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NATIONAL ACADEMY OF ENGINEERING 

TAsK FoRCE ol'l El'IGUIURII'IC Eouuno• 

Dr. Courtland D. Perkins 
President 
National Academy of Engineering 
2101 Cons titution Avenue, N. W. 
Washington, D. C. 20418 

Dear Dr. Perkins: 

2101 CONSTITUTION AVENUE, N. W., WASHINGTON, D.C. 21Ml8 

BRUI'IO A. BotaY, CluJinntua 
312/492-5220 

April 24 , 1980 

For more than a year, a series of discussions on engineering edu­
cation has reflected your interest in the subject as well as that of 
a substantial number of members of the National Academy of Engineering 
(NAE). The Task Foree which was founded during these discussions has 

been active and enthusiastic in responding to the charge you gave us. 
The result of our deliberations is this report. 

The general state of engineering education in our country is good. 
Undergraduate enrollments are up sharply, reflecting major changes in 
the attitudes of segments of the nation's young people. There are, 
however, issues which must be addressed if we are to maintain the vi­
tality of u.s. engineering education. Among these is a major shortage 
in graduate degrees earned by u.s. students. This trend results in 
present and foreseeable major problems in filling university faculty 
positions, as well as senior positions in industry and government. 
Other matters which must be addressed include obsolete facilities and 
equipment, the need to improve preparation in secondary schools, public 
perception of the role of the engineer and of engineering as a career, 
the content of the curricula and the time required to reach journeyman 
status, and the need for much closer interaction between academia and 
industry. These and many other topics were covered by the many, ex­
cellent comments received in response to the Task Foree's request for 
input from engineering professionals. 

As you know, President Carter has asked for a report on science 
and engineering education. This le4 the Task Foree to expedite its 
deliberations and issue this report. Nevertheless, we feel that we 
have been able to discharge our responsibilities successfully. 

You will note that we make recommendations for immediate action 
as well as propose a framework for addressing areas requiring long­
term attention. Of course, the material which we have gathered on 
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Letter to Dr. Courtland D. Perkins 
April 24, 1980 

engineering education is available for continued analysis by NAE, the 
National Research Council, and other interested bodies. I recommend 
that members of the Task Force be considered for further involvement 
in such efforts. 

The other members of the Task Force and I welcomed this opportu­
nity to contribute. We stand ready to discuss any aspect of our re­
port and related matters with you and others in NAS/NAE/NRC , but other­
wise we consider that this report concludes the task you assigned to us. 

iv 

Sincere� 
Bruno A. Boley 
Chairman 
NAE Task Force on 
Engineering Education 
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EXECUTIVE SUMMARY 

The National Academy of Engineering (NAE) Task Force on 
Engineering Education held two f ormal meetings. The first 
was in November 1979, the second in March 19 8 0. �his report 
summarizes the findings of the Task Force. Because of 
President carter's recent request for assessments of the 
status of engineering education and education in the 
sciences, the report has been issued as quickly as possible. 

Section I of the report, In�'Qgy��!Qn, reviews the 
genesis of the NAE Task Force and its charge. Section II 
discusses the approach taken by the Task Fore£ which 
included a survey of engineering professionals in academia, 
industry, and government, as well as an analysis and 
synthesis of the survey results, as presented in Appendix c. 
Section III comprises a brief statement on the general state 
of engineering education in the United States. Section IV, 

���§_Qt_�QD��'n-�ng_B��Qmm�n4��!2n!_t2�-l�9!���-���!2n, 
is the synthesis of the ma jor issues in engineering 
education today. Some recommendations for actions that 
should be taken immediately to ensure the continued health 
of engineering education are incorporated. Section V 
defines a framework that the Task Force recommends as the 
most suitable approacp to addressing the lang-range issues. 
A brief closing statement is given in section VI. The 
short-term and long-term recommendations of the Task Force 
are summarized below. 

Recommendations for Immediate Action 

• Special post-baccalaureate student support programs 
should be offered in engineering through the 
National Science Foundation and other agencies. 
such programs would assist in fulfilling academic 
and industry needs by attracting more engineering 
students to advanced degree programs. It is 
suggested that such support be provided for a two­
year term, thus allowing support during the 
student's thesis stage to come from research 
contracts and grants. In order to make the program 
attractive in comparison to industry employment, the 
stipend should be substantial. 

vii 
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• A program is needed to update current engineering 
teaching and research facilities ·and laboratory 
equipment. While academic institutions and industry 
must share responsibi lity for addressing this 
problem, the federal government should take 
immediate steps to establish such a program. 
Provisions f or matching funds from other sources 
should be included as appropriate , but a sufficient 
base must be provided to ensure prompt redress of 
the present critical conditions. 

• New ways of increasing industry and federal, state, 
and local support for engineering education should 
be identified. 

• The federal government should adopt policies and 
practices through both its executive and legislative 
branches that enhance the close interaction between 
universities and industry. The following are 
examples of specific actions which could be taken in 
support of this generic recommendation. 

Through the National Science Foundation and 
technology-based mission-oriented federal 
agencies, university/industry cooperative 
research programs could be strengthened. 

The companies that participate in the IRA D 
(Independent Research and Development) program 

of the Department of Defense ( DOD) could be 
encouraged to include university participation 
in the projects they submit for IRAD approval. 

The allowed rate of depreciation for tax 
purposes on equipment could be increased. 

Tax credits could be provided for companies 
which fund university research. 

The formation, through partial federal funding, 
of separate institutes or centers designed to 
f oster the growth of particular fields of 
technology should be considered. 

Recommendations for Long-Range Action 

• A Standing council on Engineering Education should 
be established to cacry out the following functions : 

1. Monitor engineering education ; 

viii 
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2 .  Advise the engineering profession , the 
government , and , indeed , the nation of progress 
and perceived programs; 

3. Recommend studies and directions; and 
4 .  Identify opportunites and needs. 

A joint governance for the counc il by the Nat ional 
Academy of Engineering , the Assembly of Engineering 
of the National Research Council, and the American 
Association of Engineering Societies is proposed , 
with provisions made for future expansion. The 
council should function as a catalyst for action. 
As such , the involvement of the various 
constituencies is essential. 

• Simultaneously , four Panels should be established 
operating under the aegis of the Coun cil. Each 
should be charged with responsibility for studying 
one of four broad areas of concern as follows: 

Panel A- The Objectives of Engineering Education; 
Panel B- Resources Required for National Needs; 
Panel C- University/Industry/Government Interaction; and 
Panel D-The Social Context of Engineering. 

Each Panel would report to the council which would 
decide whether the then current needs require the 
continuation of the activities of each Panel or , 
perhaps, the creation of new or different Panels . 
Furthermore , in order to respond to the strong 
interrelationships among the four Panels' areas of 
cognizan ce , overlapping membership should be 
mandated. The overlapping members would be 
specifically charged with conducting liaison 
activities and providing explicit channels for the 
continuous flow of information. 

In addition , the Task Force recommends that: 

The practice of seeking grassroot opinions 
should be widely adopted by the Council and the 
Panels. This ma y  be done in a variety of ways , 
such as by soliciting written opinions (as was 
done by the Task Force) or by open hearings or 
f orums. The benefits to be derived from 
procedures of this kind are not limited to the 
greater flow of ideas they generate but extend 
to the greater feeling of unity and 
participation they foster among engineers at 
large. 

The responses collected by the Task Force 
represent a valuable resource and should be made 

ix 
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I. INTRODUCTION 

The education of engineers and the availability and 
distribution of engineering man power are topics of long­
standing concern. There is no question that the quantity 
and quality of e ngineering professionals is directly related 
to the productivity and economic health of the nation. 
Therefore, it is eminently sensible for engineers to dev elop 
mechanisms for conducting evaluations of the health of 
engineering education in the United States. 

This report presents the findings of the Task Force on 
Engineering Education which was formed under the auspices of 
the National Academy of Engineering (NAE). The report 
includes a summary of the deliberations of the Task Force, 
as well as the findings of an informal survey of engineer ing 
professionals. 

�i§t2��-2t_H��-In�2!��m�n� 

The topic of engineering education has been addressed by 
many organizations, institutions, and societies over the 
years. While it is not possiole to review all of these 
efforts in this report, the genesis of the NAE Task Force is 
described in this section. 

In the early 196 0s, t wo events occurred which were 
indicators of the national movement toward long-range 
planni ng for engineering education. The National Science 
Foundation (NSF) founded a Commission on Engineering 
Education in 1963 to address the problem of improving 
undergraduate education in the sciences , mathematics, and 
engineering. In December of the following year, the 
Nation al Academy of Engineering was founded , and t.he status 
of engineering education became one of its earliest 
concerns. These two efforts were integrated four years 
later when the NSF Commission on Engineering Education was 
brought into the National Academy of Sciences (NAS) , 
National Academy of Engineering (NAE) , National Research 
Council (NRC ) complex. As a result , the Commission on 
Education of the National Academy of Engineering was 
launched on January 1 ,  1969. 
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The Commission concerned itself with broad aspects of 
technological education. Accordingly, one of its first 
undertakings was a national workshop on the need to 
introduce social, political, and economic considerations 
into engineering curricula. It also worked to support a 
program designed to help non-science students in secondary 
schools better understand technological concepts. Later, 
funding support from the u.s. Department of Health, 
Education, and Welfare enabled the Commission to prepare a 
planning document outlining a systems approach to 
delineating the major policy issues in educational 
technology. A 1 973 Symposium on Minorities in Engineering, 
held under the aegis of the Commission, resulted in the 
development of a program geared toward increasing minority 
enrollments in engineering education by ten-fold within ten 
years. This volunteer program is financed through private 
foundations and companies. 

