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INTRODUCTION

The study, which is reported herein, was .based on thé
hypothesis that a carefully dési%ned education plan for engi- .
neefs will have ‘a beneficial effect on the innovative development
and transfer of technology to the mapufacturing seétor'of oﬁr
economy. Any attack on the problem qf manufaéturiﬁg productiviiy

- is simultaneously an attack on the energy problem, the materials
problem, and the balance of payments éroblew. ‘A m;chanism which
‘brings a@oﬁt'a_mére syneréistic relationship within the man-

- machine-technology environment will achieve higher proéuctivity.

: Oné‘such mechanism, the subject of this study, is the carefully
: _ l | .
coordinated formal education and on-the-job learning experience

<

of engineers.
. The United States is considered to be the most teChnologi—
cally advanced country ip the world; however, the transfer of

this technology to the production of goods and services has ap-

parent‘wéaknesses:- Graphic evidence of the problem is indicated

by (1): . [
"
- Manufacturlng output per man hour in the U. S has
increased by 34% in the 1960's, as opposed to an
average of 87% in 10 other countries. -

- Manufacturing pﬁéguctivity increased in the U.S.
during the 1960's by an average of 3.2% per year
--as opposed to 1l1% per year in Japan and 5-6%
per year in Europe.

r

#(1) Numbers in paféntheses represent'refeféhces in Biblipgraphyﬁ,
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- The: United States fell to fourth place in 1971

in the installation of machine todls -- after

having been first in the world in this important

area for many years.

- If the United States could 1mprove its preductcivity

by .01%, it could 1mprove its Gross Natlonul Product

by $1 billion per year. i

The Experimental R & D Incentives Prbgram, announced by the
National Science Foundation in November 1972, coupled with the
Experimental Technology Incentives Program of the Department of
‘Commerce, was established'to pfbvide evidence éoncerning'incen—

| .
tives which the Federal Government might use to increase the
transfer of new technology to all sectors of'the economy.

For several years prior to the énhouncement,of the EXperi-
mental R & D Incentives. Program, the Mechanical Engineering- '
Engineering Mechanics Department at.Michigan,Technological
University had been exploiing mechanisms for enhaﬂcing university-

-@pdustfylinteraction.in the materiais processing industries.

The timely ihtroductiop of this new program by the National

-

Science Foundation gave encourégemen;'and support to the initi-
atives already underﬁay.‘ - ‘

A Ireliminary prpﬁgsél on "An ExXperiment-in Ma;erials
PI cessiné Edupation:l Tﬁe industrial Interpshi@ Program" was
submitted to the'Natibnal Science Foundatién unﬁef the Experi-
mental R & D Incentives -Program on Human Resources for Technology
Innovation in Deéember 1972. After several meetings tS‘dISCUSS
this rather comprehensibe prelimina¥y‘proposal, a modified .

version labeled "Task A - Program Definition" was submitted in

March 1973. The "Task A" proposal was funded and the program

-

~y .




Lo

~of activities was started iﬁ‘September 1873. -
| The program of aqtivitiés for "Task A —;Pfogram'Deﬁinitipn“.
included 1) é revieﬁ of existing interaction prOgréms, domestic
and foreign . in public,aprivatea and céptive institutions; 2) a
symposium on caméus for pofential industrial pargicipants; 3}I
identification of interested'compan;és and students; 4) estab- - v
lishment of an Advisory Council; 5) symposium for faculty and |
industrial participants: to establicn program objectlves, pro-
cedures and guidelines; and 6) design of the'full eXperiment.

An interim repért on the-pféject wﬁs submitted in March
1974. Thisjéeﬁért reviewed the activities associated with ob-
taining industrial support; the results ofivarious'symposia
related to preductivity, aﬁd reports oin visits abroad. It
‘established fhe basis for conference with the program director
at thé National Science Foundation and thié coﬁference gave
definition to the work that would be undertaken to complete:
tgé'study‘ - 5 |

This f1na1 report w1llm1npprporate only that mater1al from
the Interim REPOrt that is necegsary to make thls document com-
plete. For further detail on the work covered durlng the flrst
half of the study. thelreader is dlrected to the Interlm Report.

This final report, when coupled with the Interim Report,
Erovides the findings of the various prOpdsed activities,
estaﬁlishes some conclusions where supported by e&idence, and ",

: | : K

provides suggestions and recomﬁéhdations for extending thisitask

to the actual design and conduct of a project or exXperiment.




~ BACKGROUND - .
f . .
There were and a. e a number of problems related to the
Ieconomic wellbéiﬁg—of the United Stateslthét plague the nation.
A partial list would include unemployment, inflation,_produc£1v~
ity, balance of trade, balance of payments, ensrgy, materials
and the énvironment. .It is clear ‘that the innovative application
of technolggy can héve'a beneficial impact, direct and indifecﬁ,'
on these problemi; |
. The ﬁnitéd States must cqmpefe with othex nations of the
world. The prdblem§:moted above give evidence that oﬁr position
as ﬁhep@bst advanced technoiogiéal nation is being eroded. jIm-
prbved productivity, in its broadest-gense 1S imprbvingvﬁut.
efficiency of converting resources, some scafce, info'goddé and -
"sqrv%ces. The innovative application of -appropriate advanced
fechnology is -one of tﬁe most powerful Eools af our diéposal ti;)
iﬁprove productivity. -Jéﬁes M. Utterback, in his article on
°_"Innovation in Industry-and the Diffusica of Teéhnolégy“l(Z), '
provides a list of sixty~nine.references ﬁhich show the wide ‘
range of interest in this‘subjectf 'Tﬁe Arthur D. Little, Inc.
study on "The Manufacturing Endineer ~ Today apd'TomprEPW" (3)-
indicates the great reSistance on large qrganigﬁtions td'innova-
tion and change. ‘ |
. The "Naﬁibnal Inquiry into broductiviﬁy in the Durable‘Goods'
Iﬁdqstry“ workshoﬁ held'aﬁ ﬁhe’Universify of Massabhusetts,;oCt_
ober 4-6, 1972 (4), focused onAtﬁé machine~tool manufacturing
.industry of the‘ﬁnited States. The participants agreed that the

EO)
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-indusffy was in seVere‘economic peril, that - transfer of new tech-
nology was crucial, and that quineeripg education could play an
- ¢ N B R
important role by moving into more practical areas of applied

engineering.

