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Executive Summary
Recent concern over threats to the scientific and technical competitiveness of the United States in the global marketplace is reminiscent of the political and economic climate in the mid-1980s that led to the inception of the National Science Foundation (NSF) Engineering Research Centers (ERC) program.  The original intent of the NSF ERC program was to integrate engineering practice and training toward the creation of a then-new engineer focused on applied, cross-disciplinary, and systems-level research who was, above all else, industry relevant.  The thinking then was that future industrial successes were to depend on a different type of engineer than in the past.  The thinking now is much the same, as evidenced by calls for the “engineer of 2020” to help the United States retain its global leadership status in technology and innovation.  
As the NSF ERC program enters its third-decade, it is once again focusing on the remaking of university-based engineering research and education to meet the demands of the current more broadly-based global economy.  The program has recently taken steps in this direction with its “Gen 3” program solicitation (NSF 07-521), emphasizing numerous center characteristics aimed at strengthening U.S. competitiveness in a global economy by focusing on developing the next generation of engineers who will be adaptive and creative innovators.  Gen 3 centers are intended to emphasize:

· Supporting transformational research from fundamentals through to innovation in collaboration with small firms

· International partnerships in research and education 

· Developing engineering education programs designed to create innovative, entrepreneurial engineers not process-focused “commodity engineers” 

· Technology development aimed at swift market introduction

This study, conducted by the Science and Technology Policy Institute (STPI), informs NSF ERC management, organization, and practice regarding the formulation of the next generation of ERCs.  Because the NSF ERC program is one of the preeminent university research centers programs in the United States, the focus of this study is on research centers abroad, specifically on centers in China, South Korea, Japan, England, Ireland, Germany, and Belgium.  
The STPI team, comprising in-house research centers experts and NSF ERC directors, conducted case studies of over forty centers abroad based on site visits and desk studies conducted from July 2006 through March 2007.  The analyses were informed by interviews with center directors and other key personnel, such as researchers and government officials, as well as by extant documentation and literature related to each center.  These interviews were guided by study questions jointly established with NSF ERC program personnel at the outset of this project, focusing on five general areas of inquiry:

· Vision and program-level practices

· Center-level planning, organization, and management

· Industry and other external partnerships

· International partnerships

· Engineering education

The overarching finding of this report is that the NSF ERC program, at least when compared to the centers visited abroad, which included some (but not all) progeny of the NSF ERC program, is unique in its numerous missions and in the relative “rigidity” of its approaches to these missions.  These approaches include funding strategy, requirements and benchmarks, and life-span.  
While the centers and centers programs visited abroad focus simultaneously on, among other goals, both translational research for existing and new industries and the enhancement of engineering education, they are not required to address all of the missions that NSF ERCs must fulfill.
  The centers and programs visited abroad are required to meet benchmarks for their scientific and technical endeavors, including for research and for interactions with industry and other partners.  These requirements and timelines seem contingent on contemporaneous variables, including but not limited to the state of the science and engineering conducted, or the economic viability of the industry or other partners served by the center, and so on.  
Accordingly, the centers visited abroad by the STPI team employ a clear vision of the relative importance of their multiple missions.  With this clarity comes program-level flexibility that we recommend the NSF ERC program consider.  Many of the centers visited, for example, did not require their projects to have sunset clauses.  Some were started with seed funds and later “promoted” to full centers.  Several others pursued with substantial success each of the missions that NSF ERCs pursue, but not always at the same time.  
This program-level flexibility does not appear to have come at the cost of mission fulfillment.  The case analyses in the chapters below do not suggest a necessary substitution of program level flexibility for success in numerous areas, including research, education, industry involvement, and international partnerships.  In fact, some of the less successful centers visited were also the least flexible, and they were almost entirely modeled on NSF ERCs.     

The recommendations this report makes for the NSF ERC program stem from this “meta recommendation” that the NSF ERC program achieve program level mission clarity and flexibility regarding the numerous missions that ERCs pursue.  These include the following recommendations:

· Solicit a limited number of proposals that are directed towards salient, problem-focused areas of research deemed important by the scientific and engineering community, industry, policy makers, or ideally all three, in addition to the current open solicitation for NSF ERC proposals.
· Employ center-dedicated researchers who are not already assigned to academic appointments, in addition to employing traditional academic faculty.

· Allow researchers working at institutions that are university-affiliated and co-located but not necessarily university-based to compete for NSF ERC funds, in addition to awarding centers to university-based researchers and engineers.  
· Instruct existing and new ERCs to revisit their intellectual property rights (IPR) agreements with university technology licensing offices to make license royalty payments by firms contingent on the success firms have marketing ERC based products and processes and consider alternative IPR sharing arrangements.  
· Ensure, through set-aside funding and other means, that the next generation of ERCs builds international collaboration as an integral component of its mission.  
It is important to note that these recommendations are not based on large-scale data analysis but rather the expert judgment of a panel of experts with deep knowledge of the ERC program.  The centers visited and studied were not randomly selected but chosen in consultation with NSF ERC personnel, ERC directors, and centers experts at the STPI.  As such, the selection of centers for this study was biased deliberately to focus on centers with reputations for scientific excellence and proficiency in the above identified areas of activity deemed pertinent to the new “Gen 4” missions.  The centers assessed in the chapters below in no way constitute a comprehensive or representative sample of university-industry research centers abroad.  Accordingly, the findings of this report are not general and must not be interpreted as such.  Any major alternation of NSF ERC practices should be informed, among other things, by a systems-level analysis of all NSF centers programs to address complementarities and redundancies in mission, practice, and output as well as the potential for and feasibility of cross-program coordination.  
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1.0 Introduction

1.1 Background and Study Rationale 

[image: image11.emf]There is consensus that the United States is facing a new competitiveness crisis.  A collection of recent reports concerned with the tenuousness of America’s global leadership in engineering, technology and innovation suggests the urgency of the issue.  The National Academies has reported on “the gathering storm” that is threatening U.S. scientific and technical leadership in the global marketplace,
 and the President’s Council of Advisors on Science and Technology (PCAST) references a “new industrial world order” and the “increasingly fierce global scramble” to remain competitive.
 The purpose of this document is not to add to calls urging policy makers to take steps to ensure U.S. leadership in science, technology and engineering, but to assess how the National Science Foundation Engineering Research Centers (NSF ERC) program may evolve to help enhance U.S. competitiveness in face of stiffer global competition than in the 1980s and 90s.  
The NSF ERC program is particularly suited for this task.  The original intent of the program, partly in response to America’s first postwar competitiveness crisis, was to integrate engineering practice and training to create a then-new engineer focused on applied, cross disciplinary, and systems-level research who was, above all else, industry relevant.  The thinking at that time was that future industrial successes were to depend on a different type of engineer than that which had assured U.S. competitiveness in the past.
  The thinking today is the same, as once again the American engineer must be reinvented to meet the demands of global competition if the U.S. is to retain its leadership status in technology and innovation.
 

As the NSF ERC program has facilitated the remaking of university-based engineering research and education in the past, it is doing so again.  Despite NSF ERCs’ successes, the next generation of ERCs is being repositioned in terms of the scale (e.g., international), frequency (e.g., greater industry and other user involvement), composition (e.g., prototype development), and mode (e.g., co-location with private firms, joint laboratories).  The goal of this repositioning is to facilitate the interactions that NSF ERCs are intended to foster among academic researchers, students, industry researchers, and administrators on both sides of the university-industry divide as well as internationally.  This rethinking should involve organizational structure and personnel, incentive structures, the increasingly global nature of scientific and technical networks, and the need for engineering curriculum development that enhances creativity and critical thinking.  
Most important for envisioning the next generation of NSF ERCs is a reconsideration of what the outcomes and impacts of these interactions can and should be.  Recent surveys of (mostly U.S. based) private firms demonstrate that access to students and to upstream modes of knowledge primarily motivates industry partnering with an NSF ERC;
 it is time to consider how to provide alternate incentives.  These incentives may include access to “breakthrough” research as well as to incremental research that is closer to market, access to center-based proficiencies for the quick translation of research into marketable products and processes, exposure to a new breed of engineering student trained not only to solve problems “hands on” but also to think critically and creatively in developing new approaches to solve new and old problems alike in both existing and new fields of scientific and technical inquiry, and integration into global research networks and clusters to ensure access to scientific and technical leaders at any location.  
This study, conducted by the Science and Technology Policy Institute (STPI), informs NSF ERC management, organization, and practice regarding these “Gen 3” goals (NSF 07-521).  Researchers at the STPI looked to research centers abroad – primarily in Asia and Europe – to identify processes and proficiencies that may help to inform the next generation of NSF ERCs.  The study does not consider other U.S. based university-industry research centers.  In total, more than forty centers were visited or studied.  A full listing is provided in Appendix A.  
Generally, the STPI team selected the centers addressed in the chapters below (after discussions with NSF personnel including ERC Program Leader Lynn Preston, NSF ERC directors, and centers experts at STPI) as they appeared to be proficient in areas pertinent to the new “Gen 3” mission, which introduces new forms of engineering research and education capacity and interactions in addition to the historic features of earlier generation NSF ERCs (see boxes on previous page).   

For each center, the STPI team conducted case analyses based on site visits and desk studies, which were informed by interviews with directors and other key personnel at each center, government officials in each of the countries visited, industry representatives, and by assessment of extant documentation and literature.  The analyses were guided by study questions jointly established with NSF ERC program personnel at the outset of this project.  
1.2 Study Questions
The study questions were intended to solicit input towards designing the next generation of NSF ERCs by identifying best practices of, and lessons learnable from, university-industry research centers and other centers-type programs in the U.S. and abroad.  They were jointly established with NSF ERC program personnel at the outset of this project and focus on five general areas of inquiry:

Vision and program-level practices (Chapter 2)

· How are the “themes” or research areas for new centers derived? To what extent are they researcher-, government-, or industry-driven? 

· If topics are selected in a top-down fashion, what is the process? To what extent does the top-down approach favor short-term outputs and outcomes? 

· How, if at all, are centers programs integrated with national level economic goals?

Center-level planning, organization, and management (Chapter 3)

· What are the models for research and program planning at the center? What are the models to improve flexibility and speed, reduce bureaucracy, etc? 

· What is required by funds-providing stakeholders in terms of research and management planning?

Industry and other external partnerships (Chapter 4)

· How far down the “theory to concept to product continuum” do centers participate? When does industry take over? 

· Do centers engage in proof of concept and/or test bed activities? How do these activities speed technology transfer? 

· What are the models for the design and structure of partnerships with industry and other users, and how are these partnerships set up?

· What are the centers’ Intellectual Property (IP) arrangements? How are they determined?

International partnerships (Chapter 5)

· Why do centers and centers programs collaborate internationally? 

· What are the most important issues in managing international collaborations that must be taken into account in their design? 

· What organizations constitute potential international collaborations for NSF ERCs?

Engineering education (Chapter 6)

· How is the perception of the required skill set of a successful engineering student changing in response to recent globalization? 

· What models exist for teaching engineering in K-12 and informal public engineering education?

Answers to the study questions are addressed in the designated chapters.  Given the heterogeneity of the countries and centers studied, some having similar funding systems and strategic priorities as the NSF ERC program and others having quite different systems and priorities, the answers to each of the questions become contingent on numerous contextual factors.  Subsequently the questions may have multiple, divergent answers.  The answers to each question may also be contingent on center attributes identified and discussed in other chapters, rendering systematic discussion all the more challenging.  
1.3 Data and Methods
The findings for this study were generated from data collected by the STPI team on site visits and through desk studies, as well as from data collected from center documentation, interviews with centers, intellectual property rights (IPR), and engineering education experts in the U.S., and extant studies of some of the centers visited.  The on-site data collection was a qualitative process whereby center directors and other key personnel in the centers and government were interviewed using “semi structured” interview protocols (see Appendix B for a sample interview protocol).  When possible, for both centers visited and for those analyzed by desk study, the STPI team mined center-produced documentation and also existing studies and related literature to inform our analyses.  
The centers included in this study were selected in consultation with NSF ERC personnel, ERC directors, and research centers experts at the STPI.  As such, the selection of centers to include in this study was not random, but chosen deliberately to focus on centers with reputations for scientific excellence and proficiency in the above identified areas of activity deemed pertinent to the new “Gen 3” mission.  The centers assessed in the chapters below in no way constitute a comprehensive or representative sample of university-industry research centers abroad.  Accordingly, the findings of this report are not general and should not be interpreted as such.  
1.4 Report Format
Chapters 2 through 6 present the STPI team’s findings organized by the five main areas of inquiry.  Each chapter discusses “models” of practice related to the theme of the chapter that are based on the observations and analyses of the STPI team.  For instance, Chapter 4 on industry partnerships includes a general model for “technology transfer consulting” based on practices in centers in Germany, China, and Belgium.  We first provide an abstract explanation of the model and then follow this with supporting case data due to significant variation in this study’s findings.  
The chapters also include answers to many of the study questions listed above.  These questions and answers are displayed in grey “breakout boxes” for easy access and are based on the observations and analyses of the STPI team.  
Chapter 7 includes a summary of the findings presented in Chapters 2 through 6 as well as the STPI team’s recommendations for the management and practice of the next generation of NSF ERCs.  
2.0 Vision and Program-Level Practices

2.1 Overview

This chapter addresses government and/or program-level strategies and criteria for soliciting, reviewing, and selecting science, technology and engineering research centers.  Since the inception of the NSF ERC program in 1984, the ERC program solicitation has encouraged proposals from all doctorate-granting universities in the U.S. and in all fields of engineering.  As such, the program solicitation has never limited applicants to selected or “strategic” universities and fields.  Accordingly, the NSF ERC program has taken a decidedly “open” or “bottom-up” tack to implementing program level vision and strategic planning, despite its programmatic roots and mission based origins to enhance U.S. competitiveness.  
Illustrative of this openness is the most recent “Gen-3” solicitation for NSF ERCs (NSF 07-521), which states that the NSF has no preference regarding the systems vision of proposed ERCs so long as they “provide an opportunity for national economic growth or contribute to the solution of a major societal problem that has a national and perhaps an international impact.” This approach seems unique when compared with other nations’ efforts to employ university-affiliated research centers in pursuit of more narrowly defined goals such as facilitating national competitiveness in the global marketplace by enhancing engineering education or by encouraging industry partnerships.  
In the section below, data from site visits and desk studies of research centers abroad are used to identify alternate mechanisms or “models” for program level vision and strategic planning.   Subsequent sections discuss program level issues such as program funding strategies, program and center position on the innovation continuum, and center life-span.

2.2 Program-Level Strategy and Planning

The vision and strategic planning for science, technology and engineering research programs involves program-level choices regarding the areas of science and engineering to fund, the researchers to fund in these areas, and the optimal mode (e.g., centers versus individual investigator grants) with which to organize these endeavors vis-à-vis other components of an innovation system.  
When researchers are the predominant group determining the “theme” or research direction of a center, the process is “bottom-up” in that government and industry stakeholders “leave the science to the scientists.”  When government officials predetermine the research areas for a center or centers program, the process is “top-down” in that researchers must follow government-directed scientific and technical goals.  The program-level strategies and criteria for soliciting, reviewing, and selecting research centers abroad observed by the STPI team on site visits and desk studies were predominantly “directed” or “top-down.” The STPI team also observed that there are centers abroad that, like ERCs, take a more “open” or “bottom-up” approach to program level vision and planning, these seem the exception not the rule.  Further, other centers abroad seem to employ a “variable” or “mixed” model, incorporating planning elements that are both top-down and bottom-up.  
Below, each model – top-down/directed, bottom–up/open, and mixed – is discussed in the abstract and then supported by example cases from the STPI team site visits and desk studies.  We take this approach due to variation within each model.  That is, no single center or country visited encompassed all attributes of a particular model.  Therefore, at least one example case is used to illustrate each aspect of a model, and in many instances multiple example centers are provided per model variant.  For example, the “top-down” model has “diffuse” and “concentrated” variants, which are supported with example cases from China and Ireland, respectively.  
Recommendations for program level vision and planning are reserved for Chapter 7.  
2.2.1 Top down/directed

Many of the centers visited abroad were part of programs that wielded significant control over what areas of science, technology, and engineering research centers focus on and to what end, for example, to develop new products or processes for industry clients.  The below cases constitute examples of “top-down” program level vision and planning but do not represent all cases that the STPI team observed on its site visits and in its desk studies.  These examples were chosen for discussion because they demonstrate notably alternate approaches to directed center planning from the program level and above, such as at the program-level or agency-level.  
The first example case – the Chinese National Engineering Research Centers (NERCs) program – is relatively “diffuse” despite also being a highly directed program, insofar as multiple government agencies have input into the planning and direction of the separate NERCs they sponsor.  
NERCs are tied closely into national economic priorities and contemporaneous industry needs and are primarily funded by two agencies, the Ministry of Science and Technology (MOST) and the National Development and Reform Commission (NDRC) (formerly the State [Development] Planning Commission).
  For the purposes of this report, unless we refer to a particular NERC by name, we will use the term NERC interchangeably for MOST and NDRC-funded centers.