Sharp shifts in government priorities, which began in 
the late 1 9 60s, produced employment problems for the 
nation's scientific and technical community. In response to 
a growing need, NAE established an ad hoc Committee on 
Engineering Manpower Policy to study specific aspects of the 
probl em of under -utilization of engineers and scientists. 
In 1 974 , the Board on Engineering Manpower and Educational 
Policy was formed by NAE as the successor to the Commission 
on Education. This Board was given a substantially expanded 
scope of activity. It was asked to help in defining a 
manpower policy which would result in more efficient 
utilization of engineering resources and to study and advise 
on national policies affecting technical education in 
general, and engineering education in particular. 

For various reasons, insufficient funding and overly 
broad goals being notable among them, neither the Commission 
on Engineering Education nor the Board lived up to the 
expectations of the NAE membership. It was felt that 
national needs required a more intense approach. The last 
significant product of the Board was the publication of the 
Proceedings of a 1 977 workshop on Modeling and Simulation in 
Engineering Manpower Studies. 

Since that time, the interest and concern of the NAE 
membership about education and manpower have been expressed 
in articles and notes published in NAE's publication IH� 
�E!Q2�, as well as through the Founders• Award Lectures. 
The latter has included "A Few People From Many Lands -
Alien students of Engineering" by John R .  Pierce, 1977, and 
David Packard's "Engineers and Public Affairs," 1 9 79. 

This report was generated in response to a proposal that 
NAE assess projections about the educational background 
likely to be required of engineers entering the industrial 
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world in the next 5, 1 0 , 15, and 2 0  years. This forward 
focus has been a major factor in the deliberations of the 
Task Force and was a significant consideration addressed by 
a number of those in the field who f orwarded comments to the 
group. 

�b2'g�_tg_tb�-I!§!_f2'£� 

The scope of the Task Force was established at a meeting 
in April 1979 . It was concluded that the NAE group would be 
asked to identify key problems in engineering education and 
to propose a framework for their solution. The National 
Research Council, or other appropriate organizations, then 
would be able to undertake a search, within the proposed 
framework, for approaches to resolving the issues, as well 
as make relevant recommendations. The two objectives of the 
Task Force were reiterated at its first meeting on November 
2 ,  1979. 

With a broad mandate to identify key problems in 
engineering education and propose a f ramework for their 
solution, the Task Force felt that initially three pertinent 
questions would have to be addressed. Why conduct another 
study? Why conduct it now? Why should this task be 
undertaken by NAE? It was felt that developing answers to 
these questions would provide Task Force members with a 
common philosophical approach to the task at hand. Also, 
the many organizations and individuals concerned about and 
involved in engineering education would, properly, expect 
these issues to be addressed. 

Why another study? The very proliferation of studies is 
evidence of a continuing need for a fresh and different look 
at this complex field. The charge to the Task Force was not 
to develop yet another set of proposed solutions to specific 
problems. Rather, it was to identify broad areas 
encompassing related issues and to propose a conceptual 
structure, i. e. , a framework to aid in developing solutions. 
In other words, the Task Force was asked to develop a 
comprehensive approach for attacking the plethora of issues 
affecting engineering education. 

Why conduct a study now? The present economic state of 
our nation is critical. We have been witnessing a decrease 
in national productivity, rampant inflation, and a worsening 
of the competitive stance of the United States vis-a-vis 
foreign countries such as Japan and Germany. National well­
being and, perhaps, survival mandate that all factors 
affecting the productivity and economic health of the United 
States receive intense scrutiny. Certainly, one of the most 
important of these is the education of future engineers and 
the utilization and distribution of engineering manpower. 
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Why should this task be undertaKen by NAE? The high 
level of interest among the NAE membership in this topic, as 
well as the distribution of its members in industry, 
academia, and government, renders NAE a natural forum in 
which to formulate a cohesive approach. However, neither 
NAE nor the Task Force desired or intended to monopolize the 
field. Rather than seeing itself as replicating any e xtant 
efforts to address the problems of engineering education, 
the Task Force endeavored to cooperate with and learn from 
other interested and experienced organizations. �he 
concerns and expertise represented by these organizations 
figured prominently in the formulation of this report. 

Having prepared this report, the Task FOrce considers 
its job completed. It is the hope of the members of the 
Task Force that the analysis and the recommendations 
provided herein will prove useful to those groups that are 
charged with the very great task of resolving the problems 
and issues that face us today and will face us in the years 
to come. 

The next section of this report provides an overview of 
the approach taken by the NAE Task Force on Engineering 
Education and an explanation of the events which led to a 
significant curtail1nent of the time originally allotted for 
completing its work. Section III contains a brief statement 
about the general state of u.s. engineering education. 
Section IV describes four broad areas of concern as 
identified by the Task Force and provides recommendations 
for immediate action on certain issues deemed to be of 
critical concern. Section V outlines a framework for a 
cooperative effort to address long- range problems. It is 
the hope of the Task Force that such an effort would both 
draw together those organizations with the required 
expertise and provide for a more systematic planning effort. 
A brief concluding statement comprises the last Section of 
the report. 
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II. TASK FORCE APPROACH 

From the beginning, the intent was to keep the Task 
Force small , while still ensuring reason able representation 
from the academic , industrial , and government segments of 
the profession. In addition, an effort was made to include 
some individuals who had participated in activities of the 
many organizations concerned about engineering education. 
Representatives of the National Science Foundation (NSF) and 
the Sloan Foundation were asked to serve as Task Force 
members; the American Society for Engineering Educat ion 
(ASEE) provided a liaison person; and the staff of the 

Commission on Human Resources of the National Research 
Council (NRC) was invited to observe the proceedings. 

During the formative stages of the NAE Task Force on 
Engineering Education, a number of important issues were 
identified. These were summarized by the Chairman in a 
document prepared for the November meeting of the group. 
Also , early consideration was given to holding several 
public forums or seminars, perhaps one each on the East and 
West Coasts and one in the central part of the nation. This 
plan was postponed and later abandoned in order to speed 
deliberations , although the Task Force commends it to 
subsequent groups as a useful approach. 

During the course of the meeting on November 2, 1979, 
the Task F orce developed a plan for soliciting and collating 
the views of selected representatives of academia, 
government, large and small companies in industry, 
professional societies and associations, consultant 
organizations, and other broad categories of individuals. 
over 1 800 letters from the Chairman requesting input were 
sent to individuals actively engaged in some facet of the 
engineering profession. several non-engineers whose 
perce ption of the profession would provide a useful 
perspective were also included. In addition, each Task 
Force men�er was asked to submit a list of five broad issues 
in engineering education that he considered to be of major 
importance to the profession. 

One specific topic which was raised during the first 
meeting concerned postdoctoral research associateship 
programs in government laboratories. The intent of such 
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associ ates hips is to increase the attractiveness of re search 
opport uni ties f or engineer s  and to enhan ce the effectiveness 
o f  the en gineer when he or she a s sumes a permanent positi on. 
Primary impetus for th i s  program has come from federal 
laboratories where t here have been d iff i culite s in 
attracting candidates . It wa s dec ided that it would be 
worthwh i le to ad dress this is sue sepa rately. Accordingly ,  a 
special meeting of an appropriate group o f  indi v i dual s  was 
held on February 1 3 ,  1 9 8 0 .  The specific recommendations 
develope d by the participants in that meeting, which are not 
part o f  this report, are expected to strengthen the 
as sociateship program admin i s tered by the comm i s s ion on 
Human Resources of the NRC. 

ove r a period of three months , Task Force members• 
comments were consol idated , and a summary of a cross-s ect ion 
of comments from approximate l y  4 0 0  individual s who re sponded 
to the Chairman's letter was prepare d .  Thes e document s were 
available when the Task Force met on March 3-4, 1 9 8 0 ,  and a 
summa ry ana l y s i s  o f  the re spon se s to the s urvey i s  in 
Appendix c. The 1naterial presented in the ba lance of thi s 
report i denti f ie s  the i ssue s a s  de f ined by the Task Force 
using as a basis for its de liberations: 

The large volume of signif i cant comments, reports, 
papers, and other material resulting from the 
canvass; 

Res ults of v arious meeting s ,  correspondence, and 
reports gleaned from the past several years of work 
publish ed by a va riety o f  organi z ations; and 

The experience and perceptions of its members .  

The original schedule of the Ta s k  Fo rce cal led for a 
report by mid-summer 1980. However, the comp let ion date was 
advanced in keep ing with a February 8, 1 98 0 ,  Memorand um f rom 
President Carter to the secretary of Education and the 
Direc tor o f  the Nati onal Sc ience Foundation. President 
Carter stated: 

"I am increa sing ly concerned whether our science 
an d engineering education i s  adequate, both in 
quality and in number of graduate s , for our long­
term needs. Acc ordingl y ,  I would like you to carry 
out a review of our s cience and engineering 
ed ucation policie s  at the se c ondary and univers ity 
l eve ls to ensu re that we are taking measures �hich 
will preserve ou r nationa l strength.  Please submit 
a report to me, with your recommenda tion s ,  by July 
1. 198 0  ••• 
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The Ta s k  Force there fore f e lt it w a s  imperative to move i t s  
target date t o  April 1 9 8 0 ;  thi s h ad t h e  effe ct o f  curtai li ng 
projected i nteractio ns w ith oth er groups inte rested in 
engineering education . Nevertheless, th e broad-based survey 
t h at w a s conduc ted , as w el l  a s  f ormal and inf ormal mee ting s 
and d iscus sions, provided the inform ation so criti c al l y  
needed t o  formu l ate th i s  assessment. 
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III. OVERALL VIEW OF ENGINEERING EDUCATION 

Too often, an a s se s sment o f  needs , i s sues , and problems 
in a given area ob scure s strengths and s heds l ight only upon 
weakn esses . The Task Force wi sh es to emphasize that , unti l 
very recently ,  e ngi neering ed ucation i n  the Uni ted States 
has enjoye d a period o f  growth a nd wel l-be ing . The curr ent 
eng i neering manpower in industry and government , as we l l as 
the future ge ne ration of enginee rs curre ntly receiving the ir 
educat ion in u.s. universitie s and co llege s , repre sent a 
tremendous nationa l re source upon which our citiz ens may 
confidently draw . 

