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3.1 INTRODUCTION AND OVERVIEW  
 
3.1.1 Chapter Organization and Objectives 
 
A key distinguishing feature of a National Science Foundation Engineering Research 
Center (ERC) is strategic planning of the activities of the center, including cross-
disciplinary research.  The objective of this chapter is to describe methods for carrying 
out strategic research planning (Section 3.2) and its implementation (Section 3.3).  The 
interface between research and other ERC components − such as education and outreach 
− and the impact assessment of ERC outcomes are covered in Sections 3.4 and 3.5.  A 
final section (3.6) summarizes the challenges and rewards of research in a cross-
disciplinary environment.   
 
3.1.2 The Nature of ERC Research 
 
Engineering Research Centers are changing the culture of academic research and 
education.  They do this by providing an environment in which academe and industry can 
focus on advancing the science and engineering concepts underlying complex engineered 
systems that are important for industry and the Nation’s future.  ERCs create a synergy 
between a critical mass of scientific and engineering disciplines and industrial practice.  
They produce a culture where faculty, graduate and undergraduate students work in 
research teams, blending their in-depth disciplinary knowledge to achieve the system-
level goals of the center.  They also provide the foundation for academe and industry to 
form long-term, trusted partnerships where industrial personnel collaborate with faculty 
and students on generic, mid-term, and long-range challenges.  ERC teams explore these 
challenges at the fundamental level, carrying them through to proof-of-concept testbeds, 
thereby producing the knowledge base for steady advances in technology and speeding 
their transition to the marketplace.   
 
A successful ERC develops a research strategy that addresses key barriers that lie in the 
pathway of needed advances in next-generation engineered systems, blending discovery-
driven fundamental research with research focused on technological advancement.  
 
To realize its full potential, an ERC must develop a research strategy that integrates the 
entire research effort, from discovery to development of testbeds, while ensuring that all 
participants -- including students, faculty, and industrial partners -- are drawn in and 
actively contribute to reaching the goals of the center.  The interdependence of the 
breakthroughs in fundamental knowledge and enabling technology (i.e., tools that permit 
further research and development), and how these discoveries lead to proof-of-concept 
testbeds at the systems level, must be clear to all center participants if the ERC is to 
succeed (Figure 3-1).  The strategic plan supplies the framework on which the ERC’s 
research is organized and enables the ERC to become more than the sum of its individual 
parts.  The research strategy and the process of planning are key to communicating to 
each participant how his or her research project and/or expertise fits into and enhances 
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the efforts of the entire center.  Subsequent management of the research program, 
properly carried out, ensures that the plan has the maximum chance of succeeding.  
 
Although the features of a research plan are addressed in a linear fashion in the following 
sections, the actual planning process often is less methodical.  To be most effective, the 
planning process should be adaptive and reconfigurable as conditions change, goals are 
achieved, prospects end, or new goals emerge throughout the life of the center.  The 
strategic research plan is a multi-purpose tool that will aid in team building, setting 
common goals, communicating effectively within the center, and facilitating discussions 
about future research directions.   
 
 

 
 
3.2 STRATEGIC RESEARCH PLANNING 
 
Each ERC develops an overall strategic plan that encompasses all areas of its operation.  
This level of planning is discussed briefly in Chapter 2, “Center Leadership and Strategic 
Direction.”  However, the core of the ERC’s strategic plan is its research strategy.  
Strategic research planning is generally a systematic, stepwise process, as described 
below.   
 
3.2.1 State-of-the-Art Analysis  
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The first step in developing an ERC research strategy should be to conduct an analysis of 
the state of the art in the field.  An understanding of the state-of-the-art underlies the 
development of a center’s vision of achieving major advances in a next-generation 
engineered system.  This understanding aids in identifying the barriers that stand in the 
way of further progress, culminating in a set of research objectives that, if met, move the 
center toward achieving its vision.  Thus, the state-of-the-art analysis gives the current 
situation, the vision statement describes the desired future state, and identified technical 
barriers elucidate what needs to be done so that the future outlined in the vision statement 
can be achieved.  As the center progresses, the state-of-the-art analysis should be 
continually updated, tracing the development of the work in fields closely aligned with 
the center’s vision and documenting the contributions made by the ERC’s faculty and 
others around the world.  This documentation provides the center with a history of its 
contributions, and those of others, to the field. 
 
3.2.2 Vision 
 
Just as a well-thought-out research strategy is essential for effective research 
management, a compelling and well-articulated vision of the center’s purpose and 
advances to be achieved is the key to a compelling research strategy.  The vision should 
motivate and encourage participation and interest in the center and its activities, aid in 
recruiting faculty and industry to become involved in the center’s research agenda, and 
attract industry and government support.  It is important to have the broadest possible 
understanding and acceptance of the vision among ERC participants.  Without this, it will 
be difficult to keep the research integrated and focused on achieving the goals of the 
center.  It is essential that all participants understand the vision, why it is important, and 
the means the center plans to employ to achieve the vision.  The steps required to achieve 
the vision and how these steps will be undertaken should then be articulated in the 
strategic plan.  
 
All ERC participants responding to a questionnaire distributed by the authors of this 
chapter agreed that it is the Center Director who is responsible for initially articulating 
the center's vision.  Usually it is the Director who recruits research faculty and staff who 
have expertise in a particular area considered to be essential for achieving the center's 
vision.  The challenge is in formulating a shared vision that balances “top down” 
management with “bottom up” faculty expertise.  The Director is responsible for putting 
in place a process for formulating the center's shared vision.  If this is skillfully done, 
faculty should take part in contributing to an achievable vision, developed through a 
logical, participatory process, not one mandated from above. 
 
3.2.3  Identification of Technical Barriers 
 
As in engineering practice, where definition of the problem is one of the most important 
steps in the process of developing a solution, in academic research management 
articulation of the technical barriers is essential in carrying out a successful research 
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strategy.  Otherwise, the center faculty could easily work on solving problems that may 
be of interest to them but that would not lead the center toward achieving its vision.  
 
In some cases, there may be a number of technical barriers to achieving the ERC’s next-
generation systems goals and a center may choose to focus on only a few of them.  It may 
be that the barriers represent different approaches that could be taken to achieve the same 
vision, and by choosing a subset of them the center is making a statement about what it 
believes to be the optimum method for achieving progress.  Or the center may choose 
certain barriers on which to focus based on the core competency or expertise of the 
majority of the center participants.  No matter the reason for the choice of problems to 
tackle, the center should make it clear to all participants why the technical barriers it 
chose to address were selected.  This will help in further elucidating, to those inside and 
also outside of the center, the strategy the center plans to follow in achieving its vision. 
 
A center must also identify broader barriers to success that are not strictly technical, such 
as costs, policies, and regulations.  In some fields, industry is in an excellent position to 
thoroughly appreciate these issues.  They develop products for various applications and 
understand the forces that may prevent their products from being accepted in the 
marketplace.  One forum for identifying barrier issues is at a strategic planning meeting 
that includes industrial representatives, where technical discussion sessions focused on 
barrier issue identification may be held among faculty, students, and industrial 
colleagues.   
 
3.2.4  The Research Strategy  
 
The research areas on which the center has chosen to focus in order to achieve its vision 
should follow from its understanding of the state of the art and identification of the 
technical and system-level barriers yet to be overcome.  The heart of a center’s strategy is 
how its research is brought to bear on these barriers, which cannot be overcome without 
the integration of interrelated research activities.   
 