THeé"ManufaCturing-Productivity Conference" held in Wash= '

. ington, D. C., October 11-13, 1972 (1) was held with the theme

that significant imprQvements in mahufaétu;ing productivity can

- -~

B achieved through the development of new‘pfoéésses, techniques

‘and equipment.
L - s,
. Thé manufacturing productivity problem waslidentified in

'f

the Proceedlngs of the Manufacturlng Product1V1ty Conferences as:

"of all areas in which productivity can 1mprove the U.8. -
position -in world trade, none exceeds manufacturing in
importance. Virtually hundreds of examples can be cited
of outdated manuracturlng processes in use today which
have not been 1mproved in decades, ang failure to develop
improved processes is a result of inadequate attention
_to R & D activities. Governments of other industrialized
nations have provided greater incentives and stimulations
than has the United States toward research and development
in the manufacturlng sector." : : :

: . _
The proceedlngs go on to po;pt out that various measures

oflprOQuctivity in thé United States have not képt pace with

Ithbéé‘zf other countries. c‘The summary- of, t?e ponference ;elatei
to university-induétry-government interaction recommended a:
s tudy of‘yarioqs,mechanisms to improve productivity through
enhancement of innovation in manufacturing. &
From the-foregbing conciusions it*is gpéarent that the goals

of engineering -education must be related to the ability of prac-

- ticing engineers to generate and apply new technology and to -

g

improve prbductivify;_ Few educational disciplines have ,undergone

7




6
more frequent evaiuation studies than engineering. Ail.of these
evaluative studies (5,6,7) have been controversial. The scien-

s o . . . . ' . L
tification of engineering, the evaluation of the engineering

. technician and techngiogist, and the accreditation of engineer-

‘ing programs at the basic and advanced levels are all related to

- =

the findings ahd/or recommendations of_these:eVaruations.; (What~

ever ‘role is played by the Engineers Council for Professional

Development, the accrediting agency, and the various professional

societies in_formuiating goals for engineering education, these

roles will continue to be sensitive to the needs of the market

place.) It can be seen that government decisions on such matters:

as research support, the aderbvspace program, and the project to-

~put a man on the moon.have all had an effect on the thrust of

engineering education. It is certain that government policies
and decisions will continue to have an effect on the. focus of
engineering education.

In spite of what_appears to be 2a very healthy relationship

- between unlver51t1es and 1ndustry “here are some rather obV1ous

slgns of strain (7). Most universities believe. that a certa1n

amount'of on~the-job 1earn1ng will be necessary to convert a

graduatlng englneer into. a pract1c1ng englneer. Some industries}

in apparent agreement Wlth this polnt of view, have 1ntroduced
formal learning programs foranew éngineers. Other 1ndnstr1es,
frequently the smailer, fragmented industries, have adopted more
of a sink or swim attitude toward the development of a graduate

engineer. ?hto a prOdUCtlve employee, malnly because they cannot
| ) i ;'“;5’.

-
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afford training programs:[ Some industries are technology

intensive and others are-manpower*intensivéf It should be clear = -

- - =
i . . L ' -

that,the fragmented industries of our, nati'on and theixr varying ..
‘needs for technically educafed peoﬁie'are too diﬁerse for-

educd@ional iqstitutions:to serve each in thé unique role of .
traininglmanpower fdkninstant prodﬁcgiee;employmeﬁkr :It woﬁld
Ilbe'impossible for graduating engineers-tO'be ide%lly sdited to -
any Spe01flc 1ndustr1a1 employment however,_rather tﬁan consider
this a prcblem which generates$stra1ns, it, should~§é2c0n51dered '_ .
as an Opportunlty to build programs of 1nte;act10n between
ynlver31t1es and industries. The profe551ena1 deve10pment and

attitudes. of an engineer are the result of formal and informal -

experiences and education. The more syﬁergistic the education

and experience, the more efficient the professional develepment.l
Ihe educational plan can graduate an engineer with a broad

formal education whe iS'ciearly suited to 6n-the-job'1earnieg

for those industries that feel this sequence is best suited to

their objectives. The co—Op'érdgrem represents a coupling of

“* education aﬂd prect;;al.experience, carefully inteéfated, to
achieve practical eompetenCe by the t;de“of graduation. The .
yarious-continﬁing education pregrams,‘adfhnced deéree\programs
and in-house.programs of seudy are‘all further elements that are

_ aveilable;for use by individuals and iedustries to achieve
educational aﬁdeexperience objectives; |

Most educational plans, even those involving an iterative -

sequence of educational and practical eXperiences, have not - X

'
. i o . [ »
- a
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8
-s inélnded the'facu]ty mehber as‘a partner in.fbe pracricing engi-
e neer phase of profe551ona1 development. Stch a partnership‘is
_con51dered useful, if not essential, by both the. unlv”j;ity and
o industry._ Thus far no practical way has been foend to achieVe

this relatiOnship. The proposed internship program is intended

e “to addrass this ‘nieed. | . °.