MOST’s sponsorship of NERCs is a function of both its “863” and “973” Programs, which aim generally to encourage collaborative research and development across universities and industry.
  Insofar as each of these programs are strategically “directed” to increase the competitiveness of China in the global marketplace as well as to solve scientific and technical problems that can help to improve quality of life in China, so too are the MOST and NDRC-sponsored NERCs.  
For example, the 863 Program funds some application-oriented research but mostly funds close-to-market development in six areas: information technology, biotechnology, materials, automation, energy, and environmental technology.  Program areas were determined based on advice from well-known and influential senior researchers at universities, industry representatives and other government-funded institutions.  The program focuses on applied research and product development assistance to industry but with some basic research.
 The STPI team was informed by several NERC directors that the 973 Program, though it is geared more towards basic research, is also influential in determining which topics and proposals qualify for NERC funding.  
Like MOST, the NDRC seeks to guide and fund research and development in science and engineering for China to “gain a foothold in the world arena” and to “achieve breakthroughs in key technical fields that concern the national economic lifeline and national security,” including nanotechnology, energy, biotechnology, and information technology.
, 
, 
 Accordingly, NDRC-funded NERCs are “highly directed” in terms of research area and strategy in much the same way as are the NERCs that the MOST sponsors.  Unlike other centers abroad visited by the STPI team, Chinese NERCs (e.g., the National Engineering Research Center for Beijing Biochip Technology (NERCBBT) at Tsinghua University) are established as independent legal corporations.   As a result, NERCs are run as private ventures rather than as part of the university, though the university's holding company is the main stockholder of the center.  Also, the mechanism allows greater flexibility in having researchers and employees belong to the Center itself rather than to the university (though center Directors and other core researchers are typically senior university faculty members).  
But at a general level, the STPI team found that while the NERCs visited were indeed spread across “key technical fields,” there was relatively little coherence in the relationship between individual NERCs and aims of the NERC programs as stated by the NDRC and MOST when compared, for example, to the Irish Centers for Science, Engineering and Technology (CSETs), reviewed below.  This disconnect between the agencies’ vision for NERCs and the realities of the research and development conducted therein perhaps stems from the relatively limited (but rapidly growing) scientific and technical research capacity in China, as well as from difficulties in balancing growth between increasing capacity across the research spectrum generally, and growing capacity in areas most relevant to contemporaneous industry needs.  China’s overall nascent research capacity contrasts somewhat with our second example case, Ireland.  
Ireland’s main research funding agency, Science Foundation Ireland (SFI), employs a “top-down” approach to the program vision of their centers that is more direct or “concentrated” than the Chinese example above, if for no other reason than it is the sole funding agency for its Centers for Science, Engineering, and Technology (CSETs).  
The CSET program is part of a larger effort to increase scientific and technical research capacity in Ireland.  From 2000 – 2006, almost 600 million Euros was invested in Ireland through the National Development Plan (NDP), as part of a 1.5 billion Euro effort to spur industrial development in the country.  Prior to 2000, government funding for university-based science and engineering research was below a million Euros per year.  A second phase of the NDP began in 2007 and will run through 2014.  Much of NDP funding for science, technology and engineering research is administered through SFI.

Established in 2003 by SFI as part of the NDP, the CSET program was modeled on the NSF Science and Technology Centers (STC) program and includes government funding up to 5 million Euros per year for up to ten years.
  SFI program officers reported to the STPI team that CSETs focus tightly on the areas of biotechnology and information and communications technology (ICT), as mandated by Irish policy makers.  
The STPI team visited two CSETs: the Biomedical Diagnostic Institute (BDI) at Dublin City University and the Centre for Research on Adaptive Nanostructure and Nanodevices (CRANN) at Trinity College Dublin.  The CRANN and BDI directors explained to the STPI team that their centers are closely directed by SFI to ensure focus on biotechnology and ICT.  The directors maintained that their centers benefited from this direction insofar as it helps to keep focus on national economic goals.  Further emphasizing the directed nature of the CSET program, SFI also strongly emphasizes deep and fruitful interactions between CSETs and their core industry partners toward encouraging multinational industry to develop core R&D capacity in Ireland.  
A final example of top-down/directed program-level planning is the Fraunhofer Gesellschaft (FhG), which is one of Germany's four non-university research organizations.  The Institutes of the FhG conduct applied research with the express aim of enhancing the innovative capacity of German industry.  All together, the Fraunhofer Institutes have a total funding of €1.2 billion, roughly two thirds of which is generated through contract research on behalf of industry and publicly funded research projects.  
The Fraunhofer Institutes (58 in count at the time of visit) are top-down in that they respond to “priority” areas that are developed by the FhG.
 The Fraunhofer “Senate” which is composed of representatives from industry, academia and government, sets the priority areas.  (Figure 2.1)  The Senate also determines the allocation of resources to the institutes on the basis of advice from the German Scientific and Technological Council.  The FhG portfolio evolves strategically in other top-down ways as well.  For example, in 2004, the FhG developed twelve “lead innovations” (e.g., grid computing, polytronics) that were subsequently discussed with experts, modified and aligned to the Fraunhofer institutes' core expertise.  
Figure 2.1: Structure of Fraunhofer Society (FhG)
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Source: http://www.fraunhofer.de/fhg/EN/company/structure/Grossbild_Struktur.jsp

2.2.2 Bottom up/open

In contrast to the “top-down” model for program-level vision planning, the “bottom-up” or “open” model acknowledges the need for science, technology, and engineering research aimed at national economic priorities but does not dictate “from above” the areas of research to fund.  The NSF ERC exemplifies this model of program planning; the most recent “Gen 3” solicitation states, as previous solicitations have stated that there are “no NSF preferences regarding the systems vision of the proposed ERC” (NSF 07-521).  
One example case of the bottom-up model is the Innovative Manufacturing Research Centers (IMRC) program in England, which is funded by the Engineering Physical Science Research Council (EPSRC) and features 16 Centers receiving between $3 and $25 million in funding over five years.  According to the EPSRC, the IMRC program aims to “enhance and maintain the manufacturing research capacity of England as economic realities force much of the British and multi-national manufacturing industry to less-developed nations.”
 

Though the IMRC program focuses solely on engineering research related to manufacturing, the research areas of the centers it funds are not prescribed by the program or by the EPSRC.  The IMRC program relies on input from British manufacturing industry representatives during the center selection and funding process, primarily by way of EPSRC-sponsored colloquia in which industry identifies manufacturing research areas in which it has interest.  Despite soliciting this industry guidance, however, the IMRC program does not require funded centers to work in those areas of industry interest nor does it fund centers only if they intend to work in said areas.  
EPSRC program officers informed the STPI team that the IMRC program is very “hands off” in terms of directing the research vision and strategic plans for funded IMRCs, the EPSRC philosophy being to “let smart people with good ideas” conduct science as they see fit.  One IMCRC visited by the STPI team was the Loughborough Innovative Manufacturing and Construction Research Centre (IMCRC) at Loughborough University.  The IMCRC was funded to undertake “leading-edge collaborative research to enhance the processes, products, and competitiveness of England's manufacturing and construction industries,” and the STPI team heard that IMCRC researchers generally drove research foci of the researcher-industry partnerships rather than having the IMRC program or the center dictate the terms of those collaborations.
 

Another “bottom-up” centers program visited by the STPI team is the Korean Science and Engineering Foundation (KOSEF) ERC program.
  KOSEF ERCs are funded without program-level direction of topics and fields (other than generic areas of “strategic importance”) and have research and transfer goals that are almost identical to those of the NSF ERC program.
  At the KOSEF Earthquake Engineering Research Center, the STPI team noted that, other than a general topical overlay of earthquake engineering, center faculty had been free to propose any topic without regard for strict economic priority or direct industrial relevance.
   

2.2.3 Mixed model

A third model of program-level vision planning observed by the STPI team abroad combines elements of the two models described above.  Programs fitting into a “mixed model” allow for a “bottom-up” selection of research topics but also set aside funding for directed topics.  
One example of mixed model program planning is the KOSEF National Core Research Center (NCRC) program, a new program that provides two mechanisms for center selection.  The first is a relatively “bottom-up” competition, with no policy-directed preference toward particular research areas in funding decisions.  The second mechanism is relatively “top-down” insofar as the NCRC program identifies a limited number of strategic research topics or areas in which some centers will be funded to work (i.e., nanotechnology).  Of the ten NCRCs funded at the close of 2005, half were awarded through the mechanism targeting selected topics (i.e., biotechnology and nanotechnology) and the other half through a bottom-up solicitation.  
2.3 Program-Level Funding

How centers are funded determines how they set priorities, recruit world-class researchers and students, and invest in cutting-edge infrastructure.  The STPI team’s site visits and desk studies revealed four strategies by which centers are funded (and sometimes catalyzed).  
2.3.1 “One Shot” Funding

The “one shot” or “single grant” funding model features a single award of funding disbursed from program to center which, unlike typical practice in most centers programs, is not followed by any additional funds.  The Chinese NERC program generally funds NERCs using this method: once selected, a center receives a block of funds – up to $5 million – to establish a NERC and begin operations, with no follow-on funding awarded.  For example, the National Die & Mold CAD ERC at Shanghai JiaoTong University received $3.5 million from the World Bank, which was matched by the MOST for a total of $7 million to establish the center.
  While the National Die & Mold CAD ERC (and other NERCs) receives ongoing evaluation by the MOST, it receives no further funding from the Chinese government.  Subsequent funding has come from industry contracts/collaborations and from technology commercialization rather than from future World Bank or NERC program funding.  
2.3.2 Seed Funding

In Ireland, the STPI team observed two separate but connected models by which the CSET program funded new centers.  SFI directors informed the STPI team that in addition to the standard five-year CSET award, SFI offers a pre-CSET or a “seed” award, in which new centers are initially funded at a “reasonable but reduced” level.  This model, then, intends that the initial funding catalyzes the Center management team and allow for slow establishment of Center infrastructure, collaborations and research.  Once these elements are in place, the “seeded” Center competes – with industry and other user support – for full CSET funding, usually after a SFI review at the end of the second or third year of “seed” funding.  
The STPI team saw the seed concept at the Japan Advanced Industrial Science and Technology (AIST) as well, where ideas for future centers were nurtured with seed funds and given a period of seven years to demonstrate the need for center-mode funding.   After this time, the “seeded” concepts were turned into full-fledged centers or dissolved if deemed unsuccessful.  
2.3.3 Funds Matching (Incentive-based Funding) 

A third model for program-level funding illustrates a scheme in which program funds are allocated based on the level of funding obtained from industry or other users by each center.   The Fraunhofer Institutes rely on such a funding mechanism.  Fraunhofer Institutes are expected to solicit between 25-65% of their funding from industry or other sources, and then receive a corresponding level of matching funding from the German Federal Government.  Fraunhofer Institutes failing to obtain at least 25% of their budget from industry receive a curtailed level of funding, which varies based on yearly determination.  On the other end of the spectrum, to ensure that the research is not to the detriment of the goals of the Fraunhofer Gesellschaft, government funds are again limited if industry/user funding exceeds 65% of an Institute’s budget.
 
In England, the Engineering and Physical Science Research Council (EPSRC) Innovative Manufacturing Research Centers (IMRC) program provides a similar funding scheme to that of the Fraunhofer Institutes above, though with less precision.  IMRCs can apply to EPSRC to receive matching funds from the Research Councils based on industry investment – however, this funding is provided on a case-by-case basis.  
2.3.4 Co-Funding With Industry

In some of the countries visited, the government not only accepts industry co-funding for centers, it encourages it.  In England, for example, the Engineering and Physical Sciences Research Council (EPSRC), the funding agency for research and training in engineering and the physical sciences, collaborates with industry to co-fund industrially relevant areas of research.  For example, we learned that in March 2006, EPSRC and Philips Research announced a £6 million strategic alliance to develop the next generation biomedical diagnostic technologies and to fund research and training in biomedical technology.  EPSRC and Philips signed a 'Memorandum of Understanding' to support the four-year joint research framework that would provide funding to leading UK-based centers. 

Similarly, we learned in China about the Tsinghua-Foxconn Nanotechnology Research Center, created primarily with funds from the Taiwan-based semiconductor manufacturing firm Foxconn. 

In all cases observed, governments and researchers saw the situation as win-win for both research and industry and were comfortable with the prominent role industry played not only in selection of the centers but also in guiding the research directions of these centers.

2.3.4 Performance-based Funding

The final model for program-level funding links Center performance as measured by site visit-based review to future funding levels.  The NSF ERC program integrates some aspects of this model, though the STPI team observed that South Korea’s ERC and NCRC programs expanded NSF’s application of the model.  The STPI team learned that KOSEF ERCs and NCRCs receive funding in the same manner as NSF ERCs – yearly, based on review – but with subsequent funding levels tied directly to the review outcome.  Centers ranking the highest received up to a 20% boost in funding while those with the poorest reviews had their funding cut by 20%.  We note here, however, that though KOSEF funding is awarded yearly, KOSEF ERCs and NCRCs are reviewed every three years rather than every year, so funding adjustments only occur every 3 years.  
2.4 Areas of Emphasis on the “Innovation Continuum”

Very few of the programs the STPI team visited and studied support centers working within a broad span of a simplified “innovation continuum.”
, 
  Table 2.1 on the following page illustrates the site visit team’s qualitative judgment of the positions of the programs and Centers visited on a simplified continuum.
As the Table shows, centers that do span a greater breadth of the simplified innovation continuum include the Korean centers (modeled after the U.S. ERCs), the EU and Belgian government funded International Microelectronics Center (IMEC), and Japanese Institute for Nano Quantum Information Electronics (CINQIE). 
IMEC, funded at levels exceeding $250m million a year, engages in research on many points on the continuum, from basic or embryonic research to proprietary technology development (Figure 2.1).  Similarly, the Japanese Ministry of Education (MEXT) and industry funded Collaborative Institute for Nano Quantum Information Electronics (CINQIE) at the University of Tokyo, receives in excess of $10 million a year to conduct basic research and take it to commercialization.
  These centers (and in the case of Korea, the program) use a continuum-spanning model that appears to be akin to the ERC “three-plane model,” taking research from creation to test-bed stage.
  

Table 2.1: Approximate Position of Programs/Centers Visited on a simplified
Innovation Continuum

	Partial List of Programs/Centers Visited
	Stage 1 
(basic research)
	Stage 5 (product/marketing)

	Japan: Earthquake Research Institute 


	
	
	
	
	

	Japan: Disaster Prevention Research Institute 


	
	
	
	
	

	Japan: MEXT Centers of Excellence (COE) Program
	
	
	
	
	

	Japan: MEXT Global COE program


	
	
	
	
	

	Japan: MEXT World Top-Level Research Centers


	
	
	
	
	

	Germany: Max Planck Institutes


	
	
	
	
	

	China: Key Laboratories


	
	
	
	
	

	UK: Tissue Engineering Initiative


	
	
	
	
	

	Japan: Advanced Industrial Science and Technology (AIST)
	
	
	
	
	

	Korea: Centers within Korea Institute for Science and Technology (KIST) 
	
	
	
	
	

	Korea: Korea Advanced Institute of Science and Technology (KAIST)
	
	
	
	
	

	Korea: ERC Program, National Core Research Centers (NCRC) Program
	
	
	
	
	
	

	U.S.: Engineering Research Center Program


	
	
	
	
	

	Japan: Institute for Nano Quantum Information Electronics (CINQIE)
	
	
	
	
	
	

	Belgium: International Microelectronics Center (IMEC)
	
	
	
	
	
	
	

	Korea: Samsung Institute for Advanced Technology (SAIT)
	
	
	
	
	
	
	

	UK: Energy Futures Lab


	
	
	
	
	
	
	

	UK: Leeds Particle Science Institute


	
	
	
	
	
	

	Ireland: Centers for Science, Engineering, and Technology (CSET) 
	
	
	
	
	
	
	

	UK: Innovative Manufacturing Research Centers (IMCRC) Program
	
	
	
	
	

	UK: Warwick Manufacturing Group


	
	
	
	
	
	

	UK: Rolls Royce Vibration Technology Center


	
	
	
	
	
	

	Germany: Fraunhofer Institutes


	
	
	
	
	
	
	

	Belgium: Flanders’ Mechatronics Technology Centre 
	
	
	
	
	
	
	

	China: National Engineering Research Center (NERC) Program
	
	
	
	
	
	

	Korea: Institute for Advanced Engineering 


	
	
	
	
	
	
	
	


Note: This table is based on the judgment of the STPI site visit team, and presented here for illustrative purposes only. It may be modified upon further study. 
Figure 2.1: IMEC’s Span on the Innovation Continuum

Source: IMEC, http://www.imec.be/ovinter/static_business/market.shtml Accessed April 6, 2007

Note: This picture is included for illustrative not analytic purposes.  It is not intended to provide a rigorous measure of the types of research conducted by IMEC.

On the whole, however, our observation was that most of the programs examined fund centers that occupy a narrower range of the continuum and make a strong distinction between basic and applied research with little reach of one into the other.  In Japan, for example, the government funds basic and applied research via programs that are organizationally separated (with some effort to bridge the two).  Basic research programs such as the Ministry of Education, Culture, Sports, Science and Technology (MEXT)’s Centers of Excellence (COE) and Global COE programs as well as the newly launched World Top-Level Research Center Program do not support (or intend to support) much applied research, and do not expect industry to participate or contribute financially to basic research.  The intent of each of these programs is to conduct basic research and train the next generation of students.  Applied and industry relevant research and development is largely conducted by researchers and centers funded by programs at other agencies such as MEXT’s Japan Science and Technology Agency (JST) and the Ministry of Economy, Trade and Industry’s (METI) New Energy and Industrial Technology Development Organization (NEDO).  
Similarly, as Figure 2.2 illustrates, the German innovation systems separates basic and applied research functions, with entities such as the Max Planck Institutes focusing on basic research, and those such as the Fraunhofer Institutes concentrating on applied research.   

