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SUMMARY
In attempt1ng to bring order to a somewhat vague concept of

“technology transfer, within the context of universities
transferring manufacturing technology to industry in the Un1ted

States, I have discussed some of the relevant literature in terms
of the elements of TT and the industrial innovation process.

The subject of the transfer of manufacturing technology from
universities to industry in the United States is broad and
diffuse. Although there are examples of specific such programs
which have existed for some time in the United States, the
majority have been established only recently. They have taken
many forms and have had varied levels of-achieyement.

In attempting to bring some order to this subject, I will
first present some concepts and models which I have found useful
in approaching “"technology transfer” (TT); "Subsequently I will
discuss the literature I have reviewed on the subject of
manufacturing TT from universities to industry in the United

~ States within the structure of these concepts and models. The

term "technology transfer" has come to mean many things to
different people, and it is advisable to define the context
within which the subject of this paper is addressed.

Since 1973, I have found it useful to think about TT in

terms of "elements" -- i.e. Source, Recei#er, Technology, Linking
Mechanism, Source Environment, Receiver Environment, and a
Greater Environment -- See Figure 1. This is a simple, static

way of looking at TT, ‘but it helps to beg1n organ1z1ng one's
th1nk1ng on the subject. '
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Figure 1 - Elements of Techriology Transfer

_ Technology transfer implies the movement of technology from
one entity to another, and, if the transfer is successful, the |
undersf&ﬁding and use of “the technology by the receiving entity.

(In other words, if the receivér does not understand and use the
technology, the transfer 'is ‘incomplete.) Because this movement
“of ‘technology has direction, the entities are labeled Source and
“‘Receiver. Different péopTé‘want'td'fOGUS on different levels of
5Source and Receiver -- j.e., individual to individual,
;organxzatzon ‘to organization, nation to 'nation -- but the use of
“the term entity includes all ‘levels. Ultimately, of course, when
“behavioral aspects Of-the“fransaction“-a the conditions of the
_ :techno1ogy ‘movement -- are exam1ned, we must dea1 with |
“Yndividuals, B N R R ERR

~ Some people -- part1cu1ar1y in NASA and DoD -- tend to think

of TT 1n the spinoff sense -- i.e., the adaptation of techno]ogy



from 6ne use to another, from military. or space to commercial
applications. If the term TT were to be confined to spinoffs,
howéver a lot of pedh]e wou1d'have to quit using it. Later on
in this paper I will attempt to 1ncorporate spinoffs into a more
general view of TT.

The Source and Receiver shown in F!gure 1 meet at an
interface, and one must think of a TT as not necessar11y from a
sing1e Source to a single Recéiver, but also as a chain of
interfaces in which the Receiver at one stage of the transfer
becomes the Source in a subsequent stage. Two genera] hypotheses
resu1t'ffom this picture of TT (which are probab]y held to be
assumptions by_most people}. A1l other things being equa1}

1) The greatér the numbér'of ihterfaces in a TT, the_
_greater the d1ff1cu1ty of - comp]et1ng a successfu1
transfer; and

2) The greater the "differences" between the two entities

on either side"df'a_TI_interface,'the more difficult the
transfer. S

I will return to these hypotheses later, Simply by
considering Source and Receiver, we can categqriZé many of the
changing foci in the United States that have come under the
general TT term -- e.g., from FederaT'Léboratories'to State and
Local Governments, from the United States to the deVe]oping
countries, from farmer to farmer, from NASA to commercial
ihdustry, etc. In this paper, of course, we will be specifically

-concerned with TT from universities to industry.

..The Technology element in Figure 1 éan_bepome very confusing
in academic arguments about the real meaning of things. I try to
explain "technology" in terms of the knowledge and means "to do
somethingﬁu-r-e.g.; to design and/or make a computer. The term
"knowhow" often is raised in this context, but it'refers more to

~ca.subset of unstated, almost instinctive knowledge of how to do

something. The computer, the physical object, is the product or
artifact of technology -- not the technology itself f-‘aﬁd
therefore TT is.something more than the movement of goods from
one-entity to another. (There is,_however,gte;hno1ogy "embedded
in" products that can beﬂpbtained via'revehse_engineering;
Therefore, products are included as one of a numbérbof.exampies




of the Lfnkage Mechanism element,)*
‘Some -people speak of "technology"'-- how to do someth1ng --

" in a very genera1 sense, and include concepts of, for example,

“management technology and ‘social technology in addition to the
more'cdnventiona1'hardware“teChndIbe}"They would include
transferring the knowledge and means of how to motivate
“subordinates (management technology) or how to provide welfare
assistance (social technology) in the concept of TT. I prefer to
restrict the concept of technology to hardware, although there
are gray areas. ~When the non-hardware kinds of things are
included under TT, the subject begins to become too diffuse to
handle. There is this relationship {or hypothesis), however: in
order to successfully transfer hardware'tEChhology, management
and social practices and techno1og1es often must aTSo be
transferred. = L _

~ The transfer of technology phrase in”and'of'%tSe1f says
nothing about whether the technology is new (an innovation) or
existing. Nevertheless some people definitely have new
‘technology in mind when speaking of TT, particilarly from
“universities to industry, while others may include - or even
emphasize - existing technology which still is an improvement
over the technology presently used in practice. This distinction
affects the other elements of the'Systeﬁ;'as'wi}T'be pointed out,
and ‘is treated later in the dtscuss1on of d1ffuszon of
1nnovat1on. ' : ’

“In this paper we will be 100king'at‘“ﬁanufacturing"'
technology in the general sense - i.e., how to manufacture
products ‘in ‘general rather than related to a spec1f1c product
Part of our prob]em will be to define’ more preczsely what
"“manufactur1ng technology“ is and/or 1nc1udes S

*The sale of industrial products from one entity to another can
“be an ‘indicator of industriaI'deve10pment'where the technology in
.question concerns how the products are used in industrial
processes ~ not the technology of de51gn1ng or manufacturing the
products themselves. For example, fncreasing sales of computers
¢could be an indicator of -- assuming they are used successfully
~-the development of data processing technology in the Recefiver,
but not the transfer of technology to ‘design or manufacture
computers. The sale of a . single computer: on the other hand,
could involve TT in computer design and/or manufacturing if it
was reverse eng1neered to obta1n the techno1ogy embedded in the
.product 1tse1f _ R : .




~Linkage Mechanisms are the means. whereby the techno]ogy is
transferred from Source to Receiver. MWe have already indicated

that products - in the reverse engineering sense -~ are one
| examp]e of such L1nkage Mechanisms. Sales or movement of
products. in and of;themse1ves.are not TT, but manua]s_or
instructions accompanying the products are other examples of TT
_Linkage Mechanisms, as is'training perspﬁne] in the design,
manufacture, or use.of the products.

. Linkage Mechanisms are essentially know]edge or 1nformat1on
~containers. Many of these contamners:are_paper“(or_-;Nnow_--
,eTectronic) in which Source and Receiver are not in face-to-face
contact: manuals/instructions, blueprints, licensing agreements,
video tapes, published articles or non-published documents, tech
briefs,'etc.' Many people, however, stress the importance of
face-to-face contact in all communications, including TT.
Examples of face-to-face Linkage Mechanisms would include
training or‘apprenticeship programs, personnel exchanges, visits,
joint ventures, technical or management.extension/assistance
programs, consu1t1ng agreements, etc. The u1t1mate and time
proven face -to- face mechanism would be to recruit techno]og1ca11y
_qua11f1ed personne] from the Source to. Jo1n the Rece1ver and
bring their technology (within legal Iamxts) with them.

The TT "agent" is often_c1ted as-a part1cu1ar1y useful
face-to- face contact Linkage Mechanism. Coming out of the county
extension agent tradition in the U.S. agricultural TT system, the
“agent“_is'neither Source nor Receiver, but operates in between
themuas_a human‘Linkage Mechanism.._ConSUXting,engineers,
architecturai.and_design firms, and even knowledgeable salesmen
a1so_operate ineahTIﬂagent”role in the private sector. A more
recent private sector development has been the emergence of
small, new firms whose explicit bus1ness is TT for profit, acting
as an agent.

_ "~ The Source Environment is the 1mmed1ate set of cond1twons
under which the Source ent1ty is operating -- at the individual,
organwzat1ona1 or nat1ona1 level. A Source, of course,. has to
have technology which some Receiver wants, and in- practice many
people are concerned. about the transfer of new technology --
fe€ey: from an R&D env1ronment. ~The assumption that R&D

7 organ1zat1ons, part1cu1ar1y 1n un1vers1t1es, have techno1ogy
- which 1ndustr1a1 manufacturing Receivers want, however, is open




to- quest1on. - e _ S Co o

-Some of the cond1t1ons that would make up the 1mmed1ate
env1ronment of the Source entity might 1nc1ude qts econom1c
~health or needs, its techno]og1ca1 health or status, an inward
vs. outward-directed: orientation, 1ts stab111ty or instability,
~its commitment to TT as opposed to other,activities; etc. These
kinds of-factors could affect the Source entity's decision to
transfer its technology and its,tapabi]i;y to implemeht fhe
‘transfer effectively. . L | o

As the: Source of technoTogy, the Source entjty'is in a
position of relative power over the trangfer transaction_deéision
-~ & decision that will be influenced by its iﬁmediate |
environment., Even if it decides to transfer technology, however,
~it cannot do so successfully by itself -- the'Receiver'eﬁtity and
~its immediate environment must also be willing and able to
complete the.transaction. - o | ‘

The pr1nc1pa1 issue concern1ng the 1mmed1ate Receiver
Environment is known as "absorptive capacity" -- the ab111ty of
the Receiver to understand. and use‘the teéhno]ogy. (We usually
assume that the Receiver is a w1]11ng part1c1pant in the TT, but
this may be true at the surface level only.) Many of the
absorptiveipapacity‘factors are aspects of:physital and human
"infrastructure. Such things as'a'stable_e]ectricity supply,

- repair and maintenance facilities, trained jhdividua1s,'ett., are
some of the factors often cited in discqssing'the difficulties in
- TT to.-developing countries,_for_examp]e,.butrthey'can'appIy in

varying degree to the immediate environment of any Receiver

entity.

There are a series of Greater and Greater env1ronments

- surrounding the Source and Rece1yer.envjronments, depend1ng on

the level of the Source and Receiver entities we are dealing
with. - A couple of examples should illustrate this. TT between
two firms within the United States:wouid,beVCarried-out'within a
national environment which migh;einclude.anti-trust'poiicy, tax
policy, macro economic performance, stock market performance,
~etc. 1T between two nations (or firms in two ﬁations)rwou1d be
: :Carried,out:within an dinternational envirpnment,which;might
_include East-West relations, OPEC-Middle East stability, exchange
rate quctuatwons, bilateral/multilateral trade negotiations,
etc.