-

- It was against this background of problems and opportunities -

- thet the proposal "An Experiment in Materiels Processing Engineerv

" ing Educatjon: The Industrial Internship Program - Task A =

. ) . - -I - .. - ) 5

Program Definition® was. developed and formulated.
o __— .
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_ OBJECTIVES
. ) /'\ . '
Under the Experimental R & D IncentfxeeuProgram of the
National Science: Foundation, Michigan Technological University ~

proposed an experiment with the‘cbjectives to: , ‘ e

1. Provide-p}ofessional training .in an.atmosphere'df

si_nnovation for students planuing td enter, manufacturing

.engineering. - ' , . e

2., Develop and maintain a university-industty relation-

‘ship conducive to joint activities that will lead

to incréased transfer of new manufacturing .technology

- . . -

tq the manufacturing industry aﬁdﬂthat will provide
feedback to the. educational sys tem of the unlver31ty
It was proposed that these cbjectlves coulg be achieved through -

an'educational program which brings together a.student or stu-

r +

dents, a university faculty member, and-an engineer from in-
" 3 uni _
dustry to form a team. It would be the task of this team to

solve an englneerlng problem provided by 1ndustry

-

- Speclflcally, the purpose of this phase of “the project was to:
- review existing university=-industry interaction, domestic
and foreign, involving public, private aqd=captiue insti-

tutions - . e
tf‘ r [

‘= conduct symposia for potentlal 1ndustr1ai,part1c;pants ‘{

1

. - identify 1nterestedxcompan1es and students B

- establish an adV1sory counc11 ";é '

- conduct meetlngs for faculty and 1ndustr1a1 participants

- 1dent1fy‘1nter§sted companies and students

b

-

-
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- establish an.advisory council .
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- . —-conduct meetings .for faculty and industrial participants
’ to establish prclagraf‘n ohjectives, procedures and guidelines
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| DISCUSSION |
. The follow1na dlscu551on represents a systematic review
of thls study. Many of the subjects reviewed -here were in=-
cluded in 2 more comprehensive way in the interim report (8).
The interlm report should be considered as an addendum to

e

this final report. Some of the findings contained-herein

came to light after the completlon of the 1nter1m report.

'ExlstIng“Programe_Abroad ) L —

- and Germany helped establish a number of 1mportant facts

4 e A —e

Durlng the Manufacturing Productlvity Conference of

u

October 1972 in Washington, DB. C., a considerablé amount of -

industry-university interaction in research coupled with

¥

~government subsidy was clalmed to be partly reSpon51b1e for

,9
s

L

-.._,.

high 1ndustr1a1 product1V1ty in some of the 1ndustr1alrzed

7
i I3

natlons. Particular mention was made of Japan and Germanyr

L8

America's strongest competitors in _the world markets.. -

Flrst—hand 1nformatlon galned durlng V151ts to Japan

.ei.

‘_and 1mpre551ons about theaeducatlon and utillzatlon of

engineers in these countrles. Because the v151ts were

\l.~ B TP

W

St

P -

short, the conc1u51ons are often vased on first 1mpre551ons.

A more 1engthy study mlght change some 1nformatlon,,however,
N

¥ "

the followlngeiahtors emerged for " bott, Japan and . Germanyi

af

1. _Technorogy and thé profe5510n of englgeerlng are -

Held in high regard by the -general public’ and by
youvd people preparlng-for careers.
J""-‘“e "'} Y
2. .The-educatiorial route to englneerlng careers 1s
more restricted and less a mdtter of personal -
chp&ce, ma%nlyodue to a 11m1ted number of openings
_atwunrver51t1es. . : , .

Ll
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3.  The expectations of industry, regarding the re- N
‘ quired combination of education and practlcal ex-
. perience for engineering recruits, are in reason-

: I‘able harmony with the existing system of educatlon.

4. mhe'ability of the technical community to communi-
cate -is enhanced by the rclatively small geograph-.
» ical size of Japan and Germany. .

5. The research activity appea¥s to be organized .
around long range goals with less duplication, less

~ direct competltlon for support, and more stability
in support. = e

. [ T —) [

——

~;lifetime employment.- . Research_ls_cax;;eg_out on & 1oqg_range_

'write*pfopqsals.' Research support ig usually part of the budget
) supplied by the'government or by a single lnduetryr ur by a

consortium of industries. The support is ﬁgrmally to continue

6. Research priorities seem 1ess infiuenced by crlees‘
or arbltrary national godls or pUllCleS.

In Japan the prOEeSSlon Of englneerlng has_“ consld'erasl_——- e m—————

prestige.. ' Entrance‘to englneerlng study at each unlverSLty is

.controlled in number by an established limit, and Quality.by an .

entrance exam. Each univéfsity has its own examination. Thet™
transfer of $tuden£s between ihstitutions is highly unusual and

faculty'membere}ggﬁally stay at a given univefsity. The progiamj

is very basic with some laboratbry experience that has an indus-
.‘trial flavor. = Industry hires g;aauates at relatively low com-
'pehsagion into biue collar aéprentice type jobs. The developmenﬁ

of englneerlng recrults is unhurrled because of the conCEpt of

;_,r,

basis by g;éduate stgdenxs working for chalred‘professors; The

chaired professors receive’ research support each year and.do not

. it n :
ongoing research and usually the qhaired professor is known

throughout Japan for his specific-area of ongoing research.’

. s
e

T
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In Germany there exists'strong interaction between univer-

sities and industry. Aspiring engineering professors are re-

gquired tb serve in industry for a minimum of five. years before .

becoming eligible for an academic pOSition. As in Japan, the
professor is well known throughout industry for his-area of
specialization, which creates strong bonds between industry and

the univerSity, and promotes jOlnt research activities. Also,

engineering students are required to gain practical experience

‘in. an industry early in their academic~careers. Since the profes-

——r———the—edueatien—and—utilization.of.engineerspin_the Ugited States*_

sars‘marnt1tn~an—extenSixelmgzhqu_relationship With industry,

[

engineering studies have a strong practical flavor. Thig permits

:lcollege graduates to be productive immediately.upon entering
" industrial employment, and eliminates lengthy training perlods,

ca quality finding considerable favor With smallet and fragmented

industries._ This system of interaction extends over much of Cen—

tral Europe, and it is' not uncommon for a Swiss .-or Austrian firm
. : . . T

to work with a German univekrsity, for example.
rd

Existing Programs in the United States

w

There is conSiderable danger in making comparisons between

- where rather explicit information is available and the impres-

sions left by rather short visits to Japan and Germany. How-

ever, some parallel analysis seems in order-and may help to focus

‘attention on factors of special concern or promise.  The follow-

' : \
ing comparative factors are cited for considerations
=
1. Engineering and technology are characterized by a -
- mixed combination of high and low regard by the public

T m e ———
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with careers being popularized_only when the supply is
short.