Engineering educ ation ha s exhibite d remarkable 
flexibil ity i n  responding to changing demands and cond itions 
during t he last seve ral years . Indeed , its f lexibi lity i s  a 
s ource o f  the strength of u.s. engineering e ducat ion . The 
Task Force f el t , howeve r, that by being cont inua lly 
respon sive to changi ng demands the academic e stabl i shment 
may have become ove r- stretche d. There fore, it i s  nece ssary 
to foc us upon ce rtain i s sues which have rapid ly reache d a 
state requi ri ng urgent attention. I f  engineering e ducat ion 
is to continue to go well during the next ten years or more , 
a nd i f  it i s  to be ready to respond to pos sible sudden 
urgent national demand s ,  s teps must be taken today to update 
unive r s i ty engineering facil i tie s and eq uipment, to ma ke 
faculty s a l aries more competitive , and to ensure an adequate 
su pply of post-baccalaureate stude nts . 

Wh ile a cri s i s  in enginee ring educat ion i s  not yet upon 
us , the very nature of the educationa l proce s s  require s 
early preparedne s s  and long-range planning. The lead-time 
requir ed between perception of a need , implementation of a 
change i n  e nginee rin g education pol icy, and graduat ion o f 
the first group of s tudents who have the bene fit of that new 
policy may be a s  long a s  ten years . Given current e co nom ic 
trend s and the perce ived soc i a l  needs , it is nece s sa ry to 
addre s s  immed iate ly those problems that threaten the hea lth 
o f  eng ineering e ducation . 

The re spons e s  re ce ived by the Ta s k  Force as a res u lt of 
its s u rvey revea led an extens ive spectrum of concerns among 
indivi duals inte rested in eng inee ring education . The 
respondent s addre s se d  deta ile d c urricular matter s , as we ll 
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as issues that have wide-ranging national or professional 
impact. The Task Force noted, however, that few if any of 
the issues rais ed represented radical departures from those 
raised in the past. Indeed, many of the topics addressed 
have been the subjects of long-standing discussions; others 
have been the subjects of past formal studies. �he need for 
immediate attention in some areas of co ncern shou ld not 
detract from the holistic view that e ngineering is a vital 
a nd growing segment of the technolo gical foundation of the 
nation both in universities and in industry. 

The Task Force felt that a summary a nalysis of the 
material received would be useful. Appendix c provides a 
brief overview of the issues mentioned by the respondents 
and proportional data indicating the frequency with which 
specific concerns were raised. The responses are valuable, 
but it should be noted that no attempt was made to construct 
a scientifically representative sample. Great cautio n must 
therefore be used in interpreting survey findings for 
statistical purposes. 
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IV. AREAS OF C ONCERN AND RECOMMENDATI ONS FOR IMMEDIATE ACTION 

The Task For ce sought to organize the la rge number o f  
topics c lamoring f o r  i ts attenti on into a workable and 
logical patte rn .  I t  was f el t  that the patte rn should be 
b road enough to cove r the great variety o f  i s sues and 
su f f i c ient ly f lexibl e to permit furthe r studi es at dif ferent 
level s o f  inte nsity ,  timing, and detail. A two-stage 
proce s s  was des igned t o  accompli sh thi s goal. Firs t, it was 
nece ssary to conduct an analysi s o f  the re sponses rece ived 
and avail able studie s and reports . Then, a synthesis of 
this raw body of data was required i n  orde r to extract the 
general a rea s of concern. 

Fo ur broad areas o f  conc e rn in enginee ring education 
were thu s identi fied: 

1. The Objectives of Enginee ring Ed uc at i on; 

2. Re sources Required to Mee t  Nationa l Need s; 

3. Univers ity /I ndustry/G overnment I nteractio n ; and 

4 .  The so cial Context of Enginee r ing . 

Each of the se is des cribed below ,  and , whe re appropriate, 
spec i f ic recommendations for immediate a ct ion are given. A 
f ramework for long- range con s ideration o f  the se topi ca l  
a reas appears in the ne xt sec tion o f  thi s report . 

t�_Qej��t!��§-2t-�ng!n��'!og_�gy�!t!2n 

The technica l expe rti se ,  breadth, de pth , and flexibi l ity 
among eng ineering gr aduate s have l ong been debated. I n  
genera l ,  the re i s  a continuing nee d  to e xamine the adequacy 
o f  f i t  betwee� engineering pro grams and the need s of 
ind ustry , academia, government , and the indi v idual student . 
S ince the ran ge of needs i s  so dive rse a nd since need s vary 
over t ime , attention to this are a  wi ll a lway s be requi�d . 

O f  particula r conce rn a t  pre sent i s  decl ining u.s. 
indus trial productivity.  Thus , an a s ses sment of the status 
o f  university training fo r industrial innovation and des ign 
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is urgently required. In addition, there is evidence that 
increased emphasis on communication skills and on social, 
economic, administrative, and legal/ethical issues is a high 
priority. As might be expected, tbe chief difficulty 
appears to be devising ways of achieving the optimum balance 
in eacb academic program. At the same time, it is well to 
note that � engineering education is increasingly gaining 
acceptance as a sound general education for individuals who 
may later enter upon different career paths • 

. Engineers are called upon to play diverse roles. �is 
places considerable burden on academia and is reflected in 
the existing va�iety of engineering schools and their many 
different types of academic programs. The Task Force 
applauds this variety but notes that eff orts to clearly 
define the differences among educational programs and to 
delineate the characteristics of holders of Bachelor of 
Engineering degrees, Bachelor degrees in Engineer ing 
Techno logy, and the Associate degrees have not been entirely 
successful, nor have they gained widespread acceptance. 
Further study must be given to establishing useful lines of 
demarcation among the variously trained individuals and the 
functions which they should be expected to perform, bearing 
in mind that the needs and requirements vary greatly among 
the different engineering disciplines. Engineering schools 
must meet the dual demands of engineering research and 
engineering practice as levied by industry, academia, and 
the government. It may be that individu al engineering 
schools should limit their scope within this broad range of 
requirements. 

These issues are closely allied to two other important 
matters, i.e., accreditation of engineering and technology 
programs, and registration and certification of professional 
personnel. An in-depth study of present practices and 
future predicted needs is desirable. Generally, it is felt 
that the present accreditation process is serving the 
profession well in ensuring reliability of engineering 
programs, but little is known about the influence of the 
process on curricula, their quality and flexibility. In 
·addition, comparativ ely little information exists on the 
reliance placed by industrial corporations on engineering 
professional registration, or on the use of persons with 
primarily science education to perform engineering tasks. 
Similarly, studies are desirable on the need to ensure 
updating of engineering skills through various forms of 
con tinuing education, and through periodic recertification. 

Another fundamental concern is the general failure on 
th e part of the public, policy makers, collectors of 
statistics, and even academic administrators to distinguish 
adequately between engineering and the physical and natural 
sciences. Too often, enrollment and graduate data are 
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lumped under the heading "science and engineering. " This 
practice do es a di s s ervice to both. For example , 
eng ineering enrollments are still increasing while 
enrollments in science majors are not. Both trends are 
obscured in current government statistics. Failure of the 
engine ering profess ion to articulate clearly both the 
objectives of engineering education and its distinguish ing 
characterist ics will lead to continued obfuscation. 

The Ta sk Force believes that resolution of these 
concerns i s  nec essary to ensure the e f fectiveness of 
engineering education in this country . It al so would help 
t o  provide a greater measure of external recognition for the 
profession and to increas e  understanding among engineers 
themselves. Panel A, proposed in Section v, would have 
general purview of these matters. 

American engineering education is financed by a variety 
of sourc es including endowments, private gi f t s ,  income f rom 
tuit ion and services, and federal, state, and local monies. 
While multiple funding is advantageous in that it pro vides a 
broad base of support, it does have certain drawbacks. 
During times of severe inflation, capital funds erode, 
tuition rates eat up scho larship endowme nts, and building 
endowments are no longer sufficient. Moreover, short-range 
funding problems often absorb the attention of 
administrators to the detriment of the equally necessary, 
long-range financial planning. Finally, while all 
univers ity departments are seeking funding support, special 
conditions influence the economic health of engineering 
departments. Among these are the comparativ ely h igh cost of 
engin eering educ ation and the rapid pace of technology. It 
is not s urprising that the timely avai lability o f  sufficient 
resources is likely to remain of fundamental concern in 
engineering education. 

The effects of the constant search for adequate 
resources are pervasive. The physical plants in which many 
departments of engineering are ho used are det eriorating. 
Outdat ed laboratories are common, s ome of which fall far 
behind those in industry, government, or even foreign 
establishments. Fac ulty salaries are not competitive with 
those in industry, and it is difficult to attract American 
graduate stud ents. As a re s ult, engineering curricula are 
sho wing signs of diminishing flexibility both in technical 
subjects and in the more general and/or soci etally oriented 
areas. The Task Force submits that the nation's engineering 
education compl ex has already begun to suffer from a lack of 
properly planned, reliable, a nd timely fundin g. Indeed, 
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these problems are considered to be so serious that a more 
detailed look at their extent and effects is warranted. 

Facilities 

An extensive study would have to he made to document the 
magnitude of the problem of obsolete physical plants. For 
the last three or four years, however, these facility 
problems have been mentioned frequently by engineering 
educators whenever they are asked to discuss the future of 
engineering education. some notion of the magnitude of the 
problem is suggested below, but it should be emphasized that 
the estimates given may err on the conservative side. 

on the average, the physical facilities in which 
engineering colleges are housed are now about 30 years old. 
The federal government has not provided universities with 
funds for bricks and mortar since about the mid-1960s. For 
whatever reasons, the nation's universities have not 
provided for either amortization of their investment in 
buildings or proper maintenance and repair. This problem 
extends across entire universities and is not confined to 
engineering colleges; however, unless something is done 
about repair and modernization, the state of our physical 
plants will seriously damage the ability of the nation's 
engineering colleges to meet future needs. 