I would now like to move to another way to view TT, and will
beg1n with a ‘brief d1scu551on/descr1pt1on of technological
1nnovat1on. The upper ha]f of Flgure 2.on the following page
shows a conventxona] stage ‘model of the product1on function or
'supp]y side of the process of technological innovation. The
stages in this process are well known. Basic (fundamental, pure)
'research is done ‘without any pract1ca1 goal or objective in:
mind, pr1nc1pa11y in universities, producing knowledge for
its own sake. Applied research does have a practical goal or
objettiﬁe ih‘mind, and the research is directed toward
establishing an idea-or concept in the laboratory. (Sometimes
the term "mission-oriented basic research® is used to convey an
intermediate stage between the above two; "generic technology"
research is a relatively new term which also eXists-somewhere in
between the basic and applied stages.) Development/engineering
designs and fashions apparatus for experimenting with and-testing
the concept ahd if successful in a 1aboratory demonstration, a
work1ng model prototype (product innovation) or p11ot plant
(process innovation) is designed and constructed to test the
innovation under field conditions at a small-scale. Based on
what is learred in small scale operations;, the innovation is
scaled up unti]iit'reacheS'the intended size and/or complexity of
the full- sca1e product'or production process. “ Marketing occurs
Subsequently, and in some cases follow-on serv1ces for products
sold may be required. - ’ ' '

' L1ke all mode]s, this one greatly simplifies a very complex
process It does not necessar11y represent -the process by which
any specific innovation has ever resulted. In rea11ty, stages
_may'be absent, they may occur in d1fferent ‘sequences, feedback
'}oops (from market1ng to applied research, for examp]e) may be
cr1t1ca1 etc. Nevertheless, this model does represent an
_orderiy; rational progression: through the process of tech-
nological innovation. The point to be made here is that to the
extent that one stage of this process is -done by different
peop1e,_d1fferent parts of the organizationy different
organ1zat1ons, d1fferent nat1ons, etc., from the precedlng or
succeeding stage, a TT oceurs.  In this process, a-change .in the
state of the techno1ogical development of the innovation is the
resu1t_of the successful TT. This process is sometimes referred.
to as vertical technology transfer. o
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Vertical TT encompasses a variety of concerns about the.
movement of technology from research into application. when
different kinds of peopTe and organizations are involved at
d1fferent stages of the process. Thus attention'is paid to the
differences between sc1ent1sts and engineers, between government
research laboratories and commercial firms, among R&D and
production and marketihg, between producers and users, etc.

 The mention oftuSErs introduces the lower hd1f’of Figure 2,
which is the complement of the.production/supp]y_side of
technological innovation -- the utilization function or demand
side. This process begins with the recognition that there is a
need, or an jdentification of a need. But therefafe many
unf111ed needs in this world because potential needers are unable
and/or unw1]11ng_to pay_for having their needs sat1sf1ed.
Therefore, there;mhst'be a transformation of a neeq.{nto a market
demand, where potentda1'customers would be able and wi1Ting to
pay for an 1nnovat1on under spec1f1ed performance and pr1ce
conditions. ‘Once a demand is present, a search for alternat1ve
solutions beg1ns, 1nc1ud1ng 1nformat1on gather1ng,_test1ng, and
evaluation of d1fferent approaches, d1fferent products, different
services. Depend1ng on the criticality of the need, the search
may continue only to the point where a sat1sfactory so]ut1on is
found, or it may go on until an- opt1ma1 solution 15 def1ned At
some point, however, there 1s a decision to adopt or purchase an
innovation. Subsequent]y, ut111zat1on occurs and, over time, the
innovation becomes’ ass1m11ated into the norma1 and. rout1ne
operations of the customer/users. :

This model of the Jdnnovation process grew out of the rural
sociology field and research on the acceptance and spread of
hybrid seed corn among farmers in the ear}y 1900's. This ear]y
work, by Everett Rogers in part1cu1ar9 resuTted in the term
*diffusion of 1nnovat1on" and a book with the same title (ref.
1). There is some d1spute about whether true "innovation™
extends beyond the first adopter/user/customer, and "diffusion of
innovation® flnesses this argument very nicely. Diffusion
occurs, however, after the supply side of the 1nnovat1on process
has been essent1a]1y “comp]eted". (It is ‘hardly ever absolutely
completed -—increhenthl changes and adaptations continue to
occur,'succeeding generations of techno]ogy are developed, etc.)
Diffusion is technology transfer that occurs without significant



'

change in the state of technological deveTopment of the

~innovation, which is sometimes referred to as horizontal TT.

Before discussing horizontal TT, I would 1ike to finish up
Figure 2 and the discussion of innovation. As shown, the two
complementary models of innovation must fit together somehow for
the process to be successful. How this happens in practice,
however, is never as neat and ordered as Figure 2 would suggest.
In particular, one should picture them as s1idihg and breaking up
on a horizontal time scale in all manner of combinations.

For example, in the case of a radical new producfjihnovation

’fin which demand has to be created, the supp]y/prodﬂctfon process
‘may go all the way to the marketing stage before a recognition of

need occurs and the demand/utilization process begins;‘ At the

‘other extreme, Eric Von Hipple has shown how the recoénition of
“need can occur first ahong the users/customers of scientific
“instruments and the demand/utilization process cohtinues through
“testing and evaluation before th? producers/suppliers of
~instruments are approached and informed of whaf_inoovation is
~desired (ref, 2). Figure 2 also shows the Broker/change agent
function operating between the supp11ers and users of
“innovation.

Horizontal TT involves a conCept of “distahce“jand is

related to the earlier stated hypothesis that the more different
‘the two entities are on either side of a TT, the more difficult
‘the transfer. "Distance® includes geographic distance -- the

farther apart spatially the Source and Receiver are, the more

7d1ff1cu1t the transfer -- but it goes beyond spatial distance to
' encompass d1fferences in 1anguage, va}ues,'re11g1on, culture,

nat1ona11ty, standard of . 11v1ng, techno]og1ca1 soph1st1cat1on,
economic ph11osophy, po11t1oa1/govern1ng_systems,:etc. This
point is perhaps best illustrated in international terms. Canada

“would probably be the country "c]osesi“ to the United States for

the transfer of techno]ogy, while Chad m1ght be: one of the
"farthest", 5 ;

These concepts of horizontal and: vert1ca1 TT ‘are shown in
Figure 3 on the following page. On the vertical TT axis, an

“adaptation prooess coming out of applied research is added for
spinoffs which can continue on as a separate supp]y/product1on
“innovation process or merge back into the or1g1na1 stream. I

have used an international level dimension on the Horizontal TT
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-axis, but Tater.on in:this paper I will discuss un1vers1ty -

. industry differences ‘and TT in this context.

- We can think of different kinds of TT which can be placed on

this "map*. An innovation which occurred entirely within the
United States and then was diffused around the world might be
pictured as line (a). ‘A-1dicensing agreement with Brazil for a
technoloqy :developed but never put into practice in the United

*g;States~might_be-piqturedyasnTine (b). A scientific exchange or

cooperation agreement between the United States and Jdapan, with

-no :technological or commercial purpose or outcomes might be

~.pictured as Yine (c). And so on.

I shall now turn to discussing some of the issues concerning

'-the transfer of manufactuning‘technoTogy from universities to

industry in the United States within the context of the above
concepts -and models. Before beginning, I should 1ike to mention
some- assumptions that underlie this subject. 1In speaking of
university-industry allitances, Nelkin and Nelson state that:
: They have . been created for different reasons, but in
. every case they involve an element of faith that they
“will be good for bus1ness, helpful and appropriate to
'un1vers1t1es, and in the public 1nterest. (ref 8, p.8)
I would phrase these “elements of fa1th“ as follows:
. That manufacturtng techno]ogy deve1opment and/or
' 'K‘app11cat1on can p]ay a 51gn1f1cant role in addressing
the prob]ems/opportun1t1es fac1ng U.S. industry;
© . That U.S.- un1vers1t1es and co]leges have manufacturing
:“J"techno1ogy or manufactur1ng techno1ogy capabilities that
*T’can be usefu]]y app11ed to the needs of U.S. industry;
"', “That promgting neiéttonships;'interaCttons, alliances,
| "cooperat1on etc. between U. S. un1vers1t1es and industry
S with government funds and ass1stance in many cases =~
“can estab11sh and strengthen the 17 process between
'them.:"
The 11terature wh1ch I rev1ewed on th1s subJect appears to

- fa11 into three 1nterre1ated categor1e5°'

T un1ver51ty - industry cooperat1on in general
un1vers1ty - 1ndustry cooperat1on in research or science
*. un1vers1ty - 1ndustry cooperat1on 1n manufactur1ng
The sources of thts I!terature are pr1n1c1pa11y the National
Sc1ence Foundat1on, part1cu1arly because of 1ts un1ver51ty-



industry cooperative research centers program, and the National
Academy of Engineering through its -Manufacturing:Studies Board.
_ Although tethno1ogy-transfer is not emphasized by name in
the titles of the reports examined, it is addressed in all of

: them. ‘Peters and Fusfeld, for exampie, in their*study.Of u.s.
university/industry reseanch connections (ref. 3), discuss four
types of "research-interactions": general research support,
cooperative research support, knowledge transfer mechanisms, and
~technology transfer programs. - - S P

_ I would 1ike to distinguish among the following. kinds of
university TT activities that often are lumped together, poten-
tially causing some confusion: L :

1) The technology transfer functions of university R&D
activities. University R&D programs with:or for
dindustry often include a TT function as standard
operating procedure. R&D TT concerns new technology,
and can be both a vertical and horizontal-TT occurring
at any stage prior to. (probab1y) prototype/pilot plant
in the 1nnovat1on process - Refer to F1gure 3. '

2) 'Untvers1ty techno1ogy transfer of - new technology on its
she]f just wa1t1ng for the r1ght industrial partner to

recogn1ze 1ts va1ue and- p1ck it up. This would again be
a vert1ca1 and hor1zonta1 tranfer,_but would not be part
e of an actave R&D operat1on._“ _ o
. 3) The spec1a1 tase of technolbgy transfer to assist
o un1vers1ty facu]ty in becom1ng entrepreneurs in order to
exploit new techno1ogy they have developed. (Since the
“individual who developed the techno1ogy stays with it,
~this may be more of an assistance than.a transfer
"funct1on accord1ng to the above def1n1t1ons } Many

o un1vers1t1es and state/loca1 governments would 1ike to

| -_'emuiate the Boston Route 128 ‘model w1thout, of course, a
s1gn1f1cant permanent loss of critical faculty.

4) Techno]ogy transfer which seeks to app]y un1vers1ty _
-techno]og1ca1 capab111t1es to the problems of 1ndustry
== B.G., problem solving, consu}t1ng arrangements,

. technical ass1stance, sc1ent1f1c and techn1ca1

' -1nformat1on, etc._ Th1s 1s 2 hor1zonta1 transfer of.
1ex1st1ng techno]ogy.‘:lf prob]em solving or consult1ng
resu1ts in an R&D or'new techno1ogy proaect at the




~university, this would revert to one of the above
" categories, i B S =
'5) - Technology transfer which seeks to act as a broker
" “between industrial needs.and any source of new or
existing techno]ogy7-'ggg of these sources being ‘the
‘university at which the TT function is located.
"6} One of the principal ‘functions -of universities and
“colleges is education and, more and more, training.
Short term, concentrated courses/workshops and
continuing education: programs for graduated
professionals may be viewed.as TT activities.
" In this paper, I will try-to stay away from university -
industry R&D in manufacturing areas and to focus on TT, but to
““some extent there will be an inevitable overlap. '
In reviewing the literature, a number of surveys and'stddies
~ of university -~ industry programs were included. ‘These will be
‘briefly discussed here, and referred to at various points later
~in the paper. In discussing the surveys and studies, I will be
specifying what portion of the total programs were directed
specifically toward manufacturing or were manufacturing related.
" Because descriptions are sparse and interpretations are limited
in-some cases, the numbers can only be approximate~and are
conservative, R -
' The National Science Board of the National Science
‘Foundation published selected studies of University-Industry
- Resedrch:Relationships -in-1982. The principal study in this
_voTumefwas by Lois Peters and Herbert Fusfeld of the Center for
Science and Technology:Po1icy at New York University (ref. 3).
" They visited 39 universities, about 60-65 companies, and a few
other organizations;, which formed the basis for their sample of

university = industry‘programs. The university sample included
“private and public¢ institutions, but concentrated on the top 50
‘research universities (12 universities below the top 50 were
included, but all were within the top 200). The companies
visited and techniCa1'f1e1ds?inc]uded'covered'a range of

L industries and disciplines, but the companies tended to be large,

“with R&D budgets over $100 million. Although this study focused
on research connections, ‘as indicated earlier."knowledge transfer
mechanisms" and “"technology transfer programs" were included as
two of the four types of research interactions.