Each ERC focuses its research efforts at three levels:  fundamental research, development 
of enabling technology/tools, and the engineered systems level.  The relative distribution 
of effort across these three levels will differ from center to center, and across time at a 
given center.  The research strategy should identify what breakthroughs or developments 
in fundamental science and/or enabling technology are required initially, how they are 
interconnected, how further progress will build on these achievements and contribute to a 
convergence on the systems level, and which projects can and should proceed in parallel.  
 
Each ERC should include in its plan the components discussed here.  However, creativity 
in the development of individual center plans is valued and expected.  Various 
approaches to strategic planning will be found to be preferable in individual centers, 
depending on their field and their specific circumstances.  Attachment 3-1 to this chapter 
shows actual strategic plans of three ERCs.  All are examples of effective plans, yet they 
cover a spectrum from loose/conceptual to tight/detailed and highly defined. 
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3.2.4.1 Goals and Objectives 
 
In organizing its research strategy, a center should formulate major goals that must be 
met as a demonstration of progress toward achieving its vision.  The formulation of clear-
cut goals will aid in defining a pathway toward major accomplishments, along with the 
outcomes expected from specific projects or research areas.  
 
As in any academic research activity, projects within a center should have objectives and 
an estimated time required to meet those objectives.  As a center strives to meet its 
longer-term goals, objectives should be specified in the strategic plan that bring to a 
culmination parts of many individual projects.  For example, consider the following 
related but separate projects: (1) developing the analytical hardware to take atomic-scale 
images of chemistry differences on a surface, (2) deriving techniques to engineer 
controlled patterned chemistry at that surface, and (3) refining tools to measure the 
resultant patterns of biological cells that adhere at different locations on the patterned 
surface.  These projects all have objectives and tangible deliverables.  The goal that their 
combined results achieves is the ability, for the first time, to affect biological cell 
adhesion in a quantitative way by controlling surface chemistry.    
 
The case study below illustrates the way that objectives support the achievement of goals 
in the context of a center that strives for large improvements in the performance of 
electronic systems. 
 
CASE STUDY: 
The strategic planning process utilized at Georgia Tech’s Packaging Research Center 
(PRC) begins with the identification of system-level goals, such as a next-generation 
pager or PC or camcorder. The next-generation pager can be used as an example:  
Today’s pager has some 500 components, weighs 6 ounces, has certain functions, 
operates at a microprocessor speed of 900 MHz, and costs about $120 to manufacture.  
The goal might be to improve all these features by a factor of 10 (e.g., in the case of the 
pager, to achieve 9 GHz operation).  
 
The question is then asked, what packaging technologies are needed?  For any electronic 
device, the answer involves 11 areas: electrical design, electrical testing, high-density 
wiring, large-area intelligent manufacturing, integral passives, optoelectronics, RF 
electronics, flipchip assembly, thermal management, reliability, and system prototyping.  
Each of these represents an enabling technology, and constitutes a research thrust 
toward the system-level goal.  Working with their industrial partners, the PRC then 
develops a roadmap for each enabling technology.  Next, they define the fundamental 
research projects.  A testbed is then formed (this is termed a “test vehicle”), which is a 
generic prototype for a given electronic device or product such as the pager.  The faculty 
are asked to focus on testing their research results in the context of the test vehicle.  This 
requirement keeps the researchers disciplined in the directions their projects take.   
 
Finally, systems manufacturing companies from among the industrial members use 
portions of the prototype to build a prototype specific to their industry.  For example, 
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Motorola might build a prototype pager, and Boeing might build the power supply for an 
F-22 fighter.   
 
Thus, the strategic plan provides a structure for the PRC’s research and systematizes it 
in a way that results in a wide range of useful applications.  
 
Just as the PRC’s research is drawn from specified systems goals, similarly in the Data 
Storage Systems Center (DSSC) at Carnegie-Mellon University all strategic planning is 
focused on attaining a specified system specification (e.g., hard drive or optical drive 
performance) that is very advanced and ambitious.  An example might be to attain 100 
Gbit/sq. in. recording density, when the current industry standard is 2 Gbit/sq. in., along 
with the entire configuration for such a system.  Such an approach makes it easier to 
implement a strategic plan; the goal is finite and concrete.  Some ERCs operate in a field 
that is amenable to this approach; not all do.  
 
In identifying goals for the center, a useful question to ask the faculty during strategic 
planning is:  "What should we expect to see in a year (or two, or three) if you were to be 
successful?"  One ERC research manager who asked this question found that most people 
replied fairly specifically – enough so that objectives could be derived from the 
responses.  The idea to do this came from the center’s industrial partners; it was the kind 
of information they themselves asked within the company. 
 
3.2.4.2 Deliverables 
 
The ability of the ERC to achieve industrial use of its knowledge and technology is a key 
element of a successful ERC, one that requires a strong partnership with industry.  
Deliverables can take many forms, including fundamental knowledge advances and 
discoveries, new theories or models describing physical properties or behavior, access to 
students, experimental techniques, software, and new materials and processes.  The 
opportunities to develop these deliverables, and their possible utility to the industrial 
partners, should be recognized and considered during the development of the research 
strategy.  Deliverables may stem from research at all levels of investigation, ranging from 
basic science to engineering testbeds.  It should be noted that how a deliverable can best 
be understood and incorporated into a company’s workflow is not necessarily 
straightforward, as students and faculty may have different expectations from those in 
industry regarding the utility and user-friendliness of the tools they develop. 
 
Experienced ERC research managers find that a steady flow of deliverables is important 
for keeping industry engaged and satisfied with the center.  One recommends that the 
ERC always try to give industry something every year out of each project. Some centers 
have hired one or more professional engineering/technical staff members whose job is to 
turn research results into products that industry can readily understand and use. 
 
See Section 3.3.5 for a discussion of industrial collaboration and technology transfer. 
 
3.2.4.3 Testbeds 
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The key to determining if the center’s research agenda will successfully lead to a next-
generation engineered system and achievement of the center’s vision is to periodically 
pull together the research outcomes and test the system.  Thus, the research strategy must 
involve the development of proof-of-concept testbeds, which integrate elements of the 
system to determine if all components work together as planned.  These testbeds not only 
ensure that the research outcomes are integrated and tested, they also serve to drive the 
research.  They act as focal points for the researchers when planning their research 
projects.  They also supply a framework for faculty, students, and industry 
representatives to work together and to gain a better understanding of the system they are 
working with.  In addition, and perhaps most importantly, testbeds highlight which areas 
of the center’s research require further investigation, ensuring that the research is 
focusing on the critical problems that must be addressed in order to achieve the center’s 
vision.  Thus, testbeds facilitate modification of the center’s research strategy based on 
what is being learned as the center works toward achieving its vision. 
 
Many ERCs have had highly successful testbeds.  An early one, at the Purdue University 
ERC, was an integrated manufacturing software system called the Quick Turnaround Cell 
(QTC).  The QTC combines computer-aided design and computer-aided manufacturing 
in a single software package that automates the several operations and processes involved 
in designing and machining limited numbers of prismatic parts.  The QTC testbed was 
the Research, Development, and Engineering Laboratory of the U.S. Army Missile 
Command at Redstone Arsenal, near Huntsville, Alabama.  In the early 1990s this project 
broke new ground in inter-institutional collaboration and research, eventually moving 
from Huntsville to application in industry.  
 
Testbed development relies on research focusing on both fundamental scientific 
knowledge and the development of enabling technology.  Although the balance between 
fundamental research and technology development may vary from center to center, all 
centers will have some aspects of both, as both are needed to make significant progress 
toward the development of the next generation of engineered systems. 
 
