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NOTICE: The proj ect that is the subject of th is r epor t 
was approved by the Governing Board of the National 
Research Council , whose member s  are drawn from the 
counc ils of the National Academy of Sc iences , the 
National Academy of Eng ineer ing , and the Institute of 
Med icine . The member s of the committee respons ible for 
the r epor t wer e chosen for the ir spec ial competences and 
with regard for appropr iate balance . 

Th is r epor t has been rev iewed by a g roup other than 
the author s according to procedur es approved by a Repor t 
Review Committee consisting of member s  of the National 
Academy of Sciences , the National Academy of Eng ineer ing , 
and the Institute of Medic ine . 

The National Research Council was establ ished by the 
National Academy of Sc iences in 1916 to associate the 
broad community of science and technology with th e 
Academy ' s  purposes of further ing knowledge and of 
adv is ing the federal government . The Counc i l  operates i n  
accordance with general policies determined by the 
Academy under the authority of its congress ional charte r 
o f  1863 ,  which establishes the Academy as a pr ivate , 
nonprof it ,  self-governing membership corporation . The 
Council has become the pr inc ipal operating agency of both 
the National Academy of Sciences and the National Academy 
of Eng ineer ing in the conduct of the ir services to the 
gover nment ,  the publ ic , and the sc ientific and 
eng ineering communities . It is administered j ointly by 
both Academies and the Institute of Medicine . The 
National Academy of Eng ineer ing and the Institute of 
Medic ine were es tablished in 1964  and 1970 , respectively , 
under the char ter of the National Academy of Sc iences . 

This activity was suppor ted by the National Sc ience 
Foundation under cooperative agreement No . ENG-8505051 
between the Foundation and the National Academy o f 
Sc iences .  The opinions , f indings , and conclusions or 
recommendations are those of the Wor k shop Steering Group 
and the speaker s and do not necessar ily reflec t the views 
of the National Science Foundat ion . 
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PREFACE 

This is the repor t of a workshop held to examine 
i ssues r elating to the topic Information and Technology 
Exchange Among Eng ineer ing Research Center s and Industry. 
I t was the f ir st of a ser ies of wor kshops that will focus 
on var ious issues expected to be impor tant in the manage
ment and oper ation of the Centers. The workshop was 
organized under the auspices of the National Research 
Counc il ' s  Cross-Disc ipl inary Engineer ing Research 
Committee , wh ich was establ ished on January l ,  1985 to 
r espond to the r equest of the National Science Foundation 
( NSF ) for assistance in rev iewing the programs and 
management of these innovative r esearch Center s. 

The expressed goal of the Eng ineer ing Research Center s 
( ERCs ) is •to develop fundamental knowledge in eng ineering . 
f ields that will enhance the inter national competitiveness 
of  u.s. industry and pr epare eng ineers to contr ibute 
through better eng ineer ing practice . •  Therefore ,  an 
important aspect of the Center s '  function will be to com
municate and expand that knowledge through the exchang e 
of  information and technology with other ERCs , with pr i
vate industry , and with var ious other interested research 
organizations. 

The wor kshop was held in Washington , D.C. on June 11 , 
1985. It was attended by 37 representatives of academe , 
industr y ,  and gover nment , who prov ided their v iews and 
suggest ions on many different aspects of th is complex 
topic. Th is r eport presents a d istillation of those 
opinions and suggestions , along with paper s presented by 
the members of the Wor kshop Steer ing Group at the 
beg inn ing of the meeting . We hope that the NSF will f ind 
the r eport useful in guid ing the ear ly development of 
those essential institutions , the ERCs . 

ix 

Steer ing Group 
Don E. Kash 
James F. Lardne r 
A. Michael Nol l 
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SUMMARY 

In 1985 the National Science Foundation (NSF) initiated 
a program to suppor t the establishment of cross
d isciplinary Eng ineer ing Research Centers ( ERCs) focused 
on a wide range of research areas cr itical to the inter 
national competitiveness of u.s. industry. The mission 
of the Center s is both to produce new knowledge in these 
areas and to prepare eng ineer ing graduates with the 
capabilities needed by industry. The ir underlying 
obj ective i s  to introduce new elements into the culture 
of academic and industr ial eng ineer ing--new ways of 
th ink ing , of conducting r esearch , and of educating 
students that ar e appropr iate to the cross-discipl inary , 
problem-or iented approach to be taken by the Centers. 

The focus on cross-disc iplinary effor t means that 
communication--among the discipl ines as well as among the 
academic and industr ial organizations involved--will 
assume cons iderable impor tance in the ERC program. The 
purpose of this wor kshop was therefor e to adv ise the NSF 
as to ways in wh ich the ERCs could be encouraged to 
establ ish a continuous exchange of information , tech
nology , and ideas with the community of interested 
eng ineer ing r esearcher s and practitioner s. 

The overr iding conclus ion that emerged from the wor k
shop is that the NSF should resist the temptation to man
date spec ific commun ication progr ams. The ERCs r epresent 
a novel and very impor tant exper iment , so ther e ar e no 
establ ished formulas for success in any aspect of the ir 
operation. Mor eover , what works for one ERC in one 
location will not necessar ily wor k for another. There
fore , it  is the conclus ion of the workshop par tic ipants 
that each ERC should be allowed to establish its own 
information exchange network ,  and to exper iment over time 
w i th the specific mechanisms and procedures that appear 

1 
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to wor k  best. As a general guideline , it  was stipulate d 
that this network must be pr imar ily a community of 
people--indiv iduals who will interactively shar e informa
t ion , technology , and ideas r elevant to the Center s' wor k. 

Beyond those general conclus ions , the repor t of the 
workshop descr ibes a wide r ange of specific mechanisms 
that represent options for establish ing such a community 
and for facilitating the development of exchange networ ks. 
These options are listed , without discuss ion , below. 

1. Each ERC should develop a clear statement of its 
goals and plans , and publ ish th is statement as 
w idely as poss ible with in its constituent 
community. 

2. Respons ibilities r elating to the information/ 
technology exchange program should be specifically 
ass igned by the Center director. 

3. Mechanisms for br ing ing univer sity and industr y 
people together include : 
• Industry Adv isory Counc ils 
• Research Advisory Committees 
• Topical Rev iew Conferences 
• Symposia 
• Res ident Programs 
• Shor t Courses 
• Academic Cour se s 

4. Mechanisms for cooperative r esearch include : 
• Joint Development Projects 
• Shadow Teams 
• Standard Joint Research 

s. Linkages with other organizations and institutions 
include : 
• Other Universities 
• Government Laborator ies and Nonprof it 

Research Center s 
• Ventur e Capital Firms 

6 .  A var iety of specific information media were 
identif ie� as poss ible options, these include : 
• Newsletters 
• Electronic Mail 
• 

• 

• 

• 

• 

• 

Annual Repor ts on the ERCs 
Directory of Researchers 
Aud io Conferenc ing 
Profess ional-society Meetings 
Journal of Cross-Discipl inary Research 
Other Publ ications 
Telephone and Letter s 
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1. There are a variety of special issues that relate 
only indirectly to information/technology exchange , 
but that wer e cons ideredJ cer tain other questions 
relate d ir ectly but are problematical , and thus 
deserve separate discussion. These include : 
• Linkage with Foreign Firms 
• Monitor ing Foreign Research 
• Linkage with Nonpar tic ipating Undergraduate s 
• Consulting 
• Review of Information Exchange Program 
• Linkage with Small Companies 
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Par t I :  INTRODUCTION 
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THE ERC PROGRAM 

In 1985 the National Sc ience Foundation initiated a 
program to suppor t the establishment of cross-disc iplinary 
Eng ineer ing Research Center s (ERCs ) at univer s ities around 
the nation . The f i r st group of s ix awards was announced 
in Apr il 198 5J the NSP expects eventually to. establ ish at  
least 2 5  ERCs. 

These Centers are des igned to meet national needs • for 
prov iding cross-d isciplinary research oppor tunities for 
faculty and s tudents , for providing fundamental knowledge 
which can contr ibute to the solution of impor tant national 
problems , and for prepar ing eng ineer ing graduates with 
the diver sity and qual ity of education needed by u.s. 
industry . • * Thus they have a dual miss ion in eng ineer ing 
r esearch and education. 

The dr iv ing force behind the ERC program is a concern 
on the par t of government about the nation ' s  international 
economic competitiveness and its continued leader ship in 
a wide range of technology-intens ive industr ies . Weak
nesses in eng ineer ing that j eopardize our ability to 
compete internat ionally also jeopardize our economic 
well-be ing , which is in tur n an impor tant component of 
our overall national secur ity. 

I t  has become increas ingly clear in r ecent year s that 
the spec ial ized , disc ipl ine-based approach to eng ineer ing 
that has predominated in the pos t-WOrld war I I  era i s  not 
fully adequate to meet the challenges of today ' s  techno
log ical society. Advanced and emerg ing f ields such as 
computer s ,  automated manufactur ing , compos ites , biotech-

* Prom the NSP program announcement , •Eng ineer ing Research 
Center s ,  Fiscal Year 1986•. 