A total of 473 university programs with or for industry were
jdentified by Peters. and Fusfeld, although there is some
redundancy in their list. Of the total, 18 clearly and directly
dealt with manufacturing - 11 in a general:-way (CAD-CAM,
<Robotibs, manufacturing productivity,. etc.); .three specifically
with metal forming ‘and cutting, one with chemical processing, one
with biotech fermentation}-and one.with computer manufacturing.
An additional 16 were related to or partially concerned with
manufacturing processes or functions - .e.g. catalysis, surfaces
and coatings, poﬂder metallurgy, welding, etc. . -

University/Industry cooperative research: :centers, located at
U.S. universities, have been sponsored by the-National Science
Foundation (NSF)-since the early 1970s. The NSF has documented
the,dévelopment of these centers and how they have worked in two
editions of "historical profiles" (ref. 4). Technology transfer
is included as a function of these R&D operations.

Of the seven centers discribed in the first.edition, none
vwere directly and clearly focused on mahufacturing, but at least
two are manufacturing.related - the Center for He]ding_Research
at ‘Ohio State University and:the Centér for.CeramiCS'Research at
Rutgers University. In the second edition two general- _
manufacturing centers are added - the Robotics Research Center at
the University of Rhode Island and the Material Handling Research
Center at Georgia Tech. g
' In 1983, the U.S. General Accounting Office (GAO) published a
study on "The Federal Role in Fostering University - Industry
Cooperation® (ref. 5). It did so because of ~increasing - -
Congressional interest in fostering closer 1inks between -
university and industrial institutions in order to improve
national technological and economic performance. .GAO selected
three types of university - industry collaboration to study:
research parks (three cases); cooperative research centers (nine
cases); and industrial extension services (four cases) -- 16
cases in total. 'Four of these cases were the'subject,of.ih depth
studies; the remainder were not studied in as great detail.

- .0f the 16 cases in this sample, only two dealt directly and
clearly with manufacturing - one in the general sense and the
other with polymer.processing. An additional four cases were
related to manufacturing in fields such as catalysis, welding,
and pulp and paper production. :The four cases of_indqstrial-




.__extens1on services d1rect1y 1nv01ve techno1ogy transfer, but are
not focused on manufacturing. : e
~In 1984, the NSF took a different look at their 1ndustry/

' :un1ver51ty cooperative’ research program by exam1n1ng projects and

researchers (ref. (6}. N1ne cooperat1ve research progects were
identified and issues related to project management and
coordination and communication among university and 1ndustry
‘researchers were studied. o '

Of:the nine projects, none clearly and d1rect1y dealt with
manufactur1ng - "Three'-of the nine, however, were related to
manufacturing - in filtration processes, electro chem1stry, and

tpon- destructive’ test1ng.

In 1984, - Helen Haller of Cornell Un1ver51ty published
*survey"data“on 157 programs of U.S. university - industry
collaboration (ref. 7). Almost all of the programs have some R&D
component but Other functions/activities are also present and
included. Y o i mmh e

Data for each program (in addition~ to basic: names,
‘addresses, etc.,) include the founding date; a categorization of
the programs, pérticipants, sources of funds, and the science or
~“technology involved.  Fourteen non-exclusive categories of
‘programs were identified, with a 15th category provided for
programs in-the;pr0cess ofrforming Any program could fall into
a maximum of foﬂr categories. -The categor1es and number of
'programs in each are Tlisted below.

_Consort1a of Un1ver51t1esl) c _ 24
~Donors of Research Grants o : 29
Incubators: : "2)"3*u ' N 11
- Industrial. Aff111ates Prggrams S N 39
"Industrial Cooperatives3 ' o 10
‘Industrial Extension Services =° 1) 18
‘Long-Term Research Partnerships and Agreements 20
Non Profit Corporations and 0rgan1zat1ons ' ' 34
‘Research Parks _ ' -0 15
-Small Business Deve]opment Centers L 1
State Government-Established Centers/Programs 46
‘University Affiliated Foundations = . 4
University-Industry Cooperative Research Centers: 15
~ Programs A1d1ng with Access to Venture Captta] 13
'Programs 1n the process of Form1ng L S -

| 1): 'Any program 1n wh1ch two or more un1ver51t1es part1c1pate.

2) -'Arrangements in wh1ch a number of compan1es in the same
. field or with similar research interests all contr1bute
membersh1p fees to a university program.-_ -
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3) | Any program in which two. or more companies part1c1pate,
other than as industrial affiliates. o

4)  Usually involve a contract for rESearch:fuhding for a number

of years, rather than a relationship that happens to last,
excluding industrial affiliates.

This categorization scheme is multi-dimensional and so can

-be confusing.,. All of the programs would fit into one or more of

the six categories of university-industry TT defined earlier in
this paper. Other than the linkage mechanisms identified in this

1ist, one should note the large number - 46 - of state government
-established centers or programs - a point that will be mentioned
later, In Haller's report these categories and the programs

themselives are grouped by source of funding - j.e., corporate
sponsors; gifts, contributions, private funds; fees - for

services, courses, computer time, data; government. -

Federal/State/Local; industrial affiliates membership fees;
investment/endowment income, royalties; membership fees; grants
or cohtracts; rents or. leases; university support; venture
capital; and specified matching funds. Programs may have more
than one source of funds, of course, and interpreting the data is
difficult because the relative 1mportance;of*different funding
sources:-is not known. | _

An examination of the "sc1ence or- techno1ogy practiced®
information: 1isted for each program, showed that 12 out of the
157 programs dealt c1earJy.and d1rect1y with manufacturing -- 7

with manufacturing in general, and one each for biotech

fermentation, materials handling, chemical processes, and -
ceramics. A further 12 progréms were related to manufacturing.

| As part of the background work which they'tarried out for
the National Academy of Sc1ences/Engineer1ng, Nelkin and Nelson
reported on 21 un1vers1ty 1ndustry programs which they visited or

“about which they rece1ved information (ref 8). These tended to

be major 1njt1at1ves that have received much attention.
0f the 21 prbgrams,ws were clearly and directly involved in
manufactur1ng - one, in genera] manufactur1ng, and the others in

'_durable goods, e1ectron1cs, b1otech9'and 1ron/stee1

manufactur1ng An addqtzonal 5. were . 1n manufactur1ng related
areas. The 1argest number of programs -- 7 -- concerned product/

systems_devg]opment, and_the rema1n1ng_four_were in small

businesS[entrepreneurshib'fie1d§._ Nelkin and Nelson cluster -
these programs in the following way: o




. - Research programs or centers that sUpport'many“research
S prOJects “and ‘that are c1ose1y t1ed to genera1 academic
research and teaching act1v1t1es. '
.- Focused” proaects involving both a we]] deflned practical
objec¢tive and intellectual goals. '
e -Programs deve]oped to he]p commercia1ize'facu1fy
“research.’ = | B
;”'fPrograms or - 1nst1tut1ons organ1zed to help c11ents,
operat1ng ‘outside the un1vers1ty.- '
. Free standnng research 1nst1tutes, 11nked to severa1
universities (ref. 8, pP. 12-14). ' o
No reports are yet available on the most recent program to
foster university - 1ndustry Tinkages in the United States - the
‘National ‘Science Foundation's Engineering Research Centers
program. Six centers were established at U.S. universities in
- 1985, and five more in 1986. The purpose of the program is as
follows: L

- ‘The -goal of the Centers program is to develop
fundamenta1 knowledge in engineering fields that will
enhance the international competitiveness of U.S.
industry and prepare engineers to contribute through
better engineering practice (ref. 9).
The centérs are td'condUCt multidisciplinary research'eh'
fundamenta1 eng1neer1ng prob]ems, and to 1ncorporate thls
_ research into their educat1ona1 programs. The. part1c1pat1on
of 1ndustry and 1ndustry people in these centers 1s regarded
as’ essent1a1. '
_Although the Centers are oriented toward research and
education, one of the features a.center is "expected to
possess"” includes:

Develop:new methods for the t1me1y and successful
transfer of. knowledge to industrial users and, as
- appropriate, codification of new knowledge generated at
the Center and- cont1nu1ng education of practicing
:englneers. (ref 9) . o

Of the e1even centers S0 far estab11shed four deal directly
with manufacturing: the Robot1cs in Microelectronics Center at

-ﬂ-the University of California at Saﬁta,Barbara; the Composites

Manufacturing Center at the University of Delaware and Rutgers
University; the Intelligent ManufacturingiSystems Center at
Purdue University; and the Center for Net-Shape Manufacturing at
Ohio State University. ‘One further center is related to

Y



manufacturing in the process sense - the Biotechnology Process
~Engineering Center at MIT. ce s g

F1na11y, in 1984 the Society of- Manufactur1ng Engineers (SME)
pub]1shed a d1rectory of manufacturing education programs based
on a survey which was sponsdred by the SME Education Department.
(ref. 10) The_initia] survey carrieq Tittle data or information
relevant to TT, bﬁt'a more recent survey has just been completed
'which, according_to'thé SME people responsible for it, includes
information on manufacturing activities beyond. formal education.
Unfortunately, this data is .not yet available.

. One point on which all of the stud1es wou]d agree - the
humber and d1vers1ty-of un1ver51ty -.1ndu§try.programs in the
United States has been rapidly increasing. Emidence-for“this
vfeﬁ_with respect to research'interaéfioqs in shown in the Table
‘,ljbélow'(ref.HS, p. 22). Some of the reasons for this are

discussed ]ater_ih the paper. .

TABLE 1

Numbers of Un1vers1ty/Industry Research Interact1ons Existing for
'Var1ous T1me Per1ods' i _

“Time Periods [Years)

Types of interactions - <3 35 810 11-20 >20

Al Cutegories of Interactions < © R ‘238 80 o @7 a9
.= General Ressarch Bupport. _ - _ s - n 3 B R
® U/l Cooperative Research . T 7 37 17 [
» -Knowlecge Transfer . . 31 10 5 . 3 7.

- - » Technology Transter L : SR SR 3 10- 1 2

UII Gwporltm Research Programs (Sobctod Cctogorlu) ) ) .