3.2.5  Achieving Participant Buy-in 
 
3.2.5.1 Faculty Involvement 
 
When putting together a research strategy and agenda, both the research required to 
achieve the vision and the research interests of the faculty must be taken into account.  If 
there is not a good intersection of the two, it will be difficult to recruit enthusiastic 
researchers to the center.  Also, in the academic setting, a directive “command approach” 
generally does not succeed in motivating faculty.  A center is most likely to reach its 
goals if all participants feel a sense of ownership of the research strategy.  ERC research 
managers have found that it is very important to obtain agreement to the research strategy 
of the whole ERC team up front.  Trying to achieve consensus later on is impossible 
unless there is agreement at the outset. 
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Obtaining and maintaining faculty buy-in to the strategic research plan are not the same 
thing.  Centers often encounter the problem that, once they have agreed to a strategic 
plan, faculty members are obliged to modify their own personal research objectives to an 
extent.  Some will try to weave their own research into the center's agenda whenever 
possible.  One Center Director commented that it is important to make it obvious to the 
faculty fairly quickly (i.e., within 6 months) that they are gaining value from their 
participation.  In his center this issue was “a major continuing challenge, requiring 
endless discussion.”  Another Director noted that it is the Director's job to determine 
which of the faculty has a broad enough intellectual portfolio to make changes that the 
center needs, at the expense of their personal intellectual pursuits.  The faculty cannot do 
this as objectively as the Director can, and some will resist making major changes in the 
direction of their research.  There must be at least a critical core of faculty who are 
flexible enough to adapt to changing needs. 
 
The full range of research expertise required throughout the lifetime of the center as it 
works to achieve the vision may not be resident at the university at which the center is 
based, nor at any of its partner universities.  The need for additional expertise, when it 
exists, must be recognized and filled by means of outreach to researchers at other 
institutions.  Normally these would be paid research projects; continued involvement of 
these faculty in the ERC would depend on the quality of their work and its continued 
relevance to the ERC’s needs. 
 
3.2.5.2 Industrial Buy-in 
 
A key element in building a strong industry partnership is to actively involve industry in 
the strategic planning process.  Both the creation and evolution of an ERC and its 
strategic plan must involve frequent input from the industrial members.  Most ERCs have 
constructed formal mechanisms through which to continually draw upon industry’s 
advice and experience in technology development.  These mechanisms are described in 
detail in Chapter 5, “Industrial Collaboration and Technology Transfer.”  However, 
because they are crucial to obtaining industrial buy-in to the center's research program, 
they will be discussed briefly here. 
 
Typically, initial industrial participation in an ERC is based upon the prior direct 
interaction of companies with participating faculty members and/or a long-term 
association with an academic department.  Upon proposing an ERC to NSF, several 
prospective centers have made the effort to involve industries from the relevant 
technology sector in an intensive workshop to construct and review a proposed strategic 
plan.   
 
Once an ERC is established, all ERCs devise ways to engage industrial participation.  For 
example, every ERC has an Industrial Advisory Board (IAB) or the equivalent, often 
with subcommittees for obtaining more specific technical input at the level of Thrust 
Areas and projects. Most ERCs hold some form of semiannual IAB meeting.  These 
meetings serve to present research progress to industry and to seek industry's assessment 
of new research directions.  ERCs report that the actual content of specific projects 
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frequently has been "course-corrected" by means of industrial advice.  Personnel 
exchanges in both directions, involving faculty and students as well as industry 
engineers, are perhaps the best way to increase industrial involvement through 
technology transfer.    
 
Keeping industry continually involved in the center’s strategic planning process can 
present some difficulties.  For example, the Institute for Systems Research at the 
University of Maryland found it hard to conduct two-way, joint strategic planning with 
industry because very few companies were willing to open up their own strategic plans.  
It was much easier to get input from them on the ERC's projects and plans.  A couple of 
observations:  Long-term industrial visitors tended to give much more useful input about 
their company's plans.  And individual companies in private meetings with the ERC 
management gave much more specific input on their plans than they were willing to do in 
open meetings.  This reluctance will vary across centers and industries.   
 
Each center’s IAB now carries out analyses of the strengths, weaknesses, opportunities, 
and threats to survival of the ERC, both for the benefit of the center and for input to the 
NSF site visit team.  (See Chapter 5 for a description of this analysis.)  
 
Such interactions serve to draw the industrial and ERC communities together, but they do 
not necessarily convince industry to accept or buy into the ERC philosophy.  Ultimately, 
the ERC’s responsibility is to develop fundamental discoveries or new technologies that 
they can then present to industry for further development into competitive, “on-the-shelf” 
technology.  ERCs and their industrial members must resist the tendency to expect the 
ERC to solve industry's immediate problems.  An ERC must not become a research “job 
shop” for any single company or group of companies.  To that end, ERCs should not turn 
project selection over to their industrial members, as the projects are likely to become 
skewed in the direction of meeting industry’s more immediate needs.  Instead, each center 
must create a mechanism to maintain the collective interest while addressing the specific 
needs of member companies.  In most cases, ERCs promote the funding of specific projects, 
funded directly by a single company or a small consortium, that address practical industrial 
needs.  Under this mechanism, research results are the property of the company under 
common licensing agreements and are not shared with all the industrial members.  
 
A center must strive to develop with its industrial supporters a rapport where each 
recognizes its role in the ERC technology development philosophy.  Industry’s role is to 
present the ERC with “model systems” or realistic conditions, so that the ERC's 
fundamental research has pertinence.  A rule of thumb is, “If the ERC cannot pass its 
discoveries to industry, then it should not do the research.”  Industry should realize that 
the time horizon for most technology development in academic basic research is 5-10 
years, while in industry it may be measured in months.  Again, each ERC must erect 
infrastructures or mechanisms to draw industry into the active role of taking discoveries 
and creating technologies.  If all an ERC did was to make its industry aware of the basic 
research without involving industry in the center’s pursuit of those advances, the center 
would be a failure.  Mechanisms to develop jointly sponsored research projects or 
research initiatives that lead to ERC testbeds should be in place at an ERC by Year 3.  It 
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is in these joint activities that the ERC and its industry members begin not only to solve 
problems jointly but also to create new technologies 
 
 
3.3 IMPLEMENTATION OF THE RESEARCH PLAN  
 
Management of a complex research strategy involving multiple teams, multiple team 
members, and varying objectives and goals is difficult at best.  Section 3.6 summarizes 
some of the many challenges as well as rewards of research management in such an 
environment.  The complexity of a multidisciplinary undertaking such as an ERC makes 
a research management plan all the more important.  While the strategic plan sets out a 
unifying vision of what is to be accomplished and establishes overall center research 
goals and objectives, ultimate success for the entire undertaking requires the 
establishment and integration of project goals and objectives, including the proper 
prioritization of time, effort, and resources to be applied to each.  This level of research 
management requires that each project or groups of projects include firm estimates of the 
resources required to address the project − including people, money, and equipment − in 
the time given to complete the project. 
 
 It is important to realize that research management is not a smooth process.  It involves 
continuous experimentation − especially in the first 5-6 years.  The optimum 
management approach is different for every center, and also will change over time. 
 
3.3.1 ERC Research Management Team 
 
The research management team at an ERC may consist of a varying number of 
individuals in different functions, depending on the center.  At a minimum, the Center 
Director holds ultimate responsibility for the planning and direction of the overall 
research program, with a faculty member designated as the leader of each Thrust Area 
(there are usually three to six such areas); sometimes two individuals share the 
responsibility for day-to-day Thrust Area management as Co-Principal Investigators (Co-
PIs).  In some ERCs there is a single Associate Director for Research who is the focal 
point for all Thrust Area management issues and who reports to the Director.   
 