7 
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nology , and telecommunications r equire a multidisciplinary 
effort. This is true both in the context of academic 
r esearch and in the context of industr ial r esearch and 
practice--in fact , the multidisciplinary approach has 
already made considerable headway in u.s. industry. The 
objective of the BRC program is to stimulate this •cros s
d i sc iplinary• approach within the academic r esearch and 
teaching environment. 
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PURPOSE OF THE WORKSHOP 

The focus on cross-disc iplinary e ffor t means that 
communication will assume cons iderable impor tance in the 
ERC program .  New channels of communication need to be 
opened and ma inta ined among traditional d isc ipl ine s 
w i thin the ERCs , as well as in the pr ivate companies w i th 
which they interact . In addition , the exchange of 
i nformation and technology among the Centers and the ir 
industr ial and academic constituencies is an impor tan t 
e lement of the Centers ' miss ion . NSF has funded an 
initial s ix ERCs , and the program is expected to continu e 
to expand . The Foundation would l ike to provide guidance 
that will be useful to the Center s ,  both cur r ent and 
f utur e ,  in successfully fulfill ing the ir role . 

The purpose of th is wor kshop was therefor e to adv is e 
the NSF as to guidelines and suggestions that the 
Foundation could prov ide to ERCs for establ ish ing a 
continuous exchange of information , technology , and 
creative ideas . It is hoped that the par tic ipants in 
this exchange will compr ise an interactive community of 
eng ineer ing r esearcher s and practitioners from both 
academe and industry . Some 30 r epresentatives from the 
ERCs , industry , and the NSF wer e inv ited to Wash ington to 
par tic ipate in the one-day meeting and to offer the ir 
suggestions and gu idance on ways to facilitate 
commun ication . 

Par t I I  of th is r epor t presents the r esults of the 
wor kshop . Those r esults ar e d ivided into two 
categor ies : f ir s t ,  a discuss ion of "General Findings , •  
and second , a l isting of numerous "Spec ific Options• for 
establish ing an information/technology exchange . Finally , 
three presentations g iven at the wor kshop by Steer ing 
Group member s  are included as an Appendix . 

9 
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Par t I I: RESULTS OF THE WORKSHOP 
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One of the pr imary objectives of the ERC program is to 
l ink academic eng ineer ing research mor e closely to indu s
try and to industr ial needs . The establ ishment of 
ef fective l inkages between the ERCs and industry r equires 
that a system be developed to permit a continuous exchange 
of information , ideas , and technology . 

Th is system (or systems ) should be the central ingr e
d ient in the formation and evolution of interactive 
university- industry communities of r esearcher s and 
practitioner s involved in var ious f ields . As those 
f ields are structured not around traditional discipl ines , 
but around wor ld mar kets for technology , the emergence o f  
these communities is  v iewed a s  essential to the nation ' s  
futur e technolog ical competitiveness and economic wel l
be ing . I t  should be noted that what i s  involved here is  
not j us t  an exchange , but the development of new institu
t ions and new ways of car rying out eng ineer ing r esearch 
and practice . 

Effective information/technology exchange depends on 
the existence of both common needs and common benefits 
among the par ties involved . We are impressed with the 
unanimity of suppor t for the ERCs--th is is clearly an 
i dea whose t ime has come . The broad industry-univer sity 
suppor t for establ ishment of the Center s g ives ample 
testimony to the need for such an approach . A del iberate 
concer n for the exchange of useful information and 
technology can be a s ignif icant factor in ensur ing that 
common benef its are der ived from the wor k of the Center s .  
Indeed , we antic ipate that an exchange system will be 
fundamental to the success of any g iven ERC . 

As was noted in the introduction , the cross
d i scipl inary focus of the Center s is impelled by 
contemporary technolog ical and economic r ealities . In a 
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technolog ical soc iety , eng ineer ing takes on differen t 
character istics than i t  exhibits in an industr ial 
society . The need for synthesis , for integration--for a 
cross-d isc iplinary approach--becomes greater. Not only 
does eng ineer ing need to be practiced in new waysJ i t  
a lso needs to be r esearched and taught i n  new ways. 

The focus of the Centers on cross-discipl inar y 
eng ineer ing research and teaching is both essential and 
difficult. It is essential and difficult for industry as 
well as for universities , but for univer sities in 
par t icular this approach requires fundamental changes in 
established modes of think ing and action. In shor t ,  it 
involves a change in the culture of eng ineer ing research 
and education. The ERCs are the instruments of that 
change. But a close and continuous interaction with 
industry i s  essential to mak ing this cultural trans ition 
successful. Indeed , an impor tant par t of the cultura l 
change is the need for academic engineer ing r esearch to 
reflect mor e closely the realities of industry practice 
and industry needs . As Dr . Roland w. Schmitt , Chairman 
of the National Science Board , asser ted in his address to 
the National Research Council Sympos ium that introduced 
the ERCs : 

I bel ieve that the ma in way in which eng ineer ing 
research and education can contr ibute to the 
i nternational competitive pos ition of the Un ited 
States is by br idg ing and shor tening the gap 
between the generation of knowledge and i ts 
application in the marketplace • • • We need wide r 
and stronger br idges between the people doing 
eng ineer ing in industry and the people teaching 
eng ineer ing and doing r esearch in univer sit ies. 

The flow of new cross-d isc iplinary knowledge and 
eng ineers trained in the new environment w ill , over the 
long term , add substantially to the competitiveness of  
Amer ican industry . Indeed , we hope that young eng ineers 
quickly come to see this k ind of wor k as a way to con
tr ibute to the ach ievement of impor tant national goals . 
Similar ly , i t  is impor tant for br idges of communication 
to be built into the existing eng ineer ing d isc iplines , as 
the results of cross-disc iplinary research can cer ta inly 
s trengthen them. 

I f ,  as we believe , the maintenance of continuous and 
close exchange among ERCs and industrial organizations is 
e ssential to the success of the ERCs , then there is  a 
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powerful temptation for the funding agency (whether NSF 
o r  another )  to mandate those communication l inkages. 
This  temptation mus t  be resisted. Nothing seems mor e 
c lear than the fact that , with the Eng ineer ing Research 
Center s ,  the nat ion is involved in a great exper iment . 

I t  i s  an exper iment precisely because there is no estab
l i shed formula that can be assured to wor k .  Perhaps even 
mor e  impor tant , what wor ks for one ERC with a spec i f ic 
focus and in a spec i f ic location will not necessar ily 
wor k for another. All we can say for cer tain is  that i t  
is essential for the ERCs t o  b e  committed t o  the effective 
e xchange of information and technology . 

Therefore , we conclude that each ERC should be allowed 
t o  establ ish i ts own information exchange networ k ,  and to 
exper iment over time with the spec i f ic mechanisms and 
p r ocedures that appear to wor k bes t .  The exchange networ k 
will not spr ing for th full-blown . It will develop gradu
a lly , as industry and the ERCs get to know one another . 

As a general guideline , this networ k mus t  be pr imar ily 
a networ k of people . workshop par ticipants were unanimous 
in the ir belief that any such exchange must be bu ilt on 
interper sonal contacts i f  i t  is to be successful. Each 
ERC must str ive to establish and involve in its networ k a 
c ommuni ty of people interactively shar ing information , 
technology , and ideas relevant to the Center ' s  work. The 
ERCs should not try to predetermine the makeup of the ir 
community ;  but they should attempt initially to identify 
s ome of the most l ikely potential exchange par tner s. I f  
at a l l  poss ible , ind ividuals within companies , rathe r 
t han j ust companies per se , should be identif ied .  Appro
pr iate people can be bes t identif ied by contacting 
divis ion-level manager s . 

Given these general observations and conclus ions , in 
the following sections we will suggest a var iety of  
s pec i f ic mechanisms that r epresent options for establ ish
ing such a community ,  and for facilitating the develop
ment of exchange networ ks. All these suggestions suppor t 
the notion of people-to-people exchange . They compr ise a 
•shopping l ist• that can be used by ERCs for guidance as 
they beg in to exper iment with exchange networ ks . 
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SPECIFIC OPTIONS 

1 .  0 GOALS STATEMENT 

Fundamental to the success of any cross-d isc ipl inary 
research effor t is a commonly shared under stand ing of the 
long-term goals of the organization and the nature of the 
effor t in wh ich it will engage. This common understand ing 
i s  important in the r elationship between the ERC and 
industry , as it creates a framewor k for information 
exchange . It is  also impor tant for ensur ing clar ity of 
purpose and d ir ection within the ERC ; and it is  impor tant 
in  the r elationsh ip between the ERC and the university . 

Accordingly , we recommend that each ERC develop a 
c lear , concise statement of its goals and overall plans ,  
and publish th is statement as widely as poss ible within 
i ts constituent community .  

2. 0 RESPONSIBILITIES 

G iven the impor tance of information/technology 
exchange , this function mus t not be lef t  to chance .  
Communication is  a def inable task , and r espons ib ility for 
it should be ass igned . The Center director should tak e 
ultimate r espons ibility for seeing that i t  is  done 
properly and ef fectively ; but respons ibility for var iou s 
aspects of i t  can be delegated . 