- ‘= Specisl Interast Lizison Programs T e Ty s Tz 4
* U/l Cooperative Research Centers & lnnnmu ) " " - e ]
* Ressarch Consortia : 7 2 a3~ Ta T Tare

3

General Purp_ou Industrial Programs ’ N 4 . : 1

Turning now. to the elements of Sourte:and Sburce'_ _
__Environméht ‘Nelkin and Nelson appear to d1v1de the relevant
un1vers1ty unlverse into three’ categor1es.
. east coast Ivy League un1vers1t1es, org1na11y des1gned
to educate clergymen and the intellectual elite in the
 United States; Dt S SRR
- .. . state land grant and agr1cu1tura1/mechan1cal arts/mining
-unaver51t1es which were estab11shed for more- ut111tar1an_

purposes; and SRR
e .\techn1ca1 and englneerlng or1ented un1vers1t1es, maan]y
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private institutions - e.g. MIT, Cal Tech, RPI, IIT,
“etc. (ref. 8, pp. 3 & 4) ' R
This is the same set of universities: that Peters and Fusfe]d were
concerned with - the major researth universities.

The principal purpose of this breakdown is to differentiate
the "culture” of universities along a theoretical - practical
"scale, with those who value knowledge for its own sake and
emphasfze basic science at one end and those'whO"value'techhotogy
for its pract1caT uses and emphas1ze the profess1ons at the
other. As Nelkin and Nelson p01nt out ~however, there is a
signif:eant_varjat1on among- scientific’ fie1ds and professions
regarding'tﬁeifﬁabiljty to produce practical “applications which
cuts across'ail'univerSities; Thackary descr1bes the historical
evolution of close re]at10nsh1ps ‘between universities and
industry in chemistry, for example (ref. 11), ‘and current
experience in the biotechriolgy field would suggest that even the
most elite unlver51t1es can’ and will interact with industry in
this field. | | 0

Darknell and Darknell would add ‘another caterogy of higher
education institutions to the 1ist of technology sources - the
second tier of state colleges and universities which are not
major research universities (ref.“12). Although the science and
research base at these second”tief'institutions is not as great
perhaps as at the major'unfvéfsities;1Darkne?! and Darknell found
that a still'considerable amount of R&D and faculty ‘consulting
does take place and that a "sizeable portion" s linked ‘to '
industry. Moreover, state coileges appear to have more ties to
their local commun1t1es/regions and tend to stress more the idea
of community service. S ' '

Darknell and Darknell cite a number of inventions and
innovations that came out of the California State College system
and were successfully transferred to and commercialized by
industry. ~“They use the case'of'the prosthetic heart vaTVe,
developed during the 1960's at Sacramento State College, as a
model of how the R&D - TT" process can work in unzverszties.

I 'would add one further category of h1gher education
institutions to our 1ist of sources - the community coileges.
Although community co11eges may not have much R&D: going on to
transfer, their ties to the local community - part1cu1ar1y to
small business - are often very strong. TT to'upgrade current



practice, even if not near the state-of-the-art, is often carried
out successfully by community colleges, as is very practical and
useful training in the latest manufacturing technologies and how
to use them (e.g. repair and maintenance of robots).

The literature which specifically addresses manufacturing
refers consistently to a general lack of manufacturing education,
capabilities, and interest in U.S. universities. There are
important exceptions, of course, but as Joseph Shea states in an
Academy of Engineering pub11cat1on,

Today perhaps 5 percent of eng1neer1ng schoo?s
stress manufacturing, but the problem is-: critical
enough that probably 95 percent should be offering

.. competent programs. It must-be cautioned, however,
“that the assumption, that universities can effectively
'contr1bute to e1ther short- or long-term: 1mprovements

(ref. 13, P 20 emphas1s added)

In the same pub11cat1on, Forrest Brummett has pub11shed a
table from the American Association of Engineering Societies
showing the,number of engineering degrees granted -.according to
engineering field - by U.,S. colleges and universities in 1973 and
1983 - See Table 2 on following page. (ref..14, p.35).:The number
of degréés in industrial/manufacturing engineering awarded.in
1983 was the Towest of all fields (others being electrical/
electronic, mechanical, civil, and chemical engineering) at
bache?ors, masters, and .PhD levels. Morever, the rate of change
from 1973 to'1983;in_industrial/manufaqturing engineering degrees
awarded was disappointing. At the Bachelors level, there was an
incfease of 31%, lowest of all the rates shown, but at the
-Masters level there was a decrease of 22% and at the PhD level a
decrease of 20%! Brummett adds that c0mpared 'to the roughly 1.4
million practicing engineers in the United States today, only
about 2,850 degree holding manufacturing engineers are primarily
engaged in discrete parts manufacturing. (ref. 14, p. 36) .

- The lack of university programs in manufactur1ng engineering
is also shown by the relatively few number of accredited programs
in the field. Brummett shows a tab]e of programs in. L
manufactur1ng_eng%neet1ng-and technology approved-by the .
Accreditation Board of Engineering and Technology as of:September
1984 - See Table 3 on following page. (ref. 14, p.'37)
add1t1on to the few number of schools represented - 21 --one
should note the predominance of smaller, second-tier co11eges/



TABLE 2

- Engineering Degrees Granted by American Colleges
Universities, 1973 and 1983

Z 1

and'

Percentage
1973 1983 of Change
Bachelor's degree(thousands) . '
Electrical/electronic 11.8 18.6 +58
Mechanical 8.4 16.5 +96
~Civil 7.7 10.5 +36
Chemical : 3.6 7.5 +108
_:Industr1a1/manufactur1ng 2.9 3.8 +31
A]] other - _ 9.0 15.6 +73
Tota1 43.4 72.5 +67
Master's degree(thousands)
Electr1ca1/e1ectron1c s 4.2 4.6 +7
Mechanicail: o 2.8 3.0 +7
Civil 2.2 3.3 - +50
Chemical : 1.0 - 1.5 U450
Industr1a1/manufactur1ng 1.8 1.4 -22
A11 other 5.2 5.9 +12
Tota] 17.2 19.7 +14
Doctorate or Engineer:degree
Electr1ca1/e1ectron1c o 820 628 -24
Mechanical .- 435 422 =3
Civil _ 411 . 436 16
- Chemical ' 405 388 -4
.Industr1a1/manufactur1ng 147 118 =20
A]] other 1,369 1,267 -12
Total 3,587 3,259 -9




TABLE 3

LR

Accred1ted Programs in Manufacturing Engineering and Techno]ogy for Year
Ending September 1984 Accreditation Board of Engineering and Techno1ogy

(ABET)

Study Area

Accredited Programs -

Eng1neer1ng
: Manufactur1ng engineering

Eﬁaineering technology
Manufacturing engineering
~ technology

ﬁ}Manufacturjng proceSSES}

.Manufactufing_techno?ogy :

. Manufacturing engineering .

~technology

Master's degree . ‘

‘University of. Massachusetts (Amherst)
Bachelor's degree

Boston University (Boston, Mass.) -
Utah State University (LOgan, opt1on in

- mechanical engineering)

Bachelor's degree

Arizona State University (Tempe)

East Tennessee State University (Johnson
City)

Milwaukee School of Eng1neer1ng (M11waukee,
Wis.)

Murray State University (Murray, Ky.)

New Jersey Institute of Technology (Newark)

Oklahoma State University (Stillwater)
Pittsburgh State University (Pittshurgh, Pa.)

Rocheiter Institute of Technology (Rochester,
NIY.

University of Nebraska at Omaha*

Weber State College (Ogden, Utah)

Wichita State University (wichita, Kans.)

California Polytechnic State Un1vers1ty (San
Luis Obispo, Calif.)

Bradley University (Peoria, I11. )(mechanica]
design or operations option)

Brigham Young University (Provo, Utah)
Indiana~-Purdue at Fort Wayne (Opt1on in
mechanical engineering) -

Memphis State University (Memphis, Tenn. )

University of Houston (Houston Tex.)

Associate degree

Central Piedmont Community Co?]ege
(Charlotte, N.C.)

Forsyth Technical Inst1tute (H1nston Salem,
N.C.)

Hartford State Technical College (Hartford,
Conn.)

Ricks College (Rexburg, Idaho)

Thames Valley State Technical College
(Norwich, Conn.)

University of Nebraska at Omaha* - _

Waterbury State Technical College (Waterbury,
Conn.) .

* Both associate and bachelor's degrees are ABEI-accredited.




_un1vers1t1es and technacal/eng1neer1ng schools.
" The manufactur1ng field is cons1dered by many to be a
;P,comb1nat1on of engineer1ng techno]ogy and business/management
skills. The bus1ness/management schoo]s of U.S. un1vers1t1es
‘have exhibited the same general lack of manufacturing operations
management education, capabilities, and interests that has
~ characterized the engineering schools. Again,_there are
"tmportant exceptions. A recent art1c1e in Managing Automat1on
c1tes bus1ness schoo]s of the Big Ten un1vers1t1es,
Carneg1e Me11on, Co]umb1a,_Harvard MIT and Stanford as places

:;;where manufacturlng 1s gett1ng ”ser1ous attent1on“ (ref. 15, p.
'746) The Il]anoas Inst1tute of Techno]ogy 15 aiso 1n that
mwcategory._

o Th1s 1ack of manufactur1ng programs was not a1ways true of
- U.S. _un1ver51t1es. Eugene Merchant says that U. S. _un1ver51t1es
and co]1eges had “strong programs of manufactur1ng or1ented
_ eng1neer1ng educat1on and research" up unt11 the 1940 s (ref.
16). . |
| ,h_" Marv1n DeVr1es, D1rector of Manufactur1ng Systems _
TEng1neer1ng at the Un1vers1ty of w1scons1n and 1985-86 President
of SME, cites a: number of past stud1es of eng1neer1ng education
(the Hammond Study, ‘the Gr1nter Study, the ASEE Goa1s Study) as
one of the cu1pr1t5'3

‘Many eng1neer1ng schools reSponded to these studies
~and other pressures by deve10p1ng curricula having a
strong science orientation with the result that
Teng1neer1ng design and manufactur1ng courses and
_programs. were vxrtually e11m1nated ' (ref. p.l)

. He goes on to- 1dent1fy several reasons why manufactur1ng

eng1neer1ng is a neg1ected area in U.S. universities:

. The emphasis in the" teaching of engineering on
- scientific aspects-at the expense of practical aspects;
a trend accelerated during the decade of the 1960's.

Fr Incorrect approaches- in the teach1ng of manufactur1ng
- engineering, e.g9., a purely descr1pt1ve instead of a
_ba1anced ana1yt1ca1/pract1ca1 eng1neer1ng approach.

_; ”'The late recogn1t1on of the extreme comp]ex1ty and
o var1ab111ty of many manufactur1ng processes.

;: The pzttance of federal government research support for
manufactur1ng or1ented research._ o

| The Iack of suff1c1ent 1ndustr1a1 support for research
in manufacturing engineering. (ref. 18, p.2)"



e

. The late recognttfon'ot the extreme complexity and
o varfabi]fty'of many manUfacturing processes.

. The p1ttance of federa] government research support for -
manufactur1ng or1ented research.”

