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;alltpersons I have interviewed

1. Preface

In the beginning of the year 1980 the author got the cnarncs

to travel through the United States taking a Ll00X cor nrigrams in
the field of engineering and technical education urder Ths “law-

point of the relationship between theory and practics. Tnz Triz

was financed by the Fulbright—Commiqsion and organized 7 Tos
Office of the Council ¢f International Exchange of Schclars zs
a special program for German Sducational Experts. I wish Tc Thang

du
for this arrangement, espe ly Mrs. Margot U. Marino, and alsc

support in my wori.

"The programs I have seen can be summarized under the esxpressicn
o

"Experiential Learning" and have been operati

cagses as programs for "Cooperative Education".

During my stay in the U.S. I had to develop my first questior-

ary prepared in West-Germany to a more fitting set of questions,
especially in the field of evaluation of the benefits, the suc-
cesses and the problems of these programs for I have arosed more

questions by getting more and more informations the longe» I vwas

£

there.

The outcome of this survey may be interesting for all persons
engaged in the development of the programs in the U.S.
are prﬂsented as questions and suggestions from the viewpo
a forelgner with probably an open eye for things; you may over-
look some things being involved in a well-going program. The out-
come also can transport some ideas about the American trial for
solution of the problem fo connect theory and practice toc the

West-German system of engineering education.

The visited Institutions have been:

- Center for International Exchange of Scholars, Washingtcn Z.C.
- Educational Research and Information Center, Washingtcn L.C.
~ The House of Representatives, Rayburn Bldg., Washington D.C.

~ Gallaudet College for the Deaf, Washington D.C.
- Ministry of Health, Education & Welfare, Office of Education,

Washington D.C.
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- American Bociety of Engineering Education, Washington D.C.

~ American Council of Education, Washington D.C.

- Minigtry of HEW, Education Dept., Office of Ccoperative Educa-
tion, Work Experience and Work Study Programs, Washington D.C.

-~ New Jersey Institute of Techrology, Newark, N.J.

- Stevens Institute of Technology, Hoboken, N.Y.

— Northeastern University, Boston, MA.

- Massachugetts Institute of Technology, Cambridge,MA.

- La Guardia Community College, La Guardia, NYC.

- Columbia University, NYC.

- City University of New York, Graduate Center, NYC.

-~ University of Michigan, Ann Arbor, MI.

~ Washtenaw Community College, MI.

~ University of California Los Angeles, LA, CA.

~ California Institute of Technology, Pasadena, CA.

~ University of California, Irvine,  CA.

- Unified School District Office, Los Angeles, CA.

~ University of Cincinnati, Ohio

—~ State University of Florida, Tallahassee, Fla.

~ Florida State Board of Architecture, Tallahassee, Fla.

-~ Florida Manpower Services Council, Tallahassee, Fla.

~ State Office of Vocational Education & Research, Tallahassee, Fla.

In all institutions I found very helpful advisors and guidance
by well informed persons whom I have to appreciate all given infor-

mations.
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1.1 Ieading Quesgtion

Led by a comparative approach to analyze this problem circls
this study should find out either comparable or diffsrernt nrogran
elements, which have been developed in different attempts =0
integrate theory and practic
the main questions of thi
the recent discussion within the Federal Republic of Germarns sbor
similar problems. BRBulb during wmy stay in she T.3. 1T sserwed to be
worthwhile to add further questions fittinz closer” to The imerican
situation. ZEspecially the hintz from colleges at LaGuardia Communisr
College in NYC - stemming from their impressive experience iz
operation and evaluation of a '"Cooperative-Education-Prcgzrsm' -

have been proved as rather nelpful ( e.gz. Learning Objectives:

D

commitment of participating e

!

mployers).
One question of my own repertolre regrettably rena
without response, possibly for 1ts merely orientat lon towards tvae
German discussion: Role of Unioms in experiental learning programs
My first catalogue of questions, prepared before entering

the U.3., was as follows:

(1) Can you gilve a precise specification of the educational

goals and objectives of your _program?

(2) How do you evaluate the results, oubcomes, benefits,
obstacles, efforts, impacts of the program and hcw do
you evaluate the learning achievements of the studenvs,
teachers and administrators in this program.

(3) What are the interests of the involved groups (students,

professors, counselors and advisors, representatives of
industry, state and government) in this program and what
are the benefits they get?

(4) What are the costs of this program and how is it financed?

Further questions have been developed during ny stay in
the U.8. and during preparation of this report studying

the existing reference material.
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1.2 The Program Evaluation Process

Different experienced-vased programs have been created to
concentrate on new learning outcomes - esgpecially those in
the upper ranges of various learning hierarchies and those
most necegsary for practicing engineers. The difference
between those programs has To be seen first in their
intensity of 1nvolvement into real, practical work,

second in the pedagogization of these practical experiences.

The intensity spreads from career and Jjob-orlentation and
-information programs, simulation programs, project-study-
programs, research-participation programs, work-study
programs to Ilnternship-programs and full structured

cooperative education programs.

The pedagogization of the practical parts of these prograns
varies also widely, referring to the formal or informal

goals of the respective programs.

Related to the pedagogic goals, an evaluation can be
founded on the use of learning taxonomies (see Fig. on the next

page) of Bloom et al. and Gagné *.

Recently a number of taxonomies (classifications of educational
objectives) have emerged to document the learning sequence
followed by students in the learning process.*®)Probably the
most familiar and well-known is Bloom's taxonomy for the
cognitive domain. It has been followed by taxonomies for the
affective domain, the psychomotoric domain, and Jjust recently
the experiential domaln. Fach of these taxonomles traces:. the
levels of increasing sophistication that learners pass through
as They proceed from the beginning of their awareness to

the 1limit of behavioral change.

*) Gagné,R.W., "The Conditions of Learning", N.Y., Holt
Rinehart Winston,Inc.,1965
**)Generally these taxonomies shoﬁld be usedfonly as an instrument
helving to formulate learning objectives; in the U.S.A. meanwhile
ther are also used for evaluation. . -
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Handbook: Cognitive Domain," McKay, New York, 195

2 . : S
Krathwohl .,et al., "Taxonomy of Educational Objectives

=

Handbook: Affective Domain," McKay, New Tork, 796

5Sim son, E.J., "The Classification of Educatiocnal Objectives
9 b ]

1

Psychomotor, Domain," Project Report. University of Illinois,19€6.
y 9 d iy h o

]
4Stelnaker,‘N.Bell "4 Proposed Taxoncmy of Educatio DaT

Objectives: The Experiential Domaln,” Educational Technology,
January,1975,pp.14~"16
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Although the authors of the taxonomieg have 1

-t

elaborate sequence of steps and branches, the vrajectory of
the learner can be summarized in five or six major steps or
levels. Table A ghows a vrather cryptic summary of the levels

=
for each of the four basic taxonomies. There are a number of
ways that some understandings can be derived from the taxonomy
table. The objective here, however, is merely To provide a

ather simplistic "layman's"

inverpretation. AT least it may
give some credibility to the logic that is involved in the

development of an effective learning activity.

The first three levels in the taxonomy Table ccould be interpreted

s child-level activities of learning in each ¢f the domains.

m

That i1s, these levels have a specific tralning orlentation
towardg the obtaining of skills-repeatable and usable skills.
Thege three levels 1nvolve most manipulative, habit forming,
non-judgmental activities. Some of the studies of pedagogical
activities claim that most of the learning activities employed
in courses of higher education rarely sxceed Level IIT and

are primarily devoted to the skill acquisition level. This

is especially true in courses at the freshman, sophomore, and

Jjunlor years.

Levels IV,V and VI in the taxonomy table might be interpreted
as adult learning activities. These 1nvolve the complex
mental skills that are required ¥To synthesize, combine,
transfer and adapt knowledge from one situation to another

with skill and sophistication. To put it another way, 1eVels
I,IT and III involve training and Levels IV,V and VI involve
education., In the three upper levels we see some overlap and
correlation between the cognitive levels of analysis, synthesis,
and evaluation and the corresponding levels in the other

three domains.  In any cf the domains, these upper levels
involve the application of the skills that were derived in

the first three levels. It ig these thres upper levels that
develop the decision-making and problem-sclving attributes

that are so highly valued in graduates of engineering and other
professional schools. These are the attributes that are

developed by engineering design experience.



These sophisticated skills require learning activities that
have =2 component of individualized intersction with situstions
that are realigtic, open-ended., complex, unstructured =zxni
perhaps even undefined. It reguires 2 mental &act:
at

J
that 1s, problem-solving or the application of princitles.
o
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very top of Gagne's learning hisrarchy (Tacliszs ),

The learner is now put Zrnto an apprenviceszi
the implementation of =is previously obpvained skills
The professor's role a*t tnese learning levels ig toa

coach, mentor, master =uTocr , consultant as opposed Tc Toe

v

[
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C
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trainer-instructor rols st the lower three levels ¢ The

hierarchy. ©Since the desired attributes obtairned Zr Lezrning
activities in the upper levels of the Taxcnomy are sagsntlzllzr

derived by znvolving the student in ccmplex, proolex-so_vi
decision-making activities, 1t foll D
learning activity 1s a revelant and perhaps a necessary

component of the learning program.

Thereby those programs initiated departures from traditionsl
classroom and laboratory curricula stimulate curiosity snd
create high expectations. What are the features of exezplary
experiential programs and how do they actually work?

Where do they fit intc the traditional curriculum? Are new
learning outcomes really accomplished and how well? ‘What
programs require more effort and resources than traditional
approaches? Generally, what lmpact on students, faculty and
the institution results from experience-based learning
These questions shaped the purposes and conduct of th
as well as the more operational gquestions formulated for

the interviews ( gee: preface ),

1. 3 Purposes and Philosophy

Several objectives were set 1n the development of ths study.
First, the study was designed to describe, in some detail, the
structure and aCtLVlthS of engineering programs exenpliiying
different approaches to experiential learning. Second, the

learning outcomes of this approach needed identification,
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omes needed exploration

9

he activities producing these out
and more precise identification. Firnally, the broad impact
of experiential learning on student and faculty roles and

o the institution needed clarification.

The purposes could best be met through a systematic, analytical
and comparative study produclng merely qualitative information
to clarify what experiential engineering education is in
general and the program altermatives are 1n particular.

By design, the study was exploratory, satisfying certail
curiogities and stimulating others, yet testing no hypotheses.
The intent was to establish a basis for judgment and decision
about the role experiental learning should play in Higher

Education.

1.4 Degign and Methodology

With this general approach, 10 different programs or models

of experiential educatlon were chosen for the survey(see Chaptersd).
For comparison, other studies about similar programs have .
been reviewed. Each program either exemplified an established

and successful experiential model or represented a unique

approach to experiential learning.

Due to the circumstance and the organization of the study-trip,
the majority of interviees have been involved educators
(professors, officials in programs), only in some cases
occasslonaly participating students could be asgked. Therefore,
interviewees were neither randomly nor purposely chosen,

the criteria was to get as many informations as possible in

a short time, so the interviewees should be well informed

apout the visited program. Naturally involvement prbduces

not only information and insight, it often causes proud of

the ”own”‘program. So the study bvoasts no claim for

generality.
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No instrument interviews have been developed, but 7 zzneral

questlons were asked of all interviewers:

4o

1 -~ - s - -
1. - 4. i The already formulated questions, deszcritsl =ztew

additional guestions nzve Le2n:

about The pd icative ovnjectives 7
6. What emphasis lies on the suprort ol soclal COrTeTsenCs
(interpersonal skills ) of the students zad wrat results

do you have ?

What are the influence and the role of trade unicns 2
this program ?

|

Generally one interview lasted one hour. In addition
interview data, published information on the program, some

(65}
[¢))
b1y

evaluation - reports, and other reference material was !
gathered, either in advance on the site of visits or after \
|

visiting.

1.5 Timitations of the Study
The limitation of all evaluation studiesz 1s shaped by purvoses

and constraints and produced results are reflecting these con-
ditions. This study has substantial limitations which should

be noted before interpreting the results:
- The major limitation concerns the occasional, not randor,
not purposive, selection of interviewees (organization of

T am 4=

interviews by the Central 0ffice of the Council for Int rnational

n+ ’\'V\'Y"‘l awe

Exchange of Scholars with minor influence by the inter er).
- Interpretations from interviews are done under the rersrective
of a foreigner, rather experienced in similar programs in
Western Europe but not well experienced in the US-gystem:
- The data also reflects the biases of the interviewees -
usually a positive bilas toward experiential learning.
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dditional data slso comeg »rimarily Irom Tae gelli-reporvs Or

b

celf-evaluation of program particlpants.

— The data are incomplete for they don't contain opinions,
experiences, and judgments of persons who ars non-
participating, have left the program, or have been involved

in an unsuccessful process.

- Lastly, a lot of numbers presented in the report cannot
be claimed as precise, actual, or consistant due to the
oral interview situation. Thus, data trends and patterns,
rather than statistically significant differences, are

identified and discussed.

Therefore the report provides mainly descripbtive information
on program activities plus suggestive information on Important
teaching/learning outcomeg and relationships. Many of these

igssues need further research.

Maybe the results may provide some insights for teachers and
administrators involved in comparable activities of experiential
learning and for researchers investigating the dynamics of

the teaching/learning process.

2. The U.S. System of Higher Education

In the higher education "systems" one can find two rivaling
principles. The first cohcept (mostly the traditional), views
higher education as a fleld independent of soclety, self-directed,
slow to respond to the fashlions and currents of the day, housed in
a set of unique and selective institutions whose sole purpose is
to foster the highest levels of intellectual development and
achievement, egpecially supvorting all fields of pure and applied
scientific research. The second concept, often heavily contra-
dictory to the first, views higher education essentially as a
soclal service, an activity that should be pragmatically and
fluidiy related to the ever~changing needs of the society, avail-
able to all and closely responsive to the popolar will.

This duality of approach exists in most countries; but in the U.S.

it is more visible so that the foreign visitor and even many
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a e tit confused by The sress varist:
and diversification of the ”sysrem” ol Ligner education. Thlsz
”5ystem“ ceems to be often both dynamic snd congervatirs. rezion-
give to sgoclety and aloof from it, nospitable te chanzs szl =02
to abandon traditional values, pliavie and inflexivle, Zdemccrazic
and elitist, nonselective and selective. So Tnere exiss =z 2ot oI
different institutions of hizgher =ducation in the U.S., gzci wiztxh
a slightly different concept or a special emphasis. Tcdszry wnsTs
are nearly 3000 accredited institutions of nigher educaticn,
amounting to a very small number of The greatest and firnsss Tzsszril
orientated universities and alsgo and a large number oI zxmall,
nearly unknown colleges with c¢nly a few students.

But nevertheless you can find a "system” in this diversified area
(s. Fig. 7).
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Generally speaxing there are utreeg nain indg 0of degree-grantling

stitutions of higher education in the United States:

-
>

3

the 2~yesr community or Jjurior college,

i

the 4-year undergraduate college,

and the university, which normally includes undergraduate educa-
tion as well as :graduate and professional education. There are
both public and private institutions in each category with no official
or implied distinction in guality between them, DBoth categories

include a wide range of institutions.

Engineering ¢ducatlion 1is found in all sorts and levels of those
institutions, or in a broader sense of technical educatilion esven
in the field of the high school system, where there are some
activities in so called pre-engineering progranms.

Sometimes the engineering elducation i1s isolated from the other
academic studies, especially in the institutes of technology,
which are very special and sometimes also very close to the needs
of a special labour-market. We have also special institutes of
engineering education in the fleld of the armed forces.

But nevertheless the engineering curricula seem to be nearly the
same in most I1nstitutions. Even in comparison with the German
engineering education you will find more similarities: in the
first two years a lot of basic sciences and later on a very
slight specialization in applied engineering sciences. A real
specialization can only be approached in postgraduate studies
and there are lotgs of different curricula, often related to the
special or traditional emphasis of an institution or related to
the needs of'the‘regional labour-market especially the fields
of interests of the nearby industries.

2.1 Recent Trends in Higher Education

In all discussions about the present and the future of the gystenm
of higher education, there is ons dominant factor:. the éxpected
declining number of enrollment in all institutions of higher
education, especially in the next decade. One of the last publi— 
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cations of the Carnegie Council ab

ticn(4) reckons with a decrsase

and gifts mainly related to the
institutions of higher <ducatio
one another to get mcore students. So there are many prosrasms o

attract new students,
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so-called 'nontraditional t

of minorities, women and =2cdu’tz in the gystem of higher eiucaticn,
attracted by special programs and supror-sd in the

interests.

In the field of the undergraduate programs there i1s more =ztTanticn
to the area of preoccupszstional courses, vocatlonal courses anc
career development courses and alsc a growing number of stud;

programs leading to a professional area.

In the graduvate programs the number of part-time students 1s
rising, often there are significantly more foreign students than
in the undergraduate programs tryling to gain high degrees in
education and there are alsoc a lot of courses 1n continuing =duca-

tion for adults already working.

Some institutions and very often the community colleges or jurior
colleges are engaged in special supporting courses for "higrn-risk-
students', handicapped students or disabled persons. Also the

number of students who need '"'remedial education” has grown censtantly,

due to the fact that the total ratio students/nonstudents of

each vintage has risen markably. In some cases the average decline
in the scores of the Scholastic Aptitude Té&st is 9% during the
last decade. That may be also an effect of the liberalisaticn in
the high school system,but also ‘an effect of the total incr e

m
[¢}]
)]

of participation in education: if you have a higher percentage of
students of the same”age, you must have a decline in the average
abilities and skills. So those programs are also mostly related
to an educational pollcy of equal opportunity and promction for

the weaker students.



