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NOTICE: The project th&t is the subject of this report wu approved by the Governing 
Board of the National Research Council, whoae memben are drawn from the councila 
of the National Academy of Sciences, the National Academy of Engineering, and the 
Institute of Medicine. The memben of the committee responsible for the report were 
chosen for their special competences and with regard for appropriate balance. 

This report hu been reviewed by a group other than the authon according to 
procedures approved by a Report Review Committee consisting of members of the 
National Academy of Sciences, the National Academy of Engineering, and the Institute 
of Medicine. 

The National Academy of Sciences is a private, nonprofit, �elf-perpetuating society 
of distinguished scholars engaged in scientific and engineering reaearch, dedicated to the 
furtherance of science and technology and to their use for the general welfare. Upon 
the authority of the charter granted to it by the Congress in 1863, the Academy hu a 
mandate that requires it to advise the federal government on scientific and technology 
matten. Dr. Frank Preas is president of the National Academy of Sciences. 

The National Academy of Engineering wu established in 19&f., under the charter 
of the National Academy of Sciences, u a parallel organisation of outstanding engineen. 
It is autonomous in ita administration and in the aelection of its memben, sharing with 
the National Academy of Sciences the responsibility for advising the federal government. 
The National Academy of Engineering also aponson engineering programs aimed at 
meeting national needs, encourages education and research, and recognises the superior 
achievements of engineen. Dr. Robert M. White is president of the National Academy 
of Engineering. 

The Institute of Medicine wu established in 1970 by the National Academy of 
Sciences to· aecure the services of eminent memben of appropriate professions in the 
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under the responsibility given to the National Academy of Sciences by ita congressional 
charter to be an adviser to the federal government and, upon ita own initiative, to 
identify iuues of medical care, research, and education. Dr. Samuel 0. Thier is president 
of the Institute of Medicine. 

The National Research Council wu organised by the National Academy of Sciences 
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chairman and vice-chairman, rupectively, of the National Research Council. 

This project wu supported by the National Science Foundation. 

Available from: 
Croll-Disciplinary Engineering Research Committee 
Commission on Engineering and Technical Systems 
National Research Council 
2101 Constitution Avenue, NW 
Washington, DC 20.U8 

Printed in the United Statu of America 

Copyright © National Academy of Sciences. All rights reserved.

The Engineering Research Centers and Their Evaluation
http://www.nap.edu/catalog.php?record_id=18931

http://www.nap.edu/catalog.php?record_id=18931


CJlOSS.DISCIPLINA.JlY DGINE:DING US:IA.:RCB 
COMMI'l'TE:I 

DON E. KASH, Cla•irm•n, George Lynn era. Reeearch 
Profe110r, Science and Public Policy Program, University of 
Oklahoma 

JOHN A. ARMSTRONG, Vice-President of Research, mM 
Corporation 

ROBERr R. FOSSUM, Dean, School of Engineering and Applied 
Science, Southern Methodist University 

WILLIAM C. BITTINGER, Executive Vice-President, RCA 
Corporation (retired) 

ARTHUR E. HUMPHREY, Director, Biotechnology Research 
Center, Lehigh Univenity 

JAMES F. LARDNER, Vice-President, Component Group, 
Deere ck Company 

ALBERr R. C. WESTWOOD, Vice-President, Research and 
Development, Martin Marietta Corporation 

JOHN H. WIGGINS, Research Engineer, D.B.A. 

Staff 

KERSTIN B. POLLACK, Director, Crc.-Dilc:iplinary 
Engineering Research Committee 

COURrLAND S. LEWIS, Consultant/Writer 
VERNA J. BOWEN, Administrative Auiltant 

ii 

Copyright © National Academy of Sciences. All rights reserved.

The Engineering Research Centers and Their Evaluation
http://www.nap.edu/catalog.php?record_id=18931

http://www.nap.edu/catalog.php?record_id=18931


Background and Purpose 

The Cro���t-Dilciplinary Engineering Research Committee of 
the National Research Council hu been providing assistance and 
advice to the National Science Foundation's Division of CrOll
Disciplinary Research, with respect to the Engineering Research 
Centen {ERC.) program, almoet Iince that program's inception. 
An early committee activity involved advising the division on 
criteria and mechanisms that might be used to evaluate the ERCs. 
That study resulted in a report, Evaluation of tAe Engineering 
Re•earcA Center• {October 1986), aimed at the crucial third-year 
review of the first six centen. The committee's recommendations 
were also used experimentally u a basis for the seccmd annual 
888881ment of those centen. 

The division concluded its second-year reviews {one of which 
wu attended by the chairman of the committee) in early 1987. 
At a meeting in March 1987, division staff summarized informally 
for the committee the results of that aaseasment and their find
ings with regard to the review process itself. They also described 
a proposed new pattern for making continuing-funding {"refund
ing") decisions. 