. The 1ack of suff1c1ent 1ndustr1a1 support for research

' in manufactur1ng engineering. (ref. 18, p.2) =

Another reason often c1ted for the Tack of manufactur1ng

f programs in U.S. un1vers1t1es 1s the ex1st1ng departmenta]/

| d1sc1p11ne system a1ong wh1ch 11nes un1vers1t1es are
trad1t1ona11y and bureaucrat1ca11y organ1zed - In the past, most
manufactur1ng eng1neers have been educated in exther mechan1ca1
~or industrial engineering departments, a]ong w1th core ¢ourses in
other departments. Today, however, if one th1ng 1s agreed on, it
is that manufacturing is an 1nterdlsc1p11nary subJect which also
1nc1udes important e]ements of e1ectron1cs/computers/1nformat1on
science, materials sc1ence,_and - as 1nd1cated ear11er - business
management and that it has to be taught with: a systems approach.
DeVries and Koves state that the fo]low1ng un1vers1ty departments
may part1c1pate in manufactur1ng systems englneer1ng programs:

Electrical Eng1neer1ng . Mechanical- Engineering
Engineering Mechanics- . Industrial Engineering
Chemical Engineering. - . -Materials Eng1neer1ng/$c1ence

Metallurgical Engineering . Control Engineering
Systems Engineering Civil Engineering

* . L] L] L ] - - -
-

Welding Engineering . .. Engineering Science
.Operations Research = .. Eng1neer1hg/Bus1ness
Computer Engineering/ - .. Management
Science : .. «. Information Engineering/
e .Aeronaut1ca1/Aerospace R Science .
~~  Engineering ‘ e M1n1ng/M1nera1 Engineering
. -« Business . . ... .« Commerce. , .
e F1nance o . Market1ng

: Another th1ng that is.- agreed on is that U. S. universities
are chang1ng, along with' everyone else, in response to the
j'nat1ona1 decline in- manufactur1ng'compet1t1veness. Corporations
.'such as IBM.have made large investments in manufacturing programs
: at U S. un1ver51t1es, and profess1ona1 soc1et1es like SME and the
; U S Government are doing likewise. According to observers,

; however, un1vers1t1es, although they want to respond, have been

- uncerta1n about how to go about it (ref 19, p- 2), and so a :
‘f great deal of d1versrty and exper1mentat1on ex1sts. DeVries, for
examp]e. says that un1vers1ty manufactur1ng systems eng1neer1ng |
programs fa11 1nto one of three bas1c type5°
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A Master of Science in Manufacturing Systems Engineering
(MSMSE) degree offered by a new MSE organization w:th1n
an established college of engineering.

. A Master's degree in a traditional discipline (i.e.
Mechanical or Industrial’ Engineering) with an option in
MSE awarded by one or more of the established
~engineering departments

A Master of MSE degree awarded by one of the established
. engineering departments part1c1pat1ng in the program
_(ref 18 pp. -6)

_(Note the assumpt1on, he1d by most observers; that manufactur1ng

eng1neer1ng is a Masters degree 1eve1 program.) The last two

approaches are more common, he says, because they requ1re less

"‘change in the estab11shed organ1zat1on and adm1n1strat1ve

procedures of the un1vers1ty.‘_

A]though the preced1ng d1scuss1on has centered on the

_educat1ona1 aspects of manufacturing in U.S. un1ver51t1es, it is
Jimportant in understand1ng the envaronment from which
:un1vers1t1es are com1ng in attempt1ng to transfer manufactur1ng

:5 techno1ogy._o

A final aspect of the un1vers1ty env1ronment concerns the

. mot1vat1ons why un1vers1t1es would want to TT to or otherwise
_1nteract with 1ndustry. One mot1vat1on c1ted by most observers
-is the universities’ need for money. Lower or level enrollments,
rising faculty salaries and other costs, and - reduced Federal aid

- part1cu1ar]y fund1ng for R&D outs1de of DoD sponsored research

- have pushed many un1vers1t1es in the d1rect1on of industry. At

the same t1me, some Federa1 dollars are ava11ab1e for this

. .purpose, and new sources of fund1ng from State and Local

Governments are often t1ed to concerns for 1oca1 1ndustry

E:.deveTopment and jobs.

Peters and Fusfe1d say that the need for money 1s an

_overs1mp11f1cat1on of why un1vers1t1es are seek1ng to interact

Wwith 1ndustry today, and they provxde more comp]ex and
educational reasons as fo1lows' ) '

(1) Industry prov1des a new source of money. ~This helps
_ d1ver51fy the un1vers1ty [ fund1ng base.-"

'(2) Industr1a1 money involves less red tape than government
money, and the reporting requirements are not as
s time-consuming. B T s

(3) InduStria11y Sponsored‘research provides student
exposure to real world research probiems.



(4) Industrially sponsored research provides a chance to’
_ work on an intellectually challenging research program
_whlch may be of immediate importance to society.

- (5) Current]y, some government funds are ava11ab1e for
: applied research based upon a Jo1nt effort between
- un1ver51ty and 1ndustry.

(6) To provide better tra1n1ng'for”thehincreasing number of
~ .graduates going to indystry. (ref. 3, p. 36)

. The strongeSt'mOtivation,:accordﬁng to their respondents in

universities, was to obta1n funds for strengthen1ng bas1c
;=research and graduate tra1n1ng and to support the research

. facilities used for those purposes. ' ' o

N In turning to the Receiver and the Receiver Environment

elements, I would 11ke to approach them from the university view
point by raising the quest1on of who the customers are or ought
to be regard1ng un1vers1ty manufactur1ng TT act1v1t1es.
‘ F1rst of all there is a level of 2ndustry aggregat1on issue.
: We can assume that at the h1ghest level of aggregat1on, the
'customer base is all of manufactur1ng in a given locale or
_ reg1on. Going down one level, TT programs ‘could be dealing with
a sector of manufactur1ng - the meta] stamping and fabrication
1ndustry, for examp]e. Def1n1ng a ‘customer base even at this
1eve] however, is not very prec1se. Moreover, at this level we
: must choose between/among sectors, and have a rat1ona1 basis for
~doing so. _ -
B One 1eve1 further down wou]d be a subset of a- manufactur1ng
: sector, a group of f1rms in meta] stamp1ng and fabrication, for
examp]e, that can agree on some co11ect1ve re]at1onsh1p with a
'_unlvers1ty TT program. But how many - or how few - firms would
have to agree, what percentage of the local sector should they
_represent and what to do about the qua11fy1ng f1rms that do not
part1c1pate are 1ssues that rema1n. '

At the 1owest 1eve1 of aggregat1on, there would be a
one-on-one re]at1onsh1p between 1nd1v1dua1 manufactur1ng firms
and university TT act1v1t1es wh1ch would address spec1f1c
problems/opportun1t1es.. ' - '

An issue that is part1cu1ar1y re]evant to TT activities
assoc1ated w1th un1vers1ty R&D programs is how much cooperation
or collective agreement can be achieved among a group of
--industria]_customers,uho.are”competitors. Experience suggests
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that it is much easier to talk about the desirability of a
common, co]]ect1ve 1ndustry ‘approach to. techno]ogy efforts in
7pr1nc1p1e than it is to put such an approach into practice. Each
N ompany in"a collective effort has to agree that it will be
 better off before it will part1c1pate, and that its position

; V1S a- v1s competttors down the’ street or across the country will

" not be harmed. Industry leaders who have made the investments in

;! new technoTogy and thereby ga1ned a compet1t1ve advantage will
‘be uninterested in a co11ect1ve effort which he1ps their
"compet1tors to catch’ up, and may acttve]y oppose it. Industry
assoc1at1ons, the organ1zat1ons which do represent collective
'1ndustry 1nterests, have 1arge1y been unsuccessfui in forging
ffco11ect1ve research and techno]ogy efforts. Certa1n1y the recent
_"expertence of the Nat1ona1 Machine Tool Builders’ Association,
“which has d1scussed and debated a cooperatlve research effort for
'ﬂthe past e1ght years or more, and on]y now has decided to support
it, prov1des T1tt1e hope. ' ' _
- On the other hand, however, U. S;'industry is changing in its
'“att1tude toward cooperatlve approaches to research. Since the
'passage of the ‘National Cooperat1ve Research Act of 1984, at
least 49 cooperat1ve R&D ventures have regtstered with the
Department of Just1ce. A number of manufactur1ng technologies
h are 1nc1uded 1n the ventures 11sted. The pressures of
“1nternat1ona1 compet1t1on and ‘survival are undoubted1y pushing
U.S. firms toward a more cooperat1ve approach domestically, and
'many hope that un1vers1t1es m1ght have the prest1ge to overcome
" the fragmented, compet1ng 1nterests of much of U.S.
'Dmanufactur1ng ' :
‘Within an 1ndustry sector, ‘a different customer issue arises
concern1ng a "tr1age“ approach to compan1es - should university
f TT customers be the leadlng, e11te compan1es in the industry; the
i threatened about to fail compan1es in the 1ndustry, or the
;lmaJor1ty of compan1es somewhere in the m1dd1e? ‘This issue

'f'revo1ves around the openness and ab111ty to ‘use techno]ogy, the

j need for he1p and/or the w1111ngness to want and accept help.
' A str1ct1y tr1age approach wou]d be to focus on the needs of

"}_-the maJor1ty of compan1es in the m1dd1e, on the basis that the

elite w111 make it ‘anyway and those about to fa11 won't make it
under any c1rcumstances. There are other arguments, however, in

'Eif~favor of an e11te approach. ;itfisfusua11y3the,1ndustry leaders -
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the e11te - who are most open to ‘the potent1a1 of new ideas and
who respond to them.ﬂ Moreover, these are the compan1es who would
be able to most effect1ve1y ut111ze any techno]ogy based program
a university m1ght design. Fana]]y, if we expect the industry to
organ1ze co]lect1ve1y around some common research ObJECt1VE or
other 1dea,_1t is the 1ndustry leaders who w111 have to do the

'organ1z1ng - and they will do 50 only around prOJects which are

to their benef1t as wel] as the benefit of the industry at large.
.Should un1versjt1es_a1m their efforts at making the strong

~_stronger, and hope some of the followers will benefit as well?

Or should they aim at the weaker fo1lowers who have a chance to

~succeed and compete, focus1ng on the1r spec1f1c needs? In a

mature, fragmented industry with stable or dec11n1ng markets, is

“perpetuat1ng a larger number of weaker compan1es better than
~focusing on a sma]]er group of stronger compan1es? These are

difficult dec1s1ons for un1vers1t1es to make|
One. f1na1 po1nt regard1ng the customer issue. New

university programs have 51gn1f1cant 1nst1tut10n -building needs.
_At the moment, state/]ocal econom1c deve]ooment via university/
industry technology act1v1t1es is very popu]ar,,and a muititude
of approaches are beang tr1ed across the nation.g Experience
wou]d suggest however, that such popu]ar1ty may be fleeting and
that un1vers1t1es shou]d seek to estab11sh and 1nst1tut1ona11ze
their 1ndustry programs wh11e support is h1gh.' The proven way to
do this is to have some "winners" as qu1ck1y as possible,
:cons1stent with good planning, qua11ty work and:wetl thought
through program/prOJect selection. Such_success stories are most
Tikely to be achieved by_focusing_on'the_etite of an industry
sector. | S |

“ An a]ternate way to 1ook at the customers of university TT

.yprograms is the d1st1nct10n between large and small manufacturing

_companies. Two arguments are. made aga1nst focus1ng on the larger
‘compan1es they a1ready can and do ‘access un1vers1ty technology
on a regu]ar ba51s without he1p, and in many areas they are too

1'-'techno'logmaﬂy advanced for univers1t1es to help.

