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The NSF Science and Technology Centers Integrative Partnerships Program, 
2000-2009 

Report of the AAAS Blue Ribbon Panel   
 
 
Executive Summary 
 
This report responds to a National Science Foundation (NSF) need to assess the performance 
and accomplishments of its Science and Technology Centers (STC) Integrative Partnerships 
Program, 2000-2009, against program goals and objectives in research, education, knowledge 
transfer, diversity, and integrative partnerships.  In assessing the effectiveness of the STC mode 
of support for addressing grand science and technology challenges and emerging opportunities, 
the report envisions how the STC program can continue to advance U.S. leadership in science 
and technology.   
 
The Blue Ribbon Panel (BRP) was created to advise the American Association for the 
Advancement of Science (AAAS) in the conduct of a program-level review focused on the 
aggregate activities of the 17 STCs funded in three NSF Office of Integrative Activities (OIA) 
competitions held between 1998 and 2005-06.  Drawing on findings from the AAAS report 
(Chubin et al., 2010), the BRP was tasked by OIA to consider the future direction, design, and 
management of the STC program.  
 
Based on the AAAS analysis of multiple sources of evidence and its deliberations in three 
meetings over ten months, the BRP has separated perceptions about the program from the 
realities of its performance.  It finds that the STC program has yielded significant impacts that 
extend beyond U.S. universities to specialized national and global science and technology 
communities.  From NSF’s investment and expectations to the collective achievements of the 
STCs, the BRP concludes that the value-added has been substantial and often transformative.  
The conclusions are summarized below.  
 
A Summary of Conclusions on STC Impacts   
 
General Conclusions 
 

1. The STC concept has been very effective in catalyzing and nurturing interdisciplinary 
                      and transformational science and technology.  
   

2. The STC program has effectively integrated research, education, diversity, and 
knowledge transfer and has successfully exploited partnerships towards these goals. 

 
3. Because the STC program is unique within the NSF portfolio—spanning the full 

range of NSF-supported disciplines—it has been able to explore questions and 
research topics that are broader than the domains of individual NSF directorates.    

 
4. There is strong evidence that the “culturally transforming” experiences of 

participants in STCs will be sustained through changed attitudes and behaviors. 
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Science and Technology 
 

5. The STCs have generated new scientific and technological knowledge relevant to 
important U.S. and global societal concerns. 

 
6. STCs have both encouraged and enabled more “high risk, high reward” research 

than is characteristic of the general NSF portfolio.   
 

7. The STC program is an important part of the NSF portfolio, which is complementary 
to and synergistic with individual investigator support and other NSF “centers” 
programs.  In addition, the research programs of individual faculty members are 
enhanced (in terms of success with grant proposals either to NSF or other sponsors) 
through participation in the STCs. 

 
Education 
 

8. The STCs have been very effective at integrating education and research in an 
interdisciplinary environment for undergraduate and graduate students as well as 
for postdoctoral scholars.   STC alumni are markedly different in both outlook and 
approach from those coming from a more traditional education/research 
experience. 

 
9. While examples abound of activities engaging K-12 students and teachers as well as 

the general public through outreach, the perceived lack of clarity on the part of STCs 
as to what NSF (through its review panels) expects of them in the precollege 
education and public outreach has produced mixed results overall. 

 
10.  Many K-12 education activities are not informed by best practices and/or current 

research in teaching and learning.  Evidence suggests these activities are not 
institutionalized or sustainable over time.  The scale of impact on larger systems 
(schools, districts, communities) may be too small, or the effects not readily 
observable during the life of an STC despite their potential. 

Diversity 
 

11.  STCs represent an important pathway for increasing the cadre of students and 
faculty from underrepresented groups.  They are, as a group, more diverse than the 
departments/colleges/institutions from which they draw. 

 
12.  The racial/ethnic/gender diversity in the STCs has been a powerful motivator for 

student success, and can be attributed to the centers’ commitment to community-
building and the development of a “critical mass” of diverse researchers. 
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Knowledge Transfer 
 

13. STCs are expanding the mechanisms for knowledge transfer beyond the traditional 
ones used by universities at all levels.  The STC activities as a whole represent a 
panoply of approaches far beyond “papers and patents,” and include the explicit use 
of knowledge in contributing to evidence-based public policy, and the creation of 
new degree programs, journals and professional organizations.  

 
14. A majority of the 17 STCs studied served as a springboard for start-up companies. 

 
15. The diverse cadre of new PhDs who participated in the STCs has been remarkably 

successful in landing faculty positions.  The student participants represent a 
powerful human resource—both as product and conduit—for knowledge transfer. 

  
Partnerships 
 
             16.  Many STCs are effectively connecting with local, regional and national and 
                    international stakeholders on key issues of societal importance. 
    

17. The STCs as a group have been resourceful in using partnerships with a wide variety 
of organizations to achieve goals in science, education, and diversity.  STCs should 
not be judged on the number of partnerships, but rather on how these partnerships 
add value by facilitating the achievement of the four key program objectives—
science and technology, education, diversity, and knowledge transfer. 
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Introduction  
 
This report responds to a National Science Foundation (NSF) need to assess the performance 
and accomplishments of its Science and Technology Centers (STC) Integrative Partnerships 
Program, 2000-2009, against program goals and objectives in research, education, knowledge 
transfer, diversity, and integrative partnerships.  In particular, the report assesses the 
effectiveness of the STC mode of support in addressing grand science and technology challenges 
and emerging opportunities; and 
envisions the future of the STC program in advancing U.S. leadership in science and technology.   
 
The assessment was achieved through a merit-reviewed research grant awarded to the 
American Association for the Advancement of Science (AAAS) in September 2009.  It represents 
the first program-level review of the STC program conducted since the National Academy of 
Public Administration review in 1995 (NAPA, 1995) and related reports by the National Academy 
of Sciences (1996) and Abt Associates (Fitzsimmons, Grad, and Lal, 1996).  Thus, while this study 
takes note of the program’s early history and earlier reviews, it addresses only the STC 
program’s post-1999 structure, history and performance.  
 