The problem has been exacerbated by inflation as well as 
by new government regulations, such as those of the 
Occupational Safety and Health Administration (OSHA) or 
those referring to handicapped persons. It is, of course, 
recognized that there is a need for action in areas such as 
these. Nevertheless, in a great many cases, universities 
have not been able to comply in full. Many university 
buildings are built through private donations, and it is a 
fact that philanthropists are not interested in donating 
money simply to enable an institution to comply with 
government regulations. 

There are, of course, notable exceptions to the trend of 
deteriorating physical plants. Some of the more renowned 
universities have been able to build new facilities through 
aggressive fund raising, unusual endowments, planning, or 
industry support. However, most universities are facing a 
critical problem in this area. 

The magnitude of the facilities problem is largely 
unknown. There is, however, almost universal agreement that 
it is serious, and that engineering colleges will find it 
extremely difficult to mount programs in new areas of 
technological importance without substantial building 
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modernization, as well as additional funds for at least some 
new facilities. 

Laboratory Equipment 

It is possible to be more specific about quantifying the 
need for more modern laboratory equipment since some studies 
have addressed this problem and some estimates have been 
generated. 

Deficits in laboratory equipment affect both teaching 
and research. The need for instructional equipment may be 
even more acute than the need for research equipment because 
required research equipment usually can be obtained through 
grants and contracts, at least to a limited extent. In 
either case, however, the problem has been exacerbated by 
the acceleration of technological progress during the last 
twenty years, increases in the sophistication of the 
laboratory equipment required, and increases in costs. By 
in large, colleges have been unable to cope with spiralling 
costs. The result, particularly with respect to teaching, 
has been a growing gap between the equipment that students 
use in their instructional laboratories and the kind o f  
equipment that they encounter in industry. Such gaps have 
always existed, but there is now strong evidence that the 
gap is becoming so large that the ability of engineering 
colleges to train students adequately for the future is 
seriously threatened. 

In many cases, industry has been quite generous, but the 
magnitude of the problem far exceeds the amount that can be 
expected in the form of industry support. A new and common 
pattern, especially in the computer area, is for industry to 
make donations in the form of substantial discounts. This 
obviously helps but does not address the core of the 
problem. 

Another factor which is extremely difficult to quantify 
is that new government accounting regulations make it more 
difficult for universities to acquire the equipment used on 
government-funded research projects. For example, it was 
once possible to acquire used research equipment at 5 cents 
on the dollar in some cases, but this is no longer possible. 

Unless the trends change, engineering colleges will not 
be able to provide adequate training in many of the new, 
most important technologies without substantial help. For 
example, integrated circuit electronics requires equipment 
which is out of the reach of most engineering colleges, as 
do the new design methods based on compu ter graphics. 
Research in new areas in the energy field, as well as in 
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manufacturing technology, also require equipment that is 
coinpletely beyond the means of most engineering colleges. 

Several years ago, the Engineers• Council for 
Professional Development (ECPD) studied the teaching 
equipm ent problem and estimated that the new equipment 
needed by an engineering college costs S100,000 per year per 
program plus S150 per student per year. Based on this 
estimate, a national program with 50,000 degrees per year 
would cost approximately S200 million per year. t Of course, 
costs now are considerably higher, and engineering colleges 
have nothing close to this amount of money at their 
disposal. The integrated backlog of the shortage that is 
being produced is now enormous and growing. 

More recent studies demonstrate the severity of t he 
deficit. Ohio State University recently estimated the cost 
of installing an adequate computer graphics system to teach 
modern design at S3 million plus 15 percent per year for 
maintenance. z  Rensselaer Polytechnic Institute made a 
similar analysis and obtained similar results. 3 The 
computer graphics problem is just one of many, but it is an 
important indicator. 

A study of the equipment needs of material science 
departments was recently commissioned by NSF. The evidence 
showed that there is a great deal of obsolete and antiquated 
equipment and that massive equipment grants will be required 
if the material science departments are to provide the 
trained personnel that the nation needs. • 

In sum, immediate action is needed to update existing 
laboratory equipment if universities are both to meet the 
needs of industry and the requirements of research and 
teaching. Moreover, new methods must be found for ensuring 
that the equipment a vailable in universities and colleges 
keeps pace with advances in the field. 

Faculty and Graduate Students 

There is considerable documentation of the di fficulties 
· currently being experienced by university engineering 

departments in obtaining and retaining high-quality faculty. 
University salaries are simply too low. Although a few 
faculty members of the most well-known universities are able 
to supplement their incomes through consulting contracts, 
the average university teacher must rely on his or her basic 
salary. 

Recruiting new engineering graduates on college campuses 
is currently at an all-time high. Opportunities available 
to new graduates are such that fewer and fewer students are 
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continuing their studies and obtaining advanced engineering 
degrees. The number of engineering doctoral degrees awarded 
by American universities declined from 3 4 6 8  in 1973-7 4 to 
27 8 2  in 1 977- 7 8 ,  a 1 9 . 6  percent decline. Even more alarming 
is the steady decrease in the number and proportion of 
degrees earned by American students. During this same 
period, the number of u.s. citizens receiving engineering 
doctoral degrees declined by 24 percent.s In effect, the 
United States is exporting an increasing proportion of its 
technical training and education. Engineering colleges are 
in desperate need of these people as new faculty. A poll of 
34 engineering colleges in the Fall of 1 9 7 8  revealed 3 1 4 
faculty vacancies.6 The number is much higher now. 
National attention must be directed toward this problem. 

Holders of advanced degrees in engineering are in heavy 
demand by industry, government, and the universities. It is 
clear that all sectors must be assured of an adequate supply 
of these people. The still insufficiently tapped resources 
of minorities and women must be increasingly utilized. In 
addition, engineering colleges should be encouraged to 
implement special undergraduate programs which will permit 
the more talented students to get a head start on graduate 
studies. These students should receive special counseling 
and have the opportunity to be involved in research programs 
during the early stages of their university lives. 

Recommendations for Immediate Action 

• Special post-baccalaureate student support programs 
should be offered in engineering through the 
National Science Foundation and other agencies. 
Such programs would assist in fulfilling academic 
and industry needs by attracting more engineering 
students to advanced degree programs. It is 
suggested that such support be provided for a two­
year term, thus allowing support during the 
student's thesis stage to come from research 
contracts and grants. In order to make the program 
attractive in comparison to industry employment, the 
stipend should be substantial. 

• A program is needed to update current engineering 
teaching and research facilities and laboratory 
equipment. While academic institutions and industry 
must share responsibility for addressing this 
problem, the federal government should take 
immediate steps to establish such a program. 
Provisions for matching funds from other sources 
should be included as appropriate, but a sufficient 
base must be provided to ensure prompt redress of 
the present critical conditions. 
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• New ways of increasing industry and federal, state, 
and local support for engineering education should 
be identified. 

Panel B, proposed in Section v, would maintain 
continuing review of resources in engineering education 
required to meet nat ional needs. 

Three ma jor and growing problems in the nation's 
engineering colleges arising from the lack of adequate 
resources have been outlined ; the inability of the academic 
system alone to cope with increasing costs has resulted in 
defici ent physical plants, obsolete laboratory equipment, 
and deteriorating numbers and quality of graduate students 
and faculty. It is clear that increased cooperation among 
universities, government, and industry is essential to 
solving these problems. 

Universities and industry are related to one another in 
a most fundamental fashion ; they are natural partners. 
Industry is vitally dependent on the student output of 
engineering schools, both at the graduate and undergraduate 
levels. Industry also relies on university research as a 
source of technical progress complementary to that achieved 
in industrial laboratories. Industry produces the goods and 
services that university-trained engineers conceive, design, 
and manufacture. 

Universities are well aware of the functions they 
perform for industry. Nevertheless, they are careful not to 
lose sight of their other roles, namely the training of 
future researchers a nd  academicians and the performance of 
basic engineering research. such research often takes 
directions not necessarily in concert with industry's 
current perceptions. As a consequence, a noticeable 
divergence of views may arise between people in industry and 
in academia. On the one hand, we have accusations

'
of 

unresponsiveness on the part of engineer ing faculty to "real 
world" needs ; on the other, fears of loss of academic 
independence and complaints about the inadequacy of 
industry's support of universities. While recognizing the 
validity o f  some of these concerns, it is necessary to 
emphasize the cruc ial interdependence of the academic and 
industrial sectors. They are members of the same family, 
and internal differences must not be allowed to interfere 
with an effectiv e relationship between them. 

Nevertheless, strong traditional ties do exist between 
universities and ind ustry and ha ve formed a basic foundation 
upon which to bu�ld. Industry h as participated in the 
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educa t ion a l  program through undergraduate cooperativ e work­
study programs, summ er emp loyment of stud ents, grants o f  
f unds an d  equipment , industri al membership o n  university 
advisory committees, and some sponsorship of research and 
dev el opment projects. Uni versit ies have mad e pa rt- time 
graduate programs available to ind ustrial personnel via 
night co urses, o n-site courses, closed- circui t TV ,  and 
vid eotaped co urses ,  as well as through the provision o f  
short co urs es and special educationa l  programs in new 
t echnical field s. University faculty consult for industry , 
as well as participa te in personnel interchanges via summe r 
employment and f ac ul ty sabbaticals. S imilarly, industrial 
engine ers obt ain lea ves of absence to spend time at 
un iversit ies, and industrially employed engineers o ft en 
serve as p art-time f aculty m emb ers. Through less formal 
arrangements, ind ustrial speak ers are oft en invited to 
university seminars and colloquia ,  and faculty members 
participa te in i nd ustrial conferences , s eminars, and 
workshops. Finally, there are industrial associates 
programs a t  some uni versiti es ,  notably at the Massa chusetts 
I nstitute of Technology (MIT) , Stanford, and the University 
of Ca l ifornia at Berkeley. Thes e  provide ind ustry with 
systematic revi ews of research results in specific fields of 
university expertise . 