Surveyors of the status of higher education in the United States
see some general tendencies and trends and also some problems

On another place ( see(34) ) we have given an overview in an

outlined manner, here we will give only some summarized remarks:

- tendency of increasing support and funding of higher educatlon by
the states and +the Federal Government instead of self-support;

- raiged interests in evaluation, efficiency improvement, and
planning, programming,and.. budgeting of higher education;

- problem of declining numbers of students;

- tendency of more and . more bureaucracy and. governmental regula-
tions, loss of academic freedom and autonomy of colleges and
universities;

- gtiffening processeg among the faculty staffs because of shrinking
opportunities of universities to create new faculty positions
due to shrinking funds;

- weakening process in scholastic aptitudes of freshmen as one
unwanted result of the open-admission-policy;

- growing numbers.of such "nontraditional' students as minorities,
female students, and adults;

- shrinking interest in graduate courses because of good chances
for Bachelors (B.S.) in the Job market for engineers;

- problems of financing higher education in times of inflation

and less enrollments.

Some of these tendencies and problems are also existing in special

forms. We will discuss the special problems and tendencies in
engineering education in the following chapter.

2.2 Development in the Field of Engineering Education

Formal education for engineering in the United States began
during the early 1Sth century with.ﬁhe establishment of curricula
at the United States Military Acadeny. Civil engineering,
mechanical engineering, electrical engineering, mining and
metallurgy, chemical engineering, industrial, agricultural,
sanitary, and such specialities as ceramic engineering, textilé,
engineering, nuclear engineering, énd agrospace engineering have

follcwed, some appearing only recently. In the last decade
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L8 such as blomedical engineeri ne

ng., TLDU er eﬁ:l 122l ng, and ITsTels

‘.

cross disciplinary pro
environmental engineeri

engineering have emerged.

Over the past 175 years, snginesring 2duc2tion has unisroons
three major phases of trausition;thougn nzrdly dliszstin-
gulshable by precise boundaries

e —’-—»..—\—' A~ -

(1) The empiricism vhase - tranzition from apprentice Sraininc
to formal training and creation of engineering schoo.s
( late 19th - 20th century ).

The engineering sclence phase - arprcach o engineering

N
o
s

education to scilence and major developrment of
studies in engineering (following World War II ).

(3) The socio-technical phase - application of engineering
methodologies To a broad spectrum of societal vroblems:

=1

development of i1nterfaces between engineering and a1l

l )
0
ct
0

other societal activities (beginning in the middle and
1960's ).

During the last phase, epitomized by the creation of IRRPOS

(Interdisciplinary Research Relevant to Problems of Our

Society) 1iIn 1969, and RANN(Research Applied to National Needs)

~

in 1971 within NSF, engineering research activities have be

w

o

+

e}
w

to broaden from those based purely on math and science tTo Tho

£
o

that are "applied" and more socially relevant. Engineering educa-

®

tion, too, i1s beginning to interface more with society at larcge.
More and more programs, research or educaticnal, are directed
at the socio-technological interface. In the last five

years, for example,; foundations such as Sloan and Carregie

have funded +the establishment of such multi-disciplinary prograzs.

The development of interfaces between engineering and cther Tro-
fessiong, particularly those of humanistic ard societal relevance,
is the beginning of a new form of liberal education in engineering.
Movement toward interfacing engineering with law and the

legal profession, with medicine and health care delivery in the

U.S., with management and adrinistration,dbusiness or governmental,



with problems of national concerns and policy, with humanities and

social sciences to the extent of establishing a new program in
"social engineering " and with a whole Lost of other professions

appears upon the scene.

In his study of engineering curricula between 1946-1947 and
1966~1967 Roy observed that in 1947-1967 the curricula or

nearly all engineering schools 1n the U.S. could be represented
by 1like patterns of course specification and credit requirements.
This 1s still tfﬁe. One reason for this, undoubtedly, are the
ECED requiﬁements for accreditation of basic level engineering
curricula. Tn 1973, 225 of the 280 engineering colleges offered
ECPD accredited programs at the baccalaureate level(22). The

specific requirements for these programs are as follows:

1) Minimum of one full year of math and physical science
(2) = One year of engineering science

(3) One half year of design

(%)  One half year or more of humanities and social sciences

(excluding industrial management, personnel administration,
finance, and business). (1)

Other surveyors of the recent trend see mainly the i1nfluence of go-
vernmeéntal . research policy as a determining factor for engineering
education ( e.g. the ASEE(2) ).

They argue, that engincering education in the post-war period has
been heavily influenced by governmental funded noncivilian |
research-work in the field of "high technologies"(defense, health

and space programs), mostly in large scale projects.

But things have changed and the. growth of this type of research
and development has stopped.

Some other changes also occured:
- change of the relationship between the production of services
and that of goods: ‘
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Fig. 2.;

Esﬁploynient Trends in Goods-Producing and Servics-Producing Industries:
- 1947 - 1980 (projected for servica ecenomy, 3% unemployment) -
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- the rate of productivity growth has been lower than 1in
other major industrial nations;

~ Rising costs for impcrted raw material and energy, and

- "Changes in the way in which Americans look at their world
are becoming important to engineering and promise to become
even more so in the future, not only in concern for the
environment but in a general concern for the quality of the

goods and services available. The modern environmental

movement is only about 11 years old, but it has already nad
a big effect on both engineering practice and education.

The rapidly increasing concern on the part of the consurer
about the quality, safety, and reliability of the products
he buys also will have an effect on product design"(2).

A short reéview of the recent history also unveils some further

trends:
" The period following World WarII was characterized by the

almost universal acceptance of the science-math based engineering

degree program. The curricula  that had developed by the. . late
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1960's were more sclentific than empirical, more contenti- than
process—oriented, more theoretical than practical, more analytical
than experimental, more specialized Than general, with emphasis

on analysis rather than synthesls or design, and on basic rather

than applied research.

The development of engineering education during this period
converged in other ways. IEngineering degree programs were
developed in a small number of disciplines (civil, mechanical,
electrical, etc., and usually 1n a one-to -one correspondence
with a department) and were much alike from one institution to
another, Courses with virtually the same content were arranged
in the same sequence and were taught by the same technigues.
A student in a given discipline did much the same thing in the

same way 1n one institution as his contemporary in another in-
stitution.

Aiding this convergence was the wide acceptance by engineering
educators of the ECPD criteria for accreditation. By 1973,

there were about 280 engineering colleges of which 225 offered’

ECPD accredited programs at the baccalaureate level. Many of

those not accredited aspired to Dbe and had designed their

programs accordingly. IECPD also encouraged the upgrading of

faculty by hiring only Ph. D.'s and, as menticned above, since

most Ph. D.'s are graduates of a few research oriented universities,
a further contribution to uniformity was made.

During the postwsr period, credit hour requirements for baccalaureate
degrees in engineering were reduced. BSeveral Schools which

had adopted five—year baccalaureate programs abandoned them

and many schools brought the number of required credit hours

more in line with those in the liberal arts. Reasons included
putting engineering into a better competitive position with

scilence. programs and permitting more effort to be devoted to

graduate programs. In reducing the credit hours, however,

something had to give, and generally, it was appllcgtlon Whll°‘
theory was retained.

Unnoticed by most engineering educators, a gap was created in
the supply of technical manpower by narrowing the role of



engineering educatiocn to include only science-math based progranz.

nto this gap moved commualty colleges, Technical institutes,

N g
VECLNOLOLY DLOoZrslzs L2l

srrops Ln splte of, enginser-

reintegrate S
by any means. Other engineering colleges have spurned o=
movement as beneath their dignity. ECPD has embraced srgizsesring

technoclogy by cffering to sccredit programs although by 4l
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criteria than engineering. Industrial Tecnnology . programs ars

accredited by a Totally separate organization and seem likely
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to stay outside the scope of most engineering colleges.

A more recent movement To broaden traditional englneering
programs has been the development of interdisciplinary degres
programs which often interface with areas not normally assoclased
with engineering. These programs permit students To cross
departmental boundaries sgelecting courses from any deparTzent
that meet predetermined but individualized career objectives.

An engineering student may combine discipline areas in enginser-

ing, prepare for graduate work in medicine, law, or business,
or combine political science, economics, or psychology Witz

engineering. Bome of the most exciting work is occurrizng zat
the masters level where nonengineering undergraduates ares

participating in engineering programs or where undergracuats
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engineers and nonengineers are studying public or soci

together for degree programs in policy or planning.

The success of such programs has influenced more Traditionsl



digscipline-orlented programs To increase flexibility. Long
in

S
course sequences with interlocking prerequigites have been
shortened. Options and free electives have replaced some
required courses. New teaching techniques, course organizations,
and grading systems 1ntroduced flexibility even where course

requirements have remained rigid.

Just as interdisciplinary efforts and moves toward more flex-~
1pility are plcking up speed, ECPD has stepped in with its plan
for advanced level accreditation. The criteria for advanced
level accreditation extend to five-yecar programs are much the
game definition of engineering that now applies to four-year
programs. Concerned about overemphasis on analysis at the
expense of design, ECPD has chosen to strengthen the design
requirement somewhat but otherwise the criteria are very‘much
the same. Many schools, now alert to the narrowness and uniformity
resulting from widespread acceptance of the four-year criteria,
oppose advanced level accreditation. They argue that it is at
best unnecessary -and at worst harmful because i1t would tend to
stifle attempts of engineering to respond to rapidly changing
societal needs. The issue 1s whether some of the most exciting
technically based programs developing in engineering colleges
wlll remain in or be forced outside the scope of ECPD-defined

englneering education.

Another trend toward breaking the lockstep of uniformity in
engineering is the continued growth of co-op programs and the
evolution of new programs requiring industrial internships and
other forms of industry-college interaction. Students, perhaps
more than‘the professors, have appreciated the need for a closer
integration of education with practice and have supported these
programs enthusiastically. New avenues of industry-college

interaction are being sought."(1)
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2 Three Ways of Engineering Educatior

A 4.

(

Highly qualified

and.

manpower in the field of engineering

technology can be roughly divi

Engineers and chnicilans.

with 1te emphasie on ;refeeer

after at least 4 years souoy

college envitles someone To

Junior technical college or community collezes =2rs 2iucatins
therefore only so-called ‘semi—profe551oeals‘, WRe ars galning
only an assoclate degree. Ta Germany we nave nsd znd cave 21
another division among the zZroup of engincer one Trre oI
engineer is qualified for =ostTly researcia-crliented wors =7 =
fully academic study, azother one 1s more Tralned to Iurl___ ¢
in close relationship %Yo production within a ""short-cycls-
educatlion’-program lesting three years. 2eside +this we nave
the technician for assistant work.

This second divisgion within the group of enginee seemed <o De
fairly unknown in the US as the two following definitionz provw

One definition describes the fully academically educated :gi:ee:,
the other one the en@ineering technicilan. These two Tyzes oI
engineers are mainly discriminated by *their relationship Tcoirzras
either research and development or practice and production.

First definition:

"4 Professional Engineer is competent by virtue of his fundamsatal
mental educatlon and training to apply the scientific metzcd

a
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and outlook to the analysig and solution of

He 1s able to assume personal

R Ra

S S

enginee

=

regsponsibility for the de-r

and application of engineering science and knowledge, mosacly

in research, designing, construction, manufacturing, supsrinienc-
ing, managlng, and in the education of the engineer. Zig work

is predominantly intellectual and varied, and not of a routize
mental or physical character. It requires the exercise o7
criginal thought and judgement and the ability to supervise tThase
technical and administrative work of others. His educaticn

will have been such as to make him capable of closely arnd
continuously following progress in his branch of englneering
science by consulting newly published work‘on a world-wice baszis

assimilating such information, and
He 1s thus placed in a position to

developmentv of engineering science or its

applics

maXke contributions

+ions

TO

N
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applying it independentliy

-
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His
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Cralning wilil ave veern such That he will have

b

6

education an :
gcquired a broad and general appreciation of the enginesring

o
L

gciences ag well as a thorough insight into the special features
of his own branch. In due time he will be able to give
guthoritative tTechnical advice and to assume responsibility for
the direction of important tasks in hig branch." (13%)

Second definition:

"An Engineering Technician is one who can apply in a responsible

manner proved techniques which are commonly understood by'those

who are expert in a branch of engineering, or those technigues
specially prescribed by professional engineers. Under general
professional-engineering directlon, or followlng established engi-
neering techniques, he 1s capable of carrYing out duties which

may be found among the list of examples set out below. In carrying
out many of these duties, competent supervision of the work of
skilled craftsmen will be necessary. The technigues employed
demand acquired experience and knowledge of a particular branch

of engineering, combined with the ablility to work out the details of
a task in the light of well-established practice. An engineering
technician requires an education and training sufficient to enable
him to understand the reasons for and purpose of the operations

for which he is responsible. The following duties are considered
as typical of those carried out by engineering technicians:

Working on design and’ development of engineering plant and
structures; erecting and commissioning of engineering equipment and
structures; engineering drawing; estimating, 1lnspecting and
testing engineering construction and eguipment; use of surveying
instruments, operating, maintaining,‘and repaliring engineering
machinery, plant, and engineering services; and locating defects
therein; activities connected with research and development,
testing of materials and components, and sales engineering,
servicing equipment, and advising consumers."(1%)

But nowadays there is a growing demand for a third type of
engineer with not only highly developed technical qualifications
but also nontechnical abilities in other fields related to
economic,. sociological, medical, managerial, political or legal‘
affairs. Tollowing this demand a third way of engineering
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education has been developed, and we find 1t under the name of
the so-called "technologist' - programs. The ASEE hzg ziven

a proposal ((2)) for that Xind of program with the Zcllcowins
founding:

"The Need for a New Program

The basic conclusions derived from =n sxamination oI =2il:zTlis
conditions are:

1) the problem/ sol tzticrn of engineering nas Irportant

solution orien
applications in the area of nonphysical as well == Tirsical
system;

2) engineering education now Fail:z To introduce studezn=:z

oJ

adequately to the design process, perticularly Tc Ths fzelzn
of sociotechnical systems, or
legal, and political gystems cr of th
technical education; |
%) a Bachelor of Science degree in eng
more and more as a professional degree with trhe majority of
those who wish to practice engineering continuing through
a master's program;
4) a broad technical education should become increasingly
attractive as preparation for one of the nontechnical pr

c
fessions or as an alternative to a Liberal arts education.”(Z)

2.%.71 The Theoretical/Scientific Approach

The American industry depends mainly on exporting higher
sophisticated products to other countries with lower <technolo-
gical standards. One can hear the word from a "fourth industrial
revolution" or a "third wave", that means that the U.S. industry

has reached now a point, where a change from mass-productiorn cf

industrial products towards +the development of mostly infcrzation-

processing devices is going on. The U.S. has the highest

growth rate in the fields of data-processing andialso a lct of
attempts in research and development in that field. The =os*T
englneering education programs are clogely related to those
fields and to other fields, where the use of higher sora

technology dis common as in the aerospace industry ana even

in the fields of proauotlo“, mainterance end nanufacturing



So Institutes of technology (mostly private) like MIT (Massachu-
setts Institute of Technology), or Caltech (Californiaz Institute
of Technology) have programs of engineering education with a

very high emphasis on research and development of new technologies.
They are very selective, so that they can work with very bright
students and on very demanding programs. ©Some of them accept

only students in higher classes and have no freshman or Jjunior
classes. In special programs like UROP (Undergraduate Research
Opportunity Program ) at MIT the student can participate in the
research programs of the faculty members so he can make his

first experiences in the field of science and regearch. The
professional goals of the students are to be a researcher or

a professor. The relationship to the workplaces 1n the field of
producing industry 1s very loose but for some students there

are opportunities in so-called 'internships', mostly

provided in cooperation with firms, factories and offices with

a high emphasis on research and development. The students often
make their master's thesis in projects of practical relevance :
or in the field of advanced research. ‘

The typical undergraduate program curriculum appears very similar i
to the curriculum of the German Dipl. Ing. with a little bit

more basic orientation.

But there are already some critics against those 'traditional'
programs. In a study of the ASEE we found the statement, that

one can see two general shortcomings in that kind of engineering
education. The study-group came to two conclusions:

"The first is that engineering education, as traditionally
defined, occupies a much too narrow role in the total spectrum

of technically oriented education needed by today's and tomorrow's
society. The rigorous, science-based programs characteristic

of the past quarter century must be augmented to take account

6f social changes, changes of the engineer's role in society,
changes in individual values, and newly emerging national concerns.
such as energy and resource conservation, environmental quality,
urban design, and other problems interfacing technology and. | g

society.




The engineer's education must emphagize affective as well as

cognitive skilles, methodology and process as well as somTent,
gpecialilzation not at the expense of zZensralizaticn, =2l zna T7S1s
in the context of syathesgig. Lbcve &l., 17 ZUsST D2 one woilln

producezs engineers able to wori with others 1n comr.sx =il

controversial situations, engineers mbued witn a2 zense of
national concern and social responsibility, not on.y =25 Zunan

beings but also as engineers eng=ged in vroblem-solving.

‘The most pressing present zneed 13 To ~1I5 and broaden tne
horizons of engineering curricula and <l The enginesring
educators responsible for the design and implementatiocn of

these curricula.

The second shortcoming has To do with the nature ¢ thae educationzal
process itself. We feel that society and +technology cihangs s0O
fast, the educational problem is so complex, and the need is =0
great, that engineering degree precgrams that prepare a student
for career entry can only do a part of the job. We see, therefore,
the need for a much greater emphasis on the continuing education
of the engineer as a profescsional and as a person after career
entryg”(ﬂ)

The solution for the first problems has been seen as change fron

(@]

traditional engineering education towards a more liberal vergion
the theoretical @ approach and for the second problem by
emphasizing "recurrent education” for engineers as a life-time

of learning.