As a program-level study, it is directed at the aggregate activities of the 17 STCs funded in three 
competitions held between 1998 and 2005-06. The first of these competitions led to the “class 
of 2000” (n=5); the second to the “class of 2002” (n=6); and the third to the classes of “2005 
(n=2) and 2006 “(n=4). Excluded from coverage are the 25 STCs funded between 1988 and 1998, 
and the most recent cohort of five STCs funded in 2010 (see Table 1 for a roster of the 17 STCs 
reviewed here). 
 
AAAS has been advised and monitored by a Blue Ribbon Panel (BRP; for membership, see 
Appendix A). This panel was tasked by NSF’s Office of Integrative Activities (OIA) with dual roles. 
First, through three formal meetings and continuing informal exchanges, the BRP offered critical 
commentary and guidance to the AAAS project team’s work.  It also reviewed the AAAS final 
report (Chubin et al., 2010), which has been submitted separately to NSF.  The present 
document is the BRP’s independent assessment of the STC program.  The AAAS study is largely 
retrospective, focusing on program performance and outcomes, while the BRP report is 
primarily prospective, drawing on findings from the AAAS report as well as the BRP’s expertise, 
to consider the future direction, design, and management of the STC program. 
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Table 1. NSF Science and Technology Centers Active in 2009, By Year of First Award 
 

Cohort Center Name Acronym State 
Lead 
Institution 

NSF Directorate 

2000 Center for Adaptive Optics CfAO CA UC-Santa Cruz 
Mathematical and 
Physical Sciences 
(MPS) 

2000 
Center for Behavioral 
Neuroscience* 

CBN GA Georgia State 
Biological Sciences 
(BIO) 

2000 
Center for Environmentally 
Responsible Solvents and 
Processes* 

CERSP NC 
UNC-Chapel 
Hill 

Mathematical & 
Physical Sciences 
(MPS) 

2000 
Center for 
Nanobiotechnology 

NBTC NY Cornell Engineering (ENG) 

2000 
Center for Sustainability of 
Semi-Arid Hydrology and 
Riparian Areas* 

SAHRA AZ Arizona Geosciences (GEO) 

2002 
Center of Advanced 
Materials for Purification of 
Water with Systems 

CAMPWS IL Illinois-Urbana Engineering (ENG) 

2002 
Center for Biophotonics 
Science and Technology*  

CBST CA UC-Davis 
Mathematical & 
Physical Sciences 
(MPS) 

2002 
National Center for Earth-
Surface Dynamics 

NCED MN 
Minnesota-
Twin Cities 

Geosciences (GEO) 

2002 
Center for Embedded 
Network Sensing  

CENS CA UCLA  
Computer & 
Information Science 
& Engineering (CISE) 

2002 
Center for Integrated Space 
Weather Modeling 

CISM MA Boston U Geosciences (GEO) 

2002 
Center for Materials & 
Devices for Information 
Technology Research 

CMDITR WA Washington 
Mathematical & 
Physical Sciences 
(MPS) 

2005 
Center for Remote Sensing of 
Ice Sheets* 

CReSIS KS Kansas Polar Programs (OPP) 

2005 
Team for Research in 
Ubiquitous Secure 
Technology 

TRUST CA UC-Berkeley 
Computer & 
Information Science 
& Engineering (CISE) 

2006 
Center for Coastal Margin 
Observation and Prediction 

CMOP OR 
Oregon 
Health and 
Science 

Geosciences (GEO) 

2006 
Center for Layered Polymeric 
Systems 

CliPS OH 
Case Western 
Reserve  

Mathematical & 
Physical Sciences 
(MPS) 

2006 
Center for Microbial 
Oceanography:  Research 
and Education 

C-MORE HI Hawaii Geosciences (GEO) 

2006 
Center for Multi-Scale 
Modeling of Atmospheric 
Processes 

CMMAP CO 
Colorado 
State 

Geosciences (GEO) 

*AAAS site-visited STC; Source: NSF, http://www.nsfstc.org/ 
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Context and Character of the STCs 
 
The 17 STCs span a diverse set of scientific and technological fields and lines of inquiry. Their 
activities are distributed over six NSF research directorates (and since 2005 involve the 
Education and Human Resources Directorate as well).  The centers’ disciplinary breadth and 
variety grow with their university participants and non-university partners, and with the 
strategies and activities followed in pursuit of STC program objectives.   
 
 NSF Expectations 
 

The hallmark of the STC program is the integration across objectives, the synergies that 
help to generate new scientific and technological knowledge relevant to important 
U.S./international societal issues.  This was NSF’s expectation as reflected in the design of the 
program.  As reported below, the post-1999 STCs have collectively fulfilled this expectation—
enriching the NSF portfolio, U.S. university-based research, and the outcomes of these 
endeavors.  Indeed, the integrative and value-added character of the STC program distinguishes 
it from an array of investments in and returns to centers-focused and individual investigator 
research and education.   
 
STCs represent a sizeable outlay of NSF’s research budget, per annum and cumulatively. In 
FY2010, the estimated total budget for the 17 STCs was $57.77M (Table 2). This amount was the 
single largest outlay for any of NSF’s seven separately budgeted center programs, representing 
20% of total center outlays.  (Taken together, investments in all centers programs account for 
approximately 9% of NSF’s research expenditures. Awards to five new STCs in 2010 represent a 
5-year commitment of approximately $125M, along with implicit funding commitments for an 
additional five years, assuming satisfactory annual reviews.)  
    
