e.g. Pingitore, EAR-9601715).

b)   All projects funded by the IF program directly impact the scientific and technological skill and understanding of the PI’s and their graduate and undergraduate students.  Because undergraduate research is now common at many large and small universities, many undergraduate students leave college with first hand experience doing science using instrumentation funded by IF.  Some of these students, both undergraduate and graduate, go on the become research scientists in academia, industry, or government, but many more will find careers that are not directly related to their scientific training.  However, the technological and scientific skills acquired by working with cutting-edge instrumentation to help answer interesting scientific questions gives these students a competitive advantage in a technological society.  

It would be difficult to quantify the total number of undergraduate and graduate students that have used IF funded equipment in their research.  However, a review of recent project final reports is instructive.  For example, Wirth at Macalester College (a small liberal arts college) routinely involves undergraduates in research that uses an IF funded x-ray fluorescence spectrometer (EAR-9601475) as a primary tool to help answer questions on the chemical evolution of the upper mantle and continental crust.  In two years, more than 55 undergraduate students including 21 women and one minority student have collected, processed and interpreted data in Wirth’s lab.

c)   As a whole, the geoscience community does not reflect the ethnic and cultural diversity of the U.S.  However, some key institutions like the University of Texas, El Paso are making great strides in research training and development of ethnic minorities.  Of the eight published articles from Pingitore’s lab supported by EAR-9601715, five include a Mexican-American faculty member as first author or co-author.  Of the 23 abstracts supported by this project, nine include a Mexican-American faculty member as first author or co-author, and 21 include Mexican-American student authors.

d)   IF provides state-of-the-art laboratories, field instrumentation, technique development, and technical support that poise U.S. geoscientists for global engagement and competition.  The mix of support to individual investigators and multi-user facilities creates considerable flexibility in meeting this goal.  The multi-user facilities, such as IRIS (EAR-9843924, EAR-0126534), UNAVCO (EAR-9840963, EAR-0102250), and IRM (EAR-9818704), provide data sets, technical support, and analytical facilities to the NSF investigator community in particular, as well as the scientific community at large.   IF has made more than 50 awards in each of the three years under review (FY98: 63; FY99: 99; FY00: 51), disseminating tools to enhance the international recognition and global engagement of investigators at a broad cross section of universities.

Over the last decade, IF has seeded 57 technician support positions.  This innovative program provides incentive for universities to institutionalize support for technicians, and contributes to a globally competitive scientific community.  By providing up to five years of seed funding, followed by an institutional commitment to continue the position for at least two years, this opportunity for technical support is typically embraced by universities.  Technicians are and have been supported at a wide range of institutions, including U. C. Berkeley (EAR-9809735), Scripps Institute of Oceanography (EAR- 9530529), University of Maryland (EAR-971377), and Central Washington University (EAR 96-15640), among others.

Further, IF supports graduate students and post-doctoral scholars who are developing new techniques on existing equipment.  These experiences have resulted in professional placement that simply would not have been possible without IF support.  For example, award EAR-9527092 to Virginia Tech resulted in the placement of one post-doc into a tenure-track faculty position at Miami University, and a Ph.D. student in a permanent position at Pacific Northwest National Labs.

e)   Some IF awards contribute directly to public technology infrastructure that is used by the geotechnical and engineering communities.  IF has supported equipment acquisition and data dissemination for GPS reference stations, especially throughout the western states.  These projects (NBAR-Northern Basin and Range Array, PANGA-Pacific Northwest Geodetic Array: EAR-0002066, EAR-9615640, EAR-9616302; SCIGN-Southern California Integrated Geodetic Array: EAR-9813700; and BARD-Bay Area Regional Deformation Array: EAR-9977823) distribute data through UNAVCO (EAR-9840963, EAR-0102250) and archives to the NGS and the geotechnical and engineering communities, cities, counties, and states.

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

FY 2001 Performance Goal: The program is successful when, in the aggregate, results reported in the period demonstrate significant achievement in 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.