Every ERC also has an executive group, often called the Research Review Committee, 
that meets periodically to review and assess progress in the center's research areas, select 
projects, allocate and adjust research funding, and make adjustments to the center's 
strategic plan as necessary.  This committee typically consists of the Center Director, 
possibly the Deputy Director, the Associate Director for Research (if applicable), Thrust 
Area leaders, and one or more representatives from the center's industrial members – or 
some combination thereof.  Thus, another function of the research review committee is to 
provide direct industrial input into the planning and direction of the research program.  In 
some cases, the committee membership also includes one or more faculty members and 
even a graduate student. 
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An example of an ERC research management team is the Directors’ Committee at the 
DSSC.  This committee meets every week.  Planning is continuous, through the 
committee, with major inputs from industry twice a year.  Project selection is done “more 
or less in consensus style” by this committee, with the Center Director making the final 
decisions. 
 
Research management apparently has only subtle effects on the life of the ERC Director.  
Surprisingly, out of 15 ERCs responding to a survey conducted by the authors of this 
chapter, all but two Directors reported that they still maintain an active teaching load, with 
only about a third receiving reduced teaching loads.  Also, save for the same two persons, all 
ERCs Directors maintain personal research programs that are supported by grants 
independent of the ERC -- although in about half of these latter cases the Directors indicated 
that their research activities did decline due to the demands of ERC management. 
 
3.3.2 Initial Implementation Steps 
 
In establishing the resources required to complete the research, the relative priorities 
among intersecting projects must be established, assuring that those projects that must be 
completed or substantially completed before other work can progress are recognized in 
advance.  The research team must set priorities among and between projects that compete 
for resources and must set deadlines for deliverables from each project.  These actions 
most often require the creation of a research review committee or some other 
organizational management entity charged with overseeing the research plan (see Section 
3.3.3).  Some thought will be required as to how deliverables from each project or set of 
projects will be communicated to other teams and team leaders as well as to industrial 
advisory boards.   
 
Defining timetables and milestones for basic research can be both subjective and 
contentious.  Being too specific tends to restrict the center’s creativity in pursuing its 
goals.  To get around this difficulty, it is a good idea to develop broad objectives for 
basic research and review the objectives periodically throughout the year. 
 
It is necessary to establish a finite duration of projects –  not much longer than 1-2 years 
in most cases.  Project support through the ERC should never be considered permanent – 
even for the core faculty.  As one Director puts it, “There is no tenure at an ERC.”  It is 
the responsibility of the Thrust Area Leaders to hold project leaders accountable for 
achieving milestones on schedule.  Similarly, it is the responsibility of the Center 
Director and Associate Director for Research, along with the research review committee, 
to hold the Thrust Area Leaders accountable for programs in their areas.   
 
Management of the research program should take into consideration the objectives of 
other program elements of the ERC, such as education (see Section 3.4).  Processes 
should be established and exercised to ensure frequent faculty/student interaction across 
the disciplines or research teams.  One of the most important elements of the ERC 
program is the creation of interdisciplinary activities to address difficult engineering 
problems.  Often this feature of an ERC is under-appreciated because of the demands of 
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specific fields, areas of investigation, or projects.  Within projects and fields there is 
considerable interdisciplinary activity, which is often taken for granted (if it is working 
well) but which should be identified regularly, drawing attention to what worked well, 
what didn’t, and why.  One way to do this is to develop internal workshops and symposia 
for center personnel to share and discuss their interdisciplinary efforts.  Involving the 
students in this activity is one of the most important contributions an ERC can make to 
the field of engineering, as it helps in creating a competent, cross-disciplinary work force 
capable of working on difficult problems in industry and academe across disciplinary 
boundaries.  Similarly, involvement of experienced students in research management 
team meetings strengthens the ERC and helps prepare students better for the future.  
 
3.3.3 Updates and Revisions to the Research Plan 
 
Research managers must establish and exercise processes to revisit and revise the 
research strategic plan regularly, incorporating progress in research efforts as goals are 
achieved.  The plan is only as good as the benchmarks it sets, so in order to be a useful 
tool, it must be modified as progress is made or as the overall center strategy changes.  
The plan helps keep the entire effort on track and communicates the progress and 
timeline to all members of the team.  It is useful to establish a method for frequent 
exchange of information -- on a Web site for example -- where basic assumptions about 
the plan can be seen by everyone. A time should be set for a regular brief review of the 
plan by the entire team.  The outcome of this review might include new time schedules, 
integration of activities, or new goals and objectives discovered as a result of ongoing 
work.  
 
Research managers also must establish and exercise processes to determine which 
projects to terminate and which to add.  Within the competing demands of a strategic 
plan, it is important to regularly review the steps being taken to achieve the center’s goals 
and their relative priority.  To preserve valuable resources and enhance the productivity 
of the center, it may be necessary to terminate projects that once seemed important in 
isolation or in relation to other facets of the effort, but that upon reflection appear to be 
unrealistic or non-viable.  Projects may also be terminated if they have not progressed as 
planned or expected.  In general, projects that do not involve more than one center 
faculty member and that do not relate directly to other projects or communicate with 
other Thrust Areas should not continue to receive ERC support.  (Occasional exceptions 
will occur with projects that are providing crucial support to the ERC’s efforts.)  On the 
other hand, in the regular review of the strategic direction of the center and its goals, it is 
equally important to launch new efforts as soon as they are discovered to be potentially 
vital to the achievement of the goals and objectives of other projects or the overall goals 
of the center.   The main criterion for selection or deselection should be “Is the project on 
the ERC’s critical path?”  That is, does the project contribute directly toward the 
achievement of one or more of the milestones?  (For further discussion, see Section 3.3.4, 
“Management of Research Funds.”)  
 
In the early stages of implementation of the plan, there is a natural coalescence of 
individual PI-driven projects into fewer, more substantive and collective efforts within 
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each Thrust.  More senior ERCs relate that, from Years 1-6, the Thrust Areas become 
"horizontally" integrated, with projects within a Thrust Area being carried out by 
multidisciplinary teams and all project teams within the Thrust Area communicating 
regularly to cross-fertilize the various projects. 
 
However, ERCs that evolve only to the stage of horizontal integration of projects within 
a Thrust Area are only partially successful.  An indication that a "systems approach" has 
been achieved is when the center research projects become integrated, not only within 
themselves but also between Thrust Areas to address the system-level goals of the ERC.  
Generally during Years 3-6, linkages appear between the various thrusts.  Projects and 
procedural mechanisms can be created that explicitly blur Thrust Area boundaries and 
permit the merging of thrusts. 
 
In developing and using a research plan, managers should use charts and graphs or other 
visual means and a database to track progress and document plans for future directions.  
A simple spreadsheet can be used to display the current state of all elements of the 
research program.  In each of the activities above, illustration by means of flow charts, 
graphs, and databases may enhance the message.  Illustrations also serve as a reminder of 
significant milestones, both positive and those that have been discarded.  They will serve 
to link all of the members of the team together -- including faculty, staff, students, and 
affiliated sites and individuals -- giving each a stake in the efforts of the center.   
 
3.3.3.1 Seeding New Opportunities 
 
One center uses the following method for seeding new research opportunities:   
 
CASE STUDY: 
Projects are funded in principle for three years at a time, corresponding to the three 
major phases of the ERC life-cycle.  The first year is funded at 100% of the amount 
deemed necessary to carry out the research.  The second year is funded at a 90% level.  
This encourages faculty to find outside funding, which promotes collaboration with 
industry and government researchers while freeing up resources to seed new 
opportunities.  The third year is funded at 75%-80% of the original level.  By now, 
testbeds have been established and new technical barriers and research directions 
identified that can be supported with funds freed up by this diminishing formula. 
 