Table 2. NSF Center Programs’ Funding, FY 2011 (Estimated) (Dollars in Millions) 

   Number FY 2009  Change over
 
 

Program 
Initiated 

Centers 
2009 

Omnibus
Actual 

FY 2010
Estimate 

FY 2011 
Request 

FY 2010 
Amount 

Estimate 
Percent 

Centers for Analysis & 
Synthesis 

1995 4 $17.41 $22.72 $23.25 $0.53 2.3% 

Centers for Chemical 
Innovation1 1998 12 15.50 24.00 28.00 $4.00 16.7% 

Engineering Research 
Centers 

1985 15 61.42 54.91 67.50 $12.59 22.9% 

Materials Research Science 
& Engineering Centers  

1994 31 60.84 56.70 63.00 $6.30 11.1% 

Nanoscale Science & 
Engineering Centers 

2001 19 46.97 46.26 40.20 -$6.06 -13.1% 

Science and Technology 
Centers 

1987 17 62.46 57.77 66.03 $8.26 14.3% 

Science of Learning Centers 2003 6 12.51 25.80 25.80 - - 

Total, Centers   $277.11 $288.16 $313.78 $25.62 8.9% 

Totals may not add due to rounding; 1Formerly titled Chemical Bonding Centers.  
Source:  NSF, 2010 

 
The singular status of the STC program as the one Foundation-wide, or non-directorate-specific 
research program, makes the STC program an “all-comer’s” competition.  It is open to 
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researchers (and thus fields of science) across all of NSF’s directorates and offices.  Overseeing 
(and evaluating) the program thus requires a different set of arrangements than is typical for 
much of the Foundation’s research and education programs.  The salient policy question for 
NSF, and for U.S. science and technology policy more generally, is the place of the STC program 
within the Foundation’s overall portfolio of funding mechanisms.   
 
Value-added is a widely encountered criterion in contemporary assessments of publicly-funded 
academic research. But the criterion is subject to multiple interpretations and forms of 
measurement that determine which features of a program are assessed and how performance is 
captured.  National Science Board (NSB) guidelines treat value-added as the initial evaluation 
criterion, but AAAS takes note of NSF’s concomitant interest in fostering “transformative 
research,” defined in a recent NSB (2007, p. 10) report as “driven by ideas that have the 
potential to radically change our understanding of an important scientific or engineering 
concept or leading to the creation of a new paradigm or field of science or engineering.” Such 
research is also characterized by its challenge to current understanding or its pathway to new 
frontiers.  
 
NSF’s use of the cooperative agreement mechanism rather than grants or contracts to fund STCs 
is an important (and effective) means of maintaining the intellectual and organizational vitality 
of entities eligible for up to 10 years of funding.  Analytically, cooperative agreements, with their 
attendant requirements for strategic plans, annual external reviews, and the authority reserved 
to the sponsor to cancel an award for non-performance, is a means of anticipating generic 
concerns of accountability for expected outcomes. 
 
Presently, the STC program is administered via a matrix arrangement.  OIA has lead 
responsibility for coordinating the STC program, initiating and managing competitions, preparing 
standard guidelines and instructions for all review and reporting functions, and overseeing and 
monitoring the terms of cooperative agreements with awardees. Research directorates have 
lead responsibility for monitoring the performance of awardees, including selecting members 
for annual site visit review teams and managing the content and conduct of these reviews. 
 
Post-award management and oversight is delegated to teams comprised of representatives 
from across NSF.  Interwoven into this matrix is NSF’s tradition of decentralized decision-making 
authority, with directorates and program personnel having considerable latitude in interpreting 
and implementing overarching agency objectives and policies.  
 
 Gauging STC Program Performance 
 

Given the range of expected outcomes, participants, and stakeholders—NSF site visit 
team members, center participants, center external advisory board members, university 
administrators, as well as NSF management—different weights can be assigned to the several 
objectives and activities of specific centers.  These weights, as research and education priorities 
shift, may also vary over time.  Maintaining a productive balance is a continuing challenge.   
 
The AAAS study is both eclectic and pragmatic in collecting and analyzing data for assessing the 
STC program.  It combines various measures of center output, of changes in the research 
behavior of faculty, of experiences of current students and alumni, and of the transformative 
character of research conducted by STC participants.  Some of this information derives from 
AAAS interviews, site visits, and faculty and student surveys; from secondary analysis of Abt 
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surveys and annual report summaries; and from archival sources (including the Federal report 
and scholarly research literatures). 
 
Box 1 summarizes the AAAS sources of evidence representing pieces of a mosaic that, taken 
together, offer converging perspectives.  By not relying on any one type or source of data—a 
necessity that respects the evolving character of the STCs as described above—this BRP report is 
anchored in a solid empirical foundation.  (For full details on the AAAS protocols, instruments, 
and resulting data, see Chubin et al., 2010.) 
 
Box 1.  Sources of Evidence 
 
STC-generated:  original proposals; self-reported accomplishments; two-page profiles; education 
and knowledge transfer activities (n=10); final report from one graduated center; websites, e-
mail communications; 2009 and 2010 STC Directors' meetings 
 
Abt-generated:  data reported in summary reports—on international efforts, knowledge 
transfer, and education efforts—derived from center annual reports and NSF site visit reports 
(n=3); special data runs for AAAS  
 
NSF-generated:  program solicitations (n=7, i.e., 5 STC, 1 ERC, 1 MRSEC); interactions with OIA & 
directorate staff; observations at two NSF site visit reviews of STCs 
 
AAAS:  STC site visits (n=5); phone interviews with STC directors (n=12); student survey; faculty 
survey (two waves); commissioned papers (n=3) and their reviews; research literature and 
related NSF/Federal reports, student focus groups 
 
In this context of NSF goals, STC program objectives, and center strategies and impacts, the 
following pages present this Blue Ribbon Panel’s interpretation of the value-added by 
investments in 17 Science and Technology Centers since 2000. The fundamental tenets of the 
STCs are:  the conduct of risky scientific and technological research, the opportunity for 
expansive education and diversity initiatives, the implementation of innovative and effective 
knowledge transfer, and the creation of partnerships and collaborations as a strategy for 
facilitating the other objectives. This interplay uniquely strengthens the program and its 
participants, enabling NSF and the partner STC universities to advance the national and global 
science and technology enterprise.  
 