Figure 2.2: Fraunhofer Institutes in the German S&T System

Source: Fraunhofer ISI meeting handout

A similar division was observed in China, where Chinese NERCs (modeled in fact after the German Fraunhofer Institutes) strongly support the applied research area of the innovation continuum with other Institutions such as Key Labs
 focusing on basic research.  
2.5 Center Life-span

Over the course of the site visits, the STPI team observed that, generally, each center was funded for at least five years.  Beyond the five-year point, the funding timeframe varies widely between programs.  For example, funding for NERCs in China ended sharply at Year 5 (with most receiving minimal or no funding after the initial funding), but centers were allowed to keep the prestigious title of NERC past their initial lifetime assuming successful periodic evaluations.  In a second, and opposite, example, funding for Max Planck Institutes in Germany, generally has no clear timeframe, and can continue until the researchers at an institute decide to switch the area of focus of their institute.  Other such “timeless” centers included the Warwick Manufacturing Group, WMG (England), Samsung Advanced Institute of Technology, SAIT (Korea), and IMEC (Belgium).  
Most other centers visited had life-spans between the two extremes. (Table 2.2) For those programs modeled on the ERC or other NSF center programs, such as SFI’s CSETs and KOSEF’s ERCs/NCRCs, the STPI team learned that the centers are typically funded for a period of four or five years with a potential one-time renewal for a total of eight to ten years of funding.  Like with NSF ERCs, Ireland’s CSETs and Korea’s KOSEF ERCs/NCRCs may “reapply” for funding after this point but with a completely new application, research vision and strategic plan from the first iteration.  
How these “sunset” timeframes were determined was difficult to ascertain from program materials and site visit conversations.  The STPI team spoke with multiple funding entities, including the Chinese Academy of Sciences (CAS) in China, EPSRC in England, SFI in Ireland, KOSEF in Korea, but there did not appear to be any particular rationale employed in the determination of an “optimal” center lifetime.  Most research funding agencies appear to link the availability of government funding to the durational decision-making process, though several (KOSEF, SFI, and England’s Office of Science and Innovation [OSI]) noted that centers funded for a period longer than 10 years lost some of their “creative spark” and thus longer life-spans were not optimal.

Table 2.2: Range of Center Life-Spans

	Example Center Name/Program Name


	Center Life Span

	Centers of Excellence (Japan)


	5 years 

	Innovative Manufacturing Research Centers (England)

Centers for Science, Engineering and Technology (Ireland)


	5 years with likely renewal 



	National Core Research Centers (Korea)


	7 years 



	World Top-Level Research Centers (Japan)


	10 years with a 5 year extension



	Fraunhofer Institutes (Germany)

Samsung Advanced Institute of Technology (Korea)


	Permanent (if performing well or have ability to continue funding, or endowment/continued funding) 

	NSF Engineering Research Centers (U.S.)


	10 years, renewal reviews in years 3 and 6 with “phasing down” of support in years 8 and 9.


3.0 Center-Level Planning, Organization, and Management

3.1 Overview

How a university research center is planned, organized, and managed can affect many aspects of its function: the productivity and efficiency of its researchers, how well faculty from different disciplines and fields interact, the extent to which center-based research and development is transferred to industry partners and to other stakeholders, and the extent to which alternate missions like education and outreach are fulfilled.  
Abroad, research centers visited and studied by the STPI team are organized and managed in a variety of ways.  Some appear to be very similar to NSF ERCs in that they are university-based and are composed of faculty, who by virtue of their primary academic appointments, have both ERC and additional “extra center” research missions.  But many are structured quite differently, enabling them to better align the incentives of center stakeholders - most notably those of center leadership, faculty and staff, and of particular industry partners and clients - with one another.  This chapter addresses three main aspects of center-level planning, organization, and management – center-level strategic planning, researcher affiliation, and leveraging government funds – and breaks each of the three into multiple components.  
3.2 Center-Level Strategic Planning

Strategic planning at a center level, as opposed to a program level, tends to be “bottom-up” or “mixed” insofar as in each case the center directorship and researchers retain control over a center’s research, collaboration, and education strategies.  Stakeholders from across the sectors also have influence.

An important overlap of center-level strategic planning with program level strategic planning is that all of the model variants are, to use the terminology employed in the previous chapter, “bottom-up” or “mixed” insofar as in each case the center directorship and researchers retain control over a center’s research, collaboration, and education strategies.  An important distinction is that most of the example cases discussed below are stand-alone centers with no ties to a government-based centers program.  
3.2.1 Roadmap-Driven

Some of the centers visited abroad by the STPI team take a center leadership-driven “road mapping” path to strategic planning.  This model of strategic planning engages center-based and external researchers, government officials, and private companies in mapping out the research, transfer, and (less frequently) education targets for the center.  
The National Nanofabrication Center (NNFC), established within but operating independently of the Korea Advanced Institute of Science and Technology (KAIST) is the leading technical university in Korea.  Along with Seoul National University, NNFC employs a roadmap to guide its growth and maturation.  The NNFC roadmap guides the research of the users or clients of its facilities.  The center hosts university and industry researchers but does not conduct its own in house research – toward commercial viability by 2010 as well as setting a path for the NNFC itself to become economically self sufficient, relying only on funds from its users after its government funding expires in 2011.

A majority of the research projects at IMEC in Belgium are planned in accordance with internationally defined technology roadmaps, one example being the International Technology Roadmap for Semiconductors (ITRS), which is aimed at ensuring cost effective advancements in the performance of the integrated circuit and the products that employ such devices.  Other IMEC research projects that are not ITRS-related are still considered as “driven by a vision of how future systems may look like”
 and are not, as one would expect given the large industry presence at IMEC, near-term contract-based work for private partners or clients.  
It is important to clarify that the roadmap model does not necessarily couple a center to policy makers and other stakeholders “from above” as does the “top-down” model for program level vision and planning discussed in the previous chapter.  On its site visit to IMEC, the STPI team learned about the center’s Office of Strategic Development and Marketing (OSDM), which, despite its name and seeming function was established to protect IMEC against becoming too closely integrated with the immediate aims and needs of industry.  
Moreover, these roadmaps do not set a center’s research strategy in stone.  IMEC representatives told the STPI team that the OSDM enables them to “react rather quickly and change [research] direction within a couple of months, much more quickly than a university.”

However, when compared with IMEC’s, the NNFC’s roadmap is relatively “top-down” in the sense that the focus is economic self-sufficiency rather than research strategy.  NNFC’s primary funder, the Korean Ministry of Science and Technology, requires that the NNFC seek industry funds and partnerships, but it does not have influence over the research strategy of the center, even though they receive the majority of its funding from the ministry – $1.5 billion over 10 years.  
3.2.2 Industry-directed

The centers visited and studied by the STPI team had varying compositions of industry partners and clients, with varying levels of industry influence over the strategic management of center research and development activities.  In some cases, centers were obliged to a single industry sponsor that held much sway in the strategic management of center based research and development activities.  For example, Shanghai Jiaotong University’s National Mold & Die ERC has a large sub-contract from FORD China.  As a result, many of its policies are de facto dictated by Ford’s requirements for intellectual property protection.  Permanent center staff working on the Ford project is prohibited from open communication with some of the other staff working on other industrial projects.

In other instances, a handful of private firms seemed to have a similar level of influence.  University of Tokyo RCAST’s Collaborative Institute for Nano Quantum Information Electronics  (CINQIE) has a large block funding from SHARP, NEC, Hitachi, and Fujitsu.  Visitors from these companies are given adjunct faculty positions and are influential in guiding the center’s research policies and strategies.  In yet other centers that had numerous industry partners and clients, center managers seemed to remain relatively autonomous in the planning and management of their research and development activities.  
The STPI team also observed that, even with industry partner(s), each center generally retained autonomy regarding the management of its research agenda.  Centers seemed focused predominantly on research of a fundamental nature that could help to enhance industry partners’ competencies in the future but not in the near or immediate term.  
Some centers have just a single industry partner that wields significant influence.  These centers seem reliant on this partner for research funding and direction.  But this does not mean necessarily that planning and decision-making regarding center based research is wholly “industry driven.” One such center is the Imperial College-Rolls Royce Vibration University Technology Center in the UK.  The center was established in 1990 with a grant from Rolls Royce PLC to conduct research and development of direct relevance to the aerospace and power generation industries.  Rolls Royce is the center’s only industry partner.  When interviewed by the STPI team, the center director emphasized working with Rolls Royce almost exclusively, using primarily proprietary equipment and schemas to conduct research that is “most relevant” to the firm.  
Another center with a research and development strategy driven by the needs of a singular industry client is Samsung Advanced Institute of Technology (SAIT), which focuses exclusively on research for the Korean multinational company Samsung.  SAIT has eleven labs, eight of which focus on short-term, product-focused development.  The remaining three labs (advanced systems, biofuels, and biological devices) have a longer research-oriented 5 to 10 years-from-market time frame.  While SAIT conducts research aimed only at furthering Samsung interests, researchers at SAIT leave the actual product development to Samsung’s corporate research and development labs.  
The Warwick Manufacturing Group (WMG) at the University of Warwick in Coventry, England is industry-driven, but more diffuse than the two centers above insofar as it is not driven by one or a few influential private companies.  The director of the WMG explained that the center’s research strategy involves an incredibly broad range of projects based almost solely on industry interest – meaning that WMG conducts whatever research and development its industry clients prefer.  It was clear to the STPI team, though, that industry comes to WMG to address its long-term problems, not ones that could be solved within in-house corporate R&D Centers.  The WMG has been highly successful at attracting and retaining industry clients.  
The Chinese National Engineering Research Centers (NERCs) have an even stronger industry-determined agenda, which includes both the type of industry-suggested research conducted by the WMG above but which also includes addressing short-term industry problems.  A NERC director at one of the universities told us their approach often was to take on whatever industry projects they could regardless of in-house capabilities.  The motto was to “hunt first, and then figure out how to cook the meat.”

A final example of a center with an industry-driven plan is the Flanders’ Mechatronics Technology Centre (FMTC) in Belgium, a center that conducts industry-driven applied research.  Partnered with a consortium of regional industry partners, FMTC is not directly tied to a particular industry client as is the Rolls Royce center or SAIT, but serves a more narrow set of interests than does the WMG.  It receives both EU and regional government funds, and characterizes itself as driven by regional industry needs.  According to the FMTC director, the center’s strategic plan for research is 2 to 4 years from market and “reflects our industry-driven mentality.” FMTC faculty characterized their research as guided by industry partners but not driven by “small scale current product issues.” 

3.3 Researcher Affiliation

NSF ERCs are headed by directors with a tenured appointment in an engineering department and have faculty memberships comprised of researchers with academic appointments (NSF 07-521).  This management structure is a function of the centers being university-based, which has been found to pose management and incentives challenges.
  The STPI team visited both university based and “stand-alone” centers, though many of the latter centers were co-located with universities (as well as with other centers and private firms conducting comparable or complementary research and development).
  Many of these centers used center faculty membership models distinct from the “all academic” model used by a majority of NSF ERCs.
  

Centers abroad employed three different types of researchers: academic faculty, research faculty, and research staff.  “Academic faculty” are identical to the researchers working in NSF ERCs, that is, doctoral-level researchers who work in a center but also occupy academic appointments in university departments.  “Research faculty” are doctoral-level scientists and engineers as well, but work exclusively in the center without departmental ties and responsibilities.  “Research staff” may be doctoral- or Master’s-level researchers who do not have an academic appointment and who work on development activities that aid the knowledge transfer process.  For instance, some of the NERCs visited in China employed computer scientists to develop products based on center research and development for industry members and clients.  
We found three models for this aspect of center structure, based on the relative proportion of a center’s faculty membership represented by academic faculty, research faculty, and research staff.  
3.3.1 Academic faculty only

Some of the centers employ only scientists and engineers with academic appointments in university departments, similar to most NSF ERCs.  The STPI team visited the Korea Science and Engineering Foundation (KOSEF) ERC for Earthquake Engineering at Seoul National University and, more generally, several of the KOSEF NCRCs, such as the NanoSystems Institute (NSI) at Seoul National University, all of which have Center faculty memberships comprised of academic faculty only.  This situation, which we saw at few other Centers abroad, is likely a function of Korean centers programs being modeled after the NSF ERC program.
  However, other centers programs that are progeny of the NSF ERC program, such as Science Foundation Ireland’s (SFI) Centers for Science, Engineering, and Technology (CSET) program, employ alternate models.  
While the Japanese centers visited by the STPI team (Earthquake Research Institute at the University of Tokyo, Disaster Prevention Research Institute (DPRI) at Kyoto University) have academic faculty with traditional departmental appointments, in reality, these faculty members have fewer departmental responsibilities than those at U.S. or Korean centers.  Similarly in China, when a NERC is part of the university system, its faculty are traditional academic faculty members (as mentioned above, not all NERCs fall into this category; some are free standing corporations with the university as a majority shareholder).  In reality, like faculty at Japanese centers, these NERC faculty have fewer departmental assignments, and consequently behave more as center-only faculty (section 3.3.2 below).  
3.3.2 Center-only research faculty and staff 

A majority of the centers visited abroad have faculty and staff whose sole research agenda is center-based research and development, unlike NSF ERCs that pursue educational and transfer missions in addition to research and development.  
For example, across the board, Fraunhofer Institutes comprise research faculty and research staff, neither of which have tandem appointments in academic departments, though interactions occur with universities since many Fraunhofers are adjacent to university campuses.  Though Fraunhofer directors have an academic appointment, usually in the form of a departmental or endowed chair in a university department, they appear to have fewer academic responsibilities than do other faculty members with similar positions.  (Figure 3.1)

Figure 3.1: Fraunhofer Institutes’ Relationship with Universities

Source: Fraunhofer Gesellschaft handout, Accessed April 6, 2007
Similarly, the National Die & Mold CAD ERC, like many Chinese NERCs as discussed above, is composed of faculty with few academic responsibilities.  Faculty members at this center teach, on average, only about 100 hours per year.  In England, the WMG, which receives approximately 85% of its annual research funding from industry contracts, employs predominantly engineers who do not hold academic faculty appointments.  The director of WMG explained that interdisciplinary research involving faculty “does not work” because, in his view, academic faculty are preoccupied with traditional academic tasks and duties such as teaching and publishing.  
The Research Center for Advanced Science and Technology (RCAST) at the University of Tokyo in Japan tries to extract researchers from departmental bureaucracies by inviting exceptional younger (but established) researchers from departments at the University of Tokyo and other Japanese and international universities to stay at the Center for a five-year term.  To promote interdisciplinary and free flow of ideas, it organizes them into clusters rather than departments or divisions and allows them to pursue research topics of interest.  
RCAST is not a thematic center in the vein of an NSF ERC but rather a “space” for exceptionally talented and multidisciplinary researchers who come for a limited term from traditional departments where employment costs are paid by external funds.  The Center separates management and strategic planning functions from teaching, giving researchers flexibility with respect to time spent compared with traditional departments.  The Center has an external board and an elected Director, both fairly unusual practices for research centers at Japanese universities.  
3.3.3 Center-only research faculty and staff with “reach back” to academic faculty 

The remaining combination of center faculty types is a mixed composition of academic and research faculty.  The CRANN CSET in Ireland employs approximately half academic faculty and half research faculty.  The center distinguishes senior- and junior-level center faculty as principal and associate investigators, respectively.  Principal investigators are almost always academic faculty, associate investigators research faculty.  
Another variation of this model is the Flanders’ Mechatronics Technology Centre (FMTC, Belgium), which has a lower academic to research faculty ratio, with approximately one third academic faculty and two thirds research faculty.  The FMTC draws on university faculty as and when industry-funded projects require special expertise of faculty members at the Catholic University of Leuven nearby.  This arrangement allows the FMTC to quickly adjust to industry needs without the need for also managing the academic careers of the faculty members (which may not track industry needs).  
The STPI team noted other centers that balance the career needs of academic faculty with those of research faculty.  For example, at China’s Zhejiang University, the National ERC for Industrial Automation (NERCIA) has parallel tracks to promote both academic and industrially-oriented faculty members.
In both CRANN and FMTC, the division of labor between research and academic faculty is clear.  Research faculty focus exclusively on industry related R&D projects, adhere to a product development cycle similar to that found in industry laboratories, and are free from academic expectations such as teaching and publishing.  Academic faculty not only guide research projects and engage in research with research faculty, but also perform conventional academic tasks and duties and thus are limited in their involvement with the centers.  
3.4 Leveraging Government Funds

NSF ERCs are required to leverage NSF program funds by attracting industry and other external partners who pay an annual membership in return for a voice in center strategic planning and research agenda setting, and preferential access to center products.  The only centers visited by the STPI team that engaged industry partners through a membership model were the Korea Science and Engineering Foundation (KOSEF) ERCs and NCRCs.  The primary mode by which centers abroad procure additional funding outside of government-provided funds is by serving industry as well.  However, unlike most ERCs, they conduct contract research for their industry partners.  
During our visit to Fraunhofer IISB, we learned about European centers that had ERC-like membership models.  For example, the European Center for Power Electronics (ECPE) in Nuremberg is an industry-led research network where a common board decides on research priorities.  The center is in fact modeled after the ERC Center for Power Electronics Systems (CPES) at Virginia Tech in Blacksburg, VA.  
For most centers visited, industry participation was contract-based.  An example is the Fraunhofer Institute of Integrated Systems and Device Technology (IISB) in Erlangen, which conducts predominantly contract-based research to solve specific medium-to-long-term problems for industry sponsors in semiconductor and microelectronics manufacturing.  Up to 65% of the Institute’s funding comes from industry and project-oriented sources.  Fraunhofer Institutes have also joined together to form clusters or “alliances” to raise additional funds from industry and other sources, such as the EU.  As an example, five Fraunhofer Institutes pooled their biotechnology expertise in a “Life Science Alliance” to promote the industrial development of biotechnology and to link basic research and industry production.
  