Both arguments can be quest1oned however. There is
probab]y no doubt that tlarge compan1es are better able to access
un1vers1ty technology than thezr smaller counterparts, but this
does not mean that such 1nteract1on could not be improved or

‘strengthened. Likewise, university programs/proaects for larger,




'ftechnica1ly—sophisticated=tompanies might be more scientific in

nature -and reﬁuire more planning and.resources, but this doesn't
necessarily mean-they can't or shouldn't be done. Moreover,

-anything'that?imp?oveS‘the manufacturing of the larger companies

- often has a larger impact, and cascades down to their supply base
i samong small compan1es.

> Assuming that universities do estab]1sh 1T~

'-uﬁprograms/act1v1t1es, can/should their output be targeted to (1)
specific customers, (2) local manufacturers only, or (3) U.S.
- manufacturers only? This issue is made complex by the increasing

number of foreign owned manufacturing operations located in the

'1United,States5(can/shou1d'they'be customers? what if they appear
 to be taking more advantage of university ‘programs/activities

S+ .than U:S;4ownéd-manufacturers?),ﬁand the increasing number of

transnational joint ventures and-similar arrangements.
Looking-at the environment of U.S. manufacturing receivers,

~'most ‘observers were-as: critical of the industrial community as
they were of ﬁhe universities, and there was some question of how

omuch UGS, marufacturers were really changing. :The following

-'quote by Robert Frosh captures the essence of this criticism:

-From the outset, symposium participants appeared to
be c]ear]y frustrated -about the state of manufacturing
engineering and the “status of manufacturing engineers.
Apparently .a major source of this frustration is a

_.distinct (and probably correct) perception that the
“importance of manufactur1ng in the process of
~innovation and in the establishment of business
competitiveness .has been almost completely ignored for
a lTong time. With the focus of business attention on
fiscal and management areas, the art and science of
,_manufactur1ng eng1neer1ng have been allowed to decay,
“‘and companies have not recognized manufacturing
“iengineering skills as high-priority ones to be highly
rewarded. Rather, manufacturing has increasingly become
a place to demonstrate only "managerial" skills, with
more rewards given forithese than for technical
competence, skill, and ingenuity in the technical tasks
of manufacturing. In fact, manufacturing jobs have
~increasingly become routes to other parts of the
"business and to expanding respons1b111ty in
nonmanufactur1ng areas.

In Sp1te of the cons1derab1e ta]k about the
- . importance of manufacturing engineering, participants
felt that relatively 1ittle change has occurred during
- the past several years in the status of manufacturing
engineers in corporations...(ref. 19, pp. 1-2)

-~ Another important factor present in the U.S. manufacturing
environment in my opinion is a deep-rooted adversarial
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~relationship between management and labor at the plant level.

Implementing newly transferred, advanced-manufacturing _
technologies is going to require extensive employee involvement,
which Shea describes. as a:team effort with authorization and

. ability to make :important decisions in a number. of areas in real

time on the plant floor. (ref. 13, p. 14):  George Kuper,

é executive director of the NAE's Manufacturing Studies Board has

. described successful implementation of automation technology as a

~"social revolution” regarding management-employee relationships.

(ref. 20) Transferr1ng technology is -armatter of peop]e as we11

as-of hardware.

‘The capacity of-manufacturers to: ut1llze technology and

assimilate advances in research is also related to their
absorptive capacity -- their internal technical capabilities.

Unfortunately, some of the U.S5S. industries most in need of new

] technology have cut back on or even abandoned some of their R&D
efforts.  Participation in university R&D or TT programs is not a
-substitute for having an effective internal capability in this

regard,' The Working Group.ionathe NAS Government-University-
Industry Research Roundtable raised this issue particularly with

- respect fto the Center for Iron and Steelmak1ng Research at

”fCarneg1e Mellon Un1vers1ty (ref. 8).

Peters and Fusfeld: rem1nd us that one must also lock at the
d1fferent parts of corporat1ons which may be engaged with

;un1ver51ty R&D or TT.  They d1st1ngu1sh between corporate
':foundat1ons for the support of externa1 act1v1ty, central R&D
labs, divisional R&D 1abs, and operat1ng units, (ref. 3, p. 26)

;These d1fferent parts of the corporat1on shou1d behave

ad1fferent1y in their . 1nteract1ons with un1vers1t1es, including
*jrece1v1ng techno]ogy. ' ' :

F1na11y,-1t is useful to Iook at why corporat1ons 1nteract

. with un1vers1t1es to understand the1r env1ronment. Peters and

”%“Fusfe1d found the fo]1ow1ng reasons to be 1mportant among their

e

' corporate respondents:

(1) To obtain access to manpower (students and professors)
| ‘(2)'To'obta1n a w1nd0w-on sc1ence and technology.

(3) To solve a prob1em or get spec1f1c 1nformat1on
unava1lab1e elsewhere. :

(4) To obtain prestige or enhance the company‘s image.
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(5) To make use of an economical resource.
- (6) To'provﬁde genéral-shppopt3of’technité] excellence.

(7) To be good 1oca1 c1t1zens or foster good commun1ty
relations.

| t(B) To gain access to un1vers1ty fac111t1es (ref. 3, p. 34)

U The s1ng1e most 1mportant reason was access to high quality

manpower,. including graduate students who are potential
emp?oyees. _

' One of the'hypotheses previously put forward was that the
greater the differences between the ent1t1es on either side of a
TT interface, the more d1ff1cu1t the transfer. The differences
between U.S. universities and private industry ‘manufacturing are
pointed out by all observers, and - 1nc1ude differences in
percept1ons and understand1ngs about each other, d1fferences that
are real, and differences that are psycho]og1ca1. Economic
needs, time pressures, tenure requ1rements and commitments,
budget cycles, free flowing vs.: propr1etary att1tudes toward
information, etc. are some of the differences that are usually
mentioned. The Working Group on Industry- Un1ver51ty Cooperat1on
in Education for Manufacturing grouped these d1fferences in the
'foIIow1ng manner: '

. _'11nger1ng mutual suspicious ar1s1ng from different
cultures and value systems, espec1a11y the adversarial
relations of the 1960'5- _

. .practical considerations such as t1me frames and
‘resources,

. 'susta1ned part1c1patwon by 1ndustry, stab111ty of
support;

. attitudes toward knowledge and information:

. different languages used; |

. ‘different incentive structures used;(ref. 21, pp. 98-99)

Peters and Fusfeld asked about the barriers and constraints
to university - industry research actions in both University and
'corporate samples =~ See Tab]e 4 on the fo]low1ng page (ref. 3, p.
37) They reported that un1versaty respondents a1ways brought up
patents and licensing arrangements, pre- puszcat1on review

requirements, and proprietary information issues. Corporate
~ respondents tended to discount the first two issues as problems,



TABLE 4

_Barriers to University/Industry Research Interactions Derived from Iﬁterviews
"~ with Scientists and Administrators at Institutions Surveyed in NYU Field Study

. Barriers.to U/I Research Interact1ons Percent of Institutions Surveyed
~ Cited by Interv1ewees _ Where Representatives Cited
: S That Such Barriers Existed
Universities Companies
(n=239). (n = 56)
: 1,' Patent éohf11bt$ (patent éndJ11cens1ﬁg - 100 S 23
- arrangements including whether or not to ' S
issue an exclusive license).’
a. Patent conflicts S R Y AR 23
- b. Legal:problems - P S 38 - 0
2. Informat1on d1ssem1nat1on SRR 100 ' 43
- Propr1etary rights ; _J -,_: ‘ ,. | 74 . | ' 32
b, Prepublication review N - 7 33 11
3. Institutiomal differences ~ 719. 52
a. Differing object1ves and goals* = . 18 ' o 21
b. Differing administrative structures** . 28 13
¢, Time frame differences 33 - 18
4, Personal attitudes e '1 36/13 as & barrier to 16
IR A E o o : .:industry
5. Communication_networké‘. ' T 28 ' ' 5
6. Distance - 23 | 20
7. Concern for research facility and. 21 ' 11
© - management** o
8. Carreer constraints . .z 4
9. Overhead costs* . = . 15 4
- 10, Decreas1ng federal funds | I .0 4
'_ 11. Company expertise in a part1cu1ar area 0 2

-1* C1ted more often by adm1n1strators.
1“**C1ted more often by sc1ent1sts. '
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_ and to think of the third as not that important, believing that
‘"these differences were negotiable, They tended to think that

- institutional differences were more important,
S e This corporate view is supported by what the NSF found in
lTooking at the experiences of their cooperative research centers.
. They found that the issues most hotly debated during the planning
phases - patents, publication delays, and the relative
; priority of basic and-app]ied research - tended tq become
~ "non-issues" by the time operations were underway. On the other
hand, important operational issues such as pressure for results,
"reporting procedures, and time a]]ocatioﬁs,fwere hardly con-
sidered during planning. (ref. 4, second'edition, pp. v and vi)
As previously indicated, the technology of how to manufacture
products is extremely broad based and diverse. _Shea perhaps
-describes it -best as follows: )

Manufacturing is a process wh1ch transforms
information into a product. The information includes
design data, quantities reéquired, and delivery dates.
The transformation involves developing tools and
processes, obtaining material, processing material,
assembly, testing, and delivery. The factory of the

"future will be an integrated system with a common

- engineering and manufacturing data base. Data

- processing will be used extensively to receive design
information without having to reconfigure for
manufacturing, estimate and order material, control
inventory, program machines, monitor yields, and
“program test equipment. Automation will be extensive,

~encompassing material handling, numerically controlled
-machines, and ciosed-loop process control. Robots will

~ function as welders, painters, -assemblers, and
inspectors. .

" New materials with advanced properties will
displace conventional products and processes... the
factory of the future will challenge our long-held
belief that high-volume runs of identical products are
required to achieve low cost... their ability to
produce quality products tailored -to special customer
-requ1rements on a very short lead time... the

- "just-in-time® production concept...-f1ne1y focused
factor1es.. flexible layouts... group technology ...
the defect level must be reduced to as near zero as
?gsi1b1e... m1n1ma1 set-up times... (ref. 13, pp.

3) s

i; Manu?actur1ng techno1ogy, 1n th1s view, 1nc1udes ‘the entire
spectrum of manufactur1ng concerns, encompassing both hardware

_ 'technology_and business management, It should be apparent that
«_..-the problem in &efining_manu?abtﬁfihg'tethno]ogy is not a tack of



: :materials or ideas, but how to organize them, prioritize and -

sequence them, synthesize them, communicate them, transfer them.

Any university TT program in manufacturing will have to deal with
a plethora of potentially relevant "technology" that is at once

"~ changing and growing.

What many observers do agree on in this situation is that

'Vmanufatturing-techno]ogy_is best thought of from a systems

-f_vieWpoint - systems which include hardware and people,

engineering and business.

-1 view manufacturing as a process flow, so that biotech

“fermentation and polymer processing are included in my definition
~of manufacturing. The "how-to" of manufacturing in the

metaleaséd industries, however, suffers from a relative lack of
fundamental scientific, data-based knowledge of what actually
happens and why in 1ndjvidua1 operations. In a chemical plant,
we know scientifically how and why chemicals interact with each
other. and with temperature, preSSUre,'time; catalytic, and other

i':var1ables to form spec1f1c compounds, and chemical plants operate

effectively on th1s basis. Many,meth_based operations - e.g.,
tool and die- ¢951gn - are still somewhat in the realm of craft

and art, contained in the minds of experienced, skilled artisans.
Although this is gradually changing as the science base of metal
manufacturing does increase, attempts to express the details of

- complex, incompletely understood opefdtions in terms of computer
- code for automation purposes is bound to present difficuities.