Other proposals prefer the idea of "biased qualifications’ as
built up by a first Degree(B.S.) in an engineering field =znd an
additional speclalization in a nontechnical major iike business-

administration, medicine, management or others.

2.%2.2 The Cooperative Education for Engineers

Other institutions of engineering education provide more practical
oriented curricula, for there zre also a lot of work places for

£y
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engineers in the
nance with close
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of production, manufacturing and mainte-
onship to the materials-technology, the
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planning of production, the guidance of manufacturing processes
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and the construction or design of new products. Those fields
need engineers with more interests and abilities and emphasisg on

the more practical aspects of the profession.

Just as industrial experience should play a greater role in the
standards of faculty preparation, industrial experience should
play a greater role in the educational procesgs itself. Students
should have far greater opportunities for meaningful experiences
in the world of work as a part of their formal engineering
education. RBesides the learning value of direct experience,

the improvement of motivation for regular course work plus the
chance for career selection and/or exploration are especially

important.

Industrial internships are gaining favour as part of the degree
requirement, particularly in some graduate programs. Project
courses, often in direct cooperation with industry, are multiply-
ing. These efforts should be encouraged as beneficial to the

personal and professional development of the student.

So there is a:number of institutions with a higher emphasis on
the relationship between the workplace of an engineer and his
education. One of their objectives is also to get students

with some practical or vocational experience. So some institutions
of higher educatfon, mainly in the field of engineering education
and also in other fields, have planned and organized the so-called
'dooperative education'. These programs are flourishing. In
baccalaureate engineering programs, the number of schools

offering a cooperative curriculum has increased from 27 £0 153
between the years 1950 and 1970. ©Not 2ll industries sre willing
to support such programs, but those that do, cite the following‘
reasons for their participation: facilitation of recruitment,
enactment of cooperative responsibility, productivity of

student employees.




In these programs the student not only has his program in the

university, but also has to go into the fisld of practical worx.

In these 1nternships he will make experiences he can never navs
1n the formal system of ecucaticn. The First progrars ars
very old (since 71906 in the University of CTincinuzsi, zz: zoins.

2.4 ) and have vegun as work-study-programs where the 3Tulznss

shall make experiences in the work-placs. Later on ncv onll”
this educational goal was important for these programs. "Izl
are now made up as stﬂuc*ﬂred experientlial learning'. Tos
student can improve his ckills in real worx situations, ne can
find out, what ’workg is, he will learn vc work together wiztn

other persons (interpersonal skills or competences), a2 will
find out what career expectations engineers can have and Tren

he will return to the universgity with an 1des about tas
importance and relevance of the contents of his formal sduicatlons’
process.

A cooperative engineering program can also provide a ker

communication link between schools and industry.

A further use of cooperative education is to 1lncrease minority
enrollments in engineering. Many industries are particulsarly TSCeL-

tive To such progreams as venicles for affirmative action.

In some institutions these programs are mandatory for all students,

but in others they are optional and there are differencez in the

A

educational goals between the different institutions (see capt. &
but 1n general we can say that this 1s a second way of engineering
education with a more practical(and sometimes even vocational)

orientation in competition with the classical or traditicnzal
way of scientific and research-oriented engineering education.

2.35.%3 The Technologist—-Programs

The cooperative education: programs for engineers are in tTh:ir
curriculum very similar to the traditional programs, the
difference lies only in the internships during the studies.
But there is a need for other qualificaftions for specialized

engineers. It 1s a need of the labour market for there is



t111l that gap between the two-year-programs and the four-year-
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In Germany we have the "short-cycle" higher education for
engineers in the 'Fachhochschulen' with a program +hat deals

with the more vocational areas of technical work and education.
The 'grad. Ing.'(eungineer graduate) from the Germen engineering
education is world famous for his special abilities in problem-
solving in the field of production, design and maintenance of
production plants. In the U.S. there i1s only the "long-cycle”
higher education for engineers (four-year undergraduate programs)
or the very short cycle in the two-year colleges with the
&ssociate degree that enables the students only to fulfill
supporting jobs in the field of technical work. As technicians,
the absolvents of an associate degree work at the drawing board,
in the manufacturing process and as helpers of engineers but not
as engineers themselves. This gap between the professional
engineers and the technicians. must be filled out especially

in the field of management of all those processes related to the

fields of construction, design and production-control. Not only
in the classical fields of engineering work but also in. the field
of lmplementing technical devices in other work areas, for example,
in business administration with the invention of new computers and

organizational change, a new type of ”technologist” is needed.




Some institutions have deve loped special programs ror

engineering education in the field of systems planning and
o

management. And there i1s a tendency to that direciiczn.
‘In several filelas of professional wor: The Thinkling of snzinssrs
may solve problems for which cther profsssicnals zre noT &2

well prepared.
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As far as we can see (following(1) ), there exist tuc
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"fechnology"-programs:

"a. Programs and Curriculz in Encinsevinc Technology

Engineering ftechnology stresces produ
Programs 1n englneering technology, both at
assocliate degree level and at the four-year baccalzures=zte
degree level, and both accreditable by ECPD, have growzm rspidll’,
particularly in the last five years. As late as 1967, Zor

example, there were only 2 curricula in engineering Tecnnclogy

1]

4

at 1 school, accredited by ECPD at the baccalaureate level axd
193 programs at 61 schools at the associate level, whereas =2
1973, there were 871 programs at 24 schocls and %271 programs at

e

schools, respectively. The number of institutions which offer

four-year baccalaureate degree programs in engineering techholog"
was reported to be 95. In 1971-1972, there were 22,578 ass m
degrees and 5,487 baccalaureate degrees awarded in engineeriug
technology compared to 44,190 engineering bachelor's degrees
awarded in the country. There were 149,251 students in

associlate degree and 27,623 in baccalaureate degree prograzs in

3

technology, compared with 208,876 students enrolled in enginsering
programs. Technology programs will probably continue tc increase
in the immediate future, due to increased recognition and =an

improved employment picture.

b. Programs and Curricula in Industrial Technology

Four-year baccalaureate degree programsﬁin industrial tecnnology
have appeared in the last fifteen years. While the engineering
technology graduates support engineering, the industrial fTechnology

ct
s
(0]

program emphasizes production management and operates cu
interface between engineering and business administration.

In a sense, i1t fills a need once filled by industrial engineering




Programs.

The typical dndustrial technology curriculum containg about
5079

engineering technology program has about 70% in these areas.

mathematics, sclence, and technical courses, while the

(&3S

he 1ndustrial techrnology curriculum has several business type
courses, much like the four-year engineering curriculum of

20 to 30 years ago. Industrial tecnnOLogy programs are

accredited by NAIT (National Association of Industrial Technology)".

(D

4. The Concept to integrate Theory and Prdactice

One of the most recent issues in higher education is tThe issue
of ‘experiential learning' related to the idea of Joining theory
and practice. The leading idea 1s to give the possibility of
work experience within the curriculum in higher education.

A lot of programs are following this idea as:

- teaching occupational and paraprofessional subjects
(mostly performed in the community colleges),
- apprenticeships and internships during the studies,
- cooperative education (more than 1100 colleges now),
- érediting precollege activities(crediting life experience),

- career education, and others.

The idea is to give credits not only for the duration and
attendence in academic studies but also for real experiences
in- the world of work or in simulated situations with the same
tasks like in practical work. Emphasis 1s not only laid on the
participation in precductive work but also in the development of
so-called 'interpersonnel skills' and abilities to work together
with other people in groups in factories and business.
Theoretical and analytical, methodological, and contentional

problems to realize thosge programs arose mainly from two areas:
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- the development of adequate measurements to judge about

learning achlevements in tThe work-field and

- development of methods to evaluate The success of vrozrars
1n this field in comparison To other more 'Traditionzl
curricula in higher esducation.

A lot of work in this fisld has been done by a large [olni-

venture research-project, called CiEL(Cooperative 4Lzce
Fxperiential Learnming), whilch was conductzd by the Edu
Testing Service Together with about 1060 Colleges, fund
Carnegie Foundation, the Ford Foundation and tThe Lilly IZxn

in the years 1974 to 197

Our viliew is more narrow and closer related to cspec:

~

> 2ducation witn

¢

which are in the field of cooperativ

phases in the 'real' world.

N

Experiential learning main issue
Work Z education different orcgrams
Coop-education special prozran
career speciagl orientziicon
educ. cf ccon. ed:c.
Fig. 4: Fiéld of Activitiés f,eriﬁking\Theory aﬁ& Practice in

Higher Education
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3.1 Experiential Learning Objectives

A learning program that accommodates the upper levels of the
learning hierarchy has the potential of accommodating and
enhancing a 1érge inventory of skills and attributes that are
valued in a professilonal education. ZEach of the following
are skills and attributes that can be reinforced by a well-
‘designed experiential learning program:

- problem-golving skills

- interpersonal awareness

- creative expression

- communication skills

-  technical skills

- self-confidence building

- computation skills

- engineering fundamentals

- organizational skills

- leadership skills

- professional ethics

- engineering Jjudgment

Any combination, or all these skills, can be program objectives
when designing an experiential learning activity. They, 1in
fact, represent a rather definitive attribubte inventory for
defining the desired competencies of a graduate engineer.

A1l of these gkills are valued for succeeding as a profegsional.
All must be learned by involvement and experience. All are the
interactive, interpersonal, communicative skillg that an
engineer must attaln to be a successful achiever.

Typically, theseﬁskills are acquired "on-the-job" after

schooling and the obtained degrees of proficiencies are randomly
scattered and essentially accidental. These functional attributes
are usually not consciously set as learning objectives within
engineering degree programs. Yet, all are as essential to

success ag the technical skills of the engineering disciplines.



An experiential learning activity can be designed to assure

[an)
that the students have an opportunity To develop tThsze zTTribtutes
The advantage of ianvolvement during schooling is The croortinicT
to critique and dlagnose the outcomes, "close-the-looy’. zni

reinforce The successes.

4.2 Patterns of Involvement

The various models of experiential learning activities zroup
into two classes: gimulations, and asuthentic involvement.
re carseiu__7"

Simulations consist of contrived situations that a
designed to meet selected learning o

close faculty control. The autnentic irnvolvement acTivitiss
expose the student to real situations with totally oven-ent=d
outcome, although the faculty may 1nfluence the selectio:
situations and set performance criteria to assure that positive
learning objectives are met.

Simulated experiential learning activities are almozt Total

classroom or laboratory based, originating with and manszed oF

(D

the faculty. They are a widely ussd learning activity. Joas,

several models have emerged:

a) Experimental laboratory - This is the most common model of

experiential learning. Basically,it involves an investigation
either totally contrived by the instruotor or Jjointly develoned
by the students and the instructor. Tt essentially fccuses on or
is limited to a particular apparatus, system, or instrurmentation

-

that is avallable or can be readily assembled in the laboratory.
The activities may include testing new products, trouble-shooting
operational problems, designing and developing appsratus o
instrumepts, e¥ploring an idea, investigating the eifects of

parameter changes on a system, etc.

b) Guided design - This is alao a widely employed liearning

activity. It is centered on an instructor-contrived desig
situation. The students are involved in conducting a soTudy

and developing a solution. The soluticn nmay range from



c)

d)
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conceiving some feasible alt to the development of
e

tiv
sign including analysis, dimensional synthesis,

o W

a ccmplete g

and shop drawings. Involvement ranges from step-by-step
guidance by the lnstructor to achlieve a predetermined
solution to an open-ended competition between student teams
judged by panels of practicing engineers. In all cases,

the instructor establishes an expliclt set of activities and
criteria to assure specific learning outcoﬁes.

Case studies — Patterned after the case sfudy methods

ploneered in the management schools, these activities involve
a role-play wherein the students are placed in a similar
design situation to that of engineers in a real company.

After the students have arrived at a solution, their decisions,
results, or proposals are compared to the solution that wasg
actually adopted by the company that had the problem. The
instructor may draw upon a library of elaborately researched
and documented case histories in the literature or develop

case histories in the literature or develop caseg from his

own or colleagues' 1ndustrial experience.

Games — These activities involve live, interactive parti-

cipation in continued simulations of design situations.

The essential characteristic is that it simulates the dynamics
of real situations by introducing additional parameters,
constraints, or outcomeg at each decision point. The Simu—
lator may be the instructor, or a team of instructors who
provide the data dynamics, a computer model, or a game appara-
tus where new data and consequences are introduced by random
techniques (roll of dice or drawing caras, etc.). The students
may be in competition with each other to achieve the most
favorable or desired outcome. The use of elaborate computer
models has increased the potential of this type of experieﬁtial
learning by providing a wide range of alternatives at each

step based on rational data or computations.




Authentic involvement activities are drawn completely from
N,
real, live, on-going situations. It always involves z "zilent’

who nag a rezl need +to obtain a solution that has 1ot —7=% Tean

dletermined. The clients may be an lndustrial firm, a zcvern-
mental agency, civic organization, 2x ingtitution, or =

private individual. The student may do =zl
work on campus, or may be 1nvolved in teriods oi on-site
activity, or full employment during the study. It may vary
from =z required, work experience with no faculty involvement
to a total degree program commitment replacing all formal course

work.

The most common and widely adopted suthentic involvement
activities in engineering have been the alternating werk axd
study programs. The best known are the classic coovperative
education or "co-op" programs. There i1s, however, an increasging
interest in other models of "real' involvement that has produced

several innovative alternatives, including:

a) Internships - an on-site apprentice activity under the direct

supervision of a practitioner in the discipline. It usua
involves a specified period of time with employment status

while on leave from the academic program.
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usually done by professional advisors who moniter the work
exparience to insure 1t meets the overall cbjectives.
Internships are a required activity in health and teaching.
They are opticral 1n engineering, varying widely from a few
weeks summer employment, or several "work" sesslons per
week during one term, tc alternating work and campus terms

throughout a five-year period.

Consulting - this class of activities involves a campus-based,

faculty supervised, problem-solving experience, where all
problems are solicited from an outside client. Students

may be assigned to work on the problems individually or in
teams. There is no student employment involved. The client
may be asked to support minor direct costs, such as phone
calls, clerical expenses,and one or more student site visits.
The students are in a role of a professional engineering
consultant, the faculty in a role of "chief engineer.”

The project assignments may extend over more than one term
but are usually confined to what can be done in one
enrollment period. There is no obligation to provide an
acceptable solution or meet any client deadline. The students
present'a written and oral report to the client at the end

of the term with whatever results they were able to obtain.

Clinics or design centers -~ this is an on-campus, faculty

administered, funded enterprise to undertske Engineering
studies for sponsor-clients. It is an engineering design
activity similar in operation to graduate level sponsored
research projects. The clinic orfﬂenterknegotiates contracts
to deliver a specified design, or study, or problem solution.
Students may be involved in all phases from propesai writing
and contract negotiations to delivery of the final report.
The funding may support all direct and indirect costs or

the project although the students usually are not employed‘
by the project since they receive course credit. The faculty
has direct‘responsibility'to’the client to assure that
contractual obligations are met. |
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%.,% Patterns of Operastion

Experiential learning programs by their nature provide ar

o

open-ended opportunity for innovative oreration

al

The overall objective of creating a troad svectrum of exge
for the student also provides a creative opportunity for

faculty in developing the entire package. Thus there is

standard operating procedure. ZEach is custom Tailored to the
circumstances surrounding the tyve of experience the roael iz

to provide.

-

The simuletion models tend To follow the classical academic
procedures used for lavoratory classes - i.e., regularly
scheduled weekly class periods, instructor suvervised activities,
individusl and team assignments, with most of the student's

work accomplished during lev hours.

Since the aauthentic involvement models involve open-enced,
unstructured activities, originating off-campus, the patterns
of operation and student involvement may vary comsiderably.
There is less need for faculty-dominated class meetings and
organized activities. Most of the work is self-scheduled and
self-paced by the students as demanded by thelr project.

The involvement 1s more like an engineer's work pattern than a
student's work pattern. The faculty member's role 1s more
managerial and advisory than instructional.

How much experientisl learning activity a degree program snould
contain is the source of great debate and perhaps some controversy.
Some of the most innovative models are totally experiential with
no formal courses or curriculum. The co-op programs at the other
extreme have little, if any, course involvement in the curriculum.
Other programs may vary in credit-hour allocation from a minizun
of two lab credits at the senior year‘to one oOr more course
equivalents each term. The underlying objective is to provide

a demand-to-know and a growth expérience;

There is no "too soon to start” time since experiential learning
begins at birth. The programs that employ experiential learning

activities every year structure the rigor of involvement to



matceh The Lsvele o maTurlty as uie student progresses. Tae
exigting programs demonstrate that 1t 1s possible to substitute
eyperiential learning actilvities for formal course activities
and still achieve the necegsary and desired learning outcomes.

The student in experientlal learning is subjected to a strong
demand for self-management. The objective 1s to enhance
enterprise, initiative, self-reliance, and resourcefulness by
creating an environment that demands it. The activity schedule
must be flexible enough to allow the student +to plan and choose
to sulit his own needs and abilities as well as the demands of

the project.

The role of the faculty member is primarily supervisory and
advisory. He must manage the program to assure that the learning
environment provides the opportunities for the student to gein
the appropriate experiences to meet the desired objectives.
Beyond that he should serve only as a consulvant to the students
and an evaluator of achievement. His role should be quite
similar to the role he plays as supervisor of graduate students
engaged 1n sponsored research.

One of the most important responsibilities a faculty member has
is evaluation of performance. ZEvaluation of performance in
experiential learning is far more challenging than in formal
instruction. The very nature of the activities emphasizes
performances that will inevitably demand subjective assessment.
Two needs must be served: to provide an on-going critique and
reinforcement (feed-back), and to provide a terminal assessment

of competency and accomplishment(closure).