2. The educational route to. engineering careers is open
to almost anyone as a matter of personal choice.

3. The expectations of industry for engineering graduates
"appear to be reasonably well met, but most 1ndustry
. finds some on-the-job practical experience necessary
before an engineering recruit becodmes a productlve
professional.

14

—————

4. The ab111ty of the te”hnlcal communlty to communicate
is made difficult by the geographic size of the United
States, the proliferation of published technical infor-

-mation and the competitive nature of our educatlonal‘
research enterprise. A £

- - L

5. IResearch activity often centers On short term goals or
T drises—and—is—usually based on competltive b1dd1ng for
’ support.. . _ T *
6. Research activity is heavily 1nf1uenced by national goals,
programs, and policies. .

. Engineering educatlon in the United States As open to

J'

almost any interested student but the attrition 1s very high.

L3

The undergraduate curr1cu1um is similar in most.institutions
duye to accreditation criteria. Co-operative education programs
with industry are common. The supply of graduates is not aIWays

well matched to the needs of industry. Research is carr1ed out

L

___for industry and Wlth Federalggrants. Federal grants support

theﬂmajority of‘funded projects. ' *

Un1vers1ty—1ndustry 1nteractlon in the United States was

found to be mostly left up to the initiative of individual

-professorsfand_industries. ,Since engineering professors are not

A . [

‘frequired to have industrial experience as-a prerequisite for

thelr careers, engineering education tends to be theory oriented.

much like in Japan. It 1s not unusual however, for professors t
£

16 ‘
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have industrial experience apd to establish.cooperative ties
with industrial firms, whicll involve consuiting and. research.
While such a background of activities may flavor the ciassroom
and }aboratdry presentations of the individual professor,.the'
overall thrust of engineering education remains theoretical.

Graduate Programs

A few schools have adoptled programs designed to promote

v

university-industry interaction on the graduate level. Since
its founding in 1971, the Processing Research Institute of
Carnegie-~Mellon Uniuersit?-has offered a Master of Engineering-

Program designed to prepare graduate students proféssionally

,for eng1neer1ng careers. Students are given industrial- pro;ects—v~-—*u~%_
Fi

and have 'a major respons1b111ty for their successful completlon.
uperv151on is prov1ded jOlnt19 by faculty members and eng1neer-
. ing experts from industry. As of summer 1974, 13 students had a

H f - graduated from the prograﬁ-and“zo students ‘were currently enrol-
!' led (9). - - ST

. R
| - & - . R -3 ;

f
Another program intended to acquaint the student with indus-

trial problems is the Industrial Internship in the Professional

Masters Program of‘Oklahoma State Un1vers1ty, which was ‘initiated -

—— ey R

' " in 1972 (9). The last two years of undergraduate study and the

'e ——

s e J— 4 -— - -

“graduate program are geared towards solving. an 1ndustr1a1 prob~'

"1em. The student Spends about seven months on 1ocatlon in

- industry as‘part of the requirements for the Masters degree. E
About 30 students have completed professlonal practlce under this

T program so far.

» o T
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A similar program established in 1967 is the Professional
Doctoral Program in Engineering of the University of Detroit (9};
The candidate for the degree spends nine-months in industry, and
the dissertation lnvolues the solution of a practical prohlem of
suitable complexity. About 30 students have participated in thls
program. | N

These programs have-as‘common features (a} an industrial
internship by a student, (b} the solution of;a practical problem,
and (cl a graduate degree._ |

Undergraduate Programs

Although the Co-op Program of alternating educational and

practical experiences could be implemented at either the under-

—_—— -

graduate or graduate level, 1t”has been‘1d0pted—at an accelerat-

ing rate as a form of undergraduate education in the United

States'and tanada. ' S . S
\ : '
C00perat1ve education in its standard form has the followlng

!!,# t:r« ]

teatures (8) A student is placed in’ 1n&q\try for alternating

-

academlc tElmS. The student is thus able- to" work hls/her way
h thgougﬁfsc'ﬁbl,.but ga1ns1pract1cal experience at the same time.

The student usually enters the program after_completion of the -

.oy .

~f1r§t year ln college, and an effort is made to match the stu-

dent's field of study and the work asslgnment. The level of

5

these asslgnments is adjusted te conformlto the student's

. academic progress, i.e., he/she assumes increasing responsibility
. . " - 'q“;‘

t

_as he/she nears-graduation. The student's work eXperience becomes

part of ‘the. formal education package and credit is received for

N . . . . s
‘it. In general, academic studies become more relevant 2s the
: R _ . l

T e
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student is able to relate theoretical learning to job experience.

i,

z -

University-Industry Interaction in the United States

Three different categories of universitv-industry. interaction -

in the United States can be identified. The following classifi—

_ cations are not to be taken as rigid. A spectrum of combinations
and variations of these categories are possible:

1. Industry interacts directly with professd}s to benefit
i from consulting or the research experience of the uni-
Y ver31ty

This may be the result of elther direct contact between
a professor and 1naustry, or a formal university program
to work with 1ndustry Students. are not involved on a
systematic basis, although graduate students will
frequently be active in related research efforts. The
flow of technical information tends to be directed from
the university to industry. Some feedback f£rom the
‘research work to classroom activities is likely.

