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Preface

This report  f the Panel on Undergraduate Engineering Education is
one in a set . companion reports that formed the basis of the overall
study by the Committee on the Education and Utilization of the Engi-
neer, performed under the auspices of the National Research Council.

The work of this panel occurred during a period in which the engi-
neering educational resources of the nation were subject to severe
stress, primarily as aresult of forces outside the control of the engineer-
ing educational community. First-year enrollments doubled in a rela-
tively short period of time, acute faculty shortages developed in several
important disciplines, and fluctuating economic conditions influenced
the support structure of engineering education. These factors, com-
bined with the relatively rapid changes in technology, created an aware-
ness that there were limits to the viability of our system of engineering
education.

Consequently, the direction of the panel's work was influenced by
these factors, and its scope included topics that bear on the viability of
the system. Hence, the quality, size, and diversity of the prefreshmar
pool was included, as well as consideration of those factors most iinpor-
tant in the effective utilization of faculty resources. Because of the
strong influence of graduate study and research on undergraduate engi-
neering education, the panel examined the forces that have led to the
creation of a two-tiered system of engineering p:ograms (i.e., in
research institutions versus low-research institutions) and the conse-
quences of this system.
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Although the panel considered the overall forces that have shaped
and constrained engineering curricula, no attempt was made to con-
ductadetailed review and assessment of the various curricula. Matters
of curricular development and possible reform were not central to the
purpose of the overall committee effort, and such a review and assess-
ment are most properly within the domain of the individval disciplines
and those organizations responsible for maintaining standards.

The material in this report provides the comprehensive substantive
background for the work of the full committee pertaining to undergrad-
uate education. The panelis pleased to see that many of its most signifi-
cant findings, conclusions, and recommendations are included in
Chapter 4 of the full committee report,* and that its work is reflected
prominently in the recommendations which appear in the Executive
S 1mmary of that report. This is evidence of the pivotal role of under-
graduate engineering education in the techno-economic future of our
nation.

This report results from the work of the panel members who so
generously contributed their time and professional expertise to this
major effort.  would like tothank them for their valuable contributioas
and assistance. Finally, I wish to thank Jerrier A. Haddad for his stimu-
lating guidance to the entire committee effort and Vernon H. Miles
and Williara H. Muchael, Jr., whose staff support was vital to the work
of the panel and to the production of this report.

Edmund T. Cranch
Chairman

* Engineering Education and Practice in the Uniied States Foundations of Our
Techno-Economic Future (Washington, D C  National Academy Press, 1985}




Panel on Undergraduate
Engineering Educatiop

EDMUND T. CRANCH, Chairman; President, Worcester Polytechnic
Institute {now President, Wang Institute of Graduate Studies)

EUGENE M. DELOATCH, Dean, School of Engineering, Morgan State
University, Baltimore, Maryland

DONALD G GLOWER, Dean, College of Fngineering, Ohio State
Universit

WILLIAM R. GRO;AN, Dean, Undergraduate Studies, Worcester
Polytechnic Institute

CHARLES E SCHAFFNER, Executive Vice-President, Syska &
Hennessy, New York, N.Y

WILLIAM R. UPTHEGROVE, Regents Professor of Engineering, Schooi
of Aerospace, M=chanical and Nuclear Engineering, Umiversity
of Oklahoma

SHEILA E. WIDNALL, Professor of Aeronautics and Astronautics,
Massachusetts Institute of Technology

DONALD TRITSCHLER, Consultant, Shrewsbury, Massachusetts




Committee on the Education and
Utilization of the Engineer

JERRIER A. HADDAD, Chairman (IBM, Ret }

GEORGE S. ANSELL, Dean of Engineering, Rensselaer Polytechnic
Institute (now President, Colorado School of Mines)

JORDAN . BARUCH, President, Jordan J. Baruch Associates

ERICH BLOCH, Vice-President, IBM Corporation (now Director,
National Science Foundation)

DENNIS CHAMOT, Associate Director, Department for Professional
Employees, AFL/CIO

EDMUND T. CRANCH, President, Worcester Polytechnic Institute
{now President, Wang Institute of Graduate Studies)

DANIEL C. DRUCKER, Dean of Engineering, University of Iliinois at
Urbana (now Graduate Research Professor of Engineering Sciences,
University of Florida at Gainesville)

FRED W. GARRY, Vice-President, Corporate Engineering and
Manufacturing, General Electric Ccmpany

JOHN W. GEILS, D:vector of AAES/ASEE Faculty Shortage Project
(AT&T, Ret.)

AARON] GELLMAN, President, Gellman Research Associates, Inc

HELEN GOULDNER, Dean, College of Arts and Science, Professor of
Sociology, University of Delaware

'OHND KEMPER, Professor, Department of Mechanical Engineering,
University of California at Davis

EDWARD T KIRKFPATR'CK, President, Wertworth Institute of
Technology

Vi

g




COMMITTEE MEM.BERS Vil

ERNEST S. KUH, Professor of Electrical Enginecring and Computer
Science, University of California at Berkeley

W. EDWARD LEAR, Executive Director, American Socicty for
Engineering Education

LAWRENCE M. MEAD, R , Senior Management Consultant {Senior
Vice-President, Ret.), Grumman Aerospace Corporation

M. EUGENE MERCHANT, Principal Scientist, Manufacturing Researcn,
Cincinnari Milacron, Inc. (now Director, Advanced Manufacturing
Research, vietcut Research Associates, Inc.)

RICHARD |. REDPATH, Vice-President, Ralston Punna Company

FRANCIS E. REESE, Senior Vice-President, Monsanto (now retired)

ROBERT M. SAUNDERS, Professor, School of Engineering, University
of Califomiaat Irvine (Chairman, Board of Governors, AAES, 1933)

CHARLESE. SCHAFFNER, Executive Vice-Piesident, Syska &
Hennessy

JUDITH A SCHWAN, Assistant Director, Research Labs, Eastman
Kodak Company

HAROLD T SHAPIRO, President, University of Michigan

MORRIS A. STEINBERG, Vice-President, Science, Lockheed
Corporation

DONALD G WEINERT, Executive Director, National Society of
Professional Engineers

SHEILAE. WIDNALL, Professor of Acronautics and Astronautics,
Massachusetts Institute of Technology

Staff

WILLIAM H MICHAEL, JR , Executive Director
VERNON H MILES, Staff Officer

AMY JANIK, Administrative Assistant
COURTLAND S LEWIS, Consultant

Governmer t Liaison

LEWISG MAYFIELD, Head, Office of Interdisciplinary Research,
National Science Foundation

-




Contents

_o.)

ExecutiveSummary.. .......... ... ... .. ... .. ... 1

The Goals of Undergraduate Engineering Education . . . . . 9
Curricular Change, 10
Faculty Role, 11

Undergraduate Students. . .. .................. .. .. 12
Demographic Forces, 12
Factors Affecting the Quality of High School Graduates, 17
The Increasing Role ot Women in Engineering Education, 23
Co-opEducation, 27
Factors Influencing Grad 1ate Study, 32
The Role of Minorities: Present and Future, 34

Faculty. ... .. ... ... ... .. ... 44
Student: Faculty Ratios, 44
Difficulties in Maintaining Faculty Versatility, 47
Obsolescence Among Facul:y Members, 49
Faculty Development Programs, 51
Use of Part-Time or Adjunct Faculty, 52
Overenrollments in Electrical and Computer Engineering, 54
The Role of Women and Minorities, 56
Educational Technology in Teaching, 59

ix

iC




X CONTENTS

4. TheCurriculam....... ......... ... .. ....... .. 70
ARecozd of Change 70
Science Versus Engineering, 71
Curricular Compression, 72
The Four-Year Constraint, 73
Recent Proposals, 74

5. TheRoleof LaboratoryInstruction. . . ........ ...... 76
Purposes of Laboratory Work, 77
Faculty in the Laboratory, 77
Experience for a Career, 79
The Industrial View, 79
Scientific Underst inding, 8C
Practicing Engineers Do Ex.periments, 81
A Lab Curriculum, 81
Impact of Hizh Technology on Laboratory Equipment, 2
Keeping Current, 83
Characteristics of Future Laboratones, 83

6. TheTwo-TieredSystem.......................... 86
Ef{ects of Federal Funding, 86

Industrial Support, 87

Graduate Centers—The First Tier, 87

The Second Tie., 88

The Need for Balance, 88




ENGINEERING EDUCATION AND
PRACTICE IN THE UNITED STATES

Engineering
Undergraduate
Education




E

Executive Summary

The Pane’ on Undergraduate Engineering Education prepated this
report as part of the overall effort of the National Research Council's
Committce on the Education and Utilization of the Engiaeer. The
panel was charged with studying the academic preparation of engineers
for practicing their profession. Summarizing the analysis of its
research, the panel prepared findings and recommendations (see next
section). Its major conclusions are these-

1. Student preparation for college-level study of engineering should
besubstantially strengthened if the , bol of studentsis tosupply enough
engineers of the quality required to meet the nation’s future needs.

2. The growing demand for engineers will require that engineenng
programs attract a greater percentage trom the decreasing number of
high school graduates. The educational system also must attract
increased numbers of women and minorities as students and as faculty
in order to provide the number and quality of engineers that will be
needed. Finally, the system must provide and draw from nontraditional
educational tracks (e.g , transfer students) to suppor( the broadening of
its pool of students.

3. To meet substantial current and future needs, the educational
system must attract and prepare a larger pool of engineering faculty
than is now available.

4. The content, pattern, and presentation of future curricula—e.g.,
cross-disciplinary studies closely related to current developments 1n

1
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2 ENGINEEKING UNDERGRADUA™c EDUCATION

engineering and related fields—must be modified to incorporate the
potential of new technologes.

5 Engineering schools have great need of additional laboratory faci!-
ities and equipment, as well as needing a clear understanding of the
vital purpose cof study in the laboratory, in order to prepare engineers for
experimentation in the field with the aid of new technologies.

6. Faculty acceptance of and funding for educational technology are
necessary to enhance the quality of undergraduate education by using
the many new pedagogical tools it offers.

7. Support for engineenng from its users—mainrly pusiness and gov-
ernment—Ahas focused on research, thereby creating two maijor tiers of
education: (1) research institutions and {2) undergraduate colleges. It is
essential that a balance of support be achieved between research insti-
tutions and the undergraduate colleges that educate half of the nation’s
engineers.

Despite the extreme demands on our nation’s system of undergradu-
ate engineenng education, the system has been remarkably responsive
to these demands, although several severe strains have developed. The
panel’s findings—

* of a shrinking pool of qualified students to respond to the gruwing
need for engineers,

* of the weak attraction of engineering education for potential
faculty,

* and of the outdated facilities and teaching equipment—

demonstrate a chronic neglect of the system. Such neglect threatens
the economic and strategic strength of our nation through the next
quarter of a century In the section that follows, the Panel on Under-
graduate Engineering Edvu.cation presents its findings and recommenda-
tions, which should guide the preparation of engineers into the next
century.

Findings and Reccommendations

1 By 1992 major demographic changes are likely to cause a sub-
stantial drop in the number of qualified students entering engineering
colleges in 38 states. Half of all B.S. graduates now come from 45
engineering schools that have 400 or more graduates each year. Fifteen
of those schools are 1n New York, New Jersey, Pennsylvania, and Mas-
sachusetts—states where the high school population will decline by an
average of 40 percent between 1982 and 1993. Twenty-seven of the 45

-
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EXECUTIVE SUMMARY 3

engineering schools are concentrated in the 13 frost-belt states, which
will all experience an - ppreciable decline 1n higi: school population
Compounding this geographic problem 1s the demog.: aphic projection
of a 22 percent decline in the total number of high sciocl graduates
between 1982 and 1991. (See Chapter2.)

If the flow of engineering graduates 1s to be maintamned despite
majordemographic changes, a very substantial effort will be requ:red to
increace the number of high school students who are qualified and
motivated to study engineering. Both the traditional sources and the
mncreasing pool of women and minonties must be nurtured to mamntain
the present quality of engineering students.

2. There has been a serious erosion of content and standards in
elementary and secondary school systems in the last two decades. This
problem is shared by the colleges that set the standards for admission
and the society that prepares its children for life. In addition, there are
critical shortages of science and matheinatics teachers in almost every
state. And half of the newly employed science, mathematics, and
English teachers are not qualified to teach these subjects. This erosion,
especially in mathematics and science, now threatens the base of the
qualified engineering manpower pool. {See Chapter 2.

To improve the qualifications of students intending to study engi-
neering, the engineering schoolsand engineering professional societies
must actively encourage government and industry to join them in an
effort to improve the mathematical, scientific, and technological con-
tent in America'’s schocl systems. This effort will require additional
sourcesof talent and funds.

3. Blacks, Hispanics, and native Americans are greatly underrepre-
sented among engineering school anplicants (both graduate and under-
graduate} and in the engineering workplace. This underrepresentation
has social, economic, and educational origins, the latter being ev1-
dencedin gradesK-12 by aloss of interest and lack of success in science
and mathematics. Despite recent increases in minority enrollments at
engineering colleges, the potential representation of these populations
remains unmet, and once they are admitted, their rate of attrition is
disproportionately high compared with that of traditional engineering
students. Because a growing fraction of minority populations are 1n
urban centers where many engineering colleges are also located, there
may be a growing gap between the number of available spaces and the
number of engineering applicants from urban areas. {See Chapter2.)

Extensive efforts by schools, companies, and engineer:ng societies
are needed to bring more minorities into engineering. For example,

1C
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4 ENGINEERING UNDERGRADUATE EDUCATION

brecollege programs such as those opera:ing in a few major cities and
regions of the country riust be expanded and funded to prepare and
motivate minority students to pursue college study ard careers 1n eng1-
neering

4. Because few women studicd engineering in the past, the profes-
sion did not have access to a substantial fund of human resources. The
tracitional pa:tern resulted from social differentiation originating in
the family, society, and schools. Studies show that women and men
Have equal aptitude for engineering education. During the past decade
e concept of social equality has changed markedly; the number of
women studying and practicing engineering has increased dramati-
cally—from 1 percent in 1970 to at least 15 per~ent of the engineering
enroilment in 1984. As a result, both the size of the engineering pool
and the quality of engineering students have increased (See Chapter2.]

To achieve the full potential thar this human resource offers, col-
lege. of ¢ ~inecring school svstems, government, industry, ana the
enginee! ng profession must continue to work to increase the number
of qualified women who study for a career in engineering A key
requirement is the need to encourage the study of ma ..ematics and
science by female s<condary school students

5. Enrollment capacity in several engineering disciplines is com-
pletely filled Restoration of elasticity in enrollment capacitiesis possi-
bie threugh increased use of dual-degree programs and transfer pro-
grams v7ith community colleges. For at least two decades these
dual-degree relationships between liberal arts and engine.ring colleges
have enabled a few students, some cf them from minorties, to earn
B.S. degrees in engineering. (See Chapter 4.)

To increase elasticity in enrollment capacities and diversity of edu-
cational background of engineering enrollments, a pilot group of col-
leges and engineering schools should be funded to demonstrate effec-
tive str-ctures for dual-degree programs. Experience gaineu from this
pilot group cvuld then be applied, 1f needed, to a wider group of institu-
tions. Inaddition, the experience gainied would be relevant to the often-
debated model of preprofessional followed by professional engineenng
education.

6. Engineering “co-op” programs have traditionally perforn.ed a
valuable role in engineering education. They help students focus on
interpersonal skills that practicing engineers need They also provide a
motivational component, namely, a means to help finance a ::ollege
education. In addition, they give students cxpenience 1n the practice of

ERIC
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engineering, an aspect that has been greatly deemphasized in contem-
porary engineering curricula They have an important onentational
value, helping enrich and focus the classroom learning expenence.
Despite their usefulness, however, these programs attract a small frac-
tion of students (< 10 percent) and traditionally suffer from fluctuz-
tions in the economy and inconsistent support by industry {See Chap-
ter2.)

To increase their effectiveness and enhance their role, co-op pro-
grams need to be strengthened and made more attractive to students. A
considerably stronger commitment from industry 1s required 10 elimi-
nate the “boom orbust” characterof the programs that reflects a fluctu-
ating economy. If industry adopted a revised posture toward co-op edu-
cation and committed itself to a shared responsibility for the
educational process, a very significant and innovative dimension could
be added to the education of the engineer

7. About half of the B S. engineering graduates come primarily
from undergraduate-oriented colleges (those awarding about 14 or
fewer Ph.D. degrees per year), which face severe funding problems.
Since both governinent and industry focus on increasing their funding
for graduate study and research, these colleges rave been forced to
depend on other, smaller sources of funding. Despute this vulnerabulity,
industry will continue to depend. - he graduates of these colleges tor
a* lcast half of its work force. (See er 6.)

If the quality of engineering e .tion at undergraduate-onented
colleges is to keep pace with the q-alty at graduate research centeis,
these colleges must have access to special, new sources of income.

8. The current and persistent shortage of Ph D.s and faculty of
sufficiently high quality is a serious problem for engineering education.
In some disciplines it is the limiting factor in both the quality and the
scope of engineering programs The economics of the marketplace lim-
its the flow of the most talented students into teaching, ye the short-
age of such talentis 1n turn a serious problem for the nation's economy
{See Chapter2.)

In addition to support for graduate education, engeering schools
and professional societies mus. create and mamntain an a~tive cam-
paign to emphasize the advantages of an academic career. Industry,
government, engineenng schools, and professional societies must
encourage and support master's-level programs, combined B.S.-M.S
programs, and release time to enlarge and develop the pool of potential
faculty.
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9. Although the shortage of faculty will probably remain a senious
problem, resolution of the 1ssuc of the Ph D.- versus the M.S.-degrec
requirement for undergraduate teaching is unlikely in the foresceable
future. Meanwhile, the tenure track is excluding possible sources of
capable facul.y. (See Chapter 3.}

Colleges of engineering should identify and utilize faculty other
than those in tenure tracks—-military retirees, persons reentering or
shifting careers, and adjunct faculty, and otiier professionally quahfied
persons, with orwithout Ph.D.s, who welcome short-term contracts or
second careers.

10. The pace and character of technological change and the great
in-rease in engineering enrollments in many disciplines require both
promotion of faculty versatility to overcome obsolescence, and relief
from excessive undergraduate teaching loads. {See Chapter 3.

Engineering schools must create specific faculty development pro-
grams with shared institutional, industrial, and governmental fund-
ing.

11. The increasing concentration of curricula on theory, combined
with the pace of technological change, has resulted in a deemphasis of
the practice of engineering in the curriculum. Although part-time or
adjunct faculty with relevant expertise have been used both to teack
selected courses and to give regular courses when a faculty shortage
exists, they have not been used to any appreciable extent to provide a
practical, experiential educational componen. (See Chapter3.)

(olleges of engineering and professional societies should promote
the use of Professors of Professional Practice This could be done by
appointing either adjunct faculty or, preferabuy, full-time resident fac-
ulty for specific periods of time The cooperation and support of indus-
try in providing loaned staff are essential to achieving the educational
goal of greater empl:asis on practical aspects of engmeering The use 1n
industry of regular faculty on complementary leaves would also sup-
port this goal.

12. Althoughengineenng education hasbeen flexible and adaptable,
as1s reflected in the introduction of new subdisciplines, the combina-
tic n of disciplinary constraints, concentration in research funding, and
peer perceptions has resulted in perpetuating considerable rigidity in
the structure of curricula and in stifling educational experimentation.
(See Chapter 3.)

The ability of engineerning education to adapt to change depends on
encouragement and toleration of curricular and faculty flexibility.
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Shared teaching acrossdepartmental boundaries should be encouraged
The need for educational expenmentation must be recogmzed and
given nstitution:l support. The Accreditation Board for Engineering
and Technoloz: ~ould play a supportive role in such developments

13. New information-generating and -processing capabilities and
the revolution in communications are causing continued, major
changes in both the substance and modes of delivery of engineering
education. (See Chapter 3.}

The engineering profession should undertake a comprehensive
study—and should immediately ‘mplement 1ts findings—about how to
make educational technology more efficient and how to improve both
the process of education and the leaming expenience. Funding by gov-
emment, foundations, and industry 1s esscntial to achieve this result.

