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INTRODUCTION 
 
A. Study Objectives 
 
This report presents evidence and findings from the American Association for the 
Advancement of Science’s (AAAS) study of the National Science Foundation’s (NSF) 
Science and Technology Centers Integrative Partnerships (STC) program. The study is 
supported by a merit-reviewed research grant directed at three specific assessment 
objectives of interest to NSF’s Office of Integrative Activities (OIA). These objectives 
are to:  

a. assess the performance and accomplishments of the National Science 
Foundation’s Science and Technology Centers (STC) Integrative Partnerships 
program against program goals and objectives in research, education, 
knowledge transfer, diversity, and integrative partnerships; 

 
b. assess the effectiveness of the STC mode of support in addressing important  
    science and technology grand challenges and emerging opportunities; and 
 
c. envision the future of the STC program in advancing U.S. leadership in science 
    and technology. 

 
There are several distinctive characteristics of the study’s approach to answering these 
questions:  
 
1.  It is the first program-level review of the STC program conducted since the National 
Academy of Public Administration review in 1995 (NAPA, 1995) and the conjoined 
National Academy of Sciences (NAS, 1996) and Abt Associate reports in 1996 
(Fitzsimmons, Grad, and Lal, 1996).  Following these reviews, subsequent National 
Science Board (NSB) review of the STC program, and lessons gleaned by NSF staff from 
its management and oversight of the program, major revisions were made to the 
program’s objectives and organizational arrangements, beginning with the 1999 
solicitation. Thus, while this study takes note of the program’s early history and earlier 
reviews, it addresses only the STC program’s post-2000 structure, history and 
performance.  
 
2.  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 2010.1 
 
3.  As a program-level study, it is neither intended nor presented as an assessment of  any 
single STC’s performance and accomplishment relative to the objectives set forth in its 
initial award proposal or of those advanced in response to the reviews conducted annually 
by NSF.  

                                                 
1  Of the 25 pre-2000 centers, 23 were funded for their full terms; two were discontinued mid-course 
following external reviews. 
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4.  At OIA’s request, AAAS selected a Blue Ribbbon Panel (BRP) to advise and monitor 
the study.  (For BRP membership, see Appendix A.)  This panel was tasked by NSF-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 this final report.  Second, the BRP has submitted to OIA an independent 
assessment of the STC program. 
 
The approximate division of labor between the two reports is that the AAAS study is 
largely retrospective, focusing on performance and accomplishments, while the BRP 
report is primarily prospective.  The AAAS report focuses on the performance and 
accomplishments of the STC program, addressing aspects of the organization and 
management that impact performance (i.e, objective a above).  The BRP report draws on 
findings from the AAAS report, as well as the Panel’s own expertise, to consider the 
future direction, design, and management of the STC program (objectives b and c above). 
 
5.  The study also contains extended exegesis on the methodological and data challenges 
associated with forming valid and credible findings related to STC program outcomes. 
Included here are such core concepts as “center,” “value-added,” and “comparison 
group.”  This “zero-based” analytical approach was deemed necessary to clearly 
demarcate—for purposes of description, method, measurement, and data collection—the 
specific features of the STC program that distinguish it from other NSF research center 
programs, as well as from the more general attributes associated with federally-supported 
academic research centers.  
 
6.  Finally, the study recognizes the complex interactions between the multi-functional 
objectives and activities of STCs and the heterogeneity across fields of science and 
technology encompassed by the 17 STCs. This interaction produces methodologically 
challenging issues of aggregation and weighting in forging assessments of aggregate STC 
program performance and accomplishments. 
 
B. Organization of Report 
 
The report is presented in four main parts and four appendices.  Part I states the study’s 
questions and audiences—an amalgam of questions posed in AAAS’s original research 
proposal, those being asked of and by NSF-OIA, and those asked by the BRP about the 
importance of  the study and for whom.  This section also contains an outline of the 
study’s analytical framework.   
 
Part II presents an overview of the STC program, its place within the context of NSF’s 
portfolio of funding mechanisms, and describes specific issues associated with the design 
and management of the STC program.  
 
Part III presents findings on performance and accomplishments of the STCs’ five stated 
objectives:  science, education, diversity, knowledge transfer, and integrative 
partnerships. Integrative partnerships are included as an objective for purposes of 
completeness and consistency, though the study suggests that partnerships are better 
viewed as a cross-cutting means of achieving the other four objectives than as an 
objective of its own.  
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Part IV presents the study team’s assessment of the STC program’s performance and 
accomplishments. This section is followed by observations on the potential future role of 
NSF’s use of the STC mechanism. This commentary is augmented by what the AAAS 
study team learned about NSF’s administration and management that is relevant to the 
BRP’s consideration of the program’s future design, operation, and performance, 
especially the need for a more agile STC data and evaluation system.  
 
In addition, Appendix B contains a brief history of the STC program.  Appendix C 
describes the qualitative and quantitative evidence that has been drawn upon, collected, 
and analyzed in this study.  It briefly summarizes the data that were not administratively 
accessible to the study team or which, for reasons associated with timing and resources, 
were deemed infeasible to collect.  Appendix D addresses two methodological issues that 
pervade assessment of the STC program:  the construction of appropriate comparison 
groups and the specification of appropriate assessment criteria.  
 
 
PART I.  STUDY SCOPE, AUDIENCES, AND FRAMEWORK 
 
A. Study Scope 
 
The study’s three main objectives encompass elements of what Mark, Henry, and Jules 
(2004) have termed the  “four purposes of evaluation”  These purposes are assessing 
merit and worth; program organizational improvement; oversight and compliance; and 
knowledge development. The main focus of the assessment is merit and worth. Designed 
to contribute to NSF’s internal consideration of the past, present, and prospective value of 
the STC program, the assessment will contribute an evidentiary base to help shape and 
support future decisions about the program in interactions with Executive and Legislative 
entities, the academic research community, and other constituencies.  
 
Even as it focuses on performance, accomplishments, and effectiveness, the study 
necessarily touches upon topics related to the program’s design and implementation that 
have affected its past and bear upon its future performance. This coverage is necessary to 
elucidate the process(es) that have produced observed outcomes.   
 
The 17 centers considered by this study span a diverse set of scientific and technological 
fields and lines of inquiry (see Table 1). Their activities are distributed over six NSF 
research directorates, with the span of their disciplinary breath even greater when the 
specific research domains of the university participants and non-university partners are 
included.  Likewise, the strategies and activities followed by the centers vary 
considerably.  
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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 the 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.nsf.gov/od/oia/programs/stc/ 
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The presence of heterogeneous activities and multiple objectives raises numerous 
methodological challenges, but particularly those relating to aggregation and weighting. 
These differences make frequently-used measures of research performance, such as total 
publications or publications per dollar expended, problematic measures for tabulating, 
much less comparing, performance across STC centers.  Similarly, knowledge transfer is 
a far broader concept than technology transfer, such that recourse to conventional 
measures of technology transfer—patents, spin-off firms—may have high degrees of 
saliency with respect to some STCs, but less so in gauging performance in centers 
targeted at producing “public good” research findings relevant to the setting of public 
policies. 
 
B. Study Audiences  
 
At its first meeting (February 4, 2010), the BRP challenged the AAAS study team to 
answer three questions:  Who Cares? So What? Why Bother?  The following subsections 
provide the teams’s responses, explaining in the process the breadth of the policy and 
research perspectives deemed necessary to complete the program assessment.  
 

i. Within NSF 
 

STCs represent a visible outlay within NSF’s total 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.  But 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 a satisfactory fifth-year and subsequent annual reviews.)  The total 
proportion of NSF’s Research and Related Activities account allocated via the center 
mechanism remains within the 6-8% range (NSF, 2005, p. 20).  This policy decision is 
perhaps the single dominant factor shaping the requirement that STCs, as indeed with 
other center programs, be compared with individual investigator/small group awards.2 
 
Current or projected annual budget outlays, however, constitute only part of the 
allocation decision environment. Consistent with NSB’s 1988 statement that there 
“should be no numerical targets specified for funding” centers, this study does not 
examine whether the current size of the STC program—the number of centers in 
operation at any one time, the rate at which new centers are created, or NSF’s annual or 
cumulative level of expenditures level of expenditure on the STC program—is optimal. 
The number of centers and the associated aggregate budget outlay may be too small, too 
large, or just right. 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.   
 

                                                 
2 The individual-center comparison was cited repeatedly in AAAS conversations with former OIA staff and 
current NSF program directors.   
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Other than early, and to a degree continuing, objections to the program as a “clumsy and 
expensive way of funding science” (Palca, 1991, p. 19), and the above-cited 1995 and 
1996 reviews, no systematic external evaluation of the STC program, whether by a 
Committee of Visitors (COV) or by an external entity, has been conducted (National 
Science Foundation-Office of Inspector General, 2007).3   
 
Table 2. NSF Centers’ 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, FY2011 Budget Proposal 

 
ii. Accountability and Performance Requirements 

 
Evidence of the performance of the STC program also is needed by NSF to 

support budgetary requests to the Administration and to Congress. This need stems from 
increasingly formalized requirements for performance assessment and review contained 
in the 1991 Government Performance and Results Act (GPRA) and subsequent policy 
directives by the Office of Management and Budget (OMB) in both the recent Bush and 
current Obama Administrations. These requirements blend demands for program 
accountability with pursuit of increased efficiency in research and teaching (Schubert, 
2009). The requirements extend across Federal agencies and functions, including NSF 
and the panoply of Federal R&D programs.  They are evident in the joint formulation in 
2002 by the OMB and the Office of Science and Technology Policy (OSTP) of R&D 
Investment Criteria and OMB’s subsequent rolling implementation across agencies and 
programs of its Performance Assessment Rating Tool, as well as in OMB’s recent 
memorandum, “Increased Emphasis on Program Evaluations” (October 7, 2009).4   

                                                 
3 This lacuna stands in contrast to the Foundation’s mainstream reliance on periodic COV reviews for most 
other directorate-level research programs, as well as periodic assessments of its other center programs. For 
example, the Engineering Research Centers (ERCs) program has been evaluated by both COV reviews and 
a series of contractor task orders, while the Materials Science and Engineering Research Centers 
(MSERCs), at NSF’s request, have undergone periodic review by National Academies’ panels.  
4  This memorandum in part states that “Rigorous, independent program evaluations can be a key resource 
in determining whether government programs are achieving their intended outcomes as well as possible 
and at the lowest possible cost.” The memorandum also notes that “And Federal programs have rarely 
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Both within and outside the Foundation, the lack of recent, systematic program-level 
evidence of performance and accomplishments detracts from the ability of proponents of 
the STC program to advance convincing claims for resources. Moreover, the lack of such 
evidence makes the program vulnerable to the imposition of performance criteria and 
metrics that are not fully representative of its activities and outputs, to the collection of 
inappropriate or invalid data, and to flawed interpretations of several forms of evidence, 
when collected. 
 
     iii. National Science Policy 
 

A study of the STC program—necessary given NSF’s annual and cumulative 
investment in the program—also has direct bearing on questions about how well current 
institutional arrangements for funding U.S. academic science conform to the dynamics of 
how leading edge/transformative/breakthrough/high-risk academic science is optimally 
conducted.  In the face of a continuing commitment and belief in the productive efficacy 
of competitive, peer-reviewed awards made on the basis of unsolicited proposals from 
single investigators/small groups that has dominated post-World War II federal funding 
of academic research, debate exists about the continuing comparative advantage of this 
paradigm relative to multi-participant, multi-year awards to formally constituted research 
centers—with the questions to be understood not as either/or propositions but rather as 
evolving, flexible shares in a Federal agency’s portfolio of research investment 
mechanisms (National Academies, 2006).  
 
Permeating this debate is the increasingly oft-made assertion that the underlying structure 
of science and of scientific inquiry has changed. In terms of current science policy 
discourse, statements about the productivity and potency of the single investigator/small 
group model are met by countervailing statements that the changing structure of how 
leading-edge research is done, involving collaborative, interdisciplinary and capital-
intensive or data-intensive approaches, requires a new model for breakthrough science. 
As Jones has recently noted: “Given that science is change, one may generally imagine 
that the institutions that are efficient in supporting science at one point in time may be 
less appropriate at a later point in time and that science policy, like science itself, must 
evolve and continually be retuned” (Jones, 2010, p. 3).5  
 
This same theme has been expressed under the rubric, “team science.”  As Borner, et al. 
(2010, p. 1) put it: 
 

“A study of more than 21 million papers worldwide from 1945 to the present reveals 
a fundamental and nearly universal shift in all branches of science:  Teams 

                                                                                                                                                 
evaluated multiple approaches to the same problem with the goal of identifying which ones are most 
effective.” 
5 A shorthand expression of this asserted shift—a challenge to the putatively self-evident proposition that 
“seminal ideas come from individuals, not groups”—is movement from Mode 1 to Mode 2 science.  The 
former is characterized as governed by the largely academic interests of a specific community—
disciplinary and hierarchical; the latter as transdisciplinary, more hierarchical and transient, and more 
socially accountable and reflexive, including “a wider, more temporary and heterogeneous set of 
practitioners collaborating on a problem defined in a specific and localized context” (Gibbons, et.al., 1994, 
p. 3).   



 

 11

increasingly dominate solo scientists in the product of high-impact, highly cited 
science; teams are growing in size; and teams are increasingly located across 
university boundaries rather than within them.”6 
   

This study does not enter directly into this longstanding debate.  However, elements of 
the debate pervade the STC program. Intentionally or not, findings related to the 
program’s performance and accomplishments likely will become part of the larger 
national science policy debate.  
 

iv. Research Communities   
 

Three research communities can readily be identified as potentially caring about 
or having an interest in findings from this study.  The first is the community of directors, 
faculty, university administrators, students, and other partners who currently participate 
in the STC program.  To many of them, including notably the participants in the 2000 and 
2002 cohorts that either have or are about to formally exit from the program, the 
achievements across program objectives made possible by establishment of an STC 
center have been so substantial that part of what they leave as their “legacy”—a sustained 
outcome explicitly stated as an STC program objective beginning with the 2004 
solicitation—is that other research, students, and institutions have a similar set of 
opportunities.  This study is thus seen by them as a means of articulating and 
documenting the range and magnitude of STC accomplishments—its value-added—that 
encompass but also extend beyond the performance metrics they currently provide in 
annual reports to NSF.7 
 
The second is the academic research community. The organization and performance of 
“research centers” and the role of “team science” are “hot” research topics.  The topics 
have attracted the attention of scholars from multiple disciplines, been the focus of 
sessions at conferences and symposia, and the subject of special issues of science and 
research policy journals (Boardman and Gray, 2010).  The topics address many 
contemporary trends in the direction, organization, objectives, and performance of 
publicly-funded academic research, especially the conjoined patterns of interdisciplinary 
team science, and initiatives to direct scientific and technological inquiry towards societal 
objectives (Stokels, et. al., 2008). 
 

                                                 
6 Recounting the origins of NSF’s stewardship of what were then labeled Materials Research Centers 
following passage in 1972 of the Mansfield Amendment and the Department of Defense’s relinquishing of 
financial and administrative oversight, Lyle Schwartz, a participant in these early events, noted: “Most of 
NSF and most faculty fought the new concept … after all, everyone knew that “seminal ideas came from 
individuals, not groups” (Schwartz, 2000, p. 130). An equivalent view is expressed by the 1999 NRC 
Committee on U.S. Mathematical Sciences Research Institutes that hedges its support for NSF’s 
establishment of a mathematical research institute with the caveat that “… the committee strongly believes 
that it would not be in the interest of either the mathematical sciences community or society as a whole to 
transfer funding from existing NSF mathematical sciences individual (principal investigator) research 
grant programs to funding for existing or additional mathematical sciences institutes” (NAS, 1999, p. 2, 
italics in original). 
7 Expectations for the AAAS study were expressed by STC directors, both at the 2009 STC Directors 
Meeting and in AAAS phone interviews. 
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The knowledge base on cooperative research centers, however, is described by Boardman 
and Gray as “limited and inconsistent,” and as “fragmented, at least in part due to a lack 
of definitional clarity.”  Recognizing that the study touches on several research questions 
it does not attempt to answer, e.g., the determinants of center productivity, the role of 
leaders and leadership styles, competition between individual and organizational goals, 
partnership strategies (Coberly and Gray, 2010; Garrett-Jones, Turpin, and Diment, 
2010), this remains a “discovery-oriented” research grant.8  
 
A third identifiable community consists of research administrators, especially in Federal 
agencies, but also possibly in universities and national labs, who may find the study’s 
analysis and assessment of the design, management, and evaluation of complex research 
organizations and of principal-agent relationships between sponsors and performers of 
research of relevance to their needs.  
 
C.  Study Framework 
 
The study’s analytical framework has three core elements. First, it treats the STC 
program as one of several possible means by which the Foundation seeks to achieve 
multiple objectives in research, education, knowledge transfer, and diversity.9   
As detailed in the STC Program History (Appendix B), these objectives have undergone 
continuous rebalancing and refinement since the program’s inception. For example, in the 
1980s, when the program was first conceived and implemented, justifications for the STC 
program both internally to NSF and externally in the National Academies reviews 
conducted at NSF’s request, emphasized the program’s potential for enhancing U.S. 
economic competitiveness. Although this objective remains part of the core rationale of 
the program, and indeed looms large in the objectives and activities of several STCs 
considered in this study, it is less prominently stated in recent NSF solicitations. 
Conversely, the putative capacities of STCs to conduct transformative research and to 
address overarching national concerns—climate change, environmental integrity, national 
security—have received increased emphasis over time.  
 
Assessment of the STC program thus requires identifying those features that differentiate 
it from other NSF center programs (and from similar programs in other Federal basic 

                                                 
8 As such, rather than focusing on end point outputs and outcomes associated with a performance 
assessment, the study also considers, albeit briefly, intervening organizational variables that help shape 
observed results. In this way, too, it seeks to contribute both to an improved understanding of the 
mechanisms by which STCs contribute to advances in science and technology and STEM-related education 
and to methodological approaches for evaluating the underlying policies and programs (Molas-Gallart, 
2006; Feller 2007). 
9  Independently arrived at, the perspective and approaches adopted in this study reflect the view advanced 
by NSF’s 2009 GPRA Advisory Committee that program assessment needs to be revised. In particular, 
rather than focus on single “nuggets,” the prototypical evidence of performance highlighted in past GPRA 
reports, the 2009 report emphasizes the search for “cross-cutting themes.”  It further notes that approaching 
an assessment in this way reveals themes and achievements “that had not been visible before” (NSF, 2009, 
p. 9). These achievements are characterized by “… work that is integrative (i.e., it links Discovery, 
Learning, and Research Infrastructure), interdisciplinary (i.e., it draws from multiple fields to generate new 
fields, questions, or insights), enabling (i.e., it lays the groundwork for other discoveries or new directions), 
and cross-boundary (i.e., it builds bridges across the full spectrum of education, across institutions, and 
between sectors” (italics in original). 
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science agencies), as well as from the individual investigator/small group model.  More 
generally, it involves “isolating” determinants (and issues) relevant to the performance of 
the STC program from the background context of initial and continuing debates within 
the Foundation about the need for, performance, and cost-effectiveness of centers as a 
funding mechanism.   
 
Second, the framework includes a critical examination of NSF policies concerning the 
establishment and evaluation of centers.  Special attention is given to the NSB’s stated 
policy that reviews of center programs should be based on the criterion of “value-added.”  
Value-added is a widely encountered criterion in contemporary assessments of publicly-
funded academic research. Despite the popularity and seeming self-evident nature of the 
criterion, it is subject to multiple interpretations and forms of operationalization relating 
to which features of a program are assessed, how the performance of each is measured, 
and how evaluations of performance are designed.  
 
Explicit consideration of questions such as, “value added with respect to what?,” “by how 
much?” and “by what measures?” are essential preludes to data-collection and analysis.10  
Answers to these questions are required to establish agreement among those conducting 
the study, stakeholders within and outside the Foundation, program participants, and 
external audiences about the construct validity of the criteria and choice of methodologies 
upon which assessments of performance and accomplishments are to be made.  
 
Even as the study accepts the language contained in NSB guidelines to treat value-added 
as the initial evaluation criterion, it also takes note of NSF’s recently expressed 
concomitant interest in fostering what has come to be termed “transformative research.”  
Transformative research, as defined in the 2007 NSB report, Enhancing Support of 
Transformative Research at the National Science Foundation, is “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.11  Such research is also characterized by its challenge to current 
understanding or its pathway to new frontiers (NSB, 2007, p. 10).12 
 

                                                 
10 Fuller consideration of these questions and the related concept of transformative impacts are presented in 
Appendix C. 
11  As definitions of transformative research, breakthrough research, and high-risk research proliferate, a 
concordance is needed to parse similarities and differences. The following definition, advanced for the 
Academy of Finland, serves here to identify the common threads across definitions of scale and complexity 
of research questions, use of radically new methods, interdisciplinary integrations, and exceptional high 
risk of failure:  “breakthrough research, also known as high-risk research, is transformative, ambitious and 
mould-breaking research. Its significance may be based on tackling exceptionally wide and complex 
research problems, on challenging existing theories and scientific paradigms, on radically new ways of 
using methods as well as on unprejudiced combination and interdisciplinary integration of different 
research perspectives. Breakthrough research is characterized by an exceptional risk of failure” (Hayrynen, 
2007, p.7). 
12  Further prodding towards an emphasis on high-risk research is found in the General Accountability 
Office’s 2010 report, America COMPETES Act:  It is too Early to Evaluate Programs Long-term 
Effectiveness but Agencies Could Improve Reporting of High-Risk, High-Reward Research Priorities, 
GAO- 11-127R October 7, 2010. 
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This attention to the Foundation’s recent emphasis on transformative research arises 
because, although the criteria of value-added and transformative research overlap 
considerably, they are not the same.  Transformative activities may be said to produce 
value-added, but not all value-added activities are transformative. Value-added activities 
can correspond to what the NSB has described as incremental advances “with new 
projects building upon the results of previous studies or testing long-standing hypotheses 
and theories” (NSB, 2007, p. 1). These incremental advances may result in highly cited 
articles in prestigious peer-reviewed journals, but remain within the mainstream of 
current thought; inadvertently, they may steepen the peer review banks of this 
mainstream, increasing the difficulties that truly novel but high-risk research proposals 
have of being funded. Likewise, value-added activities may consist of educational 
outputs, say research experiences for undergraduates.  But these outputs may be tied to 
specific project activities that end once project funding ends without producing any 
sustained change in the behaviors of faculties or universities. For activities and their 
resultant outputs to be transformative implies something more.  Suffice it to say here,  
value-added and transformative endeavors are different:  how remains to be seen.13   
 
Third, the study makes new analytical use of what to date largely have been treated as 
administrative features of the STC program:  the low percentage of preliminary or invited 
proposals that are ultimately funded, and the use of cooperative agreements rather than 
grants or contracts to fund centers. Linked to propositions about leading academic 
scientists directing their energies to addressing the most challenging questions they think 
they can answer, the highly competitive character of the STC selection process is treated 
as evidence that the faculty seek to launch STCs or become engaged in them as a means 
of undertaking more ambitious research projects than they would have, or been able to, 
under the single investigator mode of support.  
 
Likewise, NSF’s use of the cooperative agreement mechanism rather than grants or 
contracts to fund STCs is seen as 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, may be seen as means to address generic concerns about 
centers.    
 
D.  Sources and Types of Evidence  
 
The study has drawn on multiple sources and types of evidence.  The data encompass 
archival records, interviews with past and current NSF and STC participants; 
performance data; surveys of faculty and student participants; and independent, 
commissioned assessments of the contribution of STCs in selected scientific, 

                                                 
13 The individual investigator model may produce transformative research; indeed, the thrust of recent 
initiatives by NSF (and NIH) to support “high risk research” is intended to increase the likelihood that its 
awards to single investigators will be precisely for such endeavors (NIH, 2009).  Conversely, centers may 
produce neither value-added nor transformative research. The relationship between modes of research 
funding and characteristics of research outputs is an empirical question.  For an overview of funding 
strategies aimed at “ground-breaking” research, see Heinze, 2008.  
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technological, and educational  fields (for a summary, see Box 1).  Appendix D describes  
each source and type in detail, and the place of each in the overall assessment.  
 
The recourse to multiple sources and types of evidence represents something more and 
other than the standard evaluation best practice convention of triangulating findings from 
different sources, using different methodologies. In key respects, the evidence collected 
and analyzed reflects practical accommodations to the accessibility of evidence, the 
quality of that evidence, and the infeasibility of collecting specific types of evidence.  
Thus, the evidence used in this study resembles more a process of assembling a mosaic 
made from piecing together data shards than determining the point at which multiple 
lines converge.  
 
Box 1.  Sources of Evidence 
STC-generated:  original proposals; self-reported accomplishments; 2-page profiles; education 
and knowledge transfer activities; final report from one graduated center; websites; e-mail 
communications; 2009 and 2010 STC Directors' meetings. 
 
Abt-generated:  data reported in 3 summary reports—on international efforts, knowledge transfer, 
and education efforts—derived from center annual reports and NSF site visit reports; special data 
runs for AAAS. 
  
NSF-generated:  7 program solicitations (5 STC, 1 ERC, 1 MRSEC*); interactions with OIA & 
directorate staff; observations at two NSF site visit reviews of STCs. 
 
AAAS:  5 STC site visits; 12 phone interviews with other STC directors; student survey; faculty 
surveys; 3 commissioned papers and their reviews; research literature and related NSF/Federal 
reports; student focus groups. 
*ERC= Engineering Research Centers; MRSEC=Materials Research Science and Engineering Centers 
 
 
PART II.  CENTERS AS A MEANS OF ACHIEVING NSF OBJECTIVES  
 
A.  Centers  
 
Since at least the 1980s, when the center model began to be systematically championed 
within NSF as a means of organizing and funding academic research, the subject has 
been under scrutiny by the NSB.14 This has included discussion of rationales for (and 
limits of) establishing center; administrative and fiscal definitions of centers; and NSF’s 
administration, management, and monitoring of center programs (National Science 
Board, 1988; NSB, 2005). As expressed in the NSB 1988 report, Science and Technology 
Centers: Principles and Guidelines, centers are typically presented as a means of 
exploiting opportunities in science where the complexity of the research problem can 
benefit from the sustained interaction among disciplines and/or subdisciplines, as a cost-
effective means of conducting large-scale research associated with high capital costs or 

                                                 
14 Appendix B presents a brief history of the STC program from its conception in 1985 up through 2009.  
The section below draws upon this narrative history to consider STCs in the larger policy and 
organizational context of NSF’s ongoing consideration and debate over the role of research centers.  
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specialized staff, and as a means of assembling teams necessary to address identified 
national concerns or the furtherance of specific national goals and priorities.  
 
The projected benefits of the center mechanism are counterweighted by a list of their 
possible costs.  These include projections of higher administrative overhead costs; multi-
year, block funding that allows some faculty to have their individual proposals funded 
without necessarily being vetted by competitive, peer review processes; diffuse research 
agendas such that the whole is a loosely linked aggregation of individual components; 
atrophying organizational and scientific vitality over time as key leadership and 
participant researchers exit the center; high internal “transaction” costs associated with 
frequent meetings and reporting requirements that drain away otherwise productive 
research effort; shallow collaborative arrangements with listed partners; and more. The 
potential for these costs is well-recognized by sponsors and performers.15   
 
A necessary step in assessing the STC program, or indeed any of NSF’s center programs, 
is separating abstract, generic characteristics such as listed above from the specific 
organizational characteristics and actual practices (and outcomes) of specific center 
programs. Academic research centers come in many forms. They can built upon or about 
single disciplines or several; they can have a single purpose—research/education/ 
outreach—or several.  The means by which they are funded, administered, and monitored 
likewise can vary considerably.16  
 
B.  Science and Technology Centers 
 
STCs are a specific subset of the center mechanism; they are means to ends, the ends 
being achievement of NSF’s overarching historic mission objectives of promoting the 
progress of science, advancing the national health, prosperity and welfare, and securing 
the national defense.  In common with other NSF center programs, STCs have multiple 
objectives, including the generation of scientific and technological knowledge, education, 
knowledge transfer, diversity, and partnerships.  STCs likewise share many 
organizational characteristics of NSF’s other center programs.  
 

                                                 
15   As noted in the 2004 NRC report, NIH Extramural Center Programs: Criteria for Initiation and 
Evaluation, “To be cost effective, the advantages of research centers must outweigh the initial investment 
in infrastructure, extra costs of managing the program, additional costs of center administration, and 
reduced flexibility in the institute’s budget imposed by a relatively large and long-term funding 
commitment” (Institute of Medicine, 2004, p. 19). When set within this framework, NSF’s use of the 
cooperative agreement award mode and its follow-on monitoring and evaluation of STC awards may be 
seen as management techniques designed to maximize the above listed benefits and minimize the costs. 
16 An extensive and growing body of research and practitioner knowledge on the organizational and 
performance of these centers suggests that neither the benefits nor the costs of centers are inherent 
characteristics (Staller and Tash, 1994; Slaughter and Hearn, 2009). Rather, the generation of either 
benefits or costs, by type or amount, is a function of program design, program implementation, and 
program management, as well obviously as the activities and performance of center participants. 
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Figure 1.  STC Flow Diagram 
 

 
 
 
Figure 1 presents a flow diagram of the STC program from initiation of the NSF 
solicitation for new proposals to summative assessments of individual center 
performance. Each cell and each arrow in the flow diagram impact the STC program’s 
overall accomplishments; each therefore could be a potential field of study. In practice, 
the tasks set for the study drives it toward identifying and summing dimensions of 
performance. 
 
The STC program’s distinctive feature is its openness to all the fields of science and 
engineering supported by the Foundation. It is this breadth of opportunity and coverage 
that distinguishes it from other NSF center programs designed and implemented by single 
directorates, such as Engineering Research Centers or Mathematical Sciences Institutes, 
or those that are multi-directorate but focused on a single, broad field of science and 
engineering, such as Nanoscale Science and Engineering.  
 
An oral history of the STC program, as gleaned during this study by conversations with 
NSF personnel, suggests that it was established in part as a means of balancing funding 
opportunities provided to the fields of engineering and materials sciences, the 
beneficiaries of NSF’s then-heightened attention to U.S. economic competitiveness. Over 
time, the STC program has evolved into a mechanism that allows NSF to respond to what 
its constituent academic research communities consider to be “grand challenges and 
emerging opportunities” in science and engineering. It also allows NSF to act not only as 
a “patron of science,” its traditional role, but as an entrepreneur, or more precisely, a 
venture capitalist.  
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Whether as a purposeful strategy or as an evolutionary outcome of the decisions of 
separate selection panels over the period under study, STCs have served a special role.  It 
has been one of the principal means by which NSF has provided the seed capital for 
nascent fields of scientific and technological inquiry, especially those that cross over the 
organizational domains of established directorates and offices or which allow the 
Foundation to open up truly new fields of scientific and technological investigation.  
 
Put another way, rather than serving only in the reactive mode implied by the 
investigator-initiated model, NSF and its counterpart Federal science agencies historically 
also have been proactive agents in the birth and development (as well as demise) of fields 
of scientific and technological research. “Creating” new fields of science and 
technology—materials science, prevention science, earthquake engineering, 
biodemography—is a principal business of Federal funding agencies.17  This role carries 
with it a certain power:  to nurture some fledging fields while allowing others to bud but 
not blossom, or refusing to seed some altogether.18  
 
At the same time, as stated in the most recent 2008 Program Solicitation (NSF08-850) 
that led to the 2010 awards, and reflecting NSF’s wider mandates and evolving priorities, 
STCs are also expected to address national concerns about security; economic 
competitiveness; quality of life; performance of America’s K-12 system in science, 
technology, engineering, and mathematics (STEM) education, and to fuel an increasing 
participation of historically underrepresented groups in the nation’s scientific and 
technological workforce, each and all in ways that involves integrative partnerships 
among institutions and sectors. 
 
This distinctive openness may have had a cost, however, in the apparent lack of a well- 
defined or organized constituency outside of NSF to speak on behalf of the program’s 
importance. Whatever may have been the reservations of the academic research 
communities about the establishment of MSERCs and ERCs—and such opposition 
clearly existed in each program’s early years, largely on the aforementioned grounds of 
the inherent weaknesses of the center mechanism relative to the individual investigator 
mode of funding—these center programs are now well-established and well-received by 
their constituent communities, and within NSF as well. Contributing to the 
institutionalization of these programs has been a series of contractor reports, peer 
reviewed publications, and National Academies studies that in effect have both 

                                                 
17 NIH’s Behavioral and Social Research, for example, is credited with supporting and bringing together 
“demographers, evolutionary theorists, genetic epidemiologists, anthropologists, and biologists from many 
different scientific taxa” (National Research Council, 1997, p. v). The effort thus “helped to attract 
researchers from other fields into longevity studies, add vigor to this research field, and put the field on a 
broader and firms interdisciplinary base of knowledge” (National Academies, 2007, p. 73). Similarly, the 
Department of Defense, primarily through its ARPA’s Interdisciplinary University Materials Laboratory 
Program, is credited with providing the early-stage funding required to launch materials science and 
engineering research as a discrete, sustainable academic enterprise (Harwood, 1969).  
18  As Kohler (1982, p. 6) has observed, these resource allocation choices are a matter of political strategy 
as well as the predicted fecundity of new fields of science and engineering:  “…scientists and their allies 
use professional ideologies and social reform movements as resources to create disciplinary institutions. . .  
(T)his argument is the belief that one cannot distinguish purely technical aspects of ideas from their role as 
political strategies in the competition for resources….  Ideas are judged not only for their truth value but 
also for their utility in discipline building.”  
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documented accomplishments and modulated expectations (Feller, Ailes, and Roessner, 
2000). 
 
The STC program seems to lack such a constituency.  The number of proposals generated 
by each STC solicitation is clear evidence of the perceived value that universities and 
faculty place on the mechanism.  Less evident is whether representatives of the academic 
research community, especially those representing specific scientific associations, are 
ready and willing to advocate for the STC program per se, with the low probability it 
carries that any single research field (or institution) will win an award and its implicit 
trade-off of less funds targeted to their field.  
 
C.   Organization of the STC Program  
 
Historically, NSF has experimented with several different organizational arrangements to 
administer and manage cross-directorate or special purpose programs, repeatedly seeking 
effective means for integrating the activities of discipline-based academic communities 
and the subject expertise of permanent program officers and rotating program personnel 
administratively based in research directorates and specialized program offices with 
Foundation-wide initiatives, launched on several occasions from the NSF Director’s 
Office (Larsen, 1992). Establishment of the STC program, inherently a cross-directorate 
program, was a contributing factor in the establishment of OIA.   
 
Presently, the STC program is administered via a matrix arrangement. NSF’s Senior 
Management Advisory Round Table—which is chaired by the NSF Deputy Director, and 
includes the Assistant Directors and Directors of the OIA, Office of Polar Programs 
(OPP), Office of Cyberinfrastructure (OCI), and Office of International Science and 
Engineering (OISE)—has responsibility for the oversight of the STC competitions and 
for reviewing and approving funding policies and management practices. OIA has lead 
responsibility for coordinating the STC program, initiating and managing competitions, 
preparing standard guidelines and instructions for all review and reporting functions, 
overseeing and monitoring the terms of cooperative agreements with awardees. Research 
directorates, for their part, 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 OIA, technical coordinators appointed by Assistant Directors and the Directors of 
OPP, OISE, and OCI, and Education Coordinators from NSF’s Directorate for Education 
and Human Resources (EHR).  From a center’s field of inquiry, interwoven into this 
matrix organization is NSF’s tradition of decentralization of decision-making authority, 
with directorates and program personnel having considerable latitude in interpreting and 
implementing overarching agency objectives and policies.  
 