Another example of a center that leverages a small amount of government funds to increase its footprint is the Warwick Manufacturing Group (WMG), which raises 85% of its over $100 million in total funding annually from industry contracts.  These contracts are often (but not always) customized projects pursued jointly by the WMG and industry clients as “spin off” projects (not to be confused with spin off firms) from the WMG’s industry-wide, “baseline” projects.  The WMG is successful at attaining such a large volume of industry contracts for a variety of reasons:

· high quality research, 

· industry-focused solutions, 

· beneficial IPR and discouragement of spin off firms that could compete potentially with industry clients (see Chapter 4), 

· its hiring of predominantly dedicated research (versus academic) faculty.  
It is important to note that contract-based research is not necessarily “near-term” research, even when those contracts are with private companies.  The WMG model, for instance, is based on “mid to long range basic” research, meaning research and development that is 3 to 10 years from market.  
A final example of a center leveraging government funding into substantial industry investment is the Collaborative Institute for Nano Quantum Information Electronics (CINQIE) at the University of Tokyo in Japan.
  While relying on Ministry of Education, Culture, Sports, Science and Technology (MEXT) for core support, CINQIE works collaboratively with several firms – including Sharp, NEC, Hitachi and Fujitsu – each of which contribute in-kind (by loaning industrial researchers to the Center, donating equipment, etc.) as well as provide funding for researchers and students at the Center (see figure 3.2).  Industry funding levels are substantial - $4 million a year for the first three years, and $8 million a year for the following seven years.  Over a ten-year period, between MEXT and industry, the Center would have received in excess of $136 million.  Industry investment is paying off already as a new spin-off QD Laser (funded by a venture fund primarily owned by Fujitsu Laboratories, and by NEDO) has emerged and has stimulated additional industry interest.  
Figure 3.2: Collaborative Institute for Nano Quantum Information Electronics (CINQIE) Team and Organization
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4.0 Industry and Other External Partnerships

4.1 Overview

One of the primary missions of the NSF ERC program is to build partnerships between universities and private companies or other users such as local and state governments (NSF 07-521).  NSF requires each funded ERC to maintain an industry membership program as well as staff dedicated to establishing and maintaining a liaison between ERC personnel and industry members.  Currently, ERCs are required to employ (at the lead university) an Industrial Collaboration and Technology Transfer Director to develop and coordinate exchanges between the ERC and its industry members (NSF 07-521).  NSF ERCs have the additional goals of creating breakthrough advances in emerging fields, developing new approaches in engineering education and curricula, and expanding opportunities for underrepresented groups.

Many of the centers studied or visited abroad have similarly strong if not stronger industry-serving goals.  For example, the overarching goal of the Fraunhofer Institute for Manufacturing Engineering and Automation (IPA) in Stuttgart, Germany is: 

To identify and exploit potential for automation and rationalization at companies in order to strengthen their international competitiveness (emphasis added) and create new employment opportunities with more cost-effective and environmentally friendly production processes and improved products.

The goals of most if not all of the international centers studied by the STPI team are considerably narrower in focus and mission than those of NSF ERCs, and we noted during the site visits that most of the centers have different, and often deep, relationships with industry.  Based on our site visit observations and desk studies, we identify below alternate mechanisms or “models” for ERC-industry/user interactions.

The partnerships with industry and other external users formed by research centers abroad are as varied as the national innovation systems of the countries visited.  Generally, the models we discuss below represent how centers perceive the gap between university and industry or other partners, with some viewing it primarily as a problem of infrastructure, others as a social and human capital issue, and still others as a legal barrier to overcome (i.e., IPR).  All of the centers visited by the STPI team conceptualized the task of bridging the university-industry gap with some combination of these issues in mind.  Though we observed much variation regarding the methods centers implemented in partnering with industry and other users, these practices naturally fell into four categories: 

· Operating as bridging institutions or working with external or internal bridging institutions to firms, 

· Serving a consulting role, 

· Clustering with other facilities to provide value, and 

· Managing IPR to support innovation in partnering industry or other users.  
4.2 Bridging Institutions

The STPI team observed centers dedicating significantly more infrastructure and personnel than the NSF ERCs to facilitate technology and knowledge transfer from the center to industry or other external users.  In many of these centers, disparate organizations with their own missions and internal structures (for organizing personnel and resources) existed to aid centers in their transfer activities.  
These secondary organizations are commonly referred to as “bridging institutions” or “boundary spanning organizations.” As the example of the Chinese centers in Section 4.2.1 below shows, because research centers are themselves bridging institutions (insofar as one of their core missions is industry collaboration and transfer), the appropriate label for this model arguably is “bridging institutions for bridging institutions.” 

The STPI team observed some variation between center-serving bridging institutions.  Some are center-based while others are program-based (serving multiple centers).  Some are sector-wide, serving centers and other research groups no matter their programmatic origin.  These bridging institutions may be located away from a center’s campus when the center is not in close geographic proximity to the industry partners it serves.  While the core mission of these boundary-spanning organizations is transfer from center to industry or other users, some engage in technology and process development of center-based research.  
4.2.1 Centers Themselves as Bridging Institutions

As discussed in Chapter 2 above, Chinese Centers tend to be highly directed in terms of research area and strategy.  Like German Fraunhofers, they are established as independent legal corporations and run as private ventures.  An example is the NERC for Beijing Biochip Technology (NERCBBT) at Tsinghua University, which is simultaneously a free-standing private sector firm with a different name – the CapitalBio Corporation - that develops and commercializes biochip-related products for genomic and proteomic research, bio-safety testing, and clinical applications.  
The NERC has evolved from a small biochip developer into a comprehensive life science firm with four affiliates or subsidiaries: AVIVA Biosciences, a San Diego, California based company that develops and markets on-chip patch-clamp technologies for ion-channel studies for drug discovery research; Chipscreen Biosciences, a Biotech company located in Shenzhen, China, for small molecular drug discovery and development; CapitalBio International and CapitalBio Hong Kong, two fully owned subsidiaries of CapitalBio Corporation, based in San Diego, California and Hong Kong, China respectively.
  In these developments, the NERC has leveraged Tsinghua students and postdoctorates, visiting scholars, faculty members and other university resources, and stands truly at the cusp of academia and industry, successfully playing the commercialization role the program designers envisioned NERCs to play.  
4.2.2 Center-specific bridging institutions

Several of the centers we visited abroad featured their own dedicated bridging institutions to enhance their industry partnerships by facilitating technology and knowledge transfer.  These bridging institutions served only the center (versus serving all centers from the same centers program or, more broadly, all centers and research groups for a field).  
For example, all Fraunhofer Institutes visited have their own in-house “Anwendungszentren,” which serves as a local bridging institution for each institute.
  Some Institutes have these bridging institutions offsite as well.  For example, in 1999 the Fraunhofer Institute for Biomedical Engineering (IBMT) established a center-specific, “bricks and mortar,” technology transfer center (the Fraunhofer-IBMT Technology Center Shenzhen) that is located away from the center and in close proximity to its industry partners in China.
  This technology transfer center offers the transfer services offered by similar bridging institutions such as the NNFC in Korea, but also conducts research and development aimed at facilitating that transfer.  For instance, the center provides manufacturing services (e.g., process automation), technology development (e.g., microsensors), and training for Chinese SMEs.  In many ways, the Shenzhen center constitutes a small, standalone Fraunhofer in its own right, though officially it is the China-based technology transfer unit for the IBMT.  
The IBMT approach to bridging institutions is considerably active relative to that of many centers visited and also when compared to current practice in U.S. university based centers (including but not limited to ERCs).  The IBMT’s China-based technology transfer center provides transfer services to nearby industry clients but also conducts additional research and development to enhance an industry client’s production site.  
Japan’s RCAST, discussed earlier in this report, created its own bridging institution as well, establishing the Technology Business Center (AcTeB) in 2001 to promote industry-academia collaborations, to assist RCAST-nurtured spin-offs, and to train faculty and industry partners for industry-academia collaboration and technology management.
  

4.2.3 Program-wide bridging institutions

Some research centers abroad also have access to bridging institutions that are not center-specific but rather are dedicated to multiple centers of the same programmatic origin.  As with center-specific bridging institutions, program-wide boundary spanning organizations vary by how active (versus passive) their respective activities are towards facilitating the partnerships with industry and other external users of the centers they serve.  This variation of the bridging institutions “model” for industry partnerships is not mutually exclusive with having center specific bridging institutions.  Centers that have dedicated technology transfer units (on or off site) may also be part of centers programs with program-wide bridging institutions and transfer services.  
The bridging institution that serves all of the Max Planck Institutes in Germany is very similar to U.S. university-based technology transfer/licensing offices (TLOs) though the scale of this bridging institution, Max Planck Innovation (MPI), is much larger.  The STPI team heard that MPI does not actively seek out patentable research but rather waits for scientists (who work for one of the eighty Institutes collectively comprised of 12,000 research faculty and 9,000 doctoral students and postdoctoral fellows) to approach MPI about the patentability and/or marketability of their research.
  If research is deemed potentially commercial (by way of patent, product development, spin off firm, etc), MPI advises on matters pertaining to the legal protection of intellectual property.  It also performs the necessary patent research, arrangement of legal counsel, and advising on patent registration (for the EU and abroad).  
The STPI team learned that MPI currently oversees more than 1,000 inventions and takes on an additional 120 to 140 projects each year.  Since its inception in 1970, MPI has “managed about 2,600 inventions, closed more than 1,500 license agreements and, since 1990, coached 46 spin-offs.”
  MPI’s cumulative revenue, since 1970, amounts to about 200 million Euros (although as in the United States, most of this revenue comes from a small number of inventions).
  

Another program-wide bridging institution, the Fraunhofer Patent Center for German Research (Fraunhofer PST) actively searches for patentable research and development conducted in all Fraunhofer Institutes.  The Fraunhofer PST also assesses the patentability of research for external (non-Fraunhofer) researchers on a client basis.  If the Fraunhofer PST deems research patentable, it runs the acquisition and marketing activities for the inventions.
 The Fraunhofer PST also offers transfer services including the ex post coordination of activities like prototype development and product marketing.  
Fraunhofer Institutes also have their own dedicated venture fund (The Fraunhofer Venture Group).  In addition to funding spin-offs from Fraunhofer Institute research, this organization supports activities surrounding “optimization of the business plan, the selection of the legal corporate form and the drafting of contracts as well as the search for financing, cooperation and industrial partners.”
  While not an institution explicitly dedicated to bridging the university/industry gap, the Fraunhofer Venture Group complements the Fraunhofer PST, in spinning off potentially viable innovations from Fraunhofer research into the commercial sector.  
4.2.4 Market-wide bridging institutions

The STPI team also observed private companies with a core mission of bridging the gap between science and engineering and marketable products and processes.  These companies hire doctoral-level scientists and consultants from across the sectors and disciplines, who work in partnership with clients to develop technologies and ideas into prototype products and processes.  Based in England, Pera is one such company, advising clients in industry and government not only on how to work with university researchers but also how to innovate to the point of prototype development and eventually to the point of commercialization.  Specifically, Pera helps clients to comply with performance standards and EU directives, ensure product economic viability and functional reliability, and obtain IPR.  Most of Pera’s “commercial realization” clients are Small and Medium Enterprises (SMEs).  
There are distinctions to be made between bridging institutions that are center-specific and those that are program or market-wide.  Program and market-wide bridging institutions focus more closely on the commercialization of research and development, whereas center-specific institutions address issues that more directly facilitate or enhance industry partnerships.  From this observation, it may be more accurate to designate program and sector-wide bridging institutions as a model for technology and knowledge transfer.  However, program and sector-wide boundary spanning organizations may or may not be as successful at facilitating center relations with industry and other external partners when compared with center-specific bridging institutions.  
4.3 Transfer Consulting and Turnkey Services

A second approach observed by the STPI team on its site visits and in its desk studies to bridging the university-industry gap involves services offered by centers to their partners (industry and other external users) towards practical and/or commercial application of center-developed products and processes.  These services may occur in the context of bridging institutions (see above) or as a core function of the center (without the aid of boundary spanning units).  We noted two primary models for such services, which we term transfer consulting and turnkey services.  
Transfer consulting and turnkey services account for varying degrees of absorptive capacity on the part of centers’ industry and other partners.  When center partners have some semblance of absorptive capacity, centers may employ a transfer consulting approach, which includes the direct involvement of the center’s partners in the knowledge transfer activities.  When partners are lacking in such capacity, centers may provide turnkey services wherein center faculty and staff assume responsibility for setting up and putting into operation center-based products and/or processes at a partner’s site.

4.3.1 Transfer consulting

Some of the centers visited by the STPI team employed extensive technology transfer consulting services.  IMEC, exemplifying the extensive nature of such services, uses for its industry partners what it calls the “full process transfer methodology” which is illustrated in the Gantt chart below.  
Figure 4.1: International Microelectronics Center’s, Belgium (IMEC) Full Transfer Methodology
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Source: http://www.imec.be/wwwinter/TT/LD_transfer.pdf.  Accessed 31 March 2007

The STPI team learned that IMEC lays out guidelines for pre-transfer preparations for both industry partners and center researchers involved with the developed product or process(es), numerous phases of actual transfer, as well as post-transfer assessment that yields conclusions that feed back into the transfer process, if required.  The industrial researcher (resident) is taken up into IMEC’s mixed research team to execute the project, which is designed to intensify the process of technology transfer and shorten the learning curve.  It is important to note that this process is not a turnkey process insofar as industry partner personnel participate in the transfer.  
A STPI desk study, based partially on conversations with several Fraunhofer Institute directors during the Germany portion of our site visits and on extant literature, revealed a less extensive example of center-based transfer consulting at the Fraunhofer Institute for Surface Engineering and Thin Films (IST).  Specifically, IST offers what they call “know-how” consulting to help industry clients integrate these technologies into their respective production environments.
  This level of engagement in the transfer process therefore acknowledges explicitly the importance of tacit knowledge for effective transfer and includes the training of industry partner personnel.  
A third example of a center visited by the STPI team using the transfer consulting model is NERCIA at Zhejiang University in China.  Transfer consulting services provided by NERCIA for their industry and other external partners include training of partner personnel on the software platforms develop by NERCIA faculty and staff for process automation, enterprise information management, and engineering application for artificial intelligence systems.  
4.3.2 Turnkey services

Turnkey services are more customized and exhaustive when compared to transfer consulting services.  Beyond training industry personnel, turnkey services aim to bridge the university-industry gap while removing industry and other partners’ participation from the transfer equation, with center researchers and technologists designing, developing, and implementing center based products and processes on a partner’s site.  The research center is thus responsible for setting up equipment and infrastructure and for putting it into operation at the partner’s facility (or facilities).  At the centers visited and studied by the STPI team, turnkey services usually lasted through the installation phase but also included post-installation testing and support.  
The Chinese National Die & Mold CAD Center provides this type of service for major state funded construction projects and enterprises.  In fact, the turnkey service model of industry partnership activity was seen by the STPI team at most of the Chinese NERCs.  For example, the NERC for Enterprise Information Software (NERC-EIS), co-located at Tsinghua University in Beijing, not only develops but also markets, installs and maintains center-developed software, and had over one hundred customers with sales volume more than $7 million in 2005.  The STPI team also observed the turnkey services model at SAIT in South Korea, which focuses on research and development for Samsung at a 5+ years-from-market time frame, and offers this type of turnkey service to Samsung divisions by way of developed technologies that facilitate research and development in those divisions.  
Both transfer consulting and turnkey services models highlight the most active types of center activities aimed at transferring center research findings into useable products for the industry and other partners of those centers.  While neither transfer consulting nor turnkey services may be appropriate for NSF ERCs, each illuminates strategies for centers bridging the university/industry divide.  
4.4 Clustering

We use the term “clusters” to describe geographic concentrations of firms, suppliers, service providers, and universities with their attendant institutions (like research centers).  Clusters are frequently associated with innovative activities that lead to marketable products and processes.
 The chief characteristic of a cluster is a “thick” network of knowledge sharing that is supported by some formal but largely informal interactions among researchers and technologists (as well as stakeholders) across sectors in which there is a high degree of inter-organizational trust and cooperation.
 Clusters can emerge either organically as a result of market forces (e.g., Silicon Valley, Route 128) or from top-down, public policy constructed models (e.g., Daedeok Science Town within Daejeon City in Korea).
  Clusters that successfully innovate are usually a function of both organic and directed activities.

The innovation clusters that the STPI team observed on site visits abroad and in desk studies all were closer to the top-down variety.  We observed research centers that intentionally co-locate near universities and firms and other research institutes and centers addressing the same or complementary scientific and technical problems as the centers.  The “clustering” centers provide infrastructure and equipment for industry partners and engage in collaborative research with member firms.  
Among these “clustering” centers, the STPI team noted significant variation regarding the scope of the services provided to industry and other partners.  In one variant of the clustering model, we observed a center providing infrastructure and equipment for industry partners to conduct research and development, usually with the support of full-time center faculty.  Another variant saw centers offering comparable infrastructure and equipment support to industry researchers but additionally conducting research and development both unilaterally and with industry partner researchers.  In both instances, these clusters attempt to create a collaborative research environment in which researchers from a center and its partners may interact more closely.  
4.4.1 Infrastructure and equipment only

Some centers that cluster near industry and other partners (or near potential partners), despite employing full time faculty and staff, do not have a primary mission of research.  Rather, these centers have a mission of facilitating research by providing infrastructure and equipment for firm-based and university-based researchers to use, sometimes conjointly and sometimes not.  
For example, the NNFC in South Korea provides clean rooms and laboratories for industry partners and has center faculty whose responsibility it is to maintain these facilities.  NNFC is also located in Daejeon City, the heart of Korea’s technology hub, close to many other R&D centers as well as Korean SMEs.  
A second example of an infrastructure-only center is the Minatec Center in Grenoble, France.  Minatec is comprised of a 10,000 square foot industrial development complex for micro- and nano-electronic technology research and development, which includes premises and clean rooms for startups in the early stage and joint laboratories for research and development teams from member firms.  Minatec states that it has approximately 1,000 industry personnel working in their facilities at any given time.
  