14. The decrease in laboratory instruction in most engineering cur-
ncula is educationally unsound. {See Chapter 5.)

It is of primary importance that the role and significance of laboratory
instruction in undergraduate engineering education be emphasized
Colleges of engineering must address this prionty need and, together
with industry and government, provide the funding to achieve the goal
of integrating laboratory practice 1n engineering education.

15. Laboratory equipment used in engineering education has deteri-
orated over a long penod of time. Governmental and industnal equip-
ment-support programs have been sporadic, resulting in a serious mus-
match between the nced for up-to-date equipment and the level of
support Such supportseldom provides for maintenance of equipment,
which is becoming increasingly complex. (See Chapter 5.)

A national program of government-industry-college niatching
grants 1s needed to address the problem of replacing outdated equip-
ment and maintaming increasingly complex experimental equipment.
Industry, academe, and the professional societies need to join forces 1n
promoting tax legislation to facilitate gifts of laboratory equipment to
colleges of engineering

16. The aging of engineering facilities, including “bricks-and-mor-
tar," is asignificant and growing problem. The condition of these facili-
ties is worsening at a ime when the importance of engineenng educa-
tion toregional and national economic development s recogmzed (Sce
Chapter 6.)

A comprehensive govemment-industry-college program 1s needed
to address the rapidly growing problem of aging facilities. The use of
matching grants should be encouragzd.

b_n
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17. The complete integration of computers into the curriculum will
enhance the quality of engineering education, although this will
require enlisting both faculty and admiristrators to cieate and imple-
ment an effective policy {See Chapter 3.}

Faculty must weave computer use into the fabnc of engineering
curricula. Administrators must treat *his incorporation of computers
as a “mainkne’” activity by allocating a percentage of the budget to the
endeavor.

18. Because government and industry focus on research and grad-
uate educationgrants, there has been a transition toa twe-tiered config-
uration of engineering colleges: research institutions versus “low-
research” institutions. (See Chapter 6.}

If the program quality of low-research institutions 1s to keep pace
with that of research institutions, faculty at the former will need to
gainaccess to some of the facilities and programs of the majorcenters of
research.

19. Swings in enrollments profoundly affect the quality of engineer-
ing education, the careers of the faculty who cffer 1t, and the services
and equipment that support it. Current enrollments, which almost
doubled from 1977 to 1982, have reduced the vitality and balance of the
engineering education system Faculty are distracted from schnlarship
and pedagogi-al growth by overcrowded clasces, and laboratories and
facilities cannot sustain the pressure of use (See Chapter 3.)

Not only must engineering schcools examine and use strategies that
will maintain quality under the pressure of the demand for quantity,
but they must also plan for the long term to maintain elasticity 1n the
system by encouraging flexibility in faculty and other educational
resources.
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The Goals of Undergraduate
Engineering Education

The goals of undergraduate education in engineering are these:

® To prepare graduates to contribute to engineering practice by
learning from professional engineering assignments;

* To prepare them for graduate study in engineering; and

* To provide a base for lifelong learning and professional develop-
ment in support of evolving career objectives, which include being
informed, effeccive, and responsible participants within the engineer-
ing profession and in society.

These goals recognize that engineers who move into various job
assignments, either in engineering or in management, need continu-
ouseducation. Ingeneral, undergraduate engincering curriculum is not
interded to prepare the B.S.-degree candidate for a particular job 1n a
particular industry. Gaining specific skills in the engineering practices
of a given company requires on-the-job experience best gained through
a professional apprenticeship. While a particular undergraduate engi-
neering curriculum cannot lay the foundation for all of the areas that an
engineer will need to master in a professional lifetime, it should pro-
vide abase for lifelonglearning

Within the framework of the general educational goals listed above,
the objectives of undergraduate engineening curricula are as follows:

1. To provide an understanding of fundamental scientific pnnciples
and acommand of basic knowledge underlying the student’s field.
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2. To convey an understanding of engincering methods such as anal-
ysis and compuration, modeling, design and experimental verification,
as well as experience in applying these methods to realistic enginecring
problems and processes.

3. To provide the student with the following:

a. Anunderstanding of social and economic forces and their rela-
tionship with engineering systems, including the 1dea that the best
technical solution may not be feasible when viewed in its social,
political, or legal context:

b. A sensc of professional responsibility developed through con-
sideration of moral, ethical, and philosophical concepts; and

. Mastery of thie ability toorganize and express ideas logically and
persuasively in both written and oral communications

These objectives are met mostly through formal undergraduate cur-
ricula, which include design and laboratory courses and access to com-
puters. Important complements to these activities are expernences
gained through summer jobs, co-op programs with industry, and fac-
ulty-supervised projects that oftcn foster the ability of graduates to
work in groups or as a team.

Curricular Change

Undergraduate engineering curricula are constantly evolving. Evo-
lutionocr.urs throvgh the introduction of advanced material from grad-
uate courses or from technological advances in professional practice.
At times the rate of change is extremely rapid and appears to be revolu-
tionary. Such changes cause either compression of existing course con-
tent to make room for the new material or complete displacement of
previously taught material to make way for the ncw matenal. Changes
can also result from shifts in emphasis, such as those that occurced
when cngineering courses were restructured to emphasize the scien-
tific basis of engineering and when 1ncreased emphasis on design and
manufacturing influenced the curriculum.

Revolutionary change 1n the curriculum is brought about by the
creation of cntirely new fields or by substantial revision of cxisting
fields. For example, the creation of materials scicnce as an independent
discipline represented the appearance of an entirely new cngincering
field. The current revolution in electrnical engineering results from the
development of semiconductor materials and the growth of computer
science, and revolutionary changes may occur in chemaical engineering
if biotechnology becomes an important industrial force.
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Faculty Role

Engineering faculty play a critical role 1n the introduction of the
kinds of curricular change discussed above Faculty unfamiliar with
the research frontier will lag in the introduction of important new
material into the curriculum; faculty far removcd from advances in
industrial practice will miss important opportunities to tailor the cur-
riculum to crucial industrial needs—which w.!l be (0 the disadvantage
of their students. Thus, to preserve current relevance and vigor, it 1s
essential that engineering faculty participate continuously in profes-
sional develc pment.
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Undergraduate Students

Demographic Fo_ces

The number of engineering graduates who will seeck employment 1n
the decade ahead is very difficult to predict. It is a complex function of
many variables, some of which are confirmed, some partially under-
stood, and some conjectured. There are three principal elements in the
supply of engineering graduates: (1) the high school graduates’ popula-
tion (the potential base); (2) the percentage of qualified applicants from
that base who enter engineering programs; and (3) the retention of
engineering students.

The Population Base

The number of 18-year-olds in the U S population through the year
2000 rests on well-established projections. Only the migratory drift of
famulies will further affect regional populations It1s generally thought
that, barring unforeseen political or economic events, the current pat-
tern of migration will produce a minor but reinforcing effect on the
existing population-age characteristics already established in each
region.

The Western Interstate Commission for Higher Ed acation publi hed
a projection of high school graduates through 2000 (McConnel and
Kaufman, 1984 that irdicated a 22 percent decrease nationwide
between 1982 and 1991, roughly approaching the low point of the

12
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FIGURE1 U S highschaol graduates projections tor 1984-1999 Sourc s Based on
McConnell and Kaufman {1984)

period. All but 10 states share in the decrcase, which 1n absolute num-
bers is a decline ot approximately 590,000 high school graduates from a
base of 2.712 million. Figure 1 shows that the decrease in graduates
varies widely among regions of the country between 1984 and 1999

Comparison of the future population of high school students with
the current geographical distribution of engineering students reveals a
new dimension of the problem that lies ahcad. In 1981-198 *, half of the
B.S degrees in engineering nationally were awarded by only 45
schools, all of them graduating more than 400 enginecring students. Of
those schools, about 60 percent are located m the North Central and
Northeastern regions of the country, where population decreascs are
projected to be the most severe Fifteen of the 45 colleges are 1n  lassa-
chusetts, New York, New Jersey, and Pennsylvama, states in which the
high school population will decrease an average of 40 percent between
1982and 1993. Thus, thesc highly industrialized and often "high-tech”
North Central and Northeastern areas could be severely affected by the
projected demographic shifts.
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Engineering colleges in the North Central and Northeastern regions
must either recruit outside their regions, as some alrcady do, or work
intensively to increase the percentage of qualified regional high school
graduates who ap:ly for engineering programs Admissions experience
of independent and public institutions, with the except:on of avery few
national universities, shows that the vast majonty of students attend a
college within a 250-mule radius of their homes

Applications to Engineering Prograiits

Enginecring enrcllments, when charted since World War II {see Fig-
ure 2) rise and fall .pprecia’.ly and are almost independent of the high
schoo] population (see the key to the figure, which associates enroll-
ment peaks ar.d valleys with naticnal forces). Enrollments between
1945 and 1982 responded to the perceived market for engineering man-
power. These historical swings indicate considerable elasticity 1n the
interest 11 engineering among potential collegs applicants.

As shown 1n Figure 2, the current surge of undergraduate ecnrollment
is explained 1n part by a new factor—in addition to the traditional
source (male applicants), the pool now includes women, minorities,
and additional foreign nationals. {Asian-Amencan minorities have
been strongly represented for many decades.

In 1975, 8.7 percent of college-bound high schoul seniors intended to
pursue engineering, while 1n 1982 that number reached 14.4 percent.
Of college-bound sen1ors in 1982 whose Scholastic Aptitu-e Test (SAT)
scores were over 1000 {the top 0 percent of the total tested), 21 percent
indicated that they intended to study engineering. If the existing appli-
cant pool is to be maintained, that percentage of 21, assuming that it is
evenly distribut.d, would have to reach about 35 percent in those
regions whe.e the high school population base will shrink by 40 per-
cent. Nationwide, with a future high schoo! applicant , 0ol at 78 per-
centof its 1982 level, about 28 percent of college applicants willneed to
be interested 1n engineering programs for 1982 applicant levels to be
maintained.

The Panel on Undergraduate Engineering Education recommends
that, if the flow of engineenng graduates 1s to be maintained despite
majordemographic changes, a very substantial effort will be required to
increase the number of high school students who are qualified and
motivated to study engineening. Both the traduional sources and the
wncreasing poo’ of women and minorities must be nurtured to maintain
the present quality of engineenng students.
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1. Returning World War 11 veterans
2. Diminishing veteran pool and expected surplus of engineers
3. Korean War and increasing R&D expenditures
4. Returning Korear War veterans
5. Aerospace program cutbacks and economic recession
6. Vietnam War and greater space expenditures
7. Increased student interest in social-program careers
8 Adverse student attitudes toward engineering, decreased space and
defense expenditures, and lowered college attendance
9. Improved engineering job market, positive student attitudes toward

engineering, and entry of nontraditional students (women, minori-
ties, and foreign nationals)
10. Diminishing 18-year-oid pool

A Manual on Graduate Study in Engineering 1ssued, based on 1945
Commuttee Report chaired by L E Gninter

B ASEE Evaluation Report recommends greater stress on mathematics
and science and the engineering sciences.

C ASEE Committee on the Development of Engineering Facu'ties recom-
mends the doctorate for future engineering facul*v

D ASEE Goals of Engineering Education recommenas the master's de-
gree for the majority of those who compiete their undergraduate
degree in the coming decade

FIGURE2 Engincering degrees and first-year enrollments historical factors atfecung
engmecnng cnrollments Sourcr LeBold and Sheridan (1986)
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Influences on Admissions

The engineering admissions process vanes considerably among
institutions—between public and independent institutions and
between large, public multiuniversities and public state colleges—and
among states. Highly selective engineering colleges have entering
freshmen with median combined SAT scores in the 1200 to 1400 range.
In many states, colleges of engineering are required to accept a'l »igh
school graduates above a given rank 1n class or record on achieve._.ent
tests. In states with good school systems, setting the class rank suffi-
ciently high results in extremely well-qualified students.

While the applications:admissions ratio 1s often taken as a measure
of selectivity, a self-selection process is also at work in engineering
education. That is, students who have a weak background in science
and mathematics do not usually enter the admissions competition, so
that almost all applicants possess the minimum requirement, which is
sometimes as low as a 450 SAT score in mathematics Furthermore,
admissions standards can vary wi:h the perceived size of the applicant
pool. In periods of low interest in engineering, some schools lower their
standards of admission in order to “fill the freshman class.” In periods
of high interest in engineering, many schools raise their admissions
standards, thereby increasing their selectivity. Clearly, policy determi-
nations and practices of admissions staff excrt a strong influence on the
numbers and quality of students entering engincenng.

Elasticity

On a r~tional or regional basis, the variety in types of institutions
increase students’ opportunity for access to engineering education As
long as at least some institutions have space, this diversity of opportu-
nity gives the system elasticity. As the last 10 years have shown, witha
relatively modest increase in the resources allocated to undergraduate
education, this ability of the system to absorb additional students
reached a factor of 2 before saturation.

Transfer Students

First-year enrollment 1s one path to engineering education, a second
is the transfer student route Again, the process varies among institu-
tions. In some cases transfer students com’ ensate for attrition during
the first two years of engineering study. Th. ..-e of this flow is charac-
teristically 1n the range of 10 percent per ycar, although some colleges
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may admit as many as 30 percent transfer students each year. In gen-
eral, the transfer process is more selective than that of freshman admis-
sions. (Experience shows that transfer students do as well as other
engineering students.|

Especially ia the public sector, many states have established a feeder
system whereby pre-engineering students begin in two-year programs
or institutions and, if successful in those, transfer to upper-division
engineering curricula. The number of such transfer students is essen-
tially limited by the number of upper-division places available in given
curricula. As cost factors become more critical, particularly for stu-
dents, two-year programs will probably become major feeders to four-
year engineering schools.

Dual-degree programs were begun in the 1960s Their major purpose
has been to add a combined liberal arts/engineering dimension to
higher education rather than to contribute to the central flow of under-
graduate engineering manpower. These programs are usually of the
“3 + 2" type: the student obtains both liberal arts and engineering
degrees in five years. Dual-degree programs have been utilized to a
limited extent to increase the entry of minornty students and women
into engineering. Overall, dual-degree programs have not produced a
significant flow of engineering graduates because the demand has not
been significant and because few of these programs dovetail effectively.

Factors Affecting the Quality of High School Graduates

Between 1978 and 19¢+, at least 20 comprehensive studies of U.S.
school systems* cited major deficiencies: loss of basic purpose, ab-
senceof clearly identified goals, and low expectationsof students. Most
striking is their fundamental unanimity on the keynotes sounded in A
Nation at Risk (Gardner et al , 1983), the 1983 report to the nation and
the Secretary of Education by the National Commission on Excellence
in Education.

These studies present virtually conclusive evidence that, because of
weaknesses in its educational system, our nation is dangerously at risk
in several ways. For example, our technological supremacy erodes as
other nations expand their own capacitie,. One threat to our ability to
compete results from a shortage of skilled engineers and screntists and
from a lack of scientific and mathematical literacy (Education Com-
mission of the States’ National Task Force, 1983). Such literacy will be

* Davidson and Montgomery {1983) summanze 17 of these reports
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essential if citizens of this nation are to support a technclogically
advanced society.

From 1964 to 1981, the pezcentage of high school students complet-
1ng courses in science and mathematics declined as follows: 1n biology
from 80 to 77 percent, in chemist v from 34 to 32 percent, 1n general
science from 61 to 37 vercent, in algebra 1 from 76 to 64 percent, in
geometry from 51 to 44 percent, and in algebra 2 from 35 to 31 percent
(Adelman, 1983). This loss of interest is alarming, considering that
Japan and the Soviet Union recognize that world Jeadership depends on
technological superiority. It has been said that “the technological bat-
tle with the Japanese is really an industrial equivalent of the East-West
arms race” (Julian Gresser, quoted in Grayson, 1983. See also Stata,
1983).

Insufficient Time Commitment

The United States has long depended on 1ts schools to educate 1ts
citizens for world leadership. However, a minority of U.S high school
students study mathematics for three years, whereas other industrial-
1zed nations require all students to start mathematics (other than
arithmetic or general mathematics), biology, physics, and geography in
grade 6. The class hours spent on these subjects 1n other industrialized
countries is about 3 times that spent even by U.S. students who select
four years of science and mathematics in secondary school (Gardner et
al., 1983:20). Hurd (1982:2) for.nd “that 93 percent of the seaiors com-
pleted one or more years of ma :hematics, 67 percent two ycars or more,
and 34 percent three years ' The consensus of the recent studies of
schooling is that all students should have three years of mathematics,
some studies recommend four years, at least for those who plan to
attend college (Hurd, 1982)

Only 41 percer:t of students in academic programs study science for
three years in high school (and only 13 percent of general-studies stu-
dents and 9 percent of vocational-studies students). The consensus
among the studies referred to here is that all students should have three
years of science, and some of the reports recommend four years of basic
science courses for college preparation. Hurd (1982) finds students
begin with biology and follow with chems.. 7 (37 percent) and physics
(19 percent); others “complete their three years of science with aselec-
tion from biology 2, earth science, physiology, space science, aeronau-

cs, oceanography, physical science, geology, ccology, environmental
science, or from a host of one semester courses " Tnis jumble 1s what A
Nation at Risk describes as curricula “nomogenized, diluted, and dif-
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fused to the point that they no longer have a central purpose. In effect,
we have a cafeteria-style curriculum 1n which the appetizers and des-
serts can easily be mistaken for the main courses” (Gardner et al,
1983:18).

Low Expectations of Students

The reports on U.S. school systems show that our nation’s schools
and colleges are not demanding enough of students ‘“Homework for
high school seniors has decreased (two-thirds report less than 1 hour a
night) and grades have risen, yet average student achie"ement has
declinea. In 13 States, students are given freedom to choose half or
more of the units required for high school graduation Given such
freedom to choose the substance of their education, many students
select less demanding personal service courses, such as bachelor liv-
ing"” (Gardner et al., 1983:19-20).

Under such conditions, College Board achievement scores in aca-
demic areas such as English and physics have declined inrecent years.
Nearly 40 percent of 17-year-olds cannot draw inferences from written
material, only one-fifth can write a persuasive essay, aiid only one-third
can solve a mathematics problem requiring several steps. Science
achievement scores of U.S. 17-ycar-olds as mecasured by national
assessments of science in 1969, 1973, and 1977 have declined steadily
{Gardner etal., 1983).

The pattern of courses that high school students take and their low
achievement are greatly influenced by college and university admis-
sions requirements. Whatever the causes (e.g., the growing intensity of
competition for a declimng pool of studer ts or otherinfluences), these
requirements in many cases are so low that students are not prepared
for college work: One-quarter of the mathematics courses in collegiate
institutions are remedial (Gardner et al., 1983:8). Nor are many high
school graduates prepared for an occupation. Business and military
leaders complain that without remedial work inrcading, writing, spell-
ing, and computation, many high schooi graduates cannot even begin
the sophisticated training they need for their wor k

Lack of Student Interest in Science and Mathem atics

Thelist of reasons why so many students fail to masticr the sk.lls they
need for the study of science, mathematics, and other academic sub-
jects grows with each analysis. The causes include lack of discipline in
the classroom, overemphasis on socialization, automatic grade promo-
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tion, teacher disillusionment, tolerance of absentceism, emphasis on
educational opportunity without equal attention to quality, grade infla-
tion, lowering of college entrance requirements, unfavorable study
environments in the home, lack of homework, loss of public confi-
dence in and support for schools, and unclear educational goals and
policies. For whatever sociological or educationai reasons, too many
students lose interest in learning and simply evade it.