Decentralization is an historic, highly-valued NSF organizational attribute.  It allows play 
for the expertise of personnel charged with operational responsibilities, as well as 
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inducing the recruitment and retention of individuals with these talents.19  In the STC 
decision-making case, it hinders determining the loci of “final decisionmaking,” such as 
selection of winners in specific solicitations; NSF reactions to annual center reviews, 
especially the critical fifth year review; and distillation and conversion of review team 
assessments into specific NSF requirements for centers provided for under the terms of 
the cooperative agreement. Making such determinations was not the purpose of this study 
per se, yet who and how decisions are made bears importantly on the following 
discussion.      
 
 
PART III.  FINDINGS  
 
The following sections present separate treatment of each STC objective. This is an 
analytically useful way to highlight strategies, activities, metrics, and outcomes with 
respect to each of the program’s stated objectives.   
 
The approach, however, is artificial inasmuch as STC accomplishments typically involve 
joint products, or outcomes, such that performance with respect to each objective bears 
on the performance of the others in fundamental ways. Thus, the value-added or 
transformative nature of STC accomplishments in science frequently relate to new means 
of knowledge creation and transfer, contributions to graduate and undergraduate 
education, and integrative partnerships. Comparably, activities and accomplishments 
originating in education efforts also yield benefits related to the other STC objectives.  
The tapestry of STC program performance is comprised of single strands of the warp and 
weft of individual accomplishments. The totality of a synoptic narrative can be seen (or 
read) only by stepping back to observe how these elements are intertwined to create a 
picture.  For now, each objective is magnified separately under the microscope.   
 
A.  Science and Technology  
 
STC performance and accomplishments with respect to science and technology are 
gauged in three overlapping ways:  measures of output, with a singling out of those 
indicators that relate to value-added; evidence of changes in the research behavior of 
faculties—behavioral additionality; and assessments of the transformative character of 
research conducted by STC participants. The assessment draws upon theories of scientific 
and technological advance, data from center reports, and findings from site visits, 
interviews, and commissioned papers, citing those aspects of STC-based research that 
represent characteristics deemed unlikely to occur via individual investigator/small group 
projects.20  

                                                 
19 Decentralization at times can lead to divergences between overarching stated agency priorities and their 
implementation at difference decision-making levels and to variations in implementation of policies across 
units (Feller, 2000).  It thus can blur who is deciding what and for what reason(s). 
20 A methodological conundrum surfaces in the study’s positing of specific means and measures for 
assessing scientific performance and accomplishments. The continuation of funding for the 2000 and 2002 
classes of STCs cannot be interpreted as anything other than each center, judged by mainstream NSF 
review procedures, is performing satisfactorily, albeit with occasional redirections of research thrusts and 
participants.  If each such center has been deemed to have performed satisfactorily, then it is reasonable to 
assume that their summed program-level performance also has been satisfactory.  Because the deliberations 
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i.  Value-Added   
 

Value-added, as described above, is a multi-dimensional concept.  It can relate to 
more, different, and more and different; to impacts on output (or outcomes)—output 
additionality; and/or to impacts on the behaviors of faculty, students; and to institutions—
behavioral additonality.  This section addresses progress and challenges in documenting 
two measures of value-added:  total research output and changes in faculty research 
behavior.  
 
Table 3 contains summary statistics on publication and other research outputs, 
aggregated by STC cohort. 
 
Table 3.  NSF Science Technology Centers (STC), Publication and Other Research  
     Outputs, by Cohort 

   PUBLICATION TYPE 
 

Publication 

Number of 
Different 

Publications* 
Book/book 

chapters 

Conference/ 
Workshop 

Proceedings 

Journal 
(peer 

reviewed) 
Lectures/ 

Pres. 

Non Peer-
reviewed 

pubs 
2000 
Cohort 8234 4176 364 846 3680 3072 272 

2002 
Cohort 7204 3783 148 973 2705 3124 254 

2005/06 
Cohort 2001 1213 56 263 508 1096 78 

TOTAL 17439 9172 568 2082 6893 7292 604 
*Some journals may have been counted twice due to variation in typing the journal title. 
Source: Data from information compiled by Abt Associates 
 
Presumably, these output indicators, viewed center-by-center, enter into the judgments of 
NSF review teams. The utility of these data for a program-level assessment of 
performance and accomplishments—advances in scientific and technological 
knowledge—is limited. The data are tabulations of outputs; they lack any adjustments for 
quality, as defined and measured by standard bibliometric indicators, or impact, as judged 
by relevant research peers. To make such adjustments, however, would require 
overcoming the earlier-noted hurdles of weighting and aggregation, first for single 
centers and then an ever more formidable challenge—across centers. 
 
The nature of these challenges is illustrated below by data taken from the University of 
California-Davis’s Biophotonics Science and Technology Center. Table 4 presents a 
snapshot of CBST publications for 2009. The center reported that 92 different authors 
published 105 peer-reviewed journal articles in 85 different journals. Table 5, drawn 
from a random sample of CBST publications for 2009, highlights the range of peer- 
reviewed publications in which center faculty published. 
 

                                                                                                                                                 
of the NSF site visit panels are confidential, the study has no way of knowing if the way panels 
operationalize the desiderata of scientific performance and accomplishments are the same as those 
employed by annual review panels, or if different, how the differences affect summative assessments.  
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Table 4. Center for Biophotonics Science and Technology (CBST), UC-Davis— 
    Publications & Presentations  2009  

 Total Number 

Number of of 
unique 

authors* 

Number  of 
unique journal 

titles 
PUBLICATIONS (n=105)    
Book/Book chapters 0   
Journal (peer reviewed) 105 92 85 
Non-peer reviewed publications 0   
PRESENTATIONS (n=46)    
Conference /Workshop Proceedings 6 N/A  
Lectures/Presentations 40 6  

*Based on first author’s name 
Source:  compiled by Abt Associates from CBST annual report 
 
Table 5.  Select Journal Titles for CBST Publications, 2009  
-  Applied Optics    -  Journal of Synchrotron Radiation 
-  Bioconjugate Chemistry   -  Journal of Vision 
-  Biophysical Journal   -  Laser & Photonics Reviews 
-  Cancer Biology & Therapy  -  Molecular & Cellular Proteomics 
-  Cell Research    -  Molecular Plant 
-  Current Atherosclerosis Reports  -  Nature 
-  Disease Markers   -  Nature Photonics 2 
-  IEEE Transactions on Nuclear Science -  Oncogene 
-  Journal of Agricultural and Food     -  Optics Letters 

Chemistry -  Proceedings of the National Academy of  Sciences 
-  Journal of Combinatorial Chemistry -  Science 
-  Journal of Fluorescence   -  Soft Matter 
-  Journal of Neuro-Ophthalmology 
-  Journal of Physics D- Applied Physics 
Source:  Data were extracted from information compiled by Abt Associates from CBST annual report. 
Snapshot is for CBST’s seventh year of activity. 
 
The list encompasses the most widely cited (and prestigious) journals across most fields 
of scientific research as well as a number of specialized field and subfield journals.  
CBST faculty, for example, publish in Nature, the most cited journal with an impact 
factor for 2009 of 34.48; Cell Biology, with an impact factor or 8.151; and the Journal of 
Vision, with an impact factor of 3.022.  Unfiltered, simple comparisons of journal impact 
factors, however, are misleading:  the Journal of Vision is the seventh most-cited journal 
of the 45 journals listed under the category Ophthalmology. This heterogeneity of peer 
reviewed outlets complicates efforts to construct an index of bibliometric output by 
center, and makes even less productive efforts to sum indices across STCs. 
 
Similar issues arise in attempting to assess the performance of individual STC faculty. 
Presented in Table 6 are results from a pilot construction of (Hirsch) h-index measures, 
drawn from the Scopus database, for 10 faculty randomly selected from among the 157 
“key” faculty participants identified by NSF technical coordinators. To normalize the 
comparison, given the different number of years centers have been in operation, h-index 
measures are computed for the period beginning in 2000. The h-indices range widely, 
from a low of 4 to a high of 30 (excluding the one center member for which no score is 
reported).  
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Table 6. Bibliometric Indicators, 2000-2009, Selected STC Faculty 
Faculty # Total Number 

of Documents 
Total Number of 

Citations h-index 

1  79 1,252 15 

2  9 52 4 

3  119 3,584 30 

4  90 1,645 20 

5  12 53 4 

6  158 5,732 30 

7  45 807 12 

8  1 14 -- 

9  91 2,479 20 

10  43 562 11 
Source:  Constructed from a random sample of STC faculty, one per 
center, searched in the Scopus database for publications and h index scores 
 
H-indices subsume many factors above and beyond scientific impact, most notably fields 
of science and years of active production as a researcher. To an undetermined degree, 
even for centers that began in 2000, the scores reflect publications and citations that pre-
date the formation of the center. Likewise, to an undetermined degree, they also reflect 
publications and citations made while a member of a center but possibly unrelated to its 
activities. In sum, numerous adjustments and assumptions are required to establish causal 
linkages between h-index measures for individual faculty and STC center performance.  
 
Similar problems exist in adjusting for the heterogeneous quality of the components of 
annual reporting data on awards received by STC participants.  Table 7 presents data on 
different types of award, by STC award cohort. 
 
Table 7.  Awards to STC Participants, by Cohort 

   AWARD TYPE 

Cohort Awards 
Number of 
Different  
Faculty 

Education Fellowship Industry Other Scientific 

2000 860 352 194 130 42 145 349 
2000 569 259 131 133 19 56 230 
2005/06 128 85 16 25 7 8 72 
TOTAL 1557 696 341 288 68 209 651 
Note:  Some award recipients are represented in multiple centers. 
Source:  Data compiled from annual reports by Abt Associates  

 
To cite specific examples, the University of Arizona’s Center for Sustainability of Semi-
Arid Hydrology and Riparian Areas (SAHRA) in 2007 received one of UNESCO’s two 
International Great Man-made River Prizes (a prize awarded for “remarkable scientific 
work on water usage in arid areas”).  In 2010, Jerry Olson, University of California-Santa 
Cruz Center for Adaptive Optics (CfAO), was the recipient, along with two other 
researchers, of the Kavli Prize of $1million for research in astrophysics, especially for his 
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work in telescope design.  Across STCs, several faculty are listed as having received 
“best paper” awards from specific journals or professional associations.  These highly 
prestigious international awards are listed alongside home institution awards for research 
excellence and a variety of other awards whose noteworthiness is difficult to assess. 
 
Other Measurement Issues 
 
Other issues arise in interpreting NSF’s annual reporting data in the context of the STC 
program’s missions.  Some STC faculty observe that at times they have chosen purposely 
to publish in practitioner or general audience-oriented journals rather than in academic 
journals with higher impact factors to accommodate the problem-focused/knowledge 
transfer/mission orientation of their center (indeed, one motivation for their affiliating 
with the center). Thus, both at the individual and organizational level, quality measures of 
publications by any of the bibliometric techniques above may be misleading, especially if 
used for comparative purposes.21 
 
A different reporting problem also exists:  the possible understatement of outputs. In its 
narrowest form, this problem arises from the 160-hour rule used to denote faculty 
membership in an STC, leading thereby to the omission of outputs from faculty whose 
participation in an STC did not reach this reporting threshold. More generally, and likely 
of  larger importance, understatement of outputs generated by the presence and operation 
of an STC is attributable to a failure to consider either knowledge spillovers, in which 
findings from STC activities contribute to enhanced faculty research (and educational) 
output external to the reporting purview of the STC, or the building of additional social 
capital that provides increased opportunities for faculty (and students) to develop new 
and expanded lines of professional activity. 
 
These difficulties vitiate attempts to compare outputs from STC centers with those of a 
comparison group of individual PIs or small groups. Given the operational limitations of 
STC reporting, value-added remains more a fruitful concept than a robust set of precise 
measures.22   
 

ii. Transformative Research 
 

Two general characteristics underlie the transformative nature of the research 
conducted by the 17 STCs.  First, they typically engage in interdisciplinary, collaborative, 
inter-institutional research directed at complex, high-priority science-based questions as 
identified by or reviewed by NSF panels/workshops, National Academies panels, and 
                                                 
21 Likewise, even though NSF seeks to limit center annual outputs only to those directly connected to STC 
support or affiliation, no independent monitoring of “attribution” is done.  To do so would be both 
conceptually and operationally very difficult. Self-reports of program outputs/accomplishments typically 
are subjected to discounting given the susceptibility to overstatement.  Anecdotal statements by program 
participants suggest that the amount of hyperbole varies across centers in the precision of definitions of 
accomplishments used in centers’ annual reporting of data. 
22 Stated differently, we currently lack valid and reliable comparisons of the form, “Faculty in STC A 
supported by NSF Directorate B produce X publications per year in Y journals (with a mean journal impact 
factor of y), and receive Z citations per article (producing an individual faculty research h index score, 
compared with faculty receiving comparable, or normalized, levels of research support from the same 
directorate, and who in turn produce…”). 
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other national advisory bodies. Second, in a striking way, perhaps inadvertently obscured 
by the acronym “STC,” their research agendas are rooted in the integration of science and 
technology.23  Most STCs simultaneously undertake both basic scientific research and 
basic technological research (Branscomb, 1998).  
 
This orientation toward strategic objectives, as presented in successful proposals, 
subsequently reinforced by NSF and annual site visit panels’ insistence on adoption and 
adherence to strategic plans, and advice from their own external advisory boards, allows 
centers to exploit advances or redirect activities away from low-yield trajectories in ways 
that single investigators or small teams cannot.  In key respects, STCs have many of the 
mission objectives and organizational characteristics of federally-funded research and 
development centers, but rooted far more firmly in NSF and university peer-reviewed 
policies and practices.  
 
In most of the 17 STCs, the overarching pursuit of scientific questions leads to engaging 
engineers to develop the instruments and analytical techniques necessary to test and/or 
advance hypotheses. The technical challenges generated by these requests pose a new, 
intellectually exciting research agenda. In an equivalent manner, success by those STC’s 
motivated by pursuit of technological objectives, when successful, has opened up novel 
possibilities for researchers—basic and/or applied—from multiple disciplines to answer 
formerly intractable questions. 
 
Presented below are vignettes of the several different ways in which STCs are engaged in 
transformative research. For convenience, centers are listed (in the name of the host 
insititution) in one category only, although the transformative character of the research of 
several spans more than one category. 
 
STCs are engaged in transformative research in the following ways:  
 

• Changing the scale of analysis or synthesizing across scales (Colorado State 
University; Boston University; Oregon Health and Science University) 

 
Several STCs noted that their objectives (and accomplishments) were to change 

the scale of analysis of their traditional disciplines. Capitalizing on new instruments and 
new data sets, they sought to address questions that lay between or extended beyond 
traditional boundaries between different research domains.  
 
Thus, for example, as described by participants in the Colorado State University’s Center 
for Multi-Scale Modeling of Atmospheric Processes (CMMAP), the field of climate 
change/ atmospheric science has for the past 50 years been organized about discretely 

                                                 
23  Describing the increasing number of researchers traditionally classified as either biological scientists or 
physical scientists who “quite deliberately and consciously (are) addressing problems lying at the 
intersection of these traditional areas” (NAS, 2009, p.2), a recent NRC report notes that “Most—but not 
all—of the new problems being addressed at this intersection are biological ones, largely because of the 
incredible riches of this field,” but that “The ways of looking often come from the physical sciences.” It is 
this “intermingling of problems from one arena and ways of looking at them from another arena that makes 
this intersectional area between the biological and physical sciences so rich and offers many of the 
opportunities that reside there.” 
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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.  Moreover, there was a collective sense that the larger field of atmospheric 
sciences had “hit a wall.” The availability of more powerful computers, available only in 
the past 10 years, has enabled researchers to attack old problems in new ways by 
addressing the conceptually and computationally complex research issues that had 
stymied discovery in the past.  Multi-scale modeling of atmospheric processes created a 
new activity with the discipline of atmospheric sciences. The multi-scale approach has 
required the participation of researchers with many different areas of expertise.  It created 
a new community of researchers.  The Center’s work has led to better predictions of U.S. 
climate change and created a new pathway that is being followed by others.  
 
Similarly, Boston University’s Center for Integrated Space Weather Modeling (CISM) is 
seeking to develop a comprehensive, coherent, structured sun-to-earth weather 
forecasting model.  The STC is seen as a scientific and organizational descendent of 
NSF’s earlier investment in a geospace environmental modeling program. Workshops 
conducted under this program’s auspices identified the need for comprehensive space 
weather modeling, including expertise in solar research. The researchers participating in 
these workshops lacked funding and an organizational structure to implement these 
recommendations. The STC program made possible the coalescence of these researchers 
around this research agenda.   
 

• Improvements in instrumentation, (University of California-Davis; University 
of California-Santa Cruz; University of Kansas; University of Hawaii) 

 
The economic historian Nathan Rosenberg has observed that “the differential 

effects upon the possibilities of observation and measurement in specific subfields of 
science have long been a major determinant of scientific progress” (Rosenberg, 1982, p. 
158).  Two features of STCs make them especially fruitful sources of producing such 
improvements. First is the high degree of interaction they nurture both between 
researchers interested in scientific and technological discovery and between this joint 
group and prospective users of the new knowledge.  Second is their development of user 
(researcher) oriented instruments of broad scientific impact that, in turn, can serve as 
platform technologies for the customized variants needed to advance field-, problem- or 
location-specific scientific or societal problems (von Hippel, 1988). 
 
The University of California-Davis’s Center for Biophotonics Science and Technology 
(CBST) illustrates these interactions. CBST is a descendant of an earlier Department of 
Energy center focused on laser applications to medicine. Under the STC program, the 
center is concurrently addressing fundamental interactions of light with biological 
processes, advances in computer science, and applications in medicine and life sciences. 
Contributing to these synergies is that the center’s fundamental science agenda is 
influenced by the articulation of technology needs and problems from leaders in life 
sciences and industry. One researcher, for example, noted that he was using fluorescent 
devices to investigate tissues in clinical settings, with this work to be followed by the 
development of mathematical models to diagnose diseases. 
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The University of Kansas’s Center for the Remote Sensing of Ice Sheets (CReSIS) 
exemplifies the interconnection between advances in science and technology. The 
center’s overarching research objective is to understand changes in glaciers and streams 
and the interaction of these changes with climate change. To do this, the center 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 new research challenges to KU’s partner institutions, Indiana 
University, and Elizabeth City State University. CReSIS’s operations indeed bear a 
striking, and productive, resemblance to a NASA-like project mission.  It begins with an 
initial, recently completed 5-year phase, devoted principally to the development of data-
collection technologies, the field deployment of these technologies, and the collection of 
data to be followed by a second recently-initiated phase of model development and 
testing.  
 

• Generating new scientific and technological knowledge relevant to an 
important U.S./international societal issue, e.g., water; environmental 
management; cybersecurity) (University of Illinois-Urbana; University of 
Arizona; University of Minnesota; University of California-Berkeley).   

 
Illinois’s Center for Advanced Materials for the Purification of Water with 

Systems (CAMPWS) sees itself as “changing the way” in which the world purifies water. 
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. Most EPA-funded research 
and that funded by national water quality associations is directed at applied, problem-
focused topics dealing with aspects of water quality, with little interest in systems-level 
questions or approaches. CAMPWS‘s research was built initially 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 both deepened and refined, faculty from these more 
traditional disciplines have become involved, as have faculty, drawn from new partner 
universities, from environmental engineering, chemical engineering and materials 
engineering. 
 
The University of California’s Team for Research in Ubiquitous Secure Technology 
(TRUST) traces its agenda-building origins to widespread Federal government concerns 
about cybersecurity, but from a different perspective. Whereas DoD and NASA are 
primarily addressing their research foci on cybersecurity, TRUST’s research centers on 
the protection of privacy. Trust, defined by the 1999 NRC report, Trust in Cyberspace, as 
“a safe place for conducting parts of our daily lives” (p. viii) is a problem orientation that 
extends beyond the mandate of DoD or NSA; correspondingly, addressing it is seen as 
requiring expertise that extends beyond the competencies of any single university. 

 
• Generation of New Platform Technologies/Materials (University of North 

Carolina-Chapel Hill, Cornell University; University of Washington, Case 
Western Reserve University). 
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Development of new platform technologies and materials—those that once 
existing scientific and technological research obstacles have overcome—hold the 
potential to contribute significantly to scientific and technological advances across a 
swathe of fields, as well as to catalyze the growth of commercially important new 
products and processes.  These are the central objectives of the four STCs above.  
 
Cornell University’s Center for Nanobiotechnology (NBTC) provides the organizational 
and resource basis for integrating researchers in nanofabrication with basic scientists in 
biology and biotechnology to develop new materials and processes that have widespread 
application. Though built on the collaborative efforts of small research teams, almost 
none are of the scale and scope that would be possible without the STC. 
 
The University of North Carolina’s Center for Environmentally Responsible Solvents 
(CERSP) provides another example of the search for a platform technology, but also the 
benefits accruing from a longer-term research horizon than possible under the single 
investigator model. Over its life, CERSP changed its research orientation from seeking to 
find environmentally benign approaches to dry cleaning based on CO2 manufacturing 
technology, to attempting to revolutionize microelectronic manufacturing processes by 
using CO2 instead of water, to focusing on nanostructures in films and particles—a 
research trajectory that led to an award to form a state- and NIH-funded cancer center. 
This ongoing search to match the scientific and technological properties of CO2 
technologies with a “market” for its applications led to iterative internal adjustments in 
the center’s research agenda, the reallocation of its funds, and the exit and entry of 
faculty participants. 
 

• Exemplifying a “new, fourth paradigm for science (Bell, 2009) based on data-
intensive computing (University of California-Los Angeles; Georgia State 
University). 

 
Advances in cyberstructure to generate new data sets that can be used to model 

and test scientific hypotheses are now common across many fields of contemporary 
science. This also characterizes the orientation of several of the centers, especially those 
with an orientation towards the geosciences.  This strategic orientation underlies the work 
of the UCLA’s Center for Embedded Network Sensing (CENS) in its efforts to develop 
pixel/meter level observations of environmental processes. This work is based on the 
proposition that those who are going to apply the network sensors must be in the room in 
the design process. The STC mechanism provides the time and resources required to 
bring together the domain scientists (e.g., signal processes; statisticians), the 
technologists, and the users.   
 
The Center for Behavioral Neuroscience played a major role in the development of the 
field of behavioral neuroscience. It catalyzed the way brain is studied:  rather than 
focusing on the (behavioral) symptoms, CBN focused on brain regions for examining 
neural systems that govern social behavior.  The center brought an identity, credibility, 
and expansion to the field of behavioral neuroscience, and in the process created a brand 
name. Based on their work at CBN, participating faculty successfully leveraged over 
$100 million from other sources, mainly from the National Institutes of Health. By 
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integrating and advancing neuroengineering techniques, CBN exemplified the science 
and technology aspect of the STC program. 
 
Evidence of the transformative character of STC scientific activities, one that also 
corresponds to the concept of value-added and subsumes the objective of knowledge 
development, is found in center contributions to the development of new journals, 
professional associations, or special issues of established mainstream journals. Each of 
these forms is illustrative of the ways in which mainstream science sheds old skills, or to 
change metaphors, moves along different paths.  These impacts are described in the 
section below on Knowledge Transfer.  
 
Independent assessments of the character and magnitude of the value-added and 
transformative character of STC research are contained in the papers and reviews of these 
papers commissioned by this study. The two accompanying text boxes on environmental 
monitoring (Box 2) and optics and instrumentation (Box 3) are presented as stand-alone 
expert assessments. 
 
Box 2.  Perspectives on Environmental Monitoring24 
 
Context: Scientific progress in the environmental sciences hinges on the ability to measure 
fundamental properties with the rigor and accuracy necessary to forge new understanding leading 
to prediction.  In the second half of the 20th century, environmental sensing capabilities evolved 
from isolated data collection of single physical measurements (e.g. pressure, temperature, daily or 
monthly rainfall at a location) to comprehensive data collection of multiple measurements at high 
spatial and temporal resolution to map environmental regimes in real time (weather, water 
quality, air quality).  Because of the limitations of predictive models based on incomplete 
understanding of fundamental principles, scientific advances and research directions became 
increasingly tied to observations (descriptive data models) and measurement capability: what we 
do not know is what we cannot measure.  Consequently, science questions are often formulated in 
terms of measurement needs to support interpretive studies. The overarching science goal is 
therefore to describe and understand the physio-bio-geochemical processes that govern complex 
environmental systems at multiple scales.  The measurement goal is to measure, process and 
transmit science-grade measurements of multiple state variables in (and from) harsh, 
heterogeneous, remote, and highly transient environments at high spatial and temporal resolution; 
and the measurement challenge is to develop the instrument systems that enable pioneer 
observations and process discovery. Progress in fundamental scientific understanding requires 
new measurement capacity, and this requires both new end-to-end technology (electronics, 
biosensors, estimation algorithms, new materials, and high-precision, high-quality and low-cost 
manufacturing) to support environmental research, and human capital to make it happen.   
 
Environmental Monitoring at NSF Science and Technology Centers: The coming of age of 
Earth System Science in the last two decades of the 21st Century is the expression of the scientific  
consensus that environmental processes cannot be understood in isolation, and that interface 
processes and feedbacks govern environmental impacts and sensitivities, or in other words 
environmental change and evolution (anthropogenic or natural).  In the 1990’s a large number of 
research centers and institutes, as well as academic departments appeared and, or changed name 
to reflect this new vision.  

                                                 
24 Excerpted from a AAAS Commissioned Paper authored by Ana P. Barros, September 2010. The paper is 
a revised version based on feedback from two anonymous reviewers. 
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Four of the NSF STCs— SAHRA, NCED, CMOP, and CReSIS— have active programs focusing 
on environmental monitoring, all sharing a strong commitment to using observations with varying 
degrees of commitment to measurement technology from minimal at NCED, and very selective 
isolated applications at SAHRA, to strong commitments at CMOP and CReSIS (Figure A).  The 
four centers differ in their focus of science questions, on process level or system level, but all  
include efforts with more or less emphasis on contributing to the development of community 
models and observatories, and all share strong educational and public outreach missions. 
 

 
 
Figure A: Conceptual diagram for science-driven environmental monitoring agenda. The colors of the 
arrows identify different strategic directions: light blue represents the classical approach of installing a new 
observatory with existing and tested technology to collect new data to address the science; purple 
represents the use of existing observatories to collect new data or use existing data; red represents the area 
of development of new instrument systems from existing sensors to make new measurements which may 
require or not access to a field test site at a new or existing observatory (gray); green represents pathfinder 
research that requires new measurement principles, or new applications of existing measurement principles 
to the development of new sensors and  new instrument systems. For the loop to be completed, eventually 
all strategies lead to data systems that support the science.  
 
SAHRA’s contributions to environmental monitoring were in the improvement of methods to 
better utilize existing technology, and in the area of instrument system assembly and packaging 
for field conditions.  In the case of improving the utility of existing technology, contributions 
focused on improving algorithms to estimate vadose zone soil moisture profiles at high temporal  
and spatial resolution using ground penetrating radar, and algorithms to apply electrical resistivity 
tomography for monitoring infiltration during transient hydrological events (Ferré et al. 2003; 
Rucker and Ferré 2003; Furman et al. 2004).  Efforts toward improving packaging for field 
applications focused on adaptation and integration of existing sensors into automated wireless 
hydrologic (water levels, water temperature, sediments) and biogeochemical (pH, Dissolved 
Organic Carbon, Dissolved Oxygen, nitrates, isotopes) networks at stream reach scale 
(unpublished, http://www.sahra.arizona.edu), and some isolated improvement of existing sensor  



 

 31

systems (Castiglione et al. 2005, Frisbee et al. 2010).   
 
NCED concentrated innovative observational efforts on constructing bench and field-scale 
experimental laboratories to investigate processes of interaction among vegetation, 
microorganisms, water flows and sediment transport in streams and deltas over a wide range of  
scales (Tal and Paola 2007, Hondzo and Wüest 2009).  Laboratory research was complemented 
by field observations from wireless networks at the Angelo Coast Range Reserve not directly  
funded by NSF (http://www.nced.edu/field-sites) including intensive monitoring of 
biogeochemical processes such as denitrification and algae blooms within stream reaches, and 
conventional wireless networks of inexpensive sensors on trees, structures and soils to make very 
high frequency measurements of relevant water cycle states and fluxes (radiation, relative 
humidity, temperature, soil moisture), sediment transport, as well as biota activity (e.g. acoustic 
sensing of bat movements). 
 
CMOP’s vision is the near real-time structured integration of models and data to address river-to-
continental shelf hydrodynamic and ecological transitions. CMOP’s research framework includes 
a technology development component along with the deployment of a comprehensive observing 
infrastructure including stationary stations to measure  temperature, salinity and  water velocity, 
profiling stations that also include chlorophyll, turbidity, nitrate, and oxygen profiles, X-band 
radar to obtain spatial observations of surface roughness and surface water velocity, and mobile 
platforms such as gliders and Autonomous Underwater Vehicles (Johnson and Needoba 2008; 
Plant et al. 2009).  Specific sensor development include system testing and field evaluation of 
DNA microarrays to identify microbial gene expression changes in space and time and low-cost 
electronic semiconductor impedance-based biosensor arrays in collaboration with industry, as 
well as in-house derivate sensors made by surface modification of solid-state electrodes 
(Ghindilis et al. 2009).   

CReSIS’ mission is directed toward collecting data  to constrain (boundary conditions) and 
evaluate ice-sheet models aimed at understanding why rates of glacier ice discharge and thinning 
are increasing, and to predict near and long-term response of ice-sheets to climate change, 
specifically sea-level change (Alley et al. 2005, Hughes 2009, Truffer and Fahnestock 2007).  
This encompasses deployment and development of radars and radar application-specific retrieval 
algorithms to sound ice sheets and map the spatial distribution of ice thickness as well as basal 
conditions including bottom roughness and the state of ice-bed interfaces (frozen or thawed).  
Data from field campaigns and aerial surveys are also key to develop improved retrieval 
algorithms and to evaluate NASA’s satellite-based Synthetic Aperture Radar and laser altimetry 
observations that are long-term and span large regions, and thus provide the spatial and temporal 
continuity for climate studies (Howat et al. 2005).  Efforts toward improved packaging, 
miniaturizing and ruggedizing seismic sensors and unmanned aerial vehicles for operation in 
polar regions and sub-ice ocean measurements are under way in collaboration with NASA, DoE, 
NNSA and the private sector. CReSIS core activities have evolved from a narrow focus on 
establishing measurement capacity (i.e., detection of basal roughness through aerial radar 
surveys) to improving conversion of direct measurements to quantitative geophysical properties, 
including error characterization.  This evolution is consistent with the notion of science-driven 
environmental monitoring.  CReSIS is arguably unique in the national environmental monitoring 
landscape by bringing together scientists and engineers and engaging various agencies to carry 
out unprecedented measurements required to address a fundamental science question of great 
societal value.  Whereas radars per se are the stuff of classical remote sensing engineering, the 
development of platforms and radar technology aimed at meeting the measurement specifications 
and retrieval algorithms to derive boundary conditions for models of polar ice sheet dynamics fits 
the pathfinder notion of new measurements. 
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Conjectures and long-term vision: Large- and meso-scale fixed observing systems are well 
integrated in the modus operandi of community-based research initiatives, international 
initiatives, and government agencies including NSF’s STCs.  To understand feedbacks and 
nonlinear interactions among different processes, it is essential to study the same processes in 
different environments, with different boundary conditions, and under different synoptic regimes.  
This can be accomplished either by installing as many fixed observing systems as needed, or by 
developing mobile observing facilities.  The former may be prohibitive in the case of expensive 
instrumentation.  How to implement mobile distributed systems (webs of sensors) including the 
challenge of instrument deployment, maintenance and recovery in harsh remote environments 
presents yet another challenge in environmental monitoring.  

 Box 3.  Developments in Optics and Instrumentation25 
 
Context: Optics/photonics* is a vibrant, hugely diverse research area with applications in almost 
every field of human endeavor. The most important technical areas and research topics in optics 
are in (i) information and communication, (ii) manufacturing, (iii) healthcare and life science, (iv) 
lighting and displays, (v) new materials and (vi) defense and security.  In the wider context of 
optics, the research and application areas covered by the CfAO are highly specialized and narrow, 
and whilst those of the CBST are undoubtedly broader, they still represent a small fraction of the 
totality of optics and photonics.  This is probably not unusual for the STCs, but one consequence 
is that, no matter how successful they are in their sub-specialties, their overall impact in the larger 
landscape of optics and photonics is likely to be small.   
 
Research Paths and Significant Advances 
 
Adaptive Optics: The technique of adaptive optics was first proposed by an astronomer, Horace 
Babcock, in 1953 (Babcock, 1953).  He suggested the use of a spatial light modulator coupled 
with a means of sensing the wavefront in a closed loop configuration but the limited technology 
available at the time meant his idea could not be implemented.  The technique was adopted and 
developed by the Department of Defense from the early 1970s, who funded the development of 
deformable mirrors, high speed wavefront sensors and control systems.  This culminated in the 
construction and operation of the 168 actuator Compensated Imaging System installed on a 1.6m  
satellite tracking telescope in Maui in 1982 (Hardy, 1993). It is estimated that DoD spent more 
than US$1B on adaptive optics systems in the following 20 years (Duffner, 2009).  Meanwhile, 
European astronomers pioneered the implementation of adaptive optics for astronomy, resulting 
in the 19-actuator COME-ON system installed on a 3.6m telescope in Hawaii in 1992.  Now 
every large ground-based optical/IR telescope, and every planned new telescope, in the world is  
equipped with adaptive optics. Around the late 1990s, several groups around the world started 
building low cost demonstrator AO systems, which led to an interest by vision scientists for 
making better images of the retina and vision enhancement.  At the time of founding of the 
CfAO in 2000, astronomical AO was very advanced and sophisticated whereas adaptive optics in 
vision science was relatively primitive but one or two orders of magnitude less expensive.  Both 
fields might benefit from joining forces, and that was one of the main drivers for the formation of 
the CfAO.   
 
 
*  Optics and photonics are used interchangeably in the text: optics is the more traditional term, used by 
many to refer only to classical aspects, whereas photonics is the modern term, originating largely in the 
areas driven by communication. 
                                                 
25  Excerpted from a AAAS Commissioned Paper authored by JC Dainty, September 2010. The paper is a 
revised version based on feedback from two anonymous reviewers. 
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CfAO has been involved in all three main developments that astronomical adaptive optics has 
seen in the past decade: (i) the development and deployment of laser guide stars (LGS), (ii) the 
development of new modalities of adaptive optics and (iii) the design of AO for the next  
generation of giant telescopes. Key individuals at CfAO had been involved in operational LGS 
systems at Lick and Keck Observatories, and one of the significant contributions of CfAO was in 
the further development of laser guide star technologies, particularly fibre lasers for sodium guide  
stars. Additionally, CfAO has been very active in addressing some practical limitations in  
astronomical AO, such as by optimizing AO for specialist applications like eXtreme AO for  
planet finding. In particular, CfAO enabled the development of a 4092 actuator MEMS 
deformable mirror from Boston Micromachines Corporation. The leaders of CfAO were closely 
involved in another area of intense study- future generation of large telescopes, including the 30m 
diameter TMT, and made a significant contribution to AO design for the TMT. 
 
The CfAO has been at the center, and leading, adaptive optics in vision science.   The 
contribution of the CfAO was to bring together the main vision science groups with an interest in 
AO, and ensure a good information and knowledge exchange between the astronomers and vision 
community: the CfAO successfully translated knowledge of AO from astronomy to vision 
science, and this is a good example of the synergy that a Center can create.  This has been an 
outstanding success for the CfAO, and an enormous contribution to vision science worldwide.  
Specific examples include construction of a number of AO-assisted scanning laser 
ophthalmoscopes and optical coherence tomographs equipped with adaptive optics. Their success 
has led to at least two major NIH projects in AO-assisted vision science.  
 