Ther e is a range of options here. Indiv idual faculty 
members might have collateral r espons ibilities in this 
regard . Alternatively , technical information spec ialist s 
might be h ir ed for this purpose (e. g . ,  in an Off ice of 
Industr ial Par ticipation , or as group liaison specia l
i sts ) . It might be deemed necessary for a separate staff 
to be employed to car r y  out the more mechanical activities 
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assoc iated with the information exchange program ( i . e. , 
coord ination , mai l ing , r ecordkeeping , e tc. ) .  For more 
highly technical exchanges , i t  might be appropr iate for 
ind iv idual r esearchers to be ass igned r espons ibility for 
maintaining communication with specific f irms and/or 
i ndustr ies . 

3 . 0  MECHANISMS 

This section provides the most deta iled options , and 
is thus d ivided into four subsections . 

3 . 1  Mechanisms for Br ing ing University 
and Industry People Together 

As was mentioned above , the foundation of the ERC 
i n formation exchange programs should be per son-to-per son 
contact . I n  the context of ERC goals , the mos t impor tant 
type of interaction is that between an ERC and pr ivate 
compan ies . A number of general observations can be made 
about the nature of these interactions. 

First , i t  is impor tant for university and industr y 
people to be brought together in both the univer s i ty and 
industry settings . Th is provision will facilitate the 
two-way-street nature of the exchange. Second , to the 
extent poss ible ther e should be a stable member sh ip o f  
people involvedJ fruitful exchanges can occur only where 
both par ties ar e familiar with each other's personalities , 
wor k ,  and needs . Third , there will probably be a h ier
archy of mechanisms employed , involving different levels 
of  inter est and commitment on the par t of industry. 
Levels might r ange from the receipt of general information 
to the exchange of detailed r esearch results or technol
ogy , and to input on the direction of ERC research . 

Opt ions for spec i f ic mechanisms that might be employed 
to br ing univer sity and industry people together include 
the following : 

Industry Adv isory Counc il s 

Such bodies would be compr ised of executives of 
corporations that have a substantial commitment to an 
ERC ' s  r esearch program. The counc il is intended to 
ma intain h igh-level manager ial suppor t for that commit
ment. The counc il should meet at r egular intervals 
(e . g. , three times a year ) , and member s  should be 
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provided with per iodic frank repor ts on progress and 
activ ities of the Center. 

Research Advisory Committees 

Such groups would be essentially second-t ier vers ions 
of the councils descr ibed above ; but they would have a 
more act ive and substantive role. A committee would 
cons ist of technical specialists able to brainstorm 
r esearch problems with their ERC counterpar ts . Member s 
could function as advisor s on technical issues , thu s 
providing a resource s imilar to the use of outs ide 
advisor s and consultants by industry. These advisor s 
would be able to generate new synerg ies within the 
research program by informing the ERC of relevant wor k  in 
industry (not only within their own company) .  Th is 
second-tier group could also encourage cross-fer til ization 
among d ifferent industr ies involved with the ERC. 

Topical Review Conference s 

These can be structured as informal social meetings 
that br ing together industry and ERC researcher s for 
d i scuss ion of research proj ects. They can be focused on 
selected topics , or left open. The ir pr imary purpose i s 
to transfer information and ideas and to s timulate 
creativity . One point that may be relevant her e is tha t 
small g roups ( 15 persons or less)  are more conduc ive than 
large groups to real par t icipation--everyone has a chance 
to speak , and ind ividuals are not intimidated by the s ize 
of the group. 

Sympos ia 

These and other meetings can be held from t ime to time 
for relatively large audiences. They migh t be keyed to 
s ignif icant progress or breakthroughs in a general area 
of research ; clear ly they would be somewhat general in 
content . 
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Res ident Programs 

The exchange of people for varying per iods of t ime 
between the ERCs and industry should be encouraged and 
s uppor ted . Sabbaticals in both d irections are desirableJ 
this could be a par ticular ly useful mechanism in the cas e 
o f  small companies , which may have diff iculty with the 
cost of free ing-up people . Companies able to suppor t a 
heavy commitment may f ind that having an on-s ite r epre
sentative at the ERC is a very beneficial ar rangement .  
Visiting Scholar programs and shor t visits by industry or 
ERC personnel to the other's facilities should also prove 
valuable . 

Shor t courses 

Dev ised for technology transfer , such cour ses are r egu
lar ly offered by the Semiconductor Research Corporation 
to its member companies, the compos ites r esearch center 
at the Univers ity of Delaware also offers them. They ar e 
typically a three-day crash tra in ing program for moderate
s ized groups (about 30 people ) .  A novel approach might 
be  for industry to create pract ice-or iented cour ses for 
univer sity researchers . 

Academic Courses 

Undergraduate instr uction is an impor tant par t of the 
ERCs ' miss ion , and the flow of informat ion from industr y 
i nto the education process is a major element of i t .  
Team teach ing with industry people should b e  tr ied wher e 
appropr iateJ industry can prov ide adj unct professor s as 
well. New cour ses can be developed from the wor k of the 
ERCs . And cooperative education programs with industry 
can g ive students the oppor tunity to gain valuable 
hands-on exper ience and practical attitudes . Ultimately , 
the ERCs might even generate new cur r icula and new degrees 
g eared more closely to industry problems than are the 
traditional disc ipl inary degrees . 

3 . 2  Mechan isms for Cooperative Research 

The conduct of joint research offer s great potentia l 
for technology transfer in both directions , and is the 
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bes t  means for ensur ing that ERC research is focused on 
the actual problems and needs of industry. Some options 
are descr ibed below. 

Joint Development Proj ects 

An excellent way to facilitate the exchange of informa
tion and technology is the des ign and development of 
prototypes. Joint activ ity of this k ind can have sub
stantial educational as well as research benefits. 
However ,  such work can also generate ser ious concerns of 
a propr ietary nature , which in turn can impede the open 
and free flow of information , and damage the trust upon 
wh ich effect ive interaction is based . 

Because conflicts over conf idential ity and propr ietary 
information could have a ser ious detr imental effect on 
the communication and cooperation that are essential for 
suppor t of the Centers , each ERC director should be 
sensitive to the need to def ine carefully the terms of 
all such ar rangements in advance . In par t icular , each 
ERC needs to investigate the information-exchange 
advantages and disadvantages of patents on a case-by-case 
basis . Generally speak ing , patents , by demanding d is
closure of the best of the ar t ,  will st imulate competi
t iveness , and are therefore to be encouraged. 

Shadow Teams 

The use of shadow teams in industry , wor k ing on 
r esearch proj ects par allel to those of the ERCs , i s  
encouraged . Such a proj ect would cons ist of testing and 
mod if ication of the ERC research output , so as to tailor 
it to the needs of the individual company . 

Standard Joint Research 

�h is mechan ism would involve par tic ipation of industry 
per sonnel in ERC research teams. The level and extent of 
par ticipation will of course var y ,  depend ing on the 
si tuation and on the wishes of the ind iv idual company . 
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3. 3 Linkages with Othe r 
Organ izat ions and Institutions 

I f  the wor k of the ERCs is to have the greates t 
poss ible benefit  for the technolog ical competitiveness of 
the nat ion , then the exchange networ k will have to be 
e xtended to a broader community than that r epresented by 
the ERCs and industry . Some poss ibilities ar e descr ibed 
below . 

O ther Universities 

In their focus on cross-d isc iplinary ,  proj ect-or iented 
r esearch , the ERCs represent a potent ial model for other 
eng ineer ing schools--espec ially for the nonr esearch 
ins titutions wh ich graduate roughly half of all u.s. 
e ng ineers each year. Faculty from other univer s ities 
should be able to v is i t  the ERCs for shor t- or long-ter m 
r es idence . Not only will th is contr ibute to information 
exchange ; it will also g ive visiting faculty a chance to 
s ee how the culture of eng ineer ing research and education 
is altered by the ERC ( i . e . , the greater emphas is on 
c r eation of new products and processes , and the exposure 
of students to the entire process of technology develop
ment from idea to product to commerc ial ization) . 

Government Laborator ies and NOnprof it Research Center s 

There are s ign if icant information-exchange advantages 
to be gained by l ink ing the national laborator ies and/or 
nonprof it r esearch organizations to the ERC information 
networ ks . Government labs and nonprof i t  organ izat ions 
have traditionally played an impor tant br idg ing role 
between the un iversities and industry (or v ice ver sa ) . 
The ERCs will now play a comparable role--although geared 
more toward application and commercializat ion--so there 
i s  a natural commonality of interests . 

Venture Capital Firms 

In some instances , util ization of ERC research may be 
fac i l i tated by establish ing informat ion exchange l ink s 
with the venture capital commun ity. Of cour se , th is is 
not gener ally a v iable route in the case of decl ining 
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industr ies , but it is a n  option that each ERC should a t  
least cons ider. Indeed , one way of demonstrating the 
success of an ERC might be to count the number of 
s tart-up companies that result from ERC input. 

3.4 Information Media 

Many of the more continuous and/or mechanical aspects 
of the ERC information exchange networ k can be served by 
the use of var ious information media. These need not be 
innovative or state-of-the-ar t, many of the options ar e 
quite mundane. However , once in place , they can be both 
effective and cost-effective for reach ing a wide audience, 
at different techn ical levels and with a lower investment 
of staff time . A large number of poss ibil ities wer e  
d iscussed at the wor kshop. Some o f  the most promis ing 
are :  

Newsletters 

Newsletters are an effective means of keeping large 
number s of people up to date on Center activ ities and 
getting new companies involved with the Center programs. 
The content and format of a Center ' s  newsletter will 
depend on the nature of i ts work and on the industr ial 
readership. In general , it should be wr itten at the 
level of the technically oriented nonspec ial i s t ,  and 
should convey a •global • pictur e of Center research . A 
newsletter is a good veh icle for overcoming the fact that 
only a small percentage of the R&D staf f of most par tici
pating companies would be able to attend meetings . 