Comments:

a)   The instrumentation support from IF is highly successful in facilitating new ways to study and in stimulating new ideas about the Earth system. New technology, increases in computer power, larger geophysical arrays, improvements in accuracy of chemical and isotopic analysis, and reductions of sample size have all served to contribute previously unattainable information at increasingly variable scales. These capabilities are used by many scientists to advance the frontiers of science, including those funded by all programs in the Earth Sciences Division. This collaboration of NSF programs is catalyzed by IF equipment and support, and has lead to new ideas and even paradigm shifts for our understanding of the processes that shape our planet.

b)   New depth profiling techniques for monazites by ion microprobe improved the spatial resolution of 208Pb/232Th measurements by a factor of 100 (EAR-9806639, T.M. Harrison). These results yield unprecedented age sensitivity for the uplift of the Himalaya, the greatest mountain massif on Earth, (Geology 27:487). Dual reports in Nature (409:175, 409:178) of the Hadean detrital zircons from Western Australia, include the discovery of one as old as 4.4 Ga. This tiny crystal formed within 160 million years of the accretion of Earth and is the only sample known from the earliest history of the Earth.  Its discovery and microanalysis was only possible because of cutting edge equipment funded by IF (EAR-9206456, 9902973 to J.W. Valley; EAR-9806639 to T.M. Harrison). These results indicate the earliest silicic magmas, the presence of liquid water, and perhaps even oceans, i.e., a cool early Earth, at a time when many have hypothesized the existence of magma oceans.  A final example (Science, May 1, 1998) coupled 14C and 230Th measurements (EAR9712037, 9512334, R.L. Edwards; EAR-9419210, S. Bowring) of microsamples of benthic coral to show that the ventilation rate of the N. Atlantic varied greatly during the last glaciation. These results indicate the role of the deep ocean in abrupt changes in climate at the 10-100 year scale.

c)   New ideas and discoveries arising from IF sponsored research have lead to partnerships with direct dramatic societal advancement. While earth scientists have typically made measurements on the top 100 meters of the earth’s crust, an IF funded facility (EAR-0004370), IRIS, seeks to image at high resolution the structure and composition of the whole Earth.  This image will be sharply focused at a variety of spatial scales that vary over three orders of magnitude or more, and will form the basis for a new, physics-based description of the dynamics of the whole Earth.  Moreover, using internet technology, the data management program will make these state-of-the-art data available to anyone in the world promoting a powerful synergy of research and education.  The scale of the facility, like the scale of the problem, is large encompassing a partnership of 96 institutions and hundreds of individual researchers and research projects.  These projects include forensic seismology, (Zandt, Wallace, and Johnson/EAR-9806229) an interesting, unforeseen spin-off that provides a “service to society.”  Here the seismic array was used to determine that two supposed nuclear explosions in Iraq were in fact earthquakes. (Nature 411: 734). 

Another IF based partnership employs space based geodesy, which is opening a new era for understanding crustal motions within plate boundaries, plate convergences and continental mountain building in real-time. Work using IF funded (EAR-9910789) UNAVCO GPS instruments provide sufficient data density and accuracy that our understanding of these motions is no longer limited by the available kinematic data.  Moreover the real time nature of these data allows for the first time resolving the strain non-linearity and its implications for mechanisms and predictions of seismic hazard. (Science 279: 289; Nature 374: 249; Nature 386: 61).

d)   Most of the IF funded research goes to university based PI’s. The support of education through research assistantships, and student use of IF funded equipment and facilities is important and necessary for the training of new scientific talent.  This is an area where IF support interacts with the other programs of EAR.  We view it as essential that support of graduate student training be accompanied by access to state-of-the-art instrumentation and that such support be increased as aggressively as possible. 


7.   TOOLS Strategic Outcome Goal: Providing broadly accessible, state-of-the-art information-bases and shared research and education tools.

FY 2001 Performance Goal: 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.