Biophotonics: Biophotonics is the application of light in the life sciences, and thus encompasses 
topics from optical microscopy of stained specimens in the research laboratory to the use of lasers 
in surgery.  It employs optics as an enabling tool (e.g. in precision machining and micro-surgery), 
as a functional tool (e.g. biofabrication, imaging) and as a route to control (e.g. laser 
therapeutics). Biophotonics was one of the applications of optics highlighted in the Harnessing 
Light report in 1998 (National Research Council, 1998).  Other relevant activity around this 
period was the increasing number of biophotonics related international conferences, leading to 
SPIE’s BIOS (started in 1998) and OSA’s Biomedical Optics (started in 2002).  The case for an 
STC biophotonics center of excellence was therefore clear, and strong. 
 
The field of biophotonics has expanded significantly in the past decade on many fronts.  The 
strands selected by CBST, (Advance Bioimaging and Spectroscopy, Molecular and Cellular 
Biophotonics, and Medical Biophotonics; Sensors & Assays) are necessarily just a fraction of the 
totality of biophotonics.  The optical signal is characterized by spatial coordinates (imaging), 
time, wavelength (spectroscopy) and polarization, and it interacts with the specimen/target, with  
characteristics including reflectance, scattering, non-linear effects and fluorescence.  Almost all 
combinations of mechanisms and signals have been used in biophotonics, leading to a matrix of 
applications in neuroscience, vascular disease, cancer science and medicine, etc. The CBST, now 
entering its penultimate year of NSF funding, has contributed widely to both the science and 
technology of biophotonics.  The research has been of a high standard of excellence, but 
worldwide comprises less than 1% of all such research.  
  
Conjectures and Evidence on the Contributions of the CfAO and CBST 
 
Adaptive Optics: Adaptive optics is a small field. At the time of the formation of the CfAO, there 
were probably around only 200-300 scientists and engineers worldwide working in adaptive 
optics. Even today AO has less than 1000 active researchers and engineers, and few products: it is  
a niche area, albeit one of great importance in astronomy and growing potential in vision science.  
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 CfAO decided, as a strategic measure, to focus on astronomy and vision science.  The impact of 
the CfAO on both its strategic areas was major: its activities underpinned a number of 
astronomical AO developments in California, and it secured unquestionably a globally leading 
position for AO in vision science.  Viewed in terms of its defined strategy and goals, it was a  
success. From a global perspective, however, CfAO did not show overall leadership in adaptive 
optics.  It did not explore novel applications of adaptive optics, or even novel ways of doing 
adaptive optics (e.g. wavefront sensor-less AO), and its connection to industry—apart from 
(important) seed corn contracts to a few small companies—was not extensive.  The CfAO was a 
center for adaptive optics, but was not the center globally. 
 
Biophotonics: In contrast to adaptive optics, the field of biophotonics is very diverse and there are 
a very large number of techniques, methodologies and applications. There were probably more 
than a 1000 scientists and engineers worldwide in biophotonics at the time of the founding of the 
CBST in 2002.  Today, it involves 10,000 or more scientists, engineers and technicians globally.  
In terms of science and technology, the CBST can only hope to focus on a few areas, largely 
those where there was prior expertise in Northern California, and it is doing this very 
successfully.  Biophotonics offers many possibilities for innovation and start up companies, and 
the CBST is correspondingly active in this regard.  In a field so large and diverse, CBST has 
made a huge contribution to the field’s global development and promotion through its 
international activities, coupled to its web-activity “Biophotonics World” 
(http://www.biophotonicsworld.org/).  This was initiated by CBST and now has a worldwide 
network covering every aspect of biophotonics, and importantly, linked closely to applications 
and commercial developments.  The decision from the very start of CBST to position itself firmly 
in the global science environment was an excellent strategic decision which has benefited center 
participants, the global community, and the reputation of the US.   
 
Behavioral Additionality 
 
The clearest evidence of the impacts of STCs on the conduct of science relates to the 
ways faculty behave in their choice or specification of research question and modes of 
answering these questions.  Survey data clearly indicate that for most faculty 
participating in an STC, the research they undertake as part of a center and the support 
they receive from it is only one part of their total research portfolio.26 Of the 109 
responses to the question on average number of non-STC grants, 62 faculty reported 
working on three or more non-STC grants while functioning as members of the center; 
only 14 had no additional grants (see Table 8).  
 
Table 8.  Faculty Participation in Non-STC Grants 

COHORT Average Annual Number of 
non-STC Grants 

Total Number of 
Respondents 

  0 1 2 3 4 or 
more   

2000 (n=5)  3 3 7 6 8  27 
2002 (n=6)  4 4 8 6 18  40 
2005/06 (n=6)  7 2 10 7 16  42 

Source: AAAS Faculty Survey, 2010 
 
Participation in a center changed faculty behaviors, most visibly in their ability to publish 
in a different set of peer-reviewed journals.  These changes, or effects, accord with the 
                                                 
26 The AAAS Faculty Survey is found in Appendix E. 
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NSB’s rationale for the STC program. They reflect increased appreciation of and 
willingness to collaborate with faculty from different disciplines; in the learning and use 
of new theoretical models and analytical techniques; and a willingness to participate in 
collaborative research undertakings, such that individual investigator/small group 
research projects are integrated with one another about specified, center-based strategic 
objectives.  In all, they permit a larger-scale, riskier agenda that concurrently addresses 
both discovery- and problem-oriented basic and applied research.  
 
Evidence underlying these statements is presented in the following tables. The data are 
reported both separately for “key” participants in the centers (Wave 1, n=63) and other 
STC faculty (Wave 2, n=46), and for the total number of respondents (n=109).27   
 
Table 9 lists faculty assessments of how their participation in an STC affected their 
research. The responses point to two overarching impacts—one organizational, one 
methodological. The first is the impact on developing new collaborators and experience 
in new forms of teamwork. More than half the respondents in each wave reported that 
these changes had “much” impact on their research, and essentially all respondents 
reported some such impact.  The major scientific impact on their research, likely a 
product of their finding new collaborators, was using new/more instrumentation and 
learning new methods.  About 40% of respondents in each wave responded “much” on 
how participation in an STC impacted their research and over 90% reported at least some 
degree of impact.  The two aspects of research least impacted by participation in an STC 
were the use of new theoretical models and the use of new experimental models. 
Aggregated, these findings suggest that primary benefits that faculty derive from 
participation in an STC is an enlargement of their portfolio of research techniques and 
instruments, a result mainly from working with new collaborators.      
 
Table 9. Effects of Participation in an STC on Faculty Behavior 

 WAVE 1 (n=63) WAVE 2 (n=46) 

 Much Some Not 
at all N/A Much Some Not at 

all N/A 

Use of new theoretical models 13 24 8 7 6 22 4 6 
Use of new/more instrumentation 25 13 6 8 14 15 3 6 
Access to new/more data sources 19 26 4 3 18 16 2 2 
Learned new methods 25 23 3 1 19 18 1 0 
Used new experimental models 15 17 10 10 12 14 6 6 
Access to new facilities, e.g., at 
partner institutions 23 20 5 4 16 15 4 3 

Developed new collaborators 37 15 0 0 26 12 0 0 
Access to new/more students 19 27 6 0 16 14 7 1 
Experience new forms of 
teamwork 32 19 1 0 22 15 1 0 

Source:  AAAS Faculty Survey, 2010 
 
As documented earlier, faculty participation in an STC represents only a portion of their 
research activities. This finding permits two indirect approaches to the construction of a 

                                                 
27 Due to the skewed distribution of responses to the Wave 2 survey, no attempt is made to statistically test 
for differences between the two groups.  
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comparison group between center-based and PI-based modes of research support.  First, 
STC faculty were asked to compare their own research activities and performance as a 
member of an STC with their work done outside of a center.  The rationale for this 
question is that faculty self-interest requires a considered calculation of whether the 
research benefits of participating in a center adds to or subtracts from one’s aggregate 
research performance, and thus the basis upon which they are evaluated within a 
university and by peer research communities.  
 
Survey results from this question provide interesting insights into why faculty participate 
in STCs and how they perceive the impacts on their research (Table 10).  Gauged in 
terms of conventional research output measures—publications, citations, invitations to 
speak—49% of the 53 Wave 1 faculty replying to the question report an equal number of 
publications between their STC and non-STC submitted research, 28% report more 
publications from STC than from non-STC work, and 21% report fewer publications. 
Wave 2 faculty responding to the question report a more positive impact on their research 
output:  half of the 38 respondents to the questions indicate that participation in the STC 
has led to more publications than their non-STC research, while only 18% report a 
reduction in the number of peer-reviewed publications.28 
 
Perhaps the most striking aspect of faculty responses to these questions is the extent to 
which faculty in both survey cohorts indicate that the research that they engage in as 
members of an STC involve higher degrees of risk-taking and have greater potential to be 
transformative than the research they engage in outside of the STC.  
 
Table 10.  Perceived Comparisons between STC and Non-STC Impacts 
 WAVE 1 (n=63) WAVE 2 (n=46) 

 STC = 
other 

STC > 
other 

STC < 
other 

STC = 
other 

STC > 
other 

STC < 
other 

Number of peer-reviewed 
publications 26 15 11 12 19 7 

Number of citations 27 17 8 22 11 5 

Invitations to speak 21 22 9 14 16 8 

Awards/honors 30 12 10 20 10 8 

Risk-taking in your research 18 30 4 12 25 1 

Research with potential to be 
transformative 19 30 3 10 27 1 

Source:  AAAS Faculty Survey, 2010 
 
The second indirect comparison involves having faculty participating in STCs gauge their 
performance relative to their departmental peers. As reported in Table 11, faculty in 
STCs for the most part perceive themselves to be at least as professionally active and 

                                                 
28 The low number of respondents and potentially non-representative character of the underlying samples 
preclude strong inferences from these data.  Still, they point to generally positively regarded impacts on 
research performance, as gauged by participants themselves, albeit not without some faculty describing 
some cost to them in lower total outputs. 
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successful as their department colleagues who do not participate in a center and, for 40% 
of Wave 1 respondents and 45% of Wave 2 respondents, to be more productive than their 
non-STC departmental colleagues. Only a small percentage of respondents in either 
survey Wave cohort report that their performance is below that of non-STC 
participants.29  
 
Table 11.  Comparison of Professional Output of STC Faculty Relative to Other  
       Non-STC Departmental Faculty 
 WAVE 1 (n=63) WAVE 2 (n=46) 

 STC = 
other 

STC > 
other 

STC < 
other 

STC = 
other 

STC > 
other 

STC < 
other 

Publication 26 21 5 18 17 3 
Collaborative research 12 38 2 7 30 1 
Interdisciplinary research 11 40 1 6 32 0 
Professional advancement 21 29 2 15 19 4 
Success in winning external research 
grants 22 23 7 23 12 3 

Size of research team 18 31 3 13 21 4 
International collaborators 29 17 6 23 9 6 
Diversity of team members 16 32 4 10 25 3 
Interactions with industry 28 19 5 21 9 8 

 Source:  AAAS Faculty Survey, 2010 
   
Another manifestation of the impact of STC participation—the outcome of the above- 
reported changes in behavior—is that STC faculty report they are publishing in a wider 
set of peer-reviewed journals. Findings here clearly point to this impact. Table 12 shows 
total faculty responses from both survey waves to the question, if there had been a change 
in their publication behavior.  About 40% of the 63 faculty in Wave 1 and 54% of the 
Wave 2 faculty reported that they were publishing in new fields, with part of this change 
induced by the availability of new journals.  
 
Table 12. Changes in Publication Behavior of STC Faculty 

 Publishing in new fields New journals available 

Seeking to reach a public 
rather than a technical 

audience 
WAVE 1 25 12 7 
WAVE 2 25 7 5 
TOTAL 50 19 12 

Source:  AAAS Faculty Survey, 2010 
 
The impact of STC participation on faculty publication behavior is even more visible in 
their choice of publication outlets. Across STCs, participation diversifies one’s 
publication outlets. This impact holds for the majority of respondents, but not for all, as 
some faculty report no change.  
 
                                                 
29  An unexplored question is this:  If participation in an STC produces lower performance on some output 
measures, why do faculty continue to participate—if in fact they do?  Several possible answers are readily 
identifiable—lower performance in one item being outweighed by higher performance on others; benefits 
received other than those listed on the survey item; etc. Unfortunately, the question is beyond the scope of 
this study. 
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Table 13 illustrates these impacts for two STCs:  the Center for Microbial 
Oceanography: Research and Education (C-MORE), and the National Center for Earth-
Surface Dynamics (NCED). Faculty were first asked to list the two major journals in 
which they published their work prior to their participation in the STC, and then to list 
two new journals in which they sought to publish as a result of STC-based research. The 
cell entries are individual faculty pre-STC and post-STC responses from both Wave 1 
and Wave 2. 
 
Table 13.  Changes in STC Faculty Publication Outlets 
  Pre-STC Post-STC 
  Journal 1 Journal 2 Journal 1 Journal 2 

 
Center for Microbial Oceanography: Research and Education 

(C-MORE) 

W
av

e 
1 

Nature Limnology and 
Oceanography 

Environmental 
Microbiology ISME Journal 

Science Env. Microbiol None None 

Global Biogeochemical 
Cycles 

Proceedings of the 
National Academy of 
Science 

Science Limnology and 
Oceanography 

W
av

e 
2 

Marine Chemistry Science PNAS  
Global Biogeochemical 
Cycles 

Limnology and 
Oceanography None None 

Science Nature ISME J Progress in 
Oceanography 

Journal of Psychology Limnology and 
Oceanography 

Environmental 
Microbiology 

Limnology and 
Oceanography: 
Methods 

Deep-Sea Research Science Journal of Plankton 
Research  

Environmental 
Microbiology ISME Journal None  

Limnology and 
Oceanography 

Marine Ecology Progress 
Series Science 

Proceedings of the 
National Academy of 
Science 

Geochimical et 
Cosmochimica Acta 

Earth and Planetary 
Science Letters 

Environmental 
Microbiology 

Proceedings of the 
National Academy of 
Sciences 

Limnology and 
Oceanography Methods Deep Sea Research Geobiology FEMS Microbiology 

Ecology 

  
National Center for Earth-Surface Dynamics 

(NCED) 

W
av

e 
1 

Journal of Research in 
Science Teaching 

School Science and 
Mathematics 

considering Journal of 
Geoscience Education  

Water Resources 
Research 

Geophysical Research 
Letters 

Journal of Geophysical 
Research - Earth 
Surface 

Physica A 

W
av

e 
2 

Journal of the American 
Water Resources 
Association 

Journal of Hydraulic 
Engineering 

Earth Surface Processes 
and Landforms  

Physical Review Letters Physical Review E AGU-Earth Surface  
IEEE Transactions on 
Power Systems Operations Research Water Resources 

Research 
Group Decisions & 
Negotiation 
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  Pre-STC Post-STC 
  Journal 1 Journal 2 Journal 1 Journal 2 

Journal of Public 
Economics Land Economics Energy and Resource 

Economics Ecological Economics 

Geological Society of 
America Bulletin Water Resources Research Earth Science Reviews Annual Review of 

Marine Science 

Num Heat Transfer International J of Heat 
Mass Transfer JGR J of Fluid Mechanics 

Journal of Hydraulic 
Engineering Water Resources Research Journal of Geophysical 

Research Sedimentology 

Ecology Limnology and 
Oceanography 

Water Resources 
Research  

Journal of Geophysical 
Research -- Atmospheres Water Resources Research 

Journal of Geophysical 
Research -- Earth 
surface 

Geophysical Research 
Letters 

Source:  AAAS Faculty Survey, 2010 
 
Faculty responses to open-ended questions on the impact of their participation in the STC 
are replete with statements about the benefits they realized as scientists from participating 
in collaborative, interdisciplinary, and frequently problem-oriented research, and to the 
integration of this research with the educational, knowledge generation, and society- 
relevant orientation of the centers. A limited unedited sample is presented below:  
 

As my work is in instrument development, I tend to think up solutions in search of 
problems.  The STC provided problems in need of solution.  We solved each others needs. 
 
Interdisciplinary of work which would otherwise be impossible, e.g. combining physical 
sciences with Oncology, Infectious Disease Research, or Stem Cell Science 
 
My collaborators and students have worked across conventional boundaries to develop a 
single discipline that spans solar activity to ionospheric response in modeling space 
weather. Traditionally, solar and geophysicists work in isolation. This has been the 
single greatest benefit, the development and awareness of a single connected discipline. 

 
Allowed me to branch off into research that was more challenging than what I had been 
doing previously 
 
Secure, long-term funding from the STC allowed for riskier lines of research to be 
pursued to the point that they were fundable by the base programs.  The STC also 
allowed for support of education and diversity-related activities that would not have been 
possible otherwise. 
 
I have access to a far wider array of collaborators, superior research facilities, superior 
administrative staff, and a much richer environment in which my grad students can work.  
I have learned so much from my CENS collaborators that I have gained new theoretical 
and methodological perspectives on my own field of information studies. 

 
Summary 
 
As evidenced in multiple ways, the STC program has contributed to significant advances 
in science and technology.  Calibrating the magnitude of these advances in the context of 
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other developments in their respective fields remains difficult, given that STC research 
agendas are typically only a small percentage of total research in a field, ever-changing 
views about research priorities within and among scientific communities, and 
shortcomings in the types and quality of data available to this study. 
 
The larger, continuing impact of the STC model is on the behavior of faculty. For senior 
researchers, including the individuals central to the preparation of the original STC 
proposals and the core of the research/management teams early on, participation in an 
STC frequently represents reaching beyond or breaking through disciplinary or funding 
barriers that had previously limited the scope and/or riskiness of their research. It is from 
this cadre of researchers that expressions in national forums, including NSF task forces, 
of the conservative, risk-averse character of existing competitively awarded, peer-
reviewed award decisions have most often been heard. 
 
It is upon junior faculty, either those newly entering academic positions at the institutions 
that host or partner with the STC, or upon postdoctoral and PhD graduates who attained 
academic positions after a stint in an STC, that changes in research behaviors may be 
more substantial.  For these new researchers, participation in an STC has led to increased 
interest in and appreciation of collaborative, interdisciplinary and problem-oriented 
research. They embody a changed research culture.  They are also keenly aware of 
differences in their newly-chosen mode of research with those traditionally associated 
with individual-investigator, discipline-based research. At the same time, they recognize 
the staying power of these traditional expectations and academic assessment criteria. 
Their emergent solution is a simple game-theoretic one:  follow a mixed strategy 
comprised of disciplinary-based, individual work to be published in mainstream 
disciplinary journals and receptivity to and initiation of cross-disciplinary proposals. 
 
The inverse of these propositions also is critical to understanding the workings and 
accomplishments of the 17 STCs:  the prospect of conducting research often at the 
frontiers or the interstices of existing disciplines and research approaches, and of 
coupling basic research with mission-oriented applications.  This excites both the senior 
researchers at leading universities who typically are the academic entrepreneurs leading 
the efforts to secure an STC award, and the established and junior faculties who seek out 
or accept invitations to participate when an award is made.  
 
STC faculty are opting to invest time and energy in highly competitive funding 
environments and to accept nontrivial administrative and organizational encumbrances 
associated with participating in a center because they perceive the benefits for their 
research careers to be considerable. Yet they consider the costs associated with 
collaborative undertakings and administrative reporting, especially those relating to the 
annual site visit reviews specified in the NSF cooperative agreement, to be both 
unnecessarily high and increasing. 
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B.  Education 
 

i. Responses to a Core Objective 
 

The STC objectives of education and diversity, while separately listed in program 
solicitations, are almost always coupled by the centers.30  Although intuitively appealing, 
the coupling does a disservice to each.  It narrows the possibilities instead of suffusing 
education and diversity throughout the centers.  Given that education and research is the 
twin mission of NSF, all funded projects would be expected to participate in their 
advancement.  And with the chronically lagging participation rates—in enrollment, 
retention, and degrees—of women, ethnic/racial minorities, and persons with disabilities 
in science and engineering fields, increasing the participation of historically 
underrepresented populations in science, technology, engineering, and mathematics 
(STEM) education and the U.S. science and engineering workforce is an oft-stated NSF 
objective.31 
 
NSF’s emphasis on “education” as an STC objective became more expansive with the 
2005-06 cohort.  While earlier cohorts were encouraged to develop student talent at the 
undergraduate and especially the graduate (pre-professional) levels, this attention to the 
STEM “pipeline” was mainly interpreted as increased engagement and recruitment of 
student populations already on campus.  For the 2005-2006 cohort of STCs, NSF 
appointed an Education Coordinator to underscore the requirement that centers have a 
full-time education coordinator.  Technical Coordinators that had always monitored the 
STCs inside the Foundation; the Education Coordinators would do the same. And 
although it was not stated in any program solicitation, and therefore not a requirement, 
NSF expressed an expectation that STCs would reach out to precollege populations.  
Almost every center now does so. 
 
Models of education interventions have long germinated elsewhere in the NSF program 
portfolio.  One recent program of note is the Broadening Participation in Computing 
Alliances.  BPC Alliances bear a close resemblance to the STCs in their multi-
institutional partnerships, community-building emphasis, and career-preparation 
outcomes.  Indeed, one STC (CENS at UCLA) is intimately involved with a BPC 
Alliance (see below).  Like the STCs, the BPC Alliances are part of an infrastructure 
program that seeks to adapt university practices to new challenges in STEM student 
support and faculty innovation in the “computing” classroom and out (Chubin and 
Johnson, 2010). 
 

                                                 
30According to Abt’s summary of site visit team appraisals of STC education pursuits, “K-12 efforts often 
coincided with diversity efforts, as education activities at this level were designed to engage students 
underrepresented in a center’s specific substantive area and in science more generally.  Overall, the success 
of engaging young students this early were deemed important for keeping the centers’ pipelines filled with 
a diverse group of students” (Martinez et al., 2009, p. 18). 
31 Broadening participation of women and racial/ethnic minorities is mandated by NSF’s 1981 
reauthorization, later extended to persons with disabilities, and monitored by the Committee on Equal 
Opportunities in Science and Engineering (CEOSE).  Open to debate is the expectation that every NSF-
funded project, as opposed to a program or division portfolio, will fulfill the mandate (see the section on 
the STC diversity objective that follows). 
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STCs are ultimately held accountable for executing research-based activities with 
undergraduate, graduate, and postdoctoral students, as well as precollege teachers and 
students, as experiments that measurably improve outreach, recruitment, retention, 
degree-taking, and transition to the workforce. In conjunction with the annual STC 
Directors Meetings, the Education and Diversity Directors now meet separately, as well 
as together with other attendees.  The purpose is to share experiences that define the main 
categories of STC education activities:  K-12 teachers and students, research experiences 
for high school students and undergraduates, graduate and undergraduate course 
development, and informal science (e.g., CMDITR, 2010 STC Directors Meeting).  
Clearly, an STC education community has formed.32   
 

ii. Levels of Education:  Aggregated and Disaggregated Findings 
 

STCs operate at multiple levels and through multiple channels of the U.S. 
educational system. Their activities encompass K-12, community colleges; institutions 
specializing in undergraduate doctoral, and postdoctoral education; and informal 
education/public outreach. Given the historic linkage between research and graduate 
education (and increasingly undergraduate education) that is seen as a defining 
characteristic of the U.S. higher education system (Clark, 1995), STCs’ involvement with 
these various student constituencies is expected.  Thus, for STCs to generate added value 
they must impact educational processes and experiences of students in ways that are more 
substantial and/or different than those expected from the traditional PI-driven approach. 
 
Academic research centers, however, are not routinely expected to be formally or 
systematically engaged in educational programs at three of the levels noted above:  K-12, 
community college, or informal science activities. The very fact that STCs are so 
engaged itself is evidence that something different is happening. At issue in evaluating 
STC program-level performance are the impacts of these endeavors, their sustainability 
absent STC support, and their fit with other STC activities (since synergies are an 
anticipated center characteristic). 
 
Given these differences among STCs and between STC and other NSF-supported 
research and education configurations, the sections below report findings both in the 
aggregate and by level of education and type of institution.  As with assessing the other 
STC program’s objectives, the challenge is to capture central tendencies without over-
interpreting the unique successes of individual STCs. 
 
                                                 
32 This is consistent with the prescription of the Understanding Interventions community, seeded by an 
NIH-funded conference in 2007 (Fagen and Olson, 2007).  This community has established a  knowledge 
base that demonstrates “the need for hypothesis-based approaches that would inform the design, 
implementation, and evaluation of programs; to enable biomedical scientists to tap the expertise of 
colleagues in the economic, social, and behavioral sciences; to equip participants with some of the 
methodologies and tools relevant to the design, implementation, and evaluation of programs; and to foster a 
community of scholars whose work and expertise could be used in such pursuits” (Chubin, DePass, and 
Blockus, 2010: xii).  Scattered across STEM disciplines, this knowledge base needs to better connect 
program directors, researchers, evaluators, and sponsors persists.  Inasmuch as the educational pursuits of 
scientists are best understood in the context of research experiences, training, and career preparation, the 
central lesson of the Understanding Interventions community is that effective student-centered programs 
increase networking and professional development (see www.understandinginterventions.org). 
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Table 14 summarizes what the 17 STCs report as their education foci, themes, partners, 
and targets. Approximately one-half report working at all levels of education, cite 
curriculum and research as core themes, pursue their activities as much alone as with 
partners, and target K-12 teachers most of all among the external audiences they seek to 
reach.   
 
Table 14.  Summary of STC Self-Reported Education & Diversity Focus 

Focus* 
(K-12, UG, grad) Themes# Delivery Partners^ Targeted Groups† 

All 9 Curriculum 9 Organizations 5 K-12 teachers 7 

Mostly K-12 3 Research 7 Programs 4 

Undrerepresented 
Minorities 
(URMs) 5 

Undergraduate-
Graduate 5 Web 4 None cited 8 Public 4 
  Literacy 4   None cited 1 
  Careers 4     
  Community building 3     
    Mentoring 3         
* Also noted: postdoc 2; community college 1. 
# Multiple responses, so doesn't add to 17; Curriculum includes materials; Community- 
   Building includes networking; Mentoring includes role models. 
^ Organizations named include Zoo Atlanta; Science Museum of MN; Programs (REU 3). 
†  URMs specifies a particular minority group (Hawaiians/Pacific Islanders 2; Native   
   American 2; not specified 1). 
Source:  NSF-OIA, Current Science and Technology Centers, Accomplishments (two-page profiles of 17 STCs 
submitted Feb-April 2010 by each center) 

 
As an additional source of information on educational activities, sought in part to 
compensate for the incomplete coverage and largely numerical form in which STCs 
describe their educational activities in annual reports, the study examined the brief 
profiles of accomplishments that each center submitted to OIA in 2010.  These vignettes 
yield a fuller accounting of educational impacts than captured by numbers alone. 
Notably, one-third of the STCs had developed a strategic plan of education initiatives—
as distinguished from an education plan, which all centers have—that declared goals, 
milestones, and progress toward their fulfillment.  The following represent major 
categories of contributions made by multiple centers: 
 

• Course creation:  Two-thirds of the STCs 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 coming cohorts of students.  
For example, among the 2000 cohort of STCs, SAHRA has created 11 
courses on water resources and research in hydrology; NBTC developed a 
team-taught graduate-level course in nanobiotechnology offered since 2001 
at Cornell and five NBTC partner universities, then expanded via live video 
to six others, including institutions in Ireland, Mexico, and Brazil.  NCED 
(2002) and CERSP (2000) designed certificate programs.  Similar 
educational initiatives also are found among the 2005-2006 centers: CliPS 
has developed augmented curricula for courses at the high school, 
undergraduate, and graduate levels at four of its participating institutions; 
CReSIS developed 20 new undergraduate and graduate courses, including 



 

 44

Multichannel Seismic Imaging and Ice and Climate; seven TRUST partner 
institutions today offer 17 new undergraduate and graduate courses ranging 
from Network Security to Data Privacy in Biomedicine;33 and CMOP 
invented a 3-course Estuary and Ocean Systems track within its 
Environmental Science and Engineering MS/PhD program.  Such offerings 
signify a degree of institutionalization, joining the extant curriculum in a 
disciplinary area.34   

 
• Research internships:  As a core educational activity at all STCs, the 

professional socialization of students to the culture of research is vital for 
skills development, career planning, and preparation for workforce entry.  
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. Participating students receive a 
stipend, travel allowance, campus housing, meals.  In addition to research 
experience, the students tour laboratories, go on industry field trips, get 
graduate school advising, and take part in subsidized GRE test preparation.  
(The relation of these experiences to workforce outcomes is discussed below.) 

 
Consider the above emphases in combination with the summary table of undergraduate 
education activities (Table 15) compiled by Abt in 2009.  Here the emphasis of all three 
STC cohorts is on the development of courses and future faculty training.  The 2002 
cohort is especially engaged in student recruitment and seminar presentations, while the 
2005-06 cohort reports equal or greater involvement in four of the six undergraduate-
focused activities.  
 
Table 15. STC Undergraduate Education Activities 

Cohort N 
Courses 

& Course 
Modules 

Presenta-
tions & 

Seminars 

Work-
shops & 

Trainings 

Curriculum 
Faculty 

Training, & 
Infrastructure 

Involvement 
in K-12 

Education 
& Public 
Outreach 

Recruit- 
Ment 

2000 5 3 1 1 4 1 3 
2002 6 4 4 1 4 2 6 

2005-06 6 5 4 2 3 3 2 
All 17 12 9 4 11 6 11 

Source:  adapted from Martinez et al., 2009, p. 4, Exhibit 2:  Undergraduate Curricular and Other Education Activities 
 
Table 16 lists STC activity solely as undergraduate research emphases. Each center 
reports the provision of research opportunities to undergraduates, but few provide formal 
mentoring programs or opportunities for research exchange programs.  
 
 
 
 
                                                 
33 In addition, the TRUST Academic Online is a repository for TRUST Courseware Modules and Projects 
accessible to the public (https://tao.truststc.org/) at no cost. 
34 New degree programs fostered at STC partner universities, especially minority-serving institutions, are 
examined in the Diversity section below.   
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Table 16. STC Undergraduate Research Emphases 

Cohort N 
Center 

Research 
Opportunities 

Formal 
Mentoring 
Programs 

Research 
Exchange 
Programs 

2000 5 5 0 0 
2002 6 6 1 3 

2005-06 6 6 2 0 
All 17 17 3 3 

Source:  adapted from Martinez et al., 2009, p. 3, Exhibit 1:  Undergraduate Research Activities 
 

Responses to the AAAS-designed survey provide insights into educational impacts 
viewed from the perspective of STC-participating graduate and undergraduate students 
(see Appendix F).  Although the fielding of the survey occurred after the end (late May-
early July) of the 2009-10 academic year (and the graduation of five centers), AAAS 
received 221 responses representing 14 of the 17 STCs.  All but 32 (14%) of the 
respondents were graduate students.  And all of the undergraduates plan to go to graduate 
school.  Among the 221 respondents, 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. In addition, 59% are male and 26% self-identify as an ethnic/racial minority.   
 
Pre-professional Legacy 

 
The STC students’ exposure to faculty at many partner institutions and the networking 
accompanying seminars created a larger pool of scientists whose research represented 
alternatives for graduate students seeking experience and dissertation topics.  Interacting 
with researchers with whom one would not otherwise have had contact can cultivate a 
confidence and “self-efficacy” about competence and ability to succeed (Bandura, 1997) 
that is key to professional development, independent thinking, the competitive ethos of 
research, etc.   
 

• First and foremost to be recognized is the STCs’ major product—new MS and 
PhD-level scientists and engineers.  Three-quarters of STC alumni—master’s 
and Ph.D. students alike—credit a mentor who “gave constructive feedback” 
or “served as a professional role model” (Martinez et al., 2010: 15). The 
program’s record of renewing the S&E workforce is stellar.  In 2010, half of 
the STC alumni responding to the Abt survey hold faculty appointments in 
institutions of higher education and another third are in postdoctoral positions.  
About two-thirds of the faculty members are on the tenure track, 7% have 
received tenure, and 4% are already full professors (Martinez et al. 2010: 28-
29, Exhibits 4.8 and 4.9). 

 
• 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.  SAHRA alone had contributed more than 45 PhDs 
(mostly to academe, including postdocs) and over 50 MS recipients (evenly 
split between those hired by federal agency or nonprofit labs and consulting 
firms); and of 69 CBN postdoc fellows and center members, 47 moved to 
science/health-related positions, including 20 appointed to tenure-track faculty 
positions.  These numbers are representative of what most STCs have wrought 
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with less than a decade of NSF support.  Furthermore, more than one in three 
respondents to the Abt alumni survey reported working in two or more 
disciplines (Martinez et al., 2010: 17), with engineering far and away the most 
popular, followed by chemistry.    

 
• Overall, the students’ assessments of their STC experiences are positive—at 

least in terms of the traditional indicators of career progression:  64% report 
that they are likely to pursue a postdoctoral position.  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 
that that of their non-STC peers.  

 
Probing “what the STC could more effectively do to engage students” elicited the 
following:  “introduce us to more prospective employers” (60% of the respondents) and 
“give better information on career paths” (50%).  Perhaps most tellingly, 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.”35 
 
K-12 Education 
 
In the precollege domain, STCs engage in a range of activities.  As shown in Table 17, 
outreach to teachers via K-12 websites is the favored approach preferred to in-person 
interactions through courses and teacher professional development. 
 
Table 17. STC Outreach to K-12 Teachers, by Cohort 

Cohort N K-12 
Websites 

Curriculum 
Development 

Teacher 
PD or 

Courses 

Financial & 
Material 
Support 

2000 5 3 1 1 4 
2002 6 4 4 1 4 

2005-06 6 5 4 2 3 
All 17 12 9 4 11 

Source:  Adapted from Martinez et al., 2009, p. 13, Exhibit 6: Educational Activities for K-12 Teachers 
 
STC center vignettes highlight the following clusters of accomplishments: 
 

• K-12 science materials and teacher workshops: A small number of STCs 
report being engaged in the development of K-12 educational materials, 
though the activity is not typical of most.  Among those engaged in this 
activity are CERSP, which developed environmental science workbooks that 
have reached 1.2 million grade 8-12 students in three states; C-MORE, which 
created seven age-specific science kits and a teacher enhancement summer 
research experience at sea; and CBN, which offered a suite of programs—
classroom lessons to summer camps—for Atlanta-area teachers and students 
at middle school grades and beyond. 

                                                 
35 Open-ended comments from the student survey are excerpted below to help clarify these generalizations. 
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• Public outreach efforts:  Informal science education is a form of STC outreach 

to populations beyond universities and formal classroom teaching and 
learning.  Almost half (47%) of the STC student alumni report participating in 
outreach targeting the public or K-12 audiences (Martinez, et al., 2010: 19). 
Again, the few STCs that have opted for this education medium have formed 
productive collaborations with impressive results (see Box 4 on Informal 
Science Education).  

 
Instructive for adding a first-person interpretation of these accomplishments are the 
words of the STC students (graduate and postdoc), whose participation affected how they 
thought about their future.  A sample of the 96 responses to the survey question, “Would 
you rate your educational experience more or less enriching than your non-STC peers?  If 
more, than in what ways?” yields the following: 
  

“I’ve been able to help develop and apply hands-on teacher training for middle 
and high school teachers, which has opened my eyes to effective teaching 
techniques and solidified my knowledge of the basics of meteorology and 
atmospheric science.”   
 
“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.” 
 
“Instead of being narrowly focused on a heavily research-oriented career, I 
became much more open to pursuing teaching-oriented careers. . . . I am now 
more open to a wider range in the balance between teaching and research as I 
move forward.” 
 
“The training and experience we got by participating in the education/public 
outreach mission of the [STC] made us immensely more qualified for a future job 
that involves teaching, exposed us to results of research in teaching/learning and 
clarified our own thinking . . . by becoming more metacognitive about the skills 
and practices we employ in our research and how we came to know them.” 
 