There are two basic principles that must be employed in conducting
the evaluation process: define the learning outcomes to be

achieved, and state how +The rating or assessment will be determined.
The greatest sin of all is to keuzp 1t a sszcret from the learner.

Since this type of learning is so complex and the outcomes are
essentially performance-based, it will be necessary to rely on

the subjective opinions of as many observers as vpossible.
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Rating sheets, listing all the attributes to be assessed, should
be perlodically solicited from the student's teammates,
the supervising faculty and clisnts, including a self-assessnent

from each gstudent. TFeriodic writtzn and oral
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professional consultants and/or c

The terminal competency assessment should Trovide two kind
information: a profile of the student's relative abilities in
the various performance attributes defined for the learning
experience, and an overall summative ranking or Jjudgment of =zis
contribution and ability to do. The profile is a collectivs
judgment of operational strengths and weeknesses. The summasive
Jjudgment may be a ranking in his class, a letter grade, or soze
defined index of relativity to compare him to his competition
and gauge his potential.

An effective assessment system 1s crucial to a successiul
experiential learning-program. The most useful guildeline to
use in constructing an effective evaluation procedure 1s to
equate 1t as closely as possible to the techniques and prccedures
assocliated with good management practice in industry. The crux

[N

of these procedures is that both employer and employee are 1n th
act - both agree on the ground rules - and both contribute to tn
process.
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5.4 Cooperative Educetion

In our study this area of practice-oriented curriculum should
be describved more in detail for its importance and size has:
remarkably grown over The last 60 years. This type of educational

programs is very similar to so-called "

-sandwich-courses", as

we call it within the European discussion: phases of academic study

are interwoven with phases of learning within real work-situations.

The importance of this program is due to two main aspects:

— The high magnitude of involvement into practical work outside
university 1s not only ﬁhcommon, but also very typical for a
country where prag@atic;thinking was and is mostly preferred
against sophisticated and/or very idealistic or principly
founded solutions—"in my opinion we find here a typical American
program.

- Programs of Gooperative education are now provided by nearly 1200
institutions of higher education within +the USA. The idea
has grown up meanwhile towards the status of a 'movement': its
followers and protagonists have formed an association, they
publish their own scientific journal, there are numerous
national and international seminars and congresses, the pro -
grammatic ideas are tramsferred to foreign countries, and all
supporters are deeply convinced, that these programs have mostly
only benefits for their participants. If one considers these
facts by tracing comparative studies in the field of higher
education, one cannot miss a very cloge view into the idea,

structure, and operation of these programs.

Within these programs especially one point 1s emphasized: The
student should make first professional work-experiences during
his/her studies at universgity. At first this idea was dominated
by the consideration, that work during scademic studies could
provide the necessary income egpecially for students with lower
soclal background, an idea, which we would nominate as a work-
study- program (Werkstudium). Later on these programs have been
developed to more and more pedagogic-didactic founded study-
activities in the work area, clcgely connected with the academic
curriculum.
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As mentioned above, the first program was introduced at +the
University of Cincinnati in 1906 by Dean Herman Schneider.

o S a7 - g2 N . . N .
There 1s a lot of confusion about the &iffarent expreszi -z

in thisg field; we will understand the different issusz zz o

- cooperative education: program with work-experience zs =

tructured learning process

1
-

[

- work-study programs: work as experience in it

4]
[¢]

~ internship progrems: formalized work-siudy proszrams

- experilental learning: term of educational policy for &l

vrograms with emphasis on joining

(

theoretical/academic studieg with -ori

experiences.

Even 1f there are slight differences in the opinions zbcut ke
sense of coop-ed-programs (so defines LaGuardia Communi<y
College its program as "field laboratry" with the goal +to apoly
the skills, learned in the classroom: whereas Northeastern
University in Boston should name their program as "field of
gcientific reflection'), but mainly the definitions ars as

clearly as follows:

1. definition -~ "Cooperative education is a unique educationzl

process designed to enhance optimum individual adjustment Toward
self-realization and career development by means of integrating
classroom study with planned and supervised practical experieace
in vocational, educational, or cultural activies outside of

the formal classroom environment". (32)

2. definition - The National Commission for Cooperative Zducation

has established the following definition of cooperative educstion:
"It is that educational plan in industry, business, goverrzent,

or service-type work situations. The work experience constisises
a regular and essential element in the educative process and

3 =

some minimum amount of work experlence and minimum standards of



performance are inciuded 1n the reguirements of the institution
for a degree. In addition, there must be a lialson between +the
adminigtration of the institution and the employing fir

The egsential criteria are that the work experience be considered
an integral part of the educationsal process, and that the institu-
tion take a definite responsibility for This integration.

It is called cooperative educabtlion because it is dependent upon
the cooperavion of employers and educators in combining to form

a superior total education program for the students."(35)

Z.4.2 The Reasonsg for Cooperative Education

So far as we can see it, there are two main reasons for the
implementation of coop-programs and they have been seen already

by Herman Schneider:

"1. Classrocm education can never hope to teach all the elements
of knowledge required for a succesgsful career in any
profession. Practical on—the;job experience with successful
professionals in the field is a necessary supplement to

classroom instruction.

2. Since the high cost of education is a paramount problem in
this country, most students must work part-time while
attending classes in order to earn a portion of the cost of
thelr college education. With very few exceptions, these
part-time jobs are not related to +their career objectives and
have 1little transfer value to the educational program of
the students." (32) -

5.4.3 The Advantages of Coop-Ed-Programs

In 1961, a national two-year study of cooperative education to
determine the validity of 1ts claimed educational advantages
was published by James W.Wilson and Edward H. Lyons. The

authors see mainly the following advantages:

"Advantages to students

1. Gives Reality to Learning

2. Increases Educational Motivation

5. Develops Greater Social Skills




I=

. Accelerates Maturation

. Provides Orientation to the World of Work

OY

. Provides Financial Aid

. rrovides Useful Imployment Contracta

N

* Advantages to employers

N

1. Provides A Good Source of Iabor SupnlT

Ao

. Facilitates. Recruitment and etention

2
3. Permits Better Utilization of Personnel

* Advantasges to educational institutions

AN

. Permits More Effecvwive Use of Plant Facilities

2. Encourages Greater Community Suncort

%z, Provides Benefits to the Teaching Faculty " *)

5.4.4 Historical Background of Cooperative Education

Cooperative education was Tfounded at the University of Cincinns
in 1906 by Herman Schneider. Its first period of growth fronm
1906 to 1942 was moderate but steady.
Eight out of ten institutions that began the program continued
its operation, and by 1942, there were 30 successful prograzs.
Even the severe depression of the 193C's, when Jjobs were ailficulz
to find, failed to halt the growth pattern.

The second growth period in the cooperative education
movement began in 1946, after the end of World War IT. During
the war years most coooperative programs were discontinued in
favor of an emergency acceleration of academic prograzms. This
second period, which has continued to the present time, has been
characterized by an acceleration of growth, as the total of partici-
pating colleges and universities rose from 29 in 1946 to over SCC

in 1975 (see the following figure).

Complete findings of this study are contained in Wilson and
Lyons' book entitled: Work-Study Colliege Programs: 4ppralsal
~and Report on the Study of Coonerqtlve Education, New York:

Harper & Brothers, 1961, ».240
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5 llumbers of Institutions with Coop. Education
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Legend: I. First invention
| II. After World War II

Present status - Currently in 1979, there are moré than

1100 colleges, community colleges, and universities in the

United States offering cooperative education programs to a total
enrollment of 225,000 students. Since first-year students are
usually not engaged in the alternating work-study phase of the
program, these 140,000 students are currently earning a gross income
of 8§ 450,000 per year and are placed with over 30,000 employers

stretching from coast to coast (see the following figure).



Fig.%: Institutions with Cooperative Education

E;;j:;;fzzizizzgzézig 523 below 100 students

285 between 100 and 500 students

<

51. between 500 and 1000 studenzts

\
N

27 between 1000 and 3000 students (2 over 3000)

~Tot. Enr. ca. 180,000 students (1%

‘The oldest: University of Cincinnati, sincé 1906
-.Zhe_greatest: Northeasterrd University Boston, 8244 students,
' o University of Waterloo, Canada, 5940 studenis.

- Source: Undergraduate Programs of Cdoperative Education in
the United States & Canada. Sixth Ed. 1978.
~ The éooperative Education Research Center, Northeastern
‘ Uhiversity, Boston, Massachusetts 02115, .

3.4.5 Operation of Coop-Ed-Programs

Basically, the cooperative plan operates as follows: a full-time
job 1s obtained by the cooperative iastitution in an industrial
concern, business firm, government agency, or service -Type

1

organization. This assignment is usually shared by a "pair of

gtudents, " or "twg-man team" on an alternating basis. while
one student is working on the Job, his partner(alternate)
attending classes. At the end of & specified pericd of tTirce,
the students change places. This permits the cooperative assignment
to be covered the vear round by a pair of students.
Although most cooperative institutions employ the "two-man
team" system, it is important to note that this procedure is no%
a fundamental principle of the cocoperative plan. The essential

feature is not the pairing of students on cooperative assignment

O]

?
but the alternation between regularly scheduled periods of off-
campus employment and regularly scheduled periods of classroom
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study at the coll

lege (see the following picture of a typical
calendar):
Figure 7: University of Cincinnati Professional Practice

Five-Year Degree Propram

Frashman Year (aii students)

%:Mr

Autumn . 1 - Winter &

Spring &

Saphomaore Year (2l students) ; ]
s ‘A Spring i

Autumn

B

Wintor

Summer

Sanior Year

{sectio

n |1, top; section 11, boitlom)

25

‘ Autumn

/ 1 Winter

o /
-4 Spiing

Spring

Eperiod of eriactation [ ] pasiod of school

B period of vacation [ ] period of work

< .Source: University of Cincinnati Bulletin, 1971, p. 13.



The full-time schooling within the first year also provides

Ttime for an effective orientation rrogramn as well ags preliminarsr

—ii

screening of the student's interests, needs, and qualifiz<icnz

an 922&92_; type program.

The cooperative plan may also be on a contra
between cooperative emplcyers and the education:
It 1is also quite common to find the cooperative plan ofrereld in

some, but not all, academic departments within a school or ccileze
There is no baslc difference between a ccoperative prozrax
of education and a coanventional type program in terms of academic

requirements and course content. However, there are two basic

requirements which must be fol‘owed pursuant to the role oI

practical experience in the cooperative program.

"1. Operational factors - The practical experience must be

considered as an integral part of the educational process.
There must be certain minimum standards of performance
included in the requirements of the institution for
graduation. The institution must assume the responsibility
for integrating the periods cf practical experience into

the regular educational program.

2. Emphasis on educational values - Educational wvalues Tust be

paramount considerations in the cooperative placementv of
students in order to facilitate the effective integration of
cooperative employment and classroom study. The practical
.experience should be concerned with a socially desirable
activity, and it should be realistic, productive, and

progressive ‘in responsibility." *)

*) Wilson, James W. and Lyons, Edward H. Work-Study College
Programs: Appraisal and Report of the Study of Ccoperative
Fducation, New York: Harper & Brothers, 1961,p.719.
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Schneider at the University
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engineering education while
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seeing the broad difference

n the beginning of this century a professor named Herman

(at that time
and practice
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between

the industry in the "bvottoms" and the college on the "hilltop"

(as
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INDUSTRY IN “THE BOTTOMS”
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g: "How could theoretical knowledge
hitched tog

ether?"(30)
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By answering this guestion for himself and following the =zivi:zs
of a lot of partners in discussion - mainly out of the fielid
of incustry - he developed the plan of 'Cooverative ZCucaztion'.
The plan was realized in the year 1905 and in the followinz
vesrs a steady growling number oI students participated _n Tois
program. {(see Fig.§)
FPig. 8: Enrollment of Students in Co-cperative Clcoursss
since 190%
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1.1, Experiences with tThe Program
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from a free elective system, sin
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of the student's pre: 2 1 verified experimentally.)
ed ent

2. The opportunity of gaining a iucational conte
from his industrizl eanvirocnment, and hen

(a) A vitalizing of his theoretical studies through acquaint-
ance with their opra o}

c
(b) A stimulus toward original in

d

€]
2

An understanding of the human factor in industry,

i

N
.

possible by: , .
(a) Direct labor experience on egual terms with other
employees;

(v) Firsthand contact with problems of labor management.

L4, Acqguisition of certain disciplinary values as a result of his
shop exXperience, including chiefly:
(a) The habit of industry;
(b) A

sense of responsibility;
{c) A feeling o

-

self-reliance
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1. By employing co-operative students the firr is cons

AN

and systematically infusing new blo
The morale of an entire wo 0
the introduction of a few ambiti
known to be working their way up froem the rank., ExXperiencs
has shown, norzcver, that a considera
student emplovees remain with the firm upon gradua

.
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assume Key positions. Thus, whnithou

aini a trainin noocl of its n, a without oeving more
tainin “training schocl of s own, and without sarving more

than the standard cost of productive labor, the firm iz

able to obtain selected employees, brought uc in its cwn

ip]
]

organization and trained by the university for futu

usefulness.,

Through the co-operative relatiocnship the firm is served

by the university in many ways which would not otherwiss te

possivle. The constant exchange of ideas resulting IZrom the

employment of Students znd from tThe visits of co~ordinaiers

affords opportunity for the discussion of research prcbil
n

e
which continually arise in industry. The studen
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which affect industrvy as a whole.
TC THE COLLEGE

The college which maintains a co-operative course might well

he gsatisfied with the larger service it is able to render to

the student and To the emploving industry. There ar

advantages within the school itselr, however, that are diresctly

traceable to the co-overative system. These benefits alone

provide ample justification for the extra effort which the
administration cof the ccurse involves., Among the ocutstanding
advantages are the following:

1. Since the students are subjectsd to the double test of
academic fitness and abiliity To handle outside work, there
is more prompt elimination of students who -are not gqualified
£0 carry on the college course.

‘course,

‘university not only affords

Owing to the contact which students have with ind
r

descriptive technical matier may be eliminated

correspondingly greater emphasi

i

affording

fundamental principles.

By utilizing for educational purposes the modern and

complete eguipment of large industrial corporations, t

the expense of school shops

4

he

better instruction but saves

and of illustrative models.

The alternating periods of shop and college respectively

permit a fuller
students can be

in college at one time,

use of the university plent, since many more

accommodated when only part of them are



5. Through 1ts intimate relationship with industry the uni
finds not only a humanizing influence, but also a perpetu=a

stimulus to research in the bagic prianciples of science. (=70

Dean Bchneider also was involved in tioe carly development of
evaluation lnstruments To measure tTne success of the new
educational program. Fven today some of Thls early =iforts can

be useful 1n discussing the successes and tenefits of co-¢
programs.

The program is still running and is still very successful.

4

Some other universities and colleges copied the new way c=?
co-op education very fast and underwent also a steady growsina
)
/

that 1s continuing until now (see chpt. 3.4

In the co-op educatilion programs very early the administra
requirements led to the way of erecting specizal acadenic unis

within the colleges to fulfill the intentional and orgs

Y2

needs of the program. Nearly each college or university wizth 2
co-op program today has a special office, following the

ideas of Herman Schneider, who described the functions and pur-

poses of fthese units as follows:

"(a) Plans for sequential trailning in practical work:

(b) Methods of acquainting the students with phases of engineering
outside of their particular branch;

(c) Stages of development to be expected in the successive years
of study and practical experience;

(d) Types of problems and reports to be looked for in various
industries;

N - ft
(e) Occupations and working conditions best suited. (30)
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The professional practice program at the TUniversity < Jinclirnsti
is designed to enrich & student's learnirng zand sharpsn 23

career choices through =zltsernating study with employmen:

Student counseling and placement are performed by 2 prolsssicral
taff. Students are placed off-campus for as many as ssven

s
guarters by alternating a study guarter with a work guarser

)

during the second, third,and fourtna years. The degree pro
lasts five years. Student employment compensation increasss Witk

the student’'s responsipilities.

History

The University of Cincinnati, founded in 1819 with the estatlisn-
ment of Cincinnati College and the Medical College of Chio

became a university in 1870 through an act of the City o

cinnati. It is the nation's first municipally-sponscred, state-
affiliated university and is the second largest municiplie ins
tution in the country. The College of Engineering began it

t
rative program in 1906 under Dean Herman Schneider's lieadersh

Programn Description

The co=-op program currently called the "professional practics
program" is mandatory for students in the Colleges of Enginse-
ring and the College of Design, Architecture, and Ar:t. I is
tional for students in the College of Business Administration.
Over 3000 students are enrolled in the program and nearly 1800
of these are engineering students. More than 1000 firms and agen-
cies cooperate with the university by offering students work ex-
perience cpportunities. Professional career counselors, organized
in the Office of Professional Development which is independent

of the three participating colleges, administer the program.

The director serves on an executive board which governs the
program whose members include the vice-provost for academic
affairs and the deans of the three participating colleges.
Students first enter the program through a one credit course -

Professional Development I - taken in their first year. The course
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facilltates career planning through descriptions of career
possibilities and epocuragﬁrent of self-analysis. After

COoTD ng the course, students are advised by a career deve-
lopment counselor on possibilities for their Initial placement.
Students can interview for several placements and chocose among

1
thelr offers. Thelr choices are based on the ty
desired combined within the student's engineering
Generally, students in engineering are encouraged t©
orie company which may involve ag many as seven plac
cesgively progressing into positions of greater res
Students finish their co-op experience with a final co

Prcfessional development IIT, which facilitates the Jjob-seeking

rrocess.