Altho ugh both universities and ind ustry hav e profi ted 
from these interacti ons , it is evident t hat there is great 
potential f or increa se d  b enefits through str ength ening 
tradi tional ti es as well as establishing new ones. New ties 
are need ed beca use of a number of new problems fa cing the 
nat ion, s uch as increa sed d emand for eng i neering talent due 
to the s hort age of energy, increased interna t iona l 
c ompe t itiveness, and a sl ow-down in the rate of industrial 
innovation. 

Potential B enef i ts 

strengthening university/indu s try ti es wo uld b en e f it 
both h igh-technology fields a nd the more trad iti onal fields. 
S ome of th e benef its which mi ght accrue include : 

!ns'��§�Q-�Y9!!2Q!!!t�-Q,_mqg�'n -'��i !iti�!-f2' 
in!t,Yst!QU2 !_ey�Q§�s. As prev io usly noted, in 
many fie lds of t echno logy, the c apital investments 
made by in dustry t o  carry out research, d evel opment, 
des ign, and manufacturing are orders of magn itud e 
larger t ha n  the resources availabl e for t he purchase 
of eq uipment even in the strongest engineering 
colleges . M any of th e im p ortant fields of 
technology are characteri z ed by rapid changes in 
equipme nt and facilities as advances in 
instrument ation and da ta -gath e ring are made. 

18 

Copyright © National Academy of Sciences. All rights reserved.

Issues in Engineering Education:  A Framework for Analysis
http://www.nap.edu/catalog.php?record_id=19781

http://www.nap.edu/catalog.php?record_id=19781


Engineering colleges are faced with prohibitive 
costs if they attempt to develop modern facilities 
in many branches of technology. 

UQQ9t!og _g{ _Q2tb_(I�Yltx_m�mQ���-1uS-lDgY§t�l1 
�ngio��£!• Througb interchange of personnel for 
varying periods of time, engineers in industry can 
learn new analytical techniques ; fac ulty members can 
be exposed to the current state of the art; and 
students can h ave an opportunity to encounter 
industrial priorities and viewpoints. 

Ib�_QDg�{tl&iog_gt _jQ!Ot _[�!�l,£b_�{Qj��t!• The 
capabilities of the university and industrial 
personnel fr equently complement each other. I n  many 
fields, the university faculties include the 
foremost researchers in scientific and technical 
fields, but few universities have the extensive, 
modern facilities that companies maintain. 
Combining academic researchers with industrial 
personnel and facilities could enable more rapid 
technological progress. 

Ib�_§bl,iog_g{ _eQ�Otii! _siDQiQ9t�!-12,_9,iQYI� 
�2�&-lD-�D9i��'l09-9QQ_!�i!D£�· At present, there 
are great financial inducements for the holders of 
baccalaureate degrees in engineering to undertake 
industrial careers immediately upon graduation. 
Colleges o f  engineering are e f fectively being 
stripped of full-time u. s .  graduate students at the 
very time th at they are seeking to respond to 
increased demands for educating more undergraduates. 
Industrial employees can participate in and 
contribute to the health of the educational programs 
in the universities if appropriate time-sharing 
arrangements are made by their employers. 

�-lDS{!I§�Q-'It�_Q{_t��bD2!29lS9�-�[Qg{�§§_iD 
ti�!g§_Qt_li99lD9 -t�£bn2l29�· I ncreased a�tention 
and activity is needed in technologi cal fields where 
there has been relatively little change over a long 
period. Both the university communities and 
industry could engage in cooperative efforts to 
expose students to these fields. If capable 
graduate and undergraduate students can be 
encouraged to enter them, substantia l progress will 
be made. 

Ib�-9�Y� l2�m�Dt-�D-YD!Y�'�it� -sY,,!sYlt_Q,_m2,! 
£2§t�£2D§£lQY§-�D9iO��[lQ9• This topic is often 
neglected at the undergraduate level and is rarely 
presented in graduate programs. Since the bulk of 
university research funds come from the federal 
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government , university research tend s to be directed 
more toward federa l priorities and less toward 
industri al concerns , e . g . , cost- consc iousness in 
engineer ing design and manufacture . What is needed , 
of cours e, i s  not l�!! fede ral re search support but 
��� industr ial support. 

Recently , a number of new university-industry 
interaction patterns have developed. In some ca se s ,  
government funding ha s acted a s  a catalyst for these new 
arrangements . Other s have resulted from private sector 
initia tive s .  se ve ral o f  the se may be ci ted a s  poss ible 
models for the future . 

At some universi tie s ,  multi- company support o f  res earch 
programs in fields of parti cular importance have been 
developed . For example , the Si licon Structures Project at 
the Cali fornia I nsti tute of Technology i s  directed toward 
the development of design sof twa re for very large scale 
integrated (VLSI ) circ uits . The six or so participating 
companies provide annual grants of $ 10 0 , 0 0 0  each. Also, an 
engineer f rom each company is detai led to Ca l tech for a 
year.  MIT ' s  Cente r for Polymer Process Research was 
initia lly partia lly supported by NSF but has proved so 
valuab le to the industrial sponsors that it is now 
completely supported by industrial funds . 

A ma j o r  advantage of arrangements of thi s type is the 
very d ir ec t  i nte rplay between academic and industrial 
personne l .  The academic concern for in- depth understanding 
and the industrial i nte re st in identi fyi ng the problems o f  
greatest relevance to future development s can be combined to 
maximi ze the rate of progress.  

In  a number of instance s , a direct tie between a single 
company and a single university ha s been eff ective . The 
Harvard Medica l School-Monsanto tie has had much publ icity 
as a joint ef fort to f oster developments in the biomed ical 
area. The new program developed between Purdue and Control 
Data Corporat ion (CDC) is another example . I t  is foc u sing 
on the development of a university cente r  for research in 
computer- a ided design and manufacture . In both of these 
cases , a multi-year commitment has been made that will  
permit the sy stematic deve lopment of  a field. 

carnegie-Mel lon University (CMU) has developed a close 
relationship with the Digita l Equipment Corporation ( DEC ) . 
A program directed toward the use of sma ll computers in 
arrays employs DEC f ac i l i ties and CMU faculty and graduate 
student capabilities . In addition , some of the DEC 
executives ho ld ad j unct fac ulty position s at CMU .  
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A di fferent type of e xample is provi ded by the 
innovative undergraduate program developed at worcester 
Polytecrmic I nstitute in which many undergraduates undertake 
an extensive res earch pro ject with active industria l 
parti c ipation . 

The final ex ample is  somewhat different. A new 
e lectronic technique , the use of switche d  capacitors , wa s  
developed by facul ty members a t  the University o f  Cal i fornia 
at Berkeley . After prototype s were deve loped at Berkeley ,  
the I ntel Corporation, working with the faculty , furthered 
the techniques and brought the ideas to successf ul 
c ommercia l reali zation. 

Fostering Increased I nteraction 

There are , the n ,  a number of mode ls for increasing 
unive r sity/industry interaction that mutually benefit both 
parti e s ,  a lthough c learly not every mode l is appl i cable to 
each engineering college and industria l concern.  
Nevert he less,  a fundamental conclusion o f  the NA E  Task Force 
i s  that great benefits can be real ized through the fostering 
of exi sting and new ties between univers itie s and industry . 
Whi le ma ny of these tie s are not dependent on government , 
the federal government i s  in a positi on to enhance and 
e ncourage such i nteraction s through its poli cies and 
pract i ces . 

I t  also should be stre s sed that neither the univer sities 
nor industry should wa it for federa l act ion before wor king 
to find new mean s of strengthening the ir mutual involvement . 
Each could take a number of constructive steps today . As 
noted above, there a re model s  of succe ssful ,  mutually 
sponsored programs . The appl icability o f  these mode ls to 
other universities a nd compan ies should be explored. Thi s  
wil l  require increased flexibi lity on both s ides .  
Academicians need to become more wi l l i ng to respond to 
industry prioritie s  and direction. Industry must address 
the i s sues of patent s and proprietary rights in new, 
innova tive ways.  

The ability of t he universitie s  to contri bute to a 
systematic inc rease in productivity or to ind ustrial 
innova tion probably can be enhanced by some experimentat ion 
along th is line ,  and this is worthy of an investment in time 
and funds.  some uni versi ty and industry groups should seek 
to integrate the technolog ica l and management resources 
needed to attempt to grapple with thi s  probl em in specif ic 
sector s .  It is al so pos s ib le that independent , not-for­
pro f i t  research instit ute s could play an important role in 
such an e i fort . 
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Rec ommendations for Immedi ate Act ion 

• The Task For ce recommend s that the federa l 
government adopt po licie s  and practices through both 
its executive and le g i s lative branche s that enhance 
the c lose inte rac tion between un iver s ities and 
industry . The Ta sk Force has identi fied a numbe r of 
speci f ic e xample s  of actions that the federal 
government could ta ke in support o f  thi s gene ric 
recommendati on : 

Through the NSF and techno logy-ba sed mission­
oriented federal agenc ie s , unive r sity- industry 
coope rative re sea rch programs could be 
strengthened . 