A comment offered by one student at the end of the survey puts the positive role of the 
education objective in perspective: 
 

“[The STC] put education right up front, on an equal footing with the cutting-edge 
scientific research that was going on in the center.  [It] didn’t just pay lip-service 
to NSF’s ‘broader impacts’ criterion, but built in a significant way of addressing 
education and broader impacts.”  

 
Overall, in engaging with K-12 education, STC efforts have necessarily been 
opportunistic and flexible.  As largely atheoretical efforts, the STCs’ education ventures 
are bereft of research on teaching, learning, or best-practice interventions.  They reflect 
ambivalence over the implied NSF injunction to extend their reach into elementary, 
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middle, and high schools.  Some outsourced the function, others decided to use core STC 
personnel (faculty, graduate students) to create interest and associate classroom science 
with workplace science (i.e., careers).36   
 
Various data examined in the study suggest a lack of fit at the K-12 level between the 
design of the STC program and the implementation strategies to attain its educational 
objectives.  Concerns with over-reaching, under-preparedness, and detachment from the 
world of K-12 literature, resources, and communities of practice render sincere efforts a 
proverbial drop in the bucket, with little hope of sustainability beyond the NSF-funded 
life of the STC.  Put another way, the STCs, with few exceptions, had difficulty in 
codifying, institutionalizing, and disseminating findings and impacts of their education 
activities.37  There are many reasons for this disconnect:  journals are specialized and 
those focused on scientific research are seldom receptive to education research; different 
participants led the education effort, some at a distance from the center leadership and  
executed off campus; and finally, a general sense that K-12 education was a “one-off” 
undertaking, i.e., not at the core of the STCs’ work. Instead it was an add-on, or an 
objective that occupied less time and centrality among the various areas of performance. 
 
Despite this, STC students’ near-unanimous testimony heard at site visits (and reflected 
in the survey quotes above) is that the opportunity to interact with precollege students, 
and often to go into K-12 classrooms, was a bonus of their STC experience that they 
never anticipated.38   

 
iii. Approaching the Bottom Line 

 
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.   
 

                                                 
36 Several corollary observations and qualifications are in order:  At least three STCs are exceptions to the 
atheoretical charge, maybe more; NSF-OIA points out, as noted above, that nothing in the solicitations 
requires engagement in K-12, but the NSF Technical Coordinators (in the research directorates) and the 
Education Coordinators (in EHR) may be conveying this expectation; and while students applaud their 
experience with K-12 students and teachers, we do not (and cannot in this study) know whether these 
populations benefited from the interaction.  
37 Based on summaries of STC site visits, Abt reports that “Centers often took four or five years to develop 
and implement viable assessment systems for their education programs; this was often done in partnership 
with external organizations . . .” (Martinez et al., 2009, p. 18).  Under-estimating the time needed to 
demonstrate education outcomes is pervasive among sponsors of interventions; it is not peculiar to NSF or 
the STCs.   
38 Other NSF Programs, notably the Graduate STEM Fellows in GK-12 Education (GK-12), provide 
graduate students with a sustained experience in a K-12 mathematics or science classroom.  The idea is for 
the student to bring content into an experimental school setting and to receive pedagogical mentoring from 
a classroom teacher.  GK-12 alumni complete the Ph.D. with a skill set beyond the typical STEM Ph.D. 
recipient (Gamse et al., 2010).  We do not know how STC students compare to GK-12 Fellows. 
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The other trajectory is more static and challenging:  engendering interest and illuminating 
the pathway for elementary, middle, and high school students into science.  At issue in 
gauging program-level value-added performance is whether STCs should be expected to 
do better than NSF’s vast portfolio of education programs that have yielded at best 
incremental gains in students preparing for science and engineering majors and 
completing degrees in those fields.39  Undoubtedly, some STCs have connected with 
cohorts of precollege students and teachers, partnered with organizations that specialize 
in outreach and recruitment, and designed experiences that arguably made a difference in 
their science literacy and career aspirations.  But the record, not surprisingly, is uneven.  
(For an historical plus contemporary perspective, see Box 5 on Appraising a Glass Half 
Empty or Full.) 
 
The performance contrast between K-12 and higher education is reproduced by the STC 
program.  A summary interpretation is the difference between impact and legacy:  Value 
has been added in education across the STCs, but transformations have been limited in 
terms of the measures conventionally used.  This is not unlike what has been observed in 
the STEM disciplines from which the STCs descend.  STC annual reports, interviews 
with principals, and surveys with student participants point to a wide range of activities 
spanning several levels of education (precollege to postdoctoral) that produce 
measurable, discrete accomplishments that encompass, but also extend beyond 
mainstream educational impacts associated with the time-honored Professor-PhD student 
apprenticeship or the Research Experiences for Undergraduates (REU) socialization 
model. When venturing into the non-university domain of community colleges, K-12 
schools, and informal education entities, the STCs are essentially idiosyncratic, neither 
coherent nor systemic even across the institutions participating in a particular center.  The 
initial scale of impact may be too small and unsustainable, or the effects long-term and 
not readily observable.40  
 
Nevertheless, 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 student participants of the centers endorse 
almost without qualification what the STCs have done.41  The NSF injunction to “do 
education” led to approaches that were pragmatic if not empirically-anchored:  capitalize 
on local needs and resources.  While most STCs offer graduate and undergraduate 
educational training (in the tried-and-true distinctively U.S. style of education-within-
research), precollege efforts typically build on what capabilities exist in the communities 

                                                 
39 NSF has traditionally developed through funded projects quality K-12 science and mathematics content, 
but relies on others at the state and local levels to deliver it. The debate rages, too, over the appropriate role 
of the U.S. Department of Education in delivering the “it” –curricula, teachers, technology, etc.  STCs 
cannot conquer the complexity that has overwhelmed K-12 public “mass education” for decades.  The 
question is how they should be expected to make a difference in the education domain:  How open-ended 
or constrained should STC-based education be? 
40 These observations are not presented as criticisms of STC educational commitments or activities.  
Rather, they represent recognition that even with participation of center faculty and students in middle and 
high school classrooms, the scale of activities cannot willy-nilly impact larger systems (schools, districts, 
communities). 
41 One in three (31%) STC student alumni, who on average earned a graduate degree 3.2 years from the 
time they responded to the Abt online survey in summer 2010, said they “would not change anything” 
about their STC experience (Martinez et al., 2010: 23, 27). 
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served by the STC.  What is the STC’s relationship with local school districts and 
organizations?  How do STC participants interface with faculty and their host 
institution’s College of Education?42  In the end, one may question the choices made by 
centers, but applaud their aplomb and wonder if the sponsor needs to reconsider the 
program’s expected education “means and ends.” 
 
The result appears to be a diffuseness of STC effort and outcome.  Education activities 
were not approached as an “experimental” opportunity vis-a-vis research, or designed to 
test and then showcase new interventions, counter-examples notwithstanding.43  CLiPS 
subcontracted to another university to evaluate its STC’s approach; CENS worked with 
Google and Microsoft to test smart phones as data collection/educational devices, and 
joined with the NSF Broadening Participation in Computing project on the UCLA 
campus, to provide a research opportunity for students and faculty from the LA Unified 
School District.  Again, as noted above, the assessment challenge is to separate aggregate 
impacts, which appear to be modest and project-based, from individual successes.  
Overall, integration of precollege education into the core of most STCs remains elusive. 
 
Box 4.  STC Focus on Informal Education 

 
The impact of STC public outreach on various audiences is hard to gauge, but survey responses 
confirm that participation in these activities is highly valued by STC students and alumni who 
contribute to these educational efforts.  Three exemplars of STC informal education are the 
following: 
 

• Center for Nanobiotechnology (NBTC) has developed a hands-on traveling museum  
 exhibition, It's a Nano World, to explore the mysteries and the excitement of nanoscale  
 science and engineering. The 3000-square-foot exhibit was created through a unique  
 collaboration of the Main Street Science education program of NBTC, and Painted  
 Universe, a design/fabrication team in Lansing, N.Y.   It's a Nano World opened in spring  
 2003 at the Sciencenter in Ithaca, New York, and embarked on a national tour in late  
 2003 with a 6-month display at Innoventions at Epcot, Walt Disney World, Florida.  
 During that period alone, approximately 800,000 visitors toured the exhibition, which  
 drew rave reviews from visitors and Epcot® staff.  In the years since, the exhibition has  
 toured six additional science museum locations throughout the United States, reaching  
 well over one million visitors to date. 
• The National Center for Earth Surface Dynamics (NCED) has developed a strong  

alliance with the Science Museum of Minnesota (SMM), which has grown into a new  
prototype for university/museum relationships and received international attention. The  
partnership began with a set of interactive surface-environment exhibits that use the  
familiarity and aesthetic appeal of landscapes to engage a broad spectrum of learners. The  
"Big Back Yard” exhibit at SMM has communicated the importance of earth science in  
building a sustainable future to approximately 40,000 SMM visitors each year.  Since  
then, NCED has explored other avenues of bringing Earth-surface dynamics to audiences  
 

       
                                                 
42 The STCs are constantly searching for tactics that would increase impact and reach more students. For 
example, they worked to leverage activities (e.g., CMMAP’s Little Shop of Physics; CfAO works with 
community colleges), but found the magnitude of the challenge far beyond their resources. 
43 That is the essence of the Understanding Interventions community—and one that the STC Education and 
Diversity Coordinators, if the 2010 STC Directors Meeting is indicative, have begun to embrace.   
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 beyond Minnesota. A collaboration with the American Museum of Natural History    
              (AMNH) spawned a 7,500 square foot international traveling exhibition, Water H2O = 
              Life. 

 
• Center for Behavior Neuroscience (CBN) has partnered with Zoo Atlanta researchers to  

provide unique public access to cognitive research on the zoo’s great apes (gorillas  
and orangutans).   The partnership has resulted into a number of exhibits, research  
ventures, and educational stations including: 

 
○ Gorilla exhibit, where an interactive mesh panel allows trainers to interact  

directly with gorillas in sight of the public and to study social learning among  
  gorillas; 

○ Orangutan exhibit, where a new tree structure has a built-in tough-screen  
computer for cognitive testing of orangutans in sight of the public; and 

○ Crayfish learning station, a video and game that teaches about crayfish social  
hierarchies. 

 
Box 5. U.S. K-12 Science Education: Appraising a Glass Half Empty or Full44 
 
With the growth of the National Science Foundation after World War II, efforts to improve 
science and mathematics curricula and textbooks accelerated, especially after the Soviet 
launching of Sputnik in 1957.  These efforts were accompanied by NSF-supported summer and 
in-service programs for science and mathematics teachers.  Missing, however, was any serious 
consideration of new pedagogical strategies or principles of learning.  By the early 1970’s, 
curriculum and instructional practices for the most part returned to the province of publishers and 
book authors. 
 
While behavioral psychology dominated most educational psychology courses until the 1980’s, 
the emerging “cognitive revolution” did not touch teacher education. Gradually science and math 
education programs began to incorporate at least some understanding of the nature of human 
learning. The National Research Council report, How People Learn,† marked a turning point 
where psychological foundations became more prominent. Nevertheless, K-12 schools and  
universities continue instruction in fairly traditional patterns using relatively few of the insights 
that the new cognitive psychological research has to offer. 
 
This litany suggests that despite the various efforts funded by NSF and other agencies, something 
other than what has been our pattern of “innovation” is in order.  Innovations have been primarily 
 the updating of course content, and to a more limited extent a change in instruction to more 
“inquiry” oriented activities, though the latter in relatively few classrooms.  
 
Without a doubt, the most profound change that has taken place in the past 10 years is the 
explosive development of the World Wide Web (WWW). It is now possible to obtain information 
on virtually any topic, and at various levels of sophistication, from elementary school level to 
current research. Unfortunately, in most science and math classrooms in the U.S., little use is 
made of this resource, and much of what is done does not lead to well-organized knowledge 
packages that represent the intellectual accomplishment of an individual or small team. This is the 
greatest underutilized opportunity for profound improvement in STEM education, especially  
 

                                                 
44 Excerpted from Joseph D. Novak, “Improving Science, Technology, Engineering and Mathematics Education:  
Contributions from the NSF Science and Technology Centers Program,” AAAS Commissioned Paper, Aug. 19, 2010, 
and commentary by an anonymous reviewer. 
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when combined with the use of metacognitive tools such as concept maps and done in small 
collaborative groups.‡ 
 
There are promising alternatives that need to be incorporated into U.S. education, and it is 
through this lens that the educational activity of the NSF Science and Technology Centers (STC) 
can be viewed.  Since 2000, STC education programs have followed the pattern of science 
education improvement programs of the past half century, providing more new instructional 
materials and, in many cases, opportunities for pursuing scientific inquiry for school and 
university students. While a few centers reported an effort to introduce new course work dealing 
with science inquiry teaching and learning, it is not clear whether these efforts include practice in 
applying the latest insights from cognitive science research and research on STEM education.   
 
Some of the centers have developed close relationships with, zoos, aquariums, science centers 
and museums, utilizing the power of the WWW and collaborating on production of exhibits and 
other educational activities. In general, these collaborations were very successful and reached a 
broad, diverse audience.  But the difference between formal, classroom- and curriculum-based 
science teaching and learning, and informal, non-school-based science experiences is “day to 
night.”  The STCs have done both, and can claim success in various museum-curated (some 
traveling) exhibits.  CMMAP’s Windows to the Universe, the NBTC-SAHRA-CfAO 
collaboration It’s a Nanoworld, NCED’s H20=Life, and CBN’s Atlanta-centered zoo and 
museum activities are prominent examples of STC’s public outreach.  This is quite distinct from 
the science content of classroom lessons.   
 
Counterpoint 
 
According to an education researcher who partners with the UCLA Center for Embedded 
Network Sensing (CENS), this STC differs from the portrayal above. CENS has reached beyond 
the university borders to bring their science into large, urban, underserved, mostly neglected 
public schools and communities.  The center is committed to authentic partnerships with 
community organizations and leaders, to the new directions that their science may go based on 
these partnerships.   In this way, the type of model education project described above -- one based 
on setting up interdisciplinary teams for teaching and learning, for bringing core computer 
science problem-solving concepts into math and science classrooms, focused on inquiry rather 
than rote learning, based on issues relevant and meaningful for the engagement of diverse 
communities—is realized.  CENS work has the potential to become a model for the problem-
solving, collaborative learning experiences that Novak and others argue are necessary in 
education. 
  
To characterize CENS in a few words, it is:  innovative, interdisciplinary, risk-taking, creative, 
path-breaking, committed to the social good.  And over time it has added value as a center that 
takes risks on new and challenging opportunities—projects, technologies, collaborations and 
partnerships – that are very difficult to manage in individual investigator-style research modes. 
The point is that the NSF and STCs can play a leadership role in promoting new modes of 
assessment instead of adopting the same old rote learning models that continually constrain 
educators.  Therein lies a possible innovative change to the NSF STC models that includes  
innovative thinking about teaching and learning assessment models at the core of the evaluation 
plan for their centers.   
 
†  Bransford, J., Brown, A. L., & Cocking, R. R. (Eds.) (1999). How People Learn: Brain, Mind, Experience, and 
School. Washington, D.C.: National Academy Press. 
‡Novak, J. D. (1990). Concept maps and Venn diagrams: Two metacognitive tools for science and mathematics 
education. Instructional Science, 19, 29-52. 
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Box 6.  Integrative Education, Diversity, and Partnerships45  
The STCs have pioneered in the development of new degree programs, which institutionalize the 
opportunity to educate and train students in disciplines and emerging research areas on campuses 
where no such expertise or interest formerly existed.  This is a credit to the partnerships fostered 
by the STC Program.  Through them, a diversity of new scientists and engineers are prepared for 
the workforce, while the participating universities draw new talent to build an increasing critical 
mass of students and faculty. As an organizational entity, STCs cross traditional boundaries and 
afford disciplines yet another approach to recruit and produce the “next generation.”   
 

• Center for Integrated Space Weather Modeling (CISM) has helped nurture a new  
graduate program offering both masters and doctoral degrees at Alabama A&M  
University in Normal, Alabama.  Alabama A&M University is an historically black  
university with a strong record of graduating physics PhDs in other branches of physics.  
With CISM support, Alabama A&M has introduced the new specialty of solar and space  
physics into their physics graduate program. The first PhD awarded has taken a post- 
doctoral research position at NASA/Marshall Space Flight Center. 
 

• Center for Materials and Devices for Information Technology Research (CMDITR) has  
collaborated with Norfolk State University (NSU) faculty in the creation of a new Ph.D.  
program in Advanced Materials Science and Engineering at NSU. CMDITR faculty  
created and piloted lectures for two core courses, and assisted in the development of the  
six core, 19 elective, and two seminar courses at NSU. This new Ph.D. program,  
established in 2006, is NSU’s second Ph.D. program and only the second Materials  
Science and Engineering Ph.D. program at a historically black college or university. 
 

• National Center for Earth Surface Dynamics has worked with faculty at Salish Kootenai  
College (SKC), a tribal college located in Montana, to develop A.S. and B.S. Hydrology  
degrees at SKC.  The programs have just received accreditation.  Consequently, SKC is  
the only tribal college offering degrees in disciplines sponsored by the NSF Geosciences  
directorate.  

 
• The Center for Adaptive Optics (CfAO) has implemented an education program based on  

CfAO STC educational activities to teach graduate students methods of inquiry-based  
science teaching, and to apply this knowledge in programs that attract and retain a new  
generation of scientists, particularly among women and underrepresented minorities.  
Residing in the Institute for Scientist and Engineering Educators at UC-Santa Cruz,  
http://isee.ucsc.edu/, the new program serves graduate students in science and  
engineering. The Akamai Workforce Initiative, http://cfao.ucolick.org/EO/awi/, a  
partnership between the University of Hawaii Institute for Astronomy, UC-SC's CfAO  
and ISEE, and Maui Community College, is also about to launch a new bachelor’s  
program in engineering technology.  

 
 
 
                                                 
45 Adapted from several sources:  For CISM, http://www.bu.edu/cism/News/highlights.html and telephone 
interview with Jeffery Hughes, Feb. 25, 2010; for CMDITR, 2006 Annual Report (http://stc-
mditr.org/outputs/annual_report2006/Ch-3.pdf and telephone interview with Larry Dalton and Phillip Reid, 
Apr. 6, 2010; for NCED, http://www.nced.umn.edu/content/nced-affiliate-scientist-anthony-berthelote-
establishes-first-tribal-college-hydrology-degre; and Lisa Hunter, Outcomes from the CfAO Research 
Internship Program, UC-Santa Cruz, October 2010 Update Report. 
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C. Diversity 
 

i. National Context 
 

Race, ethnicity, and gender command policy and political attention because of the 
dissimilarity between U.S. population demographics and the STEM higher education and 
the workforce.  Underrepresented minority groups alone comprised 28 percent of our 
national population and 18 percent of science and engineering baccalaureate degrees in 
2006, yet just 9 percent of college-educated Americans in science and engineering 
occupations (both academic and nonacademic) (NRC, 2010).  The Equal Protection 
Clause (14th Amendment of the U.S. Constitution); Titles VI, VII, and IX; and the 
emphasis of the U.S. Census on gender and (now multi) racial/ethnic categories assure 
that these characteristics remain the principal concerns under the diversity banner 
(AAAS-AAU, 2010).46  

The STCs in particular, and NSF more generally, are focused on these statistics.  As 
reiterated by The National Academies’ Rising Above the Gathering Storm, Revisited—
Rapidly Approaching Category 5 (2010), tapping the talent of underrepresented 
populations remains an imperative for U.S. innovation.  Indeed, the Obama 
Administration has advocated for STEM education, both through its “Educate to 
Innovate” public-private campaign to boost student participation and performance, and 
“Change the Equation,” a coalition of over 100 companies to expand corporate efforts in 
STEM Education.  STC outreach to these populations typically occurs within an 
educational context, especially recruitment at the K-12 level, instead of as part of the 
S&T mission of the centers.  

ii.  The STCs and Diversity 
 

The central challenge to interpreting performance on diversity is how to calibrate 
the STCs relative to the home academic departments of participating students.  The 
results of these efforts are modest in (quantitative) terms of attracting individuals from 
groups not historically participating in science and engineering.  But once students enroll 
on campus, STCs are successful in competing for them.  Indeed, their diversity—
described below—seems 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 attracting and graduating underrepresented students relative 
to the respective disciplinary units where they are rostered as degree-seeking than by the 
absolute numbers of such students with whom they interact.  
                                                 
46 While women and racial/ethnic minorities remain the common synonyms for diversity, disability, 
nationality/citizenship, religion, discipline, institution type, family income, parents’ educational attainment, 
sexual orientation, and other emerging “minority” claims vie for consideration if not equal time.  However, 
that doesn’t mean that data are systematically collected and reported for each of these variables.  The  NSF 
Act of 1950 was amended in 1998, under the  Science and Engineering Equal Opportunities Act (Public 
Law 96-516), to include persons with disabilities.  Disability is a classic example of an under-counted 
category due chiefly to individuals choosing not to disclose.  “Diversity” has become a catch-all for persons 
underrepresented (the numerator) relative to some population definition (the denominator) (Chubin, 2009).  
In a nation that is increasingly ethnically diverse, the number of economically disadvantaged or first in their 
family to attend college demands a more inclusive definition.  This, in turn, will expand the pool of 
“underrepresented” students. 
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Reviews of the STC annual reports and websites reveal that 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 mechanism—critical 
mass that facilitates degree-completion—for those who join an STC project team.47  The 
mandate is served by expanding and diversifying the talent pool, some of whose members 
aspire to, and others who embrace the requisite experiences for, a career in science 
(Summers and Hrabowski, 2006).   
 
Students and faculty, of course, are inextricably bound.  As Nelson and Brammer (2010) 
have shown, the composition of the faculty in Top 50 federal R&D-recipient departments 
has hardly diversified by race/ethnicity during the life of the post-1999 STCs (see Table 
18). 
 
Table 18. Underrepresented Populations among U.S. Degree Recipients and the 
       Professoriate (in %) 

 B.S. Ph.D. Top 50 Faculty 
Discipline 2000 2005 2000 2005 FY2002 FY2007 
Chemistry 17.0 16.7 8.4 8.5 3.2 3.7 
Math 14.4 13.1 5.5 9.1 3.6 2.3 
Computer Sci 17.6 20.6 7.4 6.5 1.6 2.5 
Astronomy 6.4 8.6 3.8 4.5 2.4 2.2 
Physics 9.5 10.3 5.9 5.6 2.6 2.5 
Chemical 
Engineering  14.2 14.7 7.2 11.0 4.9 5.6 
Civil Engr 14.0 14.3 6.3 8.2 5.4 6.6 
Electrical Engr 15.8 16.1 6.8 9.5 4.3 3.6 
Mechanical Engr 12.5 11.5 8.6 8.9 3.9 4.3 
Economics 12.4 13.1 9.2 10.7 4.3 5.7 
Political Science 20.1 20.8 12.1 13.9 6.9 6.9 
Sociology 27.0 28.7 17.7 19.2 10.1 12.9 
Psychology 20.1 21.6 13.3 13.4 6.3 7.1 
Biological Sci 15.5 16.5 7.4 9.6 3.0 3.8 
Earth Sciences 5.4 6.6 5.2 6.7 Na 3.4 
average --> 15.5% 16.2% 8.5% 9.9% 4.5% 5.0% 
5-yr increase --> 0.7% 1.4% 0.5% 
U.S. population --> 25.7% 27.6% 1.9% increase 

Source:  Nelson and Brammer, 2nd Ed., 2010, Table 3 
 
Despite their representation at parity in the general and undergraduate populations, wide 
disparities in the Top 100 academic departments are also found in the percentage of 
Ph.D.s earned and faculty positions held (see Table 19).48  The only consistent trend 

                                                 
47 As the 2003 University of Michigan Supreme Court admissions decisions affirmed, “the educational 
value of diversity” in the classroom and on campus benefits all students, minority and nonminority alike 
(summarized in Gurin, P. “The Compelling Need for Diversity in Higher Education, 1999, 
http://www.vpcomm.umich.edu/admissions/research/expert/gurintoc.html ). STC project teams are a case 
example of diversity in action.  
48 Note that the proportion of women faculty on average is three times the representation of URMs in 
STEM departments.  This is consistent with the B.S. and Ph.D. production in those departments, 
demonstrating a predictable “pipeline” effect.  Just as the magnitude of underrepresentation differs for these 
two categories, so will the time to reduce it also differ.  
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across fields is the declining proportion of women in the senior ranks of the academic 
ladder.  
 
For these reasons, the linkage between education and diversity in the activities of the 
STCs is understandable.  However, to assume that acting to achieve one objective will 
necessarily help to achieve the other overlooks several intervening factors, especially 
those known to affect the participation—as students and faculty—of women and 
minorities.49  Opportunities to diversify participation at all levels permeate the STCs, 
though hiring decisions ultimately rest with the academic departments.  
 
Students (and perhaps faculty) prefer to see “someone who looks like me” in the 
department they are contemplating joining.  Today’s students will become tomorrow’s 
faculty—if they are encouraged and mentored to do so. It is thus not unreasonable to 
expect centers to do as well, if not better, than traditional disciplinary departments in 
preparing the next generation of science practitioners.  Successful performance here is 
predicated not only on “hosting” graduate students, but also ensuring their completion of 
degree.  It is the difference not only between recruitment and retention, but investing in 
talent that can have inter-generational effects on who populates and propagates STEM 
disciplines (Chubin, 2006).    
 
Table 19. Women in the U.S. Academic Pipeline (in %)* 
Discipline Students Departments 1 - 100 FY2007 
 BS2004 BS2005 PhD86-95 PhD96-05 asst Assoc Prof All 
Chemistry 51.0 51.7 26.3 32.4 21.2 19.6 9.7 13.7 
Math 46.1 44.9 22.5 28.7 26.8 18.4 7.1 12.9 
Computer Sci 24.7 22.0 19.8 21.2 20.0 11.6 10.3 13.2 
Astronomy ** 41.5 42.4 15.2 22.7 25.3 21.6 12.3 15.8 
Physics 21.6 21.1 10.8 14.3 16.8 13.4 6.1 9.1 
Chemical Engr 35.6 36.7 17.1 23.7 24.2 17.6 7.3 12.6 
Civil Engr 24.1 23.9 12.7 22.0 24.7 14.5 7.1 13.0 
Electrical Engr 14.0 12.9 8.6 12.3 15.5 12.5 5.7 9.5 
Mechanical Engr 13.7 13.2 7.3 8.4 18.0 11.9 4.4 8.8 
Economics 32.5 31.5 25.7 30.2 30.8 20.3 8.7 16.3 
Political Science 51.1 51.0 32.8 38.9 37.0 29.3 17.6 26.1 
Sociology 71.5 70.5 53.4 60.8 56.1 45.7 28.2 39.8 
Psychology 77.8 77.8 59.1 67.8 48.5 43.9 29.5 37.3 
Biological Sci 62.5 62.2 39.6 46.3 35.0 30.0 17.4 24.4 
Earth Sciences 42.1 41.9 22.5*** 31.8 28.2 20.9 11.3 16.5 

*Females were 50.7% of the 2006 U.S. population. **Top 40 departments. ***1995 data only. 
Source: Nelson and Brammer, 2nd Ed., 2010, Table 11 
 
But even this logic gives insufficient credit to the programmatic and institutional aspects 
of diversity, e.g., the partnerships between minority-serving colleges and research 
universities, the establishment of Ph.D. programs where none existed before, the 
exchange of faculty and students as they progress along a pathway to an independent 
career.  There is ample evidence that the STCs have stimulated such organizational 
change and exchange.  In so doing, faculty and students formerly unconvinced about or 
                                                 
49 Climate, stereotype threat, and self-efficacy are three key empirically-replicated factors that weigh 
disproportionately on underrepresented students (see Chubin, DePass, and Blockus, 2010).   
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indifferent to changing demographics of their students grow sensitive to the 
“underrepresented” who demonstrate they can compete and succeed alongside the 
traditional students in their field.50  This is the essence of “mainstreaming.”  While the 
exact profile of these STC student cadres varies from center to center, it is evident from 
site visits and telephone interviews that a culture change is occurring.   
 
Through their diversity-oriented activities, STCs have served as a set of testbeds 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 still-emerging but 
convergent evidence that STCs contribute significantly to increased diversity in the U.S. 
STEM student body.  Conditioned by the observation that this evidence relates more to 
modest absolute gains and subsequent retention, STC performance on diversity appears 
favorable relative to other NSF programs.  Elaboration on this contention follows.    
 

iii.  Findings 
 

      a.  STC Demographics, by Participant Category 
 

      Abt has summarized, by center, the population demographics for all categories 
of participants.  In keeping with the program focus of this review, AAAS has compiled 
these data, raw numbers and percentages, in Table 20 a and b.   
 
Table 20a. STC Underrepresented Participant Demographics 

COHORT CATEGORY Undergraduate Graduate Faculty Postdoctoral 
2000 Female 394 370 133 100 
n=5 Hispanic 85 49 15 12 
 Black 241 60 35 7 
 Native American 5 10 1 3 
 Non US Citizens 53 217 41 155 
  TOTAL N 761 853 457 344 
2002 Female 380 347 65 76 
n=6 Hispanic 121 63 19 6 
 Black 104 60 15 4 
 Native American 14 2 1 1 
 Non US Citizens 52 418 54 129 
  TOTAL N 789 1,063 412 239 
2005/06 Female 158 132 48 18 
n=6 Hispanic 29 16 14 5 
 Black 76 19 9 2 
 Native American 13 3 1 0 
 Non US Citizens 6 121 40 32 
  TOTAL N 326 411 248 66 

 
 

                                                 
50 Faculty statements supporting this statement were heard repeatedly in the five site visits that AAAS 
conducted as part of this review.   
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Table 20b. STC Underrepresented Participant Demographics (% of Total) 
COHORT CATEGORY Undergraduate Graduate Faculty Postdoctoral 
2000 Female 51.8% 43.4% 29.1% 29.1% 
n=5 Hispanic 11.2% 5.7% 3.3% 3.5% 
 Black 31.7% 7.0% 7.7% 2.0% 
 Native American 0.7% 1.2% 0.2% 0.9% 
 Non US Citizens 7.0% 25.4% 9.0% 45.1% 
2002 Female 48.2% 32.6% 15.8% 31.8% 
n=6 Hispanic 15.3% 5.9% 4.6% 2.5% 
 Black 13.2% 5.6% 3.6% 1.7% 
 Native American 1.8% 0.2% 0.2% 0.4% 
 Non US Citizens 6.6% 39.3% 13.1% 54.0% 
2005/06 Female 48.5% 32.1% 19.4% 27.3% 
n=6 Hispanic 8.9% 3.9% 5.6% 7.6% 
 Black 23.3% 4.6% 3.6% 3.0% 
 Native American 4.0% 0.7% 0.4% 0.0% 
  Non US Citizens 1.8% 29.4% 16.1% 48.5% 

Source: Compiled from Martinez, A., R.J. de la Cruz, and N. McGarry, Sept. 2010, Exhibits 1-3 
 
These data provide some evidence for testing the hypothesis that STCs are becoming 
incubators for minority talent.  Aggregating the three underrepresented minority groups, 
the 2000 cohort is the most racially and ethnically diverse undergraduate student 
population (roughly 43% v. 30 and 36% for the 2002 and 2005-06 cohorts, respectively).  
Further, the ratio of underrepresented minority undergraduates to graduate students varies 
from 2.5 to 4, which for all but the most recent cohort slightly exceeds the URM faculty 
proportions.51  In the postdoctoral ranks, there is modest diversity (again with 2005-06 
centers diverging).   
 
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 of female graduate students to female 
faculty.  Women in each cohort also represent one out of every 3-4 postdocs, proportions 
that are dwarfed by non-U.S. citizens who constitute about half of those in the ranks of 
STC postdocs.     
 
In all, beyond the undergraduate level, STC participants look very much like the STEM 
disciplines whence they come.  That the most dramatic URM participation is observed in 
the 2000 cohort supports the notion that, over the life of these STCs, diversity improved 
because of what the centers did.  But this takes time!  Whether this is critical mass, 
informed interventions, inclusive teams, or enlightened faculty at work changing the 
environment, the evidence suggests that STCs are fostering increased diversity at all 
levels of higher education.  
 
 
 

                                                 
51  To calibrate these statistics, consider American Council on Education (Ryu, 2010) estimates:  in 2007 
the proportion of faculty positions held by minorities (all fields) was 17%, which is about twice the fraction 
of minority STEM faculty participating in all three cohorts of the STCs.   
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b.  Student Surveys 
 

A first-person perspective on these conjectures can be found in the results 
of the 2010 AAAS and the Abt surveys, each of which captured samples of the STC 
student populations—one current, the other former.  Table 21 summarizes the differences 
in these samples and the interpretation challenges they pose.  Note that the AAAS sample 
included undergraduates, though they represented less than 15% of the total.  And like the 
Abt sample, the vast majority of respondents were doctoral students.  
 
Table 21.  Demographic Composition of Respondents to STC Current and Former  

      Student Surveys 
 AAAS Abt 
 Current Students* Former Students# 
Sample size 189 489 

% women 40.0 35.0 

% URM^ 27.0 11.4 
 
Notes:  * total students (graduate + undergraduate=221; reduced n reflects respondents to these questions 

only (85% are grad students). 
            # total graduate students=2327; analytic sample=489 (54% response rate). 
            ^ URM (underrepresented minorities)=Black/African American, Native American/Alaskan Native, 
  Native Hawaiian/Pacific Islander, Hispanic/Latino. 
Sources:  AAAS STC Student Survey (online), 2010; Martinez et al., 2010 
 
Compared to the population participation figures cited above, there are notable 
differences in the survey samples.  Both samples (particularly the alumni) under-
represent the diversity in the population, especially for URMs.52  This is a three-cohort 
aggregation, however, so even for the AAAS sample the 2000 minority presence among 
undergraduates (dominated by Blacks) is diminished.  While the proportion of women 
student participants in the STCs, current and past, is comparable, the variation in minority 
participation is striking.  At least two factors may account for the difference.  First, 
current students are enrolled and presumably making progress toward an advanced 
degree; former students have completed the degree.  Attrition robs STEM disciplines of 
new practitioners, hence the gap between 27 and 11 percent.  But there is another 
possibility:  the proportion of minorities joining STCs as students has grown over the 
decade of this study. Indeed some of the very programs implemented in the centers have 
just begun to bear fruit in the demographic makeup of participants.   
 
Note, too, that even 11% exceeds the typical minority representation in a STEM graduate 
program. The following STCs have succeeded in enrolling URMs in graduate study at 
levels that rival national population figures:  CISM (30%), CReSIS (20%), CBN (16%), 
NCED (12%).53  Furthermore, several centers (NCED, TRUST, NBTC) have aligned 

                                                 
52 This is especially the case of students with disabilities, who are chronically under-counted in STEM 
tabulations. Their inclusion has gained little traction in the STCs as well.  Among the 2479 graduate 
students in the Abt participant database, only four self-identify as having a disability (A. Martinez, personal 
communication, Dec. 7, 2010). 
53 Percentages are based on Education and Diversity reports solicited by NSF or on web documents 
reporting in 2008, 2009, or 2010.  



 

 60

with national minority-serving organizations, e.g., SACNAS and AISES, and with 
scholars leading inclusion efforts in other NSF-funded programs, e.g., LSAMP, IGERT, 
and Broadening Participation in Computing, to produce minority scientists and grow a 
diverse faculty (see Chubin and Johnson, 2010).  In short, the STCs “get it.”   
 