Electronic Ma il 

The var ious forms of electronic mail can be used to 
develop a sense of community among researcher s in the 
university and industry . The network can be used for 
such purposes as sending messages between indiv iduals , 
on-l ine publ ication of r esearch repor ts , computer confer
enc ing , and electronic bulletin boards . The latter can 
be used to g ive notice of upcoming seminar s and meetings,  
as well as other items of general interest . Bulletin 
boards might also include a one-page precis of ongoing or 
completed r esearch , and perhaps might have a •mailbox • 
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slot for interactive comments and suggestions from 
user s. An editor should be included to keep the bulletin 
boar d  up to date . 

Annual Repor ts on the ERCs 

The NSF should i ssue an annual r epor t descr ibing the 
ERC program .  Th e  repor t should SWIIIIIar ize the research 
progress and r esults accomplished at each ERC dur ing the 
year. I t  should be widely distr ibuted and generally 
ava ilable. 

Directory of Researcher s  

To fac ilitate contacts b y  industry , each ERC might 
publish a •yellow pages • directory of the people wor k ing 
at the Center . This directory would include names of 
researchers and the ir spec i f ic areas of research , 
cross-referenced by spec ialty groupings . 

Aud io Conferenc ing 

Th is mechanism allows people to listen in r emotely v ia 
telephone or speakerphone to seminars ,  conferences , and 
other meetings. In some cases it can be par tly 
interactive--i . e. , listeners can ask questions or mak e  
comments at appropr iate t imes . Such phone-in conference 
systems should be easy to use , so that remote attendees 
can d ial in and drop off eas ily and unobtrus ively. 
Ava ilable meet ings can be adver tised in company or ERC 
newsletters . 

Profess ional-Society Meetings 

The NSF should encourage eng ineer ing professional 
societies to devote tutor ial and spec ial sess ions at 
the ir  annual meetings to the wor k of the ERCs. These 
presentations would be made by ERC staff member s .  such 
sess ions would spar k greater understanding of and 
inte r est in the wor k and the philosophy of the ERCs . 
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Journal of Cross-Disc ipl inary Research 

The possibility of such a journal has been widely 

discussed as a way to offer younger faculty ( in par 
t icular ) the means to publish the r esults o f  the ir 
cross-d isc ipl inary wor k . However , it was the consensu s  
of  the workshop that a national j ournal of this type 
would not succeed because it could not be tightly enough 
focused. The only potent ially wor kable option appear s  to 
be l imited journals publ ished by individual Center s or by 
r elated groups of Centers in a r elatively well-def ined 
area , such as manufactur ing . 

Other Publications 

A wide r ange of other poss ibilities exist for 
publications that could enhance the flow of information 
and technology . Special technical repor ts will probably 
be issued ( some in the form of a thes is ) when a proj ec t 
i s  completed , or when s ignificant milestones are ach ieved. 
Another idea i s  an encyclopedia of relevant technolog ies, 
pr epared by the Center and g iven to suppor ting companies 
and/or sold to the publ ic . 

Telephone and Letters 

Th e lowly telephone and the u.s. mail should not be 
over looked as mechanisms of information exchange . For 
maintaining a nearly continuous interpersonal contact at 
very low cos t ,  these mundane med ia ar e unsurpassable. 
Their use should be encouraged often by the Center 
director . The •call forwarding • feature of telephone s 
and s imple answer ing mach ines are good ways to avoid the 
perennial problem of the unanswered faculty telephone . 
Such small i r r i tants can ser iously impede commun icat ion . 

4 . 0  SPECIAL ISSUES 

There are a var iety of questions that relate only 
indirectly to information/technology exchange , but tha t 
should be cons idered ;  cer tain other questions relate 
directly bu t ar e problemat ical , and thus deserve separate 
d iscuss ion. These special issues are discussed below. 
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4 . 1  Linkage with Foreign Firms 

The question of whether to afford or deny foreign f irms 
(or governments ) access to ERC facilities and research i s  
a thorny one . I t  was not with in the scope of th is wor k-
shop to examine the question in detail . Instead , it  i s  
l ikely to b e  a dec is ion that is  made o n  pol itical grounds 
at the h igher levels of government . However ,  some 
observations may be useful . I t  was the consensus of the 
workshop that denial of access to foreign firms is not a 
v ery e ffective way to s top the leakage of technology ; 
r esearch publ icat ions and secondary sources are always 
soon ava ilable . More to the point is the frequently 
uneven nature of information exchange with technical 
specialists from other countr ies--such exchanges should 
not be a one-way street . 

Workshop par ticipants felt that if  fore ign r epre
sentatives ar e permitted access to the ERCs , ERC pol icy 
s hould adamantly ins ist that access cannot be continued 
w i thout full rec iprocity in any technical exchange . Tha t 
i s ,  equ ivalent mutual benefit must be ga ined . 

4 . 2  Mon itor ing Fore ign Research 

Where poss ible , it  would be valuable if indiv idual 
ERCs could monitor and make available technical informa
t ion or ig inally published in foreign languages .  In many 
instances , wor k be ing done in foreign countr ies may be of 
equal or greater sophistication than that be ing done in 
the United States . Clear ly , the u.s. research commun ity 
could benefit from better access to mater ial appear ing in 
for eign research publications . Of course , any such 
monitor ing , translation , and repor tage of mater ial from 
fore ign-language sources , i f  i t  is to be effective , mus t 
be done by people who are both technically competent and 
fluent in the language of the publication . 

Although the wor kshop did not address th is issue in 
suff ic ient detail to make a firm recommendation , it did 
commun icate the sense that the United States needs a much 
broader-based capability to tap foreign-languag e  
mater ials than presently exists . *  

* A  National Academy of Eng ineer ing s tudy of • International 
Cooperation in Eng ineer ing , •  now under way , should 
address th is topic and related issues . 
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4 . 3 Linkaqe with Nonpar tic ipatinq Underqraduate s 

Each ERC w ill involve a cer tain number of the univer
sity's underqraduate students in its research proqram . 
But there are l imitations in the number of s lots avail
able . To achieve the broadest poss ible benefic ial impact 
on the education of underqraduate enqineer inq s tudents , 
the ERCs should open the ir proqrams to nonparticipatinq 
s tudents at the university .  Likely measures miqht 
includez (1 ) permittinq student observer s at all sympos ia 
and wor kshops, (2)  hostinq an open-house day for under
qraduates , with tour s of the facilities (these could be 
d irected by par ticipatinq underqraduate students to 
increase the pr estiqe factor of the ERCs in studen t 
eyes ) J and ( 3 )  offer inq new cour ses , team-tauqht cour ses , 
and v ideo-tape instructional mater ial for credit . 

4 . 4  Consultinq 

Consultinq by ERC researcher s with industr ial orqaniza
t ions is  another controver s ial topic , as it  is  in the 
case of university enqineer inq faculty qenerally . ERC 
s taff may be much in demand as consultants , and the 
tendency for ERCs to become •body shops • will have to be 
s trenuously quarded aqa inst .  However ,  consulting is a 
very effective means of information exchanqe and tech
noloqy transfer between ERCs and industry . As such , it 
should be encouraqed so lonq as i t  does not disrupt or 
impede the proqress of the Centers toward the ir s tated 
qoals . 

4 . 5  Rev iew of Information Exchanqe Proqram 

Per iod ically , a meetin9 of people from the var ious 
ERCs and associated orqanizations should be held to 
review the information exchanqe proqrams of the Center s . 
The purpose of such meetinqs should not be to evaluate 
the proqrams , but rather to identify mechanisms that have 
been successful in promotinq exchanqe , so that the centers 
can benefit  from each other's exper ience . Such meetinqs 
would also facilitate the l inkinq of Centers with each 
other , where appropr iate . 
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4 . 6  Linkage with Small Companie s 

Compared to large companies , small companies in any 
industry are character ized by nar rower , mor e specif ic 
interests , and greater d iff iculty in mak ing people and 
funds ava ilable for effective par ticipation in •extr a
curr icular activ i ties • of the sor t suggested by ERC 
information exchange programs . Therefore , there wer e 
some r eservations among workshop par tic ipants as to 
whe ther the ERCs could involve small bus inesses in a 
s ignif icant way . 