NSF ' s I nd ustry/Univers ity Cooperative ( I UC )  
program is a n  example . The u. s .  Air Force ' s  I CAM 
( I ntegrated Computer-Aided Manuf acturing ) program , 

the Depa rtment o f  Def ens e ' s  (DoD )  VH SIC (Very H igh 
speed I nte gr ated C ircuit s )  program as we ll as many 
others undert aken by DoD , the De partment of Energ y 
(DoE) , the Department of Transportation ( DoT) , t he 

Department o f  commerce ( DOC ) , and the Na tiona l 
Ae ronautics and Space Admini stration (NASA) could be 
made more e f fective in f oste r i ng university/industry 
tie s i f  the compani e s  bidding for such pro jects we re 
encouraged , or pos sibly required , to include 
univers i ty participants . 

The companies that parti cipate in the I RAD 
( Independent Re search and Deve lopment ) pro gram 

of the Department of De fense could be enco uraged 
to i nc l ude unive r si ty participat ion in the 
pro j ects they submit for I RAD approva l .  

Since I RAD pro j ects usual ly relate to the 
advancement of cur rent techno logy and the 
explorat ion of future pos s ibi lities , it would be 
mo st de sirab le to encourage j oint parti cipat ion o f  
company and university personne l . I t  i s  recogni zed 
that the re are frequently propriet ary aspects to 
such pro j ect s ,  but the re are a number of examp le s of 
suc ce s s f ul resolution of s uch issues between 
compani e s  and universitie s .  F le xibi l ity by both 
pa rtici pants can make such arrangements workable . 

The al lowed rate o f  deprecia tion for ta x 
p urposes on equipment could be increa sed . 

such a policy would encourage compan ies to 
inves t i n  new equipment , thereby a llowing 
unive rsities to obtai n  equipment whi ch i s  clo s er to 
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the current state-of- the- art. The e f fec ts of 
i nc rea sed de preciation on pote ntial tax write-of f s  
f or dona tions of equi pment to un iver s ities wou ld ,  o f  
cours e ,  have to be taken into ac count . 

Tax credits could be provide d for compan ies 
which f und university re sear ch .  

Mea sures o f  thi s  type would provide strong 
incentive s  f or ind ustrie s to support university 
re search in fields important to thei r technological 
progre s s . I t  is noted that such a bill has been 
introduced in congre s s  ( H . R .  6 6 3 2 and s. 2355) .  
With the exception of the NSF, which has the broad 
mi s sion of e nsuring the health o f  the nation ' s 
science and enginee ring en terpri ses , there is litt le 
federal fund ing ava ilable in tec hnologica l areas 
which do not match the spe c i f i c  targets of a federal 
agency . As a result , some technolog ies of 
importance to the economy can be s lighted in 
universi ty-based research,  with a con sequent low 
output of young engineer s with i ntere st or expertise 
in these f i e lds . The fact that the United Sta te s  is 
lagging in i t s  ra te o f  technol og ical advancement i n  
several area s is like ly t o  b e  ca used , at lea st i n  
pa rt , by thi s phenomenon . Some industrially 
advanced foreign nations have demonst rated the ir 
ab i l ity to i denti fy the se areas and compete very 
succes s f ul ly with u. s. companies both in 
internationa l and i n  domestic market s .  I f  u.s . 
companie s could initiate and support re search 
programs in universities through long -term funding , 
they cou ld contribute to their long- term 
technologica l hea lth and compens ate for t he s hort­
term nat ure of most present industri a l  re search 
e f forts . Prog rams o f  this sort woul d be o f  gr eat 
benefit to col lege s o f  eng inee ring s i nc e  they would 
constitute a balance for the present dependence on 
federal fund ing . 

The forma ti on , through part i al fe dera l  funding , 
o f  separate insti tute s or center s des igned to 
fos ter t he growth of parti cular field s  of 
techno logy should be cons ide red. 

some s uch institutes have been succe ssful in 
We st Ge rmany and othe r countries . The Materia ls 
Proce ssing Center at MIT i s  an examp l e  of such an 
operation. I t  invo lves severa l academic 
depa r tme nts , incl ud e s  industrial and governmenta l 
personne l on extended re s idence , and develops both 
re sea rch a nd instructiona l progr ams in mater ials 
proc� s s ing . The success of such institutes in 
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selected environment s po ints to the need for a s tudy 
to determine whether the e xperie nce gained to date 
could be e xtended to new techno logica l fi el ds and 
geograph i cal area s . 

I t  i s  undoubtedl y true that other options are ava i lab le 
to Congress and the execut ive branch than those outlined 
above . The key i s s ue i s  to f ind methods of f acil itat ing t he 
development of s tronger traditiona l and non- t radi tiona l 
unive r sity/ind ustry tie s.  The Ta sk Force urges that such 
method s be sys tematically identif ied and tha t congre ssiona l 
sta f f  members and fe dera l agency program manager s take 
appropriate act ion . 

I n  section v ,  Pa ne l  c i s  propo sed as the group to rev iew 
and make recommendations on tne sub ject of interact ion among 
government , industry , and the univers iti e s a nd col lege s .  

Ib�_§QS!!!-�QDt�!t-2 '-�nq�Q��'!nq 

Accord i ng to the publ i c  stereotype , the engineer i s  
immer s ed in te chni ca l complexities , ob li viou s  to soc ieta l  or 
economic c once rn s ,  a nd i s  unable to communicate h i s  or her 
i deas . Certainly , no stereotype should be endorsed . 
However ,  it should be noted that , i n  spi te o f  var ious 
s tudi e s  of the i ssue and the e f f ort s of many universitie s ,  
probl ems a s socia ted wi th the public ' s  percept ion o f  t he 
pro fes sion remain . 

To the de gree that the ste reotype of the engineer as an 
individua l with na rrow per spective is ac cepted by the 
publ i c , people with an innate abi l ity to tak e a l eader shi p 
role a re repe l l ed f rom engineering as a care er . As a 
resul t , the prof es s i on often fails to have an appropri ate 
impact on public pol icy . 

S teps sho uld be taken to enable futu re engineers to dea l 
more e f fect ively with the pub l ic . The e xpos ure of . 
engineer i ng students to soc i a l l y  oriente d  sub j ect s  must be 
increa sed, and t hi s  must be done in such a manne r a s  to 
impre s s  upon the s tudents the important role such sub j ect s 
play f or engi nee rs . courses should be o f f ered in ethi c s , 
law , economic s ,  and the soc i a l  and environmental impact o f  
techno logy . Fina l ly , and perhaps of most importance , 
engineering students must understand the nee d to learn to 
a rticulate , to communicate , and to convi nce . 

A re lated and e qua l ly important i ssue is the att itude of 
the lay public towa rd techno logy itse l f .  we are living i n  a 
highly technolog ical world wh ich the lay public cannot 
adequa te ly c omprehend ; technology is reg arded with a mixture 
of awe , mi strust , and hosti lity .  As a result , the 
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e lectorate a nd its legi s lative represent at ives are mak ing 
cruci a l  dec i sions ba sed on an insu f f ic ie nt understand ing of 
the impact of the i r  action s .  

Eng ineering schools mu st engage in e f f orts aimed a t  
acqua i nting non- engi neers with the engineerin g approach to 
pr oblems . Th i s  is d i s ti nc t  f rom providing the l ay public 
with a rudimentary a cquaintance with §�i�D£� · Ra ther , it 
refers spe ci f ica l ly to an acqua intance with �ng�n��'ing, 
with its problem- solving bas i s  and capab i lities,  with the 
conc ept o f  e ng i nee ri ng ac c uracy as oppos ed to that o f  a 
phi losophical ce rtaint y ,  and with a gene ral under standing of 
the ro le that engineering p lays in everyone ' s  live s .  Thi s 
i s  a very dif f i cult task . I t  invo lve s not on ly the 
e ngineering profes sion but a l so a much wider , not 
ne ce ssar�ly receptive , audience . Neverthe le s s ,  the e f fort 
must be made . The pre limi na ry steps that should be taken 
include convincing non- engineers of the importance o f  the 
sub jec t  a s  we l l  a s  deve lopi ng suitable cours e s ,  s eminars , 
and other teachi ng vehicle s .  

F i na l l y ,  i t  mus t  be noted that the l ack o f  an 
under standing o f  engi neering on the part o f  the publ ic at 
l arge is accompanied by a general ly low a s se s sment of the 
impact o f  engineering a s  a profess ion. Although a f avorable 
upward trend i n  the public ' s  estee m of e ng ine ering ha s been 
noted in recent year s , the pub li c  a s  a who le doe s not 
recognize tha t the prac ti ce o f  engineering vital ly a f fects 
its wel l- being , hea l th ,  and dai ly expe ri ence . F urthe r 
e nhancemen t  of the public ' s  perception o f  the eng ineer ing 
pro fe s s ion cannot be achie ve d  by emulati ng other pro fess ions 
such as medic ine and law ,  howeve r .  Engi neering ha s a 
cha rac te r  of its own , one whi ch encompas ses a tremendous 
varie t y  o f  situations rang ing from industria l employment to 
indiv i dua l entre preneur shi p ,  and its pro fess ional status 
mus t be achieved and appr ecia ted on i t s  own unique 
f oundatio n .  

The tasks of Panel D ,  proposed in Se ction v ,  woul d  
encompas s  al l of the se areas . 
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V .  RECOMMENDATIONS FOR LONG-RANG E ACTION 

In the precedi ng section , four ma j or areas o f  conc ern in 
engineer ing education we re outli ned , and some immediate 
steps neede d to ef fect a rapid ameliorat ion of c urrently 
crit ical i s sue s we re detailed . This section presents the 
recommendations of the Ta sk Force f or ac tion s  that should be 
taken to ensure the future we l l -being of eng ineer ing 
educat ion . 