U.S. students’ dislike of science courses is acquired early—nearly
half of them dislike science by the end of the third grade, and 79 percent
by t_.e eighth. The popularity of mathematics declines from a high of 48
percent in grade 3 to alow of 18 percent in grade 12. This loss of interest
clearly affects the nation’s pool of scientists and engineers, as shown,
for example, in a study by Aldridge and Johnson (1984) that traces the
loss of scientific talent from the 4,170,000 members in the freshman
high school class of 1977-1978: 302,400 of these students (7.3 percent)
entered study of science and engineering [engineering—115,300) as
college freshmen in 1981-1982; an estimated 83,100, or 2 percent of
the original high school class, wnuld graduate in those fields {32,300 in
engineering). At the graduate level, an estimated 0.4 percent of the
freshman high school class of 1977-1¥78 {16,680} would earn M.S.
degrees, and 0.1 percent (4,170} would earn doctorates in science and
engineering.

Of the total 71,470 engineering baccalaureates projected for 1985,
32,300 would be from the original pool of 1977-1978 high school fresh-
men. The remaming 39,170 would include approximately 13,000 for-
eign nationals and 26,000 other Americans who had been out of high
school for more than four years. The latter group comprises mostly
transfer students and students who had left and returned toengineenng
programs. Of 32,000 M.S. degrees projected to be earned in 1987 inall
fields of engineering, science, and mathematics, nearly 17,000 will be
awarded to U.S. students who graduated from high school in 1981;
6,000 will be awarded to foreign nationals, and 9,000, to other Ameri-
can students. Of the 7,700 Ph.D. degrees expected 1n these fields in
1989, 4,200 will go to students from the high school class of 1981;
2,300, to foreign nationals; and 1,200, to Americans who did rot pursue
engineering or scientific studies continuously after high school gradua-
tion.

One reason for the loss of such a high proportion of talent from the
original high school pool is the inappropriateness of high school science
and math courses for the 92.7 percent who will not become scientists or
engineers. Current courses are often obsolete and of questionable value
forthe 7.3 percent who may wo ¢ , since these courses largely ignore the
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computer, modem electronics, and much of the new knowledge that
has been generated so rapidly over the past 10 years. Present courses
focus on pure science and are largely devoid of practical applications,
technology, or the relevancy of science to society’s problems, such as
acid rain, nuclear wastes and disposal, or improper nutntion

Diminished Incentives

Although only implicitly stated in the literature, anccher reason for
diminished interest in education is that students lack incentives to
learn. Few ot them, including some of the most talented, discover the
pleasure of learning for its own sake. In the past, incentives for Amern-
ca.. students included living up to parents’ expectations, meeting
teachers' expectations and receiving rewards for their efforts, and in
some cases having the opportunity to attend college. Students now
have little reason for developing the self-discipline to learn which the
work ethic imbued in their Puritan or other immigrant forebears. The
belief that education would guide their hard work to success was incul-
cated in . 1eir parents, and that same conviction is evident today in
many of the Oriental engineering students whose families insist on
education as the road to success in America.

Since incentives are not as strong as they once were, engineering
societies and social agencies have attempted to provide them. The
Junior Engineering Technical Society (JETS) sponsors clubs, national
team competitions, science fairs, and precollege programs. Other
incentives programs are usually offered in inner-city environments,
where educational problems are acute. These model programs, which
include Mathematics, Engineering, Science Achievement (MESA} in
California; Philadelphia Regional Introduction for Minorities to Engi-
neering {PRIME) in Philadelphia; and Massachusetts Pre-engineering
Program for Minority Students (MassPep) in Boston, offer encourage-
ment and guidance to students who are talented in mathematics and
science and who want to enrich their schooling. Such programs were
designed to bring into engineering those underrepresented minorities
who accept the challenge to education They demonstrate eftorts that
might be made or adap‘ed in all schools and systems to inspire the
scholarship that is needed.

MESA was one of the first model programs to state its goals, which
included "Encouraging students from the target minority groups to
acquire the academic skiils they need to major in mathematics, engi-
neering, and the physical sciences at a university; Promoting career
awareness . . . and Striving to institutionalize the educational enrich-
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ment activities that prepare minority group students. . . .” Its activitics
include tutoring; independent study groups; academic, university, and
career counseling; and summer ennchment and employment. MESA
offers scholarship incentive awards, and has high expectations in terms
of student performance.

MassPep in Boston offers a Saturday Lab Program supported by scien-
tists, weekly club meetings to discuss technical issues and projects,
and has conducted a successful summer program. The organization is
planning to hold monthly assemblies of students and teachers for icc-
tures, contests, and exchange of information. Its computenzed records
track students’ academic and personal progress for use in counseling.
The studentsinvolvedin the program know individuals who care about
and encour..ge their progress.

Teacher Shortages

The studies of U.S. schools referred to at ti.2 beginning of this section
agree that there are too few qualified teachers of science and mathemat-
ics. As iizdicated in A Nation at Risk (Gardner et al., 1983:22-23), too
many teachers come from the lowest quarter of their classes Since
about 41 percent of the time of elementary school teacher candidates is
spent in education courscs, less time is available for subject matter
cc rses. Moreover, in 1981, 43 of 45 states had shortages of mathemat-
ics teachers, 33 of these states reported critical shortages of earth sci-
ence teachers, and all lacked physics teachers. Half of the newly
employed mathematics, science, and English teachers are not qualified
to teach these subjects. These shortages exist despite widespread pub-
licity about an oversupply of teachers

Many good students turn away from tcaching because of the poor
condition of the profession The public is well aware of the problems of
classroom management, including the burdcn of administrative as
well as disciplinary duties. Furthermore, teachers lack control over
such basic academic matters as curnicular design and selection of text-
books (Sizer, 1984).* More personal detriments toundertaking a teach-
ing career are the low pay and limited career line If the low beginning
salary and the national 2verage salary of $17,000 per year after 12 ycars
of teaching do not tempt math and science teachers to jump to industry,
the limited career linc often does A teacher has roughly the same

* The Sizer {1984) study examined high schools, but the statement applies ta school
systems as well as to individual schools
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responsibility at the end of a professional hfetime as he or she had on
the first day of work.

Failure of Leadership

The failure of the teaching profession to attract 1.s share of talented
high school and college graduates results, as do many other problems
that our schools face, from a lack of leadership at many levels. One
analyst deciares, “The United States lacks national goals, public poli-
cies, or an a,tenda to focus discussion and debate in the reconstruction
of science and mathematics education. . . . If [a policy of high-level
scientific, technological, and computer literacy for all citizens} 1s to be
a goal of science and mathematics education at the pre-college Jevel,
parents, teachers, and school administrators must first recogmze 1ts
significance” (Hurd, 1982:7}.

Research studies on school effectiveness have found repeatedly that
academically effective schools have clear goals related to student
achievement and that the teachers and parents of students at such
schools have high expectations (Purkey and Smith, 1982) However,
the goals of high schools are numerous and seem to continue multiply-
ing with little regard for the severe limits imposed by a lack of school
staff, equipment, and time (Boyer, 1983).

Tobeeffective, aschool and the board that guides it must have aclear
and vital mission. Educators and the public they serve need a shared
vision of what they must accomplish together. Every school should
establish clearly stated goals—purposes that are widely shared by
teachers, students, administrators, and parents. The future develop-
ment of our nation depends upon our agreement as to t : mission and
importance of our schools.

The Panel on Undergraduate Engincenng Education recommends
that, to 1mprove the qualifications of students intending to study engi-
neering, the engineering schoolsand engineering professional societies
actively encourage government and industry toomn them in an effort to
improve the mathematical, scientific, and technological content mn
Amernica’s school systems Thiseffort will require additional sources of
talent and funds

The Increasing Role of Women in Engineering Education

Within justa few years, women have hecome a sigmficant fraction of
the "indergraduate engineening population, and their numbers con-

O i

MC Jdo

Aruitoxt provided by Eic:




24 ENGINEERING UNDERGRADUATE EDUCATION

tinue to increase. Female enrollments in eagineering rose from about 1
percent of total enrollment in 1970 to about 16 percent 1n 1983. The
increase is not uniform across schools' In 1982 the percentage of B.S.
degrees awarded to women from the 50 institutions having the largest
number of undergraduate engineering students ranged from a high of
29.5 percent (General Motors Institute) to a low of 8.9 percent {lowa
State University). The largest number of B.S. degrees awarded by one
school to women in 1982 was 203 (15.6 percent) from Texas A&M
University, which graduated ihe largest total engineering class that
year. The numbers also vary across engineering fields: In 1982, 29
percent of industrial engineering students (the highest percentage) and
24.5 percent of computer engineering students were women, while 10
percent of mechanical engineering students (the lowest percentage)
and 13 percent of civil engineering students were woiaen. The reten-
tion rate of female students 1n undergraduate programs is similar to
that of male students, about 70 percent.

Preparation for Engineering

The percentage of women i engineering programs appears to have
no inherent limit. There are as many young women as men in high
school who study mathematics and science through trigonometry and
chemistry. Howevcr, almost twice as many young men as women ta; :
high school physics, calculus and introductory computing (although
undergraduates in the field of computer science are about 25 percent
women, as indicated above).

Apparently an interest in phv<ics is an important factor leading to a
career in engineering; men are attracted to engineering mainly by tak-
ing high school physics, while women are attracted to engineering
through chemistry and biology. High school women often feel tracked
away from physics; very few physics teachers are women, and course
content aund quality are quite variable, often not appealing to women.
Educational experiments indicate that nontraditional approaches to
the teaching of both physics and introductory computer suk;ects in sex-
balanced classes result in their increased appeal to women students.
Both men and women are attracted by mathemaiics and problem solv-
ing in general, but women more so than men. Of all high school sub-
jects, only mechanical drawing and physics attracted a greater percent-
age of undergraduate men than of undergraduate v;omen into
engineering.
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Aptitudes

Several factors indicate that the increase of women in ¢ngineering
may continue as bar.iers such as those d1scussead above are climinated
In 1983, the mathematics SAT sco:e of women intening to enter engi-
neering was slightly higher than that of prospective male engincering
students: 549 versus 540. These same women students scored consid-
erably higher on ! uth the verbal and analytical parts of the Graduate
Record Examination (GRE)—492 versus 442 and 590 versus 522,
respectively; on the quantitative portion of the GRE, they scored
slightly lower: 653 versus 658. The scores show that as the pool of
women withadequate preparation is enlarged, additional academically
talented women are available for engineering.

In addition, the profession of engineering will grow 1n directions that
will make it even more attractive to women' The importance of biology
and chemistry in engincering will increase; and the nature of engineer-
ing work itself will change—the increased use and role of computers
will attract more women into engineering, and the importance of com-
munication and verbal skills continues to grow. Women will feel
increasingly welcome in science and engineering (as this Lappens,
more women can be expected to become teachers of high school phys-
ics and mathematics), and the image of successful women engineers
will be more evident to young women

Professional Acceptance

In the past, women have been virtually invisible within the engincer-
ing profession. The 1968 ""Goals Study” of the American Society for
Engineering Education (ASEE) made no mention of women students,
faculty, or engineers: All high school statistics were about male grad-
uates; all faculty and practicing engineers were described s male In
spite of calling for a substantial increase 1n enrollment of engineering
students among the nation’s graduating high school students, the pos-
sibility that some of this increase might include women students was
not menticned. For the most part, the profession was blind to the
potential of women students. Various factors may have contributed to
the change in women'’s participation in engineering. But whether 1t 1s
due to universities’ active recruitment of women into engineering dur-
ing the dramatic decrease in engineering cnrollments of the carly
1970s, or to the rising aspirations of women for meanngful profes-
sionai careers, their participation in the profession has changed.
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N edfor Support

The increased enrollmernt of women 1n engineering suggests that
various factors—financial, societal, emotional, and environmental—
influence women'’s choice of engineering. Women studentshave come
into engineering becausc of potenual job opportunities and recent
assurances from both industry and universities that they will be treated
fairly with respect to jobs and salanies. Most senior women engineers
can recount personal sagas of unpleasantness and insensitivity toward
wornaen in the profession. However, rerent changes have considerahly
improved the climatc for women in engineering. Freed from these past
burdens, women engincers have demonstrated that they can do the
work and that engineering 1s an attractive career for women.

Theincreased number of women students has helped make engineer-
ing schools a more artractive environment for them. Despite recent
improvements, however, women students still report feelings of 1sola-
tion, lack of acceptance by faculty and male student peers, and lack of
acceptance of their career goals by friends, family, and their univers-
ties. Many wemen students still find engineering schools to be stress-
ful environments, and they need support to help them deal with the
difficulties that they encounter. But they do not form a homogeneous
group, and their needs vary For example, some report significant prob-
lems in adjusting to a strongly male environment; some find a support-
1ve environment in a particular department; and many find support ina
confidant, sometimes a close male fricnd. Some of these are rroblems
that will lessen over time as the number of both women students and
women faculty increases

Special Problems of Women Students

While increased use of foreign nationals as graduate teaching assis-
tants and as faculty members 1s often cited as a problem because of
language barriers, the practice also brings special problems for women
students. Anecdotal evidence suggests that students and faculty from
cultures 1n which the role of women 1s subservient may not be sensitive
or sympathetic to the career aspirations of American. women engineer-
ing students.

Minority women attempting to preparc for or to pursue undergradu-
ate engincering education may have very spccial problems that are rot
shared by all members of their minority group or by majority women.
For example, the situation of minonty women tod2v n high schools
prepanng for possiblec entry into careers 1n engineenng is not encourag-
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ing. The falloff of women as compared with that of men 1n high school
physics and calculus increases the handicaps these young women tace
in inner-city schools. Separate data for women are not available, but
they are not likely to be comforting.

It is also difficult to trace minonty women in enginecring because of
a lack of data. The per:entage of doctoral degrces n engin cering
awarded in 1981 to native-born minority women, including Asian
women, was 0.19 percent. Not only are their numbers small, but the
data forminority women are usually ir.cluded 1n the total for minorities
(and likewise arc hidden 1n the data for women).

Incentives

According to available data, starting salaries formenand womenin a
given engineering specialty at the entry level are roughly equal, with
women having a slightedge Some data also indicate that after 10 years
women in engineering have fallen behind n.en 1n salary and position.
Since the number of women engineers in the work force is sull quite
small relative to the number of women engineering students cur1 “ntly
in school, this trend, while worrisome, may change over time. Data
alsoindicate that starting salaries for women with advanced degrees are
less than those for comparably educated men At the Ph.D. level
women average only 80 percent of the starting salaries of men While
generalizations about progress at this advanced-degree level are diffi-
cult in the absence of correlations with professional experience, such
differences do not seem to explain the 20 percent salary differential.

The Panel on Undergraduate Engineering Education recommends
that, to achieve the full potential that this human resource offers,
colleges of engineering, school systems, govemment, industry, and the
engineering profession continue to work to increase the number of
qualified women who study for a career 1n engineering. A key require-
ment is the need to encourage the study of mathematics and science by
female secondary school students.

Co-op Education

Although only 8.2 percent of engineering students par‘icipated 1n
such programs during 1983, cooperative education would seem to be an
attractive way to learn engineering, since it offers students 2n opportu-
nity to learn while producing in a field that exists to serve the world’s
practical needs. (It is not surprising that engincering was the first field
to try co-op education when that long tradition began 1n 1906.) The
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as amtages of co-op education seem to benefit all parties: Students
learn by doing and can help pay for their education while learning;
companies gain highly motivated workers at lower cost without the
usual, expensive search process; and engineering schools can incrcase
their capacity Strengths and weaknesses of co-op education more sub-
tleand numerous than these obvious attributes are discussed below.

Co-0, Students

While it would seem that students would enter co-op programs
mainly to finance their education, all studies of co-op education show
that thisreason isnot dominant and that it subsides once students have
begun their schooling. Only those co-op students who depend heavily
on financial aid {about one-third) continue to see income as an impor-
tant reason for cooperative education. More than three-quarters of co-
op students mainly seek to acquire skills and experience to support
their career objectives through thesc programs On average, their aca-
demic performance is better than that of their non-co-op classmates,
although no cause-and-effect relationship has been established Experi-
ence in the workplace increases their awareness of career possibilities
and gives them an opportunity to develop their skills, and often they
find co-op placements that prepare them Jor specific occupations Two-
thirds of these students perceive co-op education as a way to find
employment after graduation (Porter, n.d.).

The main benefit of such training 1s learning on-the-job skills Co-op
education nurturcs personal charactenstics, or affective skiils, that
come mainly from experience—positive attitudes, interests, values,
needs, and motives. As shown in the ranked lists of goals below, these
skills are interspersed among academic goals by students, faculty, and
administrators, but they head the list for industry {co-op students and
graduates and their industrial supervisors) (Smith etal , 1981).

Goals—Academe Goals—Industry

1. Problem-solving skills 1 Practicaljudgment

2. Engineeringjudgment 2 Interpersonal competence
3. Communication skills 3 Oral communication

4 Engineering fundamentals 4. Managenal skills

5. Planningskills 5. Preciseness

6. Technical skills 6 Wntten communication

{continued)
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7. Interpersonal 1wareness 7. Understanding problem-solving
8. Professional ethics methods

9. Organizational skills 8. Scientific-technical knowledge
10. Self-confidence building 9. Persuasiveness

11. Creative expression 10. Creativity and onginality

12. Leadership skills

Employers rate co-op students high on motivation and ability to work
with other people and to follow instructions.

Co-op students find employment more readily than do 110N-CO-0p
students, apd nearly 'wo-fifths of the former already know their
employers from their co-op experience. They are more likely to find
work that is directly related to their college maijor, and they progress
more rapidly toward their career objectives. For the first three years of
employment, their earnings are significantly greater than those of their
non-co-~y counterparts. They report greater job satisfaction than do
non-co-ops, and they often have greaterresponsibility 1n their first jobs

because they already know the work and how to work with fellow
employees

Employers

The employment of co-op students offers employers the opportunity
to cut costs by filling regular ~hs with preprofessionals. Employers can
also save by identifying and * .cruiting some of these workers, whose
abilities and performance they can predict more reliably from on-site
observations than they could do through the usual search for prospec-
tiveemployees. While the cost of supervising these students s reported
to be about 7 percent greater than that for supervising regular employ-
ees, a majority of employers find them more productive than their
regular co-workers. Most employers report less time spent on evalua-
tion of co-ens and a lower turnover rate among them.

More than half of co-op employers find students more able than
regular employees to follow instructions and to work with other peo-
ple. Nearly all employers 1epcit comparable or better customer rela-
tions when comparing the work cf these students with that of regular
workers Co-op students represent a working basis for direc relation-
ships of industry with regional educational institutions. Co-op educa-
tion also provides industry with specific contacts and means for com-

municating regularly with academic institutions about changing
personnel requirements.
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Institutional Consideratics

The integration of academic and carcr development offers academic
institutions the opportunity to enhancce their students’ motivation.
Not only do co-op students see the value ot :he knowledge gained from
their studies, but they also stimulate classma:es by sharing the expen-
ence gained from their ficld work The expenences of studenrs on the
job also encourage faculty to keep the curriculum current by modifying
course content and program options Senor administrators see cooper-
ative education as a means of actracting <*udents as well as a way to
support the placement of graduates

Problems With Co-op Programs

Proble; s that students may find with co-op programs include the
longer time to graduation, although program formats can be as short as
four years or as Jong as five and orn.e-half years The national average for
all engincering students is four and one-half years. {There are three co-
op program formats: 1) the traditional alternating format, in which
students rotate between full-time campus study and fall-time employ-
ment; (2) the parallel, or corzurrent, plan, which splits the student's
day intofull-time campus study and part-time cmployment; and (3) the
field program, in which all students leave campus at the same time and
have only one work experience a year.) Another problem that students
may have is finding co-op employment unrelated to their academic
interests. And scheculing the co-op experience can alo be a problem.

The problems related to co-op education for institutions result
mainly from the differences between co-op and more traditional insti-
tutional programs. The philosophy of cooperative education is differ-
ent from the classical view of educaiion. The difference is highlighted
by the need for institutional changes to accommodate co-op programs,
e.g., modification of the calendar, special scheduling of courses, and
possible curnicular changes.