Py

V]

rogranm Purposes

The general purposes of the program are listed in the University
of Cincinnati Bulletin:

"The professional praét:ce program offers the student an oppof—
tunity for selected practical experlience purposely intermingled
with a gradually expanding academic background. Thus, students
obtain first-hand knowledge of professional practices and ovpor-
tunities. The professional practice assignments assist each stu-
dent in developing an understanding of human relationships and
in learning to work with others as a team. His individual growth
during his practice experience 1s enhanced by the realization that,
in addition to demonstrating his theoretical knowledge, he is
developing the supplementary skills and attitudes possessed by
professionals in his field. Participation in the program enables
the student to make a more intelligent seleccion of graduate posi-
tion. As a graduate, his professional practice experience makes
him more valuable to an employer and increases his qualification‘

for a more responsible career assignment." (22)
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4.2 The Largest Program: Northeastern University Boston
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Engineering, which encompasses the desi:

i
based on scientific ohenomena, is in itself t
o

application of laboratery theory f

0 o
!
(D
O
O
"

mankind. It is an acknowledged fa

*) contains also part-time and postgraduate students
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mmpnlovment Conditions - AT the closgse of World War II, There

was a shortage of engineers. Magnified by the Cold War and
brought into foc

us by the ranid technological advancements in
i

0
recent times, thi ided the cooperative esducation

L

in the rm“ovmen of studentse.

1 I
movenment. Under th conditions of a short supply, emclovers
were anxicus To participa i
o}

pportunity to recrulit notent

ia
through the cooperative program had a

engineering graduates ]
substantial appeal. Secondly, the students were able to fill

many positions with eﬁployers that normally would have been
filled by engineering graduates. In the absence of gradustes
the cooperative students represented the best alternative.
These competitive conditions combined to provide excellent

bhborlmncbs for students at relatively high nay.

In early 1970's, however, the situation was rapidly altered
by the changing conditions due to a reduced emphasis on space
and defense expenditures. Suddenly engineers wer
and cooperative assignments became difficult to find. Enginecer-
ing employment is particularly sensitive to, changes in the
nation's ecoﬁomic, volitical, and social environment. At
present, engineering placements are again on the uoswing

despite fluctuations in -the national unemployment rate.

(35) ' |



CLASS SCHEDULE TO RECEIVE CLASS SCHEDULE TO REICIIVE
B.S. DEGREE IN AN ODD YEAR B.S. DEGREE IN AN EVEN YIAQR
Sapt. | Oct. | Nov. | Dee. | Jan. | Feb. | Mar. | Ape. | May | June | July | Aug. | Sept. Sept. | Oct. | Nov. | Dec.lJan. |Feb. ! Mar, i $200 Nar Jons Jolr Anr ' Sanl
QUAIB.TE! Qu.«;rn QUA;TER VACATION FRESHMAN QUA;KTER QUA2RTE.1 QU?TER VACATION
QU'\:T“ Worx QuarTER Worx Division A WoRrE QU": TER Wozx QuanTzr
SOPHOMGRE =
Woax QUARTER Worx Qu?rm Division B QUA;TER WoRK Qm;z-rsx Work
Wosk QUA‘;‘“" Worx QUA./.R’"‘ Division 4 QU*;““ Wozrk QU";‘TER WoRK
MIDDLER
QU'\G,‘T“‘ Work QUA;TE" Work Division B Work QUA;‘ TER Worxk QL";RTER
QUA:T“' Worx QUA;"R Work Division A Work QUA;“‘-“ WoRrx Qr.«;rzx
JUNICR - -
Work QUAsnm WoRK QUAQRTER Division B QLA;TER . WoRrk QUARTER Worx
Worx Qu.;.s'rn QUARTER &3 Work Division A QU/lu(t)-rzn WORK QU.;.F;TER WORK
QUARTER w QUARTER w. SF?‘?OR w QUARTER QUARTER Work
10 onx 11 ORX Division B ORK 10 1 ORK
Quastea - woax ~ QuigTER GRADUATE Quastzr .« worx  QURTER
Sept. | Oct. | Nov. | i)ee.|1m.lnb.]MxﬂApr. | May | June | July | Aue. { Sept. Sept. | Oct. | Nov. | Dec. [ Jan. | Feb. | Mar. | Apr. | May | June i July [ Aus. { Sept.

1 This unique cooperative program, pioneered and currently in eflect at Northeastern University in Boston, Mazss., is in power
_systems engineering.

Each student has to sign the following agreement:
"I, the undersigned, agres to work for the company nam=3 on
the reverse side of this card as my regular cooperative assi
ment, in accordance with the regulations of the Department cf
Cooperative Education as outlined in the CO-OP HANDBCOK,

I also agree to accent the rate of pay stated, this =zmount

to be increased as my ability and other conditions may wzrrant,
I understand that this agreement becomes effective upon v

o

acceptance of the position offered."(24)
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15 could

extend over the entire length of The gooperative program.
(2} The student way not expect a of asgsigrnment until he
has completed a of two quarters with the emplover.
Onlv under unusual circumstances will the coordinator
consider a change in less than that tlume, and the change

L . P N £t ~ 40 T T T T ) Rt SN Y =
may not be granted sven after the minimum veriocd has expired.

- [CR. S, P e B PV S T~ oy T oy A . .
Some training programs regaire the gstudent to undertake a
commitment of a minimum period of employment of nore than Two
work guarters. When this occcurs, the student must glve carsiul

R . ) JEUUNUA SO ' —_ e T
consideration to the commitment before accepting the

- , e I ~ e .

The agreement 1s strictly between the student and the university.

The employer 1s not an aCulVP participant in the agreement,
The wuniversity believes that contracts with employer
students in their emplcy are neither necesgary nor desirable,

To promote mutual confidence and assure the maintenancs oI

standards, employers are advised to discharge any student

[D
‘:’)
O
(_*_
[®]
>}
i,_J
g
[63]

who, after a fair trial period, performs unsati
Judged incompetent or incapable of performing tasks
of him, is irregular in attendance or punctuality, or fails to

cooperate in every reascnable way.

An employer cannot be expected to retain cooperzative students
any longer than is practical from a sound business standpoint.
Moreover, i1t is not conducive tc sound cooperative .relations
students to expect priority considerations over other regular

employees., It is believed than an employer wno biﬂcerely

demonstrates an interest in training cooperative studeats may
be trusted to Judge when business couditions make it advisable

tc terminate the eMUloymcaT of ccoperative students.
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The tTasks performed bs
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vart of a carefully planned

cheduling of performances eXye

in case of sickness or other energency necessitati

e from work, the employer should D

1 possible. If an absence will ¢
a

S
ss a full week or nmore, then his coorain:

LAYORF,
Any student who is permanently cor temporarily laid off nust
o

Fducation at once,

notify the Department of Cooperative

DISCHARGE OR DESERTION,. ‘ , _

A student who leaves his cooperative Job without prior =zrrrival
of the’Départment'of Cooperative Education, or who so corducss
hinself on‘the'job as ©To cause his discharge, will be subjectT
to‘disciplihary acticn which could result in suspension Iron

the university.
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cooperative assignme before

CWN JOBS.
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Under certain conditions, a student may be permitted to work
on a job of his own finding. He must petition his coordinator

-~
L

for approval of such work before accepting the job. Petitions
jai

are obtained from the coordinator and, if aporoved, remain in

effect for one work period. 1If conditions warrant the student's
continuance on his own Job beyond one work period, a new netition

must be submitted for approval. The student iz expected to

conductT h_MSDWf on this job in the same manner as on any

cooperative assignment. A1l cooperative education rﬁles and
regulaiions epply. Approval of the petition is based .on the
following considerations: o , '

(1) The job of the student's own finding must be the equivalent
(in training potentialities and application to. the student's
field of study) of any job that the Department can provide
for thé.student. ' |

(2) Existing assignments with poooeratlvc employers must be
given priority.

(3) The -employer must be informed that the student is attending
Northeastern on the cooperative program and that he will be

returning to school at the end of the work pericd.

EXPERIENTIAL PROGRAM.

One or more times during his parti atlon in the cooperative

m

C-i
program, a student may wish to engagﬂ in an activ‘ty other
than paid employment, such as travel, in d@oeﬂdpnu stndy' or
,volunteér‘séfvibes. - The Départment of_COOperative‘E ication
recognizes the educational value of this type of éxperience and
o ,

Lz

ct

may allow the student to parfticipate in

n

experiential
program. Any student anticivating ?QFtWCLpﬂ 1on in the
experiential~” pro ram should qlscu:s the pos lblllfj with his’

coordinator o“ the dlrec tor.



He must petition his coordinator for approval of this zctivity
before he makes any commitment. If app

remains in effect for one work ceriod.

obtained from the coordinatcr concerned.
SOCIal, SECURITY AND UNEMFLCOVIIZNT CCMPEN3ATICH.
Socizal security numbers are required of coovnerative studenz

s
before they may start work on cooperative Jjoos. Feder=l znd
state laws require that euzlovers pay taxes Ttased upon the
amount of their payroll to provide funds for old age retir
annuities and unemplcyment compensatlion benefits, T
administration of these laws necessitates the registr
all employees of employers subject to these laws. ZFractically
all workers are now included. This registration is evidenced
by a social security number. The social security number nay
be obtained in one of two ways:
(1) The number may be obtained without any delay be aonlying

in person at the regional office of the U.S. Social

Security Office.
(2) Application blanks may be obtained at any U.S. post office.

These blanks must then be taxen or sent to the local

- regional headquarters, and the social security card bearing

the number will be issued immediately or mailed to the

address given on the application.
There are»two separate taxes, one for old age assistance, the
other Tor unemployment cempensation. The law requires contri-
butions by the wor<erq as well as by the employers. The
employer is requWPed to deduct the worker's‘share from nis pay
envelope or -check., The amount deducted is ordinarily made
known to the worker either on the check or on a slip accompany-
ing the pey in,the envelope. The deductions from the student's
pay are for old age assistance; the employer pays all of the
unemployment-cdmpensation tax. The Massachuseﬁ+s'Unemoloywent
Compensation Law,‘SeCtion 7, reads: "The term 'omployrent'
except as used in the definition‘ef 'pdyroll' in subsecticn
'n' of section one, ahall not lnclude"(1) "Services performed
by an individual while: reglotered for a prescrlbed course at any
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educastional institution on a cooperati nlan cof education and
P

iv

industrial training. (2) Services performed during customary

on periocds by an individual who was registered for full
~ttendance szt and regularly attending an established school,
ollege, cor university, in the most recent schecol term and who
intends to return thereto or to enter another school, college,
or university as a student for the next regular term."
Therefore, Northeastern students are not eligible to receive.
Unemployment Compensation Benefits. Other states have similar

laws.

WORKING CERTIFICATES.

The laws of the Commonwealth of Massachusetts require that,

on certain kinds of work, minors under 18 years of age may not
be employed without first cbtaining a working certificate.
Employers are fined if this certificate is not posted in
accordance with the law. Therefore, because the student is
the only one who can procure this certificate, he should
assume the responsibility of getting it immediately after he
has been accepted for the job and present it to his employer
when he starts work. Certificates are available at the office
of the superintendent of schools of the student's residential
community or, fbr gradUates’of Boston schools, at the Continu-
ation School Headquarters. | o ‘

HEALTH PROBLEMS. ,

A student may occasionally have a health problem which will
have a signifibant effect on his placement on a cooperative
assignment., It may be a physical defect which will hurt his
placement possibilities, or it may be a condition reqﬁiring&
“extensive or unusual medical or surgical treatment. In some
cases, it will require removal from a‘particular COOperative
Job or a leave of absence for all or part of a work term.
Regulations requiré that the student discuss the problem with
nis coordinator and fill out a petition requesting appropriate'
action. The coordinator may refer the student to the University



Health Department, where, after an excha:

the family physician, a Judgment will be m
the legitimacy of the request. In most ca
be asked to sign a statement releasing the
so that the Health Department may disclose
to the coordinator. Also the coordinater
through the signed statement, to use the 1

potential cr existing employers to the bes
student, Whenever surgical or medical tre
the student must petition in advance., ‘“hen

prevail, the petition must b
! e

soon as possible after the emergency.

e filed with the

of infecrmation with
xde with restect to
s, ths student will
health informztion
the necesszar;y facts
given wpermission,
formetion Wit
advantage 0f <he
trment is electad,
emergency ccniitions
coordinztor z=s
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4.3 A Very Unigue Progr La Guardia Community College NYC

a ege, the newest unit of the City University
of New York (CUNY), was authorized by the Board of Higher Education
(CUNY's "Board of trustees") in May, 1980, as the eighth community
college in the 18-institution CUNY system. LaGuardia's creation

was in large part stimulated by the Board's decislon to adopt,
effective in the fall of 1970, an open-admissions policy for all
New York City high school graduates. Following closely a period of
turmoil on several other CUNY campuses, the Board's actions, both
in establishing open admissions and 1n creating an eighth community
college, were intended as clear responses to pressures from several
populations, particularly disadvantaged minorities, that had until

then been largely excluded from public higher education in the City.

The college's location in Long Island City, .in the Borough of
Queens, was selected after a demographic survey commissioned by

the Board revealed that the area manifested among the lowest average
family income and educational attainment of the entire city, and
that its population was clearly not being served by any other CUNY
institution.1> LaGuardia's early efforts - in the year before the
college opened - at establishing positive relationships with the

western Queens community were at first frustrating.

Local leaders tended to accord the college a lukewarm reception

1) A glance at LaGUARDIA'S STUDENTS (19):
- Over three-quarters belong to minority groups
- Median family income is about § 8,000 per yéar
- Sixty=-eight percent are women
- About § 2,500 is earned each year through internships

- Each quarter, about 400 students are off-campus on' coopera-
tive educdation internships ‘

- Well over a third are over age 25 when they firstwregister



for reasons they readily expressed: LaGuardia's prospectiv
constituents were largely blue-collar femiiies (including
white ethnics, blacks, and hispanics ) wivih average family
incomes under $8,000, and they were struggling for economic
survival. Children of such families were expected to coatrib-
ute sﬁbstantially to the resources of the household -- azT
until they married and moved out on their owan. A collegs =duca-
tion might be a luxury for some time in the future; in the
present, their children nesded Jobs, not morse schooling.

It was immediately clear tnat LaCGuardia's answer woull nzvs

to go beyond educators' traditional advancement of their troduct
as an investment in one's futurs. To be responsive to community
needs, the college would have to provide a tangible link tetwesn
education and work. The link that quickly emerged was cooperative
education. The college proposed to the community that it would
establish a comprehensive cooperative education program, involving
every student in an alternating quarterly pattern of studying and
working; that through its '"co-op" program students would, in
effect, be receiving on-the-job training for nine of their 24
months of college attendance; and that through their co-op intern-
ships, they would be able to satisfy, at least in part, their
families' needs for contributed income, .while providing themselves
with significant steps toward upward socloeconomic mobility.

-The community,approved. In 1971, LaGuardia enrolled 566
students. By the fall of 1978, the college had grown to over
6,000 students. |

LaGuardia Community College's fundamental mission has

remained the same .since its planning stages in 1970: +*o serve

the mult1p11c1ty of needs of each segment of its diverse
population; to glve spe01al empha51s to preparation of the
individual for work and / or further study, to combine, using

a year— round quarterly calendar, practical fieldwork experience
with classroom instruction through a universal cooperative educa-
tion program; and to assume a special responsibility for servic

to adults, the handicapped, veterans, non-English-speaking students
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and other populations generally excluded from the mainstream of
higher education.

With only minor changes, that mission statement has served
well and comfortably for seven years. Over the years emphasis
has been added to the college's commitment to the city, to career
education, and to non-traditional learners, and the above state-
ment 1s expected to continue as an accurate description of the
College's reasons for exilstence. ‘

Just as cooperative education, later incorporated into a more
comprehensive career education program, was initiated in response
to the outspoken needs and demands of the local constituency, =0
too was LaGuardia's broad commitment to basic-skills instruction
a response to community need. The open-admissions program brought
to CUNY, and to LaGuardia students who in the 1960's would not
~ have even considered attending college. With a combination of
poor general high-schoal preparation, the absence of any technical
or vocational training, and an ever-weakening market for unskilled
labor, the openéadmissions student often came to‘college for lack
of any other choice. Consistently since 1973, the reading skills
of 20 percent of LaGuardia's freshman classes have been below
the 9th-grade level; in fact, fully 80 percent of freshmen re- -
quire remediation in at least one ( reading, writing,kmathematics,
or oral communication ) basic-gkills area.

Some of CUNY's older institutions were ambivalent towards the
open-admissions program. Students were guaranteed admission, not
retention. In the early years of the program, open doors often
became revolving doors. At LaGuardia, however , there were never
‘many "traditional," higher-skilled students; the collegefé communi ty
was the open-admissions community, and the institution's missibn
was to sérve their needs, "appropriately and effectively."

LaGuardia has, from the beginning, devoted a substantial portion
of its resourcés,( including over 20 percent of its instructional
budget, and almbst 30; percent of its teaching lines) to remedial
instruction. The basic skills program, originally limited to two
courses in two departments, has grown in proportion to an aware-
ness of the seriousness of the problem. Where there were once two
courses, there are now fifteen, inCluding a spécial sixé¢ourse
sequence for those students whose first language is not English.
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Where There were once two departments operating independently

of:each other ( and, largely, of the rest of the cclleg=), thers
15 now a basic skills program, lncorporating and intecratins
the efforts of five academic departmente and & cadrs ¢ counss inz
gpecialists.