The purpose of this report is to convey to the National Science 
Foundation {NSF) the reactions and further recommendations of 
the committee with regard to ERC evaluations. 

1 
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Findings and Recommendations 

First, the committee must make some general observations. 
It notes from the 8UIDII1&r)' of results of the second-year reviews 
that the II108t prevalent types of problems found in the centers 
are managerial and organizational ones. (Three of the four cen
ters in which significant problems were noted at the second-year 
reviews had theee types of problems.) This observation highlights 
the importance of the nontechnical aspects of an ERC in facili
tating its success in technical areas. The review teams found all 
center directors struggling to solidify the position of the centers 
within their universities. This pattern is reflected in the fact that, 
although many faculty are involved in each center, typically only 
the director and a few others have a firm understanding of, and 
commitment to, its direction and goals. 

Clearly, the ERCs are still in an early stage of development; 
they are causing change and are also themselves changing. There
fore, the committee reiterates its primary conclusion set forth in 
the earlier report•-that is, that the evaluation of the ERCs be 
as constructive as possible, and that it be conducted in such a way 
that it improves the centers' chances of success. Along the same 

• Evaluation oftle Engineering Re•earc/a Center• {October 1986). 
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lines, the NSF must be careful, in 1eneral, to avoid •overmana1• 
ment• of the centers. The admini•trative load placed on ERC staff 
by the evaluation proceu should be kept u li1ht u possible while 
still meetin1 the requirements of a thorou1h and fair appraisal. 

PB.OPOS:ID NEW B.DUNDING PLAN 

The proposed new pattern calls for makin1 a •y-" or -no• 
decision on fundin1 continuation at the third-year review. •vee• 
means that a new 5-year commitment of funds will be made by the 
NSF (with a similar review at the sixth year); •no• means that 
fundin1 will be provided for only 2 more years, throup the fifth 
year. 

The committee is concemed with the black-and-white nature 
of this plan. Evaluatiq research quality durin1 a short time frame 
caa be a subtle matter; evaluatin1 the potential contribution of 
research to economic competitiven .. , over a short period, is nearly 
impoaible. Prop.- in research will inevitably vary from area to 
area, and from center to center; indeed, it is partly serendipitous in 
nature. A.. stressed in its previous report, the committee believes 
that 3 years (actually 2.5) is in moet cues too short a time in which 
to jud1e research accomplishments. The e:xiatin1 centers already 
represent too lar1e aa investment to take aay c:haace of wutin1 
a potential retum. However, the committee also recopises that 
wherever dear failures caa be identified, whether on the buis of 
research, maaqement, or a combination of areu, the NSF lllUit 
cut its lcaes. 

Therefore, the committee recommenu that a third option be 
established at the third-year review. That option would be to put 
the center on probation, pendin1 specified improvements, with a 
final yes or no decision deferred until the fourth year. Fundin1 
would then be cut after the .w1 year if the ultimate decision is 
ne1ative.. The rationale for recommendin1 aa additional year of 
fundin1 in this cue is to pve the center a 2-year period after the 
ne1ative decision is made in which to wind down operations or 
to adjust to sreatly reduced fundin1. One year is too abrupt a 
cutofF, pven the commitments a center will have made to faculty, 
students, aad industries. 

Copyright © National Academy of Sciences. All rights reserved.

The Engineering Research Centers and Their Evaluation
http://www.nap.edu/catalog.php?record_id=18931

http://www.nap.edu/catalog.php?record_id=18931


COMPOSmON OJ :UVDW TEAMS 

In the earlier report, the committee recommended that the 
ERC evaluation teama be made up of five to seven individuals 
from academe and industry, with a range of skills and knowledge 
relevant to the task at hand. It specified that the team not include 
any NSF personnel. 

Bued on the experience of the second-year use88lll8nt, and on 
diacwlsions with NSF staff', the committee u per•••flefl of the value 
of having an NSF presence on the review team. This person could 
function as both an obeerver and a reference point. Specifically, 
the NSF staff' member could help to keep a continuous focus on 
the real goals of the evaluation and the criteria for accomplishing 
it; this should ensure consistency in the reviews across the centers. 
Furthermore, the NSF would have a greater usurance that the 
evaluation report is accurate if a staff' member were present during 
the evaluation and diacwlsions. 

PB.BP.AllATION OJ :UVDW DAM MEMBEB.S 

A common problem during the second-year usessment was the 
fact that many reviewers had � poor understanding of the nature 
of ClOIIMiiaciplinary research . .A. a reault, during the reviews they 
tended to revert to a dillciplinary viewpoint in diacuBBions with 
the ERC researchers. Another difliculty was that many reviewers 
were not familiar enough with the features of the original center 
propoaal to evaluate the center on the basis of its prior plans and 
promisee. 
. To provide more orientation and a better understanding of 
the crc.-dillciplinary aspects of the center's research, the com
mittee recornrneacll that the NSF bring the review team together 
beforehand for approximately one-half day of formal preparation. 
In addition, it would be helpful for the evaluation team to include 
one or more members of the original propoaal review panel. 