However , in many industr ies small companies are a 
natural focus of ERC interest . They may be the fastes t
mov ing and most advanced companies , as in the e lectron ics 
and biotechnology industr ies ; or they may be a bottlenec k 
to progress , as in the case of many small mach ine shops , 
where new technolog ies ar e desperately needed but are not 
being r apidly introduced . In any case , small s ize in 
some cases g ives companies an ability to change qu ickly 
under the r ight c ircumstances .  Thus , small compan ies may 
offer impor tant and innovative oppor tunities for ERC 
cooperation . In some instances ,  such l inkages may be a 
route to increased u.s. competitiveness .  
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CONCLUSION 

We would reemphas ize , in conclus ion , a point made in  
the introduction : all of the options descr ibed above 
focus on the need to build network s  that establish 
commun ities of people . Indeed , this was the s ingle 
dominant theme of the workshop . Only through l ink ing 
people who have d iver se specialities and interests and 
who are located in d iverse institutions will the nation 
have the synthetic creativ ity necessary to assure future 
u. s. technolog ical leader ship . 
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NEED POR AN ENGINEERING RESEARCH CENTER 
INFORMATION EXCHANGE NETWORK 

Don B .  Kash 

The Wor kshop on Information and Technology Exchange 
Among Eng ineer ing Research Centers and Industry has as 
i ts goal the identif ication of techniques ,  procedures , 
and arrangements that will contr ibute to the efficient 
and e ffective exchange of information between the 
Eng ineer ing Research Center s (ERCs ) and pr ivate industry .  
I ts organizers hope that , by the conclus ion of the work
shop , i t  will be poss ible to spec ify a number of actions 
that the National Science Foundation might take to encour
age and facilitate information exchange as i t  develops 
i ts program of suppor t for the ERCs . 

A good star ting point is to restate the reason for th e 
new BRC program .  The program's bas ic assumption is that 
the futur e economic competitiveness of the United State s 
r ests heav ily on the existence of a national technolog ical 
capability to produce innovative new products and 
processes . It has become increas ingly evident that such 
technolog ical vir tuos ity demands the integration of 
information , sk ills , knowledge , and capabilities from a 
diverse set of eng ineer ing and science disciplines . Th is 
integration r equi�es mor e than s imply.piecing together in 
already-known ways var ious discrete spec ial izations . 
Technolog ical integration involves a synthesis that can 
produce a degree of innovation greater than the sum of 
the par ts . 

The problem that the Center s seek to address is that 
un ivers ities are intellectually , culturally , and 
organizationally incl ined to focus on the par ts r ather 
than on the whole . Univers ities have traditionally found 
i t  difficult to integrate information from var ious 
sources or to car ry out cross-discipl inary team research . 
The goal of the BRCs , then , is to overcome that problem-
to build with in the nation's research teach ing institu-
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tiona the capability not only of doing problem-or iente d 
engineer ing r esearch but to turn out eng ineer s who wor k 
effectively in this •synthetic• context .  

I n  the industr ial era , when the great economic success 
of the United States rested on high-volume , standardized 
production , univer s i ty r esearch and teaching that focused 
on optimizing the par ts rather than the whole worked 
well . In the technolog ical era , Amer ican competitive 
success requires research and teaching that optimize s 
systems or wholes r ather than subsystems or par ts . 

The Eng ineer ing Research Centers , then , have as a 
basic purpose the tr igger ing of a fundamental change in 
the cultur e of eng ineer ing . SOme have suggested tha t 
eng ineer ing is enter ing a per iod of change s imilar in i ts 
d imens ions to the change that occurred at the end of 
Wor ld War I I ,  when eng ineer ing became science-based . 

This  workshop , with its specific focus on information 
exchange ,  mus t  therefore take that fundamental cultural 
change immediately into account .  I t  is  not a t  all clear 
that the traditional modes of information exchange between 
univers i ties and industry are appropr iate to this chang ing 
eng ineer ing culture .  

Innovative eng ineer ing i n  the technological era 
involves mor e than just the transfer of cognitive 
information . Eng ineer ing in the technolog ical era has 
many of the char acteristics of ar tJ it is , however , a 
unique art form.  I t  is usually done within organizations 
and groups . These groups , consisting of people with 
d iverse special ized sk ills , create synthetic products and 
processes in a manner that is , as yet , little understood . 
Th is innovative process r equires melding together h ighly 
specific and detailed exper tise and exper ience in solving 
problems that go beyond the capabilities of any one 
disc ipl ine . 

The k ind of communication to be addressed in this 
work shop is communication between such groups within th e 
ERCs and s imilar groups with in industry . I t  is  impor tant 
to emphas ize that for the ERCs to be successful ther e 
must be information exchange--a two-way d iscour se . 

There are indeed a wide var iety of information tech
n iques and mechani sms , r ang ing from the telephone to 
traditional publ ications to computer networks , wh ich ar e 
and will be central to successful exchange of information� 
but it should be clear that if all we do is exercise 
these mechanisms , the ERCs will not be able to contr ibute 
successfully to the nation's economic competitiveness . 
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Successful information exchange will b e  a creativ e 
activ i ty .  I t  r equires contact and oppor tunity . There
for e , innovation will most likely occur wher e  informa l  
communities a r e  created that t i e  together interested 
par ties from the universities and from those industr ie s 
for whom the work of the univer s ities i s  r elevant . As a 
case i n  point , cons ider the speed with which innovative 
r esearch occur s and is  util ized in such areas as health . 
A s imilar dynamism has been seen in the pas t in defense 
and space technology , and over a longer per iod of time in 
agr iculture . In each of these instances·, there exist 
commun ities or soc iolog ical systems that keep abreast of 
wha t  i s  going on and are stimulated to new creativity 
through a w ide range of continuous and informal 
communications . 

Success appear s to be g reatest when those in industry 
and those in univer sities ar e plugged into the same 
wavelength . Success is  also greatest when communication 
occur s among people who know each other , have shared 
i nterests , and are able to communicate efficiently in 
wha t  becomes a shor thand language . The ideal communica
t ion system , then , is one in which industry and univer
sity people know each other and communication occur s 
informally . Success i s  h igh when these people instinc
tively telephone each other to seek counsel , adv ice , and 
s uggestions , and j ust to investigate or discuss pos
sibil ities . All of the ev idence suggests that information 
exchange occur s most successfully when a par t of that 
exchange involves discuss ions over dr inks , •bull sess ions • 
by people w i th common interests . The goal is to cr eate 
soc ial systems in wh ich people in universities and people 
in industry s tar t w ith the assumption that there are 
benef its inherent in staying in contact with each other . 

There are three types of communication that , ideally , 
one would like to have flowing from the ERCs to industry . 
The f irst is  ordered , structured , spec i f ic information-
the f ind ing s of exper iments or investigations , the k ind 
of information that is normally published in profess ional 
journals or technical repor ts .  The second k ind of  
commun ication concerns what we may call , for lack of a 
better label ,  •technology transfer . • Technology transfe r 
d i f fers from spec i f ic information in that i t  is  char ac
ter ized by ideas or concepts for new or improved products 
or processes . Technology transfer involves the commun ica
tion of wholes , as opposed to discrete bits of 
i nformation . 
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In general , th is k ind of communication occur s with th e 
movement of people from the univer sities into industry . 
Whether i t  be faculty or students coming from the univer 
s ities into the industr ial context , one is look ing for 
the transfer of wholes rather than parts J and the way 
that is  normally done i s  to cycle people between the two 
sector s .  

The th ird k ind o f  communication and information 
exchange is more elus ive , but perhaps in the end mor e 
cr itical . Th is involves the k ind of idea exchange wh ich 
i s ·  likely to occur informally and in unpredictable ways ,  
and wh ich stimulates advanced think ing or creativity on 
the part of those who are involved . The obj ective her e 
i s  to create a univers ity- industry env ironment that 
continuously stimulates people to try to push the state 
of the art,  and to think about the future and new 
possibilities or capabilities . 

I f  one starts from the other direction , what is  it  that 
un iver s ities should be receiv ing from industry? It seems 
to me that industry feedback to the un iver s ities ought to 
have the same three components mentioned above .  But i n 
addition there is a need for industry to communicate a 
pictur e of what its future needs will be . I t  i s  impor tan t 
to emphas ize that the Eng ineer ing Research Center s are 
not to be • job shops . •  The ir obj ective is  to do research 
and turn out students who w ill be the innovator s  of new 
products and processes 10 to 20 years down the road . 
Th is suggests the need for industry to be th ink ing about 
and communicating to the univer sities its longer-ter m 
problems and needs . continuing programs wh ich involve 
adv isory committees from industry , seminar s wh ich involv e 
industry per sonnel , and other such interactions , are 
clear ly important .  The goal , again , is  to create a 
community made up of the people who are actively and 
cont inuously involved in and or iented toward push ing th e 
s tate of the art.  The need is  to change the eng ineer ing 
culture . 

The preceding discuss ion is  general , and appl ies to 
all of the ERCs and all of the industr ies involved . I t  
i s  important ,  however ,  to b e  mor e  specific . The particu
lar character of information exchange that occur s wil l 
l ikely vary substantially from one ERC and its interested 
industr ial commun ity to another . That is , communicat ion 
exchange will vary depend ing upon the overall r esearch 
focus of the center . Each of the Center s has been 
e stablished with a reasonably spec i f ic gener ic set of 
concer ns . The initial Centers have such foc i as tele-
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commun ications , b iotechnology , and intell igent manufactur
ing . Those gener ic foci mean that the specific ERCs wil l 
relate to different por tions of industry . Where the focus 
of the Center is on new products , as will likely be th e 
case in telecommunications , the nature of information 
exchange will di ffer from that in Center s whose focus i s 
on production processes , such as intell igent manufactur ing 
systems . 