£A8 LaGuardia slowly canme to grips with the magnituds 27 1t7s
students' skills deficiencles, 1T began to grapple with 2 zantrzl
dilemma facing community-college =ducatorg: how could it trovide
a meaningful, useful. colleze experience to students wro could not
read thelr textbooks, write their term paper exoress tneir idees,.

or perform 31mnle mathemrat
were elther to become =
those who matriculated,

measure up to the traditional

"college level."

ical operationg?
credentialing agency, nerely

or to

Neither alternative seemed appropriat

turn away tThose

wno cou’ld now SUZ XL

definitions of " college student" znd

ot
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needs oI the college's population, and it rejected both extrsres.

The college chose 1nstead to acknowledge the difficul<vy cof

task and slowly to
1ts faculty knew as
teachers. Over the

build its
educators

last five

programs and policles based
and what they were learning

vears, the major themes that
B, ] oJ

on what
as

Hind

together all of the and

strengthened.

college's activities have been expanded

For example:

In basic skills:

All basic skills courses have established clearly-
defined exit criteria |

+ Faculty in content-area courses reinforce basic
skills in their classrooms '

+ Careful placement and registration procedures
have been develcped that insure tnat students
enroll only in courses with levels of difficulty

appropriate to their skills levels

In career educablon

+ Respondlng to ouggestloﬂs of "co-op" employers

(a broad cross-section of New York's diverse
labor market), required courses were added to

the curriculum which deal with such matters as



asic communication strategies, interviewing
skillg, and resume-writing

+ In acknowledgement of students' difficulties i

F

relating their coursework to their early intern-
ships, the college embarked on a systematic program
of teaching, application, and reinforcement of basic
concepts in each major (the "TAR" project), through
which material Taught initially in classes and in the

¢0—-0p preparation course is applied on internships,

using guided study workbooks,” and reinforced in

evening seminars held concurrently with work placements.

In services to adults
+ The college,in keeping with its stated mission to provide

programs for adults and special populations, has expanded
the offerings of its Division of Continuing Education,
which now has classes for adult community groups at

15 extension sites, and which enrolls more than 7,000

students 1n non-credit courses on campus each year.

In all courses

+ Performance‘objectives have been written for every
college course, and they are distributed to all
registrants in the first few days of each quarter,
along‘with an outline of the methods by which student

performance will be evaluated.



L.4  The Harvey Mudd College Clinic Program
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ngineering Clinic, or experience portion of the currlizuilun,

tezun in the early "1920's and is now a mature prozrex

©
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olving problems unigue to Zarvey udd out which exempliI;

(02}

broader engineering and professionzl educational concernc.
Harvey Mudd faculty members wanted tc ofrfer students z real
world engﬂneerwnw experience with all tre learnings interent in
"Yhe real world. They recognized tThat faculty were often

divorced from practice excent occasional surmer conzauliting.

Alternate solutions were explored - cooperative ecucation, Ths
practice school approach and clinical training mwodels in cTher
professions are exampleg of the alternatives considered.

Harvey Mudd synthesized elements of these approaches tTo creats
"a primarily campus-based, team-centered, funded, open—ended,
problem-solving experience’ entitled the "Engineering Clinic
These experiences flow from projects generated by local, state-
wide or national firms or agencies who look to Harvey Mudd

for high quality work at limited expense.

Students must participate in the engineering clinic generally
during thelr junior and senior years. Nach semester's activity
is graded and worth three credits. Fifth year masters students
also participate in the clinic as project leaders, earring six
units per semester. While student participation in the clinic
is mandatory, students choose their particular project in
consultation with the project director. Students report that
their selection decisions are influenced by: 1) the substaace of
the project; and 2) the professor and team members potentially
or actually involved in the work. Student choice sesms to
positively influence student motivation. Projects are recruited
in various ways and selected with important learning criterisa
in mind. All projects are funded. ZFach client is chargec =
standard fee which covers direct and administrative costs.

- The students are not paid to work on the project.



A gzood project according to Those involved is one which
emphasizes the applicaticn of theory, involves engineering

n work and necessitates a team approach. Projects tend to
be longer than a semester; therefore, students often flow in
and out. Some students never see the project from beginning to

end. Projects involving substantial amounts of menial work

m

are screened out. In general, the projects are rigorous and

omparable to graduate‘level sophigtication.

O
£

Student/faculty/client interactions have both formal and informal
dimensions. Formally, the client presents a general problem

Yo the clinic. ' Students, led by a fifth year student and with
faculty supervision, develop a proposal which is shared and

negotiated with the client. Once the proposal is accepted,

periodic team meetings with and without the faculty member

take place. Progress is reviewed, plans are made and responsi-
bilities are detailed. Sometimes students vigit the client or
vice-versa depending on the nature of the task and the client's
location. The team is responsible for a project presentation'
to the entire Clinic in the college auditorium. The Clinic
faculty and students currently participating in projects offer
critiques of methodology, analysis and solutions. Students
must formally prepare for these sessions and three members of
the audience are responsible for’written feedback on the
presentation. Tastly, the team produces a written report for

the client at project's end.

Informally, students use faculty members as resources, involving
engineering and other faculty who can best contribute to their
projects. Naturally, their superVising professor igs their
primary resource. He was chosen because of hisg competence for

the particular project.



b.5 The Kansas State University Design Laboratory

As part of the senior year curriculum in mechanical engirssring,
211 majors at Kansas Stafe University ars required to partlclzass
in an M.E. Design Laboratocry. This Industrizlly-based, zizesrlizntlzl
sgpecy of the curriculum is & TWO-Credlo, capstone L&a&ccrstiry

they will encounter "on trne job” and affords them an oproriunisy
to apply a cross section of tTheir course werk to real worla

problems.

The students, working in three to four person fteams, solve
actual engineering problems that are suobmisted by industrizl

o

clients. These industrial firms revresent =z diverse geograziical
groupr from Texas to Indiana and offer a broad cross-section

of projects(e.g., from pipelines to grain dryers). In any oxne
semester 6-8 teams of senior M.E. majors are working toward tns
presentation of both a written and an oral report to the client
on a proposed solution

Within any one semester, the vrocess of organizing the M.E.
Design: Lab begins when the department receives pre-enrollment
statistics. From these figures tThe number of projects needed

for the upcoming course is determinsd based on three or four
person teams and prcjects are gsolicited from industry.

KSU has prepared a "participation agreement" which each client
must sign. This brief two-page document fermalizes the obligations

of all parties in a contractual form.

Brief background statements on each project are prepared by the
supervising professor and distributed to students. From this
information the students preferentially rank each project.

Using these preferences as input, prcfessors then assign students
tc a project, thereby creating three to four person teams wit

one professor supervising a maximum of four projects. Witk the
exception of two initial lectures on problem-solving, the
remainder of the Lab course is given over exclusively to the
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sclutions of thelr enzineering design problem. After projects
have been assigned a represensative of the client firm will
usually travel to the school to make a detall presentation to

the desgsign fTeam, although some firms prefer that the students

visit the plant site.

Although the format varies across faculty, students meet with

ct

heir supervising profescsor on a weekly basis. At this time
the week's progress is reviewed, and next week's goals are
agreed upon. The students have the freedom to place a collect
telephone call to the client once a week to gather information
and get important questions answered. Twice during the term
students are required to send written progress reports to the
client and make oral presentations to their classmates.
Feedback from the client is encouraged, but it is received

infrequently.

All of the work in this two-credit laboratory is focused on
the ultimate production of a written report which is bound into
a highly professional document and presented to the client.
A project team accompanied by i1ts supervising professor travels

to the client's home base to make an oral presentation and defend

the proposed solution. This visit serves not only to present
and discuss the written report but also gives the students an
opportunity to tour the plant facilities and become more
femiliar with the client's environment. The written and oral
reports form the basis for evaluating perfbrmance in the course.
From this work and the interaction throughout the semester the
professor assigns each student a letfer grade. |
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4.6 The Worcester Polytechnic Ingtitute FPLAN Program

In 19771 Worcester Polytechnic Institute embarked upor

]

oitious curricular plex which resulted in the total revazzinc

of their learning snvircnment. The WPI PLAN, as 1t nazs zozs —c
be lmown, is sn attempt toc nrovide engineering students witi ==

education that is in keeping with the cu“ueﬂporar” world.

The PLAN was designed specifically to provide "a new and
comprehensively different educational program, respcnsive <o
the needs of individual students and soclety while enccouraging

sensitivity to the ideas and values of civiligation."

The two qualifying projects, the MQF and the IQP, revresent t:e
experiential dimension of the WPI PLAN. The Interactive
Qualifying Project(IQP) focuses on the interactions of technology
with society in human values. An IQP rmay range from studying

the lmpact of an educational satellite to teaching guitar

legssons to a juvenile delinguent. These vrojects are often

times expensive and allow these future engineers to gain first-
hand experience with a set of societal issues they might not
normally encounter.- The Major Qualifying Project(MQP) integrates
formal academic studies in one's major field via an in-depth
research project. Although each of these graduation reguirements
are project-oriented, it is obvious that their purposes are

quite distinct.

With the introduction of the PLAN, a unique academic calendaxr
was ilnstituted consisting of four, seven-week terms with =
two-week intercession between the second and third terms and axn
optional summer term. For any single term students register

for a total of one unit of activity with a traditional three-
credit semester course translating into one-third of a urit.
Both the IQP and the MQP are designed to each réquire one unit
of activity for a seven week term. Students may register
exclusively for project work and thus spend fulltime for seven
weeks on their project. Many students,‘however, opt for
spreading a project over a number of terms and will register for
fractional units of project activity, independent study and
ciasses totaling one unit of activity per term. WPI alumni thus
graduate with at least two units of project activity, two units
in humanities, and a total of approximately sixteen unitse
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Froject activity for toth the IQP and the MQP takes place in &
variety of formats. More often than not, projects are completed
in two- or three-person student teams. Interactions with clients
range from no involvement with a client to literally changing
residence for a seven-week term and working as a full time
employee. Client involvement can be broadly grouped into three
alternatives. First, students may literally set out to accomplish
the objectives which a client has outlined. In this case,
students will be working much like an employee of the firm.
Approximately 200 projects(24%) are this type. Second, students
may work on an offcampus project which has student or faculty
degsigned objectives. This may involve some interaction with a
set of "clients" but the focus of responsibility resides on
campus. Approximately 100 projects(13%) are this type.

Third, projects may involve no off-campus experience. Such
projects may be a laboratory experiment or a library research
project. Approximately 500(63%) of the student projects are of
this variety.

To expand the number of off-campus projects;vWPI is establishing
a set of project centers. One of the most exciting is the
Washington,D.C. Project Center. This "branch campus' of WPI
takes full adventage of the nation's capital and its resources
to generate stimulating project activity. Other centers have
been established at a nearby hospital and a local manufacturing
firm. These WPI Centers will facilitate project coordination
and build on project experience. \

To assist students in designing and planning their projects,
two voluntary "proposal courses’ are‘offered; one for the IQP
and one for the MQP. The objectives of these courses are to
assist the students in generating a detailed research proposal
for their own IQP and MQP.

Upon completion of the projects,va detailed report is written,
much like a technical paper or engineer's repert.

Students may complete the MQP and IQP anYtime in their academic
career and in any sequence. In actuality, students are encouraged
to complete their IQP - the societal based problem - duringvtheir



grounding in
n the final term of the Jjunior year or in tre

e

completed
senior year. On occasion students will get involwved iz =

Q

research project in their major field during their sovicrmore ¢
junior years. Thig often Times results in early completion of
their MgP. Projects may recelve one of three grades: accevntab
with distinction; acceptable; or not acceptable. This grading
system is also used for course work at WFPI with the excep

that no record is keot for work that ig uracceptable.

the major field of study and therefore is usually

5

sophomore or junior year. The MQP normally reguires a thorough



4. %7  The West Virginis University PRIDFE-Drcor

The PRIDE program, or Frofesgional Reasoning Integrated with

Degign Experience, is a curriculum revision within the Department

—

Sk

of Chemicel Engineering at West Virginia University. The basic
purpose of the program is to integrate theory and application in
the learning process to better prepare students for employment

in industry. However, unlike the other programs in this study,
PRIDE does not utilize any direct client or industrial experience.
The "real world" is brought to campus by simulated, open-ended
orobWems, given‘to students as projects.

Like Guided Desmgn PRIDE involves small group work on open—ended
industry-like problems, created by the faculty. The progran
involvement increases from two credits per term in the sophomore
year to six credits per term in the junior year, and finally to
Ten credits per term in the senior year. The formst emphasizes
Project work during class-time, with student self-study of
content outside of class, aided by faculty tutorial help.

This progression of involvement includes the entire curriculum

and 1s comparable to the increasing number of courses taken in
the major.
The flow of the program begins with close guldance and extensive

feedback on two projects per term in the sophomore year and ends
with a year—lomg, very large and loosely defined problem in the
senior year.  Faculty input declines as student leadership '
increases with each project. Approximately 40% of actual class
time is spent on projects and 60% on traditional course work.

In the Jjunior and senior years, "blocks' of time are obtained
by scheduling certain content classes back-to-back, and then
concentrating on a set of objectives (content or project) over
the course of‘the day. This facilitates the 1ntegrat1on of the

project into the class learning act1v1t1es.,
During the sophomore year students are given very specific

engineering problems. Professors carefully monitor a student's
progress via group and individualized feedback. The sequence of
student‘ectivities has been carefully designed and the student
is given specific instructions for the next task. It is not
until the final two months of the sophomore year that‘students‘
are given a oompletely "open—ended” problem in whloh they must
determlne the constraints and work totally on their own. At
this 001nt students work in four-person groups to taokle these

problems.
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In the Jjunior year the faculty plays a smaller role in guiding
the students through their design problems. Two related co
of =six credit nours/semester are 1nvolved and students contin

To work in smsall groups in solving open-endsd dsesizn problems.
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ach of these problems has no siznzgle rigl

un

Py

roups may eventually be workinz on gquite diffsre

solutions. The commonality oI vities that was eviderns in
0 he

acti
sophomore classes disapvears. This obviously alters th
the faculty member, as 2e nusv be prepared to deal with mary

more complexities as students probe problem solutioas.

The senior year curriculum is expanded to ten credit hours

'3

er
semester and includes four projects - orne year-long five to

six credit-team project; and *hree 1intensive 5-14 day

projects or "major exams'" which are completed indiwvidually.

In this final year, Tuesdays and Thursdays are set aside for

the students to work on their own with little assistance fron

the faculty in the design aspects of the problem solution.

The faculty serve as expert resource peovle, perhaps even

lecturing in their traditional role as content authority.

The students are concﬁrrently enrolled in two or three traditional
courses. Oral reports and written "major exams'" are an impcriant
part of the learning process. At the completion of each projiect,

a "verbal" defense and explanation of the group's work is preserted
before at least two faculty. The faculty becomes more criticelly
demanding of student profegsicnalism as students galn proolenm-
solving experience. Written exams in major content areas are

given at least three times per semester. Also communication

skills are examined in all reports and a staff person works -
with individuals to increase oral and written reporting capabilities.
Thus, student progress in both the academic and experiential

components is monitored.

From the curricular perspective, traditional subject areas are
studied by utilizing programmed instruction books, standard texts,
lectures, and study guides. Faculty team-up to both teach ara
evaluate courses, dividing these functions within the same course.
In sum, the curriculum is classic in content but imnovative in
its process.
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4.8 Three Different Programs at Massachuse Institute of

C"‘
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Technology

I~

.8.1 The ESIC - Program

In January, 1973, a segment of the lMechanical Engineering

Department at the University of Massachusetts began a unique

experiment in engineering education. The formal name of the
innovation is Professional Eractice-~Directed LEngineering
Fducation(FPDEE) and the aim of its practicum, or experienced-
based component, is Engineering Services for frdustry and
Community (ESIC). The goal of the total program is industry-
oriented and prepares students to practice their profession by
including the mastery of a fundamental knowledge base, as well
as the development of the behaviors and the skills reguired in
guality professional practice. As part of thilis preparation
students work half-time on real problems obtained from local
industrial firms and community organizations via ESIC. It is
this aspect of PFDEE which demands our attention.

In January, 1973, the progranm officially enrolled its first
three students. Since then, it has grown to twelve students,
four part-time faculty, and includes approximately fifteen
clients through ESIC. From its conception, limited growth,
small size, and careful program management have characterized
PPDEE. Students may enter the PPDEE any time between their

sophomore and Jjunior years. Thus, they come to the program with
certain basic departmental and unlversity requirements fulfilled.

PPDEE is strictly an opftion within the Mechanical Engineering
Department, not requlred of its students and/or in other depart— -
ments. Students apply at the PPDEE director for admission and

are extensively interviewed and then chosen for entrance by an
informal faculty consensus. There is no firm criteria for ad-
mission, except perhaps dedication to a‘fifty-hourjwork,week

and a strong desire %o practice'engineering.fStudéhts backgrounds
and abilities are diverse . . .

Once in the program two activities prevail. Students work
approximately half-time on their‘ESIC problem. They'éré assigned
industry based projects by the faculty, as much aS |
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audits and freely contributs to the »rocess.

The student has total client responsitility, both tecnznical =zad
communicative. Most projects are done individually rather thaxn
in teams and average sbout three months in length. Frclects
include machine design: product design, testing, and evaluztion;
failure analysis; manufacturing process and eguipment desizm:

and value engineering.

The otner half of a student's prograem is scquiring the reguired

base of engineering science knowledge through self-study.

Unlike many other programs, this is normally not done in *rsdicgional
class settings. The student's study is based on ths cussiions/
issues/data raised in his or her project, and most stulenTs

learn most of the reguired knowledge base this way. BStudent

may take up to one outside (conventional) course per sene
help then with the knowledge hase or to satisfy a speciszl
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interest. However, the majority of 1
taught basis, using texts, progremmed instruction, and aziizor

suggestion.