Value-Added by the Program  

 
STCs undertake basic and applied scientific and technological research that is interdisciplinary, 
collaborative, and inter-institutional.  This work is directed at complex, high-priority science-
based questions as identified by or reviewed by NSF panels/workshops, National Academies 
panels, and other national advisory bodies. In a striking way, their research agendas are rooted 
in the integration of science and technology.   

 
This integration adds value, and is often transformative, in the following ways:  (a) generating 
foundational scientific and/or technological knowledge that serves as general-purpose platforms 
for further, broad-based discovery research; (b) introducing improvements in instrumentation; 
(c) developing new ways of organizing the conduct of scientific inquiry, e.g., new 
disciplines/journals/professional associations; (d) producing a new cadre of researchers and 
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educators who are more diverse in composition, interdisciplinary in expertise, and more attuned 
to societal needs than the extant science and engineering workforce; (e) capitalizing on inter-
institutional partnerships and faculty collaborations to extend the reach and impact of research 
and education innovations, e.g., courses, new degree programs, and public outreach; and (f) 
leveraging and sustaining the changes induced by STC activity after the expiration of the NSF 
grant.   
 
The following separates the findings on value-added by each STC objective. While analytically 
useful, this approach is artificial in that STC accomplishments typically involve products or 
outcomes that impinge on other objectives in fundamental ways. Thus, center accomplishments 
in science and technology frequently relate to new means of knowledge creation, contributions 
to graduate and undergraduate education, and integrative partnerships. Comparably, activities 
and accomplishments related to education also yield benefits related to diversity, knowledge 
creation and transfer, and partnerships.  To behold the tapestry of the STC program’s 
performance one must step back to observe how these elements are intertwined.  But for now, 
each objective is viewed separately, so to speak, under the microscope.   
 
 Science and Technology 
  

The STCs’ orientation toward strategic objectives allows centers to exploit advances or 
redirect activities away from low-yield trajectories in ways that single investigators or small 
teams cannot.  With instruments and analytical techniques necessary to test and/or advance 
hypotheses, new, intellectually exciting research agendas are pursued.  Success by STCs’ pursuit 
of technological objectives has enabled basic and applied researchers from multiple disciplines 
to answer formerly intractable questions.  Viewed in a disaggregated way, STC faculty have 
opted to invest the time and energy in highly-competitive funding environments and to accept 
the nontrivial administrative and organizational transaction costs associated with participating 
in a center because they perceive the benefits for their research careers to be substantial and 
meaningful.   
 
Presented in Boxes 2 and 3 are illustrations of different ways in which STCs not only add value, 
but are transformative of the culture, practices, and composition of various research 
communities.  Not to be overlooked in these examples is the creation of new cohorts of faculty 
accustomed to participating in team-based, mission-oriented academic science.  
 
Box 2.  Transformative Aspects of Science and Technology Centers  

 
• Enable changes in and integration of the scales of analysis for research. 

Example:  The field of climate change/atmospheric science has for the past 50 years been 
organized around discretely separate scales of analysis:  small scale (100 times smaller than 
planet); medium scale-(earth); large-whole atmosphere.  This division of specialization 
produced progress, but at a limited rate.  More powerful computers, available only in the  
past 10 years, have enabled researchers at the Center for Multi-Scale Modeling of  
Atmospheric Processes (CMMAP) to attack old problems in new ways by addressing  
conceptually and computationally complex research issues that had stymied discovery.   
Multi-scale modeling of atmospheric processes created new opportunities and required the  
participation of researchers with many different areas of expertise.  The Center’s work has  
led to better predictions of U.S. climate change and created new pathways that are being  
followed by others.  
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• Foster significant improvements in instrumentation that lead to both technological 
innovation and scientific discovery. 
Example:  The Center for the Remote Sensing of Ice Sheets (CReSIS) exemplifies the  
interconnection between advances in science and technology. The center seeks to  
understand changes in glaciers and streams, and their interaction with climate change.  
It is engaged in the development of new radar technologies for the sounding and  
imaging of polar ice sheets and the development of a new uninhabited aircraft system.  
Associated with the need to deploy data collection, processing, and transmission  
systems in Greenland and Antarctia are research challenges to CReSIS’s (University  
of Kansas) partner institutions—Indiana University and Elizabeth City State  
University. Like a NASA mission, CReSIS began with a five-year phase devoted  
principally to the development of data-collection technologies, the field deployment  
of these technologies, and the collection of data.  A second phase of model  
development and testing will bring these goals to fruition.  

 
• Generate new scientific and technological knowledge relevant to important 

U.S./international societal issues. 
Example:  The Center for Advanced Materials for Purification of Water with  
Systems (CAMPWS) is overcoming both academic and public policy  
resistance to change the field of water research and practice.  U.S. water quality  
standards are seen as the best in world, inducing a high comfort level with the status  
quo and reducing a willingness to innovate. To counter scarce interest in systems- 
level questions or approaches to water purity, CAMPWS’s research was built upon  
the expertise of faculties in material science, mechanical engineering, and chemistry  
rather than traditional “water people”—civil engineering, chemical engineering,  
hydrologists. Over time, as the research agenda has been refined, faculty from these  
more traditional disciplines; new partner universities; and environmental, chemical,  
and materials engineering have all joined the effort. 