Comments:

a)   The IF program supports multi-user facilities across the whole range of activities in the earth sciences.  Fully 70% of IF funding goes for support of these multi-user facilities.  For example, the IRIS program, made up of consortium of 96 research universities, with global partners, operates fixed and portable seismometers throughout the world.  Data from this network, accessible to any interested party, has been the basis for articles in leading journals in the earth sciences and all science, such as Nature (v. 411, 2001 and many others) and Science (v. 285, 1999 and many others).  Another network with a global character is the University NAVSTAR consortium (UNAVCO), which operates a network of GPS stations.  UNAVCO data were used to demonstrate the applicability of GPS data for determining absolute convergence rates of plates (R. Ware, Science 279 (1998); EAR-9405501).  Both IRIS and UNAVCO provide data to the community, including Internet distributed data.

Multi-user analytical facilities, such as the University of Arizona AMS facility, are other examples of shared analytical facilities that have led to important discoveries in the earth sciences. IF-supported smaller facilities, such as mass spectrometers, have also been critical in major scientific discoveries in the earth sciences, generating a broad array of publications in leading journals, such as Nature and Science.  

b)   Although the IF program fiscally constitutes about 25% of the EAR budget, its impact on research activities projects much farther.  By funding state-of-the-art instruments and support personnel, this program is the engine driving much of the research in the earth sciences and cosmochemistry, and even some defense sciences.  Currently, researchers from all over the world oversubscribe instrumental time on each of the major facilities that are funded by the IF program.  The program has also supported data treatment software and data bases used by scientists both within and outside of the earth sciences, such as the effort by Ken Ludwig (ISOPLOT; EAR-9722719) and the GERM data base (EAR-0000998).

c)   Some of the data generated by facilities supported by the IF program, such as seismic data from IRIS and GPS data from UNAVCO, are seamlessly accessible through the Internet.  On a smaller scale, some of the data generated by IF supported individual PI's are also accessible remotely.  The effort by Robert Downs (EAR-0112782) to create a database of crystal structures and properties will be accessible to investigators through the Internet. 

d)   Although the IF program does not perform policy analysis, it supports workshops that lead to greater dissemination of scientific knowledge and could indirectly affect policy analysis.  Specific examples include support for the workshop on Mineral Physics and Earth Materials Research (EAR-9907269) and the GERM Workshops (EAR-0000998).

8.   Areas of Emphasis: For each relevant area of emphasis shown, 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)

Comments:


For the areas of emphasis shown above, the only one currently supported is in the Tribal College category.  EAR/IF has funded Douglas Stevens (EAR-0010054) of Salish Kootenai College in Montana for the acquisition of GC and HPLC instruments to perform environmental geochemistry measurements with American Indian students.


EAR/IF officers have made it clear to this COV that they are amenable and receptive to handling proposals from all categories above, as available and appropriate.  Given this sincere and positive attitude, this committee feels that EAR/IF is in a reasonable position to participate in a broader range of support in these areas in the future.

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

Comments:


For the areas of interest listed in this section above, EAR/IF has been particularly active in supporting projects with ITR.  In FY 01, these include Downs (EAR-0112782), Ketcham (EAR-0113480), Connor (EAR-0130602), and Carlson, Farmer, Glazner, and Walker (EAR-0112602, 0112673, 0112738, 0112963, respectively).  EAR/IF program officers are very interested in building additional relationships of this type in the future.

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

Comments:


This COV has given a number of examples above concerning EAR/IF utilization of MRI.  This has been so successful that it is clear to us that it will be even more important to EAR/IF in the future.  In addition, EAR/IF is managing a number of ITR small awards that deal with new types of scientific databases and tools for using them.  Examples are grants just obtained by Williams (EAR-0113713), Seber (EAR-0112655), and Keller and Arrowsmith (EAR-0112968 and 0112960).  Again, these projects are highly desirable for EAR/IF, and this practice will continue in the future.

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

Comments:

The EAR/IF program is remarkably successful.  As stated above, the process for funding programs and the outcomes of previous funding in terms of people, ideas, and tools are among the best that we have ever reviewed.  It is clear to this COV that the success of this program and its importance to the overall excellence of the Earth Science community is well deserved.  Further, we commend the current program personnel for the dedicated shepherding of this enterprise.  That said, looking into the future, it is our opinion that several concerns need to be addressed if the EAR/IF program is to continue at this high level of excellence.