A learning record, similar to the sngineering record, is =150
kept by the student and is a regular part of the audit. Ix

consists of knowledge objectives (sreas of study, principles,
processes, ideas studied), confirmetion that thece topics were
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mastered; reference notes or prcolems on topics studied; and a
complete personal reading list. Further, the Computer-Monitored
Instruction (CMI) system under development will test knowledge
progress, diagnose needs, recommend learning resources and record
student learning progress for the faculty with a visual display
computer terminal.

Other mechanisms such as the professional Feview and "senior"
examinations monitor the student's educational progress.,

The professional Teview is a personal, in-depth faculty-student
discussion and evaluation of both the project and academic
components. Grades are agsigned after the professional Teview

at the end of the semester, where project performance, engineering
and program goals are synthesized and evaluated. VSenior" exams
are Ttwo part: a written exam on the required‘knowledge base and

an ability-to-practice exam, based on the final semester's

project and presented before a panel .of industry observers.



.2 The UROP - Program at MIT
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FIT, a larger and more prestigious urni
Zrception 1n 1871 been committed to nrH
Tz Tundamental princiliples ©I TCSiTiTs
lesdling Tz industrial

eminencs ‘s Taculty. This
to their ~zz vervaded
institute througncuT 17z 2l3tcrry. Hon
comparatively rigid curriculun of =23
fields dlmposed restraints onr many c-

and caused resentm

e
epproaches. A number of experlimental T=..TirsI n&TV2 Leen
T

ried at MIT ov he 7ezars., most of tThem cying on tne vizns
that scme ¢cf 1¥s mosT

0
and there have been indications
creative students wers Tuorned o

to offer. Many freshmer zame to MIT with a formidsbls wizn

B

Though The sixfties provoked more visinle student d
at MIT, the institute's mocves to reconsi i1ts undergraduate
oV

Lder
offerings long  preceded that period. The move for rsforx:
r 0

came into renewed focug after a major lecturse in 1957 o7y
Edwin H. Land, president of the Polaroid Corporaticn. In ax
address entitled "Generation of Greatness: The Idez of =z
University 1n an Age of Sclence," Land outlined a majcr
revamping of the undergraduate experience that would zlicy
the formation of small clusters of "research families" by
undergraduate students and senior faculty. These familizs

would remain through most of the undergraduate years znd
hopefully advance the students' original thinking axnc

research sophistication.

Land's notions continued to percolate through the instizutz

and provided further impetus tc a geries of ad hoc =nd continuin
undergraduate education committees deszigned to enrich the
seminar-research experience. These committees carried th
firm support of high administrative circles. Out of thes

efforts emerged, among other projects, an impreszive new
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in a span of half a decade hag materially affected under-
graduate performance and which has tangentially given the

institute's faculty a monitoring mechanism to gauge the

educative process in the university as a whole.

Despite its comprehensive influence, MIT's Undergraduate
Regearch Opportunities Program must surely stand as the

antithesis of the bureaucratic academy. It doubles as a
arni

pased grant-making foundatlon for innovation, and its only
cilaim to turf and academic clout is that it 1s and remains
a fazculty support function, intersecting but not threatening

all disciplines and academic territories.

The Undergraduate Research Opportunities Program began at MIT
in 1969 and is referred to almost always by its Acronym,

Jrop, pronounced "yourop." Under it, students have patented

o

a number of inventions, including an X-ray processor and a
heart valve. Moreover, they have on their own and in
collaboration with faculty members published dozens of

articles in scholarly Jjournals.

UROP was supported by an annual appropriation of $100,000
initially provided by Edwin Land. It has since grown to
include an annual budget of $800,000 -~ 1,000,000 that comes
largely out of MIT's operational budget. Used often as seed
money, UROP research funds extended to faculty-student
collaborators have pulled additional funds from outside .
sources. - And participation in this vibrant undergraduate
program is impressive: More than half the institute's

4,433 undergraduates are engaged in the voluntary program at
any one time. " Virtually every student will have participated
in at least one and as many as three or four projects by

the time he or she gets a Bachelor's degree. UROP now
collaborates with all of the institute's 24 departments,

with faculty participation ranging from 83 percent in
nutrition and food sciences to © percent in foreign literature

end linguistics. (The reason for this disparity is largely



the degree to which laboratory work is adaptable To a
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the atomic clock.

The entire URCF ore
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of undergraduates.

The office publishes an annual directory listing MIT's
faculties members and The research interests of each.
Twice a year, UROP distributes 10,000 copies of a 134-razs

Eal

directory of research opportunities arnc suvplements 1t%s

S : ; : ' W ! E
listings with weekly updating in Tech Talk, a universiiy
. . A ! . . . . . .
publication. Tech Talk makeg fascinating reading, particalsrly

since 1t is written 1n refreshingly simple English.

In addition to matching students with professors at <the
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institute, the program enables many students to Jjoln resezr

(@]

projects in industrial laboratories and hospitals in Bcston.
More than 100 off-campus medical researchers have agreesd <o

accept undergraduate collaborators.

Payment of Credit

A participant may also be paild hourly wages ~ on the avsrsze
of $450 a semester, either directly out of program funds cr
from the coocperating prcfessor's research grant. But =2 pro

cannot be applied toward academic credit if a student s paid.
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Most students are required to join the programn, and those
~;no have research requirements may satisfy them through the

Lrogral. Grading is generally on a pass/fail basis.

Many students decide to apply for neither wages nor academic
credit desplte an investment of time that may Tun upwards
of 10 or 12 hours in & typical week during the year or

longer that they remsin with the projects.

As it is, proposals must be turned in for certain projects,
and evaluations are supposed. to be submitted every semester

by each professor and undergraduate involved in the program.



4.8.% The MIT Engineering Internship FProgram

- Introduction
The ccupling of acadenm’ - =7vudl WiTii wers 17 Ladustry o
n

the program by registerizng 1in the appropriate dercertoernTs

program.* They will tTiywically spend three SUIILETS sni Tnis
term in residence at =& participating company Or Zoverrieins
agency, recelving academlc credit toward a Bachelor'

and Master's degree, while earning = salary to help defravy
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their educational expenses. oStu
participating companies in a series oI competitive interv‘evc
held each‘spring on the MIT campus. ZImphasis 1s plzced on
ensuring that students in the program are placed in

rewarding 'real-world" work assignments under the tuTtelzce

of experienced enginesrs. These assignments extend tThe
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learning experience into areas that are not availlabl

£,

curriculum from a new perspective an ereby facilitate

early career planning.

To help ensure the quality of the work experience from tne
viewpolnt of both the student and company, a faculty

representative i1s assigned to each company particlpating
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in the program. IExtensive faculty participation is a k
e
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element of this program. Faculty coordinators from
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engineering department at MIT and the faculty representazive
are all available to both students and practicing proressiona

to help in enriching the quality of tThe program.

*Programs ‘have been established in th:

2 Departmentu (oki
and Astronavtics, Civil Engineering, Electri
ce
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and Computer Science, Materials Scien and EZangineering

Mech. Engng., Nuclear Engrnz.., and Ocean Engng.
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The program is under the directlon of the assoclate dean,
School of Engineering. There 1s a full-time progran
director who is responsible for the cperating aspects of
the program and contractual relations with participating
companies. A faculty steering committee, comprised of the
department coordinators and chaired by the associate dean,
is responsible for academic aspects of the program. In
addition, a faculty representative is assigned to each
participating company to provide effective liaison between

the firm, students, and MIT.

- Work asslgnments:

The program consists of three work assignments at the same
industrial firm. There are two under-graduate work assignments
of three months duration each - one after the student S

second year at MIT and one after the third year. During the
first term of their fourth year, students apply to the
department for admission into the graduate program. For

those students who are accepted to the graduate program,

there is one additional work assignment of ‘seven months

duration after the fourth year.

Table 1 shows two typical work/study schedules based on three
summers and one semester in plant. Work assignments can
occur during the academic year by agreement between the-
company, student, and department. For those students ﬁho

are not admitted to the department graduate program, the
cooperative program will terminate at the end of the sprlng
term of the fourth year at the S.B. level.



an -

Tern Tst ond Ard Lth Sth

Fall MIT MIT MIT MIT Indusco
Soring MIT MIT MIT SRR M7
Summer - Irndust. Induss. Ixndust. MIT

Cr

Fall MIT MIT MIT T s
Spring I MIT MIT Incdust. MIT
Summer - indust. Indust. Indust. MIT

-~ Academic credit:
Students will receive & units of acsé=emic credis Tor szcn
of the first two summer wWork &
academic credit fer the last w

7

credit for thesis work. Grades for th
will be assigned on a pass/fail D

basis by the faculty

representative, in consultation with staff members of the

S
pvarticipating company. In additicn, a written evaluation of
e

the student's performance will
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supervisor and made available to tne

FEach student is encouraged to keep a diary and will be
required to prepare a report of his or her experiences for
review by the faculty representative. Belfore students
return to the campus to resume thelr academic studies, they
will engage in a bfiefing session with their colleagues,
company represéntatives,‘and faoulfy participants of thre

program to review their experiences.

- Tuition:
Students in the program will pay‘the normal registraticn
for the academic year. No special fees will be paid for
summer wcrk assignments; however, students will

registered during the summer. Students on work assignment



after the fourth yeer of registration at MIT and the fall

term of the fifth year will pay a full =academic year's

tuition for.the fifth year even though they will not be

in regidence at MIT during the fall term. However, registration
fees will be waived for these gtudents during the summer

after the fifth academic year.

- Compensation:

Students are paid during their periods of residence at

the participating companies. While salary levels are a
matter of negotiation between student and company, it is
expected that salaries will be consistent with those paid
to permanent staff members of comparable experience levels
and abilities in the participating companies. It is also
expected that a company will fund each student's travel
from MIT to the company at the beginning of each asslignment

and his/her travel back to MIT at the end of the assignment.

~ Company fees:

The incremental expenses incurred 1n the conduct of such a
programn are covered partially by company fees which are negotiated
between the company and the school via the program director.

The general fee structure has been developed, which consists

‘of a fixed annual fee of $%,000 plus a unit annual fee of

10 percent of the nine-month tuition for the current

academic year for each student (regardless of year in school)

on a work assignment with the company. ‘Thus,‘for a company -

with 6 students, the fee for 1979-80 would be:

$3,000 + 6(0.10) (5,300) = $#6,180

The $32,000 fixed annual fee includes an allowance to defray
the anticipated costs for faculty travel between MIT and
companies within the United States. The fee would be adjusted
depending on the company's geographical location and the
faculty travel costs, the fixed annual fee would be $1,000.
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creative and innovative actlion. The

and challenge demand leadership, plenning,

o

and an abllity to accept fallure and seel
There is a development of professional

engineering attitude that cannot be obta

Experiential activity creates opportunities and

for the utilization of geif- regources.
study the

self-study of

learning
inbullt opportunities for students to
and to undertake
lab

for new information
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and background information not aval the required
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curriculum. It creates an environment of 1f-managed
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learning - the necessity for life-long learning. There
broadening of awareness that encourages study in areas

peripheral to the degree discipline.
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In the development of programs where the experiential cox

there are

dominates the degree program,
for generalization and education of the

program objectives

complete man.

ing ¢ izatio volves that learning-to-learn
An underlying conceptualization evolves that learning-t ™
1s what educati is

and being able to apply what is learned
really about. ‘
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e faculty who engage in experiential learning management
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find that the change in role from "instructor” to "supervisor-
consultant’ opens up new creative opportunities in educational

innovation, professional counseling, management and consulting.

In = nutshell, experiential learning is a necessary, though
not sufficient, component of the educational process. There
are two phases in the educational process: inputting (learning
information and techniques), and outputting (synthesis,
analysis, and decision making). The formalized instructional
processes take care of the inputting; experiential learning

develops the outputiing.

5.2 Evaluation of Cooperative-Education-Programs

5.2.1 Introductional Remarks

The following'evaluative reports are mainly gathered from
self-evaluative studies and reports of those institutions, who are
running a program. Even 1f it looks difficult - in a first

view - to evaluate the own program 'critically' it seems to be
worthwhile to present and to discuss those self-evaluative
results. But it is needy to unveil all used criteria and the
sources of information.  That type of self-evaluation also

seems to be used more often within the USA than in Germany.

One reason may be that all educational institutions have to be
accredited. The responsible boards, associations, or governmental
agencles are using informations from this type very often during
the accrediting process, for only statistical data are not always
sufficient fbr‘a judgement about the quality of programs.

That most of thesekself—evaluative réports have a positive

basic sound about the benefits and successes of the respective
program must not be mentioned as a severe bias. We will make
some additional critical remarks in the final chapter about this
expectable fact. |
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.2 Evaluation of the "Co-op'"-Education Program at University

of Cincinnati (22)

Aslternating on-the-Jjob employment Witz .=z

i

i

‘smoom and

C

laboratory academlc preparation ma<ss oizciznati uriius
among the programs lnvestigated for toiz study. IT

T
however, typical oI the co-op approacz used 2 a larzs
m

number of institutions. Teachling responsibility nss o2szxn

)
diffused because oI thess parallel activities. A pnill_cscoly
itio

of career develcpmant, in addi e
undergirds this program. Therefore, new learninz cb
have been developed which foster the student e

as a person in the role of professionzl snzineer.

rests with a career development counselor - a different and

emerglng pedagogical role as 1t 1s concelved at Cincinnati.

Given this distinctive charscteristics, how do program
participants - alumni,students, faculty and clients - view

this program's strengths and weaknesses? Students and alums
recognized the major strength as a comprehensive exposure to
engineering and 1ts possibilities for them as developlng
engineering. They learned much about engineering and about
themselves - their skills, interests and ideals. Interpersonsal
skill development was also viewed as an important

S
of the program, 2.g., cooperation, communication, leadersiiz.

Barning a living while studying was also mentioned as belng

especially important to some students. Site-visit tean

members also sensed that students valued the rhythm of sTu

2 Bad
)
1

and work. These life and learning styles seemed to balance

themselves to the student's satisfaction. Some locked

forward to leaving work for academe Just as they anticipated

48]

getting back to the job after weeks in the university settiz
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The faculty (career development counselors and professors)
noted that the program's strength lay in providing a truly
comprehensive engineering educatlion - perSonal growth and
maturation, the opportunity to relate theory and practice
and the chance to begin a career with a broad base of

knocwledge.

Strengths from the clients' viewpoints focused on the

quality of both the students and the program's administration.
One client Valued-$he long history of good working relationships
with both the professors and the counselors.

In addition to identifying strengths, progranm particlpants

were asked about weaknesses. Clients didn't spot many problems
- one suggested stronger business and computer orientations
among students and another noted that he had an overload of

students during the summer.

Career development faculty members noted that because of

‘workload and.varied treatment of companies and students the program
was unevenly administered.: Sometimes students weren't

placed 1in demandiﬁgfenough‘assignments and one faculty

member sought more interaction, generally, between supervisors

and faculty members. Another respondent noted that

good students tend to go right into a career rather than

pursue advanced work and still another sought a longitudinal

study of the program to truly identify its impact on individual

career management,

Generally, the feeling of confinement to a single company is
one weakness emerging‘from,student interviews.‘ They felt |
a need for add;tional exposure and felt both limited and
stereotyped because of work with one oompany in one
éngineering area. Another group Of,weéknesses pointed to
refinements§'in the supervisory rating prbdedure, in
providing more information before the first placement, and

in the availability of good Jjob experience matched with
student needs. . One student mentioned that returning to the
university in the summer, when it was hot really in full
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Suggegsted 1mprovements and challenges ror The future Zocus

on overcoming weaknesses. Students would like to see tze
possibility of more than one placement. aile ghifts =re

possible, they are not encouraged. Czrcer developnment

counselors see the quality of thelr service caught in the

current fiscal cruncn. Trhey also see challenges

better involving the acsdemic faculty in the program.
0

The clients interviewed see no pressin
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Generally, the comments are testimony to = well-congceivad anc
smooth-running program with a long and successful nistory
which has bullt-in sources of guality control and refinement.
This program admirably exemplifies the "co-op" notion for

professional education as 1t has evolved over the years.
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5.2.% Evaluation of the "Coc-op'-Education Program at Northeastern

N

University Boston (33

-

Tn an evaluation research study with 456 interviewed
vndergraduate students at NEU the followlng principle findings
have been Tfound.

"1. Cooperative education students, in contrast to those
students not participating 1n the program, perceive
greater personal changes since entering college,
particularly in the area of career development.

2. There 1s a consistent and clear trend, inferred from the
results of comparisons across classes, within the cooperative
education group to perceive greater personal change as
they progress from freshman to senior.

4. The most important agent of change for both groups wsas
perceived to be general maturity, but almost as ilmportant
for the cooperative sample, but not the control sample,
was work experience. Work experience became increasingly
important for the upperclass cooperative education
student.

4. As freshmen, substantially more cooperative gtudents
were unsure of their career goals. As upperclass
students, they did not differ from the non-cooperative
students with regard to having made a career decisilon but
they more frequently selected non-service careers. |

5. Cooperative students put a high priority on career
establishment. By contrast, the non-cooperative students
put a high priority on personal well-being. |

6. The attitudes of both samples of students toward people

‘ generally, minorities, women and soclety-as-a-whole were

very similar. Essentially, they think positively of
people and trust them, recognize the existence of
discrimination against minorities and accept the need

for concerted efforts to solve racial problemg, believe
that women should be treated equally and view our society
as too materialistic. ’ |

7. Although the social and humanistic attitudes of the

cooperative students are similar to their non—dooperative
peers, they evidence more conservative, cautious, and

prudent Jjudgment. This Was‘interpreted ag ‘a2 consequence
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of their involvement 1n practical, adult work experiences.