 
• Generate new platform technologies/materials of scientific and economic value across 

multiple disciplines and the industrial sector.   
Example:  The Center for Environmentally Responsible Solvents (CERSP)  
demonstrates the benefits accruing from a longer-term research horizon than is  
possible under the individual investigator model. Over its life, CERSP changed its  
research orientation from searching for environmentally benign approaches to dry  
cleaning based on CO2 SUBSCRIPT 2 manufacturing technology, to attempting to     
revolutionize microelectronic manufacturing processes by using CO2 SUBSCRIPT 2 instead  
of water, to focus on nanostructures in films and particles—a research trajectory that led to 
an award to form an NIH-funded cancer center. This quest to match the scientific and  
technological properties of CO2 SUBSCRIPT 2 technologies with a market for its  
applications spurred dynamic changes:  iterative internal adjustments to the center’s  
research agenda, the reallocation of funds, and the ongoing exit and entry of faculty  
participants. 
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Box 3.  STC Contributions to Environmental Monitoring and Optics   
 
It is notable that five of the STCs—SAHRA, NCED, CMOP, CReSIS, and CENS (see Table 1 again for 
full center names)—have active programs focusing on environmental monitoring, all sharing a 
strong commitment to using observations with varying degrees of commitment to measurement 
technology. While the five centers differ in their focus, all include efforts to develop community 
models and observatories, and all share strong educational and public outreach missions.  
 
Two of the STCs focus on optics. Center for Adaptive Optics (CfAO) activities have underpinned a 
number of astronomical adaptive optics (AO) developments in California, and it secured a global 
leadership position for AO in vision science. Viewed in terms of its defined strategy and goals, 
CfAO became a world-wide center for adaptive optics. Similarly, in the large and diverse field of 
biophotonics, the Center for Biophotonics Science and Technology (CBST) has made a significant 
contribution through its international activities coupled to its web activity, “Biophotonics 
World.”  A network covering every aspect of biophotonics today links applications to 
commercial developments and demonstrates CBST’s strategic decision to position itself as 
central in the global science environment.  It has energized the global community and cemented 
the scientific reputation of the U.S. in this arena. 

 
According to participating faculty, STC impacts on fostering collaborations and new forms of 
teamwork are striking:     

 
• Faculty use new/more instrumentation and learn new methods.  They report their 

research involves higher degrees of risk-taking and has greater potential to be 
transformative than the research they engage in outside of the STC.  

• They report publishing in a wider range of peer-reviewed journals.  The impact of 
STC participation on faculty publication behavior is even more visible in their choice 
of publication outlets.   

• For some, participation in STC-supported activities represents only a portion of the 
research projects in which they are engaged at any time. Work done as part of a 
center is frequently a springboard for future funding as a principal investigator and 
for new collaborative opportunities. 

 
In summary, the STC program has added value by making significant advances in science and 
technology.  The 17 STCs in the AAAS review showcase groundbreaking avenues, 
accomplishments, and models for research-based knowledge transfer that, in due course, have 
changed the direction of the scientific enterprise in their fields of study.  Despite STC research 
agendas representing typically only a small percentage of total research in a field, there is an 
ongoing interaction of agendas within and outside the STC, pursued simultaneously by STC-
affiliated faculty and their graduate student teams.    
 

Education 
 

NSF’s emphasis on education as an STC objective extends across the “STEM pipeline” to 
develop student talent from precollege (K-12) to pre-professional (postdoctoral, graduate, and 
undergraduate) levels.  All STCs focus attention on increased engagement and recruitment of 
student populations already on campus, but are held accountable for executing research-based 
activities with precollege, undergraduate, graduate, and postdoctoral students to improve 
recruitment, retention, degree-taking, and transition to the workforce.   
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For STCs to add value they must impact educational processes and experiences of students in 
ways that are more substantial and/or different from those engendered by the traditional PI-
driven approach.  The very fact that STCs are so engaged in education at all levels is evidence 
that something different is happening. At issue are the impacts of these endeavors, their 
sustainability without STC support, and their fit with other STC activities (since synergies are an 
anticipated center characteristic). 
 
Half of the STCs report working at all levels of education, cite curriculum and research as core 
themes, pursue their activities as much alone as with partners, and among the external 
audiences they seek to reach, target K-12 teachers most of all.   
 
Most notably, even incomplete data for the just-graduated 2000 cohort point to the successful 
completion of graduate degrees by a substantial number of STC-supported students.  This is the 
STC’s pre-professional legacy.  More than one in three alumni reported working in two or more 
disciplines, while three out of four alumni—Master’s and Ph.D. students alike—credit a mentor 
who “gave constructive feedback” or “served as a professional role model.”   

 
• By 2010, half of the STC alumni held faculty appointments in institutions of higher 

education, with another third in postdoctoral positions.  About 67% of the faculty 
members are on the tenure track, 7% have received tenure, and 4% are already full 
professors.  Clearly, the STCs are renewing the academic workforce. 

• Student assessments of their STC experiences are positive.  Compared to their non-
STC peers, STC students report that the advantages/benefits of affiliation with the 
STC—experiences, skills acquired, professional opportunities—overwhelmingly 
outweigh the disadvantages/risks and were more enriching than that of their non-
STC peers. When asked about their overall satisfaction with their STC experience 
and whether they would “advise new graduate students to join an STC?” 57% 
responded “without a doubt” and another 34% “probably.” 

 
As a core STC educational activity, the professional socialization of students to the culture of 
research is vital for skills development, career planning, and preparation for workforce entry.   
 

• STC students’ exposure to faculty at many partner institutions and the networking 
accompanying seminars created a larger pool of scientists who offered career advice 
and presented alternative research experiences and dissertation topics. 

• Research Experiences for Undergraduates (REUs) are the common vehicle used by 
the STCs, typically in a summer program hosted by the lead or a member institution 
of a particular center.  Among current students, one-quarter had been financially 
supported in their first year of affiliation with the center, while one-quarter had 
been supported for four or more years.  Their educational experiences divide into 
pre-professional and K-12.  

 
At a collective level, two-thirds of the STCs (across all three cohorts) engage in the development 
of courses and course modules.  These reflect both the changing state of science and the need 
to impart new content to participating students.  Such offerings also signify a degree of 
institutionalization, joining the extant curriculum in a disciplinary area. 

 
In the precollege domain, STCs engage in a range of activities, with outreach to teachers via K-12 
websites being the favored approach.  For example, a small number of STCs (notably CERSP, C-
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MORE, and CBN—see Table 1 for full STC names) report being engaged in the development of K-
12 educational materials.  Likewise, NBTC, NCED, and CBN collaborations with museums and 
science centers produced stunningly effective exhibits—informal science education as a form of 
STC outreach to populations beyond universities and formal classroom teaching and learning.   
 