The most serious problem for all partners 1n cooperative education
results from a depressed economy. Any doubts that employers may
have about co-op make 1t an carly candidate for cost cutting and termi-
nation. Since the time constant is so different between industry and
academe—the fiscal vear or “as of today’’ compared with the student’s
measare of the time to earn a degree—termination of a cooperative
education program is one of the most vivid examples of where industry
and academe diverge Termination of a co-op program causes consider-
able stress on campus, not only for the students 1nvolved, but also
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because it disrupts faculty and administrative commitment to the pro-
grams and interferes with the tightly organized study and financial aid
plans of students

Conversely, when the economy 1s booming, industry is eager to
attract co-op students, and the impression 1s created that industry
wants ““to fill a job" and is not really sensitive to the overall academic
nature of the endeavor. The resulting cyclic ““boom or bust” character-
isticleads academicians to be wary, so they are reluctant tomake a deep
commitment of time to enhance co-op programs academically.

The requirement that co-op students be abs ... from the campus for
substantial blocks of time detracts from their overall academic experi-
ence They lose contact with classmates and camyus hife and carnot
participate in certain extracurricular activities. For some students this
is animportant deterrent.

Possible Improve; nents

One or more of the parties involved 1n cooperative education could
help to improve certain aspects of the system Emp. ;yers sometimes
need to clarify co-op job responsibilities, and they nee ! to work closely
with faculty to develop supervision and training of students (Wilso.
and Weinstein, 1982:22). This relationship depends on frequent tele-
phene contacts and occasional on-si.e visits.

Employers must commuit themselves to sustained support of the co-
op program through good times and bad so as not to disrupt tight stu-
dent scheduling and 1n order to encourage strong faculty commitment
to the program.

Some engineering ewucators consider the true potential of co-op edu-
cation tobe asyetunrealized Ifindustry were toadopt a revised posture
toward co-op education and commit itself to a 12-month-per-year
shared responsibility for the education of the engincer, it could make a
sigmficant impact. Such a partnership could help provide the engineer-
ing practice component that has been steadily reduced in the curricu-
lum during the last 25 years. Further, an integrated approach wou:d
bringan innovative and constructive dimension to the education of the
engineer. The challenge remains unaddressed.

The Panel on Undergraduate Engineering Education recommends
that, to increase their effectiveness and enhance their role, €0-0p pro-
grams be strengthened and made more attractive to students. A consid-
erably stronger commitment from industry 1s requared to ehminate the
“boom or bust” character of the progroms that reflects a fluctuating
economy. If industry adopted a revised posture toward co-op education
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and commntted 1tself to a shared responsibility for the educational
process, a very sign. ficant and mnovative dimension could te added to
the education of the engineer.

Factors Influencing Graduate Study

Durnng their first two years of und rgraduate study, the vast majonty
of students do not have any cleas izcention of pursuing graduate work.
But, upon entering senior year, those witl good to excellent academic
recorus begin to think seriously about the trade-offs between industrial
employment and graduate study. Many who choose industrial employ-
mentintend to pursue graduate study either while employed or at some
later time.

Faculty Influence

Studies (e.g., Consortium on Financing Higher Education, 1983)
show that parents and faculty members both exert strong influencein a
studert’s decision to undertake graduate study. Faculty are intimately
familiar with the performance and quality of their students. Generally,
students in the top 10 percent of their class are urged to continue study
toward a graduatedegree, but those in the top one-third of their class are
also considered suitable c. 1didates. Thus, performance at the under-
graduate level is the primary deierminant of which students continue
for graduate study.

Because of the strong faculty role in the decision process, the attitude
of faculty members toward graduate study is extremely important.
Faculty tcnd co presume thay graduate study is preparation for an aca-
demiz career, but 1t is .1ow necessary prepa-ation for many industrial
careers as well. Faculty who view an academic carcer as exciting and
meritorious transmit this perception to their students. On the other
han., their lack of enthusiasis for academic careers or their belicf that
the poatessorsat isdisadvantaged compared v-ith colleagues in industry
will al;0 be co' 1 municated and will discourage students from pursuing
graduate work.

S:imulating Interest in Graduate Study

t sculty 1aen:bers can increase interest in graduate study by playinga
more positi7e active role in advising their students They could do
much more 1n this regard by involving undergraduate students in
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research projectsand intermittent teaching opportunities Recognition
of achievement motivates further achievement.

In order to attack the faculty shortage problem by encouraging the
best students to consider careers as engineering faculty members, the
ASEE'’s Engineering Deans’ Council *.as adopted the following policy
statement:

At least 1000 intelhigent ar 1 highly motivated individuals with doctoral
degrees 1n engineening will be needed every year as faculty members 1n irsti-
tutions of higher learning 1n the United States. Charged with the critical
responsibility of educating prospective engineers, these individuals must
enjoy the challer ges and satisfaction of teaching, the excitement of research
at the very frontiers of knowledge and the freedom of sclf direction The
opportunities for a hfelong, productive, satisfying and rewarding career are
unlimited *

Inaddition, the Deans’ Council has prepared an attractive brochure for
use by faculty and students to encourage the best students to seek
academic careers.

Financial Considerations

The main reason cited for the decision to forgo graduate study is the
substantial difference between graduate stipends and industrial sala-
ries. One 1980 survey found that the average annual, part-time salary of
graduate assistants was $4,200, as compared with $24,000 reported for
full-time, entry-level jobs 01 B.S. graduates at that time. Such a differ-
ential results in lost income that takes many years to recover. Conse-
quently, graduate stipends need to be increased to at least half of the
starting salaries of B.S. graduates. With regard to those who ultimately
pursue an academic career, American Association of Engineering Soci-
eties (AAES) salary survey data (‘Mean Salaries of Engineers in Indus-
try and Academia: 1933") show that the salanics of full professors (on a
12-month basis} compare favorably with salaries of their counterparts
in industry. With the possibility of additional earnings from summer
work and consulting, an academic career is in a strong compctitive
position. Nevertheless, academic salaries for assistant and associate
professors are a key problem and need to be improved in many nstitu-
tions in order to be competitive.

*Policy statement endorsed 1n January 1984 by the Executive Commuittee of the
Engirneering Deans’ Council, American Socicty for Engineering Education
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The Concortium on Financing Highe: Education has studied the
question of whether undergraduate and/ or graduate student loan debt
accumulation is a disincentive to the pursuit of graduate education.
Theirmostrecentstudy (1983) shows that, except forits effect on some
minority students, undergraduate educational loan debt burden has
essentially no effect on the decision to pursue postbaccalaureate study.

The Panel on Undergraduate Engineening Education recommends
that, inaddition to support for graduate education, engineering schools
and professional societies create and maintain an active campaign to
emphasize the advantcges of an academic career. Industry, govern-
ment, engineering schools, and professional soc.eties must encotirage
and support master's-level programs, combined B S.-M S. programs,
and release time to enlarge and develop t he pool of potential faculty

The Role of Minorities: Present and Future

The Minority Share in Engineering

The minornty engineer 1s one of the scarcest professionals in Ameri-
can society. In 1970 blacks, Hispanics, and native Americans made up
about 2.4 percent of the U.S. engineering work force; by 1982 that
percentage had doubled. Percertages of the total U.S. population for
these minorities were 16.1 percent in 1970and 25.2 percent in 1980. At
the opposite extreme are Asian/Pacific Islanders. The 1980 census
showed this group made up 2.7 percent of the 7J.S. population, whiie
their 1983 proportion of the U.S. engineering work force was 4.8 per-
cent. Thus, Asian/Pacific Islanders’ 9 2 percent of the intraimninority
population in 1980 provided 50 9 percent of the minority engineering
presence in the work force in 1983. Comparable percentages
(intraminority population/engineering presence) for blacks, Hispan-
ics, and natuve Americans weie 50 5/204, 27.2/25.8, and 1.5/54,
respectively. Tabl. 1 shows that, overaus, the potential talent for engi-
neering within a substantial part of the population has remained dor-
mant.

The statistics in Table 1 and those from other sources show progress,
but not nearly enough. Clearly, except for Asian-Americans these par-
ticular mnorities have not achieved representative participation in
engineering. The profession will need talent from these minortices as
well as from other sources to keep abreast of technological change as
demographic trends and weak educatonal practices shrink the pool of
tzlent. Finally, minonty engineers can be an important American
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TABLE1 Minonties’ Participation in Engincering

Engincenng Baccalaureates Aw arded

1983 Engincenng

Practicmg Engincers

1980 Census In 1983 In 1973 Doctorate m 1983

Minonty Percentages Number ) Number 04 Numbcr Y Numbcr it
Black 141 1,862 26 6GA7 15 1v 06 35,400 18
Hispanic 76 1,383 26 366 13 41 14 34,100 23
Amencan Indian 32 97 01 32 007 () 00 9,500 5
Totals 249 3,342 53 1,255 Y 60) 20 RY,000) 46
Asian-American 17 3,098 13 684 16 173 37 92,400 4K
Gruad totals 100 0 72,471 1000 33,429 100 3,023 100 0 1,940,000 100 0

*These tatals may include persons who could report as both black and Hispanic

Sources Richardson (19791, p 13 Degree data are trom the Engincening Mannower Commission, cmployment data are from the National
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resource for int- national . elationships and Third World development;
if well educated, they mizht become the most effective of our nation’s
representative ; to the Th rd World.

Loss of Interest in Science and Math

The greatest barrier to increasing the pool of talent for engineenng is
students’ loss of interest in science and mathematics at all stages in
their education. As indicated earlier 1n this chapter, by grade 3, slightly
more than half of all students show an interest in science, and 48
percentare interested in math. By grade 8, 21 percent like science, and
bygrade 12 only 18 percent like math. Furthermore, a national longitu-
dinal study (Berryman, 1983:66, 68) of the high school class of 1972
showed thatonly 37 percent of the males and 30 percent of the females
originally enrolled in a science field had obtained a B.A. degree in
science or were enrolled in a science field by 1976.

The policy implications of such statistics as those cited above are
(1) the need to develop strategies to increase the size of the initial
scientific/ mathematical pool of minorities before and dvring high
school and (2) the need to decrease attrition from the pool at every stage
of the educational process. While individual intellectual development
cannot be programmed, schools can determine the amount of time that
students spend on different subjects, the quality of their curricula, and
the performance standards for grade promotion and high schooi gradua-
tion. Inthese areas of control, public elementary and secondary schools
do not serve many children well 1 science and mathematics. The
deficiencies matter most for those youth (i.e., females and minorities)
who do not have compensating resources and encouragement outside
of school.

Slacks are more likely than any other group to leave the educaiional
pipeline, except between the baccalaureate and the master’s degree.
Hispanics drop oui more frequently than do whites at each stage in the
pipeline through college entry. This may resultin part from their immi-
grauon from countries with different school systems or from family
mobility. Their dropout rate is average or lower than average after
college entry. American Indians have a very high dropout rate between
entering college and earning the B.A. degree. These different patterns
imply that the needs of subgroups vary at different points in the pipe-
line The dropout rate for another minority group, Asian-Americans, is
lower at each stage than that of any other group, including whites; the
Asian-American share of the pool increases at each level.

Ty
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Asi.n-Americans

Asian-Americans are the most inclined of any group to pursue quan-
titative studies:

In 1979, a randomly sclected Asian-American was 17 times more hikely to
earn a quantitative Ph.D than a randomly sclected black from the appropn-
ate age group Asian-Americans chose [quantitatuve studies at almost
twice the [ 169%)] national average; whites and Hispanics, at about the national
average, American Indians, at about 80 percent of the national average; and
blacks, at about 60 percent of the national average. {Berryman, 1983.49)

Asian-Amercan college freshmen are clearly high achievers from high
achieving famihes They have the highest percent of second gencration col-
lege—a third, for example, have at least one parcnt with graduate education,
the highest average high school performance (B+}; and the highest average
educational expcctations—threc-quarters plan a postgraduare degree. .
Forty-eight percent attend universitics, and of those 60 percent are in the
most selective universities. Thus, almost a third of all Asian-Americans 1n
postsecondary institutions are 1n the most selective univers.ties, and another
13 percent are 1n the nation’s most sclective four ycar colleges [Berryman,
1983 94-95]

Because of their achievement, Asian-Americans have a higher percent-
age of participation in engineering than any other sroup

Barriers to Entry Into Engineering

With regard to quantitative study, the major barriers to non-Asian-
Americans’ entry into the engineering profession are insufficient prep-
aration in mathematics and science, little awareness of and motivation
tcward engineering, lack of money, lack of self-confidence, and per-
sonal problems (Landis, 1982).

To overcome the lack of academic preparation, it is necessary “to
identify promising students early in their academic carcers, give tt.em
appropriate guidance in choosing a program of study, and ensure the
availability of quality curniculum and nstruction” [Richardson,
1979-7}. The lack of a math sequence and of other precollege courses s
“compounded for the inner city student by the familiar problems of
inadequately informed teachers and guidance counseclors, absence of
role models, unengaging curriculum, and an atmosphere not particu-
larly supportive of academic achieve.nent” (Theodore Lobman, quoted
in Richardson, 1979.7}. Students nced to perceive their educational
experiences as coherent and continuous over Mmany years to develop
tueir academic aspirations and hehavior.
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To overcome the lack of information, enginecring as a profession
must be presented clearly to students and their parents. Minority indi-
viduals have generally tended to enter professions in which they work
aloze, such as medicine or law, or in which they work with other
minorities, for example, teaching and social service. Prospective stu-
dents and their parents need to be convinced of the marketability, the
personal, human, social, and economic attractiveness of scicnce and
engineering careers. Knowing that financial aid is available for success-
ful students is another strong motivator for families without adequate
funds for education (Richardson, 1979:5).

Attrition is a greater problem for non-Asian-American minorities
than for white studen.s in college. Minorities nced support systems:
counseling, especially by minority faculty members; tutoring by fac-
ulty or students; short courses 1n specific techniques; study groups,
videotaped instruction; and modules for set{-paced study. They some-
tiraes need to be given flexibility in their academic progress through
“stretch-out” programs, reduced course loads, and leaves of absence,
although, of course, they must ultimately be capable of meeting all of
the kinds of demands that wiil be made of them and their fellow grad-
uates as engineers {Richardson, 1979:11).

Institutional factors can also discourage minorities. For example,
minority students may have great difficulty adjustinrg to the environ-
ment of a predominantly white institution. Elitist attitudes, poor
teaching, and a general insensitivity to students affect the performance
of all students but may have an especially negative effect on minority
students. Many students, especially thosc who commute, find the
institutional environment impersonal, and they often feel isolated and
even alienated. Minority students can nzistakanly attribute their sense
of isolation and alienation to being in a minority, not realizing that
other students experience similar feelings (Landis, 1982. 714, 718).

Minority students need a special kind of support to ease their transi-
tion from high school to college. The college environment is demand-
ing, fast paced academically, less structured than high school, and
socially permissive at the very time that studies require a new single-
mindedness and intensity of purpose. Some colleges offer summer pro-
grams to introduce minonty students to collegiate study of calculus,
physics, chemistry, and the humanities.

Suppont of Minorities

More than one organization s focusing its cfforts on the precollege
level—junior and senior high school—to 1dentify minonty persons
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with the apparent aptitude to succeed 1n engincering Minority Engi-
neering kducation Effort, Inc., provides the names of such students to
colleges and universitics The National Society of Black Engineers
invites students and their parents toa spring event to discuss engineer-
ing, co-op and summer jobopportunities, and the educational demands
of college.

Consortiums in densely populated arcas use a wide varie.y of com-
munication methods, including classroom Gemonstrations, carcer
days, science fairs, and field trips to engineering schools and industnal
sites. Minority engineers and minonty engineering students who work
with secondary school students act as role moclels by introducing the
students to the field of engineering and the methods and products of
technology (Richardson, 1979:6). The centers for :hese activities are
often cornected with a univeisity (e.g., Mathematics, Engineering,
Science Achievement (MESA)} with the University of California at
Berkeley and schoolsin other states, and METCON with Howard Uni-
versity in Washington 1).C.} as well as wiih staff and resources of local
industries and government agencies. They offer Saturday morning
and/or afterschool programs, laboratory study, weekly club meetings,
monthly seminars of all participants, summer programs of study and
summer employment, math and science contests, and scaolarships.

At the collegiate level, the Minority Engineering Program (MEP)
operates statet 1de from the same derkeley center as MESA. It offers a
full program ot assistance with matriculation, academic counseling,
particular emphasis on orientation and adjustment to the institutional
environment, a concerted motivational program, the development of a
supportive environment, acomponent for building study skills, acom-
prehensive and accessible tutoring program, close monitoring of stu-
dent progress, personal counseling, amechanism for social interaction,
and career development. MEP builds a strong sense of belonging by
arranging various exercises to help studen:s get to know each other and
through which they learn to value each other’s help Excrcises are
organized, for example, to develop study skills, to teach students how
to use their time effectively, and to motivate them by study of career
possibilitics. Finally, MEP places students in summer jobs in which
they gain first-hand knowledge about engineering and the environment
that engineers work in, and also develop confidence that they can work
inthatenvironment (Landis, 1982:714,715,717).

Education of minorities is supported 1n part by efforts of the National
Action Council for Minorities in Engineering (NACME), which enlists
substantial funding from fewer than 50 companies. A survey of
NACME scholars (LeBold et al., 1982 found that 96 percent of the
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graduates indicated that they were planning some type of postbacca-
laureate graduate education. In order to retain more minorities 1n engi-
neering, the graduates recommended more tutoring, financial aid,
counseling and advising, and improved precollege prepar:tion
{Richardson, 1979:13).

Standards of Performance

Special attention for minority students 1s necessary to help them
overcome barriers to the expression of their talent, but 1t must not
mislead them about the professional demands they face. Lindon E.
Saline, manager of the Professional Development Operation of General
Electric, prepared alist of key conditions of employm=nt for professiun-
als from minority groups (Richardson, 1979:14, 15, 22):

1. Hire minority engineering graduates only if they are quahfied for
real tasks, not for purposes of show or tokenism.

2. Minority engineers, in accepting the opportunity to compete,
should know their responsibilities and be measured and rewarded
fairiy.

3. Minority engineers must be expected to develop new technical,
economic, and political knowledge to apply to evolving design, produc-
tion, and application needs through new interpersonal and process
skills.

4. Engineers must have the flexibility and resilience to cope with
uncertainty and change 1n engineening employment.

5. All parties must have patience and persistence to see the minority
engineering effort through toa successful conclusion.

And, finally, Saline states that we need a national initiative to

1. Establish long-range goals and objectives [for attracting minori-
ties to engineering education and practice],

2. Accelerate expansion of the pool of prepared, motivated minonty
high school students;

3. Identify localities where programs are needed, develop strategies,
both general and specific, and assign responsibilities,

4. Obtain adequate funding; and

5. Develop continuous monitoring of program progress and effec-
tiveness.

The one-fourth of our population that now provides less than 6 per-
cent of our engineers—namely, the black, Hispanic, and native Amen-
can segments of the population—could significantly enlarge the pool of
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engneering talent. Of even more importance, such an increase would
expand the portion of Americans who participate i theirnation’s most
important source of power and individual wcll-being—1ts economic
life

The Panel on Undergraduate Engineering Education recommends
that extensive efforts by schools, companies, and eng:neenng societies
are needed to bring more minonties 1nto engineering For example,
precollege programs st ~h as those operating 1n a few major cities and
regions of the country must be expanded and funaed to prepare and
motivate minonty students to pursue college study and careers 1n engi-
neenng.
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Faculty

Student:Faculty Ratios

Between 1975 and 1981, undergraduate engineering enrollment in
the United States "~creased by 60 percent, while the number of engi-
neering faculty increased by only about 10 percent. Graduate enroll-
men. dropped 10 percent because of declining numbers of American
students. During those years, mstitutional support did not rise in pro-
portion to the increase of the student:fa.ulty ratios in engineering
departments. Furthermore, many faculty positions went unfilled.