NEED JOB. UNSTB.UCTUB.J:D TIMZ 

Within the 2 days allotted for site visits there is necellll&rily a 
p-eat emphasis on formal presentations and structured group dia
CUI8ions. Little time remains for informal, task-oriented interviews 
with center staff', students, and industrial afliliates. However, such 
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cloae individual contacts are 81118ntial to pve reviewers an authen
tic seDSe of how the center functions, how it is viewed, and so 
on. The committee therefore recommeau that time be allotted 
for such unstructured contacts. 

It is clear to the committee that, pven the need for both 
reviewer orientation arafl unstructured interviews, 2 days is not 
enough time to conduct a thorough site visit. It recognizes the 
difllculty of obtaining even 2-day time commitments from buay 
individuals. The committee umat point out, however, that the 
national importance of the ERC program makes it imperative 
that the reviews not be rushed. If it is not p0118ible to devote more 
than 2 days to the site visit, then careful compreaaion of some of 
the formal presentations might afford additional time. 

HANDLING or EVALUATION CB.ITEJlU 

Using a combination of the committee's earlier report,* the 
Cooperative Agreement with the ERCs, and the ERC Program 
Announcement, the staff of the Division developed a list of evalua
tion criteria for the centers. These were the criteria the staff used 
in conducting the second-year UBeBsments. A question ariaea u to 
whether the ERCs should be provided with these criteria ( u re
vised) prior to the third-year evaluation. There is a concern that, 
armed with the criteria, centers could misrepresent their activities 
and program� to place them in a more favorable light. Neverth• 
le&B, the committee recommerau that the NSF send the criteria 
to the centers before the evaluation. Having the criteria in hand 
will simply permit the centers to organise their own preparations 
and presentations in a more efficient manner. The committee feels 
confident that misrepresentation will not be a significant factor. 

HANDLING or PROSPECTIVE PLANNING PROPOSAL 

During the third-year review the NSF intends to ask each cen
ter to prepare a •prospective planning propoaal• for ita activities 
during the next 5 years. This document would include the cen
ter's goals, ita strategy for meeting these goals, and an estimate 
of the resources required. It would contain a minimum of boiler
plate and background justification, and would be used u one buia 

• Eval•lltiora oftlae Eragiraeerirag Re�earcl Cerater• (October 1988). 
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for the refunding decision. The Committee recommerau that the 
NSF obtain this proposal from the centers in advance and provide 
responses and comments back to the centers prior to the site visit. 

It should be noted that the requirement to address future 
plans in detail will add even more time to the site visit. 

UWA.BD STB.UCTUU JOB. CB.OSS-DISCIPLINA.B.Y 

USEA.B.CB 

Some people believe that the question of tenure and promotion 
for thoee engaged in crOS&-disciplinary research is a critical issue in 
the prospects for long-term success or failure of the ERCs. In some 
institutions, untenured faculty believe that they devote themselves 
to research in such centers only at some risk to their careers. AB a 
result, such faculty participate only nominally in the real thrusts 
of the center, while maintaining strong ties to their disciplinary 
departments and depending on the departments for advancement. 
Yet, if the ERCs are to succeed, it is imperative that there be 
enough focus on their research activities and goals to enable them 
to operate effectively. 

This problem is a tricky one for the NSF; it is inappropriate 
for the Foundation to dictate to the ERCs on the critical issue of 
tenure within universities. However, the NSF can ask for state
ments of intent in this regard. In the first-year selection process, 
for example, the NSF asked (after the selections had been made) 
for letters of commitment from universities with respect to the re
ward structure for cross-disciplinary research. Although it would 
be preferable to have such statements in the proposal itself, it is 
probably not permissible to include the policy on these matters in 
the contract with the university. 

It is thus very difficult to handle this issue as an element of 
evaluation. Some members of the committee feel that the NSF 
should not make a 5-year continuing funding decision without 
addressing it. How to do so directly is not apparent. For the time 
being, the committee can only •ugge•t that the NSF be vigilant 
in observing the progress of young faculty members through the . 
ERCs and in seeing that the faculty evaluation process is fair. 
That is, the NSF should make it clear that the Foundation will 
post-audit the ERC faculty without attempting to prescribe how 
universities should deal with the issue. The committee also plans 
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to conduct a workshop on this subject in the spring of 1988, and 
soon will convey to the NSF the results of that meeting. 