• STCs have found effective means to connect with local communities to share the 
knowledge and information generated at the centers. The motivation for aiming 
knowledge transfer at local citizens can be to enhance science literacy, engage the 
public, and/or raise awareness of local issues as they pertain to the research area of 
a particular STC. 

• Almost half (47%) of the STC student alumni report participating in outreach 
targeting the public or K-12 audiences.  As one put it:  “I think my peers who did not 
participate in the [STC] professional development program missed out on 
community and on learning an incredible amount about science education, which is 
a huge, though under-appreciated and undervalued, responsibility of scientists.” 

 
Generalizing about the STC program’s success in achieving its education objectives is a tale of 
two trajectories.  One captures the formidable contributions that any research-driven center 
makes to postdoctoral, doctorate, and undergraduate education.  These are closely-coupled 
outcomes where team skills and knowledge culminate in publications and degrees.  The STC 
record has gained momentum in these advanced segments of the education-to-workforce 
pathway.   
 
The other trajectory is more static and challenging:  engendering interest and illuminating the 
pathway for elementary, middle, and high school students into science.  While some STCs have 
connected with cohorts of precollege students, partnered with organizations that specialize in 
outreach and recruitment, and designed experiences that influenced students’ science literacy 
and career aspirations, the program’s record is uneven. Athough there were a variety of 
initiatives, with few exceptions the STCs had difficulty institutionalizing and disseminating 
findings and impacts of their education activities.  Further, these efforts were largely 
uninformed by research on teaching, learning, or best-practice interventions. K-12 and public 
education were not at the core of the STCs’ work.  Rather, it was an add-on, or an objective that 
occupied less time and centrality among the various areas of performance. 
 

Diversity 
 

The central challenge to interpreting performance on diversity is how to calibrate the 
STCs’ performance relative to that of the home academic departments of participating students.  
Once students enroll on campus, STCs are successful in competing for them.  Indeed, their 
diversity is broader than the demographics of the disciplines from which the STCs recruit.  Value-
added for the STCs is more appropriately measured by whether they are more successful in the 
job of attracting and graduating underrepresented students relative to the respective 
disciplinary units where they are rostered as degree-seeking than to the absolute numbers of 
such students with whom they interact.  
 
In response to the NSF mandate to diversify the science and engineering workforce, the STCs 
regard the diversity objective first as a recruitment tool and then as a retention (and 
advancement) mechanism—critical mass that facilitates degree completion—for those who join 
an STC project team. Through their diversity-oriented activities, STCs have served as a set of test 
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beds and existence proofs that a research field can diversify and become even more 
intellectually robust, productive, and attractive to students who reflect America’s evolving 
“minority-majority” demographics.   
 
Findings from the AAAS survey of current STC students and the Abt alumni survey (both fielded 
in summer 2010) represent evidence that STCs contribute significantly to increased diversity in 
the U.S. STEM student body.  These data provide some evidence for testing the hypothesis that 
STCs are becoming incubators for minority talent.   
 

• The 2000 cohort is the most racially and ethnically diverse undergraduate student 
population (roughly 43% v. 30 and 36%, respectively, for the 2002 and 2005-06 
cohorts).  The ratio of underrepresented minority undergraduates to graduate 
students ranges across cohorts from 2.5 to 4:1.  Except for the most recent cohort, 
these ratios exceed national underrepresented minority (URM) graduate student-to-
faculty proportions. 

• The participation of women in the STCs is strikingly higher than the national trend 
for STEM disciplines:  parity with men at the undergraduate level, with a 1.5:1 ratio 
of undergraduate to graduate women and 1.5-2:1 ratio (depending on the 
discipline) of female graduate students to female faculty.  In each cohort, non-U.S. 
citizens constitute about half of those among the ranks of STC postdocs (and are 
overwhelmingly male). 

   
Beyond the undergraduate level, STC participants look very much like the STEM  
disciplines from where they “migrate.”  The most dramatic URM participation is observed in the 
2000 cohort, suggesting that over the life of these STCs diversity improved because of what the 
centers did.  Supporting diverse students is known to attract other underrepresented students.  
As a welcoming setting with human resources configured in teams, STCs stand apart from other 
forms of student financial support.  This is not lost on at least half of the 17 STCs.  

 
These findings hold promise for shaping NSF’s approaches to diversity. A program with explicit 
objectives, yet welcoming innovation in satisfying them, stands as an example of how to 
diversify the talent—precollege to postdoctoral—that opts for a science or engineering career.  
STC is one such program.   
 

Knowledge Transfer 
 

Knowledge transfer refers to the mutual exchange of scientific and technical 
information and resource sharing among STC partners and other entities for the creation, 
dissemination, and utilization of knowledge in multiple sectors.  Knowledge transfer has been a 
fundamental component of the “integrative partnerships” required of the centers since the very 
inception of the STC program.  Today it permeates the STCs. 

 
Knowledge transfer at the 17 STCs encompasses a spectrum of highly-leveraged activities 
aligned with the heterogeneous scientific themes and goals of the specific centers. The principal 
categories of knowledge transfer activities at the STCs—all of which reflect center performance 
that is comparable or superior to non-center-based contributions—are:  
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• research findings—publications, presentations, seminars; 
• technological innovation—measurable by patents, licenses, products, firm                

start-ups, and the by-now conventional set of technology transfer metrics; 
• creation of new institutionalized fields of knowledge—measurable in addition to the 

above by the establishment of new journals, professional societies, academic 
departments; 

• connections to regional/state economic development activities; and 
• impacts on institutional and science policy—traceable, with difficulty, by     

interviews with key informants, citations to key publications, invited testimony, and 
related forms of “knowledge utilization.” 