Be fore di sc u ssing the recommendation s ,  three general 
obs ervat ions should be made . First , the concerns expres sed 
by the Tas k Force ar e not transitory . Rathe r , they can be 
expec ted to rema in a s  active i s sue s in the pro fes s ion for 
many years to come . Second , a lthough ea ch of the four broad 
areas of conc e rn identified represents a dis tinct set o f  
i s sue s , they are i nterrela ted to a consi de rab le extent . A 
good case could even be made for one common study o f  the 
four a reas , although such a propo sal would undoubtedly be 
impracti ca l . Thi rd , a s  noted in Appendi x F, a var iety o f  
dif fe r ent organiz ations ha s expres sed and ha s a legiti ma te 
inter e st i n  engi neer ing educa tion. To g ive an admittedly 
i ncomp lete l ist ,  one might note the Nationa l Academy of 
Engineering ( NAE ) , the As sembly o f  Engineering ( AE) of the 
Nat ional Research counci l (NRC) , the Ame ri can As soc ia tion of 
Engineering Soc i etie s (AAES) and its constit uency , the 
Accreditation Board for Eng ineer i ng and Technology (ABET) , 
the �nerican Soc ie ty for Enginee ring Educa tion (ASEE) , the 
Nat ional society o f  Profess iona l Enginee rs (NSPE) (and 
indeed every profess ional engineering society ) , the Nationa l 
Science Foundat ion ( NSF) , many pri vate f oundation s ,

· 
and so 

forth . one cannot e xpect any gene ra l  f ramewo rk f or 
exami n i ng engineering educ ation to be even mo derately 
s ucces sful or ac cept ed i f  it doe s not in some way take 
cogni z ance of thi s b road constituency. 

The Task For ce propose s establi shment of a general 
f ramework for f o stering the continued hea lth of engineering 
educat ion a nd i t  be l ie"c. s the proposal i s  respons ive to the 
general requirements out lined above . The rec ommenda tions 
f or the f ramework are a s  follows : 
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• A Standing counci l on Eng ineering Education s hould 
be establi shed to ca rry out the following f unctions : 

1. Monitor engineering education ;  
2 .  Advi se the eng ineering profe ssion , the 

governme nt , and , indeed , the nat i on o f  pro gres s 
and perceived programs ; 

3 .  Recommend studie s an d  di rections ; and 
4 .  I denti fy oppo rtunities and needs . 

Th e  Counc i l  would gene ra l l y  act in the capacity o f  
coord inato r ,  advi sor , planner , and advocate ; it would not 
perform as a man ager or di ctator . The c ounci l should be 
establ ished unde r the aegi s o f  re spected engineer ing 
entities with broa d cogni z ance of the af fairs of the 
pro fes sion .  Three s uch enti tie s  immediately come to mind : 
the Amer ican As socat ion o f  Engineer ing Socie tie s , the 
Nat ional Academy o f  Engi ne ering , and the Ass embly o f  
Engineering of the Nationa l Re search c ouncil . Thi s  
tripa rti te a rrange me nt would al low the f ul l part i cipat ion o f  
the many various societies that form the membership body o f  
AAES includ i ng ,  o f  course , the American Soci ety for 
Engineering Educatio n and its va ri ous co unci l s .  

The Ta sk Force propose s that these three groups join i n  
sponsoring ·such a Council and urges that a meeting amo ng 
repres entatives of the three groups be held a t  an early date 
to establ i sh a s uitable cha rter and modus operandi . At t hat 
time , the member ship of the Counci l should be examine d and 
the i nc lusion of bro adl y ba sed organizat ions such as ABET 
should be cons idered . 

Perhaps the Counci l could comprise three component 
g roup s : a Standing Committee on Eng inee ring Education in 
the Nationa l Aca demy of Engi neering ; a Board of Engineer ing 
Educa t ion in the Assembly of Eng ineering of the National 
Re sear ch C ounc i l ; and a Stand ing Commi ttee within the 
American As sociation o f  Engineering Soci etie s .  The· group s 
could meet a s  a j oint Counci l ,  but each coul d pre serve it s 
own rules for membe r ship sel ection and , on occa s i on ,  meet on 
a n  i ndependent basis a s  appropriate . The Ta s k  Force further 
pro po s es that the Nationa l Science Foundation and private 
founda tions be e ncouraged to provide the nece ssary financial 
support for thi s  e f f ort , with pa rtici pat ion by profe s s iona l 
societies a s  a ppropriate . 

The Counci l should i s s ue a yearly report on the state o f  
engineering educatio n a s  wel l  as addre ss spec i fic i s sue s  
through ad hoc special report s .  
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one of the important f unctions of the stan�ing counci l  
o n  Eng ineering Education would b e  the f o rmation o f  Panels to 
examine speci fic i ss ue s  and to recommend solutions to 
speci f i c  problems . 

• The Ta sk Force proposes that , §im�lt�O�Y!lX-�itb 
th�-����t!QU_Q{_tb�-�QYD�L� , f our sub sidiary Pane l s  
be establ i s hed . Each would be c harge d wi th 
re sponsibi l i ty for studying one of the four b road 
area s outlined in Sec tion IV. Thus , the Panel s  
would be desigr,ated : 

Pane l  A- The Ob je ctive s of Engineer ing Education ; 
Panel B-Re source s Requi red for National Needs ; 
Panel c- university/Industry/Government I n teraction ; and 
Pane l  D- The SOc i al Context o f  Eng i neering . 

Each Pane l would report to the Counc i l  wh ich would 
dec ide whether the then current nee ds require the 
cont inuation of the activi ties of e ach P anel or , perhaps , 
the c reation of new or di f fe rent Pane l s .  Furthermore, in 
order to respond to the strong inte rrelation ships among the 
four P anel s '  areas o f  cogni zance , over lappin g membership 
s hould be mandated . The overlapping members would be 
speci f ical ly cha rged wi th cond ucting l ia i son act ivit ies and 
provi ding expli cit channe l s  for the cont inuous f low of 
information. Again , the Ta sk Force proposes that the 
National Science Fou ndation and private founda tions be 
encoura ged to provi de the nece ssary f i nancial support , with 
parti cipat ion f r om profess iona l socie tie s as appropriate . 

i�n�'�!-B��Qmm�ogit!2n! 

The Ta sk Force a l so recommends that : 

The practice o f  seeking gras sroot opinions be 
wide ly adopted by the Counci l and the Pane ls . 
Thi s may be done in a variety of ways , such as 
by solic it ing writte n opinions ( a s  wa s done by 
the Ta sk Force ) or by open hearings or forums . 
The be nefits to be derived f rom procedure s of 
thi s kind are not limited to the greater f low of 
idea s they generate but exte nd to the grea te r  
fee l ing of unity and parti ci pation they foster 
among en gineers at large . 

The re sponse s col lected by the Task Force 
represent a va luable re source and sho uld be made 
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a va i lable to the Counc i l  and to the four 
proposed Pane l s .  

A centra l clearinghouse and repos itory for 
information on activi tie s and programs in 
engineer ing educa tion should be e stablishe d  by 
the Counci l at an early date , wi t h  provisions 
for maximizing ava i labi lity of i t s  facilitie s  
and thei r  use by the profe ss ion a t  l arge. 

Sponsor ship and financial support for the 
a ctivities of the proposed and f uture Pane ls 
should be sought f rom intere sted bodies , 
includ ing , as appropriate , private foundations 
a s  wel l  as federa l agenc ie s .  
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VI . CLO SING STATEMENT 

The i s sue s a pproac hed by the Ta sk Fo rce are deep and 
perva s ive , and the many ea rl i e r  e f fort s devoted towards 
the ir so lution must be gratefully acknowledge d. The Task 
Force wa s not a s ked to propose speci fic solut ions , alt hough 
some o f  the immediate problems d id prompt recommendat ions 
for immediate action . Rather , the Ta sk Force wa s a sked to 
propo s e  a f ramework to ensure the long-term health o f  
engineer ing educatio n .  I n  spite o f  ve ry narrow time 
constraints , the Ta s k  Force feel s that i t  succeeded in 
propo sing the out l ines of a s tructure that would prove 
e f fective in g ui d ing the f uture course o f  eng i neer ing 
educat ion , while sti ll ma i nta ining the vital Ame rican 
qualitie s  of f reedom of action and appro ach on t he part o f  
the several eng i neer ing constitutent gro up s .  The Ta sk Force 
venture s ,  i n  f a c t ,  to hope that the i mp lementation of its 
recommendat ions wi l l  he lp i n  drawing the se diver s e  groups 
closer together ,  cre ate a more meaning f u l  pro fess iona l 
ident i f ica tio n ,  and thus a s s i st al l i n  worki ng e f fect ively 
toward the strong enginee ring e stab l i shment which the nat i on 
needs and ha s  the ri ght to expect. 
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Appendix C 

Ana l y s i s  o f  the Re sponse s  to the Survey 

I n  January 1 9 8 0 , over 1 8 0 0  l ette rs were s ent ty the Tas k  
Force Chairman t o  in dividua ls actively i n  or concerned about 
engineering e ducat io n .  The re sponse s to the �a sk Force ' s  
survey provided sign i f icant background f or i t s  
de l iberations . A quantita ti ve content analy s i s  was 
conducted us ing th e 3 1 5  re sponse s rece ived pr io r  to the 
March deadl ine . The re sul ts of the canv as s  a re presented in 
this section . The content o f  the lette r s  received is 
s umma rized on an i ss ue s  basi s in an aggr eg ated form ; t he  
analy s is is f o l l owed by a table showing the p roportion o f  
respondents who ment ioned eac h  i s sue .  Fol lowing the March 
deadl ine , an addi t io na l  8 1  re sponses were received , and an 
analy s i s  o f  the a f f i l itation of all re spondents is presented 
in Appendix D .  

The total numbe r  o f  initi al re spondents ( 3 1 5 ) was 
catego r i z ed into three ma j or sec tors :  a cadem ia, government , 
and industry .  Academi cians , inc lud ing some in unive rsity 
admini stra tion, and industry re spondents were about equa l in 
number ( 1 5 3 and 1 4 5  respective ly) . There we re 1 7  
respondents a f f i li ated wit h  government , all but 5 at the 
federa l level and the rema i nder at the s tate leve l .  