DISTB.IBUTION OJ JUNDS 

The committee notes signs of a tendency for some ERCs to 
function as •little NSFs• with respect to the distribution of center 
funds, parceling out those funds among the separate engineering 
disciplines and departments. This practice l'Uill counter to the 
goals of the ERC program; it detracts from the intended system
oriented, crosa-disciplinary nature of ERC research . The Com
mittee therefore recommend. that the evaluation include careful 
consideration of the pattem of fund distribution by center man
agement. Accordingly, the NSF should request Q-om the center, 
in advance of the site visit, a complete summary of its expendi
tures, by recipient (faculty member and project), since the center's 
initiation. 

EDUCATION P:ROGBA.MS 

The development of education programs involving both gradu
ate and undergraduate students is a m�or element of the ERC con
cept and goala. The involvement of students in c:rou-disciplinary 
research and in the codification of new knowledge into courses, 
seminars, and textbooks h88 been clearly set forth in each Pro
gram Announcement 88 a prominent requirement, and all success
ful ERC proposala have specifted plans for achieving this objective. 

However, the committee has seen indications that the ed
ucation programs in some ERCs are not developing as well as 
expected. A survey of the first 11 centers, the results of which 
were summarized at the meeting of the American Society for En
gineering Education in June 1987, showed that 5 out of the 11 
centers had fewer than 10 undergraduates directly involved in the 
center during the regular school year. The number of new gradu
ate courses that could be traced to the center is in some cases quite 
small (or zero), where88 in most cases fewer than three undergrad
uate courses have evolved and no textbooks have been initiated 
88 a result of center activity. Only two of the thirteen centers say 
that their best students are applying to work with the center. 

Although the committee recognizes that these activities and 
trends often take more than 2 years to develop satisfactorily, it is 
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troubled by the statiatice. Therefore, the committee reeommeau 
that the review team focus carefully on the subetance, scope, and 
quality of the center's education program. Specific qualities and 
characteristice are •t forth in the criteria that each center will 
have been provided, and the center should be able to describe the 
nature and prosr- of its program in coaaiderable detail. 

COMMUNICATION A.ND INTDACTION 

Becauee the ERC. are expected to function 81 apnts of cul
tural change within academe, it is important for the evaluation to 
consider the amounts of interaction and MJDnnmication the ER.Cs 
foster among participants from dift'erent departments. CoBocation 
of faculty and graduate students working in the center is the ideal 
way to facilitate this. However, temporary scheduled collocation, 
joint Mminars, and other for1111 of interaction can also stimulate 
etfective interaction. 

Communication with the university 81 a whole is another 
element of the •cultural mission• of the centers. One point to be 
noted with regard to the expenditure of center funds is that the 
director should have enough flexibility in the expenditure of funds 
to permit this and other for1111 of proselytising. Furthermore, the 
nature of the interaction between the center and industry should be 
.... ed from the standpoint of MJDmunication. The key element 
is the pditJ of the dialogue between them. Admittedly this is 
a subjective matter, but it should not be difllcult to obtain a 
clear imp1'811ion from interviews with participants, especially the 
industrial representatives. 
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Summary 

The primary objective of the third-year evaluation should be 
to verify that the center is making strong progreaa toward meetin1 
ita lon1-term, overall 1oala. In ita presentations to the review team 
the center should be quite specific about what it is doin1 and what 
it plana to do-in research, in education, and in ita interactions 
with the industrial and academic communities. 

Central to the evaluation must be a focus on the quality 
of the research and teacbiu1. One of the expectations must be 
that the ERCa will enhance the intellectual content and technical 
excellence of the nation 'a academic ensineerinl programs. Such 
excellence is central to the soaJ. of the ERCa-defined by the NSF 
u •. . . providin1 fundamental knowledge which can contribute 
to the solution of important national problema, and for preparing 
engineering graduates with the diversity and quality of education 
needed by U.S. industry.• 

However, it is important for the reviewers to realize that a 
program of leading-edge research often takes some time to jell. 
The length of time required varies accordin1 to many factors, 
including the nature of the research and the degree of momentum 
present when the center was formed. It will also take time for the 
center directors to winnow out the center faculty who are merely 
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"along for the ride• and create a staft' that is fully committed to 
the principles and goals of the ERC program. 

Over the long tenn, evaluation of the ERCs should detennine 
whether the centers are producing better engineers who through 
superior engineering practice will enhance the international com
petitiveneBB of U.S. industries. Such evaluations, however, can 
only be made over the course of a decade or more, as ERC-trained 
students graduate and make their mark on the nation's engineer
ins enterprise. In the time frame of 3 years, the reviewers can only 
attempt to judge progreBB in that direction. 

Lastly, it will take time to graft the center firmly onto the body 
of the university, and to solve the problema of institutional support 
and acceptance that any organization inevitably faces when it 
challenges the academic status quo. Taking these considerations 
into account will demand a well-prepared review team ready to 
devote the amount of time necessary to produce a fair and in
depth evaluation of these fledgling centers. 
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