  
STC participants identify knowledge transfer as a net benefit of their involvement in the center, 
one that goes well beyond traditional collaboration and dissemination activities.  Knowledge 
transfer at several centers builds upon existing activities at host institutions such as museums, 
science centers, and zoos.  STCs also seek partnerships with Federal laboratories focused on 
similar research areas to augment exchange of knowledge for mutual benefit.  Furthermore, 
STCs play a central role in bringing together the national and international community of 
practitioners in their research field, including the provision of a central stage for the training of 
young as well as established practitioners.  At times, “unsolicited” knowledge transfer occurs 
through news coverage of centers’ activities in popular media as well as in top-tier journals.  
Particular value-adds include the following: 
 

• The STCs bind together researchers from disparate fields who would have not 
interacted had it not been for the activities of the centers. Through this intellectual 
diversity, the knowledge generated and transferred by centers finds applications in 
unpredictable domains.  Oftentimes, STCs work as “knowledge banks” where 
researchers, stakeholders, national and international practitioners find a natural 
leader for technical guidance and assistance. 

• Some knowledge transfer activities build upon a feedback loop between the center 
and the practitioners or stakeholders in the relevant scientific field such that the 
advances made at the STCs are informed by their ultimate users.  Several STCs, 
particularly those that are involved in research fields with imminent societal impacts 
such as energy and climate change, undertake knowledge transfer activities that 
involve direct interaction with or advice for local, state, national and international 
governments and policymakers through testimony at congressional hearings. 

 
The technological innovation and economic development function of many STCs is explicit. Most 
centers have an advanced understanding and capability to engage in applications-based 
technology transfer.  Several of the STCs have launched start-up companies based on the 
technologies developed at the centers. Most centers defer to their institutional policies for 
technology transfer and commercialization, and execute these activities via appropriate 
industrial partnerships 
 
In summary, by mandating knowledge transfer, NSF receives a better return on investment—a 
multiplier effect through mutual exchange of knowledge and resource sharing.  Indeed, its 
prospects for survival beyond NSF funding appear hopeful. Because knowledge is transferred 
through people, students become conduits as well as products of knowledge transfer.  Center 
participants change their behaviors and the culture for disseminating knowledge beyond 
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traditional academic presentations and media.  Even so, the STC community could share more 
extensively and capitalize on the various avenues for knowledge transfer.  
  

Partnerships 
 

Partnerships are a means to STC’ ends.  The need for partnerships in the STCs stems 
from the size and scope of centers.  Fulfilling the objectives of research, education, diversity and 
knowledge transfer requires the participation of multiple institutions. 
 
Beginning with the 2000 cohort in the AAAS study, NSF has defined partnerships as an objective 
of the program, in the same way as research, education, diversity and knowledge transfer. The 
2003 solicitation was the first to offer a definition of partner as “an institution or organization 
that invests intellectual resources in the Center, backed by financial commitment to the Center. 
. . .  The partner institutions work together with NSF to ensure vital participation in a 
cooperative effort to integrate the research, education, and knowledge transfer activities of the 
Center.”  The attainment of this objective is not seen as a simple matter of counting.  As the 
solicitation makes clear, “the number of participating institutions is not necessarily a measure of 
quality.”  
 
NSF solicitations have evolved over the years in the expectations, types and  
targets of partnerships.  There has always been an expectation of partnerships.  Examples of 
partners have changed over the years; the most noteworthy addition was schools and 
community colleges, added in the 2003 RFP.  Applicants have generally responded to the 
changing expectations, but have been given considerable flexibility in managing partnerships in 
order to fulfill the other objectives. The value of a partnership is thus seen in the way it 
contributes to other objectives. 
 
Enumeration of partnerships depends on the source and definition.  On their websites, STCs 
may distinguish partners from “affiliates” or “stakeholders.” They may also list “members” 
either as individuals or institutions. Partnerships can exist because of underlying collaborations 
of faculty; there is therefore a certain dynamism to be expected—and realized—based on 
movement of faculty and changing interests.   
 
The NSF website (accessed 8 July 2010) listed a total of 121 partners to the 17 centers, with the 
number ranging from 1 (CLiPS) to 16 (SAHRA).  The Abt compilation of information in annual 
reports ranges from 10 to over 80 partners per center. Partners, according to Abt, are classified 
as university (36%), industry (24%), federal government (10%), education/outreach (10%), 
international (9%), state/local government (6%), national lab (3%), and other (2%).  The 
preponderance of subawards (90%) is made to universities. 
 
A partner may serve one or multiple objectives of the center:  for example, a liberal arts  
college or minority-serving institution may be providing access to a diverse pool of 
undergraduates and have research-engaged faculty; a national laboratory or a private company 
may contribute special technical expertise and serve as a site for internships.  The role of 
partners can also evolve. There are examples in the cohort of undergraduate and minority 
serving institutions having been originally affiliated with student-oriented education and 
diversity objectives, but faculty eventually became engaged in research as well.   
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Not only can institutions in the partnership change, but expectations and roles may change over 
time as well—further support for the notion that partnerships themselves are not the 
objectives, but rather means for supporting other objectives. 

 
• Recognition of partners’ contributions may be articulated differently depending on 

the objective being addressed.  Every lead institution has research partners on the 
NSF website; and every institution has knowledge transfer partners on its website as 
either partners, stakeholders, or affiliates, and reports their activities. 

• K-12 institutions and community colleges are not listed as partners on the NSF 
website, though they appear in the annual reports and clearly participate in center 
activities.  What this implies is that partnering is being used as a tactic to fulfill 
aspects of the educational objective of the center. 

 
The engagement of different types of institutions leads to questions of matching  
norms, values, and incentives. Having partnerships thus requires a significant management 
effort. 

 
• Resolving pragmatic concerns about timelines, subawards, material transfer 

agreements and technology transfer policies, articulation agreements for course 
work, and the like, takes time and effort. Further, to maintain and enforce common 
goals, especially as priorities change in the face of emerging results, requires that 
discussions are held on an ongoing basis. 