Funding Balance:  The EAR/IF program supports programs that range from individual investigator size to multi-user, multi-university facilities.  The balance of funding among the various parts of this program was of concern to the previous COV and continues to be a concern.  The fraction of the EAR/IF budget spent on facilities has continued to increase over the last ten years.  The budget increase of 2001 was almost entirely spent in the facilities part of the budget, despite the large increase in the number of proposals in all areas of the budget.  The equipment acquisition (EA), technician support (TS), and instrument and technique development (ITD) portions of the budget are vitally important to the program’s vitality and diversity, and should not be left to stagnate at the expense of facilities budget increases.  The non-FS budget has decreased steadily in real dollars and as a percentage of the total budget for 10 years.  This is an undesirable outcome. It is important that the program managers protect the smaller, non-facilities portion of the budget and allow it to grow in proportion to the increased needs that are developed by large comprehensive programs.  One solution to this problem is the use of split funding, for instance with the MRI program, which the EAR/IF program officers have used to great advantage.  This is a creative solution and they should be commended for their aggressive encouragement of it.

Again, each portion of the budget is vitally important.  The technician support program, for instance, is widely recognized as a creative, appropriate solution to the unique problems associated with instrument operation at universities.  The EAR community certainly also needs to continue to support equipment and technique development.  Money spent here is extremely valuable since the outcomes affect nearly every facet of earth science.  Equipment acquisition (at the individual investigator level) is where the future lies for the next generation of facilities, for training new scientists, and in supporting young investigators and a more diverse community of scientists.

We strongly endorse commensurate growth in the EA, TS, and ITD portions of the IF budget.

Sunsetting:  The IF program needs to be sufficiently flexible to respond to new opportunities as these affect large and multi-user facilities.  Response may take several forms, including sunsetting existing multi-user facilities, even when successful, in order to fund new facilities that may take better advantage of new and emerging developments in earth science, and in the technology of instrumentation.  The program should encourage bold evolution of the scope and capabilities of those multi-user facilities that request continued funding. 

New Initiatives:  The advent of EarthScope must be accompanied by a substantial influx of new funds to the IF program, as well as to the disciplinary research programs within EAR.  New funding is required by the scientific investigations that will be stimulated by EarthScope in direct support of EarthScope scientific goals, most especially in providing tools outside the scope of the MRE.  This has been explicit in the EarthScope planning process and will invest a much broader community in its success.  New funding is also essential to stewardship of the MRE investment through maintenance and operations beyond the planned life of the project.

Mentoring:  Minority participation in the IF program remains unavoidably low.  Further, we recognize the importance of mentoring of early career, minority, and women PI's by the program managers, and acknowledge the efforts in this area.  We support further initiatives that the program managers may take to encourage greater participation of minority, women, and early career PI's.  


To encourage participation of early career researchers (ECR's) in the IF program, consideration might be given to a process where the ECR status of all PI's are specifically identified in the proposal cover letter of the program manager to the reviewer.

Broader Impacts:  There has been a recent concerted effort within NSF to emphasize the importance of addressing "broader impacts" issues to NSF program managers, PI's, and reviewers.  Apparently further changes will be made to the GPG in this regard soon.  EAR/IF should change their "Proposal Preparation" web page to reflect this.  Specifically, "broader impacts" reminders for PI's could be emphasized right up front in the introduction paragraph under Proposal Preparation, as well as in the Evaluation Criteria section.

Efficiency of Decision Process:  Evaluation of the efficiency of the IF program should be based on feedback time rather than dwell time.  More effective communication of target dates and emphasizing their importance (e.g. on the web site), as well as increased staffing, would help to streamline the process.  However, decisions by the program should continue to be driven primarily by the integrity and thoroughness of the review process, rather than efficiency targets.

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

Comments:


This COV feels that this item is sufficiently addressed in section 1e above.

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

Comments:

We found it informative to have the previous COV report available to this committee.  It would have been very helpful if there was a formal written response to it also available. We recommend that as a matter of course both the COV report and the NSF response be made available to subsequent COV's.
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