2. Undrrgradmate students gain industrial exXperience through TT
' the Co-op Program and thus are the primary beneficiaries of
this exposure. No direct invoOlyvement by ‘the university
exists to benefit 1ndus;ry, and there is very modest -
feedback from industry "‘to the university which would be’
helpful to make teaching more relevant to all students.
Certainly education is made more relevant, for the - o
participating-student; -
R B =
3, Students (usually graduate) gain- 1ndustr1a1 experience by
"spending someé time (internship) in 1ndustry, and by working
- . with faculty members and practicing englneers on an
industrial problem. All parties involved in the project
can benefit. The student gains valuable experience, the:
_company gets.a problem solved with the help of the -
unlver51ty,‘and the -faculty member galns an 1n31ght into - ‘
industrial problems. Communication’ channels between . Cos
.industry and university are open, and the flow of infor- . Al
. mation from industry to the university .can make engj.neer-
ing courses more relevant fcr the benefit of a large ’
number of students. : )

University-Industry Interaction -Symposia R L -
In the recent :past a number of symposia were held which

dealt with the need to improve university-industry interaction
L] ' & )‘\.

Y

N 1)
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and the‘ﬁransfer of technolcegy.

The Processing Rééearch'lnstitutelof Carnegie—Melion
Univé;sity conducted the NSF—5ponsoréé "Workshop on Research .
and Educational Needs: in the Prassure Vessel Piping and Rélé%ed
ipdustries" in December of 1973, which ié described %n_Chapter-i
6f the Interim Repbrt (9). In May 1974; the PRI heI& the "First
_Naﬁional Conference on Iﬁdustry University Ihﬁeraction iq Grad-
uate Engineering Education.?- ihe chief objeéﬁive'of this ﬁeet—
ing was to review the ongoing interactive graduate programs of
CMﬁ, Oklaﬁoma State ﬁniversipy and the University of Detroit, all

of which are described above. Time was set aside for discussions

of the problems and experiences educators may have had in the

area of industry-university interaction. Panel discussions
dealing wiéh evaluating faculty in'professiona; programs, SR
- maintaining good relations with industriml sponsors, and -the

attréﬁﬁionmofmguality students .into professional programs were
e . R CX .

held. The discdsSiéﬁé"genefal{i_centEred_around the need to
draw closer to industry, the need to Bélancentngqutical and
practical skills, and the importance of professionalism in-

"engineering education. i.The merits of a balanced engineering

. ~
_ faculty were discussed. ‘
InIDecember'of 1873, thé "National Confereﬁce on Manufac-
turing Téchnolongand Producfivity“ was held at M:I.T. A detail-

ed report on the proceedings of this meeting was presented in

o . - e r—— e

' Chaptér 4 of the Interim Report /(8).-
Michigan Tech held-N.é.F.—sPonsor d symposia in December of
. : o : _ . .

1973 in Dearborn, Miéhigan and March of 1974 6n the Michigan Tech

[}
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*

-campus. The purpose of these events was to advertise the uni?

%

A versity-industry'rnteractiOn‘program.pIOposedwby_Mionigan Tech,

and to stimulate discussion on it. Industry in particular wag-‘"“u

Y]

to voice its feelings, since its input could be valuable in the
" final design of the experiment. - Additional details of these -

‘meetings &re contained in Chapter 4 of vhe Interim Report (8.

Some of the eignrficant results of these meetings are as follows:

1) Industrial representatives agree that the program proposed
by Michigan Tech is very.proﬁising. 2% Afthough it shares a

common.feature witﬁ the Co-0p program, namely the practical
AY - .

experience gained by the student, tﬁey feei that the direct

‘involvement of university faculty in the proposedAprogram is a

most important feature. 3) They feel that channels of communi-

cation, which would thus be opened between university and

- -
kN

industry benefit all participants. 4) . Better than 80 pergcent

-
' recomménded_that'their companies participate in this-ﬁrogram;' ) o

‘The Industr1a1 Internshlp Program - A Test Case

Steps taken in preparlng for the po531b1e lmplementatlon of
Michigan Tech's Industrial Internship Program_haVe already been

‘described in the Interim Report (8). " A considerable number of -

Y

”"companleg w1th 1EVels -of -commitment varylng from. strong 1nterest~nm~_—f_m4n

»

tQ desire to partlclpate have been rdentlfled
Althoughwlmplementatlon of the Iﬁternshlp Program was not ‘

-t

-part of Task A an Opportunity presented itself for a test case.

A small company, 1mpreseed Wlth the phllosophy of the program,

asked to’ become 1nvo1ved 1n a cooperatlve venture. All pert1nent

(%1
bo
-y
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‘machinery, and hoped to get it.solved'through interaction with

o
20
correspondence relating to this project is included in Appendix

A, The firm had a major maintenance problem with 'its production

g

Michigan Tech. The ensuing developments. are very valuable .

‘evidence for demonstrating the need for industry-university

interactioﬂ, the difficulties in dealing'with smaller companies,

-~

“:and the 1mportance of Federal assistance in gettlng interaction

-

started, par+1cular1y with small industry.
‘,v \ . .
The project was estimated to Qe of 2 magnitude such that' it

would 6ccupy one summer with a student Onblocation, and an
additional academic. quarter'for'report preparation. MiChigan
Tech therefore submltted to the company what was con51dered to be
a "bare bones" budget péftlally covering faculty tlme, other
dlrect costs, and unlver51tyL1nd1rect costs, The:tlme for
faculty involvement was artifically shottened to hold expenses

down. With the student's wages the total expense ingurred by

-

.the company would. haverbeen $8,000. .The company did'qot-share

Michigan Tech's'ﬁelief that this sum was émall\enough.anhinvest-
ment to Save 1ts machlnes from further deterloratlon and eventual
ruln. Instead, it 1mposed a 11m1t of #4 000. on ‘the: prOJect,

1nclud1ng the student's pay. (See Appendlx A). Thls meant

e et I R Y

redu01ng faculty tlme drastlcally to the point where little

faculty 1nvolvement remained.’ However, 51nce Mlchlgan Tech
-

con51dered thls a valuable test case, it accepted the. terms

"of the company. An undergraduate student Spent two months on

1ocatlon,'succeeded in 1solat1ng the source of the flrm ]

b
4

[ &)