The new projects are selected through a discussion between the center Executive 
Committee (or research review committee) and center faculty.  Jointly they discuss areas 
where the center needs more focus.  These areas often are pointed out by a center’s 
industrial advisory board or NSF site visits teams, or they are suggested by results of 
center research or findings of colleagues working in the field.   
 
After new project areas have been discussed, the research committee asks for short 
descriptions of potential new project starts.  The projects will have a set maximum 
duration -- say, up to three years.  The evaluation criteria for project selection include: 
• Relevance to the prioritization of center needs 
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• Quality of the proposed effort 
• Whether the work is likely to be world-class 
• Relationship to work outside the center 
• Synergy with ongoing center research 
• Interest by industry. 
 
After evaluation, projects are seeded for a period of one year and reviewed at six months 
and one year.  If the project results appear to merit continued funding, then the project is 
continued for the full three years. 
 
3.3.3.2 Issues Regarding Phased-out Projects 
 
When projects are to be discontinued, a phasing-out mechanism is required to ensure that 
students are not adversely affected by the evolving strategic plan.  In the case of the 
mechanism described in the above case study, some of the funds generated by the 10% 
per year cut in the operating budget are used to support the students on discontinued 
projects for a period of nine months to a year.  This allows senior graduate students to 
finish their dissertation and new students and faculty members to find additional support.   
 
One consequence of merging research thrusts that is sometimes unavoidable is the need 
to cut faculty from the ERC.  For example, when Maryland’s ISR decided to reduce its 
Thrust Areas from 5 to 3, this restructuring entailed also reducing the faculty from about 
40 to about 35.  The affected faculty members naturally were troubled by this decision, 
which, as a result, took about a year to implement.  
 
3.3.4 Management of Research Funds 
 
Funds received from NSF for an ERC are meant to create an academic infrastructure that 
will enable the center to produce world-class research, facilitate industrial/academic 
research cooperation, create a new level of technology, and devise innovations in 
engineering education.  Each ERC must, together with its School of Engineering and 
university administration, put in place the mechanisms needed to orchestrate resources to 
meet these goals.  Resources must be diverted not only toward the research infrastructure 
but also toward education and technology transfer.  Relevant budgeting and accounting 
practices are discussed in detail in Chapter 6, “Administrative Management.” 
 
3.3.4.1 Financial Oversight 
 
In many ERCs, financial management and oversight of funds allocated to the research 
program may be within the province of the center management or administrative staff.  Some 
ERCs involve ERC faculty in financial oversight or planning committees that are responsible 
for making short- and long-term spending decisions, while the ERC financial manager tracks 
finances, grants and contracts, and daily expenditures.   
 
Over the years since the ERC Program was founded in 1985, two ERCs have lost control of 
their financial resources at a certain point.  In both cases, a major factor was the type of 
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university accounting system that was in place.  Regardless of support received from the host 
institution's Grants & Contracts or Sponsored Programs Office, it is a good idea for an ERC 
to establish its own independent electronic accounting system.  If possible, the accounts 
administrator should provide a numerical account code system that provides each Thrust 
Area and research activity with its own operating budget. 
 
3.3.4.2 Use of Internal ERC Funds 
 
How an ERC initially negotiates resource returns to the center varies across institutions.  
A number of ERCs receive no indirect cost (IDC) recovery from their host institution, 
while other ERCs recover a considerable amount of the indirect costs they generate, to 
use at their discretion.  Some ERCs explicitly restrict the amount of money a PI may 
receive in salary for participating in the ERC.  Most ERCs pay no salary to faculty 
members who are simply team members of a project, while some will support no more 
than one month’s summer salary.  Thrust Leaders at most ERCs receive no more than two 
months’ salary support for their efforts.  There are exceptions; for example, one ERC 
chooses to pay several participating faculty significant portions of their academic salary 
(3 months or more) for about 15 faculty.  Such decisions, often not made solely by ERC 
management, have a direct impact on resources available for ERC activities.  It is critical 
for ERC management to negotiate up front (i.e., at proposal submission time) what the 
arrangement will be for IDC recovery, matching, etc. 
 
Given some rough idea of the income available to the research program, decisions must 
be made as to how to dispense these resources among the many Thrust Areas and 
industrial activities.  Some ERCs decide to fund individual projects for 1-2 year periods 
and then to collect, administratively, common projects under a Thrust Area umbrella.  
Other ERCs choose to fund the research budget requests of a Thrust Area, with the 
dispensation of funds within the Thrust being left to the discretion of the Thrust Area 
leader and the PIs in that Thrust.  Continued funding of any project should be reviewed 
every year, so that no Thrust Area thinks of itself as an “entitlement program.”  Each 
ERC has its own policy regarding the cessation of ERC support and the termination of a 
project.  PIs should be given enough notice of the termination of ERC funds to allow 
them to secure other sources of support.  In this regard, if all projects − and possibly even 
Thrust Areas − are made aware that support is of finite duration and based upon clearly 
stated performance criteria, then the need to seek external support should be a constant 
goal, not an unexpected surprise. 
 
Certain ERCs hold aside small sources of money to “seed” new projects or to leverage 
research support from industry.  This requires setting aside funds for such programs, which 
indirectly removes resources from the mainstream research program.   
 
Almost unanimously, ERCs surveyed reported that providing seed money to projects 
outside the ERC made PIs and their department chairs happy but the practice tended to be 
abused and the resources wasted.  There is a risk that the ERC comes to be viewed as a 
“mini-NSF.”  Such negative experiences could have stemmed from the ERC not clearly 
stating the expectations in return for support.  One variation on this theme that may be 
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more productive is to request participation from PIs outside the ERC on new ERC project 
teams on an ad hoc basis, rather than simply providing them with seed money.  However, 
there is a potential for two classes of ERC faculty – core and external – to become 
established.  To avoid this situation, all PIs funded by the ERC should be expected to 
participate in meetings, write ERC reports, and otherwise function as ERC faculty 
members. 
 
Each ERC should plan how it intends to involve industry financially in the task of taking 
ERC discoveries and transferring them to new technologies.  Industrial membership in an 
ERC can cost a few thousand to several hundred thousand dollars in fees.  A proprietary 
research project may require industry support well in excess of the ERC membership fee.  
In order to secure such funding, some ERCs leverage industrial support by committing 
graduate students and faculty to such projects.  Other ERCs also provide travel funds for 
faculty to visit industry for the express purpose of promoting joint projects. 
 
In summary, ERCs must plan at an early stage those “uninteresting” but critically 
necessary mechanisms for distributing research support, evaluating research success, and 
promoting the continual efforts by all to secure external research support. 
 
3.3.4.3 Encouraging the Search for External Support 
 
Because actual direct support of ERC faculty salary is relatively small, most ERCs 
encourage center faculty to seek outside support.  As one research manager noted, 
“Faculty members are not doing their job unless they either get outside support or bring 
in Center membership money to support their work.”  ERCs employ a variety of different 
means to accomplish this.  Listed below are some responses excerpted from the 
questionnaire. 
 
"We have an industrial interactions incentive program which provides funds for travel to 
industry, to support student research visits to industry, and to provide critical research 
resources specific to collaborative research with industry." 
 
"The Center informs the faculty team members of outside opportunities and, when 
feasible, helps in arranging/providing required matched support." 
 
"In some instances, it is required that industrial commitment to certain projects has been 
made before ERC funds are committed.  In this case, the ERC will help Co-PIs to identify 
potential industrial sponsors that might support such activities.  Furthermore, when 
preparing proposals for outside contracts, the ERC will make a commitment to the Co-PI 
for additional funding, should industrial funds be secured.  This dual leverage factor has 
also proved to be very useful." 
 