In prepar ing for th is wor kshop we concluded that i t  
was useful to try to draw a line between these two gener a l  
foci . One wor kshop roundtable w i l l  focus o n  the BRCs that 
are l inked to mature industr ies , wherein the major concer n 
i s  l ikely to be with innovation that leads to incremental 
improvements in production processes . For example , th e 
auto industry or the farm equ ipment industry will l ikely 
benefit most from research that allows them to increase 
the f lexibil ity and eff ic iency of production processes . 
A second roundtable will focus on the centers concerned 
with the development of new products . 

Thi s  distinction is impor tant because , in those 
industr ies that are in the process of innovating new 
products , there is likely to be a substantial in-house 
R&D capabil ity . Where such an R&D capability exists in 
industry i t  i s  much eas ier to plug in traditional 
academic r esearch . Alternatively , in the more traditional 
production industr ies research results delivered in the 
traditional academic format are not l ikely to be very 
useful--in some instances , perhaps not even under standabl e 
or intellig ible to the industry . Manufactur ing industr ies 
may be able to use the products of the ERCs only if th e 
communication is translated into a form that can be used 
on the production floor . 

It was also dec ided to focus a th ird roundtable on 
cross-disc ipl inary communications within both the univer 
s i ty and industry . I f  communication is a major i ssue 
because of the chang ing character of eng ineer ing research , 
it should be useful to talk about communication among the 
various disc iplines within the univer s ity that will be 
doing this new k ind of synthetic research and teach ing , 
on the one hand , and among the var ious spec ial ists i n  
industry that will use it , on the other . Academics tend 
to be prov incial . They tend to under stand and rewar d 
(wh ich i s  perhaps more important in the context of the 

univer s ity )  those people who per form within known 
d iscipl inary boundar ies . 

Th e key to the success of faculty member s in the 
univer s ities is publ ication . Cross-disc iplinary research 
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poses problems from the standpoint of publ ication. Th i s  
k ind o f  r esearch i s  difficult for universities to evaluate 
and ( ther efore ) to r eward. Fur ther , if information is to 
be communicated by the univers ity in a form that is  usable 
to industry , and if the univer sities ar e to be able to 
p ick up information from industry and use it to stimulate 
their research , the univer s i ty must develop the r ight 
k inds of information-sending and rece iving equipment . 
FOr example ,  it might be necessary to think about creating 
new journals in which to r epor t the work be ing done in 
the Eng ineer ing Research Center s. A journal could be no t 
only an impor tant communications medium in its own r ight J 
but it  migh t very well also be the vehicle whereby those 
wor k ing in the Centers can repor t the ir wor k and thus be 
rewarded . 

Another issue that was ra ised , but wh ich was not built 
directly into the wor kshop , is  the fact that there clear ly 
are impor tant d ifferences between the information exchange 
r equirements of large industr ies with ERC links and those 
of small industr ies with ERC links . The most impor tant 
point is that small industr ies frequently have few r ecep
tors for r esearch results . 

Once aga in , the goal is to identify spec i f ic courses 
of ac tion that the NSF might encourage the Eng ineer ing 
Research Centers to take as it  develops the ERC program. 
I t  is  to be hoped that the wor kshop can arr ive at 
someth ing that will be of value to the NSF , and that will 
contribute to the cr itically impor tant success of the 
Eng ineer ing Research Centers . 
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MECHANISMS AND CONDUITS OF INFORMATION FLOW: 
OPTIONS AND THE NEED TO MAKE CHOICES 

A .  Michael Noll 

INTRODUCTION 

An important element in the success of the Eng ineer ing 
Research Center s (ERCs ) will be the continuous exchang e 
of information , technology , and ideas among and with in 
the ERCs , and also between the ERCs and industry . Anothe r 
word for th is exchange of information , technology , and 
ideas is communication . Thus , communication is essential 
to the success of the ERCs . 

Communication i s  such a common and basic part of most 
interactions that i t  is often taken for granted . Th e 
concept is  also frequently sur rounded w ith a good deal of 
•motherhood and apple pie . • Never theless , some sub
stantive , if prel iminary , ideas and thoughts can be put 
forward that are relevant to the nature of the communica
t ions s ituations that will occur with in the ERCs and 
between them and industry . 

The f irst group of thoughts suggests an overall 
framewor k for the communications situations that will be 
encountered between the ERCs and industry , and includes 
identif ication of the key player s in the process . The 
second g roup of thoughts is concerned with the differ ent 
types of communications media that ar e available .  A 
th ird topic to be cons idered regards the choice of an 
appropr iate medium of communication for different 
communication s ituations in general , and for spec i f ic 
k inds of communication among the ERCs and between them 
and industry . Finally , the uncer tainties governing 
interactions with small bus inesses , and other unanswered 
questions will be d iscussed . 
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COMMUNICATIONS FRAMEWORK 

The commun ications framework is a two-way flow of 
information between the ERCs and industry . Exh ibit l 
depicts th is f low .  Within the ERCs , there are a var iety 
of involved people . The first category is faculty , 
i ncluding faculty who are involved pr imar ily with 
teaching , and also faculty and staf f involved pr imar ily 
w i th the per formance of research . The second category i s  
students ,  including both undergraduate and graduate 
s tudents with differ ing educational and r esearch needs 
and interests . 

Industry consists of large , medium ,  and small-s ized 
firms . These f irms all have differ ing needs and inte r 
e sts w i th r egard to eng ineer ing research and development . 
More will be said later about the need for character iz ing 
these f irms .  

The ERCs will g enerate information that will be dis
seminated to industry . Much of thi s  information will be 
based upon the r esults of r esearch , and will be in pr inted 
(paper-based ) form . The ERCs will also generate new 
technologies that will be transfer r ed to industr y .  Th is 
type of technology transfer usually occur s through the 
transfer of per sonal exper ience , and so it is people
based . Students graduated by the univer sities and hired 
by industry will commonly be a medium for such transfer . 

Communication between the ERCs and industry also flows 
in the other direction . Industry will need to express 
its problems and needs to the ERCs to ensur e the relevanc e 
o f  the r esearch per formed by the ERCs . As Exhibit 2 
illustrates , industry will g ive the ERCs a v iew of the 
r eal world , and the ERCs will g ive industry new solutions 
to the ir problems along with a longer-term per spective .  
Bes ides being bi-directional , the communication between 
the ERCs and industry is also interactive . Commun ication 
o f  a g iven type does not occur j ust once ; it is a 
continuous interactive process . 

There are a number of mechanisms to ensure and 
facili tate th is communication r some mechan isms ar e 
formal and others are informal . In the end , much of the 
commun ication will be interper sonal . Communications 
among people are a key component in the flow of 
information . Ther e are , in addition , a wide var iety o f  
communications media that can b e  cons idered for 
communication between ERCs and industry and also among 
the ERCs . 
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EXHIBIT 1 Communication flow . 
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EXHIBIT 2 Communications interdependency . 
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COMMUNICATIONS MEDIA 

Exhibit 3 l i sts some of the communications media that 
ar e relevant to the communications situations that will 
be encountered w ith in and among the BRCs and also between 
them and industry . 

Some of these media are more costly and esoter ic than 
other s .  For example , the telephone is taken so much for 
g r anted that its great e ffectiveness is often over looked . 
Industry people ar e not accustomed to unanswered tele
phones ; yet many univer sity telephones go unanswered i f  
no one i s  i n  the off ice . Two s imple solutions to thi s 
perennial problem would be call forwarding to a centr al 
location , or the use of a telephone answer ing mach ine . A 
d ir ectory of BRC people organized by spec ialty or area of 
exper tise would facilitate contact by industry for some 
spec i f ic problem . Prerecorded announcements could be 
used to explain the purpose of the BRC and descr ibe 
spec i f ic proj ects under way . 

MATCHING MEDIA WITH COMMUNICATIONS SITUATIONS 

The different communications media l i sted in Exh ibit 3 
can be categor ized in different ways , and therefore , can 
be appropr iately matched w ith differ ent communications 
si tuations and needs . Exh ibit 4 shows some of these 
categor ies or d imens ions , against wh ich spec i f ic media 
can be ranged . Some media are mor e formal than other s .  
Some are public or • broadcast•  i n  nature ,  while other s 
ar e mor e appropr iate for one-on-one s ituations . Some 
media are immediate , while other s are more appropr iate 
for delayed communications ; some ar e relatively costly , 
wh ile other s are relatively inexpens ive ; and some are 
mor e appropr iate for per sonal communications , wh ile other s 
are quite imper sonal . 

Cons ider teleconferencing as an example of a communica
tions medium .  Ther e are two types of teleconfer ences . 
One type involves two g roups of people in differ ent geo
graphic locations , who conduct a conventional , inter 
active , two-way meeting over d istance through the use of 
telecommun ications technology . A second type of tele
conferenc ing involves a predominantly one-way f low from 
one location to many other locations in a broadcast (or 
narrowcast) form of communication . 

Ther e are a var iety of teleconferencing technolog ies , 
d iffer ing i n  cost and capabil ities . Aud io teleconferenc-
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EXHIBIT 3 

• Face to face 
( in per son ) 

- meeting s 
- conferences 
- seminar s 
- luncheons 

• Paper-based 
- repor ts 
- newsletters 
- tech br ief s  
- published papers 
- popular press 

• Elec tron ic mail 
- messages 
- bulletin boards 
- computer 

conferenc ing 
• Conventional mail 

(phys ical del ivery ) 

42 

Communications media . 