The high student:faculty ratios and the number of unfilled but autho-
rized faculty positions have not been uniform in all engineering disci-
plines. The 1982-1983 surveys by the Accreditation Board for Engi-
neerng and Technology (ABET) show ratios as hugh as 25:1 to 30:1 in
such fields as aeronautical, chemical, and electrical engineering, and
11:1 in agricultural engineering, with an average of 22.25 to 1 in all
departments of member schools. This average ratio compares with an
overall institutional average of 16.65 to 1 at the same locations at that
time.

The percentage of vacant faculty positions has been highest in elec-
trical engineering and computer science (ES/CS). In the fall of 1982, a
survey of engineering deans reported about 17 perc- at of EE/CS posi-
tions unfilled; in the other engineering disciplines, unfilled positions
ranged from 6 percent to 9 percent of authorized positions. Not only are
there unfilled positions, but the number of authorized positions 1s
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below the perceived need at many universities, which reflects financial
constraints and an unwillingness or inability to reallocate resources

Itis not possible to establish a desired ratio of undergraduate students
to faculty for all institutions because they vary widely in goals and
purposes, range of activities expected of faculty, types of education
oifered, and size of graduate schools. For example, some large urban
universities with relatively small full-time graduate schools have stu-
dent:faculty ratios of 38 to 1; state-supported engineering schools, such
as those at Purdue and Texas A&M universities, have ratios of about 24
to 1; private universities with iarge graduate schools, such as the Mas-
sachusetts Institute of Technology (MIT) and Stanford University, have
ratios of 6 or 8 t» 1. But all institutions, no matter what their base of
support, have experienced increases in student:faculty ratios.

Consequences of High Student:Faculty Ratios

The increase in undergraduate enrollment coupled with the shortage
of faculty has educational costs that extend throughout the system.
Increased enrollment has meant that individual faculty members must
teach substantially greater numbers of students. In many cases, 1t has
meant larger class sizes with less personal attention available to stu-
dents; canceled courses; the use of nonfaculty and adjunct faculty as
classroom teachers; and crowded laboratories, with larger groups using
the saime limited equipment. The intellectual renewal that is required
to keep courses and laboratores up to date and to develop new courses
often has to be postponed, and textbooks organizing impor:ant recent
advances have not been written.

Increased student:faculty raiios have also increased the amount of
time needed by full-tim. faculty me.nbers to advise students. This is
caused partly by the greater numbers of students they teach, but also
partly by the use of adjunct faculty: while adjunct faculty are available
to teach courses, they often are not available to ans'ver student ques-
tions, and they usually play little or no role as academic advisers. In
some cases, faculty are responsible for the academic, career, and per-
sonal advising cf some 50 students. Because of the numerous duties >f
faculty, such aresponsibuility cannot be met with quality.

Faculty Activities

In addition to classroom teaching and student advising, engincering
faculty have various other roles, most of which relat. directly to main-
taining their own long-term value as professional “.ducators and to
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supporting che long-term effectiveness of engineering educational pro-
grams. Invarying degrees dependir.g on the type of institution to which
they belong, faculty are responsible for the following activities: frontier
research and technology transfer in their engineering disciplines; the
education and research supervision of graduate students; imteraction
with industry in consultative and collegial relationships; performance
of public service in the form of national, state, and local committees
dealing with professional issues; review and editing of journal articles;
review of research proposals and engineenng projects of peers; develcp-
ment of new curricula and writing of textbooks; keeping up to date 1n
related disciplines; exploration of new teaching and research areas; and
raising funds to help support their own reseaich and equipment needs
as well as a portion of their salaries. When the immediate activities of
classroom teaching and student advising monopolize the time of fac-
ulty members. neglect of these I ag-range activities erodes their profes-
sional base and that of the engineering system.

The pressures just discussed also reflect on the actractiveness of
teaching as a career, and could deter from academic careers even the
best of the graduate students who saw and suffered through such an
environment as students.

A Role for Educational Technology

Clearly, new technology offers some promise (1) of making more
efficient use of the human capital engaged 1n teaching engineening and
{2) of improving the effectiveness of engineering courses. New uses of
the computer in interactive teaching and the sharing of courses by
video and satellite transmission promise to relieve engineenng faculty
frommuch routine classroom teaching. And yet this opportunity arises
when the amount of faculty ume to develop its use 1s severely limited
and when young faculty who might be more receptive to and conver-
sant with the new possibilities are 1n short supply. {See section below
or: "Educational Technology 1n Teaching.”)

A Role for Accreditation

While the diversity cf institutions precludes setting a single standard
for the student.faculty ra‘10 as an accreditation requirement, the
Accreditation Board for Engineering and Technology might neverthe-
less gather information on student:faculty ratios, these data could be
used with the other information that ABET analyzes to determine
eligibility for continued accreditation of particular programs The qual-
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ity of departmental programs could be evaluated not only on the con-
tent of the courses and the current quality of faculty and facilities but
on the access that students have to faculty and on the ability of the
faculty to fulfill their long-term responsibilities for a strong program.

A related accreditation issue is .he minimum nuiaber of faculty
required for accreditation of a given engineering program. With the
greatdemand for engineering programs, rarticularly in EE/CS, schools
withvery little background, depth, or previous experience in engineer-
ing education will {ind 1t attractive to offer such degrees. Whether or
not a viable EE/CS program can be provided by three or four faculty
members, and thus without access to a complete range of disciplinary
offerings, is ar. important issue.

The Panel on Undergraduate Engincering Education recommends
that engineering schools not only examine and use strategies that will
mamtain quality vnder the pressure of the demand for quantity, but
that theyalso plan for the long term to maintain elas:.city 1n the system
by enccuraging flexibility 1n faculty and other educational resources.

Difficulties in Maintaining Facalty Versatility

Maintaining the versatility of engineer.ng faculty 1s an important
long-term problem for universities. Because student interests and
industrial demands change, it is impractical for a university to add
permanent staff to respond to periodic shifts 1 enrollment. Ideally,
versatility within and among departmental facvlties would allow 1nsti-
tutions to respond to these shifts in a timely and creative manner.
However, departmental boundaries within the university’s organiza-
tion are so confining that faculty find few oppoitunities to change
fields. Umwver. ity departments sce enrollment pressure as an opportu-
nity to hire new faculty members, not to permit existing fac ulty mem-
bers to shift fields.

Disciplinaty Specialization

Although some disciplines experience sudden change, most engi-
neering fields change more steadiiy and gradually Sigmficant shifts of
educational content within most ficlds occur over a 5- to 10-year
period. Faculty must meet the ongoing requirement of staying current
in their respective fields through involvement in research and
advar.ced study.

The abilities to advancce to the research frontier and to make sigmfi-
cant contributions there are the essence of the requirement fog the
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award cf the Ph.D. degree. It1s expected that once this research process
is learned during doctoral study, it will be repeated th:oughout the
professional life of a faculty member. For this reason, the Ph.D. is
almost a universal requirement for the perm.nent faculty member in
engineering departments. However, this very process of continued
research leads to a depth of specialization that irhibits versatility not
only within individval fields but a}so among different engineering dis-
ciplines.

Lack of Support

It is assumed that versatility is achieved through the ongoing profes-
sional development of individual faculty members. However, few uni-
versities take specific steps to support this aspect of faculty and institu-
tional development, which means that in addition to their heavy
teaching and advising responsibilities, most engineering faculty are
expected t¢ take full respons‘bility for their own continued profes-
sional development. Not only are they expected to accomplish research
and scholarly activity, but they are also expected to raise the funds for
their activities and those of their graduate students, including funds for
professional travel, equipment, and other research expenses. (See sec-
tion below on "Faculty Development Programs.")

Departmental Boundaries

Faculty are locked in to a departmental structure which not only
protects the special territory that the department has defined as its field
but that also keeps its members from moving into areas across depart-
mental lines. This self-imposed isolation is sometimes bemoaned, bt
it continues.

By the time a faculty member is awarded tenure and senior status, he
or she has a considerable investment in a particular specialization in a
particular department. The conti.uual need for raising research funds
depends on this investment and its accompanying reputation, but it
makes major shifts of field difficult if not unwise. Minor shafts 7re
possible, but a major change requires competing for limited r¢search
funds wizh already-established ¢xperts in a field. Thus, an individual
may stay with s given line of research beyond the point of diminishing
intellectual return.

Departments also have a considerable investment 1n the individual
faculty memt :v. There is little acceptance of professicnai peer relation-
ships across departmental lines—of individuals who were not hired,
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promoted, tenured, and managed by a given department. Department
heads may even discourage ex..adepartmental activities, and faculty
who pursue such relationships are suspect and apt to suffer 1n terms of
salary and access to university resources. The result is a system that
promotes in-depth specialization and strongly discourages the general-
is.’s approach to achieve versatility.

Since faculty versatility is an educational essential 1n rapidly chang-
ing :eas of engineering, this problem must be addre;sed. To do so
requires strong leadership. Individual deans will have to induce their
departmental faculties to develop academic and personnel policies that
support interconnec*ions within and beyond the traditional engineer-
ing fields. During its visits to engineering schools, ABET might also
raise the question of what is being done to prepare for the promise of the
future,

The Panel on Undergiaduate Engineering Education recommends
that, since the ability of engineering education to adapt to change
depends on encouragement and toleration of curricalar and faculty
flex:bility, shared teaching acr;ss departmental boundanes should be
encot raged. The need for educational experimentation must be recog-
nized and given institutional support. ABET could play a supportive
role in such developments.

Obsolescence Among Faculty Membe~s

Short-term considerations in engineering education overnde long-
term concerns The heavy work loads associated with increased under-
graduate enrollment, while manageable in a crisis mode year by year,
have created conditions that can easily lead to obsolescence among
faculty members. As noted earlier in this chapter, the daily need to
meet large classes and to see large numbers of individual students
displaces research activities and professional development.

Changing Fashions

One of the responsibilities of the faculty 1s to advance scholarship in
their d.sciplines. To be successful in this endeavor requizes that faculty
be excellewt in their specialties, which has the effect of concentrating
the research focus of engineering faculty. However, as shifts inresearch
support occur, some areas fall out of fashion. For a school to respond to
the new challenges that continually arise requires a healthy institu-
tional presence in a wide vaniety of disciplines Thus, faculty who have
maintained quality research programs through difficult times provide
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considerable strength to their institutions as new demands arise.
Therefore, the distinction needs to be made between faculty obsoles-
cence and changes in outside funding or fashion University adminis-
trators must avoid declaring faculty obsolete when they are unable to
maintain the expected amount of outside funds

Avoiding Obsolescence

One response of faculty who find themselves “out of fashion ' 1s to
move into related fields. Some do this with considerable succ.'ss, in
both a personal and an institutional sense As mentioned previcusly,
however, departmental protection of territory discourages such efforus
to maintain vitality.

Another response by faculiy to being “out of fashion” is to attempt to
move into incerdisciplinary areas. Unfortunately there are few oppor-
tunities for interdisciplinary research in the university enviionment.
In addition to the inherent difficulties cf organizing such research,
federal mission agencies which occasionally support these efforts are
also quick to discontinue them on relatively short notice, creating
difficult situations for the faculty and s tdents who are engaged in such
ventures.

Therzare nusimple answers to the questions of how to avoid obsoles-
cence or how to utilize faculty better. "he pressure of tenure and the
strictures of departmental boundc.ries coupled with the demands of
professional specialization all work against the movement of facuity
into areas where there are high student:faculty ratios. In departments
that have particularly high student:faculty ratios, team teaching by
departmental faculty and engineering faculty from outside those
departments could both alleviate the high ratios and help tra= sfer some
of the emerging technologies to less crowded departments. But as long
as departments can translate increased enrollments into pressure for
hiring new feculty, high student:facilty rauos vsill be ceen as valuable
currency not willingly shared with departments whose faculty are
underutilized. Healthier institations will result, however, if emerging
areas of high interest are dispersed among several university depart-
ments through chared reaching and project work. Carricula will
become more relevant to today’s students in all departments if faculty
share some of the increased student numbers. Although administrators
have not introluced incentives to facilitate such sharing, they should
do so in order to create a measure of flexibility in the system and to
reduce the financial burden of underutilized disciplines

<a
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Faculty Development crograms

Few universities have specific .aculty development piograms. The
assumption is that individual initiatives for professional development
together with access to the research and course offerings at the univer-
sity will enable faculty to lead, or at least to be current, in their fields.
For some institutions, this may be a valid assumption. If a university
has vital ongoing research programs and strong graduate courses in
most of the important and emergirg fields and if the faculty Fave the
time and the opportunity to include these activities as sart of their
normal work load, then they should be able to remain current as educa-
tors and as researchers.

Institutional Commitment

Few universities meet the requirements noted above. High student:
faculty ratios and greater difficulty in raising support for program devel-
opment and research leave little release time for continuing faculty
rlevelopment. Patterns of research funding suggest that in the future
only afew universities will have an on-campus environment in which
there can be faculty development through access to the latest equip-
ment and strong research prog-ams and with the assistance of direct
administrative support.

All universities will need to provide more formal mechanisms to
ensure boththe -~rtinueddevclopment of their faculties and the vita!-
ity of their educational programs. Such support would incluse the fol-
lowing activities: travel to other v iversities for cooperative rescarch,
short courses, and sabbaticals- periods of residence in industry and
government laboratories where there are equipment and cxpertise not
found in the universitics; relcase time on campus for course and labora-
tory devclopment, taking courses, and internal educational feliow-
ships; and tearm teaching in emerging areas by combinations of special-
ists and experienced faculty. While recognizing the problem, rather
than initiating such formal mechanisms most universities have hoped
that it would be solved through individual faculty and departmental
mitiatives without the umversities’ payment of the costs.

Attractiveness of Academe

Potential faculty members should find out what mechanisms a uni-
versity has to help them continue their professional development.
Many industries res Hgnize the wisdom of using availanle human
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resources more efficiently and of providing specific programs fo: profes-
sional development; potential professional employees expect :hese
things. If universities are to compete successfully with industry in their
effort to obtain new faculty, they need to recognize the developmental
needs of their teachers and researchers—they need to protec. their
investment as jealously as industry does.

A Role for Accreditation

The Accreditation Board for Engineering and Technology could play
a helpful role in the area of faculty devclopment. Recognizing that the
continued vitality of undergraduate engir.eering programs requires a
more formal approach to continued professional development of engi-
neeving faculty, ABET might gather data on existing mechanisms for
professional development, on how many faculty are involved in these
programs each year, and on what professiona ctivitics are supported.
This information, togeth :r with other data gathered, could contribute
*0 1mproving the quality of current undergraduate programs and their
future vitality.

The Pane] on Undergraduate Engineering Education recommends
that engineering schools create specific faculty development programs
with shared institutional, industrial, and governmental funding.

Special Problems

Even those institutions with orgamized faculty development pro-
grams face special protlems. First, cmerging arcas in eiginecring edu-
cation and research require large amounts of equipment :.nd sufficient
numbers of faculty in various specialties to work as a team. Second,
increased competition for decreased federal funding has further con-
centrated research facilities and expertisc 1n a smaller number of insti-
tutions (see Chapter 6 in this report). New patterns of rescarch and
education will be required to make this environment more available to
the entire engineering education community; appropriate mecha-
nisms would include summer programs, coonerative usc of courses
developed to utilize advances in educational technology, university
research consortia, students’ residence on such ca.npuses for part of
their research program, and visiting professorships.

Use of Part-Time or Adjunct Faculty

The usc of part-time or adjunct faculty isafrequent practice nhigher
education. The four primary uses of these faculty are {1} to sabstitute
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forfaculty whoareon aspecial assignment or on sabbatical leave, (21 to
staff recitation scctions 1n courses with large enrollments, (31 to t_ach
selected courses where special expertise 15 required, and (4) w0 teach
regular courses when a faculty shortage exists The last two categones
are particularly pertinent to this study on engincening education

Current Practice

Part-time and adjunct faculty have been widely used dunng the
recent period of faculty shortages While their use 1s imited by geo-
graphical considerations, a sufficient pool exists near many engineer-
ing colleges. When chosen carefully and properly monitored, adju nct
facu’y have beew very effective at both the undergraduate and graduate
levels. They represent the first ine of defense 1n penods of overenroll-
ment and/or faculty shortage

At the undergraduate level there are some inherent disadvantages in
using patt-time or adjunct faculty. Often they are neither available nor
sufficiently intormed toadvise students properly on curricular matters.
Also, they usually do not participate in either the academic life of an
institution (departmental meetings, for example) or in 1ts governance
(committec assignments). Another frequent observation is that such
faculty underestimate the extent of the work load and of the commit -
ment that is required.

In spite of the disadvantages, these faculty can play an ir portant
role, especially at the upper-class undergraduate and graduate levels.
Some praucticing professionals are well qualified to provide the design
and expericntal imperative in engincering education. In fact, in some
countries andon many U.S. campuses there 15 a conscious effort to use
adjunct faculty on a continuing basis because they arc thought to be
better qualified to teach in areas in which current practice 1s important.

Professots of Professional Practice

As a result of curricular trends of the past 25 years, the strong ten-
dency to eraphasize the theoretical has resulted 1n the deemphass of
things practical. Onc could almost state 1t as a theorem: The pure
dnives out theapplied This trend prompted the move to restore the role
of design in engineening education and to make 1t an explicit require-
ment for ABET acaeditation However, there has not heen a strong
complementary move to mnclude this acaderie component through
the conscious and continuing use of practicing professionals as adjunct
faculty.

An opportunity cxists to achieve an important educational goal
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through tiie structured use of practicing engineers n the educational
process. To achieve the desired level of involvement and recognition,
such adjunct appointments could be made with the title Professor of
Professional Practice. If this opportunity was pursued in a conscious
manner, .1 cadre of such professionals could have significant impact on
engineering education.

The Panel on Undergraduate Engineening £ducadon recommends
that colleges of engineering identify and utilize faculty other than those
in tenure tracks—military retirees, persons reentering or shifting
careers, adjunct faculty, and other professiona:’y qualified persons,
with or without Ph.D.s, who welcome short-term contracts or second
careers.

Colleges of engineenng and professional societies should promote
the use of Professors of Professional Practice. Such appointments could
be either as adjunct faculty or, preferably, as full-time resident faculty
for specific periods of time. The cooperation and support of industry in
providing loaned staff are essential to achieving the educational goal of
greater emphasis on practical aspects of engirieering. The use in indus-
try of regular faculty on complementary leaves would also support this
goal.

Overenrollments in Electrical and Computer Engineering

About five years ago enrollments in electnical and computer engi-
neering programs began to nise markedly The studsnts in these two
disciplines now comprise 40 to 50 percent of the student population in
some engineering schools. Although part of this surge has been in
response to a strong demand {jobs), it results mainly from the peicep-
tion that successive revolutions in communications and circuit tech-
nology, combined and integrated with computers, are creating a new
technological age. Many engineering educators believe that a struc-
tural change in engineering education is indeed occurring. During this
transitional period the profession must recognize the need for change
and respond accordingly.

The result of the recent increase 1n enrollments 1s appreciable over-
enrollment 1n electrical and computer engineering prograins. These
academic arecs have the most severe faculty shortages. Courses are
oversubscribed. Laboratory facilities and staff are overextended, and
building and classroom space is inadequate. In response, schools have
applied a patchwork of corrective action. Part-time instructors .. d
even undergraduate students have been utilized to teach courses. Caps
have been put oncourse enrollments, or extra sections have been sand-
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wiched n. Laboratories are pressed into use evenings and Saturdays,
and laboratory setups are added However, because of the inherent time
constants of higher education, institutions have becn unable to
respond adequately and to reallocate resources. Quality has suffered
The sirains have become so acute that many schoolsare either taking or
seriously ¢ ontemplating defensive actions.

Alter~1tivesto Overen:ollment

Although there have been other periods of overenrollment 1n engi-
ncering education, their duration was relatively brief and their extent
limited. Not since World War II has the dislocation been so severe. This
structura’ change 1s a new phenomenon, one that engineering institu-
tions are ill-prepared toface.