3.3.5 Industrial Collaboration and Technology Transfer 
 
As described in Section 3.2.5.2, "Industrial Buy-in," ERC research programs are designed 
and managed with the continual involvement of industry.  All ERCs have involved their 
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industrial member companies directly in the establishment and refinement of their strategic 
plan.  Certain ERCs align industrial representatives with specific projects within a Thrust 
Area in a way that provides both ERC students and faculty with a continuous industrial 
perspective on the fundamental research.  Many ERCs develop joint projects, in which 
personnel from a firm or a consortium of firms work alongside the ERC students and faculty 
on the project.  This involvement creates a climate, within the ERC, in which industry not 
only participates on specific projects they subsidize but also has direct input into the 
evaluation of the fundamental Thrust Area research. 
 
Mechanisms to involve industry should not be confined to just the research program; to 
be truly successful, ERCs must also strive to draw industry into the center's education 
program.  One successful method is the alignment of each ERC graduate student with an 
industrial "mentor" who periodically reviews the student's progress, perhaps during the 
annual industrial meetings, and periodically discusses the project with the student, either 
by telephone or by electronic mail.  Formal programs can provide for graduate student 
internships in industrial labs during a summer hiatus.  In one variation of this program, 
industry will recognize a student-developed technique or analytical method it wants to 
import into its standard operating repertoire.  The most effective way to transfer 
technology is to have that student spend a few months in the company's facilities, 
working with industrial personnel.  Hiring ERC graduates is probably the single best way 
for a company to absorb the broader range of knowledge inherent in an ERC; and it tends 
to bind the company even closer to the center.  In several cases, a former ERC student 
has become the company's representative to the center.   
 
In the early years of an ERC’s existence, cultivating industrial commitment to the strategic 
planning process and the ERC philosophy is paramount.  In later years, an ERC must strive 
to transfer tangible ERC discoveries to industry.   Some of the many different mechanisms 
that ERCs use to transfer technology to their industrial partners were described in Section 
3.2.5.2.  They include person-to-person exchanges, such as through internships of selected 
ERC students with industry and industrial employee internships at ERC facilities, and 
ERC/industry collaborative testbed research projects at either the ERC or at the corporate 
location.  Other involvement mechanisms include: (1) fostering academic interaction with 
industry by providing interested faculty with travel money to visit prospective industry 
for research support and (2) requiring all ERC-supported research projects to seek 
industrial support after a certain time period or lose ERC funding. 
 
In many ERCs, industry participates throughout the technology development process; it is a 
process of "mutual development."  The ERC takes the process as far as is necessary to effect 
a successful handoff to industry.  As one Center Director says, "It's a question of how far we 
have to carry it before they become believers." 
 
 
3.4 RESEARCH INTERFACE WITH OTHER ERC PROGRAMS 
 
Management of an ERC's research program is best carried out in conjunction with 
interaction at all levels with the other components of an ERC.  It is tempting to segregate the 
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management of an ERC program along the lines of sections in an annual report, but such 
compartmentalization does not lead to a true systems approach.  Those ERCs that obtain 
recognition for their various programs and succeed in NSF reviews have not designed each 
component in isolation from the others.  Rather, significant accomplishments are more likely 
to emerge from a concerted effort to intertwine the management of all ERC components. 
 
3.4.1 Education 
 
See Chapter 4 for a complete discussion of ERC education programs. 
 
3.4.1.1 Graduate Education 
 
Education of a new generation of engineers and scientists is the shared mission of all ERCs.  
ERC education programs serve the following pragmatic roles: (1) to bring undergraduate, 
graduate, and postgraduate students into the center; (2) to maintain harmony among the 
diverse curriculum requirements placed on ERC-sponsored students; (3) to develop new 
graduate and undergraduate education vehicles that go beyond traditional engineering 
educational approaches; and (4) to actively engage academic and industrial researchers with 
students on teams directed to solve problems pertinent to industry. 
 
Research program management is implicitly connected to the education programs in all 
ERCs.  Research activities are driven by faculty ideas and student manpower.  The attraction 
and retention of superior graduate students is critically necessary to the success of any ERC.  
How an ERC actually carries out this activity depends upon the relationship of the ERC to a 
host department or college (if that is the case), the degree to which the ERC research spans 
different colleges, and how the ERC financially supports research projects. 
 
Most ERCs do not engage directly in the recruitment of graduate students to selected 
projects within their strategic plan.  In these ERCs, research goals are addressed by 
supporting projects of faculty in various departments or colleges across the university.  In 
this mode, the ERC has no direct responsibility for recruiting students, supporting them 
financially, shepherding those students through their degree program, or affecting directly 
their curriculum requirements to graduate.  Those responsibilities lie with the PI receiving 
ERC support and with the students' departments.   
 
One advantage to supporting research projects, rather than directly supporting a student, 
arises when the ERC decides to reduce or terminate project support.  If support of a research 
project is proffered for only one or two years, then the project PI is aware that a student 
requiring four years to complete his/her PhD degree will require additional funding support.  
Thus, the ERC does not have the tacit responsibility to support a student until graduation 
without regard to the project's continued relevance (or irrelevance) to the center's strategic 
plan. 
 
Certain ERCs satisfy their strategic plan by creating team research projects that require a 
collection of students from different disciplines.  This mandates that the ERC education 
program, in direct communication with the research program, satisfy specific demands for 
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graduate students of different  backgrounds.  An ERC education program in such a center 
can identify potential candidates by interfacing with the graduate advisor in departments 
around their university and also by maintaining an active ERC recruitment activity.  Such an 
approach has the advantage of specifically identifying student expertise for each project; but 
the disadvantage is in the resource costs associated with independent recruiting and 
admissions efforts. 
 
Often graduate students are brought into the ERC research program through formal courses, 
especially those involving team projects.  Such mechanisms draw students into the work of 
the center naturally.  Once students are involved in ERC research, faculty must ensure that 
their participation provides a solid educational experience.  Most of the educational benefits 
are derived informally.  The cross-disciplinary systems approach is absorbed through 
participation in regular project group meetings, through interaction with industrial 
collaborators, and, in some centers, through participation in center-wide strategic planning 
exercises.  If education is taken into account in structuring the mechanisms for conducting 
research, then an "ERC education" is a natural outgrowth of a student's participation in 
research.   
 
As ERCs near the end of their life cycle and begin planning for potential phase-out of ERC 
funds, a number of centers have elected to reduce their NSF budget direct cost requests for 
graduate student funds.  Some senior ERCs mandate that they will support only non-
personnel-related costs of a project.  Other ERCs have elected to operate research programs 
in their final years utilizing MS and postdoctoral researchers, rather than PhD students, who 
require longer-term commitments. 
 
3.4.1.2 Undergraduate Education 
 
Undergraduate involvement in research is one of the cornerstones of the ERC concept.  
Since the early 1990s, NSF has increased its emphasis on the impact of ERCs on 
undergraduate education; a variety of programs now provide supplemental funding for ERC 
educational activities for undergraduates (see Chapter 4).  Some students come to the center 
through undergraduate courses the ERC faculty teach in the academic departments.  Often, 
undergraduates simply come to the center and ask for employment and/or to work on 
research projects.  To attract new prospects, some ERCs distribute announcements, host 
dinners, etc.   
 