:az ) E ' . C .
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+

- diffibulties, and was able to prescribe remedial action. . His

efforts should save'the company_tens of thousands of dollars
eventually. A éoPQ-of the final report to the company is avail-

El.ble. I e *

# .

Some of the conclusions that can be drawn from this exp&r-

ience are: - :

l. . There is a need for increased un1vers1ty—1ndustry inter-

action.
As a result of the limited amount of money provided by
the company, faculty efforts towards completion of this’

- project-outstripped the allocated pay by-a-sizeable margim.—
The univetrsity simply canrot afford to set aside faculty
time for so little renumeration since no. additional faculty
. could be hired to fulfill the school's teaching obliga--

° tions. It is expected however, that initially most smaller
firms and possibly even larger ones would offer funds for
interactive efforts which would“be insufficient to cover
such expenses. This would serve as a major deterrent to
industry~university interaction.

2.

4

These difficulties conflrm the conclusion drawn by
educators. and the’ Federal Government that goverhnment

“ incentives are needed to get 1ndustry-un1vers1ty 1nter-

action started

 Evaluation of Interactfve Programs

~The emergence of educational programs that deviate from

+

conventional_engineering education poseés the question as to their

effectlveness in providing 1ndustry with engineers who are better
I

quallfled than their conventlonally trained peers.

As & result of'the‘shorthperiod in which the various

a

1nteract1ve programs descrlbed above have’been 1n exlstence and

the comparatlvely small number of students 1nvolved in each, only

: 11m1ted efforts at evaluating thelr lmpact upon both the employer

and the employee,havg been made,’and appear to be restricted to
1 - ’ - - ,

%

I3
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‘starting salary - levels ‘only.

than employees from other -sources.

[ ) . - - u ) s 22
Howeyver, as each year passes by,

additional graduates of the programs enter the engineering ‘pro-

R

fession, and the earlier participants will have seen a sufficient

number of years of service to provide a sound basis for & mean-
B - . LA r

' . . L0 . L I

. S - \

ingful evaluation, . : ’
The longest program in existence, the Co-op program, has

not been a subject of evaluation until comparatively recently,

However _an'evaluation is currently under way at Northeastern
LU . .
University. Another evaluatlon has. been- completed on the

Langley Research Center Cogperative Educatlon Program in 1970

(lO),'in which former Langley co-ops, now employed at the Center,'

are compared w}th,employees recruited from other sources. In .

summary, the results of this investigation show that former co~op

-
-

students were promoted ‘sooner, changed jobs less frequently, -
rece1ved more awards, and obtalhed ‘'graduate degrees more often
Although the employees sam-
pled in this study came from many different schools, and thus had

dlfferent backgrounds due to thlS fact alone, it appears that

cooperatlve education with its "hands-on" experlence “tends to

w oo Y

produce englneers with hlgher levels of mot1vat1on and achleve—

-y o

‘ment., - . - ) . v
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' 1nd1cates 51gn1f1cant adVantages to 1ndustry unlverslty 1n+erac—

-'Carnegle—Mellon Un1Vers1by, Oklahoma State Unlver51ty, and Univer-

" of 1ndustr1al problems at the unlver51ty.

_ since smaller companges in particular flnd 1t dlfficult to. meet

coa

- - 1] . " ’ o - - - '
edch other as well as conVentional education. It is important .

* L ' C - E
*in order: . . . o -

is seen as- valuable, 51nce it is expected to create an awareness,

s © . CONCLUSIONS

.

The background'study“carried out under Task & has revealed
a number of slgnlflcant findlngs. C - o

" The eV1denoe obtained from abroad notably from Germany,

-
.(A

tlon, both for englneerlng edugatlon and 1ddustry. c e
Ut_SQ 1ndustry shows 1ncreaslng interest in J.ndustry—unive‘r-c -

sity interaction as exempllfled by the on901ng programs at =~ .-°

sity’ of Detr01t, as weILuas the reacthn to Mlchlgan Tech's pro- . .

-
4 . - . R ~
LI ~

posed program. U. S. industry ‘is interested in cooperafing with
. E S ’ ' ¢ - "
universities primarily-for the purpose of getting its problems ,

A4 A

solved. Faculty 1nvolvemept 1n proJects, preferably on locatlon,

et

-

F

There appears to be a need for u.” S GOVernment 1ncent1ves,

~ -

L]
=¥

some of the etpenses incurred 1n 1nteract1ve efforts. "
. ] o
- The emergence of 1nteract1ve programs at dlfferent unlversl— ’

ties raises the question of‘thelr.performancelw1th respect to’

LT

ﬁﬂ’ 5 w- L% . .
“that evaluatlons of these programs are carr1ed out. It is also

~a

important to 1dent£fy\and evaluate programs whlch have ‘80 far’ .

gone undetected Addltlonel evaluatlon of the’ 1mpact of the Co-

- - » x o .
u R . . _.' * -

op Program on industry as well as the indjividual appears to be E 7.

L L - L . L
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RECOMMENDATIONS

£~

A proposal (11) was submltted Lo NSF in September 1974
whlch has not been funded as yet because of 1ack of funds. How-
ever 1mp;ementa+1on of this proposal 1s still recommended o
Detalls on the follow1ng recommendatlons are glven in (11), but
are’ summarlzed,here. cheée_recommendatlons are as follows:;

1. Co—op and otﬁer special'progrems of_interaction need
Lo ﬁeIidentified,‘charecterized, categorized, and
documented for future referénce a;d further analysis,
'¥2. Criteria and Measure Concepts for program evdluatign
' need to be established. . |

d. aAll rdentifiable‘programs deed tolbe analyzed using '
the esteblished criteria. ' . o | \

4. bata on the eséablished,hegeure concepts should be
_recorded on'al} future progremsdés a matter of course.
~ NSF should provide stpport as -an iﬁcent;ve to assure‘

- . - LN

that a compatible and consistent ‘data basé is

i developed. ‘
5. Michlgan Tech's proposed 1nternsh1p program should
- be ;mplemep;ed on d large enough: scale to evaluete

'its effectiveness. Recommendations (2) and (4)

should be incorporated irito the program. .