Many centers also recognize, as Box 6 above on Education, Diversity, and Partnerships 
describes, that the establishment of new graduate programs in STC partner institutions 
(especially those that attract minority talent) become institutionalized pathways for 
attracting and producing minority scientists and engineers.  This takes time, but produces 
benefits for the disciplines, the host and partner institutions, and the national workforce. 
It also highlights the importance of allowing for and adjusting for gestation periods in 
measuring the value-added of a program intervention.  
 
There are other signs as well that the STCs are translating words into deeds.  For 
example: 
 

• Because an STC provides multiple opportunities for creating a critical mass of 
students who would otherwise be isolated in a department, lab, or team, “better” 
performance on diversity might be increasing the proportion of women or 
minority participants through the addition of one or two students.54  Over eight 
years NCED has worked with its diversity partners, especially the Fond du Lac 
Tribal and Community College, to provide new pathways for Native American 
youth into geosciences careers (NCED, Annual Report, 2010).  The headline here 
is that recruiting foreign and U.S. minority students is a dual strategy:  one need 
not detract from the other, which is the all-too-common occurrence in STEM 
department graduate programs.  

 
• Supporting diverse students is an attraction to other underrepresented students. In 

the spirit of “build it and they will come,” inasmuch as STCs typically organize 
into research teams/labs led by individual faculty, it is the welcoming setting—the 
human resources of the center rather than the configured teams that result from 
the talent present in the center—that sets STC organized research projects apart 
from other forms of student financial support.  This nuance is not lost on at least 
half of the 17 STCs, as demonstrated by participation numbers and students’ 
testimony to the value of access and learning from STC peers and faculty alike.55      

 
• From site visits and focus groups, the commitment of STC students and faculty to 

diversity and inclusion is unmistakable.  In one case (CBN), growing a cadre of 
students to change the face of a discipline was announced as a goal, heightening 
(by their own admission) the consciousness of faculty and students alike about the 
diversity of participants—now and in the future—in the young field of behavioral 

                                                 
54 Contrast this with the report on the growing number of doctorates awarded to foreign students on 
temporary visas—one in three in 2008, up from 12 percent in 1978 (NSF, 2009).  Temporary visa students 
are generally represented in STCs at levels comparable to the national average.  
55 In response to the question “Please indicate how affiliation with the STC has proved to be an advantage 
or not,” 54% of current students found “refining my thinking about how gender, race, and ethnicity interact 
in teamwork” an advantage or benefit, while 88% found “providing contact with many center 
faculty/researchers” and “allowing exposure to researchers outside my home institution” a benefit. 
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neuroscience.  Abetted by its location in Atlanta and center participation by 
institutions in the Atlanta University Center, CBN capitalized on this strength.  
Credit here belongs to the center’s leadership, which recognized and capitalized 
on its setting. 

 
Box 7. Diverse Workforce Outcomes from the CfAO Research Internship  

Program56 
 

The NSF Center for Adaptive Optics (CfAO) developed a program model for advancing 
science, technology, engineering, and math (STEM) college students into STEM careers, and 
implemented the model in three programs. The program model was designed to engage students 
in research early in their college education, and to include students from a broader range of  
backgrounds, including students from community colleges. The programs had a specific goal to 
increase participation from groups underrepresented in STEM, and in particular the physical  
sciences, engineering, and computing fields relevant to the CfAO. Outcomes from the 214 
students participating in the program from 2002-09 include: 
 

• 71% were from groups underrepresented in STEM 
• 42% of the 214 participants were community college students 
• 84% of participating students remained on a STEM pathway 
• 87% of “mainland” participating students now have a STEM BA/BS 

 
The program model developed by the CfAO was strategically designed to bolster the traditional 
research experience format that often employs a “sink or swim” approach, in which a student’s 
background will have a significant influence on their chances of success. The norms and practices 
of research environments are new to many students, but for some students the situation may be 
significantly different and even perceived as contradictory to their social and cultural background. 
The program model was implemented through three programs adapted to somewhat different 
environments serving students. The CfAO “Mainland” program attracted students from across the 
U.S. and placed them in academic and national lab research positions at CfAO sites located at 
multiple sites throughout the U.S. The “Maui Akamai” program recruited students from Hawaii 
and placed them in industry and academic positions. The “Hawaii Island Akamai” program also 
served Hawaii students, but placed them at Mauna Kea observatories. Both Akamai programs 
were aimed at a state of Hawaii need to produce a local workforce, thus placed a high priority on 
including local students of backgrounds that reflect state demographics (e.g., approximately 25% 
of Hawaii’s population is Native Hawaiian). 
 
The Mainland program provides a longer-term outlook on the CfAO internship model, as the 
program was the first program implemented (2002), and was terminated in 2007. Many of the 
students in the program have now had ample time to complete their undergraduate degree and 
move to the next education or career phase. In 2010 we contacted 68 of 72 (94%) of the alumni of 
this program. Of those we contacted 87% have graduated with a STEM BA/BS degree. Of these 
graduates, 54% entered STEM graduate programs, and 22% entered the STEM workforce. For 
those that entered STEM graduate programs (32), all but one (97%) have either graduated or are 
still enrolled. 
A two-year study of the CfAO internship program was initiated in 2006, documenting and 
observing interns throughout their program experience. The focus was on how, when, and under  
what conditions undergraduate interns come to engage in scientific argumentation during learning 

                                                 
56 Adapted from Lisa Hunter, “Outcomes from the CfAO Research Internship Program,” UC-Santa Cruz, 
October 2010 Update Report. 
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activity in classroom and research settings. Findings revealed different aspects of the learning 
environments that mediated opportunities for interns to formulate, articulate, and defend in  
scientific explanations. These aspects ranged from persistent cultural/institutional norms in the 
research and classroom environment, to the dynamics of face-to-face interactions between  
students and mentors. Evidence indicates that research experience alone is not enough to ensure 
that undergraduates will have opportunities to explain their work and promote student 
engagement.  
 
The Akamai internship programs have become highly valued within the state of Hawaii and are at 
the heart of the Akamai Workforce Initiative, which is funded by the National Science 
Foundation, the Air Force Office of Scientific Research, University of Hawaii, and Thirty Meter 
Telescope Corporation. Each year approximately 30 students participate in the full program 
model, and are supported for many more years through a range of informal activities. 
 

iv.  Concluding Observations 
 

Data on diversity as part of the aggregate activities of STC program objectives 
have been hard to extract and harder to extrapolate.  Within this constraint, the study’s 
review prompts these observations: 
 

• Informed STCs see the research context as a means of transforming smart 
investigators into multicultural teams whose interactions produce both synergy 
and novelty.  Those STCs embedded diversity (admittedly, through the lens of 
education) into the main business of the STC rather than marginalizing it.57  

 
• For reasons yet to be fully examined, i.e., beyond the scope of this review, 

accomplishments in fostering diversity in STEM participation have taken root 
both in those STCs where the education efforts have flourished and where they 
have floundered.  More important perhaps, diversity activities have become part 
of STCs “going concerns” with spillover impacts in some host and partner 
institutions.   

 
• Evidence of a continuing “legacy” effect on diversity also emerges from the 

AAAS and Abt student surveys.  When current students were asked, “Would you 
advise new graduate students to join an STC?” the responses “without a doubt” 
and “probably” yielded 90% agreement.  Comparably, Abt asked “Would you 
recommend the STC to prospective graduate students with similar interests?” and 
the response was 89% agreement.  The client is satisfied with the experience and 
the outcome, a result in which the STC program should revel. 

 
The implications for NSF of these findings should be instructive in shaping its 
approaches to diversity.  Unless changed, a constricted pool and pathways to STEM 
degrees will continue to homogenize STEM faculties.  A program with explicit 
objectives, yet welcoming innovation in satisfying them, stands as an example of how to 

                                                 
57 The STC community needs to learn how to “connect the dots” on how diversity investments and 
strategies can be adapted to other centers’ main disciplines, problem foci, strengths, and student 
populations. 
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diversify the talent—precollege to postdoctoral—that opts for a science or engineering 
career.  STC is one such program.   
 
D.  Knowledge Transfer  
 

i. What Counts 
 

Knowledge transfer refers to the mutual exchange of scientific and technical 
information and resource sharing among STC partners and other entities including 
educational institutions, non-governmental organizations, federal and local governments, 
community groups, national labs, and industry (NSF, 2003 STC Solicitation). The 
objective of knowledge transfer is the creation, dissemination, and utilization of 
knowledge in multiple sectors.  
 
Both by mission orientation and engagement in integrative partnerships, the STC 
mechanism is predicated on offering distinctive approaches for universities to interact 
with outside users, and by extension, for knowledge transfer that extends beyond those 
generally flowing from single-investigator/small group research projects. Partnerships 
with academic and non-academic institutions and public entities, involvement of 
industrial and other non-academic specialists on the STC advisory committee, faculty 
consulting relationships with industry and policy makers, visiting instructorships by 
industrial scientists, and student internships in industry are among the modes of exchange 
used by STCs.  
 
NSF solicitations make knowledge transfer a fundamental component of the integrative 
partnerships’ aspect of the STC Program. That STCs engage in knowledge transfer has 
been required since the inception of the program (NSF, 1988 STC Solicitation).58  In 
accordance with this emphasis, NSF mandates the centers to have a coordinator for 
knowledge transfer on their management teams.   
 

ii.  Findings 
 

A review of the knowledge transfer component at the 17 STCs points to a 
spectrum of highly diverse set of activities, each requiring separate undertakings and 
measures, and each tied to a different research and policy literature. Knowledge transfer 
activities at centers span a wide range because they are closely aligned with the scientific 
themes of the specific centers, which themselves are heterogeneous. The principal 
categories of knowledge transfer activities at the STCs are:  
 

(a) research findings- publications, presentations, seminars;  
(b) technological innovation- measurable by patents, licenses, products, firm start 
      -ups, and the rest of the conventional set of technology transfer metrics;  
(c) platform science/technologies- new findings that underpin new approaches 

across a wide set of scientific/technological/industrial fields-measurable by 
key word analyses; content analyses, patent-publication citations, and the like;  

                                                 
58 The 1987 National Academies report had prescribed that STCs engage in knowledge transfer through 
direct intellectual exchanges and participation of researchers in the centers’ activities.  
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(d) creation of new institutionalized fields of knowledge- measurable in addition 
to the above by the establishment of new journals, professional societies, 
academic departments;  

(e) connections to regional/state economic development activities; and  
(f) 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.”  

 
Based on the AAAS faculty survey results, knowledge transfer was identified as a net 
benefit of participation in the STC; and more than 40% of the faculty respondents appear 
to have participated in the knowledge transfer or product development activities of their 
center. The student survey results reveal that more than 80% of the student felt that 
allowing their participation in knowledge transfer has been a net benefit of their 
affiliation with the center.  
 
The sections below detail the various flavors of knowledge transfer (KT) operations at 
the centers.  Some mechanisms are employed for knowledge dissemination by and to 
research groups, while others highlight the ways in which the STCs add value to the 
broader diffusion of knowledge.  
 
Traditional—Irrespective of their research focus, all centers are engaged in what may be 
termed traditional knowledge transfer activities. These include seminars, publications, 
domestic and international collaborations, and participation in scientific meetings. As 
noted in the findings reported under science, most faculty survey respondents reported 
increased collaboration, experiencing new forms of team work, and publishing in new 
fields and journals.  In addition, due to a broad reach of the centers in their scientific and 
research community, STC participants are often invited as plenary and presidential 
speakers to conferences and seminars. This finding is supported by faculty survey results, 
where more than 40% respondents said that STC participation had increased the 
invitations they received to speak at meetings and conferences. 
 
Although traditional in format, these KT activities are reported to have had a 
transformative influence on the career choice of students, as described in the words of a 
survey respondent on the extent to which experience in a STC influenced their interest in 
pursuing a graduate degree, “The opportunity to research in a laboratory has really 
challenged and motivated me to pursue a graduate degree. I was able to have experiences 
with oral presentations, written reports, and national conferences.” The same sentiment is 
reflected in the advice one respondent said they would give to new students on joining an 
STC, “I have become a much more well rounded scientist due, in part, to my experiences 
with the STC. I have had numerous chances to travel to conduct research and present my 
research within the center, nationally, and internationally. The interactions with scientists 
outside of my field have given me the ability to better communicate with other scientists. 
I have also had numerous collaborators in an area of interdisciplinary research. These 
opportunities would not have been possible at my home institution or without 
participating in the STC.” 

 
Building on existing tools—Similar to the approach for education and diversity efforts, 
knowledge transfer of several centers builds upon existing activities at host institutions, 
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e.g., CMMAP with the Little Shop of Physics, CBN with Zoo Atlanta and Fernbank 
Museum of Natural History, NCED with Minnesota museum, NBTC with Ithaca Science 
Center and Painted Universe.  At least one of these activities, that with the Minnesota 
museum, involves six different STCs. Where possible STCs also seek partnerships with 
Federal Laboratories focused on similar research areas to augment exchange of 
knowledge for mutual benefit, e.g., CISM with the Space Weather Prediction Center at 
the National Oceanic and Atmospheric Administration, CMMAP with Pacific Northwest 
National Laboratory and National Aeronautics and Space Administration. Indeed, the 
selection of partner institutions is sometimes governed by their influence and contribution 
to the knowledge transfer activities of the center. 
 
Focal points—One significant, perhaps distinctive, approach to knowledge transfer 
adopted by several STCs is the hub and spokes model. STCs have played a central and 
entrepreneurial role in organizing national and international communities of practitioners 
in their research field together, e.g., CBST, NCED, CAMPWS. The STCs platform has 
proven not only vital for information and knowledge exchange, but also for providing a 
central stage for the training of young as well as established practitioners, e.g., NCED, 
SAHRA, NBTC, CfAO, CISM, CENS, CMMAP. A natural extension of serving as a 
focal point and training ground is that STCs facilitate the cross-talk between disciplines 
(see below). In the words of a faculty survey respondent, “The STC provided a forum for 
concentrated integration of scientists from a variety of disciplines to integrate and 
advance those different disciplines.”  
 
Cross pollination—As academic research units, STC participants routinely disseminate 
information in their immediate disciplinary and professional fields. An added, frequently 
distinguishing contribution of their research and knowledge dissemination activities is 
that it binds together researchers from disparate fields who would have not interacted if it 
weren’t for the activities of the centers.  In doing so, the knowledge generated and 
transferred by centers finds applications in unpredictable domains like adaptive optics for 
vision science, macromolecular synthesis to cancer nanomedicine, and computer 
engineering to participatory sensing. As one center faculty respondent put it, 
“[Participation in the STC has affected my research because it…] brought together 
collaborators from different fields that would never have worked together had it not been 
for the STC”; and “My collaborators and students have worked across conventional 
boundaries to develop a single discipline that spans solar activity to ionospheric response 
in modeling space weather. Traditionally, solar and geophysicists work in isolation. This 
has been the single greatest benefit, the development and awareness of a single connected 
discipline.” 
 
Knowledge brokers—STCs work as “knowledge banks” where researchers, stakeholders, 
national and international practitioners look for technical guidance and assistance, e.g., 
CMOP provides training on two open-source community-supported, unstructured-grid, 
hydrodynamic modeling systems developed for the 3D simulation of circulation and 
transport in natural water bodies; the Summer School at CfAO provides instruction and 
hands-on experience to students, postdocs, and industry representatives; CBST’s 
Biophotonics4Life Worldwide consortium, BiophotonicsWorld.org portal, and a 1-800 
phone number for technical  help in biophotonics; hydrologic literacy through universally 
accessible Global Water News Watch, Arizona Wells, Rainlog, National Phenology 
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Network, Water and Development Information for Arid Lands-A Global Network 
websites, and Water News Tracker service supported by SAHRA; an annual symposium 
hosted by NBTC and its briefings made widely accessible through a collaboration with 
the New York Academy of Sciences. 
 
Feedback loop—Some exchanges between STCs build upon a feedback loop between the 
center and the practitioners or stakeholders in the relevant scientific field.  These 
exchanges improve the prospects that advances made at the STCs are informed by their 
ultimate users, which in turn lead to more ready acceptance by the community. Examples 
include:  NCED with tribal communities; TRUST with Chief Technology Officers of 
major IT firms; SAHRA with federal and local governmental agencies; CISM with 
weather forecasters; CMOP with Affiliated Tribes of Northwest Indians organization; and 
NCED with Louisiana’s coastal restoration managers and decisionmakers. 
 
Knowledge-sharing for evidence-based public policy—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. 
At the domestic level, this knowledge transfer by STCs is often achieved through 
testimony at congressional hearings and direct contact with their elected representatives. 
Examples include the activities of CAMPWS, SAHRA, CReSIS, NCED, CENS, CERSP, 
CMDITR and TRUST. An illustration of STC involvement in areas of societal 
importance comes in the words of a faculty survey respondent, “The STC has brought 
together the science of security with the engineering of systems, and applied these to key 
areas of societal import (finances, medical records, physical infrastructure).” Another 
testament to the influence of STCs in influencing policy is that an overwhelming 87.4% 
of student survey respondents said their affiliation with the STC was an advantage in 
allowing interaction with government agencies. 
 
Technological innovation and economic development—Most centers have an advanced 
understanding and capability to engage in application-based technology transfer (Table 
22), and in fact, several of the STCs have launched start up companies based on the 
technologies developed at the centers (e.g. CfAO, NBTC, CBST, CAMPWS, CERSP, 
CMDITR, CENS, CLiPS, TRUST, CReSIS).  
 
Most STCs report deferring to their host institutions in formulating and implementing 
technology transfer and commercialization policies. In a few cases however, the activities 
of an STC has served to identify gaps or new opportunities in existing intellectual 
property rights policies, leading to institutional changes. Some STCs have developed 
exemplary programs for formalizing interaction with industry and improving 
commercialization of the technologies developed at the centers.59  

                                                 
59 For example, CMDITR devised and implemented a novel shared equity agreement model with 
companies, which later formed the basis for the rewriting of Washington State’s IP law. CMDITR also 
played a major role in the founding of the Center for Technology Entrepreneurship at the University of 
Washington, which has led to the promotion of start up companies in the State. In addition, CMDITR has 
developed a training module— Responsible Conduct of Research (RCR)—as a resource for educating 
center participants on intellectual property issues, patent law, technology transfer and commercialization. 
Another example of an institutional change was noted at the University of North Carolina, which recently 
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Centers carry out commercialization activities internally at the institutional level and via 
appropriate industrial partnerships. For STCs that emphasize product development, 
knowledge exchange and networking with the relevant industries is achieved through 
industry affiliates programs, workgroups and showcases, sponsored-research agreements, 
as well as by including industrial representatives on STCs’ external advisory committees 
and center staff serving on the scientific advisory boards and as Board of Directors for 
the companies. As a result, some STCs have successfully leveraged STC funding through 
research support from industry, e.g., CMDITR raised $26.8M from 43 companies; 
CAMPWS secured $2M of industry funding.  In the case of CBST, center-affiliated staff 
were successful in securing an $8.5M NIH grant for the establishment of the UC Davis- 
Lawrence Livermore Laboratory Point-of-Care (POC) Technologies Center for the 
development of new photon-based diagnostic technologies through a partnership between 
CBST and the POC Technologies Center. 
 
In accord with the above observations, more than one in three respondents to the AAAS 
faculty survey indicated that their participation in the center had led to more interaction 
with industry as compared to other members of their department. In the same vein, 87.5% 
of student survey respondent felt that affiliation with the STC was a benefit in allowing 
interaction with industry. Moreover, more than 80% of the students agreed or strongly 
agreed with their supervisor/major professor and research group’s emphasis on product 
development. 
 
Table 22. Knowledge Transfer—Technology Commercialization Activities, by STC 
       Cohort 

  Invention  
disclosure 

Licenses Start-
Ups 

Patents Int'l 
Patents 

Int'l 
Patents 
App 

Patent 
App 

Provis-
ional 
App 

U.S. 
Patent 
Pub 

Unavail-
able 

Class of 
2000 87 4 10 241 9 26 96 35 64 11 Reporting 
years 1-9 
Class of 
2002  202 5 13 322 5 4 182 38 58 35 Reporting 
years 1-7 
Class of 
2005/06 0 0 0 6 0 0 1 4 0 0 Reporting 
years 1-4 

Note:  Patents have been sub-classified in their individual subtypes. For the class of 2002 and 2005/06, the 
numbers reported above are not complete, since these data were missing from the Abt compilation. 
Source: Abt Associates Codebook, June 2010 
 
Knowledge transfer to local communities—Through their education and outreach 
endeavors, STCs have found effective means to connect with local communities to share 
the knowledge and information generated at the centers. The motivation for steering their 

                                                                                                                                                 
unveiled a new standard licensing policy, Carolina Express License, to promote spin offs based on 
technology that is invented at UNC (http://uncnews.unc.edu/content/view/3169/107/). The idea for this 
innovative licensing policy came from a committee that was chaired by the Director of the UNC-based 
STC, CERSP.  
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knowledge transfer activities toward local citizens can revolve around enhancing science 
literacy, engaging the public, and raising awareness of local issues as they relate to 
research conducted at a particular STC, e.g., SAHRA-hydrology; C-MORE-coastal 
management; NCED-stream and river restoration; CENS- participatory sensing 
technology in community health. The widespread availability of the Internet has greatly 
facilitated these efforts and several STCs have multiple websites and newsletters to focus 
on different research themes and activities. One STC (SAHRA) presents coverage on its 
website of water issues from 205 countries in eight languages; C-MORE has utilized 
television documentaries for public outreach; and two films are scheduled to be produced 
on the work of NCED. 
 
Reverse branding—For the most part, STCs engage in active, outward knowledge 
transfer, where they can push the dissemination of knowledge outward. But there are also 
instances where the high quality research and scientific advances made by STC 
participants generate automatic, unsolicited knowledge transfer, such as coverage of 
centers’ research in top-tier journals and popular media,60 and formative influence on 
scientific societies and federal agencies (e.g. NCED—Minnesota Pollution Control 
Agency, U.S. Forest Service Stream System Technology Center; CENS—National Park 
Service; and TRUST—California state government for help with electronic voting 
systems, and job site.  
 
Breakthrough in Knowledge Transfer—The value-added character of KT is exemplified 
by breakthroughs:  a majority of the 17 STCs showcase ground-breaking avenues, 
accomplishments, and models for knowledge transfer have redirected the scientific 
enterprise. Examples include STC influence and leadership in the launch and 
establishment of new: 
   

• scientific journals/magazines (CBST- Journal of Biophotonics; CMMAP- Journal 
of Advances in Modeling Earth Systems; SAHRA- Southwest Hydrology 
magazine); CReSIS- Climate Change FAQ booklet),  

• research institute (CBN- Neuroscience Institute at Georgia State University), 
• degree programs (CISM- graduate concentration in space science in the Physics 

Department at Alabama A&M University; CMDITR- doctoral program in 
Materials Science and Engineering at Norfolk State University; CERSP- master’s 
program in Medical and Science Journalism Program at UNC-Chapel Hill; 
NCED- associate’s and bachelor’s programs in Hydrology at Salish Kootenai 
tribal college in Montana),  

• certificate programs (Stream Restoration Science and Engineering program 
developed by NCED),  

• international conferences (the bi-annual International Congress on Biophotonics 
established by CBST, and  

                                                 
60 Examples include coverage of CERSP in the The News & Observer, Science; CBN in The Economist, 
BBC, Scientific American, NPR, Dateline NBC; NCED in New York Times, American Physical Society 
Division of Fluid Dynamics, NSF News, NPR Science Friday, The Minneapolis Star Tribune; C-MORE in 
Honolulu Star-Bulletin, Thomson Reuters Essential Science Indicators, Proceedings of the National 
Academy of Sciences; CENS in Nature News, CNN, NPR Science Friday, New York Times, National 
Geographic; and CReSIS in Scientific American, New York Times, National Geographic. 
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• regularly-featured symposia held, e.g., by CAMPWS on water purification at the 
American Chemical Society and Materials Research Society annual meetings; and 
the Sensys Conference at the Association of Computing Machinery instigated by 
CENS), and  

• scientific entities (SAHRA supported the creation and function of UNESCO’s 
International Center for Integrated Water Resources management. CERSP 
activities and technologies formed the basis for the Advanced Energy 
Consortium, and separately spurred the formation of 14 major research centers, 
with a total funding of >$400 million). 

 
The perspective of one of STC faculty attests to the significance of STCs in driving 
fundamental change in the scientific direction of their research fields:  “The visibility of 
the NSF STC is very high around the world (perhaps higher in some places in Europe and 
Asia than within the U.S.) so that I have been able to give plenary talks in major U.S. and 
international societies, and whole new symposiums have been created by our STC, 
creating new science not just within the STC, but among the rest of the scientific and 
educational communities.” 
 
Students as conduits and products of KT— Education forms an integral and active 
component of the NSF STC program. Through the implementation of new courses and 
classes that are tailored to the research thrusts of the STCs and promoting hands-on 
participation in the centers’ activities, STCs are producing a new cadre of researchers and 
educators who are more interdisciplinary in their expertise and more tuned into today’s 
market and societal needs. In this sense, knowledge transfer is best exemplified by the 
flow of information and training from eminent center faculty to their students, producing 
the next generation of scientists who in turn serve as conduits for KT.  
 
Some STCs have additional training opportunities for their students such as CfAO’s 
Summer school that seeks to increase student interaction with experts in the field, and its 
Institute of Science and Engineer Educators trains graduate students in the methods of 
inquiry-based science teaching; CMIDTR educates students on research integrity, 
intellectual property issues and entrepreneurial culture through its RCR training module, 
business plan competitions and the Center for technology entrepreneurship where a lot of 
its students have received an additional degree (PhD + MBA); and CMMAP collaborated 
with NOAA on the Summer School on Atmospheric Modeling for training of graduate 
students from across the country.  
 
Moreover, STC students are directly involved in knowledge transfer activities at the 
centers and, as noted above, a majority view this as a net advantage of their participation 
in an STC. A sampling of students’ survey responses on the ways in which experience in 
the STC influenced their interest in pursuing a PhD corroborates the knowledge exchange 
perpetuated by STCs:  
 

“I liked the interaction with other graduate students from many different 
departments and the professional work environment and thought that is exactly 
what I would like to do.”  
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 “Initially, I was only somewhat interested in pursuing a PhD; however, the 
course work and exposure to collaboration opportunities with researchers at other 
institutions has helped me to seriously begin considering getting a PhD.” 
 
“It has allowed me the opportunity to travel and attend conferences where I can 
meet with other graduate students and professors in my field and learn about 
different areas of research.  Seeing the result of the research is a good motivating 
factor.” 
 
“Technology transfer: applying Center-related research to real-world applications 
outside of remote sensing of ice sheets.  The support and research topics made 
available by the faculty investigators.  The possibility of building an entirely new 
radar system from the ground up and seeing it through to the data delivery stage.” 
 
“Water CAMPWS convinced me partially of the significance of my work. I 
realized that my work can seriously be applied not only in lab research, but in 
industry and everyday life.” 

 
Three additional sets of observations on the knowledge transfer function of STCs can be 
extracted from Abt’s analyses of the annual reports of 2000 and 2002 STC cohorts, 
encompassing the first 3-6 years of the centers’ existence (Martinez et al., 2007). 
 
General observations—Knowledge transfer, specifically for advancing the research 
component of a center, occurs both among the center participants and outward to external 
groups. In this way, knowledge transfer activities have a multiplier effect on the impact 
of an STC by exposing and engaging more parties with the centers’ work, especially in 
the domains of education and outreach. 
 
International knowledge transfer—Knowledge transfer is a universal element of the 
international activities of all STCs. The most prevalent means for international 
knowledge transfer is through presentations at international conferences, publications in 
journals with international circulation, and information on STCs’ research made available 
via the worldwide web. Beyond these standard activities, some STCs pursue international 
knowledge transfer through invited lectures and seminars, serving on advisory 
committees, visiting foreign institutions or hosting foreign scientists, and convening 
workshops or research symposia. In general, STC knowledge transfer activities, notably 
participation in international conferences, increase over the course of a center’s lifetime.  
 
Two modes for knowledge transfer—STC knowledge transfer directors believe that the 
character of an STC, and hence its priorities for knowledge transfer, can be divided into 
two modes:  knowledge-focused and product-focused. Most knowledge transfer activities 
are aligned with strategic partners that assist with and advance one or both of these foci.  
Common partners for product-focused centers are private companies and industries, 
while knowledge-focused centers tend to have a broader range of partners such as 
national labs and public organizations. This distinction also makes measurement of 
effectiveness and impact of some knowledge transfer efforts harder to standardize:  for 
some centers the number of patents and licenses mark success, whereas for others success 
could be measured by their increased visibility, recognition, and partnerships in their field 
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of research. Perhaps the more important aspect of this two-mode classification is the 
flexibility contained in STC program design that allows operation across the continuum 
of product and knowledge foci. 
 
In summary, STCs engage in a wide range of knowledge transfer activities to achieve 
maximum effectiveness. This is made possible by the flexibility accorded the centers by 
NSF.  More importantly, partaking in knowledge exchange at an STC can also result in 
an unpredictable outcome, as the effect on the trajectory of the research agenda of several 
CERSP participants.  Thus, by mandating knowledge transfer, NSF receives a higher 
return on investment—a multiplier effect through mutual sharing of knowledge and 
resources.  Nevertheless, given the high value generated by knowledge transfer, the STC 
community could be sharing more and exploiting KT modes among participants. 
 
E. Partnerships 
  

i.   Distinctions Abound  
 

Partnerships are a defining characteristic of the STC program.  Indeed, they are 
essential to the capabilities of individual STCs to pursue their proposed agendas in 
research, education, diversity, and knowledge transfer. As acknowledged by STC 
directors and participants, no university hosting an STC could undertake the required 
activities in education and diversity without partners; few institutions could propose the 
scale and complexity of its research agenda without the participation of faculty at other 
universities; and several require collaborative relationships with national laboratories, 
industry, and governmental organizations. Setting knowledge transfer as an objective, 
and requiring something above and beyond academic publications, likewise requires 
STCs to engage in partnership arrangements with other, typically non-academic 
institutions.  The motivation for knowledge transfer, that “new knowledge thus created is 
meaningfully linked to society,” is intertwined with the motivation for partnerships.  Each of 
the 17 STCs included in this study thus engages in numerous partnership arrangements 
with a diverse, albeit at times changing set of partners. 
 
The distinction between partnerships as a means and as an end takes on importance 
mainly because partnerships are listed as an STC program objective, thus attaining 
comparable status with the program’s other four objectives, and implicitly also subject to 
the same type of quantification of outputs as are they. By this reckoning, more 
partnerships are preferable to fewer partnerships, and increases over time in the number 
of partnerships are preferable to decreases in this number. As in above discussions, 
emphasis on raw counts can create illusions, confounding quantity and quality. 
 
The discussion of partnerships also is intertwined with the discussion of the collaborative 
nature of the efforts undertaken in an STC.  The operational reality of most STCs is 
collaboration among small groups of scientists (and their students), augmented by 
collaboration between these faculty-student teams and non-university participants. 
Partnerships, as used in the context of the STC program, refer more generally to formal 
agreements, in the main involving resource commitments, between the host institution 
and other institutions—other universities and colleges; firms; government laboratories; 
school systems; and others.  
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Since STC annual reports list all activities, distinctions between collaborations and 
partnerships are not always clear.  Partnership arrangements for centers at times have 
changed because of underlying changes in collaborations, e.g., when faculty and postdocs 
moved to different institutions, expanding the network of interactions but leaving the 
extant collaboration essentially unaffected.  Sometimes, through changes in a center’s 
scientific direction or faculty disinterest in continuing participation in the STC because of 
its style of operations (collaborative, but with a huge sharing and reporting burden), 
collaborators would leave (and hence, partnerships would be lost).  In the words of one 
center director, “It takes time to build loyalty and allegiance to the center, not one’s 
institution.”  Another senior center participant likewise observed, “Centers allow 
infrastructure and resources to initiate and undertake large and higher-level 
collaborations, such as with foreign governments and institutions. There is a natural 
selection process for being in or outside a center—the former needs faculty who are 
extremely collaborative." Indeed, several centers described themselves as having gone 
through a “shake-out” phase either at outset or renewal to get “team” players engaged and 
to disengage from those who by research interest or temperament are unwilling or less 
able to participate in collaborative efforts.  
 
These distinctions lead to a two-level assessment of the place of Partnerships in the STC 
program:  the collaboration of individuals involved, coming from different disciplines, 
institutions, etc; and the partnering of institutions.  Each has costs and benefits.  The 
center has to establish its own identity, but it has an institutional identity separate from 
the home or partners.  Individuals identify to varying degrees with a center.  For example, 
a faculty member may spend 1/3 time with a center, 1/3 time on her own research, and 
1/3 time in other partnerships, while a postdoc may be wholly center-funded.   
 

ii. Changing Language of the NSF Mandate 
 

NSF’s solicitations have evolved over the years in the discussion of expectations 
for types and targets of partnerships. In listing features of a center, the 1988 solicitation 
states, “STCs will establish linkages with other institutions and sectors of society…. The 
primary linkage should be intellectual.  However, linkages which involve resource 
commitments… are encouraged.”  The 1989 solicitation modified the feature to become 
“have significant intellectual exchange and substantive resource linkages among various 
types of institutions… to facilitate knowledge transfer.”  This feature remained in the 
1998 and 2000 solicitations. The 2003 and 2008 solicitations do not describe “features,” 
but describe what “each center must” have.  What was earlier stated as a feature became a 
requirement for 2003, then was modified for the 2008 solicitation to “establish multi-
institutional collaborations or linkages… as appropriate.”   
 
The STC cohorts in this study were the first to be recognized as “integrated partnerships” 
in the title of the program.  However, partnerships have been explicitly acknowledged as 
part of the STC program from inception.  The phrase “proposals involving multi-
institutional arrangements … are encouraged” occurs in the very first (1988) solicitation; 
beginning with the 1998 solicitation that lead to the class of 2000, this was modified to 
read “… involving integrated partnerships (i.e., multi-institutional arrangements 
including other universities…).”  Abstracts from the initial cohorts reveal that many 
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emphasized their research partnerships with research universities and national 
laboratories. 
 
Lists of potential types of partners have grown with each new solicitation.  Prior to the 
classes in this study, STC solicitations used examples of “academic, nonprofit 
organizations, Federal Government laboratories, industry, Federal, State, and local 
governments;” later solicitations include explicit reference to minority-serving 
institutions and international collaborations (first added 1998); schools, community 
colleges, and EPSCoR institutions (added 2003); and research museums (added 2008).  
Some of this expansion is merely the solicitation catching up to the reality—research 
museums and EPSCoR institutions, for example, were partners in awards before they 
show up explicitly in the solicitation—but it also reflects NSF’ s increased emphasis over 
time on increasing the participation of a diverse set of institutions.   
 
The expansion to K-12 and community colleges, on the other hand, reflects a major 
change of NSF priorities as a whole.  This also created a challenge for directors.  While 
STCs responded to this change in emphasis in their proposals, implementation by a center 
over time was allowed considerable flexibility and exhibited dynamism—some that 
included K-12 schools in their initial plans contracted their efforts once the difficulty of 
implementing these programs became apparent (and did so with the encouragement of the 
NSF site visits, and with the support of NSF).  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.     
 
Starting in 1998, the solicitations all include an explicit program objective to “promote 
organizational connections and linkages” across a range of institutions.  However, the 
2003 solicitation makes clear that “the number of participating institutions is not 
necessarily a measure of quality.”  Regardless, there are annual reports for which the 
reported measure against this objective is “number of partnerships.”  That said, this study 
has treated partnerships not as an objective but as a strategy employed to achieve the 
STC objectives in science, education, diversity and knowledge transfer analyzed above. 
 
The 2003 solicitation is the first to offer a definition of a 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 2008 solicitation elaborates:  
“Activities that define Center partnerships must be integrated at all levels, and all partners 
must share a common commitment to achieving the research, education, diversity and 
knowledge transfer goals espoused by the Center. . . .  A partner is an organization or 
institution that invests intellectual resources in Center activities and works collaboratively 
to ensure achievement of Center goals.” 
 