Most ERCs practice similar programs that immerse their engineering undergraduates directly 
into ongoing research projects.  NSF emphasizes the development of teams in which 
undergraduate students work closely with graduate students, technicians, postdoctoral 
students, faculty, and industrial scientists on active research projects.  Such undergraduates 
may receive academic credit, credit toward graduation with honors, or may simply receive 
financial remuneration for their efforts.  The educational vehicles can be quite standard, such 
as placing an undergraduate honors student on a team research project, a graduating senior's 
thesis project, or a capstone design project.  In such cases, the research program is not 
designed solely for the undergraduate experience; rather, the education program avails itself 
of the opportunity to expose undergraduates to real academic research. 
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However, as they move into those years stressing the successful creation of research 
testbeds, a number of senior ERCs actively manage selected research projects to purposely 
address industrial knowledge transfer and educational issues.  The following case study 
illustrates such an instance.  
 
CASE STUDY: 
The ERC at Montana State University was approached by an Industrial Associate to develop 
several alternative bioremediation protocols to detoxify an existing hazardous waste 
contaminated site.  Through collaborative discussions with the company and various 
components of the ERC, a unique educational vehicle for undergraduates was developed.  In 
conjunction with company scientists and Center faculty, students enrolled in an 
undergraduate course were given the task to survey, sample, assess, and recommend 
suitable biological treatment protocols for the site.  Students were exposed to actual field 
sampling and practical lab analytical procedures.  Participating graduate students carried 
out fundamental research on the biodegradation processes.  Each successive semester of the 
course moves the reclamation project closer to completion.  This is a case where active 
cooperation between research management, industrial interaction, and education has 
produced fundamental research, created an undergraduate teaching experience, produced a 
course text documenting the project, provided industry with a problem solution, and resulted 
in a truly interactive testbed project. 
 
3.4.2 Knowledge Transfer/Outreach 
 
Knowledge transfer is an umbrella term for outreach activities that transfer ERC-generated 
research discoveries or educational innovations to the academic scientific and engineering 
communities.  Knowledge transfer activities comprise dissemination of basic ERC 
discoveries and educational opportunities to other researchers and students in the field 
through mechanisms such as the following: visiting graduate student/faculty research 
exchanges, subcontracts to outside universities for specific collaborative research projects, 
administering summer research experiences for undergraduates (REU) programs, generation 
of interactive or passive educational vehicles (e.g., textbooks, interactive CD teaching 
modules, computer-aided design programs, video tutorials, and Internet homepages), and 
ERC faculty service to professional societies in staging national and international symposia. 
 
The focus of all ERC knowledge transfer/outreach activities is both educational and 
technical, but the emphasis varies greatly across activities.  At one extreme, undergraduate 
REU programs emphasize primarily the exposure of students from other institutions to ERC 
research as an educational mechanism; the purely technical value beyond education is 
limited.  At the other end of the spectrum, faculty exchanges or visits are aimed primarily at 
maximizing the flow of knowledge between researchers from different universities; here, the 
educational value is secondary, although it becomes quite significant when the visiting 
faculty member returns to the home institution.  Most outreach activities involve a more 
balanced mix of knowledge/technology transfer with educational value.  It is a characteristic 
of ERCs that the two are never entirely inseparable and are often fully intertwined.  
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The survey of ERCs indicated that, while knowledge transfer activities are a direct result of a 
productive research program, the evolution of the research program is little affected by the 
knowledge transfer activities.  There does not appear to be an equivalent two-way impact or 
feedback.  The process appears to be linear rather than circular -- that is, the success of an 
ERC is predicated on first generating research discoveries and education innovations and 
then transferring those successes to industry and the academic community.   
 
An important exception to this rule is when personnel are exchanged between the ERC and 
another research institution.  In that case, research projects are planned to fulfill portions of 
the strategic plan that require the collaboration of ERC researchers and others outside the 
ERC.   
 
 
3.5 OVERALL IMPACT ASSESSMENT  
 
3.5.1 Intellectual/Academic Advancements and Achievements 
 
From a research standpoint, the impact of an ERC is measured through its industrial 
interaction and knowledge/technology transfer successes, along with traditional academic 
measures such as published papers, patents, software products published, students graduated, 
etc.  Thus, some yardsticks are more tangible and objective than others are. 
 
The particular metrics used by ERCs vary, but they include the following, as excerpted from 
the responses by ERC Directors and research managers to a questionnaire. 
 
• We tabulate the number of goals reached based on six-month reviews and an internal 

report card.  Research success is measured in the number of publications and an 
assessment of whether new and relevant knowledge has been created.  Research success 
can also be recognized by success in obtaining additional research funding from other 
sources. 

• In addition to the usual publication and patent counting metrics, we consider the health 
of our industrial interaction in general and technology transfer specifically.  Involvement 
of undergraduate students in the research and student research visits to industry both 
are useful metrics for the integration of education and research. 

• The ultimate metric is the application by the industry of knowledge or technology 
developed by the Center.  Progress toward the goals of the strategic plan comes about 
through deliverables that go into use.  We try to measure output, success, and impact by 
what influence we have on how engineering is accomplished within the industry. 

 
The emergence of a center as a recognized national resource in its field is a strong indicator 
of its impact.   A number of  ERCs have become firmly established as national resources.  
For example, as a result of its established excellence in the field, the Carnegie-Mellon 
DSSC was able to organize the National Storage Industries Consortium; some 34 
companies (and 25 universities) are members of the consortium.  
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Although technology development has not traditionally been a route to academic 
recognition for excellence, that is changing − at least in engineering.  To a significant 
extent it is the ERCs that have wrought this change.  As a result, another contributor to 
acceptance of the ERC concept as an important academic research strategy are the 
numerous developments that have helped ERC member companies to commercialize 
products, advances which they claim would not have been possible without their 
participation in the ERC.  The widespread application of center technology in standards is 
another reliable indicator of the center's impact.   
 
Start-up companies often are spun off by ERCs, based on center-developed technologies and 
usually with ERC graduates and faculty members as principals. Research accomplishments 
of the ERCs have resulted in the formation of nearly 300 new companies based on ERC 
technology − further evidence that they are valuable national resources.   
 
Positive impact is apparent if center faculty often are invited to present papers at major 
professional symposia in their fields.  The formation of large industrial consortia around the 
ERC, the operation of unique testbeds and testing/simulation facilities which are heavily 
used by industry, and the hosting of well-attended international conferences all provide 
tangible indications of this status.   
 
At the beginning of the ERC Program, in the mid-1980s, the academic community was 
largely skeptical about the relative merits of multiple-investigator, industry-oriented, 
cross-disciplinary research centers.   Among the less tangible but most important impacts 
of ERCs has been the change of culture in many fields and ERC host universities from 
single-investigator, single discipline, narrowly focused work to cross-disciplinary team 
research attacking larger problems using a systems approach.  In addition, ERCs have 
pioneered new models for education and for academic administration and management that 
are being widely adopted throughout their host universities. 

 
Perhaps the greatest measurement of success, however, is articulating an original vision far 
ahead of the university community or the industrial sector in specific areas of research, to 
which the rest of the community is gradually converted as the accuracy of that vision is 
demonstrated over time.  The case study gives an example. 
 
CASE STUDY: 
The Center for Biofilm Engineering, at Montana State University, is developing novel 
techniques for the control and mitigation of biofilms, the slimy coatings that adhere to 
surfaces wherever microbes can establish a foothold.  Recent work at this ERC has led to a 
revolution in the prevailing idea of how biofilms organize themselves.  The novel perception 
was that biofilms form tower-like "slime skyscrapers," structures that are much better 
organized than biofilms were previously thought to be.  For example, they have a primitive 
circulatory system.  Due to the ERC's research, the accepted paradigm regarding biofilms 
shifted over a period of three years from random, unstructured systems to a sophisticated, 
structured system.  
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The key to this breakthrough was the identification of a mechanism for communication 
between bacteria of different species that would allow the bacteria to avoid filling in the 
spaces in the structure and thereby shutting off circulation of liquid.  "Quorum sensing" 
among floating bacteria was the key to identifying this mechanism for cell-cell 
communication in biofilms.   
 