6. The established criteria and measure concepts (2) )
. : ) .o . - ] - F
should be applied to.continuing education as a T P

3 ’ e’ I ’ ! LS ;/

. separate study. o T . . /

+

7. ‘The -established triterialand measure éonceptidiilj

v -
7 -
* + . 2 - .
v
” - *

. . .
.- . . X . . - )




. e
should be applied to Fhe-cpsg of German systém of
industry—univergity interaction as a sepafate study.

8. An industfial problem muét“be the fpcél‘poinﬁ in
interaction pioéfams if they are to be successful
:ih involving fﬁii'industrial subpbrﬁ and accomplishing
the ultimate éqals of innovation and increased manuféc—

turing productivity.

i
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. \ CONCORD MANUFACTURING CONIPANY

405 SOUTH MICHIGAN‘STREET * Com:ono M!CHIGAN 4923‘7 L] t517) S24. 89‘70
April 8, 1974 ‘-l LEPT

¢ - . Fis

Dr. Gordon Scofield
v Head ME-EM Department
Michiﬂan Technical Universitv
"Howvghton, Mlchigan 49931

Dear Dr.’ Schofleld . . :

. I understand that the N.8.F. informed vou at™ yonr meetine last
week that they could not fvnd ;orr industry-university interaction
program this yegr, but they will fund contfnued stvdy.., Professor
Gerdeen also told me cthat théy thonght ‘it world be all right to =o
ahead with a .few experlments with any inferested firms who- were willing
to bear the cost of the program without using N.S.F. funds. As you
remember, I told Youv that I was definitely interested in this program
and that I wanted to get a project going by this srmmer and you ‘told
me to see Professor Koskl.-

-

I got the proiect conditionally okdyed by the president of our
company (subject to cost control) and called Professor Koski last Wed-
nesday, April 3, 19/4, and he referred me to you, but yov were ovt of
town, so-he was going to have yo: call me. .

. Today, I called and talked to Professor Gerdeen and he asked me
to get a description of the project to him.and he'd start the student
selection process, _
The point I'm getting to is, the onlv way that yoL and-I aré

going to get anything out of this project is to have it totally co-

ordinated and organized from the ovtset. I know, that hecavse my -

, firm is the first to try this, there will be problems and I will have

} ' to help bv offering suvggestions. The first one that occirs to me is

that a corrdinator has to be appointed. _ _

The coordinator is the kev to the succéss of the whole proiect.

If he can help mv firm select the hest available professor and then

help vs select the best student, the proiect can't belp bu t he

svccessfrl..This will also allow 4 man, the coordinator, to observe
and report on the total siccess of the program.

. I would like to hear from you at your earliest possitle convenL

ience about my svggestions, so.I can get this pro*ect started this

summer. Please feel free to call me collect.

Enclosed pleaseaflnd a description of our company and the project..

3

- <

Sincerely,

31

Camiel E. Thorréz, Plant Manager
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CONCORD MANUFACTURING COMPANY

405 SOUTH MICHIGAN STREET @ CONCORD, MICHIGAN 49237 e (517) 524-8970

Sy e
i .

"
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»r

Concord Manvfacturing Company is an automatic screw machine (or
-automatic bar machine) job shop. It was formed :in 1946 by three
brothers, Henry, Albert, and Morris Thorrez and their Lrother-in-law
Walt Michner. It has grown slowly to a work force of 55 people.

It is an off-shoot of a large ¢ompany; Thorrez and Maes, which
sold lout in 1948. This led to the formation.of C. Thorrez Industries
by the father_ of the .three brothers. Becavse of his experience in the
1arge firm.of Thorrez and Maes, in' the area of sales and pvrchasing,
this led naturally to centralizing of purchasing and’ .selling uhder .
the name of C, Thorrez Indvstries. Concord Manufacturing Company and
another firm, (also formed in 1946), Stockbridge Manufactrring Company,
receive all their work orders and bar stock material from the.central
office.

The Thorrez name has heen. assoeiat d with the screw machine prodncts

ith-the emergence of at least four
interested th1rd generation Thorrdz's, this companv has the core of '
interest that will grarantee its Burvival for many years to come.

At present, combining the sales of all the firms, C, Thorrez Industries
is the largest shop.of its kind in Michigan and it will continre to
expand, A new induction heat treating company has been formed to
better. serve C. Thorrez Endustries' customers and a centra1 éngineering

office is ih the process of belng formed.
1

We hppe, being involved in this innovative program at Michigan
Tech, we finally will be able to take time to stud: our operation
scientifically, which we're certain will lead to many improvements, In
the process, we will exposa some €ngineers to the real and excitimg
world of manufacturing which will eventvally lead to better qualifiedl
" engineers entering'rndustry.

L)

o - .

¢
-

3 . "’ ' C-niel E. Thorrez, Plant Manager
1970 BSME

;;/’
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‘CONCORD MANUFACTURING COMPANY

405 SOUTH MICHIGAN STREET ¢ CONCORD. MICHIGAN 49237 * 15171 524.8970
April 8, 1974 :

x
-

RESEARCH PROJECT

Purpose: To come up with an economically wound machine
maintanence program for our avtomatic screw machines, which will
increase their productivity and accuraty.

This project should involve getting-expert information from many .
sources includfhg: beariny companies; screw machine manufacturers; and
lubricating products firms. It would also involve developing data from
what is happening now in the opgratlon ro help determine what changes
should be made.