An obvious alternative to overenrollment is somehow to restrict the
number of students permitted in these disciplines. If this 1s done at the
time of matriculation, however, students must elect their engineering
major while they are high school seniors Moreover, experience shows
that, with free choice, at least half of the members of the freshman class
change their intended major subject. Such restriction imposes the
added educational disadvantage of prematurely narrowing the scope of
engineering education. For several decades there has been a strong
movement to keep curricula as broad as possible for as long as possi-
ble—even tothe end of the sophomore year.

Enrollments could also be restricted by establishing a performance
threshold forentry intoelectrical or computer engineering. This- sould
normally be done at the beginning of or during the sophomore year; a
testor course grade would determine eligibility. This has the disadvan-
tage of separating students by achievement and thus of creating at least
two classes of students. One can further envisage the difficulty 1n
deciding between a B + or an A - student, not to mention that perhaps
space would be available only for A students anyway. Nor can such
separation recorcile the disappointr.ent and frustration of the
excluded student who, regardless of indices, wants ¢lectrical or com-
puter engineering. Fuculty commttees are often frozen by indecision
when required to choose between such unattractive alternatives. They
suspect that there is an inadequate base of knowledge upon which to
make such judgments about the lives of others Pertormance criteria
are not all that trustworthy, nor are the roles of motivation or ultimate
career success that wellunderstood

Nevertheless, assurming that the change is indeed structural and that
institutions cannot in a short time period add sufficient new resources
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to eliminate the problem, some difficult decisions will have to be
made. Although different schools will respond in different ways, com-
binations of the policies and procedures outlined below are likely to be
implemented.

1. Give exphcit preference 1n other fields to those applicants who
declare that they will not study clectrical or computer engineering.

2. At the ume of acceptance, commut 40 percent or so of the avail-
able slots to those desiring the two preferred disciplines Simultane-
ously, introduce performance criteria necessary tomaintainone's place
in the preferred categories during the freshman year

3. Based on course performance in the freshman year, make up the
remaining 60 percent portion of the class in the two preferred disci-
plines. Introduce performan ¢ critena during the sophomore year to
maintain one’s place in the preferred categones

4. During the summer of the sophomore year, give courses requirea
only for those who previously have been denied entrance but who could
now be admitted as aresult of openings created by those not continuing
1n the two preferred disciplines.

5. Severely restrict the entry of transfer students to the two preferred
disciplines.

6. Because new electrical and computer technology 1s strongly
influencing all sectors, move portions of the subject matter to other
"nearhy” discirlines The most likely candidate 1s electromechanical
engineeri~g. In fact, there 1s already an unmistzkable electromechan-
ical trend 1n mechamical engineening. If pursued 1n an explicit and
attractive fashion, this would meet the needs of many students

7. By forceful and continued adiniistrative action, resources could
be reallocated to the two favored disciplines in the structural change.
At the same time, carc must bc exercised not to deprive other disci-
plines if these two cease tobe favored by supply and demand.

Whue none of the: alternatives is especially appealing, a combina-
tion of them would effect an element of control while maintaiming a
measure of administrative flexibility Though our knowledge of stu-
dents’ disciplinary preferences and our understanding of cniteria for
selection of the best candidates 1s incomplete, the problem of over-
enrollment must be de.it with aggressivily while 1t continues to be
studied

The Role of Women and Minorities

Minonty and women engineenng faculty have an important contn-
bution to make to the solution of the current faculty shortage, to the
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environment for minority students who arc US citizens and for
women students, and to the environment for majorit* male taculty and
students. Yet the number of minorities and women on enginecring
faculties is very small—sometimes only one or two in a school.
National Science Foundation (19827 1) statistics shov. the surprisingly
small participation of women faculty 1n schools of engince.1ing in 1981

Men Women

Women %
% Number Number % of Total
Professors 551 7,183 29 197 04
Associate Professors 279 3,644 40 272 11
Assistant Professors 143 1,864 76 517 39
Otlier 27 352 2 14 06
Total 1000 13,043 147 1600 60

In 1982, 4.4 percent of the Ph D degrees in engincering, or 126
degrees, went to women. Of the 2,887 engineering doctoral degrecs
awarded in 1982, 11 (0.4 percent) went to blacks, 26 (0 9 percent) to
Hispanics, 2 (0.1 percent) to AmericanIndians, and 124 (4 3 percent) to
Asian-Pacific minorities. Engineering ,aculties also include those
whose Ph.D. is 1in science, so that the pool of potential faculty is some-
w' at larger than the pool of new engi..zering Ph.D. recipients

The small number of minority and women faculty n engineering
schools is due 1n part to their historically small number available for
faculty positions and 1n part to the relative 1nvisibilsty of professionals
1n these groups. If they are to become membe  of university faculties,
active efforts to search out women and minorties for faculty positions

are rpnu‘rprl Annvnrrnyo rorrnitmaont ey nnvnnvrur,cn tn mantnyo aonh
oo
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stantial share of the 126 new women Ph D s in 1982, for example,
might have nrovided a noticeable increasc 1n the percentage of women
faculty

In addition, neither women nor minonties fit the prcconceived
image of a potential engineering faculty member for a dcpartment
expanding 1ts staff. They are often 1n1s1ble as potential candidates fo.
such faculty positions

In the case of women, current data show that female graduate stu-
dents are less likely to have research assistantships in engineering and
are more likely to pay their own tuition. Thus, some women graduatc
students may not be receiving the kind of financial and ntellectual
support that is required for access to and success in a facuit+ position.

Such causes affect the role of women 1n engineering ~ducat.nn, espe-
cially theirrole as models for female engincering students Itisunl+kely
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that the 147 wumen faculty amnong the 13,043 men that made up the
nation's tctal engineening faculty in 1981 can begin to play the needed
role for more than 55,000 women undergraduates 1n engineering.

Experiences in the University Environment

Once hired, minority and women faculty may find difticulty in
2~hicving their professional goals in the university environment. Engi-
neering research is often done in teams. Withou: strong university
supvort, women and rnorities may simply be left out when faculty
jon together on research proposals—it is no one’s responsibility to see
that they are included. Senior faculty often take responsibility for help-
ing junior faculty form ties with the outside world for research support
or to protect their time so that they can concentrzte on research. They
may be less inclined o provide this supoort and protection for women
and minority faculty.

In the competition for internal funds, space, and work load, women
and minorities may be at a significant disadvantage. A typical incident
concerned a junior female faculty member who was constantly asked
bv senior faculty to teach their classes when they left the campus to
consult. She felt that she could not refuse and was left withasignificant
tezching overload. How will these same colleagues vote when she
comes up for tenure?

Because of their special status, women and minonty faculty are often
overloaded with commuttee assignments: They serve on departmental
commijttees, university committees, searc’ committees, personnel
committees, thesis committees, ov e committees, professional
society committees, and so on Department h: ds often do not give
adequate career cou.seling with regard to the priori-1es in accepting or
declining commattee assignments. Alsu, Wolli . .ad auinensy faculty
often feel astrong ~=spunsibiuty torepresent thoir group onall commut-
tees In a umversity with few women and minonty faculty, they are
oft~ 1 burdened w.th excessive committee assignments

A Special Resource

Despite these difficulties, 1t1s important thar unmiversities succeed in
bringing women and minorities nto full paracipation cn umversity
faculties. There is no substitute for women and minorities 1n the class-
room as yole models and mentors for women and minority students. An
often-overlooked but equally ..nportant functicn 1s their leadership
role for white male students. How can majonty male faculty be
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expected to give adequate support to the aspirations of women and
minority students without the experience of working in peer relation-
ships with women and minority faculty? If today’s undergraduate
women and minority students are to achieve supervisory and senioz
management positions in industry and senior faculty positions in uni-
versities, then a significant number of today’s majority students must
become accustomed to minorities and women in leadership roles 1n
engineering, in this case as professors.

Educational Technology in Teaching

The enormous influence of technology on our society will have “lit-
tle or no effect in the near term on education unless educators do much
more than they are now doing to adapt and exploit technology.” Some
compare the unresponsiveness of our cresent educational system to
that uf smokes .ack industries. The hope is that “the needs of education
for information technology are so strong that [it] will ultimately be
adopted” (Deringer and Mo'nar, 1979:iii).

Present Barriers to Adoption

The present bammers to the adoption of technology in educaucn are
social, economic, educational, and, understandably, personal. Educa-
tors find it almost impossible to adopt izformation technology that is
not compatible with existing educational systems. The large initial
investment in hardware, software, and courseware, for instance, 1s
recoverable only through widespread utilization of the rssult. Schools,
on the other hand, are small, decentralized, diverse, and independent
organizations accustomed to “ cottage industry” production and devel-
opment methods. They do not buy complete instructinal systems:
they hire tacuity. Furiier, facuity feel ducatencd by lator-saving
instructional systems.

Faculty need rewards and assistance to develop educational technol-
ogy (E-T). They respond to bonuses and other incentives to attract and
retain qualified personnel. Faculty who have aptitudes in needed disc'-
plines need assistance in making midcareer changes to help enhance
their productivity and quality. *

Finally, lukewarm interest in educational technology results 1n a

* Much infermation in this parag,raph and the rest of this section 1sfron Paldw.n and
Down (1981}, which concentrates on instructional teievision
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lack of coordination of resources despite great cffort to provide such
coordination. Well-documerted couises covening standard matenal are
not generally ex..uangeu among universities despite the existence of
the Association for Media-Based Continuing Educatica for Engineers
(AMCEE), which produces a catalog of more than 500 courses The
professional prerogative of designing one’s own course matenals handi-
caps these legitimate opportunities to increase productivity while
maintaining quality.

"nstructional Goals

The most common instructional goals for educational techn»logy 1n
engineering are

1 Toenrich improve, andindividualize instruction
2. Toreduceor contain costs (of teachers and/or administrators)
3 Toservethe unserved orenlaige coverage

To reach thesc goals, a systems approach to E-T 1s needed—educators
must know the institutional or programmatic goals, adapt appropriate
technologies to them, snd be able to measure their accomplishment
throughE-T.

Theory of Educational Technology in Teach.ng
The first teaching machines were based on B F Skinner’ principles:

1. Reinforce thestudent’s responses frequently and immn.ediately
2. Give thestudent control of the lcarning rate

3. Make thestudent follow a coherent, controlled sequence.

4 Require participation through responses.

When self-paced instruction (¢ g, the Pcrsonalized Syct.n of
Instruction (P51}, “"the Keller rian )ismcdiaiva vy insiructienal relevis

sion {ITV) or any other E-T, 1t should inclnde the following compo-
nents:

1 Seclf-pacing by ability and demands on the student’s time

1. Umt perfection required to advance to the next unit

3. Motivational rather than s:mply informational lectures and dem-
onstrations

4. Stress on written word and teacher-student communication

5 Use of proctors for repeated testing, immediate sconng (feed-
back], tutoring, and versonal-social dimension
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Simnvlicity and active participau.on are essential to the effectiveness of
edu itional technology.

Delivery Systems

The first modern educational techaology, though now little used
despite its proven effectiveness, was radio. Other audio transmission
systems a~e recordings (records and tapes) and telephone. Telephone
lines can also be used for document and video transmissions. Delivery
was a problem in the older ITV systems—tapes, examinations, and
papers required transportatior. Now courses can be sent over any dis-
tance and used throughout ar- azea if a large, aggregated audience can
justify tiie expense of using a satellite. Subcarriers of the signal can
deliver examinations. Even the proble:n of aggregating a large audience
can be solved by taping the signal at each recewving location for later
broadcast.

The Appalachian Community Service Network uses satellite trans-
mission to offer college courses and adult education in more than 2.5
million homes. AMCEE can distribute videotaped courses to engineers
throughout the nation. The Public Broadcasting System uses lower
power signals received by special antennas for its National Narrowcast
Service to carry a wide variety of both pustsecondary and preccllege
programs (Grayson, 1982-24-25). The National Technological Univer-
sity published 1ts first bulletin for the 1984-1985 academic year. 1t
included 100 master’s-level courses, of which 24 were listed in its class
schedule for fall 1984. They were scheduled to be offered at 7 of the 15
institutions {including the University of Alaska) that indicated the
intentionof .operating in the venture (Baldwin, 1984).

Costs of Instructional Systems

The costs of video and computer-haced mermictional cvereme can ke
great, but so can the savings in time and the effectiveness for learning.
Costs for live production increase greatly when a lectuie, demons:ra-
tion, or course is produced for repeated use—the time required can be
multiplied by as much as 100, or by even more for the commercial
quality required for nationally broadcast programs {Grayson, 1983)
However, the economies of scale are likewise multiplied In 1980about
500 colleges and universities enrolled 20,000 students 1n courses that
were based on the viewing uf such prugrams as The Ascent of Man and
supported by additional course matenals (Licklider, 1979:4-5)

The costis of computer-assisted instruction (CAl} can be even greater
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than those of instructional televis.on, although with CAI the invest-
ment 1s 1n profession.] time rather than in hardware and visual
resources; most producers will not make the cffort required. It takes
100 to 1,000 hours of development time to create one hovr of high-
quality CAI tutorial materials, and techniques have not been discov-
ered to reduce the creation time significantly whil= maintaiming high
quality. And in cases of rapidly changing subject matter, massive rcvi-
sions can keep costs high. However, 1n most cases programs can be
upgraded progressively, yea: after year, without attenuation due to for-
getting. And the very best programs—unlike the best human teach-
ers—can be re . 'icated inexpensively and distributed widely

Uscs of Video-Based E-T

While the applications of instructional tclevision are as varied as
human inger:uity permits, the basic applications parallel instractional
activities: lectures, demonstrations, lat oratory work, tuturing,
reviewing, off-campus teaching, presentations and critiques, and job
placement interviews and career guidance.

The only difference in the effectiveness of in<tructional television
from that of live lectures and presentations is flexibility f viewing
(time, place, and numbers of viewers). While this flexibility .1lows
students to review lectures or to view some for the first time, students
son.ctimes stop viewing the lectures after the novelty of ITV wears off.
The attitude of undergraduates is {rcquently unenthusiastic even
though learning has been proved to be unimpaired, and is sometimes
even enhancd by outstanding instruction when material is presented
on television.

Classroom demonstrations are possible through ITV during lectures
and recitations. In large lecture rooms, oversized screens are mounted
on either side of the hall for close-up viewing by all students In labora-
tory ouises, TV dliuws Clust viewlilg Of mICToSCopIC expenments and
simulations of experiments, machinery, and proces.es that cannot be
duplicated on campus A special, related technique is the “electror:
blackboard” (see Gupta, 1981}, whic* 1sa method of sending televis:. n
images to remote classrooms that are wired tor two-way discussions
between students and instruztcrs The advantages are participation in
many locations; taping and reuse of discussions; and, after the capital
outlay, cost savings. It 1s difficult for instructors to relate to remote
students, but this can be done to some extent via the electronic black-
board since instructors can speak directly with students. Electronic
blackboards also incur additional costs—for delivery of homework and
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exams, counseling, and adrnistrative coordination; in addition, each
link in the network costs $30,000 per year to operate.

ITV offers a convenient way to present off-campus graduate and con-
tinuing education at the work site and at other locations. Jumor col-
leges that have agreements tc articulate their programs with senior
colleges might begin to offer the senior college courses to students who
are still on the junior college campuses. High schor .s in remote arcas
can receive precollege math and s.:ence from ITV. Off-campus uses of
E-T offer some of the best opportunities for innovation, since these
sites are so new and are rarely under the direct control of the institu-
tion’s regular system of governance. The cardinal rule for this kind of
anzn,ement is “Pay as you go" —i.e., maintain self-sufficiency so that
the use of E-T for off-campus pur 3ses does not face the same financial
coustraints it faces in other ac:  mic programs {Baldwin and Down,
1981:32,41, 73).

Review of lectures and o*her course work with a tutor through tac
useof ITV during recitation or in smll tutoring sessions (as 1s required
in PSI) is an improvement over the discussion of a lecture that must be
recalled from memory.

Proiect presentations can be videotaped for the student to review
with an evaluator. The same sort of technique 1s useful in practicing for
o7 1n actually doing interviews during career placement - - help grad-
uates polish their job-searching *=chniques Videotapes of interviews
with leading engineers and other key pecple (c.g., em ~vers, students,
guidance counselors) and documentary informat- aut the profes-
sioncanalsc encourage stu.dents to investigate ca, 1N engineenng.

Audio-Based E-T

Andiccasseties have prowupred o eene image of a classroom with a
cassette pla scron the teacher’s desk ‘acing aroom full of corresponding
c1ssette recorders, but the idea also suggests that stuldents and “eachers
alike are at home with at least one mediurn of caucational technology.
The taping of specches and musical events 1s commonplace The use of
cassettes appears to be limited only by the limats of ingenuity. Some
faculty. forinstance, require ablank audiccassette with cach laboratory
or other report. The insirzztur uses the cassette to record comments,
which are keycd on _he student’s written report by red-penciled num-
bers and underlined passages. Voice tone adds a personal Zimension to
the tutoring. More important, the relative speed of speaking versus
writing makes the task less time-~ousuming and more c.mplete.
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Computer-Based E-T

In the 18 mon:hs preceding May 1982, the number of computers
available for i:nstruction 1in elementary and secondary schools
increased by one-third, to 97,000. Market surveys indicate that the
number will increase by over 300 percent by 1985. Manufacturers arc
now offering large discounts on personal computers to universities that
are committed to uzing them extensively and/or are undertaking major
experiments in the application of computers to education and related
endeavors. Apple Computer has established the “Macintcsh Coisor-
tium,” with discounts of 60 percer.t to 24 insatutions. IBM and Digtal
Equipment Corporation alone and together are supplying, and ome-
times working with, groups of universities and individual institutions
on special projects.

Barriers to Computer Use

In spite of the develoomentsieferred to above, wide use of computers
lags behind its potential because most faculty have yet to master com-
puter use and not enough of them are involved in development of
sottware. Software development requires large expenditures of money
and faculty time, and dissemination of hardware is limited. To over-
come such barriers, CONDUIT, a nonprofit university consortium, has
established a national clearinghouse for microcomputer-based instruc-
tional materiais to collect and evaluate instructional programs and to
disseminate information about them (Grav<on, 1982:15).

Potentialfor Learning

A 1980 review of 59 studies of computer-based collegiate education
showed that the computer made a small but significant contribution to
the effectiveness of teaching students at all aptitude levels, raising
scores on examinations by about one-quarter of a standard deviation
(Grayson, 1983:364). Whether or not computer-assisted instruction i3
significantly better than other te2ching techmques, *ts main value is
for individuali. ed learning. Computers can focus the student’s atten-
tion on central problemsrather than on routine calculations: For exam-
ple, 1n a word processing mode the emphasis is on composition and
revision rather than on routine correction and retyping

Computers foster the discovery and organization of ideas. Computer
languages give students new approaches to thinking, new ways of deal-
ing with information and knowledge. Their requirement of specificity
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forces concreteness on otherwise vague or abstract ideas. Comiputer
modeling permits students to concentrate on the in¢ vidual parts of a
complex concept and then to put the parts together without losing
track of any of the parts. Beyond these immediate advances is a longer-
term development — *hat of human adaptaticn to some of the complex
information structures and formal languages that are “natural” te the
computer. Heretofore, natural languages have dominated human
efforts to preserve and transfer knowledge and have been challenged
only on narrow fronts—by the languages or symbolism of mathematics
and the special terminology of scientific or technical fields. But the
computer appears to be introducing powerful cew ways of representing
ideas and relationships among ideas; these new representations may
someday be as significant to education as the computer itself {Lickhder,
1979:6).

Educational Uses of Computers

Among the simplest and most ime-saving uses of the computer 1n
teachirg and learning are drill and practice in certain types of skills,
particularly :n mathematics. Fully computerized instruction has been
used successfully in such courses as accounting, calculus, and com-
puter programming, and 1ts use will increase, at least 1n appropnate
subiect areas. As it does, it will b2come more and more possii-ie to offer
student-managed home study (Licklider, 1979:7).