In order to take advantage of nearby infrastructure and academic institutions, Minatec is located near the Grenoble University Institute of Technology and LETI-CEA, the laboratory that founded Minatec.  Similarly, IMEC and FMTC in Leuven, Belgium are co-located with the Catholic University in Leuven.  Universities in the area generate approximately 1,800 graduates in the field each year, all of who are accessible to Minatec.
  Minatec notes that, in total, the area accounts for 14,500 industry jobs and 2,100 public research jobs in micro and nanotechnology research and development.
  

4.4.2 Infrastructure and equipment plus research and development

Some centers that locate near clusters of industry and other partners and provide infrastructure and equipment to those partners (like Minatec and the NNFC) also conduct in-house research and development, both unilaterally and in collaboration with industry partners (as well as with visiting researchers from universities and other centers and institutes).  These centers have a primary mission of research but also provide the infrastructure and equipment for clustered, collaborative research.  Like the above “infrastructure and equipment only” variant of the clustering model, these centers co-locate with industry firms and other centers and universities conducting comparable or complementary research.  
Discussed earlier in this chapter because of its transfer consulting services, IMEC also fits into this variant of the clustering model.  IMEC provides infrastructure and resources to support 1,400 visiting researchers, including 500 researchers from its industry partners.
 In addition to providing infrastructure and equipment to its partners, IMEC supports center faculty and staff efforts on unilateral research and development projects as well as on projects in collaboration with researchers from industry, universities, and other institutes and centers in the field.  The center is located near the University of Leuven in the Flanders region.  IMEC was founded as one main element of a regional, top-down “cluster policy,” which has lead to regional employment of over 60,000 researchers working in the ICT sector alone.  

Required here is a comparison of the clustering model for industry partnerships to the above discussed bridging institution and transfer/turnkey consulting models.  The clustering and bridging institution models appear to be substitute/equal strategies for bridging the gap between universities and industry and other users.  That is, if a center co-locates near member firms and other research entities to facilitate collaboration and knowledge flow, bridging institutions become less important.  Though this substitution does not preclude a center that co-locates but also partners with industries or other users that are located outside the cluster from creating bridging institutions to better serve “extra cluster” partners, we did not observe this tandem practice in either our site visits or our desk studies.  In contrast, the transfer consulting and turnkey services approaches seem to complement both the bridging institution and clustering models for industry partnerships.  
4.5 Intellectual Property Rights

In the United States, observers believe that the partnership between industry and universities has been weakened over difficulties associated with negotiating IP rights in research contracts in recent years.  American universities are seen to have become more aggressive in their attempts to own IP.  Industry representatives, in the United States and in China, with whom we spoke, believe that it takes too much time, effort, and money to negotiate an agreement with an American University.  This has resulted in a perceived deterioration of trust between industry and U.S. universities, adversely affecting partnerships, and providing greater motivation for U.S firms to seek relationships with universities abroad.  As a result of these and other pressures, parts of U.S. R&D have slowly been shifting abroad. A discussion with Dr. Wayne Johnson of Hewlett Packard led us to this quote:
“Large U.S. based corporations have become so disheartened and disgusted with the situation [negotiating IP rights with U.S. universities] they are now working with foreign universities, especially the elite institutions in France, Russia and China, which are more than willing to offer extremely favorable intellectual property terms.”

Stan Williams, Director, HP Quantum Science Research

Understanding how IPR is handled abroad was therefore an important area of learning for this study.  
The STPI team observed a great deal of difference between U.S. and foreign handling of the intellectual property rights (IPR) to R&D conducted conjointly by centers and their industry and other external partners.  
The first model of IPR allocation observed by the team occurs when neither the center, its researchers, the university(ies), nor government entities affiliated with the center claim legal rights to the research and development conducted with industry or other partners.  The STPI team learned that many Chinese NERCs and Britain’s WMG, for instance, have very “pragmatic” IPR arrangements (where industry essentially receives the IP free in exchange for future funding or royalty payments).  At the Shanghai Jiao Tong University NERC, for example, the STPI team visited Ford Motor Company’s computer-aided engineering laboratory C3P (Computer-Aided Engineering, Computer-Aided Design, Computer-Aided Manufacturing and Product Information Management) that has spent about $200,000 a year at the Center for the last ten years with no claims of IP rights by the Center.  The Center Director Professor Ruan Xueyu informed us that he has found this to be a mutually beneficial arrangement, where in exchange for giving away IP, he received funds for training and research, and developed capacity to transfer knowledge to strengthen other sectors in China (e.g., the domestic shipbuilding industry).  Even discussions which involve IP negotiations (for example, recently Nokia bought IP from the center for about 4,000 euros) involve few lawyers; Professor Ryun informed us that he himself makes decisions, and agreements can be negotiated within weeks.

The site visits also revealed that Intellectual Property issues were the chief impediment to foreign firms wishing to work with U.S. universities.  At the Samsung Institute of Advanced Technology (SAIT) in Korea, the STPI team heard about its attempts to support research at the University of California, Berkeley, in which after three months of discussions with no resolution on IP issues, SAIT abandoned its efforts.  Its gift of $10 million was similarly rejected by Stanford University.

Another model for IPR allocation between centers and industry partners involves handling IPR on a case by case basis.  For example, Fraunhofer Institutes assess IPR distribution in this manner, granting access to and in some cases ownership of intellectual property to their industry partners based on the resources those partners contribute to center based research and development.  A comparable strategy is employed by the IMCRC in England.  
A notable example of case by case IPR allocation occurs at IMEC in Belgium, where each industrial partner joins the IMEC research program on a bilateral basis with clearly defined technical scope and deliverables, allowing the partner to tune the bilateral project to some of its individual needs.  The IPR of the deliverables are defined before the project starts and form part of the agreement.  The figure below illustrates a generic example of IPR allocation on an IMEC project; the central area R0 represents results owned exclusively by IMEC and those that are available for licensing, providing full user rights for the industrial partner.  This type of IPR relates to more fundamental, generic technologies.  The methodological type of project results (shown in Figure 4.2 as shaded area R1), based on IMEC’s strategic expertise (background information, R0) is co-owned by both IMEC and the industrial partner, without any accounting to each other.  Shaded area R2 includes company-specific results or confidential information and is under exclusive ownership of the industrial partner.  In addition to IPR for company-specific results, the industrial partner gets access to IMEC's background information in the research domain specific to the project, and the R0 and R1 results of the other industrial partners in the same project.
  
Figure 4.2: The IMEC IPR Sharing Model
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Source: http://www.imec.be/wwwinter/business/IIAPbrochure.pdf accessed April 17, 2007

Note: The central circle is referred to as the area R0

A final model for IPR distribution was seen the Disaster Prevention Research Institute (DPRI) at Kyoto University in Japan.  The STPI team learned that professors at Kyoto University are not obligated to license their IPR through the University Technology Licensing Office (TLO) but may protect and license it personally – especially if the university does not care to.  In this case, legal and filing expenses are not paid for by the university but by the faculty member’s personal funds.  The faculty member then owns the invention and retains all downstream returns.  The STPI team heard that the university then informally expects that the faculty member will reward the university with his or her loyalty and share in the windfall if there is any.  However, as Japan transitions toward a U.S.-inspired, Bayh-Dole-like national IPR regime, this model may soon disappear.
  

5.0 International Partnerships

5.1 Overview

Science, technology and engineering are a global enterprise, with innovative ideas in one nation rapidly developed and marketed in others.  In recent years, India and China have especially stood out in terms of their commitment to science and engineering.  For example, since 1999, China’s spending on research has increased by more than 20% per year.  More recently, in India, science budgets increased by 24% in 2005 and 16% in 2006.
  Other countries like South Korea and Ireland have also upgraded their S&T capabilities and infrastructure to world-class standards.  Against this backdrop, it is not surprising that there is growing recognition that collaboration is the best way to access the knowledge development and innovation that comes out of research that other nations invest in.  As a result, there is increasing interest in the United States in enhancing the quality and quantity of research links with other nations.  
The ERC program leaders, well-aware that engineering research is an international venture with benefits to all partners when research and development is conducted jointly, encourages “Gen 3” ERCs to “provide an opportunity for domestic students and faculty to collaborate in a globally connected university research and education environment” (NSF 07-521).  The directive is not entirely novel, as NSF has several programs and centers that provide avenues for U.S. researchers to collaborate with international institutions.  In addition to collaboration on joint projects, the Gen-3 solicitation also facilitates the opportunity for an international university to become a core partner of an NSF ERC, sharing responsibility with U.S. universities for the research, education, and transfer missions of the center.   

The STPI team observed many practices that can inform the internationalization of the NSF ERC program.  In the sections below, data from site visits and desk studies identify mechanisms or “models” that may help to facilitate ERC international collaborations.  Each of these models represents an alternate mode for international collaboration, including collaboration between individual centers and between centers programs.  Some are akin to faculty exchange programs while others are project–based and considerably more complex.   Some are consequences of industry partnerships.  Some are relatively “ambitious,” for instance by requiring that a specified percentage of center faculty be from foreign institutions.  Embedded in the models are answers to the study questions about rationales for, examples of, and barriers to international collaboration.  
The STPI team identified two types for international partnerships: centers that pursue international collaborations as part of a larger research and/or education mission, and “international centers” that were founded with international collaboration as a primary mode and count as a core function interaction with foreign scientists and engineers.

Drawn mainly from site visit based findings, these types of centers have different impetuses.  Centers engaging in collaborations with foreign researchers and/or institutions as part of their larger research and education missions seem to pursue such collaborations for the same reasons they pursue intra-national, inter-institutional collaborations: access to expertise and resources not available at the home center or institution, need to accelerate and validate research, or desire to push research results further down the innovation continuum toward commercialization.  (See box on the right) 

The barriers centers face when conducting research that spans national borders transcend any and all motivational distinctions.  No matter their impetus, international collaborations and international centers face difficulties of types common to all inter-institutional collaborations in science and engineering, such as disagreement over rules for knowledge use and IPR and over methods to bridge the university/industry gap.  Another that would certainly crop up in the Gen-4 ERCs would be sorting out the role of U.S. firms in relationship to foreign firms who work more closely with the foreign partner.  Of course, such difficulties can be and are magnified by the different legal, regulatory, and cultural differences between participating collaborators.  However, other barriers seem specific to international endeavors, such as culture clashes among researchers, visa and immigration issues, and the sharing and exchange of “sensitive” information.  
5.2 International Collaborations

Virtually all centers visited were moving forward on an “internationalization” agenda.  We observed four ways in which this agenda was manifested.  Figure 5.1 illustrates these as simplified models.  As might be expected, the import and export models were observed at more centers than the partnership and networking models. 
Figure 5.1: Simplified Collaboration Models Observed During Site Visits


[image: image5]
Source: STPI adaptation of models developed by De Meyer et al as reported in the study The INSEAD-Wharton Alliance on Globalizing: Strategies for Building Successful Global Businesses.

5.2.1 Import Model


This model was observed mostly in Europe and Japan, and implies that the centers welcome international students and scholars, and are supportive of study abroad schemes.
 Japan’s World Top-Level Centers, for example, are investing heavily to attract world-class researchers to Japan (by creating English-speaking research centers, requiring minimum levels of international participation, and offering large sums of “no-strings-attached” funding to international researchers).  Many centers have taken advantage of memoranda of understandings (MOUs) that their home universities have “on the books” with foreign universities.  
5.2.2 Export Model

Some centers also exhibited elements of the export model, with students and faculty traveling overseas to take or teach special courses or perform research.  This model was most frequently observed in Asian countries especially in Japan and Korea where researchers were sent to research centers in the United States and Europe. 
In some cases, the team was also informed about centers establishing a “sister” center abroad for the express purpose of facilitating interaction with foreign research partners and/or industry clients.  While this “sister” international center concept is still nascent for engineering research, the STPI team noted several examples.  One example was seen during our site visit to the Korea Institute for Science and Technology (KIST), which established the KIST Europe research institute in Saarbrucken, Germany as a branch institute of KIST in Korea – the German government provides the “brick and mortar” and KIST funds the researchers.  
Another example is the Fraunhofer IBMT, which, as discussed above in the chapter on industry partnerships, established a “technology transfer center” in Shenzhen, China in 1999.  Though initially intended just to provide transfer and consulting services (see Chapter 4), IBMT Shenzhen has evolved into a standalone center in its own right, with German and Chinese scientists and engineers working on joint research projects specific to Chinese industrial needs.  In addition to this technology transfer-focused center in China, the Fraunhofer Gesellschaft (FhG) has established similar wholly owned subsidiary centers in several nations, including at least five (at last count) institutes in the United States, one in Russia, and one in Singapore.
 These international centers extend the expertise of the FhG and its institutes to collaborators in foreign countries.  
5.2.3 Partnerships

A third model observed was the partnership model and was pursued via the exchange of students and faculty, via the joint operation of teaching and research programs, and via the provision of intellectual leadership or consultancy in the establishment or restructuring of research and teaching programs

In some cases, the partnership is jointly funded at the program level, (that is at the supra-center level.  For example, a program-level collaboration between Ireland and the United States has spawned the “U.S.-Ireland R&D Partnership” which will soon fund collaborations between Irish CSETs and U.S. based centers, currently National Institutes of Health (NIH)-sponsored centers and potentially NSF-sponsored centers.  While negotiations around the details of these partnerships were still underway at the time of the STPI Team’s site visit to SFI and to the Department of Enterprise, Trade and the Economy (DETE), the Irish agency responsible for funding the CSET-U.S. center collaborations at a program level, DETE officials disclosed that the initiative was moving forward.  Each side of the potential collaborations will contribute approximately $1 million per year, for five years.
  

Figure 5.2: Set up of the JST-funded International Cooperative Research Project
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Source: Japan Science and Technology Agency (JST), http://www.jst.go.jp/inter/jst_01_en.html, Accessed April 7, 2007

A second example of program-level, jointly funded international collaborations was seen in Japan.  The STPI team learned that the JST – one of the agencies implementing Japan’s Science and Technology Basic Plan – recently supported an internationally oriented program to promote “basic research toward accomplishment of… national strategic goals.”
  Figure 5.2 above summarizes the International Cooperative Research Project (ICORP) program as implemented; it is important to point out that while the program has an international orientation, each “side” funds its own researchers.  
In other cases, the partnerships are funded by one party.  For example, Japan’s NEDO has offered research collaboration grants to over 600 international researchers since 2000.  NEDO’s International Joint Research Grant Program provides teams of researchers from two or more countries (one of which must be Japan) approximately $500,000-600,000 for three years.
 The purpose of such a funding mechanism was to “improve the level of international industrial technology and to establish the foundation for creating new industry,” thereby strengthening Japanese research capacity while providing international researchers exposure to Japan.

5.2.4 Networks
The last model observed, though not commonly as the first two, is the network model.
  The model is different from a partnership in that one of the key principles underlying the establishment of a network is the partners’ functional integration that involves genuine sharing of resources, and a relatively flat hierarchy in the process of knowledge production.  
The STPI team did not observe many examples of this type of collaboration.  However, we did learn about an interesting collaborative project at a Korean NCRC, the Nano Systems Institute (NSI), which is part of a research team partially funded by Japan’s NEDO, though all members share some of the cost.  (Figure 5.3)  The system architecture project described in the Figure parsed out components of the research to four institutions in Asia – with Tsinghua University in China focusing on mixed model and device simulations, Seoul National University’s NSI working with Tsinghua on mixed model simulations, Hong Kong University of Science and Technology on circuit simulations, and Hiroshima University in Japan focusing on compact modeling.  NSI faculty members explained to the STPI team that in addition to testing, if a decentralized network approach works, the program was planning to facilitate knowledge transfer between countries, and promote an international/Asian base for the creation of new industries.  

Figure 5.3: International Collaboration at Korea’s NanoSystems Institute (NSI)

Source: Notes from meetings at NanoSystems Institute in Korea

5.3 International Centers

The site visits and desk studies provided fewer examples of “international centers” that include international collaboration as a core mission as well as, usually, a requirement that a specified proportion of center faculty be visiting from foreign-based centers, universities, industry, or other research institutions.  In addition to being motivated by access to scientific research and resource capacity toward meeting research and even economic competitiveness goals, these centers also focus on areas of research that are of international concern, such as global warming, nuclear stewardship, natural disaster warning systems, and so on.
 
One argument for the formation of “international centers” is the need to build research capacity in an area by bringing together premier scientists from multiple nations.  The STPI team learned that Japan’s MEXT has recently initiated a centers program aimed at “globalizing” Japanese research capacity
 by establishing centers with a core mission of hosting foreign researchers of renown in the areas of biosciences, chemistry, materials science, electronics and information sciences, precision and mechanical engineering, physics, and mathematics.  
Japan’s “World Top-Level Research Centers Program,”
 with the aim to forge international collaborations that facilitate innovation in Japan and strengthen Japanese global competitiveness by advancing basic research came closest to being international centers.  The centers are intended to replicate the success of the internationally renowned RIKEN Brain Science Institute.
 The program will award its first generation centers in mid-2007, and has an expected yearly program budget of $60 million.  MEXT officials explained that there will be five initial centers, with an implementation of ten years each plus a possible five-year extension.  Ten to twenty percent of each center's faculty membership must be foreign researchers.
 