• Teleconferenc ing 
- group to group 
- one to many 

(broadcast/narrowcast)  
- telephone conference br idge s 

• Recorded media 
- audio cassettes 
- video cassettes 
- v ideo d isks ( interactive ) 

• Telephone 
- call forwarding 
- answer ing mach ines 
- prerecorded announcements 
- referral gu ides 

(by expertise areas ) 
- networ ks 

ing is  the least expens ive . I ts elements include the 
simple speakerphone , por table units , or permanently wired 
i nstallations . The audio channel can be augmented with a 
graph ics capability :  facs imile is one option , and slow
scan v ideo is another . Pull-motion v ideo is quite costly 
for two-way point-to-point teleconferenc ing , but is  
appropr iate for broadcasting courses and prepared 
presentations in a closed-c ircui t televis ion format . 

Group-to-group teleconferencing is more appropr iate 
for some types of meetings than for others . Research 
indicates that r ecur r ing , information-exchange types of 
meetings are very good cand idates for teleconferenc ing . 
Thus , the information-exchange and coordination meetings 
among ERCs might be able to use teleconferenc ing to 
facilitate commun ications . A major advantage of tele
conferenc ing i s  that people who otherwise would not be 
able to travel can • attend • the meeting . 

COMMUNICATIONS AMONG AND WITHIN THE ERCs 

O f  the preced ing choices of commun ications media , 
Exhibit 5 summar izes those that can best be appl ied to 
d if ferent types of communications situations that will be 

Copyright © National Academy of Sciences. All rights reserved.

Information and Technology Exchange Among Engineering Research Centers and Industry:  Report of a Workshop
http://www.nap.edu/catalog.php?record_id=19282

http://www.nap.edu/catalog.php?record_id=19282


FORMAL X X ---X X X I NFORMAL 

PERSONAL X X X X X I MPERSONAL 

BROADCAST X X X X X ONE -ON-ONE .. 
w 

I MMED I ATE X X X X X DELAYED 

CosTLY X X -- -X X X I NEXPENS I VE 

EXHIBIT 4 Communications dimens ions . 
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EXHIBIT 5 Med ia for communicating among and with in ERCs . 

People-based 

• meetings , conferences , 
seminar s 

• faculty and student 
exchange 

Paper -based 
• annual r epor t 
• exchange of r epor ts , 

papers , etc . 
• ERC j ournal 

Electronic 
• telephone 

- specialty director ies 
- network s  

• electronic ma il 
- messag ing 
- bulletin board 

• teleconferenc ing (group
to-group) 

- aud io 
- wired room 

encountered among and within the ERCs . The med i a 
presented here should not be v iewed as all-inclus ive ; 
ERCs should be encouraged to exper iment with differen t 
media for d i f ferent commun ications s i tuations . 

CC»>fUNICATION BETWEEN ERCs AND INDUSTRY 

A var iety of communications media are relevant to the 
types of communication that will be encounter ed between 
the ERCs and industry . These are listed in Exh ibit 6 .  

MARKET SEGMENTATION 

Communication between the ERCs and industry is some

thing ak in to a marketing effor t .  Industry can thus be 
v iewed as a customer for wor k per formed by the ERCs . 
Hence , information about customer s is requ ired in orde r 
to under stand the ir needs . 

Industry can be segmented into large , med ium ,  and 
small bus inesses . Large bus inesses will have the ir own 
r esearch laborator ies , and will be qu ite famil iar with 
the nature of interactions with univer sities . Colleg ial 
r elationsh ips will already exist between univer sity 
researcher s and the ir industry colleagues . Profess iona l 
j ournals and meetings are one way in wh ich the r esearchers 
customar ily stay in contac t with each other . Studen t 
placements and informal v is its are other ways . The 
character istics of large bus inesses and the mechanisms 
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EXHIBIT 6 Media for communication between ERCs and 
industry .  

People-based 

• profess ional societies 
• meetings and conferences 
• luncheons 
• student placements 
• cour ses 

- conventional 
- recorded med ia 

Paper-Based 

• annual r epor t 
• tech br iefs and newsletters 
• mas s pr ess 

- placed ar ticles 
- interviews 

Electronic 

• telephone 

- referral director ies 
- recorded announcements 

• teleconferenc ing 
- phone-in br idg ing to 

meetings 

for communications are well understood from past 
interactions . 

Medium-s ized bus inesses have less technical soph istica
tion and ar e less familiar with univer s ities . However , 
consulting r elationsh ips will have existed with individual 
faculty member s  in the past . 

Small bus inesses are numerous , and l ittle � s  known 
abou t them except tha t the ir needs ar e very near-term and 
product-or iented . Many of them will bel ieve that they 
have little use for academic eng ineer ing research . 
Generally speak ing , they do not r ead the profess ional 
literatur e and do not have colleg ial relationsh ips with 
univer sity faculty . 

Th e usual mar keting r esponse when l i ttle is  known 
abou t a customer i s  to per form market research . From th e 
s tandpoint of ERCs , then , an appropr iate methodology 
would be to conduc t focus-group interviews with selected 
small bus inesses . The ir specific needs would thus be 
ar ticulated and appropr iate communications channels for 
r each ing them would be identi f ied .  Their interactions 
with trade assoc iat ions could be explored as a possible 
commun ications channel . The types of magaz ines that they 
read could also be determined . 

Copyright © National Academy of Sciences. All rights reserved.

Information and Technology Exchange Among Engineering Research Centers and Industry:  Report of a Workshop
http://www.nap.edu/catalog.php?record_id=19282

http://www.nap.edu/catalog.php?record_id=19282


a 

4 6  

CONCLUSION 

Th e concept of  ERCs i s  truly exciting . The ERCs offer 
a wonder ful new oppor tunity to change the nature of 
e ng ineer ing education and to improve the productivity and 
competitiveness of Amer ican industry.  However , for the 
ERCs to be successful they must comaunicate successfully . 
Bu t how does one know i f  the oomaunications have been 
s uccessful? What measures can be employed? Are there 
mar ket incentives that can be used as indicators ?  (Por 
example , should newsletters and r epor ts be sold , so that 
the value of the information to industry can be 
a scer tained ? )  Should courses and seminars be sold for 
s imilar market-evaluation purposes? 

Undoubtedly there are more questions than answer s ;  but 
answer s should be sought . The exper !mental nature of the 
ERCs should extend into communications . The existence of 
many ERCs trying d i f fer ing approaches to communication i n  
d i f ferent s i tuations should create a body of knowledge on 
wha t succeeds and what fails . over time , answers wil l 
emerge . 
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INDUSTRY AND INTERDISCIPLINARY TEAMS : 
EXPERIENCE AND EXPECTATIONS 

James F .  Lardner 

The people who were instrumental in developing 
recommendations that led to the establishment of the 
Engineer ing Research Centers (ERCs ) bel ieved that the 
ERCs would help to achieve several obj ectives . The firs t 
of  these was to establ ish a multidisc ipl inary un iver sity 
research environment in areas wher e  students are be ing 
prepared to wor k in the manufactur ing f ields . The second 
was to conduct eng ineer ing research in the f ield of 
manufactur ing and to codify that r esearch into instruc
tional mater ial to be used by other institutions , and 
par t icularly by nonresearch colleges and universities and 
by industry for training or retra ining employees . Th e 
third obj ective was to establ ish a closer and broader 
relationsh ip between industry and universities in matter s 
deal ing with manufactur ing r esearch . The antic ipated 
products of the ERCs--bas ic eng ineer ing research , and 
graduates cond itioned to wor k in and take advantage of  
multidisc ipl inary manufactur ing env ironments--ar e seen as  
necessary elements in the dr ive by Amer ican industry to 
become and r emain competitive on a global bas is over the 
long term. 

The emphas is on multidisc ipl inary research conta ined 
in the ERC recommendations developed out of a growing 
r ecogn ition that manufactur ing in all its aspects is a 
system--or , perhaps more accurately , a ser ies of systems-
and that it  must be dealt with as such . 

THE SYSTEMS ASPECTS OF MANUFACTURING 

Th is systems concept of manufactur ing has created a 
good deal of confus ion in both industry and academe . The 
confus ion r esults from a fundamental misunder standing of 
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the term •system• when used i n  thi s  context . Be fore we 
can under stand systems aspects of  manufactur ing , however , 
i t  is  necessar y to understand what moder n  manufactur ing 
i s .  The most appropr iate--and increas ingly accepted-
descr iption o f  manufactur ing i s  that i t  beg ins with th e  
product concept and ends with suppor t of the product i n  
the f ield , an d  that n o  single aspect of aanufactur ing can 
be treated in isolation from all other aspects , even 
though manufactur ing i s  incred ibly complex in all its 
deta ils . 

I f  we accept the fact that aanufactur ing i s  an 
activity composed of a very large nuaber of differen t 
activities ,  all of which are inextr icably interrelated , 
and tha t  th i s  interrelation forms a dynamic system , then 
we have the basis for understand ing the systems aspects 
of manufactur ing , and thus for establ ish ing the 
conditions under which manufactur ing r esearch mus t  be 
conducted . 