This 1s especially the case in situations that might

ect thelr own career prospects.

(03]
e

he overall evidence 1s that the zocterztives work

development during the ¢

the area of career devel

In a broader view thzss Tindings can be summerized:
"Participation by stucents 1n some form of

education program with 1ts emphasis on integrating work anc
study broadens the nature and score ©
a student's personal growth and professional development.

The role of practical experience providss the student with
cpportunities to analyze, evaluate, and adapt Tc a numger

of new situations. In addition, the student's off-campus
experience brings him in contact with a variety of people

from all walks of life which enhances his perspective and
outlook about his self-image as well as a greater understanding
of others and the world in which he functions. His ability

to cope with the world of reality pursuant to these new
real-1life experiences reflects his development in terms oI

his emotional and intellectual maturity.

In summary, the proliferation of cooperative education int
practically all professional fields today as well as 1ts
implementation into all levels of post-secondary educational
programs definitely reflects the acceptance by more and more
educators of the advantages of the cooperative plan. In Zact,
the consensus among most practitioners and other knowledge-
able people in the field is that cooperative education 1is
viable intellectually, administratively, economically, and
above all, represents a sound alternative to traditional
forms of education programs.'" (32)



5.2.4 Bvalustion of the "Co-op'-Education Program

at La Guardia Community College

Respective to the educational goals of LGCC's co-op education
program in a self - evaluation study the following results
could be stated:

"The results of this comprehensive sgelf-study reveal that

TLa Guardia has effectively provided to most of 1ts student
body nineteen specilfic career educational objectives, sets

of which are subsumed by the college's three major career

educational goals:

A. The Exploration of Appropriate Career Choice(s),

B. The Learning of Career Educational Concepts and Skills, and

C. The Reality~testing of Career Explorations., Concepts and
Skills.

The various speclfic studies conducted of the perceptions of

students, graduates and employers polnt to the effectiveness

of the various program components of La Guardia's three major
divisions (i.e., student services, instruction, c¢ooperative

education) that were developed to attalin these goals.

While the results have provided us with gratification, they
have also pointed to ways for us to further improve our
programs so . as to be even more successful in providing

meaningful career education to all of our students." (17)

5.3 ‘Evaluation of Other Programs:

The comparative study of L.Harrisburger(22), which compared

the outcomes of 15 different programs including the 6 programs
described in Chapter 4.4 -~ 4.8.2 programs within the field of
experiential learning and co-op-ed. in engineering education has

lead to the following conclusions:



"best ways' to structurs experientiszl engineering esdizzTi
This comparison-should lead one To
are related to which models and wnicr =sc

programs produce particular outcones. Zxora student znd

0
faculty effortscharacterize all prczrsms. Thus, the critic

questions which need to be asked tThen are: Experiencs

exactly what purposes? hat kind of experience? Zow Zuczx

experience? At what pvoint should the experience cormrconsn=

enter the curriculum? What client/institutional relszsicnsiic

best sulits the situation?”

- Agsesgsment of Student Performance:

In summary, the classical fundamentals of engineerin;

such as problem-solving, mgineering Jjudgment, and e gineering

fundamentals are regarded in each program zs being very

important student learning ocutcomes. The less traditionzl

skills such as communication, planning, and interpersonal
awareness are also consistently assigned high levels of
importance.  With only a few exceptions there is littie

difference across institutions.

~ The Experiential Curriculum:

Recall that nearly all skills were rated as ilmportant wit:

problem-solving, engineering Jjudgment, and engineering
fundamentals regarded as the most important. The qualig:-

ratings show that problem-solving receives very high and

comparaple marks in both traditional and experiential ccxp

Engineering judgment receives a higher quality rating i=n

experiential programs across all institutions; whereszas
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ngineering fundamentals, also rated as crucially lmportant,
are best taught in the traditional program. Thus, the
complementarity of experiential and traditional programs
smerges as an important finding. Thus, although experiential
programs do teach more of these skills with higher quality,
important outcomes such as engineering fundamentals, technical

1ls, problem-solving may require much more course time to

develop than other skills. These data do not support the
conclusion that heavily experientially oriented programs are
best, nor do they necessarily refute 1t. The data strongly
support the contention that experiential programs do allow

udents to develop certain skills that are 1mportant and offer
them a higher gquality opportunity than do the traditional

programs.

- Attitudes Toward the Profession:

Experiential education impacts on more than the development
of professional skills and knowledge. Students' attitudes are
affected; and these attitudes, in turn, shape the direction
and enthusiasm with which students apply their talents.

in broadkterms this study assesses how experiential programs
contribute to students' attitudes toward their profession.

In this context, students were asked three related questions;

1) Do you feel you have a more realistic impression of
engineering and engineers because of your involvement
in the (experiential) program?

2) Are your impressions of engineering and engineers more
positive, more negative or about the same as before your
entry into this program? o

3) How has the experience Pompopent affected your commltment

CO an englneerlng career'7

On each of the questions, responses indicate that the "real
world" affected their attitudes. Taken together these responses
suggest that experiential learning promoteskrealism, that
positive impressions are generated and that career commitment

is enhanced.
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- Student Satisfaction:

Thisz study probed student satisfaction ©Te determine how
catlefying experiential 2cducatisn rzg 2nd S0 dlagnose The
sTrengsths and weaknesses of an experisiTls. £7sTtem. 1aTs
were collected on five areas of studs=nt caTisriscticn: Zour
focused on experiential learning and ors on tracifticral
learning. For experientizl learning, students wers =zizd T2
gscale thelr satisfzction witn tThe assessment vrocess. Tisil

relationship with s

urervising professors, their rsizficnsilz
with clients, and thei

r overall feeling about the exzerientiz’
component of thelr pro grmm Similsxriz, they were asgsl T
scale thelr overall satilsfactlon wita tToe tradltiona. Trczrzz.

c
The data do support the contention that students Tind sxcsrisnstlial
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learning a highly satil

-~ Btrengths and Weaknesses

-

It is difficult to succinctly summarize tae diversity of
these six experiential programs. 7Tet. some general stren

ns
and weaknesses emerge from the interviews of progran pa:tlcipants

There is little doubt that experience-baced education creztes
a powerful learning environment which results in new educational
outcomes. Yet, 1n each program, weaknesses appear that diiute

the full impact of this new learning system.

The most consistently mentioned strength of experientis
learning 1s its educational impact on gtudents. New qualities
are cultivated and new skills are developed. Skills and
attitudes which are important to practicing engineers,

such as communication, planning, interpersonal awareness

and orgenization, are developed through participation in these
experiential programs. Problem-sSolving skills and enginserinz
judgment also result. The skills most highly developsd tnhrouzn
experiential learning complement the strengths of the
traditional curriculum. Teken together, the traditional axnd
the experiential curricula provide the student with qualizties
deemed important in professional engineering practice. The

Eal

rogram participants believe that the original vpurposss for
o] P iy
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accomplished. Experiential learning in these six models does

e
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nake a difference.

A weakness cited across all programs concerns "the project'.
This concern encompasses many different attributes of experiential
learning from project selection to project diversity. TFor
projects to realize thelr maximum educational potential, they
must require an application of theory, must be open-ended and
should not be characterized by a umnlque answer. Participants
frequently cite the need for a diverse pool of project topics:
which, in turn, can satisfy the diverse interests of studenis
and their far-ranging professional needs. In addition,

varylng substantive areas of engineering need to be solicited

so that students can have a breadth of exposure. Comments were
frequently made that reflected the difficulty in finding a

good match between the student and the project. For example,
"The project wasn't challenging enough," or "I Jjust couldn't get
a project that fittednmy exact lnterests.” The importance of
project selection defines what both the students and the faculty
'will gain from the activity.

The assessment process was another weakness pinpointed in
several of the programs. New learning goals and a new learning
environment may stretch traditional assessment procedures
beyond their credibility. "How can interpersonal awareness,
ethics, creative expression or self-confidence be measured?",
"What criteria should be applied?" and "How will I know one
when I see one?", are questions which exemplify the challenges
faced by faculty members who are conscilously breaking new

" ground. The assessment task is complicated by the team
format in which the learning may be richer, but the assesgs-
ment is far more difficult. Assessment in any educational
system is inherently complicated; and as these faculty gain
more experiencé, undoubtedly techniques and procedures will

be improved.
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Interestingly, none of the weaknesses cited by participants

challenged the fundamental merits of the experiential approach

Rather, the wealknesges Zocused on refining and perfecitins Shs
exlzsting programs. I= ;e:eral, program particlpants —~lsw Tos
future Irom two perspsectives. Those in the older estao’izizd
progrzms seek ways to rzrfing vhelr systemg and retein —i-alitr.
Those in new programs seek ways of 1zstitutionalizing —rax

irnto stable on-golng segments cf The total curriculis.
Eyperiential learning enhances a student's vrevaratisn Zox

a practice-oriented engineering career. However, TICITams
require sound concepticn, leadership, and management Tc .11 _C
their potential. Even 1iI these reguisites are met, =g Ismcnitrs
ted by the programs in this study, experiential lezrninc
presents many pedagcgical znd management challenges.

We have described and compared six guilte 2ifferent spprosacnes
to experiential learning. It 1s evident thzat each of tze
programs is successful, not only in meeting the various

learning objectives, obut in providing a rich spectrum of
experiences that are extremely satisfylng and highly valued

by both faculty and students. They all work!

Varied as the programs are, there 1s a remarkable simliarity
among the profiles of achieved learning outcomes. The
differences 1n programs are reflected more in degrees ol
satisfaction of specific skills than in total omission o
alternation of certain skills. The outcomes tend to vary more
directly as a result of the variation of emphasis on fc“tLCdL&r
goals and different activity mexes in the program. FLacnh of the
models provides opportunities to achieve a chosen inventcry

of learning outcomes at any level of success the faculty

wishes to emphasize.

The study clearly shows that these six models develor & set of

-
24

learning outcomes that are not generally achieved in traciti

8

courses, such as communication skills. It also indicates
there are learning skills that are better achieved by the
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logical to conclude that These experiential models promote

a gset of gkillsg and attributes that are not as hig
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It ie interesting to note that there 1s, in general, a high
degree of student satisfaction and enthusiasm for the experiential
learning activities. There also seems tc be a relationship
between level or degree of satisfactlon and the amount of
involvement in client projects. The two program models that
required a continuous and total involvement in engineering
activities with industrial clients throughout most of the
tenure of the degree programs received the highest satisfactiocon
profiles. A modest involvement occurring at the end of the
degree program seems to leave the least ilmpact on satisfaction
and commitment. Thus the degree of ilmmersion in the '"real
thinking”" may be a strong factor in generating the self-

satisfaction of involvement, accomplishment, and commitment.

The management of the experience 1s indeed a strong force

in determining the gquality of the outcomes for the student.

The success of experiential learning, as would be expected,

is supervision-dependent. In the co-op program, the quality
of experience 1g directly related to how conscientious and
experienced the employer ig 1n both shaping the work activities
for the student and in feeding back performance evaluations.

In the faculty supervised programs, the outcomes are heavily
dependent on the supervisory Styie and guldance of the faculty.
The "chief engineer" role of the faculty is one that is both
demanding and satisfying. It is evident that the faculty

it

"loa is no more than that required of a conventional
laboratory, although the amount of time and effort varies with
individual faculty work styles and student needs. In general,
in all the models, the value of the outcomes for the students
reflect directly on the close counsel and guidance received
from those supervising fThe experience. A colleague relationship
develops that is not only valued by both, but is a requisite

) LIPS
for learning. {22)
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6., Final Remarks from a CGerman Viewpoint

This paper has shown mostly positive resulfts of vractice-criznzzd
programs that offer the stucdents a chance 0 do practical wird
while still at the university and get early experiencs Ir Ihe

of these programs are tnreefold: t T can (1, SestT =is
theoretical knowledge in a real working situation, (2, Zini cus
if he has chosen the right professicn, and (3) see 17 tThs «ncu-

ledge acguired at the university measures up to the expectziicns

of industry.

If we compare the practice-oriented curriculs with tradi
programs, we find that they train students in the following
special abilities:

- interpersonal competence

- communicative skills

- planning ability.

Furthermore this survey shows that those students enrolled in a
practice-oriented program mature faster due to their ezrly con-

tact with the real business world.
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@]
.
ct
[94]
-

But 1t must also be said that the programs show some weax
which, however, must not be attributed to the programs z2s such,
but rather to the way they are organized. For the student
not easy to find an appropriate project to work on. For the pro-
fessors it is difficult to find the prcper objective crit
grade_the practical work phase of the students and to judge how

much they have learnt during that time.

Even though this paper can only be a small contributicn tc z troad
field of study, some additional remarks from a German viewpoint

may be helpful in raising more detalled questions.

(1) The professional role of the German practice-oriented engineer

(Fachhochschulingenieur, ing. grad.) whose main field of work is



closely related to production, cannot be considered as being
similar to the American engineer's role. First tentative steps
towards a more practical engineering education can be seen in
the so-called 'technologist'-programs developed by some American
institutions. Still the traditional type of engineering education
with a full 4-year undergraduate academic program prevails, due
to the pressure exerted by the accrediting institutions. Even if
some institutions have added a stronger emphasis on practice to
their traditional programs, the education of the classical, pro-
fessional engineer still remains the major objective of the
educatianal system. This fact implies that course and laboratory
work are still considered as being the most important parts of

a student's education and mandatory steps for receiving a degree
in Engineering. There are, however, some stringently organized;
programs where the problems of practical work determine the aca-
demic process. (See the interesting difference between the pro-
grammatic objectives of Northeastern University and La Guardia

Community College.)

(2) The results of this study show that there is no common under-
standing about the role of ’practice' within the field of higher
education. This is very similar to the situation in Germany,
where the discussion about the question "what is practice?" still
prevails. Practice has several meanings:

- research activities of a professor;

development and design activities of professors and students

in cooperation with industry;

- employment of students as skilled or unskilled workers during
their formal education;

- simulation of practice work within the university;

- concentratioh for both professors and students on problems

closely‘related to practical matters;

- work in university workshops, labs,and other facilities.

If the understanding about the role and the function of practice
during higher education is so diverted, how can one measure the
outcomé4 andkthe results of the different programs with the same
evaluation criteria? Nevertheless most evaluative studlies come

to the conclusion that all the programs with an orientation to-
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wards practice achieve positive results. Astonicshingly encugh
these results seem to be nearly the same no matter how widely
rams differ in intention, organization,and duration.

This phenomenon leads to the conclusicn, that either tnse msthcis

-

used for evaluation are not descriminzts senough, or The crzani-
zation of the programs makes their zaim so inspecific trnat =very
program that contains a certain amount of vractical wori mUuss
by necessity produce positive results. But thet sesms <riviz_,
so that we maintain that bcth evaluation and organizaticisn muzs
be refined for further work in this field.

(3) One of my main guestions concerning the involvemeni ¢

unions in these programs was nct sufii d

students work full-time for an industrial firm or an office, tTnhs

unions seem to ignore them, and the students, - orient

their future status as professionals, - don't feel inciined tc

join them. By the same token, the professors, sven if they were

organized in the respective union of university teachers,

could not give me a clear answer about the role of unions in

planning, programming, and organizing those programs containing

a practical phase. This differs widely from the situation in

Germany, where the unions are increasingly interested not only

in the students as their future members, but also in the curricula
S

L

of universities, especially if students work as regular employee

in different branches of industry.

(4) Another question which is also discussed in Germany concerns
the 'pedagogization of student employment'. Most programs strong-
ly recommend a supervision of the students by their teachers
during the practical work phase, yet it remains difficuls <o
relate the industrial work to the university's curriculum, ©°oO
influence the type of work given to students, and finally tTo
grade the practical work for the students' academic record.
Moreover, i1t must be mentioned that the most cooperating compa-
nies cannot and will not guarantee to always offer a certain
number of jobs to students. In times of recession, for example,
employers hesitfate to hire students. This means that universitie
cannot by the same token guarantee to always offer practice-
oriented programs, since the offers made by industry vary accor-

ding to the economic situation.
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Finally I wish to make & very personal statement based on the
impressions I received during my stay at a number of iInstitu-
ticns and my attendance at the Secohd World Conference on
Cooperative Education in Boston. Obviously all supporters and
participants in practice-criented programs feel like members

of one 'family' sworn in on a more practical orientation in
modern higher education. But unfortunately this family is seen
by other families as not belonging to the 'upper ten' (especially
the so-called 'ivy-league'). This exclusion from the 'upper ten'
produces a greater sensitivity, an esprit de corps, and a strong
will to succeed in all supporters of the practice-oriented pro-
grams. Academic excellence is certainly not the major aim of
these programs, yet it cannot be denied that they play an im-

portant part in today's higher education in the USA.

7. Epilogue

The study presented here is the result of a research trip I took
acrdss the USA financed by the Fulbright Commission. Since

this exchange program intends to improve mutual understanding
between nations, in this case Germany and the USA, I somehow
hope that my topic: "Pracftice Orientation in Engineering
Education" could also be of interest to anAmerican scholar on

a similar purpose here in Germany. We have developed comparable
modes and programs and it would be interesting to hear the com-
ments from "the other side of the ocean" concerning the orga-

nization, intentions and results of our programs.

I would be very glad, if this study would interest an American
colleague to study the following analogous phenomena in Germany:
Praxissemester |
Berufspraktika
Praktika
Projektstudium.
‘Unfortunately it seems that even if everbody demands a greater
orieritation towards practice, work in this area is seldom

honoured. But it is an intereéting field nevertheless.
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