5.4 Barriers

The STPI team specifically explored barriers to potential collaborations between the institutions and countries visited and NSF ERCs.  Overall, the programs and centers visited expressed enthusiasm for collaborating with U.S. universities, including NSF ERCs.  At most of the centers visited, collaborating with a U.S. institution was viewed as a stamp of high-quality research often bringing further funding from domestic and other international sources.  There were, however, some concerns articulated about potential barriers to collaborations, especially by government officials.  
The first barrier was simply distrust of American and American policies.  Center directors in several countries explained that U.S. policies, especially those around IPR and collaborations with industry and other users, are viewed with some degree of reticence.  Officials in China and Korea stated that IPR arrangements offered by U.S. academic institutions and potential collaborators tended to be one-sided in favor of U.S. institutions.  
In China, the STPI team learned that some Chinese researchers have a preference for working with the EU and Japanese researchers over those from the U.S.  There was also new optimism regarding greater pan-Asian collaborations.  Researchers were closely watching recent progress made at governmental levels to increase science and engineering research cooperation among Japan, China and Korea; it is expected that government treaties will be followed by additional funding for intra-Asia collaboration.
 Intra-Europe collaboration is already a major priority of the European Union.  
Some cultural barriers were brought up as well.  Several center directors especially in Asia noted that cultural and language barriers make it difficult for researchers to collaborate successfully with American researchers.  There appeared to be a preference to work with counterparts who were ethnically from the partnering nation.  For example, some of the U.S.-based partners of the CINQIE center were ethnic Japanese and those of the Zhejiang University and Shanghai JiaoTong University NERCs were of Chinese or Taiwanese origin.  
Researchers, center directors, and government officials also brought up administrative barriers to potential international collaborations.  For example, different local funding cycles may prevent researchers in different countries from jointly applying for funds from their governments, greatly disrupting the scheduling and funding of collaborative research activities.  Our IMEC counterpart in Belgium noted that there was a lack of understanding of U.S. funding mechanisms, and a sense that a better understanding would facilitate collaborations with American universities.  A model presented was that of FEAST (the Forum for European–Australian Science and Technology Cooperation) that was created to facilitate S&T collaboration between EU and Australian research institutions.
 

A final potential barrier to international collaborations involving the U.S. is simply availability of funding from the U.S.  Many of the international collaborations observed during the site visits were funded by the EU or Japan (unlike collaborations with the U.S. where, typically, each party brought their own funding for joint research or personnel exchanges).  Several KIST researchers explained that they have applied to join the EU’s 7th Framework international program for Micro-Electro-Mechanical Systems (MEMS).
 If successful, the EU program will provide KIST researchers with $30 million over 3 years to collaborate internationally with other successful applicants.  Many center directors and government officials noted that the U.S. government has not historically provided such generous funding to non-U.S. researchers.  
6.0 Engineering Education

6.1 Overview

Alongside missions such as the conduct of “breakthrough” research and technology development aimed at swift market introduction, another primary aim of the NSF ERC program has been the enhancement of engineering education.  With the latest “Gen 3” solicitation, the program’s educational mission has moved beyond incorporating a “hands on” element into engineering education to develop graduates who are “experienced in the creative process and cross-cultural collaboration and able to define pathways to explore and realize innovation opportunities to prepare them for success in a global economy” (NSF 07-521).  Additionally, all NSF ERCs past and current as well as those to be funded in Gen-3 are required to manage and operate K-12 outreach programs.  
STPI’s site visits to and desk studies of international research centers did not prove particularly fruitful for identifying center-based practices for enhancing engineering education in the classroom or in the laboratory.  Unlike NSF ERCs, the formal educational missions of the centers visited by the STPI team, when they had such missions, were not emphasized or deemed very important by center administration and stakeholders in ways defined above.  As such, we find that the NSF ERC program is distinctive in facilitating novel approaches to engineering education both in the classroom and in the laboratory, the two areas that this chapter will focus on in presenting models for engineering education.  

The “in the classroom” model is curriculum-oriented and is supported with example cases of center-related degrees or certificates.  The “in the lab” models include industry-based training as well as student participation in industry-focused research projects.  The STPI team did not observe outreach practices that are comparable to those conducted by NSF ERCs.  
Because of the limitations of the findings from the centers visited abroad, in addition to providing information from the international site visits this chapter also includes information about, and models for, engineering education practices in the United States that may likely be interesting models for the U.S. ERC program.  For the purposes of this section, the focus is primarily on graduate education practices at universities granting doctoral-level engineering degrees.  
6.2 Engineering Education in the Classroom

Recent trends in American engineering education aim to provide engineers with a broader set of technical skills, including entrepreneurship, design, leadership, and management.  Abroad, the STPI team identified three broad models of classroom-based engineering education.  The first model includes programs that couple business and management training with the standard engineering curriculum by way of dual degree programs.  The second model includes programs that introduce creativity and design into engineering coursework.  The last model includes inter-institutional and in some cases international degree programs that allow students to take courses from a variety of experts in multiple fields.  
6.2.1 Coupling business and management training with engineering curriculum

The STPI team noted examples of institutions and programs coupling business, management, and entrepreneurship training to a traditional engineering curriculum in both the U.S. and abroad.  Among foreign institutions visited, the Department of Advanced Interdisciplinary Studies within the Division of Engineering at the University of Tokyo features a curriculum to enhance students’ capabilities outside their fields of expertise and to nurture “leadership.”
 Named “PPP Educational Reform,” the curriculum teaches students how to make Presentations in English, write Proposals in areas not directly related to their expertise, and Perform “with awareness of leadership,” thereby becoming more capable project managers.  While students do not earn an additional degree in business or management, the curriculum is designed with an emphasis in these areas.  
Within the United States, several universities offer dual degree programs in which engineering students may pursue management degrees in addition to their engineering degrees.  One such program, the Leaders for Manufacturing program (LFM) at the Massachusetts Institute of Technology (MIT), is a two year graduate program combining engineering and management curricula that was developed with the goal of training “world class manufacturing and operations leaders.”
 Students completing the program graduate with either a Master’s of Business Administration or a Master’s of Science from the MIT Sloan School of Management in addition to a Master’s of Science from the School of Engineering.  The LFM Program requires an internship as well as training in operations strategy, an “outward bound” experience to build teamwork and leadership skills, and the curriculum includes coursework in economics, management, engineering and mathematics.

6.2.2 Programs emphasizing creativity and design

The STPI team searched for centers with education programs emphasizing creativity, innovation and interdisciplinarity within a traditional engineering curriculum.  None were found in the international site visits.  However, two were noted within the United States: the Conceive – Design – Implement – Operate (CDIO) educational framework and the Stanford Design Institute.  
The CDIO Initiative sprang from a complete overhaul of MIT’s undergraduate engineering curriculum in the late 1990s.  MIT’s Aeronautics and Astronautics Departmental faculty surveyed industry and government leaders as well as educators to determine the skills, knowledge, and attitudes that engineering graduates should possess.
 The resulting CDIO framework involves changing course sequence and curricular content to include design-and-build projects that demonstrate the interdisciplinary nature of engineering and encourage students to look outside engineering to address traditional engineering questions.
As the global demand for engineers with “real-world problem solving skills” has continued to increase, the CDIO framework for engineering education has been adopted by institutions around and outside the United States, including Canada, Germany, Belgium, Sweden, the UK, China, Singapore, and Australia.
 Specific recommendations during the creation of the CDIO framework saw the inclusion in curriculum of “design and build” projects to demonstrate the interdisciplinary nature of engineering practice and also to encourage students to look outside the engineering fields to address conventional questions in unconventional ways.

Another example of a program or a center seeking to introduce creativity and design to an engineering curriculum is the Stanford Institute of Design, or “d-School.” Part of the Stanford University Engineering School, the d-school was created to “advance multidisciplinary innovation” and “strengthen the connection between the university and industry” in engineering education.
  It offers collaborative research projects and courses that include not just engineering students and faculty, but also faculty and students from medicine, the humanities, business, and education.
 

6.2.3 Inter-institutional and international degree programs

Some engineering degree-granting programs and centers involve multiple institutions; others include institutions in several nations.  These programs and centers draw from a broad base of faculty, industry, and other partners while exposing students to a variety of teaching and research environments.  
One such example, the Warwick Manufacturing Group (WMG), provides international students at affiliated partner institutions abroad (China, India, Malaysia, Singapore, and Thailand) with opportunities to take independent course modules toward center-granted degrees and certificates in core research areas for manufacturing.  The STPI team learned that the independent course modules combine scientific and management training with manufacturing focused engineering education, as per the section above, while incorporating multi-institutional and multi-national elements.  The WMG also provides opportunities for students to participate in educational research collaborations across international borders.  
A second inter-institutional degree-granting engineering educational program studied by the STPI team was the Engineering Design Research and Education Agenda (ENDREA) program.  The ENDREA program, co-funded by “the Swedish board for strategic research, industry partners, and the participating universities,” was a joint effort among four of the major Swedish Institutes of Technology (Chalmers University of Technology in Göteborg, the Royal Institute of Technology in Stockholm, Linköping Institute of Technology in Linköping, and Luleå University of Technology in Luleå) to bring together core engineering and design research faculty from across Sweden to implement a singular, degree granting engineering program.
 ENDREA incorporated collaborative research and educational experiences across universities and sectors into traditional doctoral engineering degree curriculum, providing students with both the conventional engineering skill set as well as exposure to and experience in a multi institutional and inter disciplinary collaborative research environment.

6.3 Engineering Education in the Laboratory

The STPI team also examined laboratory-based educational experiences for engineering students similar to those found in NSF ERCs.  We identified two models for engineering education “in the laboratory,” – that is, research-focused engineering education experiences - one in which students work on engineering research projects with direct industrial relevance but that are not driven by industry, and another that is contract-based, industry-driven, and closely tied to industry project cycles.  
6.3.1 Industry-oriented research

At IMEC in Belgium, students work in cooperation with industry researchers on projects orchestrated by academic faculty from their “home” university engineering departments.  Students at IMEC participate in the conduct of research that is several generations ahead of industry needs, though these projects are informed by industry based roadmaps and by separate input from private companies.  The STPI team learned on its site visit to IMEC that students usually spend up to two years working directly on IMEC research projects.  Also, students are allowed to use IMEC infrastructure and facilities to conduct academic research which is industry-oriented but also relevant to their “home” degree program.  For both the IMEC projects and student’s academic research, mentorship and direction are provided both by IMEC staff when appropriate but also the student’s academic advisor.

6.3.2 Industry-driven, contract-based research

At many centers visited by the STPI team, students work on contract-based research with participating firms.  In these centers, students participate in “near-term” (close to market) research and product development projects, and often end up securing a job with one of the firms with which they have contact during their research.  
The WMG in England attracts students from both within and far outside of England, and offers them experiences working on the industry-driven, contract-based research conducted by the center.  The STPI team learned that the center’s industry partners encouraged the extensive use of students on contract research for both their creativity and the cost savings they bring as compared with full-time research staff.  
A second example of centers offering students the experience of participating in industry-driven, contract-based research projects are Fraunhofer Institutes such as Fraunhofer IPA in Stuttgart and Fraunhofer IIS in Erlangen.  Though Fraunhofer Institutes such as these two examples are not directly affiliated with universities, each employs graduate students who spend about half of their time conducting contract-based research for industry clients, and the other half conducting non-contractual yet still industry-oriented research.  
6.4 Engineering Doctorate Programs

A final model for engineering education observed by the STPI team is the Engineering Doctorate (EngD) degree program.  The EngD program was introduced as a concept by the EPSRC in England in 1992 but has since spread to several European countries.
  Such an industry-focused “Eng Doc” degree was described to the STPI team by researchers at multiple programs and centers as a radical alternative to the traditional Ph.D., better suited to the needs of industry and providing graduate-level engineering students a more application-oriented doctoral degree.  
In EngD programs, graduate students take at least one year of coursework followed by three or more years of applied, industry-focused research.
 Unlike students’ research activities in engineering doctorate programs in the United States, research projects completed in pursuit of an EngD are not required to be a student’s original research.  At several centers in England
, all of which offer EngD programs, the STPI team learned that students find the EngD degree especially convenient, as they can combine research activities on several center projects, usually industry-focused contract research projects, into a single dissertation.  Students thereby gain valuable experience working on industry-centric projects while simultaneously working toward a doctoral degree.  
The EngD degree program benefits not only the student, however, but the center and the center’s industry partners as well.  The WMG director told the STPI team that EngD students at the WMG spend most of their research time working on profitable, industry-funded projects rather than “blue-skies” research projects.  As EngD students are funded through EPSRC training grant mechanisms, their cost to industry is minimal.  Further, the STPI team learned that upon graduating with an EngD degree and experience working on industry-driven research projects, these students are also better-prepared to continue working with industry.  
7.0 Overall Findings and Recommendations

7.1 Overall Findings

Chapters 2-6 above focused primarily on presenting detailed observations from the site visits and desk studies through models and examples.  In this chapter, we synthesize these observations by presenting high-level, often cross-cutting findings.  It is important to qualify once again, that, by design, the findings for this study are not generalizable, and based only on our site visits and desk studies.  
7.1.1 Program-level Vision and Planning 

Many countries visited have successful centers programs that appear to follow, at least on the surface, the linear model of innovation.  As such, centers programs either have a strong basic research and capacity development component with no requirement of industrial participation, or a strong applied component with no requirement to make fundamental breakthroughs independent of industry or user needs.  
As a result, most centers visited had either a core mission of interaction and collaboration with industry or other users, or of conducting breakthrough research in science and engineering, but not both.  Some combine their core mission with another, the development of scientific and technical human capital.  Examples of the first are Chinese NERCs, which view industrial problem-solving as their core mission.  On the other hand, others, such as the Japanese Global Centers of Excellence (COEs), conduct breakthrough research and develop domestic research capacity by training students and involving international researchers.  As a result of a narrower focus, few centers visited followed the NSF ERC “three-plane model” or provided materials that included the language of engineered systems.  Those that did tended to be far more heavily funded – by an order of magnitude or more - than the ERCs in the United States. 
Nations’ vision for centers programs is also expressed in the ways cultural impediments to innovation are being addressed.  Japan, in particular, has initiated several programs, such as the World Top-Level Research Centers program, to bring academic researchers out of traditional siloed university departments.  They emphasize basic research as the source of future innovation, attract renowned international researchers, by having, for example, large sums of “no strings attached” funds for basic research and requiring foreign researcher participation.  In some countries, the private sector is allowed to support and develop specific sub-divisions within Universities.  
With respect to thematic focus, in the centers and programs visited and studied, we observed a larger-than-expected number of “top-down” models, where the government or the program funds centers in “strategic areas” of research rather than issuing “bottom-up” center solicitations that do not specify areas of research.  These “top-down” strategies allow programs to concentrate greater funds in a small number of research areas.  As part of such a scheme, Japan’s MEXT-funded CINQIE center, for example, will receive in excess of $136 million over a ten-year period, when accounting for MEXT, industry and other partners’ funds.  The few open solicitations observed were for centers modeled explicitly on the NSF ERC program (e.g., the KOSEF ERC program, the UK IMRC program).  
With respect to program-level funding strategies, the STPI team observed several new models (in addition to the U.S.-style model observed in Korea and Ireland).  China provides NERCs with significant upfront infrastructure funding, with the expectation that centers become self-sustaining through industry and other funds.  The German government matches funding from industry and other users using a pre-set formula to support Fraunhofer Institutes.  Ireland and Japan provide seed funding for centers to coalesce and then apply for Center funding.  
With respect to sunset policies, many of the centers visited had no set lifetimes, though continued funding was contingent on strong performance and relevance of mission.  All centers visited were subject to government oversight through annual evaluations, though not every evaluation involved annual site visits.  Typically, centers submit written annual reports and host site visits once every 2 to 3 years.  
7.1.2 Center-level Organization and Management
Many of the centers visited were not university-based.  Most, however, were strongly affiliated with universities, and involved students from universities.  The International Microelectronics Center in Belgium and the Fraunhofer Institutes in Germany are good examples of university-affiliated programs.  In some cases, even when located within universities, centers were independent legal entities (e.g., Chinese NERCs).  As a result of this independence, centers were able to operate outside of university rules and regulations, especially about faculty hiring, responsibilities and incentive systems.  
Most centers visited employed at least some faculty who did not also work in academic departments.  These “center-only” faculty did not seem strained between traditional academic duties (e.g., publishing, teaching) and center tasks and duties.  Centers employing such dedicated research faculty have developed non-academic incentive structures and career trajectories.  At China’s Zhejiang University, the National Engineering Research Center for Industrial Automation (NERCIA) has parallel tracks to promote both academic and industrially-oriented faculty members.  In other cases, even when there are no explicitly parallel tracks, such as at the Disaster Prevention Research Institute (DPRI) in Japan, academic faculty members are able to operate as dedicated center faculty without many departmental responsibilities.
The ratio of “dedicated” to “traditional academic” faculty varied widely.  Some centers, such as Flanders’ Mechatronics Technology Centre (FMTC), have mostly dedicated research faculty but “reach back” to academic faculty as needed, the advantage of this strategy being that the center is able to adjust quickly to industry needs rather than managing the academic careers of academic faculty members (which may not track industry needs).  
In addition to Center-specific faculty, many centers employed dedicated research staff whose role it is to take ideas further down the innovation continuum to make them more “user ready.”  Examples of such centers include the Chinese NERC-EIS and the Warwick Manufacturing Group (WMG) in England.  
7.1.3 Partnerships with Industry and Other Users

Some centers visited had a “medium-” to “far-” from-market view of industry challenges (e.g., Japan’s Centers of Excellence); other centers were much “nearer to market” in providing technology transfer consulting services to private firms (e.g., China’s NERC-EIS).  Some centers, notably in Belgium, China and Korea, also respond to government mandates to serve small and medium enterprises (SMEs) in their regions.  
Centers employ similar strategies to leverage funding they receive from the government.  None of the centers (other than Korea’s KOSEF funded NCRCs) visited required membership dues from partnering industry or other users, and almost all centers work with industry and other users on a project-by-project, contractual basis.  Centers also are creative in leveraging their reputations in raising additional funds.  Fraunhofer Institutes in Germany, for example, have established intra-program alliances, where multiple institutes join together to better access industry, government, and international funds.   