-

will be the responsibility of the student,

v

He will make thé ‘final

The approarh taken and the way things are handled in this- profect

dec1sions.

) I will be there, along with Y staff to assist him in any
1 way we can. '

.

For further information, pleaée call me collect.
N )

P

Camiel E, Thorrez, Piant Manager
MTU 1970 BSME
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michigan technologicatl university
- ; Roughton, michigan 49931

- college of erigineering
. . v . depaﬂment of mechanical engineering and
-May 17, 1974 .o - engineering mechanics 906/487-2551, 2561

Mr, Camiel E, Thorrez To-

.Plant Manager

Concord Manufacturing Company oA
405 South Michigan Street

Concord, Michigan 49237

Dear Mr. Thorrez: 3 . 1

‘'We are pleased that the Concord Manufacturing Company has’
chosen to participate-in Michigan Tech's University-Industry
Interaction Program. I was informed by Bob Szczesny that ypu
have agreed to accept him as the student member ¢f the projcct
team. -The faculty member who will work with BolL, and you is
Dr. Raymond W. Kauppila. ‘Ray's.areas of specialization are _
‘nachine design and manufacturing. He is.also knowledgeable in .
engineering economics. ) R . , '

As you stated in'your letter of April 8, 1974, the purpose of

the project is to develop an economically sound machine mainte-
nance program for the automatic screw machines of your plant to
inciease their productivity. and accuracy. , b

The student investigator, Robert Szcztsny, with. the cooperation
of his advisors, Raymond W. Xauppila and Camiel E. Thorrez, shall

a) ‘familiariae himself with the plant operations of -
) the Concord Manufacturing Company, review present ) S
J practices. regarding screw macliine maintenance, and

develop- data on present operations;

. b) seek pertinent information from bearing, - 1ubricant,
g . =, and screw machine manufacturerso

-

¢} . suggest changes in present screw machine maintenance - |
- practices based upon his analysis of the data and
information collected by him, A final report on
the results of his study shall be prepared by the
student investigator and submitted to Concord Manu~
facturing Company .

The duration of the project is ‘estimated to be about six months,
atarting at the end of May, 1974, and ending at the end of
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Mr. Camiel E. Thorrez .
May 17, 1974 ' :
Page 2

s
e

November, 1974. The student investiaator shall snend the first

“thr=ze months on location at the Concord Manufacturing Company

‘and- the remaining three months at Michigan Tech. The time Spent
at Michigan Tech shall be dedicated to preparation of the final
report to the ConcordﬂManufacturinq Company .

-

The academic advisor shall spend an'estimated two weeks ‘on the

- project during the summer months, on company location. He shall

also spend several weeks on report preparation with the student
investigator after his return to Michigan Tech from the summer
assignment. Time spent by the faculty advisor on campus in
excess of one week shall be considered as contribution towards

. the pro;ect by Micnigan Tech.

The.coordlnhtor of the MTU University-Industry Interaction \
Program, Dr. K. J. Weinmann, ghall be involved in the project
for the purpose of assesging progress, establishing data for com-
parison with future projects of the program and serving as liaison
between the ‘Company and the University. Time spent by him in

excess of one week shall be considered as contribution by the
University.  ° ‘

Attached is an estimeted budqet to cover the coﬂts of this project.

We hope this budget is accentable to you.

Please feel free to contact Dr. Scofield (Phone (906) 487-2551)
or me (Phone: (906) 487-2154) for any questions you may have.

We are looking forward to this project and hope that it will ..
establish a tradition of meaninaful and mutually rewarding
cooperation between industry and Michigan Tech.

In case this proposal meets with your approval, please let- us
know so that it can be formalized by contract.

Sincerely yoors,
KW,

Klaus J. Weinmann _
Assistant Professor 1

. KJW/clj

Enclosure
cc: G. L. Scofield

J. C. Gerdeen’
R. W. Kauppila
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1.

a.

5.

> L
Salaries = '_ | $3,460
a) Faculty Investigatag
R. Kauppila 1 week on campus
"2 weeks off campus
b) qurginatori
K. Weiqggnn 1 week on campus
¢) Student - Fall Quarter Stipend
“Travel (Faculty Inyestigator‘and Coordinator). 500
", Réport Costs . . 200
Total Direct Costs 4,160
- %,
Indirect Costs’ L 1,560
TOTAL BUDGET $5,720

wd




If I can get away, I am tentatively planning to visit the Tech campﬁs'
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CONCORD MANUFACTURING GOMPANY

405 SOUTH MICHIGAN STREET ® CONCORD, MICHIGAN 49237 » (517} '524.8970 N
. . a i , [

r

June 24, 1974 ' - - .
; : H
|

Dr. Klaus Weinmann .

Miéhigan Technologlcal University
ME-EM Department

Houghten, Michigan 49931

s

Dear Dr. Weinmann

I have been authorized to offer $4,000 for the total cost of this

project, My thoughts on how this money should be allocated is as
follows: .-

Studenés portion - §2,500,00 ' j

* University's portion -$1,500.00 !

, :
It is my hope that the University will supply a professor on site'

for at least one day and some lab facilities will be available,. '
Professor involvement is of utmost importance to me so that.the -

goal of the (total program, of making college more relevant by

exposing instructors to real industrial problems, is to be reached.

from the evening of July 3, 1974, to July 7, 1974, 1If it can.be arrang- " . "
ed, I would like to visit with you and Dr. Scoffield during my stay. :

Please let me know. . o

Sincerely yours,

@)u,.,;_ﬁ,? //‘ R

Camiel E. Thorrez -
. Flant Manager

CET/skh
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BUDGET FOR CONCORD MANUFACTURING co. "4k

7

) Kﬁuppila (3 days off-campus, 2 days on) _§ 550-

'Feinmann'(Z days on-campus) , " 170

Fringe Benefits L | 130

. Travel - . o | 250

- , 31,100

Overhead | - o 410

TOTAL . $1,510
7/2/74
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