Although this last definition was not explicit in the solicitations for the STC cohorts 
considered in this study, it is taken as a first working definition for assessing partnerships.  
It also seems to be the definition employed by many centers in their websites.  Centers 
likely have something like this in mind when they distinguish partners from “affiliates” 
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or “stakeholders” on their websites, as some do. (They may also list “members” either as 
individuals or institutions.)   
 

iii. Findings  
 

An enumeration of the number of partnerships depends on the definition 
employed. The NSF website listed a total of 121 partners to the 17 centers.61  There were 
a significant number of institutions participating in multiple STCs.  UC-Berkeley was a 
partner of six in addition to the one it was leading; partners to three STCs include UCLA 
and the University of Washington (besides each leading one), as well as Stanford, the 
University of Texas at Austin, Clark Atlanta, the University of Colorado at Boulder and 
Georgia Tech; and a number of others listed as partners of at least two centers.  Across 
centers, the number of partners ranged from 1 (CLiPS) to 16 (SAHRA).  
 
Working from the Abt compilation of information in annual reports: 
 

• There were 1694 partners (counting each year separately) for the first 9 years of 
the 2000 class (an average of just under 38 partners/center each year) and 3762 
for the combined 2000, 2002, 2005 and 2006 classes (counting 9, 7, 4 and 3 
reported years, respectively).  The number of partners per center per year ranged 
from 10 to over 80 in the data as reported. Overall, the partners 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%).62   

 
• The preponderance of subawards (90%) was made to universities, suggesting that 

relationships reported as partnerships on the NSF site were established principally 
to round out research scope and ensure knowledge transfer.  A partner may serve 
one or multiple objectives of the center, e.g., 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.  
Further, there could be evolution of the role of partners—for example, NCA&T in 
CERSP was initially conceived as a pipeline for a diverse body of students to the 
graduate programs, but took a significant role in research; Clark Atlanta (another 
HBCU) insisted up front on being a research partner when approached to 
participate in CAMPWS STC; undergraduate institutions in CLiPS were 
originally affiliated to improve the teaching of concepts in their classrooms, but 
faculty expressed an interest in doing research and the center developed faculty 
mentoring programs and began engaging them in research.  

                                                 
61 On its website (http://www.nsf.gov/od/oia/programs/stc/2000-2006.jsp, accessed 8 July 2010), NSF 
listed the partners/subawardees of each Center. These were the institutions that may appear on the budget 
sheets of the NSF award as recipients or contributors of resources.  In the Abt database, there is a tally of 
annual subawards, as well as a counting of partners of each center each year. 
62  Another Abt study (Martinez et al., 2005) contains data on international partners:  most STCs in the 
2000 and 2002 cohorts listed international partners for research, education and knowledge transfer 
activities.  None of these international partners appears in the NSF list.    
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 Drawing upon data from STC annual reports, Abt analyzed the duration of partnerships 
(taking the broadest definition of partner) for the STCs in the 2000 classes over their first 
6 years.  While the number and variety of partners varied somewhat with purpose of the 
Center (whether knowledge-driven or product-driven), many of the arrangements are not 
consistent from year to year (see Table 23).  For most STCs, many partners (particularly 
those identified on the NSF website) remain the same from inception.  In several cases, 
STC partnerships were built on existing relationships e.g., the LANL/UC Davis 
collaboration was the basis of a center prior to the STC and is the core of follow-on 
centers.     
 
Table 23. Length of Center Partnerships for 2000 Cohort 

Started Lasted 1 year Lasted 2 years Lasted 3 years Lasted 4 years Lasted 5 
years 

Year 2 100% (143) 70% (100) 59% (84) 29% (42) 29% (41) 
Year 3 100% (79) 63% (50) 34% (27) 28% (22)   
Year 4 100% (74) 42% (31) 41% (30)     
Year 5 100% (49) 88% (43)       
Year 6 100% (22)         

Note:  Numbers in parentheses are total count. Year 1 data not included. 
Source:  Abt report, based on center annual reports 
 
One problem encountered in interpreting these data is that if a particular relationship is 
not mentioned in an annual report one year, it is considered discontinuous as a datum in 
this table.  This may be a reporting problem, and not an accurate description of the 
character of the relationship.  Regardless, the data support the notion that there is a 
dynamic nature to the spectrum of partnerships.  Not only can institutions in the 
partnership change, but expectations and roles may change over time as well—further 
supporting the conclusion that partnerships themselves are not the objectives, but rather a 
means of supporting other objectives.  
 
This reinterpretation of the place of partnerships in the STC program is further illustrated 
in Box 8, an example of the representation of partners to the Center for Layered 
Polymeric Systems (CLiPS).  Three different lists of partners and affiliates can be found 
by looking at the NSF website over time and the Center’s own site, while other parts of 
the center’s website explain the changing role for select partners as discussed above.   
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Box 8.  Institutional Partnerships at the Center for Layered Polymeric Systems (CLiPS) 
 

 

 
A page on Partners and Affiliates on the website of the Center for Layered Polymeric Systems 
(http://clips.case.edu/partners.html accessed 21 October 2010) identifies institutions involved and 
describes their roles in meeting center objectives in research, education and diversity.  Some of 
the institutions have pages linked from the logo identifying personnel involved in CLiPS, while 
other logos simply link to the main page of the institution itself. Accessed on 7 July 2010, the 
NSF website for the active programs in the science and technology centers 
(www.nsf.gov/od/oia/programs/stc/2000-2006.jsp) listed only one partnership for CLiPS, that 
with the University of Texas at Austin; the NSF website accessed 21 October 2010 
(http://www.nsf.gov/od/oia/programs/stc/active_centers/ACTIVE.jsp) lists a different set of 
partners for the center, including some not shown in the illustration:  
 
Cleveland Institute of Art  
Cleveland Minicipal School District Ohio  
Northern University 
Fisk University  
Naval Research Laboratory  
Rochester Institute of Technology 
Rose-Hulman Institute of Technology 
State University of New York  
University of Southern Mississippi 
University of Texas at Austin 
 
The engagement of different types of institution leads to questions of matching norms, 
values, and incentives.  Resolving pragmatic issues of timelines, arranging subawards, 
executing material transfer agreements and technology transfer policies, negotiating 
articulation agreements for course work, and the like, takes time and effort. Moreover, to 
maintain common goals, especially as priorities change in the face of emerging results, 
demands that discussions about these topics are held on an ongoing basis. 
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Being multi-institutional, centers have had to employ a variety of techniques to create 
identity around the research and education programs.  Centers make frequent use of 
cyberinfrastructure to include participants from partner institutions in regularly- 
scheduled “lab meetings.  Annual all-hands events, whether conferences or retreats are 
valuable as networking events.  At these, students could gain knowledge and develop 
contacts with professors from different institutions, thus widening their networks for 
input to current and future research opportunities.  At least one STC gave graduate 
students the opportunity to do lab rotations at other institutions, and a core course was co-
taught with faculty from different institutions.  
 
In organizing multi-institutional research projects, STCs had to address the questions of 
intellectual property sharing and co-authorship.  As recounted in interviews, the 
participants treated these issues as with any other multi-institutional research activity, and 
evaluated each situation on its own.  The center had to demonstrate appreciation of the 
issues by the institutions involved.  Some center leaders became champions within their 
institutions of technology transfer policy reform. 
  
Obscured in a listing and counting of partners are the motivations for becoming a 
collaborator and for an institution to become a partner.  Presumably, a common interest 
draws participants.  The ability to do something otherwise not possible by oneself—
physically, intellectually, financially—can be an attractive prospect.  But there are costs 
to such involvement, too—both direct costs to engaging in collaboration and the 
opportunity costs.  
 
Partnership arrangements also generate costs. A frequent observation made by STC 
leadership during site visits and interviews was that transactional costs for managing the 
program are high and relentless.  One thematic leader reported a major drop in his own 
publication rate and a delay of a tenure decision (ultimately won) because of time spent 
in management rather than research.  Another director speculated that his team members 
and postdocs may in fact have lower “productivity in measurable output” because of time 
and effort needed to collaborate and the attention given to knowledge transfer.  Even 
when the STC was built on certain pre-existing partnerships, leaders reported long ramp-
up periods before the full partnership gelled.  Nevertheless, a consistent theme voiced by 
STC leaders was that centers generated collective net benefits that took several forms.  
They included 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 which relied on the collaborations and partnerships. 
      
While an STC’s educational efforts are embodied by an education director, and 
partnerships are made for outreach to K-12, museums, etc., these institutional 
arrangements may not be formalized either in the budget sheets or on the website.  Every 
lead institution has research partners on the NSF website; and every institution has 
knowledge transfer partners in its website as either partners, stakeholders and affiliates, 
and reports their activities.  But the educational institutional partners are not as 
systematically articulated, though they can get counted by combing through annual 
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reports.  What this implies is that partnering is being used as a tactic to fulfill aspects of 
the educational objective of the center.  Recognition of a partner’s contributions may be 
articulated differently depending on the center’s objective being addressed.  
 
The requirement for partnerships has ensured, as a natural consequence, that multiple 
institutions are engaged for each center and thus resources are spread around to some 
extent.  The centers have to make the case in their initial applications that the partnerships 
are appropriate to achieving the objectives; the dynamism of partnerships shows that 
these are actively managed to ensure that the partnerships contribute.  The question of the 
lasting impact of these arrangements is difficult to answer.  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).  Some 
relationships are transitory.  The dynamic nature of relationships even during the STC 
award period makes it difficult to ascribe any “lasting” notion of relationship, other than 
those asserted anecdotally.   
 
The principals involved in the recently graduated (class of 2000) STCs have had 
considerable success in obtaining ongoing research support, including in center-level 
grants.  One STC notes 14 new centers as part of its legacy.  However, most of these new 
centers are not built on the same partnerships as the STC, having moved in new 
directions.  Some multi-institutional educational programs started by STCs have found 
ongoing support from NSF and NIH. The partnerships started, nurtured or strengthened 
by STC support can have consequences and yield leverage beyond the execution of the 
STC mission.  But just as the partnerships are managed dynamically during the award, 
they are managed across the end of the award as well.63    
 
In sum, the question of legacy of partnerships is confounded by the difficulties that STCs 
have in securing financial support to sustain existing or new collaborative activities.  
Funding futures include center-level grants for the outcroppings of research, though the 
new directions of the science and the constraints of the funding likely require adopting 
different research, education, outreach and knowledge transfer partners.  Some 
educational activities initiated by STCs are adopted by institutions, but cross-institutional 
educational ventures are harder to internalize and continue.   
 
For certain aspects of STC operations, including the glue that holds centers together, it 
becomes very difficult to find sustaining support.  In the words of one director, “Getting 
support for summer schools, workshops, and retreats doesn’t ring bells of joy in funders’ 
ears.”  Clearly, the partnerships involved in STCs are important while they last, but exist 
for the purpose of fulfilling the other STC objectives.  They are not being realized as 
objectives in themselves. 
 
 

                                                 
63 No time was available as part of this review to conduct a systematic survey of graduated class of 2000 
STCs to learn of continuing collaborations with STC partners.   
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PART IV.  CONCLUSIONS 
 
Given its design as a program-level, retrospective study, this assessment has placed the 
STC program squarely within NSF’s historic mission, evolving objectives, and portfolio 
of funding mechanisms.  Based on the stated criteria of performance, accomplishments, 
and effectiveness, the study has confronted the challenges of aggregation, weighting, and 
generalizability.64  What does it all mean? 
 
A. Performance and Accomplishments 
 
The Science and Technology Centers Integrative Partnership Program is an effective and 
distinctive mode of Foundation support for addressing grand challenges and emerging 
opportunities in science and technology. STCs serve as the NSF’s major funding 
instrument for supporting emerging fields of science and technology that do not fit within 
its existing organizational and programmatic structures—including its other existing 
center programs. Indeed, the array of scientific and technological fields offered up by 
prospective grantees in response to periodic STC solicitations itself is instructive for 
NSF’s longer-term planning and priority-setting processes, for these proposals represent a 
faculty-driven, bottoms-up roadmap of what the scientific research community views as 
high-priority, salient research questions that cannot readily be addressed by existing NSF 
funding mechanisms.   
 
With respect to the STC program’s objectives: 
 
SCIENCE AND TECHNOLOGY 
 
The influence of the STC program on scientific and engineering research has been both 
discernible and ongoing.  The program has:  

 
1. Connected the Foundation’s core missions and salient, emerging national 

priorities in science and engineering with emerging trends in the organization 
and performance of frontier academic research in science and engineering.  

2. Encouraged, facilitated, and enabled established researchers to enlarge and 
increase the riskiness of their research agendas.  

3. Brought together different disciplines, both within the broad fields of science 
represented by NSF’s research directorates and across directorates, thereby 
contributing to the building of the organizational infrastructure associated 
with the generation of new research fields and academic programs; and 

4. Fostered the collaboration of faculty with an orientation towards basic science 
with those interested in more applied and clinical research.  

 
Two refrains echo across the STCs. First is that they permit faculty to engage in 
“revolutionary” and at times “heretical approaches,” rather than doing research directed 

                                                 
64 Note that nominally, there are 3x5x17, or 255, assessment cells:  the three criteria stated in the study’s 
research questions, multiplied by the STC program’s five stated criteria and by the number of centers 
covered, with allowances for the fact that the 12 post-2000 cohorts are still works in progress.  
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at “marginal changes.” Several directors spoke of putting bets on new (high-risk) 
research approaches, followed by statements that the bets have paid off, with both they 
and the larger research and external communities sharing in the pay-offs.  Second, is that 
“almost none of what (they) did could have happened without the STC.”  Respondents 
frequently note that their prior professional achievements had brought them to a point 
where they felt stymied by what they perceived to be the incremental, routine character of 
mainstream, disciplinary-based academic research, and of their aspirations to undertake 
more intellectually-challenging and societally-relevant research questions. STCs were 
seen as a means of producing discontinuous gains.  
 
STCs tend to describe themselves as engaged in problem-driven rather than on inquiry-
driven research, while at the same time emphasizing that their activities and 
achievements, whether in the development and refinement of new instruments or in the  
enhancement they provide in generating larger, more refined data sets, provide the basis 
for others to conduct studies that would otherwise not have been possible. It is the 
organizational form of STCs that makes this happen, sometimes in transformative ways. 

 
Above and beyond the specific contributions of individual centers to discoveries in 
science and technology, STCs were early examples and continue to serve as prototypes 
for mainstream thrusts of NSF and other Federal science agencies towards high-risk, 
interdisciplinary, and translational research.   

 
Study findings indicate that debates around the relative roles of individual investigator 
grants and center grants as modes of funding academic research at times conflates 
epistemic, philosophical, organizational, and political themes with ground-level 
observations of how scientists operate. The general trends here are clear:  cutting-edge 
research increasingly is taking the form of collaborative, interdisciplinary, and inter-
institutional modes of operation. Faculty participants in STCs evince little difficulty in 
integrating their STC activities with individual investigator activities, and indeed have 
noted that work with the STC has been a springboard to future funding. 
 
EDUCATION 
 
STC education added value within individual domains, especially in graduate and 
undergraduate education. Impacts are evident both in the content of program curricula 
and perhaps more importantly in the training, behaviors, and aspirations of students, 
especially doctoral students. New degree programs, which by definition must be 
institutionalized to offer advanced degrees, will endure beyond the NSF-funded life of an 
STC, adding institutional value.   
 
The program’s effects on K-12 education are more difficult to assess. Although specific 
examples of impacts on K-12 education are observable, the program’s scale relative to 
the size and complexity of systems it is attempting to change cannot but be modest. Host 
STCs have engendered change in the ways science education is done and in who 
potentially participates in science careers.  Considerable evidence exists of specific 
contributions to the training of K-12 teachers and on increased participation of precollege 
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students, creating a pathway for students from historically underrepresented populations 
to seek post-secondary STEM courses, majors, and careers.65    
 
Open to question is the effectiveness of STCs’ investments in precollege STEM 
education—and the administrative, budget and review problems associated with this 
engagement—relative to the magnitude of the problems they choose to tackle.  Consistent 
as these accomplishments are with the program’s objectives and the commitments made 
by centers in their proposals, they represent at best incremental outcomes. In the 10-year 
frame of an STC, there is little evidence of sustainable local impacts once project funding 
ends. 
 
In all, given the complexity of the U.S. decentralized system of K-12 education, the 
history of past NSF efforts to engender systemic change in STEM education at this level, 
the small scale at which single STCs can operate in the precollege domain, the 
expectation that organized research centers charged with engaging in leading-edge 
scientific and technological research will also engender substantial, sustainable 
improvements at primary and secondary levels of education is questionable. At issue here 
is not only determining the boundaries within which a multi-function, multi-purpose 
organization can effectively operate, but also determining whether for NSF as a whole, 
more effective ways than presently provided for under the STC program can be found to 
enhance K-12 STEM education. 
 
DIVERSITY 
 
Diversity is an STC program objective because of the history of under-participation in 
U.S. science by certain groups.  With the chronically woeful performance of the natural 
sciences, notably the physical sciences and engineering, to attract and graduate women 
and U.S. citizen persons of color, STCs loom as entities that cut across departmental 
lines.66  As focal points for developing “critical mass” among students (and faculty) 
underrepresented in the academic departments from which they are drawn, the STCs have 
a competitive advantage—and they are cultivating it. Participation of women and 
ethnic/racial minorities at the undergraduate and graduate levels exceed which is 
typically found in STEM departments.  Add to this resource the educational outreach to 
middle and high school students (who are more diverse than the adult population), and 
STCs have a singular opportunity to change the human face of U.S. science in fields 
where white males have forever dominated. 
 
Whether as a designed principle or an implemented reality, the diversity objective looms 
large as an attainable outcome fueled by NSF support. STCs harbor the potential to 
cultivate cohorts of students who look more like America than the current U.S. science 
workforce.  This finding warrants further study and offers lessons for adaptation by other 
NSF programs.   If the STC program has a legacy of transformation, this is part of it.   
 
                                                 
65  The STCs have certainly raised consciousness about diversity in science (explored below), but 
recruitment and enrollment do not assure degree completion.  
66 As explained above, students with disabilities are also encompassed by NSF’s mandate to increased 
participation in STEM education and careers, but data are scarce and chronic under-reporting depresses 
estimates of the size of this talent pool and, ultimately, the attention it deserves. 
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KNOWLEDGE TRANSFER 
 
STCs undertake a diverse set of domestic and international knowledge transfer activities, 
aligned closely with the scientific themes and goals of the individual centers. The modes 
for knowledge transfer range from the traditional dissemination of information through 
publications and presentations, to regional economic development through technological 
innovation and translation, to creation of institutional fields of knowledge through new 
journals, degree programs, and conferences.  
 
Knowledge transfer activities of the STCs are usually built upon existing, new, or fluid 
partnerships with federal laboratories, industry, non-governmental organizations, 
academic institutions, museums, etc. STCs serve as focal points, cross-pollinators, and 
knowledge brokers for effective knowledge transfer within their research communities 
and beyond, in turn impacting local communities, and influencing regional as well as 
national policies. A large percentage of center participants are involved in the knowledge 
transfer component of their centers, most of whom view this engagement as a net benefit. 
Such active commitment enriches the experience of the participants leading to a change 
in their behaviors and culture for knowledge dissemination. However, despite all the 
accomplishments in knowledge transfer of individual centers, little evidence exists that 
the STC community itself is sharing the various avenues for knowledge transfer.  Some 
formal mechanism to preserve as a record of lessons learned would be useful.  
 
PARTNERSHIPS 
 
Partnerships are a defining characteristic of the STC program.  Each of the 17 STCs 
included in this study engages in numerous partnership arrangements with a diverse set of 
institutions.  In responding to the NSF requests for proposals, the STCs have employed 
partnerships as both a strategy and a tactic to fulfill their agendas in research, education, 
diversity, and knowledge transfer.  The requirement for partnerships has ensured that 
multiple institutions are engaged for each center and thus resources are spread around to 
some extent.   
 
During operation, STC partnerships have been actively managed to sustain relevance to 
the center objectives.  Expression of the nature of the partnership varies by objective—
outreach partners are tactical for tasks, research partners are strategic for goals.  While 
multi-disciplinary and multi-institutional arrangements come with costs of time and effort 
to establish and maintain, center leadership was consistent in pointing to the benefits in 
outcomes.  The question of legacy is confounded by the difficulties that STCs have in 
securing financial support to sustain existing or new collaborative activities.  For certain 
aspects specifically associated with the operations of an STC, including the glue that 
holds centers together, it becomes very difficult to find sustaining support.  The 
partnerships involved in STCs are important while they last, but are there for the purpose 
of fulfilling other STC objectives.   
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B.  Generalizing the Assessment 
 
The STC program’s impacts vary across program objective, albeit in ways consistent 
with the experiences of NSF across the breadth of its objectives.  The concepts of value-
added and transformative used throughout this report seem more relevant than ever in 
reaching a summative assessment of the STC program.  Treating the individual-
investigator case as the default to highlight the distinctive, net contribution of the STC 
program and distill the study’s multiple sources of evidence across program objectives, 
yields the following “visual” scorecard. 
 
Figure 2. Summary Assessment of the Impacts of NSF Science and Technology 

    Centers Program, by Program Objective 

 
 
C.  Further Observations 
 
The study’s conclusions bring new and different meaning to the statement contained in 
the NSB (2007) report, Enhancing Support of Transformative Research at the National 
Science Foundation, that “Science and Technology Centers and Engineering Research 
Centers do pursue bold ideas, but they have become increasingly prescriptive and 
constraining” (p. 7). To the extent that this statement holds for the STC program, the 
prescriptive and constraining aspects alluded to are matters of NSF’s implementation, not 
an indictment of the program’s design or its place within its investment portfolio. 
 
Observations made by STC participants, based on issues that fall outside the purview of 
this report, relate to program performance and accomplishments:  a lack of organizational 
clarity and ownership of the STC program, ambiguities embedded in NSF principles of 
program accountability, and procedures for evaluating the program.   
 
In the division of labor between AAAS and the Blue Ribbon Panel, the latter was tasked 
with providing guidance to NSF management.  The administrative issues that surfaced in 
the AAAS analysis, however, merit mention here:  
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1.  An apparent consequence of distributed responsibility between OIA and  
research directorates is that the STC program, as distinct from individual STC 
centers, is the organizational “property” or asset of no single research 
directorate or office. The STC program competes for resources not only with 
NSF’s directorate-based, individual investigator mode of support, but also with 
directorate-based center programs, established or proposed. This competition 
may be especially pronounced in periods when directorate-level funding rates 
level off or decline, as has happened episodically in recent years.  And to the 
extent that the STC program has demonstrated the value of the center mode of 
research funding, it faces the ironic challenge that directorates may seek to 
substitute field-specific center programs for an all-comers competition. 

 
2. Whatever may be its virtues in providing for the technical expertise resident in  

research and education directorates, the current matrix model of organization 
impedes STC program’s accountability.  Despite outreach in proposal 
selection and annual reviews to the full spectrum of faculty expertise 
encompassed by NSF’s constituencies, concerns (dating to when the ERC and 
STC programs were established in the 1980s) linger in some research 
communities about the Foundation’s funding of multi-year centers. Within 
NSF directorates, variable and at times inconsistent criteria and operating 
procedures set by Technical and Educational Coordinators complicate center 
oversight. 

 
3. The STC program also has been subject to mission creep. In particular,  

independent of and without any gainsaying of the importance of this objective 
from a national and NSB perspective, the program’s de facto expectation of 
K-12 STEM education activities, with an associated requirement that the STC 
budget provide for a full-time education coordinator, is of limited 
effectiveness, given the scale of documented accomplishments. Alternative 
arrangements for NSF engagement in K-12 STEM education exist. 

 
4. The annual review process, a key component of NSF’s monitoring of the 

performance of STCs, is vulnerable to changeable, inconsistent, and at times 
idiosyncratic advice from review teams.  

 
5. NSF’s current system for collecting and analyzing performance data is ill-

suited for evidence-based decisionmaking.  Measures and methods suffer from 
theoretical and data weaknesses at both the center and program levels. These 
shortcomings are magnified by episodic pressures exerted upon centers to 
increase specific outcomes that are not fully consistent with the activities or 
time horizons of the STCs.  

 
These observations do not negate past and present accomplishments of the STC program 
as a means of generating transformative research and its complementary outputs in 
graduate and undergraduate education, scientific knowledge and new technologies, and 
increased diversity in the U.S. scientific and technological workforce.  Nor do they 
undercut the concept of integrative partnerships, which are essential for achieving each of 
the above objectives. What they most suggest is that a more clearly delineated set of 
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objectives and a more specific articulation of administrative and management 
responsibilities for the STC program would serve to reduce what are now seen as overly 
prescriptive and constraining procedures that can potentially diminish its performance 
and effectiveness. 
 
 
 
D.  Looking Ahead 
 
The STC program exists in an environment characterized by opportunities and 
challenges.  As with arguments advanced at directorate and division levels, high numbers 
of unfunded high-quality, peer-reviewed center proposals point to missed opportunities.  
Above all, the social infrastructure created to help attain STC objectives adds value to 
what participants do in their roles as researchers under individual-investigator or small 
group grants.   
 
Internally to NSF, the role of the STC program may be undervalued and underfunded. 
STCs may pay the price of being first-generation innovators, with followers adopting its 
“technology,” and thereby chipping away at its market. The price also may have 
increased over time because of the 10+-year gap in a systematic evaluation of the 
program.     
 
The lack of regularly-scheduled, well-crafted evaluations providing evidence-based 
findings of program accomplishments also weakens the standing of the STC program 
within NSF.  This evaluation is but a start to redressing this shortcoming.  Even as it 
endeavored to collect, analyze, and integrate multiple forms of evidence, this study also 
served to highlight problems in data access and data quality. 
 
NSF needs to rethink and restructure its approach to evaluating, as opposed to 
monitoring, the program’s performance. Data-collection and -analysis need to be tied to 
specific, precisely-specified, and agreed-upon criteria, metrics, and methodologies that 
are agreed to by NSF and grantees about the effects of the STC program on stated 
objectives. Reports based on raw counts and summary tabulations, as at present, provide 
limited evaluative or planning information. Likewise, the “black box” of the selection 
process and the annual reviews needs to be opened up, if only internally, so that methods, 
metrics, and findings from these critical events can be integrated with annual 
performance data.  Finally, means for ensuring that consistency between the criteria, data, 
and findings produced during the annual center-based program reviews and external, 
intermittent program level reviews must be established and maintained.  
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APPENDIX B.  History of the Science and Technology Centers Program, 1985-2009 
 
 
In 1950, President Truman signed the National Science Foundation bill to create the National 
Science Foundation (NSF) for “advancing the national health, prosperity and welfare by 
supporting research and education in all fields of science and engineering”. The act mandated 
NSF, among other things, to “encourage and develop a national policy for the promotion of basic 
research and education in the mathematical, physical, medical, biological, engineering, and other 
sciences; and to initiate and support basic scientific research in the sciences.” Additionally, the 
act specified the agency to minimally include the following four divisions- medical research; 
mathematical, physical, and engineering sciences; biological sciences; and scientific personnel 
and education (Mazuzan, 1994). Today, NSF continues to be the primary federal agency for 
supporting fundamental research and education across most fields of science and engineering, 
except for the medical sciences. (Funding from NSF accounts for ~20 percent of all federally 
supported basic research at colleges and universities in the U.S.) 
 
For most of its history, NSF has supported academic research primarily through funding of 
individual investigator-driven research; such support constituted 39% of NSF funding in 2007 
[National Science Board (NSB), 2008]. Other research support from NSF comes in the form of 
large-scale facilities and center grants. The idea of supporting “big science” is not a new one for 
NSF; funding of large scale research projects by NSF dates back to the early and mid 1950s, in 
radio and optical astronomy research (Mazuzan, 1994), and the strongest support for big, large-
scale research programs lies is in their value-added nature and their ability to advance the 
frontiers of scientific disciplines (Homer, et. al., 2008).1  
 
Currently, NSF operates seven center programs at varying levels of support.2 All NSF centers 
have obligations beyond conducting research, for example in education, outreach, partnerships, 
etc. [National Research Council (NRC) report on NSF’s Materials Research Science and 
Engineering Centers Program (MRSEC), 2007]. Additionally, individual center programs may 
impose additional requirements on their grantees.  
 
The STC program was started in 1987 in response to President Ronald Reagan’s call to enhance 
America’s competitiveness, create science and technology centers and renew funding for basic 
research in his State of the Union address and the following Executive Order 12591 (Mervis, 
1987). The STC program, like the Engineering Research Centers (ERC), was modeled on the 
Materials Research Laboratories (MRL; progenitor of MERSC), an NSF program in operation 
since the 1970s (NRC report on NSF’s MRSEC, 2007). More specific guidance for the 
establishment of the STC program came from a NAS ad hoc panel convened in 1987 in response 
to a request made by the NSF Director, Erich Bloch, to the NAS President, Frank Press (NAS, 
1987).  
 
The STC program, either individually or part of the NSF center portfolio, has been reviewed 
relatively positively in the past (NAS, 1996). As a consequence, the mission and objectives of the 
STC program have remained largely unchanged over the years. Concurrently, however, 
                                                 
1 Value-added includes the following properties:  stimulates inter-/multi-disciplinary or collaborative 
research across a novel research area; relationship to existing or planned institutional programs and 
capabilities in research and education; and potential for institutional, national and international impact 
(NSF STC Solicitation, 1998). 
2 A center indicates a large scale scientific endeavor with a formal management, administrative and 
organizational structure (NAS, 1987). 
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interactions and experiences of the NSF STC staff with the individual centers, as well as the 
recommendations from the above reviews have shaped a steady evolution in the framework and 
implementation of the STC award, as reflected by the program’s expectations from, and 
management of, the awardees. Some key developments between the first two (NSF STC 
Solicitation, 1988 and 1989) and the subsequent three (NSF STC Solicitation, 1998, 2000, and 
2003) solicitations are presented below: 
 

• Rationale:  The establishment of STC was primarily rooted in enhancing economic 
competitiveness by maintaining the country’s scientific pre-eminence and producing 
qualified scientific workforce. Two decades since its inception, the STC program is 
grounded in the same objectives although the specific language on economic 
competitiveness diminished in the 1998, 2000 and 2003 solicitations. 

 
• Structure of the competition: To reduce the cost of proposal preparation and review 

burden, starting in 1998 the STC competition was redesigned as a two-stage 
competition—preliminary proposals and proposals; only selected preliminary proposals 
were invited to submit full proposals. 

 
• Form of the award:  Since the beginning of the STC program, center awards have been 

granted as cooperative agreements. For the 17 centers that are currently funded by NSF, 
there is a renewal process at Year 4 of the center, which determines whether it will be 
funded for the full 10-year period. In comparison, the centers funded through the 1988 
and 1989 solicitations, had two renewal review stages—one at Year 3 and another one in 
Year 6 of the centers’ operation.  

 
• Center budget:  In 1988 and 1989 solicitations, centers were envisioned to have an 

annual budget range of $500,000-5,000,000, with a maximum support of 11 years. 
Subsequent competitions set awards at a range of $1.5-4 M per year, for a maximum of 
10 years.  

 
• Education and outreach: The centers funded through STC have been required to 

demonstrate the integration of their research, education and knowledge transfer activities. 
Beginning in 1994, the STC’s education goals were refined to place a greater emphasis 
on involving K-12 students and teachers in education and outreach activities. This was 
reflected in the solicitations of 1998 and 2000, but was tempered in the 2003 solicitation 
to “precollege.”  This latter change followed the Academies’ review of the STC program 
(NAS, 1996), which emphasized that the requirement for K-12 outreach should not be 
rigid but instead developed, if feasible, as an extension of the centers’ research goals. 

 
• Leadership:  Over time, the NSF STC program became more prescriptive of the 

administrative structure at the centers. Even though individual centers had the flexibility 
to devise their own management structure, the request for proposals (RFP) for 1998 and 
beyond suggested that the center director be supported by other personnel in leading roles 
such as, the education coordinator, knowledge transfer coordinator, financial manager, 
etc. The 1996 NAS report had identified strong scientific and administrative leadership as 
a key driver of success for a given center. As such, ‘Leadership’ has emerged as an 
integral review criterion in subsequent competitions. 
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• Institutional commitment: The need for institutional commitment and or cost sharing was 
more explicitly articulated in the 1998, 2000 and 2003 competitions, especially cost- 
sharing for acquisition of equipment (> $10,000). 

 
• National network of STC directors: An additional role for the center directors identified 

in the 1998, 2000 and 2003 competitions was their participation in a national network of 
STC directors. The purpose of this network is to identify common problems, challenges, 
and success shared by the centers, as well as to encourage cooperation on resource-use 
and personnel interaction.   

 
• Shared experimental facilities: Applicants for the 1998, 2000 and 2003 competitions 

were instructed to discuss the establishment, development, management and plans for 
outside access of shared facilities. This particular requirement derived from the previous 
two components—the need to demonstrate tangible institutional commitment and 
efficient utilization of NSF-funded facilities. 

 
• External Advisory Committee (EAC): Though the requirement for an external advisory 

committee for individual centers existed for the pre- and post-2000 cohorts, the formal 
requisite for the committee and guidelines on its membership first appeared in 1998 and 
has been restated in subsequent solicitations.  

 
• Accountability and reporting: STC reporting requirements increased and became more 

specific over time. These included requirements for management and performance 
indicators, to be submitted annually to NSF via an evaluation technical assistance 
contractor. 

 
In addition to the above features noted in the evolution of the STC program that manifest in the 
current 17 centers (the focus of the AAAS review), there were more recent developments in STC 
program policy apparent with in the 1998, 2000 and 2003 award competitions: 
 

• Center sustainability: The option for applicants to present a financial plan for post-NSF 
STC funding was absent from the 2000 and 2003 solicitations. Even in the 1998 
solicitation where this option existed, the expectation for sustainability was with respect 
to collaborations with stakeholders and not for education, diversity and human resources 
related activities of the center. 

 
• Cost-sharing: While NSF’s desire for a tangible institutional commitment was expressed 

in most STC competitions, it wasn’t until the 2000 solicitation that cost-sharing was 
required at a level of 30 percent of the total requested NSF funds. 

 
• Partnerships: Although all the STC competitions have stressed the need for integrated 

and committed partnerships with various stakeholders, the 2000 competition emphasized 
the financial obligation of the partner. Starting with the 2000 solicitation, the integrated 
nature of the proposed center was evaluated to determine whether the “whole is greater 
than the sum of parts,” emphasizing that research, education and knowledge transfer 
components of an STC function seamlessly.  

 
• Reviewers: In the spirit of fostering greater transparency in the grant-making process, 

beginning with the 2000 competition, the STC program elaborated on the selection of the 
reviewers for evaluation of submitted proposals, as follows: “…These reviewers are 



 B-4

selected by Program officers charged with the oversight of the review process. NSF 
invites the proposer to suggest, at the time of submission, the names of appropriate or 
inappropriate reviewers. Care is taken to ensure that reviewers have no conflicts with the 
proposing team. Special efforts are made to recruit reviewers from non-academic 
institutions, minority serving institutions or adjacent disciplines to that principally 
addressed in the preproposal or proposal.” 

 
• EAC membership: The prescription on external advisory committee membership 

increased over time.  The 2000 RFP prohibited persons with a financial, institutional or 
collaborative connection to the center from serving as members of the EAC. Details on 
the membership of the EAC were more prescriptive in the 2003 solicitation, which 
instructed the inclusion of women and underrepresented minorities, and of persons 
“having the capability to assess all aspects of the project including the management, 
research, education, and knowledge transfer components.” 