Another important use of compu.ers in education is that of accessing
not only the catalog of the local library but also, through nternationz!
computer networks and the interlibrary loan system, many of the hold-
ings represented by the collective catalogs of most of the world’s major

libraries The gre tost neahlam with thic uce of comaueore iz the coze s
libraries; without sufficient support from public and private agencics,
the user will have to pay for such service {Rosenberg, 1983).
Computers can also store data and d>cumentary information as a
base for case studies, which helps the student practice nvestigation
and analysis and find the best solutions to real-life problems. Furthei-
more, interactive computers can allow an instructor’s intervention to
inflv .nce the unfolding of such “real-life” situations—gaming
Another flexible use of CAl that is especially important for the educa-
tion of engineers is interactive graphics for computer-aided design/
con_puter-aided manufacturing (CAD/CAM)| design applications
Interacuve graphics offers pedagogical and industnal advantages that
are particularly helpful to human intervenuion in complex designs. Not
onlyisnteractive graphicsuseful for practice in analysis and synthesis,
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butit also helps develop intuitive and visualization skills; and it allows
testin, trial and error, and correction 1n design.* Computer graphics
encourages ntuition, rather than exact calculanon, because of the
instantaneous reporting of results. The industrial advantages are reduc-
tions in design time, in cxpensive experimentation, and in time
between design and production.

Simulation is closely reiated to interactive graph:cs. Once a student
Las separated chemicals from a mixture several times in a laboratory,
simulations can ceinforce p-ocedures learned there by allowing the
student to analvze mary other mixtures. While the comp:ter does not
wet the hands o the undergraduate hydrodypamicist it costs much
lessthanareal physical model, flow laboratory. Siinulation is certain to
playan important rcien engineenng education of the future {Alameda,
1983:107).

Many people question whether the benefits of the undergraduate
laboratory justify the effort required of both students and faculty—they
describe undergraduate laboratory work as an infinite sink for time and
effort—and some look to the computer as a substitute that will make
the work more manageable. The computer can remove the tedium of
data acquisition and data reduction for many experiments without
eliminating student effort in the analysis of the results. That analysis
aims at the goal of undergraduate study, namely, understanding of the
principles and methods of science and engineenng. Furthermore, auto-
mated laboratory systems can sometimes detect, report, and react to
subtle changes inexpenimental conditions better than unsided systems
can Computer-aided instruments are also capable of producing greater
precision, accuracy and reliability in data taking, and the data collected
are1n digital form, ready for postrun computer processing. Ultimately,
however, educational technology must be viewed as an effective sup-
plement, not as a substitute, tor learning iaboratory procedures. Ine
computer is best used to enhance learning 1n the laboratory and *o
refine experimental findings there {Saltsburget al., 1983:81-83)

Computer-manaved instruction {CMI) is a further dimension of this
educational technology The Ed cational Testing Service has invest-
gated how computers can simultancously test a student’s ability and
provide ‘nstruction by encouraging the student when he or she arrives
at correct answers or by giving hints and allowing the »tudent to try
again when errors are made (Grayson, 1983 362) Such interactive

* See Baldwin and Down {1981 66-681, summanzing M | Wozny, ‘Intcractive
Graphics for Engineenng Education,” Professional Engincering 38(fune 1978 14-18
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techniques can also show the instructor when rnany students in a class
have not mastered a concept; course materials can then be revised as
needed. Also, the more advanced word prccessors can identify punctua-
tion and grammatical errors, freeing the teacher to concentrate on sub-
stance, writing style, clarity, and orgamzation of 1deas.

The systems described above have great potenual for elaboration
Some have demonstrated that they canscore tests, keeprecords of cach

student’s mastery of major vojectives, prompt students and refer them
to sources of help, flag student problems for instructors, keep track of
supplemental assignments, manage course assignments cfficiently,
and p~~vide data for evaluation of course results (Gravson, 1984.13-
14).

The Panel on Undergraduate Engincening Education recommends
that faculty weave computer use 1nto the fabric of engineenng curric-
ula. Administrators must treat this mcorporation of computers ds a
“mainhne” activity by allocating a percentage of the budge* .o the
endeavor.

Combined Technologies

Randome-access video”’ e ITV the same 1nteractive and feed-
back capability that com, 2 They also allow forms of visual
instruction beyond the text » s of CAl The videodisc resem-
bles a lorg-playing reccrd ane re 30 or 60 minutes of full-motion

videoon each side. The optis .. u. 1aserdisc can store 54,000 slides, one-
half hour of continuous-motion pictures, or a combination of the two,
because it can code and display each of its frames individually The disc
lends itself to adynamically programmed format for stand-alone use or
in conjunction with an external computer in an interactive mode.

IDIVE a5 ULIE LI LI 1HIVSL ElabULLALE VIUCOUISG TaiTIiTIE oy obviaio aii 115
36 Guided Learning Centers fcr small-business-systems customers
Each center offers 20 tr-1ning programs of one to five days on three
videodisc players, remote control units, TV moritcrs, audiocassette
recorders, and surrogate computer terminals for completing student
exercises. Dunng the first year of operation of this program (1980),
21,000 customers completed 40,000 student-days of instruction (Gray-
son, 1984:28-30).

Twenty-onc engineering colleges and umversities have joiuced under
AMCEE to produce and # :tribute videotapes of courses, seminars, and
other materials for off-campus use One type is the “candid class-
room,”’ which allows the viewer to hear and see everything that the on-
campus students do. The other type is produced 1n a television studio
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General Electric Company has produced a senies of nine videotaped
courses on electronics applications for the continuing education of 1ts
engineers and engineering managers throughout the world By 1982,
after less than two years of operation, 7,000 people had enrolled in these
courses (Grayson, 1984:28-30).

Conclusions

To enter fully into the current age of technology and to take full
advantage of the powerful resources offered to education, there must be
encouragement—in the form of prlicy and fiscal support—from federal
arnd state governments, from private sources, and from educational
institutions. Faculty participation in the development of educational
technology is also essential. S3uch participation is difficult for many
faculty members, and, for some faculty (for reasons already cited) the
change will be slower than is acceptable. Engineering education will
have to depend on the professional pride of some faculty to respond
once they are convinced of the advantages of bringing the new technol-
ogies into their classrooms. Student acquaintance with technology
through videogames and aggressive advertising by hardware manufac-
turers will probably spur this pride more quickly than has been the case
in the past.

Once convinced of 1its importance and of the need for it, we must
define the place of educational technology within the educational
process in order to take full advantage of it An overall systems
approach to the use of educational techne'ogy must be developed so
that it is known what goals are being sought, how tec nology will
support these goals, and how their accomplishment will be measured .
Such an approach is es~enuial, since the costs associated with imple-
ment.ng educational technology will be exceptionally high.

The Panel on Undergraduate Engineering Education recommenas
that the engmeenng profession undertake a comprehensive study—
and immedi. ‘ely implement 1ts findings—about how tc make educa-
tional technology more efficiert and how to 1mprove both the process
of education and the learming experience. Funding by government,
foundations, and i.dustry 1s essential to achiev : this result.
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The Curriculum

There have been dramatic changes 1n enginecning curricula = the
past 30 years A review of this evolution clearly exposcs persistent
tensions within engineering education

A Record of Change

An examination of the textbooks 1n a given engineenng disciphine
over the past 30 years reveals changes stniking in both nature and
extent. The trend 1s toward a deeper, more fundamental understanding
of the subject, combined with greater dependence on r 4. ¢matical
analvsis and modeling. In fact, the undergraduate textbooks of one
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previous periuu. One concludes that a considerable body of knowledge
has flowed from the graduate to the undergraduate level.

Furthermore, a review of the engineering college catalogs over the
same 30-year period reveals the unmistakabl.: trend of increasing sci-
ence and engineenng science content with a compensatory decrease 1n
topics associated with engineering practice Such catalogs also indicate
a trend toward greater curnicular flexibility, which includes time
explicitly devoted to the humamties and social sciences Like the text-
book evidence, catalogs arc the printed summary of extensive and often
heated debates within enginecring faculties They also reflect the adds-
tional dimension of “outside” influences of aecreditation bodies such
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as the Accreditation Board for Engi~- ‘ng and Teclinology (ABET) and
of n.dustrial trends.

The broad goals of undergradua  .agimeering educaion—to prepare
students for practice, graduate study, and hifelong 'earning—arc the
underlying reasons for these curriculzr chan ges Withregard to the first
goal—preparing students to contribute to contemporary professional
engineering assignments—the curriculum is ne ~sarily part of a
dynamic process. As professional engineering practice changes, the
educational base must change; tF= rate of change in most areas of
professional practice since World War II has caused curricular stress.
The second goal of undergraduate cagineenng education—preparing
the student for graduate study—imposes an additional curricular
dimension that is not always compatible with P cparation for profes-
sional practice. The conflict appears not only in the approach and sub-
stance of particular courses, but also in the tir.e devoted to what
appedrs to be an ev r-broadening runge of subjects. The third goal—
providing abase for Ielong learning 1n support of evolving career objec-
tives—has a subtle and open-ended purpose. I arempts to adaress the
fact that ' -ring the active career life of an engineer, he or she is apt to
take on increasing supervisory responsibilities, which often lead to
important management positions having a strong economic compo-
nen' Thus, the three-dimensional nature of the goal-, together with
the aynamic interaction among them, shapes the undergraduate engi-
neering curriculua.

Science Versus Engineerin
£

The dramatic termination of Wo12 War II not only estabtished that
technology was tne determining factor n that conict, but, of equal
importauce, it resulted in recognition of the science-based nature of
that technology. The role of fundamental science both in changing
traditional * ds of engineering and 1n creating whole new technolo-
gies has been 1ilustrat.d many ume: in subsequent decades While the
underlying motivation for change is often economic or results from the
unending drive to improve the quality of life, the cycle of movement
1rom scientific understanding to pilot-state experimentation to imitial
technological application to mature technolog:es is an unmistakanle
feature of our technological age

The curricular consequences of these postwar developments have
been major and have led to wrenching experiences in some disciplines
For example, the first freshman-year courses elimin-ted or forced to
atrophy were the so-called shop practice courscs. This chang. 'was
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rapidly fojlowed by a reductior in drafting. Although these courses
c'=arlv provided mot-vation to the fledg'*re smginecer and some knowl-
euge of what was then “current practice, tae claim for more science
and mathematics was given nigher priority. How ‘er, 1n recent years
these very topics have reemerged and have been transtormed as aresult
of the science-technology cycle cited above. Computer-aided design
{CAD) and computer-aided manufacturing (CAM) now appear as well-
accepted topics 1n modern engineering curricula.

Curricular Compression

The expansion of graduate education 1n the 1950s and 1960s imposed
add‘tional pressure on curricula as some of its topics were moved back
to the undergraduate years. Laboratory work was compressed and
deemphasized. Cver a period of time this =~ fuction reached the pc'nt
where in some cases the residual laboratory experience waseducat 1
aliy marginal. While some immediately protested this trend, jnly
recently has the seriousness of letting 'aboratory work vamish froin the
undergraduate curriculum been recognized. In a manner analogous to
the incorporation of CAD/CAM, the rc le of simulation is a topic of
current debate.

The need for additional science and engineering science had the fur-
ther effect of compressing and in many cases eiiminating junior- and
senior-year design courses. In the tradition. | curriculum these courses
were the capstone of the educational program, because in them, ali the
previous “fundamentals” joined with engineenng practice to give the
student the experience of creating a practical device, system, or
process. The reduced emphasis on design created severe curricular ten-
sions, which uitimately led ABET o set a minimum required threshold
on design content. In addition, the professional societies insisted on
playsag a more active role in accreditation, which required their repre-
sentation on ABET accreditation teams.

Presently a kind of moiatorium stabilizes the balance between sci-
ence and engineering. While the partitionir.g of areas is not absolute,
the ~ommon view is that the balance among science, engineering,
design, and the nontechno.ogical component cannot be changed fur-
ther without seriously damaging at least one of thc four. Nevertheless,
pressures do exist for substantial change For example, how will :he
imperatives of computers and the information age find room in the
curriculum? Or how will time be found for incorporating the field of
biotechnology, which is grow ing within many engineering disciplines?
And how is the taird goal of undergraduate engineering education—to

ERIC
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provide a base for ifelong learning in support of evolving career objec-
tives—to be addressed when engineers encounter several techno. Jgcai
revolutions during their cireers and when they are ‘urther called upon
to bridge the gap *rom technology to society?

The Four-Year Constraint

In spite of the cons: an. picssure to include additional subject matter,
the undergcaduate curriculum has generally foilowed the standard 4-
vear time period (althcugh in practice the average engineering student
requires 41/2 years .0 complete the bache.or s-degree requirements). To
some, this constraint has not appcared to be entirely rational, espe-
cially when cne considers that in Western Europe at least 5 years; are
devoted to what is considered in the United States to be college-1 vel
material. However, others view the 4-year constraini as desirable,
because it forces the setting of curricular priorities. Furtbermore,
industry has been outspoken in stating its desire to keep th: “irst profes-
sional degree within the 4-yer time period This is partly because of
the diverse nature of industry’s job demands, but a second consider-
ation is the perceived cost to industry if more years are reqaired. In the
public sector, cost considerations are also a factor in the state legisla-
tures, as well as for families with students in independent institur

However, because of the obvious problems that resulc tfrom tn .
fit more and more content into 2 fixed time period, there have been
attempts to lengtnen the time to undergraduate degree to five years.
After World War I th.  was 2 ser.ous and for that time farsighted,
attempt to introduce a five-year undergraduate program. For example,
all engineering curricula at Corn: . University were changed to a five-
year base, and five or six other ¢ chools moved in the same direction
The five-year program did permit greater depth in individual areas of
specialization and added enrichmeni in nontechnical fields. However,
there was no concerted effort to adopt this approach, and industry
opposed the concept.

Simultaneous with this five-vear experiment was the rapid develop-
ment of graduate rducation in engineering. Thus, an increasing num-
berot studentsdid in fact continue for at least a fifth year, but the degree
awarded was at the master’s level. One difficulty witl the five-year
experiment was that when graduate students coming from other
schools *ve.¢ enrolled in the same upper-level courses as undergradu-
ates, the undergraduates were doing essentially the same work for une-
qualrecognition.

Gradually one school after another discontinued the five-year pro-
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grams, so that by the early 1960s the expernment had come toanend In
hindsight the five-year concept was far in advance of its time, but 1t did
not anticipate the rapid rise of graduate education 1n engincenng. The
fact that the concept wa< not adopted by the profession has tended to
suppre tsreconsideration inrecent years

Recent Proposals

Another anproach to broadening undergraduate engineering educa-
tion has been the introduction of the so-called 3 + 2 curriculum. In
t' se progrz.ms the student takes an initial three years in a libera; arts
se.ang, stu.dying enough physics, chemistry, matheratics, and per-
haps enginzering science courses to be able to transfer ro engineering
with minimwum disloc “*on 1n time. The final two years are spent in an
engineering setting, the student usually receives two undergraduate
bachelor’s degrees.

The 3 + 2 apj roach has never been widely adopted, and the number
of studerts in these programs has remained sn:all. Such students repre-
sent an aberration in a liberal aris environment, and from the engineer-
ing side they have been more tolerated than encouraged. Neither liberal
arts nor engineering faculties have ever seriousl- addressed the purpose
of the 3 + 2 programs. While such programs are often described as
trying to strengthen the third goal of engineering education {providing a
base for lifelong learning in support of evolving career objectives), this
attribute has never been seriously addressed in the sense of a structured
3 + 2 curricuium.

Another ipproach to undergraduate engineering curricula has at
times been advocated by several gronrs within professional engineer-
ir.g societies. This approach divides the entire educational process into
preprofessional and professional components, re.ulting in a first engi-
neering degree after at least five and more protably six years. Advocates
of this approach claim that it is the only way to resolve the conflicts
inherent in the four-year program The advantages of this type of
approach, according to advocates, are that the broad, noatechnir al base
can be es* -blished in a coherent manner, and the in-depth t¢ nnical
component can be added in an environment Jedicated to professional
educ stion. Although medicine and law have long experience with the
preprofess.onal moael, engineering education has not adopted this
approach.

One might consider 3 + 2 programs as an experumental approach to
the oreprofe ssional model. Conceptually, this line of reasoning intro-
duces a structured 3 + 2 prcgram which, with sufficient curricular
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integration, could address the goals of engineering education in a pur-
poseful and comprehensive fashion. However, neither the professional
societies nor liberal arts and engineci.ag educators have approachec
3 + 2 programs in this light.

In conclusion, over the past 30 years there have been major changes
in engineering curricula. The science and engineenng science content
has increased appreciably, with a concomitant decrease in topics asso-
ciated with engineering practice. In addition, more time is devoted to
the humanities and social sciences, and there is greater curricular flexi-
bility. During this period undergraduate engineering education has
experimented with changing or modifying the four-year norm for the
B.S. degree. None of these experiments has succeeded in displacing the
traditional approach. The problems of the time to acquire the first
professional degree and the nature of that degree remain issues in engi-
neering education.

The Panel on Undergraduate Engineering Education recommends
that, to increase elasticity in enrollment capacities and diversity of
educacional background of engineering enrollments, a pilot gioup of
colleges and engineering schools be funded to demonstrate effective
structures for dual-degree programs. Experience gained jrom this pilot
group could then be applied, if needed, to a wider group of institutions.
In addition, the expe-ence gained would be relevant tc the often-
debated model of preprofessional followed by professional engineering
education.
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The Role of Laboratory
Instruction

By all counts, the amount of undergraduate engineering laboratory
instruction has declined drastically in many institutions over a period
of years. The decline began in the 1950s and 1960s when shifts in
curricular content toward scientific theory resulted in deemphasis on
the amounts of time and effort devoied to laboratory work. In more
recent years undergraduate enrollments have doubled and the number
of faculty has increased by only 10 percent, which has meant even less
time available for s.ch instruction. This erosion accompanied a per-
ception among many engineering and science facu'ty and administra-
tors that laboratory instruction was of considerably less imporance
than other means of instruction and certainly of less value than their
own research. Under these conditions, it was the exception when fac-
ulty developed and maintained vigorous, modern, hig'1-quality labora-
tory courses.

Also 2ffecting laboratory instruction, budget constraints since the
early 1970s have reduced funds for equipment to a small [raction ot
previous allocations, or almost to nothing in some disciplines. As
stated in a report by the National Society of Professiona! Engineers
{1982:32):

Clearly the problems of large _lass size, kigh studer. -to-faculty ratios, deten-
orating physical plants, 1nadequate equipment, and inability to acquire labo-
ratory equipment commensurate with present-day technological advances in
industry are too wid-* «tead to be ignored . Continuing ebsolescence of
laboratory equipment a:. s instruments has placed many schools 1n the posi-
tion of not being representative of modern professional practice
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Inmany cases, lab- have become so overcrowded that hands-on expe-
rience and personal involvement are reduced—often with the result
that students lose interest or learn to disdain such work. Faculty donot
have enough technical assistance to set up and check out experiments
and to provide routine service and maintenance, or even to keep tcack
of the location of equipment. Only those who have developed and
taught labo.atory courses know that such instruction reguires much
more time than lecturing does. Faculty become frustrated and discour-
aged by so many problems and by the perc- tion that lab work is not
valued. They feel tnat their time is bette. spent earning the rewards of
their own research and publication; laboratory instruction yields no
rewards. Under these circumstances, ‘‘faculty interest in developing,
renewing, jand| teaching undergraduate engineering laboratories”
steadily decreases (Ernst et al., 1983:203). As a result, the quality of
educationdeclines, and students arc the losers.

Purposes of Laboratory Work

The concept of the undergraduate student as an experimenter is fun-
damental to engineering education and to the role of a practicing engi-
neer. The undergraduate student should become an experimenter in
the laboratory, which *should provide him with the basic tools for
experimentation, just as the engineering sciences provide him with the
basic tools for analysis” (Er »*, 1983b:4!. It isa place to learn new and
developing subject matter as well as insight and understanding of the
real world ot the engineer. Such insights include model identificatio.,
validation and limitations of assumptions, prediction of the perfor-
mance of complex systems, testing and compliance with specifica-
tions, and an exploration for new fundamental information. * The labo-
ratory should [also] serve as a means for the continuing professional
development of the faculty. . . . The faculty member who develops and
continues to revise a laboratory course for engineering students will
find this experience to be a l=arning one” (Ernst, 1983a:52).