• Being multi-institutional means that the centers must employ a variety of 
mechanisms to ensure engagement in the research and education programs across 
institutions.  By participating, students gained knowledge and developed contacts 
with professors from different institutions, thus widening their networks for input to 
current and future research opportunities.   

• Students from partner institutions report not feeling as much a part of the STC as 
students from the lead institution. They struggle to participate in the non-research 
activities of the STCs.  This remains a challenge of managing expectations from 
partnerships. 

• In organizing multi-institutional research projects, STCs had to address the questions 
of intellectual property sharing and co-authorship. 

 
 
Conclusions on STC Impacts 
 
In the sections above, the BRP is struck by a frequent observation made by STC leadership in the 
course of AAAS site visits and phone interviews—transactional costs for managing the program 
are high and relentless. Even when the STC was built on certain pre-existing partnerships, 
leaders reported long ramp-up periods before the full partnership gelled.  
 
A consistent theme voiced by STC leaders was that centers generated collective net benefits.  
These benefits were of several forms, including the value of communality of time and space for 
experts and students from different fields; the ability to address research questions of longer 
term, wider scope and more immediate impact (the adoption facilitated by the knowledge 
transfer emphasis); and the opportunity to create an identity for the center in an 
emerging/important field.  Many of these benefits relied on the collaborations and partnerships.  
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Taken together, these findings represent a record of STC impacts that are summarized in the 
Executive Summary. 
 
The legacy of partnerships is confounded by the difficulties that STCs have in securing financial 
support to sustain existing or new collaborative activities.  Some research relationships were 
present before the STC was funded (indeed, without any prior relationship, it would be difficult 
to convince the reviewers that the partnership would be effective).  The future may include 
center-level grants, but the directions of the science and the constraints of the funding likely 
require adopting different research, education, outreach and knowledge transfer partners.  
Likewise, some educational activities started by STCs are adopted by institutions, but cross-
institutional educational activities are harder to internalize and maintain.   
 
In all, the STC infrastructure is the glue that holds centers together.  Without sustaining support, 
the partnerships that blossomed and were at the core of the center are at risk. As graduation of 
an NSF STC looms, the loss of partnerships nurtured over almost a decade jeopardizes 
continuing fulfillment of the STC’s objectives.   
 
Guidance:  Envisioning the Future of the STC Program   
 
The AAAS Blue Ribbon Panel deliberated for almost one year.  Meeting in person in February, 
July, and November 2010, and by teleconference in December, the BRP can now offer guidance 
on the future of the STC Program. 
 
 
Data-collection and Evaluation  
 
NSF needs to ensure that data required of the STCs for the purpose of monitoring and 
evaluation of the program are more research-based to inform management on accountability.  
The BRP is mindful that the goal is not to add more layers of paperwork, but to balance the need 
for timely information against the administrative burden.  Closer coupling of data protocols to 
program objectives, e.g., reducing the length of annual reports, will relieve both the centers of 
excessive reporting and the NSF staff on processing and using these data.   
 
 
STC Management/Division of Labor within NSF 
 
While decentralization is the NSF way, coordination is essential.  NSF’s matrix-management 
approach to the STCs is in need of refinement.  The locus of control of the program is OIA, but 
key decisions about the composition of site visit teams remain the responsibility of the research 
directorates where the STCs are rostered.   
 
Some management issues demand NSF clarification of expectations.  An example relates to 
center partners.  Monitoring the interactions and validating these relationships from the 
partners' perspective is needed, especially regarding particular program objectives, e.g., 
diversity.   
 
The STC program could expand through more regular solicitations.  A three-year competitive 
cycle would signal to the community the permanence of the STC mechanism in the NSF 
portfolio. 
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K-12 Education 
 
The integration of precollege education into the core of most STCs to date remains elusive.  
If STCs choose to do K-12, which they are not compelled to do, activities must be grounded in 
current research and principles of student learning and cognition. Furthermore, the lessons 
learned by STCs that are doing precollege interventions well should be shared with other 
centers.  
 
Participating in K-12 education, though not required by the STC program, is expected—even 
when the circumstances of the center team do not support such activity. NSF should consider 
establishing a separate pot of smaller, competitive funding for STCs not doing precollege 
education but wishing to pursue a particular avenue.  Such discretionary set-asides could be 
established for opportunities arising under any of the program objectives that have emerged 
since original center funding was awarded. 
 
Without being prescriptive, the BRP encourages NSF to engage the centers in a discussion of 
education—what each is doing, what could be done, and what should not be done for reasons 
of cost, limited impact, etc.     
 
 
Diversity 
 
NSF is to be commended for making diversity an explicit program objective.  Given the track 
record of the STC program in diversifying participation within the centers and beyond, centers 
should continue to do what they are doing, sharing, adapting, and building on the strategies of 
those centers that have reached a critical mass of underrepresented students and faculty.  
 
 
Communication (Inter-STC)/Sharing of Best Practices and Lessons Learned 
 
Centers can learn from the successes of one other. The STC (non-NSF) website 
(http://nsfstc.org/) could serve as an effective platform for STC exchange on best practices.   
 
The STC community must be encouraged to grow interactions, both across functions and 
within education, knowledge transfer, etc.  Since the 2009 STC Directors Meeting, this is the 
practice— coordinators focused on a particular objective meet together and also join the whole 
group of attendees.    
 
 
Legacy  
 
When do impacts herald legacies?  The BRP recognizes various kinds of legacy created by the 
STCs—the center brand, the created knowledge, the human resources (student and faculty 
alumni).  NSF should emphasize these legacies.  For the stature of the program derives from 
what lives on through other NSF programs, on the university campuses that have participated in 
an STC, and through the career mobility of alumni whose STC experiences affect how they 
comport their science and engineering.  
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The STC Program of 2000-2009 has supplied NSF with examples of broader impacts that might 
well serve as models for emulation by other NSF programs, center- and non-center-based 
alike.  The faculty and student participants of the centers endorse almost without qualification 
what the STCs have done.   
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