 
• Education goals: The requirements for the education component of STCs have been 

under constant modification throughout the two decades of the program, ranging from 
emphasis on attracting U.S. students (1989 solicitation), broadening career paths for 
students (1998 solicitation), presenting plans to tighten the timeline for baccalaureate to 
Ph.D. (1998 solicitation), and addressing the educational needs of the participating 
students (2003 solicitation). 

 
• The 2003 solicitation was unique in several ways:  

o It required the applicants to include discussion on the potential legacy of the 
center, and a plan for succession of center leadership.  

o It indicated that the review panelists would be asked to pay special attention to 
the vision, national impact, integrative nature and potential legacy of the 
proposed center.  

o Though the basis for this development is unknown, the 2003 solicitation 
introduced the requirement for each center’s policies on ethics. Further the 
request for proposal prescribed “A program of ethics training within the cross-
disciplinary and multi-institutional context of the Center, for all Center and sub-
awardee staff, including faculty, visiting faculty, industrial fellows, postdoctoral 
researchers, graduate and undergraduate students, is required. Training topics 
should include the nature of the research, methodologies used, ownership of 
research and ideas, and roles and responsibilities regarding intellectual property.”  

o The 2003 RFP also required a tentative timeline for major milestones for the first 
five years of a center’s existence.  

o Finally, new language in the 2003 RFP hinted at a greater role for NSF 
management of the STCs via the cooperative agreements: “NSF has 
responsibility for providing general oversight and monitoring of STCs to help 
assure effective performance and administration, as well as facilitating any 
coordination among the STCs as necessary to further the objectives of the STC 
program. Prior to finalizing the Cooperative Agreement, a retreat of the Center's 
key personnel to address strategic planning of the STC will be required.” 

 
The latest 2008 solicitation (NSF STC Program solicitation, 2008) opened the door for the sixth 
round of center awards by the STC program. Observable refinements and modifications in this 
solicitation—greater emphasis on inclusion of underrepresented communities at all levels 
(including faculty positions) of the center and on the use of cyberinfrastructure to promote 
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organizational linkages, no cost-sharing requirement for the host institution, and an increase in 
range for annual budget request (up to $5 M)—marked an ever-evolving program.   
 
Despite changes in the management, organization, education and other features of the STCs, it is 
important to emphasize that the overarching goals and objectives of the STC program—to fund 
transformative research and education of a diverse, scientifically-competent workforce—have 
survived the test of time.  
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APPENDIX C.  Methodological Issues 
 
 

A. Performance Assessment Criteria: Value Added; Transformative; Merit Review 
Criteria; Additionality  

 
Four overlapping but nevertheless distinct concepts of performance are analyzed below:   value 
added; transformative; intellectual merit and broader impacts; and additionality. As relevant, each 
concept is used to assess program performance, first with respect to specific objectives and then 
in offering an aggregated program-level assessment.3 
 
This study’s assessment of the STC program is based on two externally set requirements: (1) 
employment of the criterion of value-added as the basis for forming judgments about the 
program’s merit or worth; and (2) use of a comparison group approach, specifically to compare 
performance under the STC program with the performance of individual investigators/small 
groups.4  As stated in the 2005 National Science Board (NSB) document, Guidance for National 
Science Foundation Centers Programs:  “One of the critical requirements for centers is to 
demonstrate the “value added” nature of activities expected from investing in research and 
education through this mode of support; in other words, research that cannot be performed by 
single investigators or small groups” (NSB, 2005, Appendix C, p. 18).  Each of these 
requirements poses complex methodological challenges.      
           
The study treated each of these requirements in an analytically agnostic manner.  Doing so was 
deemed essential to selecting the right tools for the right purposes (Mark, 2009). Value-added for 
example is a “baggy” term; it is susceptible to many definitions, each of which requires collection 
and analysis of different types of evidence.  Before acting to fulfill these requirements  and 
consistent with its genesis as a research grant directed at advancing the state of knowledge and 
improving the state of practice of evaluations of Federal science and technology programs, the 
study subjected them to the same type of critical analysis as it did the STC program.  
 
First in a stylized manner and then with evidence, the study highlighted the potential for direct 
competition between the individual investigator-small group and center modes of research for 
NSF resources, and also the possibility of complementarity between them, especially as seen 
from the perspective of investigators who may seamlessly seek and secure research funding from 
                                                 
3  An additional potential program-level performance criterion—legacy—appears beginning with the STC 
program’s 2004 solicitation (NSF 303-550). This solicitation required applicants to “articulate the potential 
legacy and national impact of the Center if funded.”  Given the multiple objectives set forth by the 
program, legacy has multiple meanings and can take multiple forms. It may mean new scientific and 
technological findings that approximate “paradigmatic shifts”; new institutionalized forums for knowledge 
exchange, such as new journals or scientific associations; permanent changes in academic curricula; new 
formalized, continuing relationships between host institutions and other educational institutions; lasting 
impacts of student career choices or faculty attitudes towards collaborative projects, and much more. The 
key concept underlying the legacy criterion is that the center’s impacts extend beyond its NSF-funded life. 
For purposes of this study, legacy is subsumed within the criteria of value-added and transformative, with 
several examples cited of what are likely to be continuing impacts. However, since all centers were still 
operational during the course of the study, it would be premature to attempt a program-level assessment of 
the STC’s legacy. 
4 “To ensure that each center is providing this value, investments in centers should be periodically reviewed 
by NSF to make certain that supported centers maintain the highest levels of excellence and have not 
evolved into activities that should be done by single or a small group of investigator grants” (NSB, 2005, p. 
18). 
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each. It also examined the different objectives sought by NSF in constructing a research portfolio 
consisting of individual investigator and center grants, with consequent attempts to compare sets 
of outputs between the two (or more) modes, at times producing the proverbial challenge of 
comparing apples and oranges.    
                 
This positing of the individual investigator/small group mode of support as the baseline condition 
accords with the post-World War mode of support as the baseline condition accords with the 
post-World War II structure of  Federal government support for non-mission oriented basic 
research to universities through competitively-awarded grants (Smith, 1990; Hart, 1998). This 
mode is deeply rooted in NSF’s history, core values, and apportionment of research funds (as it is 
for NIH).  In an alternative policy design or historical environment, say one in which centers were 
the established mechanism for funding research, the burden of the proof on comparative 
productivity or effectiveness might be neutral or tilted in the other direction.  In all, this NSF 
mirrors the norms and expectations of much of the U.S. academic research community.5  More 
generally, adoption and commitment to this arrangement—funding the best science proposed by 
the best researchers as vetted by peers—is frequently cited as underpinning post-World War II 
U.S. preeminence in basic science and graduate education.6  
    
Consider the language for describing what matters.  As frequently as the term “value-added” 
appears in NSF documents, so too has the concept and standard of “transformative” appeared in 
Foundation reports in recent years, with little effort made to detail the expected degree of 
similiarity or difference between the two.  The concepts are not the same; defining and measuring 
differences between them is an essential aspect of understanding the performance of STC centers, 
especially in analyzing why principal investigators and faculty become involved in the STC 
program.7   
 
Additionally, introduction of the concept of transformative facilitates an analytical and policy-
relevant accounting of the possible—and indeed observed—variability of the STC program’s 
impacts among stated objectives.  Rather than seeking to aggregate achievements across centers 
by STC program objective—summation by a cardinal scale—the approach adopted in this study 
is to assess them in terms of their value-added and/or transformative impacts—the latter being an 
ordinal scale, with transformative becoming a measure of “value added plus.”   
 
         1. Value-Added 
 

Value-added typically means the addition of a specified desirable attribute, with the 
quantitative measure of this increment treated either as a unitary, self-contained metric, e.g,, 
improvements in student test scores (Armour-Garb, 2009; p. 692), or as a multiplicand in an 
                                                 
5  This prevailing world view is expressed in the U.S. Office of Technology Assessment 1991 report, 
Federally Funded Research: Decisions for a Decade:  “Little science is the backbone of the scientific 
enterprise… The unpredictability of scientific discovery makes this approach an effective and efficient 
model:  “For those who believe that scientific discoveries are unpredictable, supporting many creative 
researchers who contribute to S&T, or the science base, is prudent science policy” (OTA, 1991, p. 146). 
6  Commenting on U.S. international leadership in immunology research, an NRC panel contrasted policies 
in Europe and elsewhere, where central governments support specific institutions and research projects, 
with the NIH model of research-grant allocation and funding in which “almost all research ... is initiated by 
individual investigators, and the decision as to merit is made by a dual-review system of detailed peer 
review by experts in each subfield of biomedical science” (NAS, 2000, 3-20). 
7  Lack of access to information about the STC selection process curbs the study’s testing of the hypothesis 
that the distinction between value-added and transformative is what separates funded from non-funded 
proposals during the final stages of the STC selection process. 
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expression that is then multiplied by some weight that reflects its (externally set) value relative to 
other variables.  
 
In education, for example, where the concept looms large in current policy debates on 
mechanisms to evaluate teacher performance, value-added is frequently measured in terms of test 
scores or graduation rates (Hill, 2009). Value–added, however, may also mean outputs, whether 
in research, education, knowledge transfer or some combination of these outputs, that would 
otherwise not be achievable (or considerably delayed) in the absence of the government policy or 
program, or in the context of this study, use of the center mechanism relative to the next best 
alternative(s).  This definition, as noted above, frames the NSB’s principles for establishing 
centers. Finally, value-added may be taken to mean more and different:  more output as measured 
by mainstream indicators plus additional output measured by different indicators. At this point, 
value-added morphs into what has come to be defined as transformative impacts. 
 
Value-added, however may, be defined and measured as something other than differences in 
measured outputs—say, publications or patents—between centers and individual investigator 
activities. Instead, it may be defined in terms of potential (and realization of) opportunities for 
increased organizational and individual performance that flows from sustained, flexible, 
collaborative, multi-purpose, multi-party undertakings.  Independent confirmation of the 
importance of these features in building national research capacity and international 
competitiveness is found in the assessment offered of the United Kingdom’s Platform Grants 
program. Operated under the auspices of the UK’s Engineering and Physical Sciences Council 
(EPSC), this program shares many features in common with the science thrust of the STC 
program. Considered as added value features of  the program “over standard research grants” 
were the following:  flexibility; strategic vision; freedom; retention of staff; attracting and 
keeping stars; succession planning; new directions; taking risks; academic collaborations; 
prestige; interdisciplinarity; making links with emerging groups; industrial collaboration; 
outreach to the general public; leveraging funding; and external impact (EPSC, 2008, pp. 14-15).  
 
From this perspective, the value-added of an STC is the social infrastructure provided to faculty, 
students, and organizations to engage in enhanced activities in research, education, and 
knowledge transfer.  Pragmatically, faculty and graduate students, at the end of the day, are 
attentive to the units in which they are administratively housed for purposes of promotion, tenure, 
and salary.  Participation in an STC augments individual performance (and aspirations) by 
providing access to a larger, more intellectually-diverse pool of researchers.  It is a centripetal 
force for attracting talent and the intellectual ingredients for raising and pursuing new ideas that 
may not emerge from intra-departmental/disciplinary settings. In this sense, the STC is an 
enabling award that allows, indeed encourages, behavior that might not otherwise occur.    
 

2. Transformative  
 

The emergence of “transformative” as a policy objective reflects increasing concern, 
voiced in many forums, that the hallmark characteristics of U.S. science policy for academic 
research—namely, competitive merit review—have had the unintended consequence of 
introducing undesirable degrees of conservatism into the basic science enterprise.  Increased 
pressure on faculties to submit research proposals to start or maintain their research activities and 
support cadres of graduate students set against what are held to be historically-rooted and slowly 
evolving discipline-bound review panels has narrowed the gate through which interdisciplinary, 
high-risk, blue-sky, out-of-the box research proposals must pass. Normal science, that which is 
fundable, has increasingly become what Kuhn (1970, p. 24) described as a “mopping up 
operation” in which most scientists are engaged throughout their careers. 
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These themes are evident in the 2007 NSB report, Enhancing Support for Transformative 
Research at the National Science Foundation. The NSB definition of transformative research 
employed in the report includes two distinct concepts:  paradigm shift and creation of a new field 
of science or technology. The concepts overlap, but are separable. A paradigm shift may lead to 
creation of a new field of science or a new technology that is used in a discipline. However, a 
paradigm shift in a field of science or a new instrument may remain largely nested within a 
specific field.  On the other hand, a new field of science or technology may emerge and evolve as 
in Kuhn’s classic formulation. It is in the sense of emergent fields of science and technology 
offering the prospects of new “general purpose” or “platform” knowledge that the term is used 
here.   
 
Transformative, in contrast to value-added, connotes durability and sustainability; it means that 
the change(s) produced by some intervention carry on after the intervention ends. As used here, 
transformative is analogous to the terms institutionalization and routinization found in the 
literature on the diffusion of innovations (Yin, et. al, 1978).  An STC may produce significant 
benefits during the course of the award (value-added) that dissipate after the end of center 
funding. If, however, it produces sustainable changes in the conduct of scientific and 
technological research, its output is treated as transformative.  
 
Each of these possibilities is sketched in Figure C1. Rays I, II, and III represent established fields 
of science, presented as evincing steady advance over time. Ray I depicts the scenario implicit in 
the OMB policy directive and in NSB guidelines for assessing program performance. In this case, 
“gross” value-added is measured by changes between To and Ti, with the comparison being 
between the “baseline” model represented by the movement along the ray (AB), and the new 
funding mechanism (or policy intervention) represented by the dashed line, AC. “Net value 
added” in this case is the difference between the two, CB, which, of course may be negative.  
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Figure C1. Value-Added: What Is It? 

 
 
Other scenarios exist, too. Ray IV represents the development of a new “interdisciplinary” field 
that combines elements of II and III.  This field advances more rapidly than does II but less so 
than III.  Rays V and VI represent totally new fields. The former is presented as advancing more 
rapidly than any of the others, the latter as advancing less rapidly than established fields.  Ray V 
thus produces both more and different; VI produces different but less.8  
 

3. Additionality 
 

Another refinement to the concept of value-added is its overlap with that of 
“additionality” (OECD, 2006), a concept frequently used in Europe to structure evaluations of 
public sector R&D programs. Additionality in the conceptualization and measurement of value-
added permits a finer disaggregation of program impacts. In its standard formulation, 
additionality comes in three flavors:  (a) input additionality—the generation of added resources 
directed to program objectives; (b) output additionality—the customary search for more of 
whatever happens to be a program’s intended or desired outputs (e.g., publications, citations, 
patents, graduates, etc.); and (c) behavioral additionality—changes in the way program 
participants behave, individually or collectively, both during and after the program’s existence. 
 
Under the rubric of “leverage”—the additional funds secured by a program’s grantee from other 
funding sources—input additionality features prominently in evaluations of many other Federal 
and state government science and technology programs.  To the extent that the study takes note of 
additional resources, it does so in the context of the ability of STCs and/or participating faculty to 
                                                 
8  The existence of these other scenarios points to the limited, possibly “special” case represented by the 
first scenario. Comparisons of IV with II and III, for example, raise questions of the comparative 
importance/vitality/relevance of fields of science and technology that neither the competitive merit review 
process nor conventional measures of research output handle well (NRC, 2007).  
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secure merit-based, competitive funds from funding sources other than NSF. It does not enter into 
discussions of institutional matching funds or industrial revenues that comprise or augment the 
STC program’s requirement for a 30% cost-sharing contribution, or which may provide the basis 
for continuation of a center after the expiration of a center’s NSF award. 
 
Output additionality as used in this study is treated as equivalent to value-added, and obviously 
remains the focus of attention.  Behavioral additionality represents an important new perspective 
for considering the impacts of the STC program, namely, STCs are to be assessed in terms of 
their impacts on the behaviors of several classes of participants. These participants include 
faculty, students (precollege through postdoctoral), administrators—department heads, deans, 
vice president for research, provosts, and presidents—of the universities in which the STCs are 
formally housed, and the participants and administrators of partner institutions.  
 
Behavioral changes induced by an STC may take many forms. Change may be in the ways in 
which science in done and disseminated; students are taught; students perceive themselves in 
making educational and career choices; host institutions, partner institutions, and third party 
organizations interact; and more. Change may be readily measurable, as in the size and 
composition of research teams or the choice of journals in which faculty seek to publish, in 
university intellectual property rights policies or departmental guidelines on the composition of 
Ph.D. committees.  Or change may be attitudinal, measurable perhaps by surveys or by frequency 
of informal contacts, but otherwise not readily apparent.  
 
Behavioral change occurs over time. Some of its effects may occur during the life course of an 
STC, thereby contributing to output additionality. But the effects of behavioral change may not 
occur until after the 10-year life of an STC—the gestation period required for a middle-school 
student from an underrepresented population to complete graduate school and land a faculty 
position or join the STEM workforce in some other capacity. The effects, alternatively, may 
continue on after the STC ceases to exist as a formal entity, as faculty who participated in it 
continue to engage in the collaborative, interdisciplinary, cross-institutional, and cross-sector 
professional activities first engendered by the NSF award. Behavioral additionality thus may 
constitute part of the “legacy” not only of individual centers that have reached or are nearing the 
end of their 10-year period of NSF support—but also of the STC program.  
 
B. Comparison Groups   
 
Construction of a comparison group is a standard requirement in quasi-experimental evaluation 
design. It also is a necessary prelude to further decisions and activities related to the 
identification, collection, and analysis of evidence.  Comparison groups are intended to prevent 
confounding the effects of the (program) intervention with other possible causes of 
observed/measured outcomes.  The requirement is made even more binding because recent OMB 
directives specifically call for use of a comparison group approach in evaluating Federal 
government programs (OMB, 2009).  The study also seeks no repeat of the criticisms of the 
previous review of the STC program, which was faulted for lack of a comparison group.   
 
Construction of an appropriate comparison group or groups for the STC program turns out to be 
far more complicated than following the NSB strictures or what good evaluation practice would 
suggest.  Three different comparison groups for the STC program were considered for this study:  
individual investigator/small group research awards, other NSF centers, and STC faculty.   
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1. Individual Investigator-Center Comparisons 
 

The first approach, requiring that an assessment of STCs be made in comparison with the 
single investigator model, can be as much a reflection of the symbolic uses of politics (Edelman, 
1985) as an evidence-based exercise to determine the contemporary and prospective contributions 
of each mode of funding.  The challenges arise from the already noted paucity of descriptive 
information on how centers actually operate in comparison with a view through the lens of a 
hypothetical list of center benefits and costs associated with academic research centers.  
 
Identification, much less construction, of a suitable comparison group comprised of individual 
investigators or small groups is far more complicated than suggested in NSB/NSF policy 
documents. For STCs, the comparison group might be non-STC faculty in the same departments 
in the same institutions; a random sample of non-STC faculty who have received grants from the 
NSF directorates housing the centers; a random sample of all university faculty; faculty listed in 
the next set of most highly-ranked but not winning STC proposal submissions; STC faculty 
before, during, and after their participation; and possibly others. Abstracting for the moment 
logistical and administrative considerations affecting access to confidential NSF documents on 
project awards (or declinations) that would be necessary to construct several of these comparison, 
plausible cases can be made for any of the above. 
 
The single PI-center comparison manifestly entails considerations of resource allocation. If 
viewed as either-or propositions for funding research proposals, competition obviously exists 
between individual-investigator and center awards.  The opportunity cost of funding STC centers 
is the number of individual-investigator awards that might otherwise be funded. This number 
indeed may be high. A lower-bound estimate, for example, would be 20 such proposals per year 
per fully funded center.9  The total number of annual forgone individual-investigator awards thus 
is the estimated number per center multiplied by the number of centers in existence, adjusted for 
ramped-down funding of centers in their closing years.10  
 
Competition for research funds between the PI model and the center model, however, is not 
unique.  Rather, it is more appropriately viewed as a special case of the ever-present competition 
for funds among fields and modes of scientific inquiry.  To borrow Bowen’s (1980) well-known 
adage that universities raise all the money they can and spend all the money they raise, so too do 
scientists.  The propulsive force behind this statement is a simple extension of Bush’s classic 
articulation of science as an “endless frontier.”  A corollary to this proposition is that there are 
always more research questions worthy of being answered, as judged by competitive, merit 
review processes than there are funds available to support the research. Given “unbounded” 
demands set against “bounded” resources, choices among and within fields of research inquiry 
must be made.  
 
                                                 
9  This estimate is constructed as follows:  the 2010 STC center awards approximated $5 million/year for 
each center.  Assuming that $1million of this total is directed to education, diversity, and non-academic 
knowledge transfer activities, the core research/administration budget of a center becomes $4m/yr. 
Projected average award sizes for FY2011 for NSF directorates vary from approximately $115,000 
(Engineering) to $209,000 (Biological Sciences) (Scott and Tobin, 2010, pp. 70-72). Employing an upper- 
bound estimate of average award size of $200,000 yields 20 awards per center (20 x $2000,000 = $4M) 
awards. The lower the estimated average size of an award, the larger the number of forgone single 
investigator awards. 
10  Opportunity costs here are symmetrical. An additional sixth STC could have been funded in 2010 if 
resources were directed to the extra-marginal proposal, assuming excellent reviews, rather than to 
individual/small group projects. 
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This competition at the Federal level is expressed in various ways:  the need to establish 
“balance” in Federal research support between the life sciences and the physical/ engineering 
sciences; the need to assess the “vitality” of different fields of research, each with its own 
adherents and peer review panels, within a single directorate; the need to set priorities within 
fields of science in a single discipline (as seen the internal dispute among physicists about 
funding of the superconductor supercollider or in political science between supporters of  large 
scale surveys, such as the American National Election Survey and individual investigator grants); 
and the need to allocate resources between directorates (or institutes, in the case of NIH) and for 
NSF-wide initiatives.11  
 
Concern about quality control also enters into the comparison.  Whereas individual- investigator 
proposals submitted to research directorates undergo merit review, research undertaken in centers 
(after the initial selection stage) is perceived to be subject to less systematic and rigorous scrutiny.  
The taint of lower intellectual merit or performer qualifications than if funds were allocated to 
single investigators lingers in comparisons of the PI/center models.  
 
An opposing view also exists.  Instead of being subject to fewer quality checks, research 
conducted under the STC mantle may be said to have to undergo more such checks.  STC 
research passes through a four-tiered quality filter.  First are the multi-tiered reviews of the 
proposed science conducted during the selection process. Second are the annual site visit reviews 
organized and managed by NSF. Third are the internal reviews of priorities and productivity 
conducted by STC directors, center executive committees, university administrators, and center-
based external advisory committees (each of which holds the potential for redirecting research 
thrusts and shutting down and/or opening up revised lines of research.  The fourth is the review 
applied to manuscripts submitted by center personnel for publication in refereed journals.12  
 
Finally, embedded in the mandate to compare centers with the principal investigator model are 
implicit assumptions that the two modes are inherently competitive and that the funding and 
organizational arrangements contained in the center model are inherently subject to the above-
listed defects associated with hierarchical, block funding arrangements. Neither assumption 
accurately describes the functioning of STCs.  For the most part, the research output of an STC 
represents the aggregation of work done by individual investigators and small groups. What most 
distinguishes these single-project investigations from the paradigmatic single-PI NSF award are 
not ex ante differences in the intrinsic quality of the science being undertaken (or of the scientists 
conducting the research), or the level of funding provided individual faculty.  Rather, it is that the 

                                                 
11  Contemporary debates about NSF’s National Ecological Observatory Network (NEON) initiative vibrate 
with sounds similar to those attending the STC program.  With an estimated initial cost of $20 million and 
a total estimated cost of $434 million, NEON is described as “ushering in a new era of large-scale 
environmental science.”  But it also is seen as requiring a change in how ecologists do their science, 
requiring them to become part of a collective and posing out-year challenges to NSF program managers to 
cover annual operations and maintenance expenses of newly-constructed facilities without “devouring their 
annual budgets which nurture thousands of individual investigators” (Pennisi, 2010).   
12  Because STC center proposals are evaluated on the basis of multiple criteria—research, education, 
knowledge transfer, management plan—and by reviewers with expertise in different facets of a center’s 
multiple objectives, it is not possible to assess whether the funded proposals necessarily presented the “best 
science” and the “best scientists,” either relative to those center proposals just outside the funding line or 
relative to merit-reviewed individual-investigator proposals. Proposals exceptionally strong in research may 
have been deemed deficient in other solicitation requirements, thereby being ranked below those proposals 
that offered somewhat less compelling (but still highly-rated) research thrusts with greater strength in other 
required elements.  Without access to reviewer scores and panel judgments, it is not possible to address 
these possible scenarios. 
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former projects tend to be organized about larger, more disciplinary-diverse teams, directed 
towards a shared research objective, which itself may undergo evolution and revision during a 
center’s life such that the needs of the research group as a whole enter into the design and conduct 
of individual investigator experiments, data collection, and analysis. Individual research projects 
conducted under the auspices of an STC thus must satisfy the dual criteria of quality and 
relevance. Failure to satisfy either criterion is grounds for termination of center support.  
 
Internal procedures employed by centers to allocate NSF funds, and the level of support provided 
to each grantee, are modeled on core NSF practices. Additionally, center review procedures, 
encouraged or required at times by site review teams, include provision for internal reallocations 
of funds to or from research thrusts, and thus the entry and exit of individual faculty or small 
research groups.  As an example, the University of North Carolina-Chapel Hill’s Center for 
Environmentally Responsible Solvents and Processes (CERSP) 2001-03 Call for Proposals 
contained the following financial terms:  “The standard funding module allows for the following 
allocations for each of two years. (Second year funding is contingent upon satisfactory 
completion of a semiannual review.)  One summer month salary support for PI. One full-time 
grad student or half-time post-doc, preferably shared with another Center PI. Provision for 
supplies ($4000 per year).Travel ($500 per year).” 
 
             2. Other NSF Center Programs 
 

A second possible comparison group for the STC program is other NSF center programs, 
particularly the Engineering Research Centers (ERC) program and the Materials Research 
Science and Engineering Centers (MRSEC) program.  Each of these programs shares several key 
features of the STC program and have undergone multiple external reviews, thereby supplying a 
set of benchmarks against which to compare the performance of the STCs.  
 
Table C1 presents a detailed comparison of dimensions for STCs, ERCs, and MRSECs.  
Organizationally, the three programs share several common features. Awards for each program 
are made on the basis of cooperative agreements, which assures ongoing NSF monitoring; each is 
multi-year, for periods extending beyond the typical duration of a single investigator/small group 
award; each has stated objectives in both research and education; each requires cost-sharing by 
host institutions; and each de facto entails interdisciplinary collaboration.     
 
There are three major limitations, however, to using ERCs and MSERCs as comparison groups 
for the STC program. First, the single-directorate focus of these other center programs raises 
questions about the generalizability of modes of research and education from the disciplines they 
embody to the wider and more diverse domains of science encompassed in the STCs.  Scientific 
advance as distinct from technological advance, for example, may be an integral part of the 
research activities of ERCs and MSERCs, but not to the same degree that impinges on the 
research objectives and activities of selected STCs.  Second, the more directed thrust of the ERC 
and MRSEC programs toward economic competitiveness objectives, technology transfer, and 
interactions with industrial partners had led to an emphasis on performance metrics such as 
patents, licenses and spin-offs. These metrics are less fully indicative of the knowledge transfer 
performance of STCs, and even less so for its research objectives. Third, ERCs and MSERCs 
have developed their own “culture” with respect to the modes and manners by which centers 
relate to NSF, home universities, and each other (Ailes, Feller, and Coward, 2001). Similarities in 
structural characteristics between these two programs and the STC program may thus mask 
differences in how they function and, in turn, in their accomplishments. 
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Table C1.  Comparisons Among Three NSF Center Programs 
Program Dimensions STCs ERCs MRSECs 
Program solicitation 2003 2004 2004 
Effective Award date 2005/06 2006 2005 

Administration OIA + 
Directorate 

Directorate 
(Engineering) 

Directorate 
(Mathematical 
and Physical 

Sciences) 
Cooperative Agreement Yes Yes Yes 
Success Ratio (Applications: 
Awards) 16% 22% 36% 

Number of Awards 6 7 15 
Duration (years) 5-10 5-10 4-6 
Award size ($M/year) 1.5-4.0 Up to 3.0-4.0 1.0-5.0 
Award Total ($M) 30 12 26 

Required Objectives: 
  1) Science Yes Yes Yes 

  2) Education precollege, 
college 

precollege, 
college College 

  3) Diversity Yes Yes No 
  4) Knowledge Transfer Yes No Yes 
Interdisciplinary Frequently Yes Yes 
Industrial Partners Sometimes Yes Yes 
Cost Sharing Requirement 30% 20% 10% 
External Advisory Bodies Yes Yes No 
NSF Site Visit Requirements Yes Yes No 

Note:  For consistency and accuracy of comparison, data for each Center program are based on program    
solicitations and award dates in approximately the same year. 
Sources:  STC, http://www.nsf.gov/pubs/2003/nsf03550/nsf03550.htm#pgm_desc_txt.  

 ERC, http://www.nsf.gov/pubs/2004/nsf04570/nsf04570.htm#pgm_desc_txt. 
 MRSEC, http://www.nsf.gov/pubs/2004/nsf04580/nsf04580.htm#reportreq. 

 
             3.  Pre- and Post-Faculty Participation in an STC 
 

A third possible comparison group is relatively new to the literature on the evaluation of 
NSF center programs, yet is integral to the conduct of science and indeed to the foundation of the 
STC program. It is the research choices and priorities made by participants in the STCs relative to 
their earlier research records and the choices and priorities open to them, but foregone because of 
their participation in an STC.   
 
Construction of this “pre-post” comparison group represents more than self-reports of program 
accomplishments, or sampling on the dependent variable. The construction draws analytical 
content, becoming a testable hypothesis, from the observation of the Nobel Prize winner, Peter 
Medawar, that “Good scientists study the most important problems they think they can solve” 
(1967, p. 7). The pre/post-test approach to constructing a comparison group is also grounded in 
statements made by both senior and junior faculty initially heard during site visits and telephone 
interviews and, subsequently confirmed by survey findings that participation in an STC has 
“changed their (research) life.” 
 
If there is any common signature theme amidst the heterogeneity of the 17 STCs in this study, it 
is the pervasiveness of this last statement.  Principal investigators and key participants in the 
preparation of a winning STC proposal and a center’s early research program are typically “senior 
faculty who have been active in acquiring grants and publishing research” (Bozeman and 
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Boardman, 2003, p. 3).  For such individuals, the relevant comparison is the alternative, next best 
science that they could have undertaken (along with the other research proposals that they would 
have written and grants that they could have received).  Two separate forms of evidence support 
this proposition. The first is the highly competitive character of the STC selection process. The 
second is the circuitous but clearly discernible connection between the scale and scope of STC 
programmatic agendas and the research and societal agendas contained in any number of National 
Academies reports. 
 
Comparative data on NSF funding rates and success rates for the STC competitions set the stage 
here.  Table C2 presents data on success rates for NSF and its constituent research directorate 
between FY2000 and FY2008, the period comparable to the funding cycle for the 17 STCs in this 
study.  Reflecting both the variability in NSF’s annual congressional appropriations and an 
upward trend toward increased annual proposal submissions, the funding rate fell from 33% in 
FY2000 to a low of 23% in FY2005, and increased to 26% in FY2007; in FY2008, the rate fell 
back to 25%.  
 
The success rates for STC proposals are far lower, by way of contrast. The STC program uses a 
multi-step, tiered selection process, so that success rates are dependent on the selection of the 
proposal denominator.  Figure C2 and Table C2 report these data in two different ways. 
Aggregated across the three competitions that resulted in the 17 STCs considered in this study, 
there were 585 initial submissions, 114 invited submissions, 39 site visit finalists, and 17 awards. 
These numbers yield a probability of success of 3% if measured against initial submissions, 15% 
against invited submissions, and 44% if a proposal made it to the final site visit stage. 13 

 
Table C2. NSF Proposal, Award, and Funding Rate Trends, FY2000-FY2007 
  2000 2001 2002 2003 2004 2005 2006 2007 
Proposals 29,508 31,942 35,165 40,075 43,851 41,722 42,352 44,577 
Awards 9,850 9,925 10,406 10,844 10,380 9,757 10,425 11,463 
Funding Rate 33% 31% 30% 27% 24% 23% 25% 26% 
Source: NSF Enterprise Information System, 10/2/07 

 

                                                 
13  The “success ratio”—the ratio between applications and awards—listed for the three center programs in 
Table C1 requires special note.  The statistic is included for purposes of complete accounting of program 
features.  However, it is likely more an artifact of the different modes of competition used in each 
competition than a meaningful number. The higher success ratio reported for MSERC centers, for example, 
likely reflects the eligibility of established centers to re-apply for new awards once their grants expire; this 
possibility does not exist for STCs and ERCs. The success ratio also is an artifact of program officer 
decisions about the number of institutions whose proposals have successively passed initial rounds to 
submit proposals in the final round. Since within a very small range the number of final awards is generally 
known before final proposals are submitted, the higher the number of invited proposals, the lower the 
success ratio.  Information on how programs decide on the number of finalist proposals to invite was not 
available to the study. 
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Figure C2. NSF STC Review Process, 2000-2006 

 
 
Table C3 summarizes data for each of the 3 competitions, focusing only on the full proposal-to-
award competition. Funding rates were 11% in the 2000 competition, 18% in the 2002 
competition, and 16 % in the 2005/06 competition—again well below the average for all NSF 
directorates.  
 
Table C3. STC Proposals, Awards, and Rating Rate for Three Cohorts 

Year # of full 
proposals 

# of 
awards 

Funding 
Rate 

FY2000 44 5 11% 

2002 33 6 18% 

2005/06 37 6 16% 
Note:  In 2000 there was no limit on how many proposals an academic institution could submit as lead; in 
2002  and 2005/06, the number was limited.  Thus, there is a significant drop in number of preproposals. 
Source: NSF data, assembled by Dragana Brzakovic, personal  communication, Jan. 20, 1010 
 
Systematic data on the resource costs to faculty and universities of preparing STC proposals are 
lacking. Anecdotal comments and interviews with faculty and university administrators, to be 
sure, are replete with statements about “thousands of hours” of preparation involving efforts 
begun 1-2 years before an anticipated solicitation announcement. Allowing for the presence of 
noise in the number of proposals considered (and triaged) at the preliminary proposal stage and 
the influence of program officer decisions in shaping the success rate at the final proposal-award 
stage, it nonetheless remains the case that relative to the likelihood of success, the costs involved 
in preparing and submitting an STC proposal represent a “high-risk” investment by institutions 
and faculty. 
 
Given these relatively higher opportunity costs in the form of forgone proposals and research 
output, the question arises, why would any group of senior faculty invest the time necessary to 
prepare an STC proposal?  A plausible a priori answer is that, given the low probability of 
success, faculty initiative and engagement in spearheading an STC proposal must be because they 
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expect benefits—in magnitude and kind—from doing something as an STC that could not be 
generated from additional single investigator/ small group awards.14  
 
Indeed, convergent types of evidence from this study point to the widening and deepening of 
research opportunities as the defining, distinctive value-added contribution of the STC program. 
STCs represent an opportunity for established, senior faculty to seek to transform the way(s) in 
which science is conducted in their fields of expertise.  A further attraction is the potential to 
connect and transfer this knowledge to both academic and non-academic stakeholders, which 
increases the likelihood of new knowledge being rapidly applied to a broad range of national and 
international objectives.  
 
The flip side of this widened set of opportunities made available to researchers is the expansive 
opportunities the STC program provides NSF.  Few, if any other, of its programs open for NSF as 
wide a window on what the research communities it supports consider to be breakthrough, 
transformative research needs or prospects. Given the large number of proposals submitted in 
response to its solicitations, few programs afford NSF such selection among opportunities. 
Although the distribution of proposals across subject areas and the selection process remain 
“black boxes” in this study, the large number of submissions suggests that the distribution of 
research opportunities taken and not taken across fields of science and engineering can be seen as 
revealing national and NSF priorities, not simply STC performance. It is in this context that NSF 
again gets what it wants from the STC program. 
 