Some centers have access to center- or program-specific support to promote technology transfer.  German Fraunhofer Institutes, for example, have a patent center as well as a venture fund to commercialize their technologies.  Japanese centers also have preferential access to government venture funds to spin off companies.  
Intellectual Property right (IPR) arrangements appear to be more flexible abroad, with centers and centers programs yielding substantial control over sharing and exclusivity over IPR to industry and other users.  In the case of Japan, some universities allow faculty members to commercialize their IPR themselves, bypassing the university technology licensing offices.  However, many of the countries visited are moving towards the U.S. system in which universities have relatively strong control over IPR.  
7.1.4 International Partnerships 

Many centers visited and studied by the STPI team were already collaborating with other institutions in industrialized countries and regions, primarily following the personnel exchange-based “import” and “export” models.  We saw fewer examples of the “partnerships” and “network” models, although Japan is a significant player in this space, funding many programs that support multi-national teams of researchers.

Interest in collaborating with U.S. researchers was evident (especially among researchers), but not overwhelming.  Both center and government personnel described three categories of barriers to collaborations with the United States: cultural (e.g., language), legal (e.g., IPR negotiations), and administrative (e.g., different funding cycles).  However, barriers were seen as surmountable if there was sufficient need for and genuine interest in collaborations.  Researchers with whom we spoke were especially optimistic about collaborations with researchers in EU countries via the 7th Framework Programme, which has set-aside funds and well-established contractual mechanisms for international collaborations with participants from outside the EU.  Among Asian centers, there is special enthusiasm for collaborating with other Asian countries.  
7.1.5 Engineering Education 

At most of the centers visited and studied, student involvement was limited to traditional coursework (in departments) and research assistantships at the centers on industry-oriented contract-based projects.  We observed and heard minimal rethinking in the area of engineering education.  One example we did hear about was the “PPP” (presentation-proposal-perform) program at RCAST at the University of Tokyo in Japan that attempts to add communication skills to technical training for engineering students.   But on the whole, centers and programs (especially those in China and Korea) continue to focus on developing large numbers of high-quality, discipline-oriented engineers.  Concerns at these centers were less frequently about attributes such as creativity and innovativeness and more frequently about “soundness and depth of knowledge” in engineering fields.

In all but a couple of the Japanese and British centers and programs visited, efforts at outreach or improving diversity were absent.  For obvious reasons, some of the earthquake research centers in Japan engaged in public outreach.  But apart from these Japanese centers, the team observed little in terms of outreach.  Center personnel were frequently puzzled about STPI questions surrounding engagement with K-12 institutions.  Demographic diversity also did not seem to be an emphasis, the exception again being Japan where there is new focus, at least at the university level, on attracting women to science and engineering.  
7.2 Recommendations

Below are the STPI team’s recommendations for the NSF ERC program, based on the observations above.  While there were many practices abroad that related to the next generation ERC program’s mission, not all seemed feasible in the context of the U.S. university system (e.g., giving away IPR to industry) in which the NSF ERC program is embedded.  The recommendations are therefore limited to those that the STPI team did find to be feasible given current contextual constraints.  However, this does not mean that the recommendations do not bend or question these constraints.  Many of the recommendations, in fact, bring up broader questions to be addressed in future studies.  
Recommendation 1 – Clearly Define Mission for the ERC program

Though the numerous missions of NSF ERCs may overlap and are by no means mutually exclusive, fulfilling all of the program’s mandates — allocating resources and time to translational research for existing and new industries, the enhancement of engineering education to include curricula and research experiences emphasizing creativity and critical thinking, technology transfer including products and processes as well as graduates for industry placement, the establishment of multi-institutional and multi-national research networks and clusters, and outreach and diversity, among other goals —  can prove a formidable management and implementation challenge.  The fact that NSF ERC faculty members predominantly are, first, academics working in university departments and, second and maybe even third depending on their other obligations, ERC researchers, only adds to this challenge.  
Our observations abroad lead us to believe that NSF ERC program leaders need to clarify the overarching and interrelated missions of the ERCs they fund.  All NSF ERCs have missions, for example, of engineering education and industry interaction, but what is the relative importance of these (as well as other) program-mandated missions? Can one mission be “more important” than another? Can a rank order of missions be established? Can priorities change over time? If so, per what criteria? 

A strength of many of the centers visited abroad was that they seemed to employ a clear vision of the relative importance of their mission(s).  For NSF ERCs, a similar clarity should see some missions emerging at certain times as more important than others, depending on the age of the center, the state of the field, and the economic viability of the industry(ies) or users relevant to the center.  Though for some ERCs many of these missions are likely to be mutually reinforcing, for many a lack of timely mission articulation may cause a dilution of productivity and impact.  While the most successful ERCs effectively manage the balance among the key features over time and the NSF post-award review criteria have a progression of expectation built into them, NSF program oversight and post-award review criteria should be revamped to be more specific about the ebb and flow of effort on different key features over time.  
Recommendation 2 – Allow for Flexibility – Of Mandate, Funding, Lifetime, & Innovation Models

Stemming directly from the above recommendation, our observations abroad also lead us to believe that NSF ERC program leaders should consider a more flexible system of funding and life span.  
At the program level, flexibility of funding should be considered.  For instance, while some promising proposals may not be ready for full program support, they may be good candidates for seed funding that allow them to further pursue their research and educational endeavors and establish stronger ties across institutions that will allow them to either scale up (within a certain timeframe) or be phased out.  
In addition to funding flexibility, the NSF ERC program can become more flexible in terms of the lifetime of a center.  The imposition of a standard ten-year lifetime seems arbitrary.
  

Proposals in some areas of engineering research, such as RFID, may be more amenable to shorter lifetimes (i.e., they can become self-sustaining in less than ten years) while others in emerging areas like smart tissues or synthetic biology, may require longer periods of support to approach the proof-of-concept in technology to fulfill their missions.  The proposers should propose and the selection panels should consider alternative life-spans.  The program should also consider allowing centers nearing their “sunset” to recompete together with new proposals.  This concept is likely to work if the proposals are not being judged using rigid one-size-fits-all criteria.  
In a third avenue of flexibility, centers at the proposal phase could be allowed to suggest the appropriate timing for inclusion of industry and other external users as paying members with input into strategic planning.  Emphasizing full engagement with industry or other users prematurely could cause “mission diversion” whereby a center may change its research course inappropriately, to other areas of research more likely to yield partners and monies.  
Finally, we note that centers can follow different paths to serve research and societal goals.  A model that requires all centers to progress from fundamental research to full system-level integration may be too narrow or too broad given a center’s particular missions.  While the model has been the core strength of the program in the past, as competing programs have shown greater flexibility, the ERC program should allow centers to focus on different parts of the three-plane model, allowed to take a field forward from “point A to point B” without needing to span its entirety.  
Recommendation 3 – Consider Strategic “Top-Down” in Addition to Current “Bottom-Up” Centers
Abroad, the STPI team observed the fields of research of most centers programs being chosen at the program level, with solicitations focusing on strategic areas for research.  The NSF ERC program may wish to consider soliciting a limited number of proposals that are directed towards salient “problem-focused” areas of research deemed important by the scientific and engineering community, industry and other users, or policy makers, or ideally all three.  
An “expert panel” that includes NSF personnel, ERC directors and researchers, and members of the external scientific community including academics, and industry and other user representatives could be formed to develop criteria for selecting the areas of research for the “directed” solicitations and to recommend strategic areas in which to invest.
 Such solicitations may be good candidates for the “seed funding” competitions described in Recommendation 2.  
Recommendation 4 – Encourage Non-Professorial Research Faculty & Staff Dedicated to ERC Mission

Based on the observation that many of the centers visited abroad are highly successful in employing a mix of traditional academic and research faculty, we propose that NSF ERCs employ a combination of traditional academic faculty, center-dedicated researchers, and technical staff who are not beholden to academic appointments.  This departure from tenure-driven academic culture must involve the creation of a center-based award system for research and contract staff that considers the promotion and career trajectory of the dedicated researchers.  
The “academic faculty to center dedicated researcher” ratio for each center should not be static but depend on the missions of the center, discussed in Recommendation 1 above.  For example, if center research and development activities are supported by a strong industry presence, contract researchers working on developing products and processes may be required.  This may also include the involvement of research thrust co-leaders, perhaps one from academia and one from industry.  This will become especially important with Gen-3 ERCs and their focus on moving further along the innovation continuum.

Recommendation 5 – Consider Non-Academia Based Centers

The STPI team observed successful centers both within and outside of universities.  Centers outside the university structure seemed to avoid many of the incentives and management challenges that university-based centers face.  The NSF ERC program may want to consider awarding centers to institutions that are university affiliated and co-located but not necessarily university based.  In this case, NSF will have to be mindful of if and how such centers may serve as vehicles for the education of future engineers.

Recommendation 6 – Promote Less Onerous IPR & Licensing Policies at Universities

Centers abroad enjoy far more flexible Intellectual Property Rights (IPR) systems than those of the United States.  While NSF ERCs already work with university technology licensing offices to streamline IPR discussions, they should also work to develop IPR policies that do not make it so onerous for firms to work with universities.  In some cases, it may make sense to make license royalty payments contingent on the success the firm has at marketing the technology.  This practice may help to attract SMEs and perhaps larger firms as well, and may be conducive to meeting the “Gen-3” goal of working with SMEs on translational research (NSF 07-521) in that the practice may help to mitigate some of the perceived risk for these companies.  Recent proposals to explore multiple pathways to commercialize university innovation should also be examined more deeply.
 

Recommendation 7 – Build International Collaborations as Integral Components of ERCs

The international collaborations observed by the STPI team were generally limited to personnel exchanges and organization of joint symposia/meetings (the import/export model referred to in Chapters 5).  Given the opportunities and the presence of world-class talent abroad, international collaborations involving NSF ERCs need to go beyond the exchange of scholars and joint workshops to joint collaborative or complementary research (referred to above as the partnership and network models).  These activities, that imply functional integration across centers in different countries, involve a genuine sharing of resources, and insist on a relatively flat hierarchy in the process of knowledge production, are challenging to support and nurture, and may require set-aside funds, above and beyond what is currently available.  In its fourth generation, the ERC program can support centers to develop mutually beneficial partnerships and networks.  
Barriers to these collaborations are considerable, but can begin to be addressed especially if the program learns from other collaborations such as the European Union’s international cooperation programs where many collaboration strategies are being tested and adopted.  It may also be worthwhile to consider cultural mentoring at U.S.-based centers (e.g., foreign language training, cultural sensitivity), so American academics are viewed more positively around the world.  
The ERC program should also consider centers that tackle topics of international importance – global warming, energy alternatives, water crisis, and terrorism – establishing the United States at the center of a networked hub of international institutions.  
7.3 Limitations and Further Study 

The international centers included in this study were selected in consultation with NSF ERC personnel, NSF ERC leaders, and research centers experts at the Science and Technology Policy Institute.  As such, the selection of centers to include in this study was not random, but biased deliberately to focus on centers with reputations for scientific excellence and proficiency in the above identified areas of activity deemed pertinent to the new “Gen 3” mission.  The centers assessed in the chapters above in no way constitute a comprehensive or representative sample of university-industry research centers abroad.  Accordingly, the findings of this report are not general and must not be interpreted as such.  
The findings of this study produce as many questions as they answer.  The centers reviewed in this study demonstrate effective practices regarding industry interactions, project planning, program-level strategy, line management, and international collaboration.  Yet, these centers are pursuant of divergent organizational missions that span the innovation continuum – with some centers working on near-market prototype and product development, others transferring technology and knowledge to aid production processes, and many more conducting research far removed from development and production cycles with no immediate or even medium-term market relevance.  Accordingly, which of the lessons learned in this study should be applied to the NSF ERC model is contingent on the NSF ERC under consideration.  NSF ERCs may occupy multiple points on the innovation continuum, depending on the relative states of the research fields and industries they serve.  Indeed, one of the chief recommendations of this report is mission flexibility.  
However, a “contingency model” for NSF ERCs runs the risk of mission creep that could impose upon the missions of other NSF centers programs that too facilitate university-industry collaborations, for instance the Industry-University Cooperative Research Centers (IUCRC) and Science and Technology Centers (STC) programs.  Therefore, dramatic alteration of NSF ERC practice should be informed not just by the findings in this report, by design based on the judgment of an expert panel, but also by a systems-level analysis of all centers programs at the NSF, including but not limited to the relatively “large” (i.e., in terms of annual budget) centers programs like the ERC and STC programs, to address complementarities and redundancies in mission, practice, and output as well as the potential for and feasibility of cross-program coordination.  
Mission flexibility must also be informed by assessment of what “graduated” NSF ERCs are doing.  Whether they are pursuing their original missions or whether they have experienced mission drift due to the pressures of self sustenance can provide “same-program” evidence of the ramifications, both positive and negative, of the relatively “static” NSF ERC model employed to date.  Such consideration can provide examples of best and worst case scenarios regarding NSF ERC life cycles to inform future alterations to the ERC model.  
Appendix A: Organizations Visited (Chronological)
	Country
	City
	Place
	Action
	Type

	China
	Shanghai
	Shanghai JiaoTong University - National Die & Mold CAD ERC
	Site Visit
	Institute - Industry/University

	
	Hangzhou
	Zhejiang University - NERC for Industrial Automation
	Site Visit


	Institute - I/U

	
	
	Zhejiang University - NERC for Applied Power Electronics
	Site Visit
	Institute - I/U

	
	
	Zhejiang University - Key Lab of Industrial Control Technology / of Modern Optical Instrumentation
	Site Visit
	Institute – U

	
	Beijing
	Tsinghua University - NERC for Clean Coal Combustion
	Site Visit
	Institute - I/U

	
	
	Tsinghua University - National ERC for Enterprise Information Software 
	Site Visit
	Institute – I/U

	
	
	Tsinghua University - Optical Memory NERC
	Site Visit
	Institute - I/U

	
	
	Tsinghua University - Beijing Biochip Technology NERC
	Site Visit
	Institute - I/U

	
	
	Tsinghua University - NERC for Computer Integrated Manufacturing Systems
	Site Visit
	Institute - I/U

	
	
	Tsinghua University - Includes TLO and international R&D office
	Site Visit
	University

	
	
	Motorola and Intel
	Site Visit
	Industry

	
	
	NSF China
	Site Visit
	Government

	
	
	Ministry of Science and Technology (MOST)
	Desk Study
	Program - Government

	
	
	National Development and Reform Commission (NDRC)
	Desk Study
	Program - Government

	
	
	Chinese Academy of Sciences (CAS)
	Site Visit
	Program - Government

	Korea
	Seoul
	Korea Institute of Science and Technology (KIST) (Tera-Level Nano center and Life Sciences division)
	Site Visit
	Institute - I/U

	
	
	Institute of Chemical Process (includes ERC) @ Seoul National University
	Site Visit
	Institute - U

	
	
	NanoSystems Institute @ Seoul National University (NCRC)
	Site Visit
	Institute - U

	
	
	Korea Earthquake Engineering Research Center @ Seoul National University (ERC)
	Site Visit
	Institute - U

	
	Daejeon City
	Korea Science and Engineering Foundation (KOSEF) - ERC and NCRC Programs
	Site Visit
	Program - Government

	
	
	Korea Advanced Institute of Science & Technology (KAIST)
	Site Visit
	Institute - U

	
	
	National Nanofabrication Center (NNFC) @ KAIST
	Site Visit
	Institute - I/U

	
	
	Center for Ultra-Microchemical Process Systems - KAIST
	Site Visit
	Institute - I/U

	
	
	Human-friendly Welfare Robot Systems - KAIST
	Site Visit
	Institute - U

	
	
	Samsung Institute of Advanced Technology (SAIT)
	Site Visit
	Institute - I

	
	
	Institute for Advanced Engineering (IAE)
	Site Visit
	Institute - I

	England
	Loughborough
	Loughborough Innovative Manufacturing and Construction Research Center (IMCRC)
	Site Visit
	Institute - U

	
	Coventry
	Warwick Manufacturing Group (WMG)
	Site Visit
	Institute - I/U

	
	Leicester
	PERA, Inc
	Site Visit
	Industry

	
	Leeds
	BNFL/Leeds Particle Science Institute
	Site Visit
	Institute - I/U

	
	Manchester
	UK Tissue Engineering Initiative
	Site Visit
	Institute - U

	
	London
	Department of Trade & Industry / Office of Science and Innovation (OSI)
	Site Visit
	Government

	
	
	Imperial College Energy Futures Lab
	Site Visit
	Institute - U

	
	
	Imperial College Rolls Royce Vibration Technology Center
	Site Visit
	Institute - I/U

	
	
	Engineering and Physical Sciences Research Council (EPSRC)
	Site Visit
	Government

	Ireland
	Dublin
	Department of Enterprise, Trade & Economy (DETE) - Division of Science, Technology and IP
	Site Visit
	Government

	
	
	Higher Education Authority (University funding body)
	Site Visit
	Government

	
	
	Science Foundation Ireland (SFI) - CSET Program
	Site Visit
	Government

	
	
	Centre for Research on Adaptive Nanostructures and Nanodevices (CRANN) @ Dublin City University (CSET)
	Site Visit
	Institute - U/I

	
	
	Biomedical Diagnostics Institute (BDI) @ Dublin City University - CSET
	Site Visit
	Institute - U/I

	Germany
	Munich
	Max Planck Innovation (MPI)
	Site Visit
	Institute

	
	
	Fraunhofer ESK - Communication Systems
	Site Visit
	Institute - I/U

	
	
	Fraunhofer PST - Patent and Technology Transfer Group
	Desk Study
	Institute - I/U

	
	St.  Ingbert
	Fraunhofer IBMT - Biomedical Engineering and IBMT Shenzhen (China)
	Desk Study
	Institute - I/U

	
	Hamburg
	Fraunhofer IST - Thin Surface Film Technology
	Desk Study
	Institute - I/U