" Two final points about techno1ogy'with regard to university

programs. The first concerns the role of techno1ogy in a

business operation. Universities should not pursue technological
options in manufacturing for the1r own sake, but technology to

' ;support effective: compet1t1ve strateg1es for the industry

'J.'sector/company customers. Successful techno]ogy development
_and/or transfer which has little or no strateg1c relevance could
! have. 1ittTe or no. impact on the programs' ultimate objectives.

~The second point concerns. time perspectives - should
un1vers1ty programs/activities have a near-term or longer-term

~time hor1zon? The argument for the former is that there is no
_longer term 1f u.s. manufactur1ng does not survive in the

short -term. The counter argument is that there can on1y be

"quick fix;'band a1d so1ut1ons in the short term which do not
~address the real compet1t1ve prob1ems and in the long term are a




-waste of money.

A great variety of linkage mechanisms used for TT by U.S.
universities have already been identified ‘in earlier portions of
this paper. In the long-term, perhaps the most valuable

~contribution universities can make to manufacturing is to enhance

their manufactur1ng education-and placement efforts. 1In

' educat1on, more Has. to be done in deve1op1ng curricula in
; manufactur1ng eng1neer1ng and management. Specialized, short

educational offer1ng;_1n_1mportant areas of manufacturing
technology and cortinuing education programs can address the
needs of manufacturfng'menagers and engineers already graduated.
Small manufacturers often have a spec1a1 prob1em with regard
to attracting qua11f1ed graduates in systems/app11cat1ons
engineering. Such graduates, a]ready in short supply, tend to
grav1tate toward the IBMs of the marketp]ace rather than, for
example, small meta] stampers ‘and fabricators., Universities
might be able to help in this area through specialized graduate

placement programs. and through internship, co-op, summertime, or

part time programs wh1ch combine education and work experience.

As. we move beyond the education mechanism for TT, a variety
of new forms of 1nteract1on occur. Bas1c research programs may
be accommodated w1th1n traditional un1ver51ty departments and
schoo]s, but more app]zed work and TT are usually undertaken
outside the trad1ttona1 academ1c organizat1on in centers,
1ncubators, research parks, etc.

Peters and Fusfeld documented the "mechanisms of
interaction” utilized by the university programs they studied,
and divided them into four major categories - generaTIresearch

~ support, cooperative research support, knowledge transfer, and

technology transfer. Some examples of these mechanisms and the

.'number of programs falling 1nto each category are shown in Tables .

5 and 6 on the following page. (ref. 3, p. 16) The un1vers1ty—
1ndustry cooperat1ve research programs are further broken down
into sub-mechanisms, reflecting the main focus of the study. I

_‘7 shall focus on the knowledge and technology transfer mechanism
. categories - 58 programs fa111ng 1nto know]edge transfer and 68

into techno]ogy transfer.

Some knowledge transfer programs may have knowledge transfer
as the1r_ma1n purpose, while others may not.: They are frequently
essential elements in other programs that‘oromote research



TABLE 5

Examp1es of Selected Mechan1sms of Interact1on

Mechanisrh of Interastion

w Ex.'smptn

Univaraity-Based institutes Serving Industrial
Nesdh

Jointly-Owned or Operated Laborstory Faciiites .
" = Pepoples Exchange Progrnrn Purdus University

Resesrch Consortia U/l of U/1/Govi.)
Cooperative Ressarch Centars
Indirstry-Funded Cooparative Rassarch
Prngrmm [Pmmhlp Gontncuj
qunmm-l’unﬁed coopomlva Runrch
Programs -
ndustrial Lialson Programs

tonovation Centers:
Persornaet Exchenge
snsthutional Consulting

ndustrial Parks

Unrestricted Grasts to Univeralties sndror )

Univeraity Depariments
Participation on A:Mlory Boards
- Cotlactive Industrial Action (Fnclumng Trade

« Textile Resaarch institute -

* University of Michigan Highway Sl!dy R‘ourch Instiiute

& Linivetsity of Minnesota Minaral Rescurces Fassarch Canter
* Food Research institne, Univeraity of Wisconain

* Laboratory for Leser Emrnc!lu Untversity of Hod\u‘ler

s Synchrotron Light Source, Brookhaven Natlona! Laborstory
« Michigan Energy and Resource Research Association’

. Gouncluor(:h‘mmmmarch {CCR) ~ )

s Cass Western Reserve Polyther Proqnm

» Univetstty of Delaware Catalysis Conter

* Harvard-Monsanto Contracted Resesrch Effort
o Exxon-MIT
. Gdunne-\’lh

‘s MIT Polymet Procouing Program

s NSF Induttry-umv.uity Cooperative Research Progflm -

» Stanford Univarsity o MIT « CalTech
¢ Systerns Conirol: Case Westarn Reserve Univensity
& Physical Elecironics Industrisl Affiliates, 1. of Hlinois

. ccnwr for Entupfmuﬂal Daveiopment, Camogh—Mollon u,
* Utah innovallnn Ocnlnr -

"¢ NSF Industridl Research Participation ngrlm

¢ IBM Facully Loan Program
» Summer Empioyment of Professors

* Bchoo! of Chemical Practics, MIT
+ Yalo-Toxaco Program:. - :
* Machanicsa! & Mlnuhcturhg Symml Duign, Gllrnann U

o Research Trianghe Park o Btanford Industriat Park
* MIT Technology Square [Route 128, Botton MAl
* University of tah-Research Park

= Giits from industry to
North Carplina (Chaps! Hill}; U. Htinois, wic.;}

. Vlslunn commitiees mmoundaoohdong!nudng
® Elsctric Power Research iratiute {EPRI}

_ * Wisconain Electric Mechines & Power Electronics Consortium, U of Wisconsin

depariments of chamistry (o Q- Golurnbu Unhrtrllly W of

.Thé Spectrum of

Associstions Support) & American Petrolaum institute (API)
. @ Gas Research institule {GRI): =
* Motor Vehicle Manutaciurers Association
* Soybean Associstion
. counduorcmwmtccm

Interactions Documented in NYU Field Study

% of Interactions Documentad

Types of ineractions Falling Into Each Catsgory Ny
Al Cetegories of Interactions S e e4)
* Goheral Ressarch Support
¢ UA Cooperative Research - - ;: N lz‘::;
* Knowiedge Transler i {e8)
® Technoiogy Tranater 4 L]
U/ Cooperative Ressarch [Selected Categories) 100 284)-
® Bpecial imarest Linison n (es)
* Ut Cooperative Ressarch c-m-u 8 inatitutes - 71}
* Resdarch [ ] {15
o Grants & Contracts &5 {128)
» Collaborative Imeractiona S (5)

‘Towmwumrmmmcm

'




interaction. They include a varaety of forms of persona]
interactions between un1versxty and 1ndustry personnel (personne1
exchanges, equ1pment lending, adv1sory boards, sem1nars,
speakers"programs, pub11cat1ons exchange, adjunct
_professorships, consulting, etc), a varaety of institutional
programs (institutional consu1t1ng, genera] industrial associates
_programs, etc ), a var1ety of research and educational mechanisms
: aiready ment1oned and a varlety of co]]ect1ve industrial actions
in support of university research (trade assoc1at10ns, affiliates
of trade assoc1at10ns, independent R&D organtzat1ons affiliated
with a university, ‘and industrial research consortia). (ref. 3,
. pp. 85-98). : . :

Techno]ogy transfer programs to exped1te the commer-
cialization of technology have a ]eng”hjstory in - agricultural
fields in many universities.-'Specifie university TT mechanisms
discussed by Peters and Fusfeld include product development and
mod1f1cat1on programs {extension serv1ces, innovation centers),'
and interaction fac1]1tat1ng programs (techno]ogy brokering and
11cens1ng, un1vers1ty research 1nst1tutes/foundat1ons, industrial
‘parks, spin off assistance). (ref 3, pp. 98-107)

' ~Finally, I will make a few p01nts about the environment in
the United States within which university-industry TT is taking
place. The dominant factor in the United States environment
today is the concern about 1nternat1ona1 compet1t1veness. As the
preface to the NAS Government- Un1ver51ty-1ndustry Research

_'Roundtable report on “New A111ances and Partnershaps in American
‘Science and Engineering" states:. .

_ Competitiveness is currently all- amportant in our
- society. Conversations about where science is going in
- this. country, and which f1e1ds and programs will
receive support, all start with international
competitiveness - spelled with capital letters. How we
.. approach. .competitiveness colors everything in
: un1vers1ty - 1ndustry a111ances... (ref. 8, p. ix)

- e'dTh1s concern fnr compet1t1veness cascades down into many
areas - a back-to-basics swang 4n U.S. educat1on, a renewed
- .emphasis on product quality, etc, In university-industry rela-

-_h-.tions;‘ttthas_meant more attention and more money - from the

.Federa1“QOVErnment' from 1ndustry, “and part1cu1ar1y from state
{T_and 1oca1 governments.d_ - - :
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mThe State of Arlzona has recently rev1sed its. COnfllCt of

University Tech Transfer in Arizona = .o |

Contacts: U. of”Arizbna‘ Jack Johnson ;605—3§§v9559

Arizona State Dr. Géorge'Argue 502—955—21707-

University of Arizona has just éstablished a neW”ﬁrizona"?fd'

Technology Development Corp. to transfer technology 'to industry.
The University wanted to make sure it protected its non=profit’

-.status by setting up. the new Development Corp. because of the

.....

tremendous interest in the Unlver51t1es' technology.:

The Unlver51ty has already started’ 3 blotechnology companles from

"its R&D in-the 'state. Has a number of" cooperative R&D projects:

under way in the areasvof medlcal tech (they have a medlcal

-school) “and biotech:.

interest laws which had 1nh1b1ted more new bu31ness spln offs'

o from ‘the unlverS1ty.._

‘One prOmlslng invention -in medlcal 1magln1ng i's belng developed

by the Japanese, The Unlver51ty contacted every major US

‘manufacturer-and coéuldn't £ind any interest. Toshiba jumped at

the opportun1ty and antlclpates sales of hundreds of mllllons.

e [N .E

Arizona State 1s aggre581vely pUrsuxng 1ndustr1al R&D RS
partnerships. The school already receives 25e of its R&D budget o
from industry ' (about $9 M of a- $33M ‘total) .£he national aye;agef
is only 6-8% so this is an outstaud;ng leuel 0£ roduetr;al o ’
support. _ y ey Y

=
. ,

ASU is settlng up an 1ndustr1al partnershlp tp create even more
cooperatlon thh industry. \

ASU is aggre551vely 1nvest1gat1ng pOSSlbllltleS for splnnlng new

companies off its R&D. B R
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(B1111ng Code 3810—01—M)
DEPARTMENT OF DEFENSE B
48 CFR Parts-227 and 252
Department of Defense Federal -
Acquisition Regulation Supplement
Patents, Data, and Copyr1ghts '

: AGENCX: _Department.of Defense (DoD). . .

- ACTION: Proposed rule and request for comments.