As an immediate practical application of this discovery, the ERC was able to identify the 
bacterial signaling gene and "knock it out," preventing the bacteria from building towers.  
Consequently, these bacteria no longer adhere to the surface and do not form biofilms.  This 
knowledge of the bacterial signaling language will enable engineers to manipulate biofilms, 
using real or "counterfeit" signal molecules, and eventually to control both the formation 
and the detachment of biofilms from surfaces.  Already the ERC has found a synthetic 
analog of a blocking compound that eliminates slime fouling in a type of kelp; the synthetic 
compound can be used in many applications.   
 
This project is a powerful example of the ways that an ERC can produce useful innovations.  
The center was focusing on biofilms because of the industrial problems they produce.  
However, says Center Director William Costerton, the center's industrial partners were "not 
at all interested in the center's work on understanding why biofilms form.  They wanted, 
instead, to know how much toxin to flood biofilms with."  The center had to press for 
resources to work on the underlying mechanisms.  In the end, their persistence paid off in the 
form of unexpected and very useful breakthroughs.  "Interdisciplinary work is precious," 
Costerton says, because the different disciplines perceive a problem from different angles; 
putting the various perceptions together can stimulate novel approaches.  
 
 
3.6 CROSS-DISCIPLINARY RESEARCH IN A DISCIPLINARY 
ENVIRONMENT:  
 CHALLENGES AND REWARDS 
 
Working within this new model for university research, the ERC, has from the beginning of 
the Program presented a number of challenges.  Meeting those challenges has required hard 
work, ingenuity and, at times, organizational courage on the part of Center Directors and 
other research managers.  At the same time, the operation of an ERC yields special rewards 
for all those involved -- leaders and managers, faculty, industrial members, and students.   
 
One of the first challenges that an ERC Director, or prospective director, faces is to oversee 
the collective planning of a long-term research strategy by a group of people from different 
disciplines, many of them already quite successful in their individual research programs, 
who may not have even worked together before.  The reward, for the research manager, is in 
being able to persuade the members of such a group to aim their research in a direction they 
may not have wanted to go and may not initially have understood -- and then to see them 
arrive at the recognition that the center's vision is valid and that they can succeed in the 
context of the strategic plan.   
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It is certainly challenging for a group of disparate faculty members collectively to determine 
where the "uncharted territories" lie in a given field, especially when the field itself is new.  
The reward for faculty participating in this exploration is the ability to enter a new field of 
research with funding provided and with the support of other faculty in the center.  
Essentially, faculty are rewarded with the opportunity to do pioneering work.   
 
However, funding per se is not sufficient for most ERC participants.  In any ERC, some 
faculty members may have personal research support rivaling that of the entire center.  Their 
incentive is that they can both contribute and gain as a team player in the center's pioneering 
work.  Part of the validation of a center's success, for the research manager, is the continued 
willingness of independently successful investigators to participate, even adapting their well-
regarded work to the center's vision.   
 
A related challenge for the Director is in finding ways to build camaraderie and team spirit 
among researchers accustomed to working independently.  The Director must be able to 
recognize the type of individuals who can be effective team members. 
 
A significant challenge lies in the fact that industry has an inherently different vision than the 
center faculty do.  In general, they simply do not take as long a view.  Consequently, 
industry's input can be a deterrent to the development of a vital, sustaining vision for the 
center.  Yet their viewpoints and needs must be taken into account in a way that maintains 
their commitment to the center.  
 
The corresponding reward, for the research management team, is in making industry a 
believer in the ERC's long-term plan and in helping industrial members understand that their 
needs will be met better by letting the ERC pursue its long-range plans.  Several Directors 
have noted the satisfaction that comes with proving to industry, by means of actual results 
over a period of years, that this approach will benefit them more than having the ERC 
address their immediate needs would.  
 
The cross-disciplinarity of the ERC's field of research can itself present challenges, although, 
as the previous section described, this is no longer the problem it was when the ERC 
Program began.  Still, an area can be so thoroughly cross-disciplinary that ERC faculty 
encounter difficulties in recruiting within the departments.  Tenure and promotion are, of 
course, vital issues for young faculty members.  Early in the ERC Program, there was great 
concern about the effect of participation in a cross-disciplinary research center, where team 
research and multiple authorship of papers blurred the contributions of individuals.  Tenure 
and promotion decisions are made in the departments -- so the concerns were well founded.  
However, out of 15 ERCs responding to a questionnaire, 10 stated that both tenure and 
promotion were positively influenced by faculty involvement in the ERC.  (The other five 
ERCs reported no direct impact.)   Examples of specific responses include: 

 
• The ERC provides a framework and support mechanism for young faculty which 

encourages research by setting goals, providing mentorship, and sharing equipment and 
information. 
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• The culture at our university has long recognized in the promotion and tenure decision 
process the positive importance of faculty participation in research centers.  We rely on 
the department heads of all departments represented to ensure that departmental 
promotion and tenure policies encourage center participation. 

• This question has been exhaustively studied by universities and it is clear and unanimous 
that being an ERC investigator is a big plus and helps with promotion and tenure. 

• The ERC provides the faculty with the opportunity to get national exposure, support 
more students, continually update educational material with the latest research results, 
and participate in industry-relevant research.  Publication is facilitated.  The natural 
result is advancement in the academic ranks. 

 
There is a risk that if the tenure/promotion process is handled through an academic 
committee within the department, researchers may tend to focus on publications at the 
sacrifice of securing funding or extending the research to a useful technology transfer.  This 
prospect can be minimized if the Center Director and Associate Director for Research 
maintain close ties with the departments and ensure that they have a substantive, direct input 
to the promotion and tenure process within the departments. 
 
Thus, one of the primary rewards of ERC research program management is seeing the ERC 
become accepted by researchers in associated fields and watching the mainstream move in 
the direction the ERC has already gone, so that faculty and students perceive participation in 
the ERC not as a career risk but as a career enhancement.  
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ATTACHMENT 3-1 

EXAMPLES OF ERC STRATEGIC RESEARCH PLANS 
 
      EXAMPLE 2 
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assembly and
immobilization
strategies

Materials Characterization

skin
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surfaces from combinatorial

Figure 3
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Molecular
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molecules
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endothelium
smooth muscle cell
cell signaling

our
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healing

hydroxyapatite
porous materials

Concerns:
manufacturability , stability, sterilizability

Synthesize and characterize
new recognition materials
based on molecular models
and key domains
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CMU DSSC’s 11–YEAR STRATEGIC PLAN

EXAMPLE  3

Blend
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Culture

1990/91 1991/92 1994/95 1995/96 1997/981996/971992/93 1993/94 1998/99 1999/00 2000/01
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Network

Storage &
Computer
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Electronic
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Recording
Demo

2

Optical
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2
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     Disk
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2
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      Disk
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2
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 Magnetic
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Disk
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2

1 TByte/in
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• Boxes with square corners indicate the start of an activity.
• Boxes with rounded corners indicate milestones.
• The above digit and letter notations refer to the sections in Volume Two of this report that discuss these projects, testbeds and/or deliverables.
• The notations for the Center's efforts in education and industrial collaboration refer to the appropriate sections in Volume One of this report.
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EXAMPLE 1 
U. MICHIGAN ERC/RMS STRATEGIC PLAN 
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