	
	Erlangen
	Fraunhofer IIS - Integrated Circuits
	Site Visit
	Institute - I/U

	
	
	Fraunhofer IISB - Integrated Systems
	Site Visit
	Institute - I/U

	
	Stuttgart
	Fraunhofer IPA – Manufacturing Engineering and Automation
	Site Visit
	Institute - I/U

	Belgium
	Leuven
	International Microelectronics Center (IMEC)
	Site Visit
	Institute - I

	
	
	Flanders’ Mechatronics Technology Centre (FMTC)
	Site Visit
	Institute - I

	Japan
	Tokyo
	Earthquake Research Institute @ University of Tokyo
	Site Visit
	Institute - U

	
	Kyoto
	Disaster Prevention Research Institute (DPRI) @ Kyoto University
	Site Visit
	Institute - U

	
	Tokyo


	Research Center for Advanced Science and Technology (RCAST), University of Tokyo
	Site Visit
	Institute - U

	
	
	Collaborative Institute for Nano Quantum Information Electronics (CINQIE)
	Site Visit
	Institute - U/I

	
	
	MEXT Centers of Excellence (COE) Program
	Site Visit
	Institute - U

	
	
	MEXT Global COE program
	Site Visit
	Institute - U

	
	
	MEXT World Top-Level Research Centers
	Site Visit
	Program - Government - International

	
	
	NEDO - International Joint Research Program
	Site Visit
	Program - Government - International

	
	
	JST/MEXT "Projects" (Industry transfer)
	Site Visit
	Program - Government

	
	
	JST/MEXT- ERATO Program
	Site Visit
	Program - Government

	
	
	JST/MEXT - Strategic International Cooperative Program
	Site Visit
	Program - Government - International

	
	Tsukuba
	Japan Advanced Industrial Science and Technology (AIST)
	Site Visit
	Institute - U

	
	
	Center for Power Electronics - AIST
	Site Visit
	Institute - U

	Sweden
	Göteborg, Stockholm, Linköping, Luleå.  
	Engineering Design, Research and Education Agenda (ENDREA)
	Desk Study
	Program - Education

	France
	Grenoble 
	Minatec
	Desk Study
	Institute - I/U

	UK and Germany 
	N/A
	EngD program
	Desk Study
	Program - Education

	U.S./Singapore
	N/A
	MIT - Singapore Alliance
	Desk Study
	Program - Education

	U.S.A
	N/A
	Professional Science Masters
	Desk Study
	Program - Education

	
	Stanford
	d-School Stanford
	Desk Study
	Program - Education

	
	Cambridge
	Leaders for Manufacturing (LFM) program @ MIT
	Desk Study
	Program - Education

	
	Evanston
	Dual Degree Program: MMM @ Northwestern
	Desk Study
	Program - Education

	
	N/A
	Conceive – Design – Implement – Operate Initiative CDIO
	Desk Study
	Program - Education

	
	Cambridge
	MIT Aeronautics and Astronautics (Aero-Astro) Department 
	Desk Study
	Program - Education


Appendix B: Interview Protocol

Center Development and Conceptualization

1. (P/I) How does your agency/company decide which Centers to support? 

a. (P/I) Are certain technical areas supported and not others? Why?

b. (Program) Is Center funding spread across agencies or exclusive to one?

2. (P/I) At which stage of the Center’s formation did your agency/company become involved?

a. (Program) Did your agency issue an RFP or were you approached by PIs looking for funding? At another time?

b. (Industry) Was this a good point? Would you become involved at a different point if you were to collaborate with a similar Center?

3. (P/I) How is your agency/company involved in any high-level strategic planning for the research direction/vision of the Center?

a. (Program) How much input do you demand to have? Do you have greater input if the Center has more funding?

b. (Industry) How much input do industry partners have in directing or suggesting research vision and goals?

4. (P/I) Have any plans been put in place for continuing your relationship with each Center once their core funding is exhausted?

5. (Center) How did your research Center form?

a. Did university officials support the creation of the Center?

b. Or was it mandated by government initiatives? 

6. (Center) In addition to [the Director], who is responsible for making decisions regarding the vision, goals, and research direction of the Center?

a. Who do you consult regarding these decisions? Junior faculty and students?

b. How much input do industry partners have in directing or suggesting research goals?

7. (Center) When proposing your Center, what was the timeframe for the application process?

a. What would you have changed about the process to make it more efficient/easier for you, yet still competitively reviewed?

8. (Center) What is the maintenance/review process for your Center?

9. (Center) What is the maximum duration of the Center funding and can it be extended or renewed if deemed important?

a. Is there an ultimate maximum length of program funding?

b. What are the options for the Center after funding ends? Are any of the options (industry funds, other grants) feasible at this point?

Center Structure and Design

1. (Center) Is your Center’s organizational structure designed around a specific principle, such as reducing bureaucracy, improving speed and flexibility, etc?

a. Why was that principle chosen? Would you choose it again?

2. (Center) To what extent are your research activities strategically planned, loosely controlled, and/or bottom-up driven?

a. What are the requirements on the research to be funded by the Center?

3. (Center) How do you recruit researchers for your Center?

4. (Center) How much flexibility are you permitted in changing in research direction? 

5. (Center) Does your Center employ a multi-disciplinary or systems approach to engineering research? An engineered systems approach?

6. (Industry) To what extent does the research approach and Center structure improve or hamper your collaboration?

Industrial Partnerships

1. (Program) Are the Centers structured to allow for industry partners?

a. How do you define successful relationships with industry/other partners?

2. (Program) How is the Program involved in the technology transfer process?

3. (Program) How do you oversee intellectual property and licensing arrangements between the Centers and its (their) industrial partners?

a. How does this change depending on funding source?

b. What are the major issues that come up?

4. (Program) Are there intermediary organizations that help set up or structure partnerships?

a. How are financial arrangements – as well as IP, licensing, spin-offs, and other TT mechanisms – determined?

5. (Center) How do you attract industry participation and investment?

a. How do you define successful relationships with industry/other partners?

6. (Center) What is the structure of your partnerships?

a. Do you charge fees to hear about research results? Do you have an Industry Advisory Board? Do you conduct industry/user contract research?

7. (Center/Industry) At what point is the research transferred to your industrial partners?

a. Only basic research? Proof-of-concept? Develop products? Build prototypes? Work with industrial partners in full product rollout?

b. On what basis did your Center make these decisions (on how far to go)?

c. Where does the funding come from for these different phases of research?

d. How do you try and speed up technology transfer?

8. (Center/Industry) How do you handle intellectual property and licensing with your partners?

a. How does this change depending on funding source? On different projects?

b. What are the major issues that come up? How have they been resolved?

9. (Center/Industry) Are there any barriers to industry/Center collaboration? If so, how are they being addressed?

10. (Industry) What is the structure of your partnership with the Center?

a. Are you charged fees to hear about research results?

b. Do you actively participate or undertake research with Center researchers at the Center? At your research facilities?  

c. Do you participate in an “Industry Advisory Board”? 

d. Is there a formal mechanism for you to participate in the research decision-making process in the Center? 

e. Do you have any interaction with the other industry partners? Has this led to any new relationships with these partners?

International Collaborations

1. (Program) Do you encourage your Centers to engage in international partnerships and alliances?

a. (P/C) What are your reasons for encouraging/engaging international partners? i.e.  complementary research capabilities, access to infrastructure, talent, more cost-effective experiments/test-beds

b. (ALL) What subject areas are especially amenable to international collaboration?

2. (P/C) What are the most important issues that come up in overseeing/managing international collaborations involving academic researchers?

a. How do you handle intellectual property and licensing arrangements between the Center and international collaborators? 

3. (P/C) What are the barriers to productive international collaborations?

a. How are you addressing these issues and barriers?

4. (Center) What are your current international partnerships and alliances?

a. (Center) What kind of organizations do you look for when trying to identify potential international participants?

5. (Center) How were these partnerships formed?

a. Were they already in place before the existence of the Center, such as through prior research collaboration? Or were they new partnerships?

Engineering and S&T Education

1. (P/C/I) What attributes do you look/develop for in a successful engineering student?

a. What are your expectations for engineering students graduating from government-funded Centers? How are these different?

2. (P/C/I) Have your requirements for a successful engineering student changed in response to globalization? Do you see them changing? (e.g., more interdisciplinary, new skills?)

3. (Program) What are some of the new models of undergraduate and graduate engineering education that are currently being explored in your Centers? 

4. (Program) Do you encourage Centers to undertake dissemination activities to pre-university students or the greater community?

5. (Center) What type of academic curriculum is being taught to the students at your Center? 

a. What is the rationale behind your curriculum structure? 

b. What are the main goals? What are the future plans?

c. Are there new models for training engineers within your Center? Are these models portable to other programs outside your Center?

6. (Center) How do you train the engineering students through the Center itself? 

a. How is the desired “skill-set” acquired by each student?

7. (Center) What kind of outreach and dissemination does your Center conduct for pre-university students or the greater community?

a. How are curricula, books, non-proprietary theoretical advances disseminated to the greater community?
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Study Question: How is the perception of the required skill set of a successful engineering student changing in response to recent globalization?





The perception of the adequacy of “conventional” engineering skills varies.  On site visits to centers abroad, STPI generally observed (though there were exceptions) the belief that traditional engineering curriculum plus “hands on” experiences with industry are sufficient.  In these centers the engineering education practices did not exceed in scope or scale those of NSF ERCs.  In the U.S., however, in top engineering programs there is a belief that new management and analytic skills will be required, echoing the tone of the most recent “Gen 3” solicitation for NSF ERCs.








Added features of NSF “Gen 3” Engineering Research Centers





In addition to the “Gen 2” features, next generation NSF ERCs pursue





International collaboration beyond faculty exchanges


The conduct of “breakthrough” research


Technology development aimed at swift market introduction


Training students to be not just commodity engineers but innovators


Extensive cross sector research networks and clusters





Features of existing NSF “Gen 2” Engineering Research Centers





Systems approach to engineering research


Strategic plans for research, diversity, and education missions


Cross disciplinary fundamental research


Proof-of-concept test beds for technology development and theory testing


Industry partnerships to facilitate technology transfer


Integration of engineering research and curricula  


K-12 outreach





Mixed Model simulations 


(China - Tsinghua University and Korea - NSI Center





Study question: How are Intellectual Property Rights (IPR) arrangements determined?





IPR arrangements were determined slightly differently at each of the centers visited, though generally the determination seems a function of the centers’ source(s) of financial support.  When industry provides most if not all of the support, most if not all property rights go to industry (e.g.  Chinese NERCs).  





When center funding comes from multiple stakeholders, rights generally are allocated across these stakeholders (i.e., Belgium’s IMEC).  Sometimes this “rule” applies on a project by project rather than a center wide basis.  However, alternate methods of determining IPR arrangements exist.  





Sometimes centers give away IPR to industry even when not fully funded by industry, to foster trust and encourage future collaborations (i.e.  the UK’s WMG).  





Device simulations (China -


Tsinghua University)





Circuit simulation 


(Hong Kong – University of S&T)





Compact modeling (Japan -


Hiroshima University)





Collaboration Objective:


System Architecture








Study question: What are the models for the design and structure of partnerships with industry and how are these partnerships set up?





Other than in China, the design and structure of industry partnerships we observed abroad do not deviate significantly from current NSF ERC practice insofar as centers seem to partner with private firms on either a membership or contractual basis.  Many centers have a generic membership agreement that governs industry participation and delineates the forms of payment and contributions that constitute membership.  





Membership agreements may have different levels, with industry partners who pay more to have increased access to IPR (see Section 4.5 below).  However, centers abroad seem to conduct relatively more contract work for industry than that is conducted by NSF ERCs, with centers co-located near clusters of firms and universities organizing a substantial proportion of their industry-related projects on a contractual rather than a membership basis.  

















Study question: Do centers engage in proof of concept and/or test bed activities? How do these activities speed technology transfer?





Proof of concept and test bed activities themselves help to ensure the transfer of technologies and processes to industry partners insofar as both are designed to facilitate the technology adoption or “absorption” process.  The centers engaging in these activities are those positioned nearer the “marketable product” end of the innovation continuum, and many of these centers provide transfer consulting and turnkey services, sometimes by way of have bridging institutions (see Section 4.2 above).  While center to partner technology transfer is facilitated by test bed and proof of concept activities, as well as by the transfer services (consulting and turnkey) that sometimes accompany these activities, it is important to note that the conduct of such activities in university-based research centers is a function of program-level and sometimes even national-level policy.  











Study question: How far down the “theory to concept to product continuum” do centers participate? When does industry take over?





The STPI team observed on its site visits and in its desk studies center based research along the full continuum from theory driven basic research to applied research and development to product and process development and implementation.  Some centers were quite far from market (e.g., Max Planck Institutes) and others quite close (e.g., the WMG).  Most were distributed “across the middle.” 





The distribution of centers across the middle of the innovation continuum may be explained (at least in part) by existing (or perceived) gaps in the respective innovation systems in which the centers and centers programs are embedded.  A center’s “location” on the innovation continuum can have ramifications for whether it has bridging institutions and when industry takes over in the development process (the first model below), what extra R&D activities it conducts, where and with what other institutions it co locates and how intellectual property rights are allocated.





Study question: What is required by funds-providing stakeholders in terms of research and management planning?





The expectations of center stakeholders regarding research and management planning seem contingent on the relative proportion of funds they provide.  Stakeholders, at least those from industry, contributing more funds have more input, and vice versa.  However, this does not mean necessarily that funds providing stakeholders “drive” the research agendas of the centers they support.  In some centers procuring a majority of their funding from a single stakeholder, allows center management and researchers to choose among alternate scientific pursuits, though with stakeholder interests in mind.  





Study Question: How is the level and nature of “end user” involvement determined, and how does it affect the “balance” of center activities?





For most of the centers visited abroad, the “user” of center based research and development was industry.  The involvement usually occurred at the strategy and planning level, and private companies’ “say” seems contingent on the relative proportion of funds provided.  However, high degrees of industry influence in strategy and planning may also be a mandate of the government program overseeing the center, as is the case for Fraunhofer Institutes, which are required to generate a significant industry base to help support and guide center based research and development.  





Accordingly, the impact of user involvement on the balance of a center’s activities is variable.  But centers with a strong user presence seemed to have less autonomy in research direction and planning than centers that were neither road mapped nor highly industry driven.  





Study question: What are the models for research and program planning at the center? 





Some centers employ dedicated faculty who are free of traditional academic obligations (e.g.  the Advanced Industrial Science and Technology (AIST), Japan and International Microelectronics Center (IMEC), Belgium) to ensure that the primary research agenda of center faculty is center based research and development.  





Centers may also allow stakeholders, including those from industry, to have substantial input into center wide and/or program specific research agenda (e.g., Warwick Manufacturing Group (WMG), England) to minimize the gap between center outputs and activities and stakeholder expectations.  





Funding mechanisms also can be a means for incentives alignment across stakeholders by ensuring a proportionate distribution of risk (e.g.  industry support within the Fraunhofer Institutes, Germany).








Study question: How, if at all, are centers programs integrated with national level economic goals?





Some Centers programs were tied only loosely to national-level goals insofar as their program level vision and planning was, like the NSF ERC program, fairly open and unspecified in the strategic sense (e.g., the UK Innovative Manufacturing and Construction Research Centre-IMRC).  





Other centers programs (e.g., Chinese NERCs, Irish Centers for Science, Engineering, and Technology-CSETs) were direct extensions of national level economic development policies.





In the middle of the “bottom up” and “top down” programs are programs that employ a “mix” of directed and open centers.  This model is captured by the Korean Science and Engineering Foundation (KOSEF).  In addition to ERC-style unsolicited bottom-up centers, KOSEF also implements Korean national directives by inviting universities to propose centers in areas of national interest, e.g., security.





Study Question: If topics are selected in a top-down fashion, what is the process? To what extent does the top-down approach favor short-term outputs and outcomes?





Each of the programs visited that employ a top down approach conducted the process differently.  In Ireland, SFI CSET research areas are determined in large part by National Development Plan (NDP)-based economic development goals in the areas of biotechnology and information technology.  The NDP goals that in large part helped to determine these research areas for CSETs were developed in consultation with Irish and European Union academics, Irish government policy makers, and representatives from multi-national industries.  





Chinese NERCs were similarly strategy driven.  However, strategic research areas were in large part driven by NERCs’ foci on short term outputs and outcomes for industry clients.  





Despite both programs being top-down, the Irish CSETs were much more focused on long term research and development rather than immediately translatable products and processes for extant industries than the Chinese ones, and one could not claim that their top-down nature was detracting from them pursuing a long-term research-driven agenda.  




















Study Question: Why do centers and centers programs collaborate internationally?





Several of the centers abroad visited by the STPI team collaborated internationally with other centers and/or centers programs.  The reasons for these collaborations included:





Gain access to expertise not available in the center’s home country (e.g., KIST, Korea)





Attract bright students to the country who perform high quality research during their tenure as students and postdoctorates, and remain in the nation after completion of their training (e.g., Tsinghua University, China) 





Gain access to materials and facilities not available in the center’s home country (e.g., U.S.  universities and firms partnering with IMEC, Belgium)





Establish critical mass or speed progress (e.g., CINQIE, Japan)





Reduce cost or increase speed of downstream research or development (e.g., U.S.  universities and firms working with Chinese NERCs to create test-beds and prototypes)





Leverage domestic or regional funding (e.g., the German Fraunhofer Institutes applying for EU funds)





Develop relationships with international firms for the purpose of future funding or access to foreign markets (e.g., NERC, China)





Work collaboratively on issues or problems of global interest (e.g., global warming, vaccine development) (e.g., IIASA, Austria: desk study)





Build and expand domestic industry (e.g.  NEDO, Japan for clean energy technologies)
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