Faculty in the Laboratory

As early as 1967, the Commission on Engineering Education of the
American Society for Engineering Education (ASEE)} obs ved, “Inter-
ested staff are necessary to the success of :n undergraduate laboratory
program, yet this fact seems to have gone unnoticed . .. {Department
heads feel] helpless to change conditions in their province because of
lack of staff, staff-1>ading problems, university policies for staff recog-




ERI

Aruitoxt provided by Eic:

78 ENGINEERING UNDERGRADUATE EDUCATION

nitio1., publication a-~d research policies, and alack of conviction of the
importaace of the undergraduate labcratory program” {Commission
on Engineering Education, 1967).

The only hope for using the lahoratory to educate undergraduates for
engineeri 'gin the real world may be if ““faculty involvedn the develop-
ment and continuing revision of a laboratory ¢ ,urse find ihis to be a
creative activity—one that can be rewarding in terms of the continued
professional development of the faculty member. [New laboratory
courses| may be related to the research efforts or teaching interests or
some other r ofessional interest of the facu!-, involved, . . . [an
approach that offers] laboratory instruction as a career dcvelopment
activity for faculty at all levels” (Emst et al., 1983:204). Faculty must
have the support of the department chairman and the dean toreach thi~
level of interest and commitment.

However, those who evaluate the work of faculty members rarely
recognize he value of the laboratory experience in the preparationof an
undergraduate to dc engineering. Nor do they recognize the burden of
work that it imposes For example,

ithe iaculty member must hold| weekly sessions with the TA’s to review the
lab tobe conducted, [monitor| TA’s to ensure prompt 1cturn of lab reports and
appropriateness of grading, |update| written matenals for the lab, [purchase|
acw of 1epi .cement items i the lab, even [1ur) expeniments to check for
smooth operation. The commitment of time and effort . . 1s far greater if a
new...labis tobeintreduced into the curriculum. The latter [tasks| may run
the gamut from obtaining funds and equipment from industry, trying out and
analyzing various setups, developing courseware, encouraging accuracy and
appropriateness of actual results, runuing tests with students, |even to|
designing and building new hardware aad developing softwaie [John,
1983:139|

Deans and department heads need a plan for helping faculty mem-
bers develop laboratories that have full institutional support. Bradley
University chairman Max A. Wessler res~nded to the shambles he
foundir his latoratory by retaining acoordinator tooversee and revital-
ize his laboratory program as soon as a vacancy permitted him .o hire a
person comple "ing his doctorate. Wessler worked directly with the new
lab coordinator to plan the redesign and modernization of the lab and
the courses to b taught in it. The considerable time and energy that he
devoted to working witi the coordinator de monstrated acommitment
"'to him ana to the project and underscored *le priority established for
the laboratory.”” The coordinator’s trust that his efforts would be
rewarded helped him establish good “ominunications within the
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department. “Because of his success 1n teaching and laboratory leader-
ship plus an impressive record of rescaich achievements documented
by publications, [the coordinator received af promotion one year before

he met normal minimum time in rank 1equrements” (Wessler,
1983:132-1334.

Lk perience for a Career

In 1966 the Committee for Laboratory Development reported to the
ASEE Anuual Meeting that 'in many cases, facilitics for the undergrad-
uate laboratorics and the tasks students carry out bear little resem-
blance to the real world in which the student will later be embedded"’
(Ernst, 1983b:1). Seventeen years later an industrial spokesman caid:
““The Engineers should be talking to each other about thzir activities
informally and they should be talking with lab instructors formally.
They do not need grades in this. They just need lots of practice”
(Halverson, 1983:38). If strong academic leadership can persuade the
faculty that its objective is to educate students to du engineering, “the
next sten is to recognize that skillful use of experimental technology is
vital to g.od engine~ring. No one can learn that lesson except by doing
engineering. The faculty mast do engineering to appreciate the utility
and reality of nsing experimental technology. . . [Ijnvolvement of (he
faculty, as coaches not as lecturers, with student groups doing realistic
projects, i5> good and adequate education for the faculty” (Dean,
1983:44).

The Industrial View

Robert C. Dean, Jr., president of Verax Corporation and adjunct pro-
fessor of engineering at Dartmouth College, oifcred the following
observations to his colleagues at 2 1983 conference on the undergradu-
ate engineering laboratory:

|Some industries] are disappointed with the expcrimental <:1ls of your prod-
ucts We are also disappointed with their traiming, in general, 1n how to use
their academic learning Many othe:s have chastised you for being “aca-
demic” {Webster. “unconnected with reality*’} Your students must be ulti-
mate realists to be good How can they be good if you educate them primarly
1n mathematics and applied science taught by scholars? Where 1s the chimical
t1a'ning that the medical profession in. 1sts 1s cssential for the medical practi-
tioner? Why is not such training essentwa!  r the technology practitioner
toc?” [Dean, 1983 43]
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Another practitioner, Harley Halverson of Hewlett-Packard’s Elecc-
trical Engineening Laboratory, explained that engineering “ecducation
should involve as much hands-on experience as practical, doing things
engineers do—designing, building, testing, redesigmng, etc.” He cites
the example of an engineer working on a new signal generator. He was a
radio frequency analog designer starting out on the bench his first day at
Hewlett-Packard; he was assigned a mentor who would help him but
was cxpected to be able to design circuits wichout further training. No
one taught him how to solder or to build breadboard circuits or to use
the basic test equipment. Halverson’s description of hiring at Hewlett-
Packard shows he - important 1t is that engineering graduates be able
to do engineering as well as think aboat it:

When HP is hiring a new engineer, it looks for at least two technical quali-
twes. First, it wants engineers witin good theoretical and analytical ability We
do state-of-the-art designs, and we need state-of-the-art designers. At least
thirty percent of every design team are engineers who have never designed a
new prodvctbefore. They do not get to practice. Itis for real the first time Asa
result, engineers need t0 be prepared to engineer when they come out of
school

Second, it looks for engineers w':0 like to work with their hands. They
cannot be just theoretical. They need to like to build things. . . I they have
never had the opportunity to design build, and test something while in
school, they have mis .d what it means to be anengineer This is not uncom-
mon. Every year we talk to many prospe ~tive graduates wi.o have very liitle
idea of what an engineer really docs. Whea they get to their first )cb they may
find that they do not even like being an engineer. So a stro: g laboratory
experience is a vital part of an undergraduate educ *tion |[Halverson, 1983 37|

Scientific Understanding

The issue of laboratory experience in the education of the engineer is
basically a matter of the teaching of scientific understanding. “In a
laboratory a slice of the world is isolated 1 such a way that it can be
manipulated easily and scrutinized at will. . . . It is also a condensation
oi real life experience into a manageable amount of time and space.
This makes it especially useful as a teaching format’”’ (Graham,
1983:47, quoting Edward Allen, “Things L< arned in Zab,” Journal of
Architectural Education 34(Winter 1981):22-25). To those whose
emphasis on scientific education of the engincer may t.rgze them to
devalue laboratory experience, Edward W. Ernst (1983a:52) pats the
issue this way: “The problems are not simply with manip»lative
skill,” he says. “There are difficulties in attitude regarding what sci-
ence is all about.”
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Practicirg Engineers Do Exper’ nents

Practicing engineers must put their knowledge of science touse in an
interactive cycle of analysis, design, a1 experiment. We appear to have

anew realization that the purpose of engineerning 1s :0 solve human problems

. [T}he Japanese have taught us—and scared us—inco reahzing that the
economic world is a tough place where only weil-engineered pr.ducts can
survive and prosper the Nation’s citizens [These] products must rest on
stroag technology bases ard must be well tested The purposes of the engi-
neer’s cxperimental terhnology are, first, to aid powerfully 1n building the
technology base and, cecond, to test definiavely 1n order to prove that the
product will meet its specs in service [Dean, 1983-42)

The engineer’s basic tools are information, analytical modeling
(mathematical analysis), and experimen... modeling. Experimental
technology has brought the profession to a turning point in engineering
education aswell as in practice. In a presentation to the Texas Society of
Engineers, Gloynaet al. (1979} said: “The tremendous development of
the transistor and later the microprocessor has made vossible the appli-
cation of digital and computer techniques to all fields of measurement.
This has made it possible to perform expcriments in undergraduate
laboratories that were impossible - few years ago wth au accuracy that
bares the true value of an engineering theory ordesign.” The undergrad-
uate engineer’s tools are available; what is needed now is the will as
well as the means to purchase them, and the understanding to help
students put them to use.

The Panel on Undergraduate Engineering Education recommends
that, since it is of primary importance that the role and significance of
laboratory instruction in undergraduate engineering education be
emphasized, colleges of engineering must addiess this prionty need
and, together with industry and government, provide the funding to
achieve the goal of integrating laboiatory practice in enginecring educa-
tion.

A Lab Curriculum

Like any other curriculum, one that requires laboratory experience
should be based on a theory of instruction. Its designers must under-
tand how leaming occurs in the laboratory They raust know how
much laboratory will provide that lcaming, and they must be able to
measure the effecriveness of any method used. They should establich
ovjectives of lanoratory instruction, such as the following (Pulsifer,
1983:57):
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a Demonstrate and reinforce principles discussed 1n classroom
b Develop proficiency in pe rorming experiments
¢ Gam expenence n use of measuring nstruments and basic statistical
techniques.
d Give students practice in planning experim :ntal work
e Develop proficiency 1n oral and wntten presentation of technical mate-
rial
f Expose strdents to teamwork 1n technical areas

Under the present conditions of undergradu.:te engineering educa-
tion in the laboratory, there 1s need of “‘a different place for the labora-
tory in the undergraduate curriculum, d.fferent characteristics for the
laboratory courses, different equipment” (Ernst et al., 1983:206). Fac-
ulty and admunistrators need to think about new ar proaches to labora-
tory instruction, new ways for students to learn, and new types of
equipment. Says Ernst:

Deans and department chairmen must be persuaded to exercise their leader-
ship 1n support of the undergraduate enginecring laboratory In turn, the
faculty must support the efforts by campus administrators by also aggres-
sively pursuing all avenues of e .ernal support to provide a meaningful labo-
ratory expenence for all stud:nts receiving »n undergraduate enginecring
education.

inshort, acommitment by all those involved 1s needed torevitalize the
rol of the laboratory in engineering education.

Impact of High Technoiogy on Laboratory Equipment

To assess the impact of the high-tech revolution on instructional
'aboratory equipment, we must examine both the purposes of labora-
tory courses in the undergraduate curriculum and the nature of the
revolution that affects them. The revolution 1n laboratory cqupment
affects both the sensors and the data acquisition and data reduction
equipment. Incorporation of digital rather than analog elements into
most laboratory instruments today greatly increases their versatility as
well as their complexity. The boundary between the computer and the
laboratory instrument has now disappeared. The appropiiate role of
this equipment in undergraduate engineering curiicula must be estab-
lished, and unmiversities need to keep undergraduate laboratory equip-
ment abreast of such rapid advances.

If the purpose of an experiment is to introduce the student to fund..-
mental physical measurements and an understanding of experimental
techniques, sophisticated cquipment may actually prevent real
involvement of the student in the process. To receive an eatire sct of
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data from the push of a single button has no more educational value
than receiving a copy of astandard datz sheet. On the other hand, when
the purpose of the experiment is to introduce the student to the process

of testan . evaluationas its used inindustry, modern laboratory equip-
ment of high quality is required. In this case, the student needs equip-
ment that will produce, without excessive drudgery, accurate data for
critical evaluetion and use as a basis for engineering decisions. This
latter process does require modern equipment that is at least represean-
tative of equipment being used in industry.

Keeping Current

The cost of revitalizing undergraduate engineering laboratories is
substantial, partly because their substance and importance has been
neglected and partly because they need modernization. The National
Society of Professi- nal Engineers (1982} acknowledged this in a majer
study which shows that the value of the average laboratory equipment
inventory per school declined from $5,810,000 to $856,G00 between
1972 and 1981. To bring the equipment of 250 schools with accredited
programs back to the 1972 level would cost about $1.25 billion,
adjusted for inflation. There is additional need, however, « ¢ to the
doubling of enrollments, which would increase the cost toalmost $2.2
billion. NSPE and others (Shoup ec al., 1983) calculate that it will take
an investment of about $2,000 per student to correct the present short-
fall.

The figures just cited are staggering; policymakers mav question
them, but if realistic figures ¢ used 1n any assessment of equipment
needs, they will reveal the drastic inadequacy of our laboratories for
preparing students for modern engineering practice. The accumulation
of neglect spans a quarter of a century. Instead of depending solely on
the projection of figures related to past pedagogical practices, perhaps
the solution lies in convincing the faculty of the benefits that they and
their students will gain by teaching current engineering practice in the
laboratory. While the costs to modernize our laboratories will still be
high, the senewal process can only occur if the faculty take the initia-
tive in revitalizing laboratory instructiou.

Characteristics of Future Laboratories

The summation of :he 1983 ASEE-ABET conference on the under-
graduate engincering laboratory described the charactciistics of future
laboratories (Emst etal., 1983.205-206):
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1. Faculty involvement will make them challenging, interesting,
and constantly changing to be up to date.

2. Students will have considerably less laboratory cxperience, and
some courses will be elective to fit cach student’s intcrests

3. Clearly understood objectives for the laboratory courses will be
essential.

4. While fewer laboratory experiences will require less equipment,
where practical it will be such as engineers use in the field

5 The presence of support personnel will allow faculty members to
concentrate on continuing development of the laboratory and nonrou-
tine interaction of the students.

6. Thelaboratory work will serve as a focus of sigmificant individual
student-faculty interaction; this should enhance the undergraduate
educational program for the student.

7. Eachof the above “should increase the stature of the faculty.”

The Panel on Undergraduate Engineering Education recommends
that a national program of government-industry-college matching
grants ic needed to address the problem of replacing outdated equip-
ment and of maintaining increasingly complex experimental equip-
ment. Industry, academe, and the professional societies need to join
forces in promoting tax legislation to fac.!1tate gifts of laborator :quip-
ment to colleges ofengineering.
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The Two-Tiered System

Beginning 1n the 1959s, the federal government initiated a compre-
hensive cystem of support for academic research and graduate educa-
tion in the sciences. As the system grew, some engineering ficlds were
included. The purpose of this support system was to develop knowl-
edge and to improve research techniques across a broad spectrum of
disciplines, as well 4s *0 ensure a flow of graduate-level manpower to
meet the research needs of the nation

Rapid growth in funding occurred during the 1950s and 1960s and
remained fairly level from 1969 until about 1975. Then another
upswingin the late 1970s slowed toa modestincrease in the 1980s Thc
federal government's support for academic research and developmen:
in 1981 was about $5 billion.

Effects of Federal Funding

The impact of this comprehensive program of federal funding has
been substantial. Three decades of rising annual funding foster~1 a
group of research universities or institutions whose graduate and
research programs became heavily dependent on contract 1esearch.
This system of government grants and contracts has been of very great
benetit to many engineering colleges, but the focus has been almost
exclusively at the graduate level, so that government funding has been
the driving force in graduate engineenng education.

The strong influence of governmental support on faculty and disci-
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plinary efforts affccts projects ranging from fundamental research to
those with a strong mission onentation A number of sophisticated
laboratories have been established and equipped, so that approximatcly
20 schools now have several first-rate laboratory facilities. The process
has also resulted in a focusing of educacional goals and approaches
especially at the graduate level, but the influence has been felt at the
undergraduate level as well.

Industrial Support

The nise of the government-funded research university also had an
effect on industrial support for engineering education. Several compa-
nies that had traditionally given graduate fellowships began to reduce
these programs. In fact, when some engineering schools attempted 10
establish joint projects with industry, they ¢ncountered a complaint
from industry that because of large and continuing government fund-
ing, the universities were no longer interested in working with indus-
try. The industrial shaie of university R&D svpport dropped signifi-
cantly from just over 6 percent in 1960 to be'ow 3 percent in 1965. Not
until after 1970 did the pe1.entage nise above 3 percent—to 3.8 percent
in 1981. In response to the “crisis 1n engineering education,” some
major corporations have recently made sizable grants to a relatively
small number of institutions. However, many of these initiatives have
focused on the graduate research level at the institutions that have been
the dominant recipients of government funding. Such industrial sup-
port for academic R&D expenditures amounts to about 4 percent of the
total. Thus, the federal government plays the dominant role in this area
with its 80 to 85 percent funding of academic R&D.

Graduate Centers—The First Tier

The major recipients of government-funded graduate education and
research enjoy a distinct advantage, which influences both graduate
andundergraduate engineering education. Their recruitment of faculty
is enhanced because the voung assistant professor can continue work-
ing in a research environinent similar to that of graduate school. Their
policies thereby continue and maintain the academic v1lue system.
Teaching loads at research universities are relatively low, and a faculty
member has a cadre of research assistants. The research infrastructure
includec laboratory facilities, access to modern machine shops, and
extensive library holdings, and most recently 1t includes extensive
computer equipment. Typically, the benefits include special secretar-
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ialand technical support as well astravel funds. Taken as a whole, these
benefits give a powerful emphasis to academic research in graduate
engineering education. !

The Second Tier

At the undergraduate level, no set of national policies or programs
reccgnizes the important role of undergraduate engineering education
in contributing to the imperatives of a technology-based world econ-
omy. The focus of government and industry on research and graduate
education has created a two-tiered or bifurcated system of engineering
colleges. This two-tiered system has had a strong influence on the
character of engineering education. For the purposes of this study, the
bifurcation index is taken as the point that separates those institutions
awarding 14 or more Ph.LC. degrees per year in all engineering disci-
plines (the first tier) from institutions in the second tier.

Approximately half of the B.S. engineering degrees come from pro-
grams that are basically undergraduate schools—those that award
fewer than 14 Ph.D. degrees a year. Government, industry, and aca-
deme will continue to depend upon graduates from the e colleges for at
least half of their engineering work force. Yet, be~suse both govern-
ment and industry rocus their funding on graduate study and research,
these colleges are forced to depend on other, appreciably smaller
sources of funding.

The Need for Balance

In order to provide a measure of balance to thistwo-tiered system, the
needs of primarily undergraduate institutions require recognition.
Funding for modern lahoratory equipment is an urgent need. At the
presen: time, many undergraduate students never have access to the
latest equipment and modern data-handling systems. Colleges are
experiencing a wave of computerization at the undergraduate level, but
they lack the resources torespond in a timely and comprehensive man-
ner. Tax incentives at both the federal and state levels are urgently
necded to assist industry with equipment grants to engineering cduca-
tion.

Faculty who carry heavy undergraduate loads need support and
access to creative programs o: faculty developmen:. Release time is
especially valaable because it enables the faculty member to keep cur-
rent in a professional field and to develop new teaching techniques at
the undergraduate level. Recognizing that the number of advanced
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academic research laboratories will necessarily be limited, faculty
members in primarily undergraduate programs need access to major
research centers in order to remain vital. Thus, programs and policies
are needed to enable these faculty members to take advantage of such
advanced facilities.

The separation in the two-tiered system will widen unless both gov-
ernment and industry introduce imaginative programs accompanied
by moie than token support. Without strong public policy in support of
a balanced system, undergraduate education will not be able to main-
tain the pace required to meet national economic and strategic objec-
tives.

The Panel on Undergraduate Engineering Education recommends
that, if the quality of engineering education at undergraduate-oriented
colleges is to keep pace with the quality at graduate research centers,
these colleges must have access to special, new sources of income. And
if the program quality of low-research institutions 1s to keep pace with
tha* of research institutions, faculty at the former will need to gain
access to some of the facilities and programs of the major centers of
research.
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