The other source of evidence, as described in interviews with STC directors and faculty 
participants, is the considerable overlap found between the topical coverage of funded STCs and 
references to pre-proposal NSF workshops, and the content and recommendations of National 
Academies reports. At times, these precursor events are proximate spurs to the submission of an 
STC proposal. In other cases, they serve in proposals to document well-identified community 
research priorities galvanized in part by NSF or other Federal agency initiatives for which no 
sustained funding was available.   
 
Illustrative of the linkage between STC proposals and precursor NRC reports is the opening 
statement of the 1999 NRC report, Trust in Cyberspace, “Experts have known for some time that 
networked information systems are not trustworthy and that the technology needed to make them 
trustworthy has not, by and large, been at hand” (NRC, 1999; p. vii), and the research agenda of 
the University of California-Berkeley’s Center for Research in Ubiquitous Secure Technology.  
In effect, the research needs set forth in the NRC report shaped the center’s research agenda.  
 
The proposals of University of Arizona’s (SAHRA) and the University of Illinois’s CAMPWS 
offer similar examples. The 1991 NRC report, Opportunities in the Hydrologic Sciences, set forth 
an ambitious research agenda that sought to redress what it termed the imbalance between 
attention to applied research and that devoted to the hydrological sciences—the science of 
water—but with limited impact on Federal agency funding priorities. Also illustrative of these 
latter dynamics are the interplay among NSF’s fledging but limited efforts in supporting optical 
science and engineering, an NRC report, and the subsequent successful initiatives of the 
University of California-Santa Cruz and the University of California-Davis to launch STCs in 

                                                 
14 From the perspective of science as a contest, with prizes awarded to the swiftest, this example implicitly 
constitutes an indirect comparison with the single investigator model. For it implies that some number of 
established scientists see their most rapid and largest strides in ongoing competitive scientific races 
requiring research performed via a center mechanism rather than through a single-investigator grant.   
Similar sentiments have been heard in assessments of other NSF center programs. 
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these fields. As noted in the NRC 1998 report, Harnessing Light: Optical Science and 
Engineering for the 21st Century: 
 

In 1995 the National Science Foundation announced a new multidisciplinary research 
initiative in optical science and engineering. The call for preliminary proposals elicited 
more than 600 pre-proposals, which were reduced by selection to 70 submitted proposals, 
of which only 18 could be funded. The numbers indicate both the extremely competitive 
nature of funded research and the nationwide interest in optics research…Despite its 
apparent success, however, this initiative as a short-lived venture. NSF should develop an 
ongoing, agency-wide, separately funded initiative to support multidisciplinary research 
and education in optics (1998, p. 25-26).  

 
For the centers cited above, as well as others, the STC program presented a distinctive, 
enthusiastically capitalized upon opportunity for researchers to address longstanding, community 
defined, and agreed upon research priorities. 
 
C. Assessing NSF Criterion #2:  Broader Impacts 
 
As with all NSF grantees, STC Centers are required to demonstrate that their projects 
demonstrate value beyond “intellectual merit” (Criterion #1), i.e., have “broader impacts” 
(Criterion #2).  Two challenges arise in assessing the impact of NSF’s broader impacts: (1) how 
does NSF define broader impacts?; and (2) how do grantees measure them?  These generic 
questions cut across all of NSF’s activities. They take on a special form in assessing the STC 
program because of the heterogeneous character of the activities of the 17 centers, and thus the 
multiple forms in which broader impacts may be conceived, defined, and measured across 
program objectives.  
 
For a decade, the Foundation has tried to codify what is encompassed under broader impacts, 
while performers have struggled to show contributions of their work to those beyond their peer 
community. The decentralization of NSF leads to the NSB mandate being passed on to program 
managers who oversee—with abundant variations—the review process. 
   
The burden of assessing broader impacts is most directly felt in the proposal review process.  But 
this much-studied process (Chubin and Hackett, 1990; Kostoff, 1994) takes proposals as 
independent events. NSF does not track broader impacts as it does publications and research area-
specific indicators. Without an evaluation design that includes broader impacts metrics, it is not 
possible to determine if what was promised was actually delivered or occurred.  Almost a decade 
after then-Director Colwell (2002) issued a directive that Criterion #2 was to be taken seriously 
by all—program managers, reviewers, and proposers—several studies indicate that it continues to 
suffer from uneven attention, with limited impact on funding decisions (National Academy of 
Public Administration, 2001; Bozeman and Boardman, 2009; Burggren, 2009; Roberts, 2009; 
National Science Board, 2008).  A recent analysis (Lok, 2010) likewise points to NSF’s own 
ambivalence about this NSB-prescribed criterion.   
 
In its brief history, Criterion #2 was initially equated with education and diversity.  But over the 
decade, definitions of broader impacts themselves have broadened, leading in turn to longer lists 
of performance metrics.  For example, knowledge transfer raises the expectation of the 
conversion of knowledge into commercializable products and processes.  Likewise, the strategy 
of integrative partnerships itself is a broader impact inasmuch as collaborations that coalesce 
around STC activities:  (a) help to leverage what is being done; (b) give rise to organizational 
arrangements that may well align the partners on issues of mutual interest (not just STC 
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business); and (c) create synergies within disciplines, local and regional economies, and research-
intensive countries that represent unplanned and unintended positive consequences (exchange of 
ideas, personnel, tools).   
 
Two consequences of the above are that STCs, like other NSF center programs, are subject to 
“mission creep,” implicitly adding new dimensions to what constitutes satisfactory performance, 
and that the number of metrics used to assess performance, has tended to increase, resulting in the 
large and diverse set of metrics currently required of centers in their center annual reports.  
 
Indeed, centers are created for the express purpose of pursuing objectives that could not 
reasonably be achieved through the aggregation of individual-investigator grants. The unstated 
but nevertheless palpable assumption in requiring a comparison between modes of research 
support is that the salient, if not single, objective of interest in an assessment of the STC program 
is research output. If so, it needs to be stated explicitly if a program-level assessment is to 
correspond to program objectives. Such comparisons must be able to differentiate between and 
among “more,” “different,” and “more and different” conceptualizations and measures of 
research output. They must also take into account (possible/likely) systematic differences 
between the relative emphasis given, respectively, by individual investigators and center-based 
investigator, to research questions targeted towards what Stokes (1997) characterized as the Bohr 
Quadrant and the Pasteur Quadrant (see Figure C3).  
 
Given NSF’s historic emphasis on advancing basic science, single investigators may be seen in 
the main to aim at targets within the Bohr Quadrant, with spillover into the Pasteur’s Quadrant, 
possibly because of the influence of NSF Review Criterion #2 or the unpredictable but 
nevertheless documented contribution of basic research findings to technological and social 
innovations. In addition, given the STC program’s emphasis on four other objectives, researchers 
in STCs may be seen as aiming at in Pasteur’s Quadrant, but for comparable reasons—the need to 
satisfy Criterion #1 or the close historic connections between problem-focused research and pure 
basic research produce spillovers—at Bohr’s Quadrant.  For these and other reasons, the two 
targets overlap, but their bulls-eyes are differently centered.  
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Figure C3a.  Hitting the Value-Added Target 
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Figure C3b.   
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Source:  Stokes, 1997 
 
If each group hits its target’s bulls-eye, then each is producing the results for which it was funded.  
As evidenced by its positing of two merit review criteria, NSF may be said to have mission 
objectives that lie both within and across the Bohr and Pasteur Quadrants.  By specializing in 
those sets of activities in which they each have a comparative advantage, the combination of 
single investigator/small group awards and STC award contributes to NSF’s attainment of these 
objectives more effectively than had it concentrated on just one of these funding mechanisms. 
Any comparison of value-added contribution in the two quadrants, however, requires an external 
valuation of these contributions—the weighting problem, once again not tied to absolute 
measures of performance. Put differently, it is not individual researchers, whether as single 
investigators or as participants in an STC, who are seeking to hit the two respective targets. 
Rather, NSF is seeking to do so.  
 
D. Aggregation and Counterfactual Problems  
 
NSF policy statements and program solicitations tend to present the STC program’s five 
objectives as complementary, synergistic, or at least not competitive. The absence in NSF 
documents of explicit specific prior weights across objectives, however, complicates the task of 
summative program level assessments of performance.  Assessment of the overall achievements 
and performance of the STC program requires both consistent and transparent approaches to 

 NO YES 

YES Pure basic research 
(Bohr) 

Use-Inspired basic 
research 
(Pasteur) 

NO Birdwatching 
(Peterson’s Guide) 

Pure applied research 
(Edison) 

 NO YES 

YES 

  

NO 

  

● ● 



 C-17

aggregation and weighting.  As illustrated in Figure C4, the task involves first (a) summing 
achievements and accomplishment for each column, taking into account the possible 
heterogeneity of outputs; (b) summing achievements and accomplishments across columns, albeit 
dealing with non-commensurable measures; and (c) finding weights for each column’s 
accomplishments. 
 
Figure C4.  The Aggregation and Counterfactual Problems 

 
 
A further complexity in computing values for (a) and (b) is that this assessment may be done in 
two different ways. The first way is to sum the accomplishments of the 17 STCs in the study 
(Equation 1). This approach corresponds closely to the one used by NSF in preparing its annual 
Government Performance and Results Act (GPRA) report. The second way is to first sum these 
accomplishments and then to subtract the summed output produced by an actual comparison 
group, as in a quasi-experimental design or via a counterfactual, with the difference in the 
program’s “net benefit,” or “value-added” (Equation 2). This approach is the one implied by the 
performance assessment method subsumed in recent OMB guidelines.  
 
The challenge in performing step (c) is that no explicit statement exists or at least is evident in 
publicly-accessible documents that contain NSF’s choice of the weights to be used in summing 
the rows, or of greater importance for this study, the columns. This is not a unique situation 
across multi-objective programs of many types across federal agencies; indeed, it is more 
commonly the norm. In the context of the STC program, however, it is evident from the study’s 
team’s interaction with a cross-section of its participants and stakeholders that different 
individuals and entities—NSF site visit team members, center participants, center external 
advisory board members, university administrators, NSF management—assign different weights 
to the several objectives and activities of specific centers. Also evident is that the weights 
assigned by different groups have not been stable or consistent over time. 
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E. Time 
 
Consideration of historical time affects assessment of the STC program in complex ways. The 
2000 cohort of centers had almost completed the 10 years of support supplied under the STC 
program when the AAAS study began. Summative statements about performance and 
accomplishments of this cohort for the period of existence are thus feasible. The most recent 
cohort, those funded in 2005 and 2006, have recently undergone fifth-year reviews, a critical 
juncture under the terms of the cooperative agreement. Achievements of these centers still remain 
to be fully realized. The 2002 cohort falls somewhat in between. They are in the ramp-down 
period, facing critical questions of funding for each objective, continuity of partnerships and 
legacy, but still have time remaining for generating new (and novel) outcomes. 
 
Time enters the program assessment in yet another important way. Secular trends serve to shape 
expectations about what constitutes past “successful” performance or current needs, both for the 
STC program in general and for its specific objectives. As yesteryear’s risky behavior becomes 
today’s “normal science,” the distinctive contribution of past innovative actions (or of innovators) 
can become lost or muted; so too can a sense that similar actions are still needed.  Trends thus can 
create elastic rulers that stretch or contract depending on contextual settings of opening and 
closing periods.       
 
Trends shaping the conduct of academic science and graduate education, such as towards 
collaborative, team-based research, interdisciplinarity, multiple authorship, and inter-institutional 
cooperation, which underpin the initial rationale for the STC program, also have continued since 
2000 (and before), and indeed have become so widespread as to be termed the “mantra of science 
policy” (Metzger and Zare, 1999; cf. Abbott, 2001; Menand, 2010).15  As noted in Science and 
Engineering Indicators 2010, “Research in many fields has increasingly involved collaboration of 
researchers, whether on large or small projects. Funding entities often encourage collaborative 
research, which can bring together people of different disciplines, different types of institutions, 
different economic sectors, and different countries” (NSB, 2010: 5-28).   
 
Likewise, National Academies reports over the past decade, several sponsored in whole or part by 
NSF, identifying the frontiers of science across the life sciences, physical sciences, and 
engineering sciences, are replete with statements about the increased importance of collaborative, 
interdisciplinary approaches to discovery and education (NAS, 2005). The emergence of new 
“interdisciplinary” fields—bioinformatics, cognitive studies, nanoscience, nanotechnology, 
neurosciences, biomedical engineering—are among the more oft-cited examples here. Evidence 
of this trend toward interdisciplinarity and collaborative research is also seen in doctoral research 
and the composition of research groups.  From 2001-2008, between 24% to 30% of doctoral 
students responding to NSF’s Survey of Earned Doctorates reported having more than one 
dissertation research field (Falkenheim, 2010).16  Recent data on co-authorship, research team 

                                                 
15 “Virtually any meeting on the current state and future of science is leavened by obligatory statements 
about the importance of enabling researchers to work seamlessly across disciplinary boundaries and by 
solemn declarations that some of the most exciting problems in contemporary research span the 
disciplines” (Metzer and Zare, 1999, p. 642). 
16  Dr. Rita Colwell, former NSF director, for example, has said: “Interdisciplinary connections are 
absolutely fundamental. They are synapses in this new capability to look over and beyond the horizon. 
Interfaces of the sciences are where the excitement will be the most intense” (Colwell, 1998).  To cite only 
one of  many possible examples from recent NRC reports on the status of research in selected scientific and 
engineering fields, A New Biology for the 21st Century, describes the “essence of the New Biology” as 
“integration—reintegration of the many subdisciplines of biology, and the integration into biology of 



 C-19

size, and interdisciplinary composition of research teams also suggest that these trends are 
becoming ever “normal” features of contemporary academic science (Jones, Wuchty, and Uzzi, 
2008).  
 
Interdisciplinarity as such is not a formal requirement of the STC program.  However, most of the 
17 centers in the study were either explicitly organized to foster interdisciplinary approaches to 
science and technology or, if initially organized about a single discipline or academic department 
over time, broadened the scope of their research activities and partnership arrangements to 
effectively become interdisciplinary research units.  
 
Conversely, the passage of time can make documented accomplishments and progress appear low 
or slow.  As articulated in Rising Above the Gathering Storm, the America Competes Act of 
2007, and the 2010 reauthorization of this Act, the national sense of alarm about the 
comparatively poor international performance of U.S. students in STEM-related fields and the 
need to foster increased diversity in all aspects of U.S. education, from K-12 through tertiary 
education and into the professoriate, as well as in the STEM labor force, has intensified since the 
dawn of the 21st century.  Accomplishments that might have seemed satisfactory or laudable 
during the course of the STC program’s past decade may today register as positive but 
insufficient. 
 

                                                                                                                                                 
physicists, chemists, computer scientists, engineers, and mathematicians to create a research community 
with the capacity to tackle a broad range of scientific and societal problems” (National Academies, 2009, p. 
vii).  
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APPENDIX D.  Sources of Evidence 
 
 
The subsections below briefly outline the types of evidence on which this study relied, their 
sources, and the limitations associated with their use. 
 
Archival Information 
 
NSF’s archival records—STC solicitations; narrative portions of the pre-award proposals 
submitted by the 17 STC; statements of program accomplishments in science, education, and 
knowledge transfer prepared by each center at the request of OIA; on-line copies of STC center 
annual reports; NSB reports; GPRA reports—all augmented by informal conversations with 
current and retired OIA personnel, technical coordinators, and educational coordinators, and 
review of previous assessments of the STC program served as the study’s starting point.  
Although useful in reconstructing the program’s history (see Appendix B) and as an evidentiary 
base for selected features of the program, archival sources were judged too diverse in form, 
coverage, and quality to provide consistent or reliable program-level measures of outputs, 
outcomes, or impacts. 
 
This assessment was reinforced by listening to the views of a number of STC directors at their 
2009 annual meeting in Boulder, Colorado. During the meeting, OIA and project team 
representatives described the purpose and scope of the program-level assessment. The responses 
of the STC directors to these presentations were that the assessment needed to:  be based on a 
more comprehensive view of the workings, strategies, and accomplishments of the centers than 
reflected in annual reports; take into account the different forms, gestation periods, and 
institutional policies associated with the fields of science and technology engaged in by 17 
diverse entities; and critically review the reliability and validity of extant STC performance data.  
 
These comments were heeded in the design and conduct of this study.  In particular, it led to a 
decision to build the study from the bottom up, to reframe as necessary the research questions 
posed in the original AAAS proposal to NSF-OIA, and to modify data-collection strategies to 
capture what could not be retrieved from NSF’s own data; in effect, to seek a more informed 
blending of qualitative and quantitative information (Mark, Feller, and Burton, 1997). 
 
Site Visits and Telephone Interviews 
 
The first phase of the revised bottom-up strategy was to establish direct communication with each 
of the 17 centers, not just the five called for in the initial study proposal. This communication 
occurred through a combination of site visits and telephone calls.  The interaction was designed 
both as a methodological necessity—to consult key stakeholders for their first-person 
perspectives—and as a theory building/evaluation design step taken to insure that the study 
measured the right things in the right ways.  
 
Site visits were conducted during 2009 and 2010 to the following 5 STCs:  University of North 
Carolina-Chapel Hill: Center for Environmentally Responsible Solvents and Processes (CERSP); 
University of California-Davis: Center for Biophotonics Science and Technology (CBST); 
University of Arizona: Sustainability of Semi-Arid Hydrology and Riparian Areas (SAHRA); 
Georgia State University: Center for Behavioral Neuroscience; and the University of Kansas:  
Center for Remote Sensing of Icesheets (CReSIS) (again see Table 1).  
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The sites were selected to provide broad coverage of the fields of science (and NSF research 
directorates) represented by the 17 STCs and award cohorts, with a slight weighting towards the 
2000 and 2002 classes. Each site visit involved semi-structured interviews with the STC director, 
the center’s management team (Education, Diversity, Knowledge Transfer), participating campus 
faculty, partner institution faculty, students, university administrators, and representatives from a 
center’s external advisory board or key constituencies. Telephone interviews were also conducted 
with the directors of the other 12 centers. These conversations addressed the genesis of the 
centers, accomplishments with respect to each of the program’s five objectives, changes in 
objectives or activities during the life of the center, and relationships with NSF.   
 
Each of the 17 contacts with STC directors and participants was independent of the others. The 
narratives gleaned from them highlighted the heterogeneous character of specific center 
objectives, activities, and outputs. Strikingly, they yielded convergent narratives about selected 
themes, often presented in much the same language. These themes included planned pursuit of 
transformative science and technology connected to explicitly articulated, nationally-defined, and 
vetted scientific and/or societal objectives (as stated most  frequently in NSF workshops and 
documents and NRC reports); the centrality of interdisciplinary, collaborative research 
approaches to achieving these  objectives; the creation of new fields of science and technology; 
the array of partners engaged to pursue education and diversity objectives; and more. 
 
Aggregated, the site visits and telephone interviews served as mini-case studies that helped to fill 
the lacunae in descriptive information about how centers operate. They therefore served to 
identify key relationships and variables, an especially important step in the initial stages of a 
study, especially when a priori formulations are unduly stylized or dated (Yin, 1996). The study’s 
site visits and telephone interviews also contributed to a contextualized and theoretically-based 
perspective on the effects of STCs on the behaviors of faculty and students, leading in turn to the 
development of survey instruments designed to collect evidence to test related hypotheses 
(Eisenhardt, 1989). In these respects, the study’s decision to communicate with each of the 
centers was consistent with the recommendation made by NSF’s most recent GPRA Advisory 
Committee about the utility of engaging the scientific community as a partner in performance 
assessment (NSF, GPRA, p. 10).   
 
NSF Administrative Policies 
 
In large part the study’s employment of sources and forms of evidence has been shaped by 
necessity. Several types of evidence typically sought in quasi-experimental designs were 
administratively inaccessible to the study team, made available late and in an edited  form. In 
particular, NSF policies directed at preserving the privacy and confidentiality of proposal authors 
and members of review panels precluded the study’s team’s access to the following types of 
information:  

 
• Identification of institutions or fields of science and engineering contained in 

declined proposals (at each stage of the selection process, but most importantly those 
submitted by universities that made the penultimate site visit stage-information 
needed to construct comparison groups);  

 
• Interviews or focus groups with members of STC selection panels (to better 

understand what was expected of centers as well as the weightings used to score 
proposals across program objectives); and  
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• Annual NSF center-specific site visit reports by review teams (to better understand 
the evolving pattern of STC activities, and performance, as well as NSF’s role in 
guiding and shaping STC performance).  

 
These administrative restrictions account in part for the absence of evidence or other forms of 
data linked to the STC process flow diagram presented earlier in Figure 2.  The restrictions 
constrained the construction of appropriate comparison or counterfactual groups.  For example, 
the underlying analytical model places considerable emphasis on the implicit weights of STC 
selection panels assigned to the program’s multiple objectives. Insights into the workings of 
selection panels are needed to compare outcomes produced by the STC program and those that 
could have been produced by non-selected proposals and/or produced by single investigators or 
small teams.17   
 
NSF’s internal administrative policies relating to the differential access of contractors and 
research grantees to data collected as part of task order contract also produced unanticipated 
delays in securing existing STC program activity/performance data.18  The study’s original design 
was predicated on access to the annual performance data reported by centers to NSF, and 
assembled by Abt Associates under a task order contract.19  AAAS found the data more suitable 
for simple tabulations than for evaluation of outcomes. 
 
Surveys 
 
The study conducted two surveys: one of faculty participants, past and present, in the 17 STCs; 
the other of currently enrolled graduate students.20  Each survey was designed to probe issues and 
preliminary findings gleaned from site visits and telephone interviews. Also influencing design of 
the surveys were findings contained in recently published Abt reports (e.g., Martinez et al., 2009). 
 
The faculty survey was directed at obtaining data on hypotheses related to behavioral changes 
induced by participation in an STC (elaborated in Appendix C). Specifically,  it contained 
questions relating to the:  (a) number of funded research projects engaged in by faculty while they 
are participating in STC-funded activities—data relevant to the question of the extent to which 
participation in center-based funding is a substitute, complement or independent of activity as a 
single investigator; (b) changes in publication patterns (in effect, a regression discontinuity 
design, treating entry into participation in STC activities as the dividing line between pre- and 
post-intervention status—number of articles; number of  joint authors; placement of articles); (c) 
extent of participation in education/diversity/knowledge transfer activities—data relevant to the 
degree to which faculty participate in several STC activities and to their assessments of the 
degrees to which center participation is seen to augment or detract their principal investigator/ 
                                                 
17 Lacking access to how members of these panels “think” or weight specific program objectives (Lamont, 
2009), or negotiate with one another (Brenneis, 1994) about the relative strengths of competing finalists, 
means that only weak inferences can be drawn about the performance of the STC program relative to its 
potential performance.  
18 Review and approval of the AAAS’s research team’s request to access these data however proved to be 
required by NSF’s Office of General Counsel.  Approval did not occur until April 28, 2010, and only then 
for center-specific data expunged of demographic and funding information.  Subsequent communications 
were required between Abt and AAAS to arrange for the formatting and transfer of the data in aggregate 
form.  They were received on June 4, 2010. 
19 For convenience, throughout the report, the reference to “Abt” data is a shorthand for data resulting from 
decisions and negotiations among NSF, STCs, and Abt about what to collect and how they are reported. 
20 The survey of graduate students (including participating undergraduates) was conducted simultaneously 
but independently of Abt’s survey of STC student alumni.  
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departmental/ disciplinary oriented research and professional activities.  The survey of current 
STC students asked them to assess their experiences with their major professor and research 
team, and the distinctions between their experiences in research, education, and outreach and that 
of peers in their degree-granting department but outside an STC.   
 
The deletion of demographic information from the database meant that no readily accessible and 
consistently identified population of STC faculty and student participants existed for distributing 
these surveys.  Lacking names and e-mails in the background data and learning from site visits 
that existing STC websites do not consistently contain the names of all faculty who have 
participated since the center’s origin, indirect approaches to the distribution of the surveys were 
employed.   
 
For the faculty survey, a two-wave approach was adopted.  First, OIA assistance was elicited to 
poll NSF technical coordinators for the names of the key faculty in the STCs they oversaw.  This 
approach produced a list of 157 names in 16 centers.21  Surveys were sent directly to each 
identified individual. The number of surveys sent to the centers ranged from 6-13. The timing of 
the distribution of the faculty survey (as with the student survey) however was less than optimal.  
The above noted delays in obtaining access to center data meant that the surveys were not ready 
for distribution until the summer months, a period in which many faculty and students leave their 
campuses or are generally not as responsive to e-mail survey requests as at other times during the 
academic year. 
 
The first wave faculty survey yielded 63 responses, or a response rate of 40%. Responses were 
received from each of the 16 centers, with a range between 1 and 9, and a mean of 4. Overall, 
results from this first wave are presented as generally representative of the experiences and views 
of the key faculty in the surveyed centers.  
 
The second-wave survey, while adding to the total number of respondents, is less representative 
of center faculty.  The objective behind this second wave was to determine whether, in 
comparison with the Wave 1 respondents, the effects of STC participation on faculty behavior 
were a function of academic rank, engagement in the founding of the center, and years of 
engagement in the center.  The survey was distributed to STC directors, who in turn were asked 
to distribute it to all other faculty in their STCs.  But this approach proved unsatisfactory.  Only 
46 surveys were returned.22  
 
The absence of information about the number of individuals receiving the survey at each center 
means that no response rate can be calculated. Moreover, responses to this second survey are 
highly skewed by center.  Three centers—C-MORE, NCED, and NBTC—provided 28, or 61%, 
of the responses.  At the other tail of the distribution, no responses were received from seven 
centers.  This survey thus is not representative of all STC faculty.  For this reason, the findings 
from the two faculty surveys are reported separately before being summed, but no attempt is 
made to test statistically for differences in responses between the two survey waves. 
 
Distribution of the student survey was accomplished by sending a letter to the center contact 
representative, identified via Abt’s database, with a request that the individual forward the online 
survey to each currently participating graduate student.  Responses were received from 221 
                                                 
21 One STC was undergoing a fifth-year review at the time of the study, and to avoid adding to their 
administrative burdens, the decision was made to omit them from this portion of the study. 
22 Whether this is because center directors chose not to distribute the surveys, faculty saw little value to the 
center in responding, or some combination of these and other reasons is not known. 



 D-5

students; all but 14% of whom are graduate students returned a usable questionnaire.  Given that 
no information is available on the number of surveys distributed—as reported in Abt’s data, 
approximately 2000 graduate students were engaged across the 17 centers in the period 2000-
2010—again no response rate can be calculated. 
 
Additional survey data on student engagement in the STC program were derived from the above-
noted simultaneous but independent survey conducted by Abt of former graduate students, or 
STC student alumni (Martinez et al., 2010).  This Abt alumni survey yielded a sample of 489 
usable responses from the 2000+ student participants in the 2000-2009 period), with 82% 
enrolled as doctoral students.  
 
STC Generated Documents 
 
Data and documentation from the 17 STCs were obtained in several forms and ways in addition 
to those noted above. At OIA’s request, centers provided vignettes of their self-selected major 
achievements in science, education, and knowledge transfer.  Frequent reference to web-based 
center annual reports was made to cross-check data contained in NSF’s compilation of annual 
outputs and to fill in missing data.  
 
Commissioned Papers 
 
Recent evaluative studies of national science programs emphasize that single measures of 
research performance, be they publications, citations, awards, grants, etc., are imperfect 
(Schmoch and Schubert, 2009).  Seeking independent assessments of the performance of STCs 
beyond the evidence collected and analyzed by the study team, but short of convening special 
expert study panels for each field of science represented by the 17 centers, the study 
experimented with the commissioning of papers and reviews of these papers.  The papers were 
intended to provide expert assessments of the contribution of an STC to its cognate field of 
science—a brief, synoptic intellectual history as perceived by select participants and/or observing 
scientists. Multiple means were used to identify authors and reviewers. These included soliciting 
nominations from the Blue Ribbon Panel, Science associate editors, STC directors, National 
Research Council senior staff, and the study team’s own networks of academic researchers.  
 
The initial plan was to cluster the research activities of the 17 centers into a smaller set of 4-5 
topics to provide coverage of each center.  It soon became apparent that the resulting themes 
required a scope of expertise that made it difficult to recruit authors in the time available for the 
papers to be written and reviewed.  Accordingly, the experiment was reduced to three papers and 
more narrowly-tailored to STC-appropriate broad topics. Two papers dealt with scientific 
agendas. One, written by J.C. Dainty, National University of Ireland-Galway, covered 
developments in optics and instrumentation, and offered an assessment of the scientific 
contributions of the Center for Adaptive Optics (CfAO) and the Center for Biophotonics Science 
and Technology (CBST). The second, authored by Ana Barros, Duke University, covered 
developments in environmental monitoring, and offered an assessment of the scientific 
contributions of the work of the Center for Sustainability of Semi-Arid Hydrology and Riparian 
Areas (SAHRA), the Center for Coastal Margin Observation and Prediction (CMOP), and the 
Center for Remote Sensing of Ice Sheets (CReSIS). A third paper, authored by Joseph Novak, 
Cornell University and Florida Institute for Human and Machine Cognition, was directed at the 
cross-cutting impacts of STCs on STEM education. 
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Authors were asked to write on: 
 
• Fruitful Paths:  The state of knowledge in the specified field before the STC began 

(circa 1995-2000), including the array of research paths, topics, methodologies and 
research priorities at that time; 

 
• Significant Advances:   Since 2000, (a) the degree of consensus about research 

priorities and scientific advances, (b) the degree of consensus about the sources of 
major scientific advances—individual or institutional, and (c) trends in the 
organization of scientific research, education, and/or technology transfer/product 
development in this field; and 

 
• Depth of Impact:  Evidence of value added to advances of a field (relative to other 

influences) that can be traced to one or more STCs.    
 
The experiment yielded mixed results. It highlighted the potential value of integrative, cross-STC 
assessments of the program’s contributions to advances in science and technology that extend 
beyond the ambit of annual, center-focused program reviews, and the continuing value of external 
expert judgments as a supplement to or validation of quantitative performance metrics. As noted 
in the Dainty account of differences in the organization and direction of scientific endeavor in 
optics and biophotonics, it also highlighted anew the heterogeneity of seemingly similar fields of 
science encompassed by the STC program, compounding the analytical and measurement 
problems of aggregating scientific performance among centers.23 Consulting with a small number 
of experts about the contributions of a new body of scientific and technological knowledge is 
illuminating, but hardly determinative.  
 
STC Performance Data 
 
Each STC is required to submit to NSF, via Abt, annual performance data on a number of pre-
specified output measures, e.g., publications, presentations, awards, patents, licenses, and start-up 
firms, which correspond to the program’s objectives. These data are basic building-blocks for any 
endeavor to assess program performance and accomplishments.  
 
However, the data in these reports are beset by problems, including missing observations, 
inconsistencies in reporting across centers and time, questionable construct validity, and quality 
that limit their utility.  Inconsistencies, for example, exist in the number of faculty participants 
listed for several centers found in the datasets made available to the study team, which are based 
on center reports to Abt, and center websites.24  These problems are well-recognized by both NSF 
and the centers. 

                                                 
23 Additionally, as experienced through the original submission-review-revision process of the 
commissioned papers, the experiment also confirmed Cole’s (1992, ch. 5) observation that the frontiers of 
science are frequently characterized by divergent views of the value of new research findings.  Only after a 
period of time, with confirming studies, resolution of anomalies, or important new applications do 
previously-known but casually-regarded findings/methodologies become “validated” contributions to the 
“core” stock of scientific knowledge. 
24One possible explanation for these differences is that centers use two different standards for “counting” 
faculty. For reporting to NSF, they adhere to the NSF requirement that only faculty supported on the STC 
center budget for at least 160 hours time are counted as center participants. For purposes of describing 
themselves, the centers may count all faculty participants irrespective of the amount of time for which they 
received STC funds. 
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The data essentially consist of raw counts of outputs, leading to summary tabulations.  In this 
respect, they are similar to the data contained in NSF’s Government Performance and Results Act 
reports, with an implicit emphasis on generating “nuggets” or absolute numbers.   
 
For purposes of this study’s focus on program-level performance, the data lacked quality filters. 
For example, in the case of refereed publications, as detailed in the main report section on 
science, no provision is made in the collection or presentation of annual center reports for 
differences in journal quality, however measured.  Thus, a publication in widely acknowledged 
“premier” journals, say Science or Nature, or in a leading field-specific journal, is counted as 
numerically equivalent to a publication in a “marginal” journal.  Similar issues associated with 
the heterogeneous quality of the specific items included in annual lists of center outputs such as 
awards are also apparent.   
 
Finally, and especially important for a program-level review, the current list of center 
performance outputs does not include “knowledge spillovers” from center activities. Knowledge 
spillovers include such impacts as the adoption of curricular material by faculties and students not 
listed as STC participants but based on STC research projects; grants and publications of STC 
faculty based upon but not directly funded on a center project or upon grants from agencies and 
foundations other than NSF; and contributions to technological innovation and regional economic 
growth that take forms other than patents, licenses, and start-ups. 
 
Other Forms of Evidence 
 
Several other forms of evidence were considered but not collected in this study. In particular, the 
combination of advice from the BRP, the difficulties in transforming ongoing STC performance 
data into analytically useful forms, and limited success in pilot efforts, has led the study not to 
employ two methods that have been used productively in other assessments of center-based 
academic research programs:  curriculum vitae analysis and bibliometrics.   
 
At its February 4, 2010, the BRP advised the team not to attempt a study of faculty performance 
based on analysis of curricula vita because the time and resources available to it were inadequate 
to prepare a clean database.  Subsequent delays in obtaining a list of participating faculty 
confirmed the wisdom of this recommendation.  
 
Bibliometric analysis is a foundational method for examining the (changing) structure of science.  
Increasingly, it also is being used or proposed as an evaluative tool to assess research 
performance measured in terms of the quantity and quality of research publications by 
individuals, academic departments and research institutes, universities, or nations (van Raan, 
2004; van Leeuwen, 2004; Schmoch and Schubert, 2009).25   
 
However, the combination of the large but heterogeneous nature and quality of publication data 
contained in the annual reports, practical constraints on the time and resources available to the 
study (Schmoch et al., 2009), and ongoing reservations about the validity of bibliometric data in 
capturing the distinctive, interdisciplinary features of the STC program (Wagner, et. al, 2010), led 
to a decision to limit use of this technique to pilot efforts.  These efforts, in turn, as reported 
                                                 
25  Debate continues about the conceptual and empirical soundness or programmatic effectiveness of using  
bibliometrics as a decision-making technique for choosing among different fields of research endeavor and 
among modes of research organization, or for allocating government research funds to universities, as in 
Australia and the United Kingdom (Weingart, 2005; National Academies, 2007, p. 101).   
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below, indicated that mainstream bibliometric measures, e.g., total number of publications, 
annual and cumulative citations, journal impact factors, and h-indices, can be generated for STC 
research output, thereby offering a promising future line of analysis.  The effort also highlighted 
the need for detailed and theory-based adjustments and interpretations if these measures were to 
be valid or policy-relevant indicators of STC performance. These caveats apply with increasing 
force as one moves from assessing the publication performance of a single STC, to comparing or 
aggregating the publication performance of cohorts or groups of STCs, and above all, to 
comparing the performance of STCs, singly or collectively, with as-yet unspecified comparison 
groups. 
 
History Repeats 
 
The measurement challenges described in this appendix are neither peculiar to the STC program 
nor to this particular review of it.  As noted in Abt’s 1996 review of the program, “ . . . there are 
problems with the volume and frequency of OSTI [Office of Science and Technology 
Infrastructure] data requirements and other requests for information from the centers; at the same 
time, there are problems with the usability of the OSTI database and the reliability of some of the 
data it contains” (Fitzsimmons et al., 1996, p. 5). 
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