However ,  s imple r ecognition that manufactur ing is  a 
system�-and an incredibly complex one a t  that-- is not 
enough . I t  is also necessary to understand what k ind o f  
a systems problem manufactur ing r epresents . At today ' s 
s tage of evolution in manufactur ing , there are two 
distinc t  bu t related systems . Each addresses a differen t 
aspect of the manufactur ing continuum , but the two are 
totally interdependent . I t  i s  thi s  fac t  that has caused 
much of the confus ion and misunderstanding on the par t o f  
theor ists and practitioner s a s  they grapple with the 
problem of trying to transform manufactur ing from an a r t  
to a science b y  us ing a systems approach . 

F i r s t ,  a manufactur ing organization is  clear ly a human 
organization . In the absence of true ar tific ial intell i 
gence o r  large numbers o f  integr ated exper t systems , 
people wor k ing within an intr icate organizational struc
ture are the action agents for the creation , transmiss ion , 
interpretation , der ivation , storage , retr ieval , evalua
t ion , and modif ication of the data and information 
requ ired to plan , manage , and control the mater ial 
transformation operations . In spite of a growing number 
and var iety of computer-based systems tha t ar e be ing 
i ntroduced into the data processing activ ity that suppor t 
the transformation operations we commonly call manufac 
tur ing , that data process ing activity i s  fundamentally a 
human-based system . I t  is  here that manufactur ing 
r esearch will have the greatest impact on industr ial 
competitiveness , and it  is prec isely th is  area in wh ich 
l ittle r esearch of r eal or immediate s ignificance has 
been or is be ing done . 
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The mater ial transformation operations themselves ar e 
the second major system in manufactur ing . Though these 
operat ions cur rently consist of varying mixtures of 
people and mach ines , there is a s ignif icant and increas ing 
trend toward the el imination of people from the mater ia l 
transformation system . It  is in th is area that mos t  
manufactur ing research has been and is be ing focused . 

The fact is  that the data processing , human-based 
system and the mater ial transformation machine-based 
system are both par ts of a s ingle dynamic system .  
Unfor tunately , the amounts o f  hard knowledge , based o n  
r esearch , available to operate each system a r e  far from 
equal . The human-based data processing system i s 
woefully beh ind the mach ine-based system in terms of 
available research-based knowledge to suppor t dec is ions . 
I t  is th is knowledge 

·
deficit that creates the compelling 

need for the k ind of research the ERCs are expected to 
accompl ish . 

Cur rent l i terature deal ing with manufactur ing suggests 
that industry , dr iven by the need to survive , has recog 
n ized th is knowledge deficit ear lier and to a greater 
degree than has the academic community . I bel ieve tha t  
th is is  indeed the s ituation . While academia continues 
to wor ship at the altar of individual achievement and 
spec ial ization , manufactur ing is mov ing r apidly toward 
team effor t ,  integration , and a hol istic approach to 
problem-solv ing . Th i s  is true in the so-called emerg ing 
industr ies as well as in the longer -established , 
traditional industr ies . Though there i s  a d ifference 
between the needs and pr ior ities of new , emerging 
industr ies and those of industr ies that have r eached at  
leas t temporary matur ity , in  the end the problem is the 
same . 

New industr ies tend to emphasize new product develop
ment and product innovation . The need to be firs t to the 
mar ketplace with a new product is seen as the bas is for 
competitive success . Manufactur ing effic iency , uni t 
cost , qual ity , and serv iceability frequently are secondary 
cons iderations until the mar ket beg ins to mature .  In 
this environment ,  the development of manufactur ing 
processes is generally product-dr iven and an intimate 
r elationsh ip between product des igners and manufactur ing 
eng ineer s is the norm . Speed , r esponsiveness , and th e 
ability to actually produce the product are paramount ,  
and an intimate multidisc ipl inary relationsh ip i s  created . 
In this environment , the human data process ing system is 
biased toward creating new products and processes , both 
of wh ich change fr equently . 
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I n  established industr ies , on the other hand , truly 
new and unique products are rare . For companies in these 
indus tr ies pr ice , quality , serv iceability ,  reliability , 
and function are more impor tant elements of success than 
novelty .  In th is environment , the need to integrate the 
human-based system with the machine-based system is even 
greater than it is in emerg ing industr ies . Attent ion to 
detail is  impor tant in the production of a successful 
product J process and product mus t  become two aspects of a 
s ingle , integrated e f for t .  In industr ies faced with the 
challenge of continuously ref ining establ ished products 
and processes , an emphas is on the synergy poss ible through 
integration of knowledge is fundamental to success . I t 
i s  here that the multidiscipl inary , system-focused 
environment becomes cr itical to competitive survival . 

ONE COMPANY ' S  EXPERIENCE 

In my company , * ,  which represents a well-established 
industry , we are emphasiz ing the multidisc ipl inary ,  
systems aspects o f  manufactur ing . We are wor k ing with 
computer s  and other programmable dev ices to make the 
mater ial transformation process more flexible , mor e 
precise , more stable , and far less labor-intens ive . we 
are , however ,  concentrat ing our pr inc ipal e ffor ts on the 
human-based por tion of the manufactur ing system in order 
to improve the productivity of our people resources . To 
accompl ish this we have done several th ings . Fir s t ,  we 
have formed multidiscipl inary groups focused on a s ingle 
project or problem . we have r el ieved these people of 
day-to-day depar tmental and administrative respons i
b ilities and have made the ir par ticipation in the group , 
when and wher e  required , a pr imary respons ibility . 
Fur ther , we have charged the member s  of these groups 
collectively and as ind iv iduals with respons ibility for 
the success or failure of the proj ect to which they have 
been assigned . To ensure a • real-wor ld • environment , 
these groups have been g iven as much information , 
conf idential or otherwise , abou t the proj ec t and tha t 
par t of the bus iness affected by the project as the 
senior management of the divis ion has ava ilable . 

*M£ . Lardner is Vice-Pres ident , Component Group , of Dee r e  
and Co . , a manufacturer of agr icultural machinery and 
equ ipment .  
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The results have been both surpr is ing and gratifying-
even exciting ! Almost without exception the member s  of 
these groups--both long-term employees and younger., les s 
exper ienced people--have par tic ipated enthus iastically 
and effectively . No one who has been involved in one of 
these proj ects wants to go back to the traditional method 
of operation , wh ich depended on coord inating the sequen
t ial e f forts of many separate functional organizations 
toward a common goal . 

Our people are eloquent about the improvement in the 
wor kplace environment , the reduction of frustration , and 
the extens ion of the ir indiv idual capabilities that are 
made possible by having people from many d isc ipline s 
immed iately ava ilable and par tic ipating . Almost all 
par tic ipants speak of greater oppor tunity for profes
s ional growth . Prom a competitive s tandpoint , we f ind we 
can compress proj ec t  schedules , spend fewer eng ineer ing 
dollars ,  r educe capital investment , improve quality , and 
mee t  cos t targets . We have no intention of ever 
r ever ting to the old way of doing things . 

· Ther e are , however ,  still plenty of problems . Whil e 
we have improved the functioning of the human-based 
system by chang ing the organ izational structure ,  we hav e 
not improved the knowledge base ava ilable for decis ion 
mak ing . To c i te only a few examples : What are th e 
e ssential character istics of manufacturability ,  and how 
do you descr ibe them? How can a des igner be sur e he i s  
not unnecessar ily i ncreas ing the prol i feration of s imilar 
par ts with in a manufactur ing system , thus dr iv ing tota l 
overhead costs up? How can manufactur ing eng ineers  
determine what level of programmable flexibility is  
appropr iate for a g iven manufactur ing task? Where are 
majo� investments j ustified to r·educe production lo t 
s izes? . What are the most practical means of evaluating 
the effective use of resources in developing factor y 
layouts , selecting equ ipment , and even in des igning 
products ? Ther e is an add itional set of quest ions wh ich 
deal with the human-system/mach ine-system inter face . 
Ther e is also the exciting potential represented by 
expert systems integrated with mach ine networ ks , wh ich 
would make an ent ire factory function as a flexibl e 
manufactur ing system . 

All of these areas and many more are wor thy of 
research by highly competent , well-trained profess ional s ; 
and the hard knowledge r esulting from such �esearch 
effor ts , intell igently appl ied , could be a major factor 
in the surv ival of Amer ican industry in a globally 
competitive wor ld . 
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BRCS AND INDUSTRY 

To ach ieve the obj ectives and results
'

we seek , we must 
structure the ERe/industry relationships to ensure tha t 
r eal ity is  brought to the campus 1 that industry r ecognizes 
and understands what univers ities can and cannot do ; tha t 
there is a freer f low of information and people between 
industry and academia ; that both professor s and students 
r ecognize what a successful competitive , industr ial 
environment is like ; that the full impor tance of the 
systems problem is recognized J and , f inally , that all 
involved can exper ience the mag ic of successful execution 
of  a complex manufactur ing project in as r ealistic an 
env ironment as poss ible . 

Copyright © National Academy of Sciences. All rights reserved.

Information and Technology Exchange Among Engineering Research Centers and Industry:  Report of a Workshop
http://www.nap.edu/catalog.php?record_id=19282

http://www.nap.edu/catalog.php?record_id=19282

	Front Matter
	SUMMARY
	INTRODUCTION
	RESULTS OF THE WORKSHOP