SUMMARY: ' The Defense Acquisition Regulatory Council is

-con51der1ng a change to Subpart 227.4 of the Defense Federal

Acquisition Regulation Supplement (DFARS) to 1mplement Sectlon _'

953 of the Defense Acqulsltlon.lmprovement Act of 1986 (Pub. L. -
99-500) . | |

DATE: Comments on the proposed revision shouldtbe submitted in'

- wrltlng to the Executlve Secretary, DAR Council, at the address_,

shown below, on or before (30 days from date of publlcatlon), to

be cons1dered in the formulation of the flnal rule. Please cite

DAR Case 84— 187 1n all correspondence related to thls 1ssue,

ADDRESS ;. Interested-partles should_subm;r wrlt;en comments to:
‘befense‘Acquisition Regulatory‘Council ATTN: Mr. Charles;w-', |
Lloyd, Executive Secretary, ODASD(P)DARS, c/o OASD(A&L)(MRS),
Room 3C84l . The Pentagon, Washlngton, DC 1 20301-3062.

FOR FURTHER INFORMATION CONTACT: Mr.zpharles W. Lloyd,

Executive Secretary, DAR~Council, (202{697—7266.




SUPPLEHENTARY INFORMATION.

A. Background.

On September 10, 1985, the DAR Council published a proposed.

rule (50 FR 36887 of September 10,'1935),Himplementing'portionsz

of the.Technicai Data sections of Pub. L. 98-525, the Defense
Procurement Reform Act of 1984 " The publlc comment perlod was
extended to end . on January 9 1986 (50 FR 41180 October 9,
‘1985)f ‘The DAR Council published an-interim_rnle based on a
modificatioh of existing DFARS coveraoe'and.incorporating_.
specific requirements of ?ub. L. 98¥5255(50;FR143158) on

October 24, 1985).

Aisoj~the-DAR Council distributed a proposed rule regardingr

valldatlon of restrlctlve marklngs on technical data on
September 25, 1985;' The rule was_publlshed for_comment jointly
by the-Department of Defense, General Serviees”Administration
and National AeronauticStSpace AdministratiOn.as'part-of”tne“
Federal Acquisition Regulation (50 FR 40416, October 3, 1985).
| _Thisoproposed rﬁle'is’based'on thoSe changes-requiredJoy
Pub. L. 99~500. The June 1986 Final Report to the Pre51dent by
the Pre51dent s Blue Rlbbon Commlss10n on Defense Management
entitled "A Quest for‘Excellence,"'and_the publle comments on -
the proposed rules of.September 10, 1985 and October_3,41985
were also consxdered in draftlng these rules._ &
Section 953 of the Defense Acqulsltlon Improvement Act of

s1986 (Pub. L. 99—500) d;rected the Secretary of Defense to
prescribe-regulations to define theﬁlegitimate interest of the

2
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United States, 1ts contractors and subcontractors in technlcal

data pertalnlng to items and processes. Sectlon 953 also

requrred revisions to the Defense Department s procedures for

valrdatlon of proprretary data restrlctlons and deflnxtlons for

the terms *developed” and Fprlvate.expense.r

Major changes in the proposed rule include-the-following:

1.

The legitimate rights of the Government, its
'__contractors_and=subcontractors_in technica1~data_m

.relating'to items and processes_deVeloped in part with

 Federal funds and in part at private expense are

defined. In these sitnations,.if the-contractOr's
wcontribution.is.significant.the GOvernmenttnill'
’_generally recelve Government purpoSe license'rights,__.
Lrather than unllmlted rlghts as provided'in.the current.,'

policy. The Government will also recelve Government

purpose llcense rlghts where_lt would otherw1se be

entrtled to unllmrted rlghts 1f the contractor 1s a.

small bu51ness flrm or non proflt organlzatlon that

agrees to.commerc1a;rze the technology. o

-The;terms_fdevelopedf and "private expense" are

defined;J

_The validatibn procedures are reviSed,to conform with

the requlrements in Sectlon 953.
The rules have been clarlfled and srmpllfred._ They

have also been reorganlzed to more clearly reflect the




:process andjsequence'tozacquire technical'datanand
rlghts 1n technlcal data.. B B
B. Regulatory Flexzblllty Act .
The,proposed,rule is not expected to’ 1mpact adversely upon
small entities within the meanlng of the Regulatory Flex1b111ty R
Act'of'leO (5 U.S. C:fBUl et ggg.) and preparatlcn ‘of an.In1t1a1
Regulatory Flex1b111ty Analys1s 1s,_therefore, not requlred.
.Con51stent w1th the Act and 10 U. S cC. 2320(a)(2)(E), as amended
by Pub. L. 99-500,_the proposed_rule‘has been_drafted in a
% - manner which will enhancelcompetitivefopportunitles and teduce
Lﬂ_:‘]hff

&uﬂﬂ establishes a. poliCy'that, in the case of small buSLnesses,.the

compliance burdens. _df .'llﬁentities. “For ekample,'the rule
'ﬁ“t 4f1Government will normally take only Government Purpose Llcense

1tem, component or process funded predomlnantly at Government
expense, prov1ded the small busxness concern agrees to'm”
commerc1a11ze ‘the technology. ThlS pollcy is expected to
stlmulate the competltlve posture of small bus1nesses in the
commercial sector. Slmllarly, by prov1d1ng that the Government
will be entitled_to.technlcal data r1ghts suff1c1ent for
.competitlon reprocurement_when.development is funded in whole or
in patt.at'Govetnment:expense, the abilitY'of}small business to
participate in breakout, :eprocutement'acquisition is enhanced.
Comments‘are.invited froﬁ‘small.buSinesses.and othet'interested

‘parties.




C. ' Paperwork Reduction Act. .
‘The proposed rule does not create information collection

';equirements which require the approval of OMB under 44 U.S.C.

3501 et seq.
D. Unrevised Requlatory Coverage.

. 1. The following existing sections'and subseéﬁibns:ﬁiﬁhin
DFARS Subpart 27.4 will not be substantively revised but w1ll be

renumbered to reflect reorganlzatlon of Subpart 27. 4. Mlnor

- editorial corrections to these sections may be mademprlorbto

publication of a final rule.

Cuirent DFARS

27.402 - 27.480
- .27.404 '27.481
C27.404-1 27.481-1
27.404-2 - 27.481-2
27.405 27.476
- 27.406 27477
27.407 27,480 .
27.408 - - 27.478
+27.408-1 27.478-1
27.408-2 27.478~-2
..27.408-3 27.478~3
- 27.408~4 . 27.478-4
. 27.408-5 T 27.478-5
- 27.409 - 27.479
. 27.410 {Sectlon title deleted)
27.,410-1 27.475=-2
- 27+410-4 - 27.475-3
27.410-5 27.475-4
- 27.410-6 27 .475-1
- 27.411 27.475-6
27.414 .27.473-6
27.415 27.475-7

Proposed Renumbering



5]

2, The following existing clauses in”DFARS*Subpart‘52.227

will not be substantively revised or renumbered. - However, minor

editorial'ccrrecﬁions may be made prior to publication of a
"final ruie._

52.227-7016
52.227-7017
152.227-7019
52,227-7020
52.227-7021
52,227-7022
52.227-7023 -
52.227-7024
52,227-7026
52,227-7027
52.227-7028
52.227-7029
52,227-7030
52.227-7031 . .
52,227=7032 . 0
52.227-~7033
52.227-7034"

| 52;227—7036;

E. rAnnouncement of Publlc Meeting. ‘
Although the publlc comment period establlshed by thls-j
Notice complies w1th requxrements of Pub. L. 98- 577, the DAR

Councxl is concerned that 1nterested partles be afforded max1mum'n

Hopportunlty to crlt;cally analyze the’ proposed rule in llght;of'
itS'iehéth"and coméiexity. Therefore, in order-to maximize;the
opportunlty for the publlc and industry to part1c1pate 1n thls
rulemaklng process, whlle ensurlqg that the statutory .
1mplementatgon deadl;ne of 16 April 1987 is achieved, the_DAR

_Councii‘wiil'convene a public meeting on 30 January 1987 at,e‘

9:00 a.m. in the Main Auditorium of the General Services h




‘o

‘Administration Central Office, 18th and F Streets, N.W.,

Washington, DC. At thatutime,.the,Council,willarespond to
questions concerning-the nature of revisions contained in- the
propoSed.rule‘and-will'afford ample time to interested partieS-:
to present their initial views concerning the.revisipnss
Members of the public and repreeentatives of industry are
encouraged.to prepare remarks fer oral presentation te
attendees. It is believed that the_meeting Willzﬁfbmete a

better understanding of the proposed rule{ fac111tate

preparatlon of written comments by attendees, and a551st the DAR__-

Council in making approprlate changes to the rule prlor to the

statutory deadllne._ Questlons concernlng the meetlng agenda

. should be directed telephonlcally to Mr. Charles. Lloyd,

Executlve Secretary, DAR' Councxl ((202)697 7266)

List of Subjects -in 48-CFR_Parts 227 and 252
Government procurement, - - _

CHARLES W. LLOYD
Executive Secretary
Defense Acquisition
Regulatory Council

Therefore, it is proposed that 48 CFR Parte“227 aﬁd 252{be.f.

~amended as follows:

1. The authority citation for 48 CFR Parts}227_and 252
continues to read as follows: | | .
Authority: 5 U.S.C. 301, 10 U.S.C. 2202, DobD Directive 5000.35

and DoD FAR Supplement 201.,301.



PART 227——PATENTS, DATA, ANRD COPYRIGBTS

/';

2. ' The text of Subpart 227.4 is deleted in its entlrety
and the follow1ng,Sect10ns 227.470 through’ 227,482 are added.
SUBPART 227.4--TECHNICAL DATA, OTHER DATA, COMPUTER SOFTWARE,
AND COPYRIGHTS | |
Section

227.470 Scope.’ S
227.471 . - Definitions. .
227.472 "Acquisition Policy for Technlcal Data and Rights 1ni”
.~ Technical Data
227.472-1 General. : S
227.,472-<2 Establishing Minimum Requlrements.
227.472-3 Early Identification.
227.472-4 Statutory Prohibition.
227.472-5 Standard Rights in Technical Data. '
227.472-6 Obtaining Greater Rights in Technical Data.
227.472-7  Waiving Unlimited Rights 1n Technlcal Data.
227.472-8 Subcontracts. . o o _ L o Co
227.473  General Procedures. ' ) : §
227.473-1 Early Identification of Government Rights. ' 5
227.473-~2 Obtaining Greater nghts ln "Prlvate Expense". Data.
1 227.473-3 Certifications,
227.473-4 Marking and Identification Requlrements. '
227.473~-5 Validation of Restrictive Marklngs on Technlcal Data.
227.473-6  Reserved. : :
227.473-7 Non-Disclosure Agreements.
227.474 Alternative Methods of Obtaining Greater nghts.
227.474-1 Reserved. ' L
'227.474-2 Reserved.
-"227.474-3 Direct Licenses. o
227.474-4 Expiration of Restrictive nghts Legends. N
227.475 - Reserved. - R
227.476 - Reserved. -
.227.477 ~ Reserved.
- 227.478 Reserved. ' -
227.479 = Contracts Awarded Under Small Bu31ness Innovatlon _
- " Research Program (SBIR Program)
227.480 . Reserved.
227,481 = Reserved. _
'227.482 = Solicitation Provisions and Contract Clauses.