C a ut ion must be e xerci sed in interpr etin g  the 
informat i on provided below . No e f f ort wa s  made to e s tab l i sh 
a sc ient i f ica l ly repre sentative sample o f  respondents . 
Moreover , the f requency and percentage data p resented he re 
doe s not i nc l ude the 8 1  re spondents whos e replies were 
rece ived a fter the d eadline . Thus , a high f requency o f  
respon se s  on a pa rti cular i s s ue may not ne ces sari ly be 
related to the i mportance of tha t i s sue , nor should a low 
f requency o f  re sponses be taken as indicative o f  the 
rel at i ve lack of importance o f  an issue .  Fina lly , the views 
expre s sed he re a re those of the re sponde nt s and not 
nece s s ar i ly thos e of t he members of the Ta sk Force . 
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The topic s d i scu ssed und er thi s he ad ing have teen 
divi ded as follows : P re- col l e ge P repara tion ; Undergraduate 
Educat ion ; and Post- bacca laureate Educat ion. 

Pr e-col lege Preparation 

Content ana lysis indica te s  that the pre- col lege 
environment wa s addre s sed f i f ty time s  by survey respondent s .  
Two ma jor categories o f  i s sue s  were mentior�d : inadeq ua te 
prepa ration i n  mathematic s and sc ience ; and counse l ing i n  
career dec i sion making for high school s tudents . Among 
those who ment ioned the f irst item as an i ssue , the 
overwhe lming ma j ority are a f f i l iated wit h univers ities and 
indus t ries . They we re unanimous in deploring the leve l  of 
student achievement in mathemati c s  and the s ci ences . some , 
espec i al ly those in academia , noted that the current trend 
is toward dec l in ing ski l l s  in the se area s .  

A l though the re wa s no un iform pattern o f  dis cuss ion 
among re spondent s who addre s sed the is sue of seconda ry 
school career counse li ng , mo st were criti cal of the process 
for a number of reas ons . Counse lors are not advi s ing the 
most a ppropx iate s tudents to pursue an engineer in g edu cat ion 
because counse lors a re not suff i c ient ly knowl edgeab le about 
mathematic s ,  the sci ence s ,  and engineeri ng . Other 
respondents attributed the cyc lica l nature of enginee ring 
enrol lment s to the lack of coordination among the nat ion ' s  
second ary schoo l  counselors and to their lack of adequate 
information abo ut va riations in manpower demand.  

Undergradua te Education 

E i ght is sues in undergrad uate engineering education were 
ident i f ied . The y  wi l l  be di scus sed in the following order : 
Qua li ty of Education ; Enginee r ing versus Eng i neer ing 
Tec hno logy ; Engi neer ing Curricul a • Communi cation Skil l s ;  
Non-t e chnical Curr iculum Content ; Cooperative Programs ; 
Recrui tment of Minorities and Women ; a nd U se  of computers . 

6� __ Qy�!!�_2t -�9Y�it!2n: T hi s  i s sue wa s mentione d by 
1 7  respondent s , 6 a f fi l ia te d  with unive r si ti e s  and 1 1  with 
industry . In general ,  respondent s fe lt that the 
unive r si t i e s  are doi ng a good job in tra ining baccal aureate 
engineers . G radua te s  were considered to be wel l-ab le to 
embark upon the pra c ti ce o f  e ng i neer i ng .  However , some 
respondent s ,  primari ly some a f f i l iate d  with industry , 
perce i ved an ove re mpha si s on re search at the expense o f  
technica l proble� so lving skil l s .  They felt tha t grad ua te s  
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must rece ive e xtensive on-the - job traini ng in order to be 
valuable to the private sector . 

Th i s  i s sue has rami f ications beyond the narrow concern 
o f  educationa l  qua l i ty ,  for it re f l ect s differences in 
phi lo s ophi cal vi ews of engineering educa ti on .  I t  rai ses the 
que s t i on :  Educa ti on for wha t ? Re spondents were nearly 
equal ly divided between those advocati ng education for 
continuous learning and adaptabi l ity to future techno logies 
and t hose advocating care er- or ie nted tra ining to meet 
c urrent industri al demands .  

� � --�g!u��� !ng_y�,§Y§-�ngln���!ng _t��bn2•2g� : The 
respondent s observed that there is consi de rab le confus ion 
over t he var ious engineer ing degree of fe ring s at the 
underg ra duate le ve l .  Twen ty- s ix re spond ents suggested that 
an e f f ort be made to clar i f y  the nomencl ature for and 
educat iona l c omponent s of the BS E ( Bache lor o f  S cience in 
Engineering ) , the BS ET (Ba che lor of Science in Engineering 
Techno logy ) , and the two-year prog ram le ading to an 
As soci ate degree a s  an Enginee ring Technic ian. They a lso 
felt that the care e r  opportunities af forded rec ipient s  of 
the se degrees should be clari fied . 

This i s s u e  a l so relate s  to t he phi lo sophi cal dialogue 
ment ione d  above . se vera l respondents sugges ted that the 
BSET degree might,  i n  certa i n  case s , bes t serve to tra in 
students to meet the immediate nee d s  of indus try , whi le 
holde r s  of BSE degre e s  mi gnt be bette r uti li z ed in re search , 

academic purs uit s ,  a nd in companie s occupying the fore f ront 
of new technological deve lopment . 

� �--�g!n���!Dg-�y��l£Y!� : Th i s  i s sue wa s mentioned by 
1 1 6 re spondent s . Forty-nine are a f f i l i a ted with 
univer si t ies , 7 with government , and 60 with industry . Mo st 
of the cont rove r s i e s  about c urri cula center on the content 
of BS E programs . A numbe r o f  res pondent s f ron i ndustry and 
a cadem ia sugge sted a n  i ncrea sed empha s i s  on the engineer ing 
s ciences . They noted that the e s sential t ra i ning of an 
engineer should enab le him to be a probl em-solver in 
virtua lly any area o f  eng ineering whe the r it be planning , 
des i gn , or implementat ion . They stre s sed that the 
availabi l ity of te chni cians and compute r  sof twa re make s i t  
pos sib le f or the enginee r  t o  use h i s  time con ceptual i z ing 
and reviewing an d interpre ting re su lt s . 

O the r s  disag reed . The y sta ted that recent graduates are 
unabl e to app ly the i r knowledge to devel opment and des ign . 
They a re unable to build a new product whi ch wil l  f i l l  a 
need a nd work re li ab ly.  The trend toward a more 
theoretica l ,  re search- ori ented c urric u la evident during the 
last twe�ty yea r s  is seen by some as det rimental to 
ind ustry . As a cons equence , some industries a re beginning 
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to demand more g raduates f or engineering t echnology programs 
and/o r BSE graduates with specia l i zed training. 

Many fel t  that techno log i c a l  innovat ion in ind ustry i s  
out- pac ing academia i n  many area s. I f unive r sities no 
longer l ead the fiel d in enginee ring and technology, their 
teachi ng tend s to become l es s  and les s  current . Many 
respondents f e lt tha t i f  un iversities are to rega in their 
pos it i on in the fore front of i nnovative research, they must 
be g iven the res ources needed to support imp rovements in 
faci l i ti e s  and e qui pme nt , as we l l  a s  higher facul ty 
salar i es . 

A rela ted c once rn wa s the f a i l ure of engi neer ing 
programs to incl ude s u f f i c ient c ourse work related to 
improv ing produc tivi ty . Whi le mo st i ndu stri a l  engineering 
curriculum focuses on improving produc ti vi ty , othe r 
eng ine ering d i sc ipl i ne s  o f ten avoid th is impo rtant i s s ue to 
the de tr iment of the ir gra duate s  and the nation .  Many 
respondents sugge ste d  estab l i sh i ng a much hi gher pr ior ity on 
cours e s  cover ing managemen t skil ls , deci sion- making 
crite ria , and co st-be ne fi t consi deration s to enable 
gradua tes to under stand the economic paramete rs o f  
engine ering deci sion s .  Othe r s  pointed o ut th at engineer s  
also must b e  prepare d to cope with the rule s contro l l ing 
de sign work in i nd us try. The y noted tha t ,  to day , federa l ,  
state , and profess ional regulations have a n  increa sing 
impac t on e ngine e r i ng practice.  

Q�- -�2mmYn!£it!qQ_§�i!!§ : Twenty- si x re spondents , the 
vast ma jority from industry , sta ted that g rad uates are 
def i c i ent in vit al communication ski l l s  and urged that 
unive r si tie s place much more emphas i s  on thes e  areas . The 
abi li t y  of the engin eering to communicate we l l verbally and 
in wri ti ng wa s see n  a s  e s se ntial to e f fe ct ive per formance in 
industry . In addi tion, the need f or eng inee r s  to inc rea se 
the i r  participation in the forma tion of publ i c  pol icy was 
noted .  The public i s  no l onge r unque sti oning ly receptive to 
e ng ine er ing deve lopment s. The re fore , the engineer now must 
assume an addi t iona l role a s  an advoca te of technology and 
a s  an educator of the public and i t s  rep resentative s . 

� � --H2n=t�sbn1��•-�Y��i£Y!� -�2Ut�nt : In addit ion to 
improving commun ication ski l l s , many f e l t  that en gineering 
graduate s  mus t l ea rn to parti cipate in t he ent i re range of 
compl ex soc ieta l proce sse s rel a te d  to de velopment of new 
techno logies . A s  advoca te and e ducator , the engineer must 
be able to interac t  suc ce s s f ul l y  wi th th e ent ire spectrum of 
importan t  societal a ctors . A la rge numbe r o f  re spondent s  
( 8 7 ) reconwended tha t e ngi nee ring educat ion emphasiz e course 

requirements in such area s as ethic s ,  th e soc ial science s , 
histo r y ,  the arts an d  humanities , and bu sine s s  management . 
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They f e lt that the e ng i neer must be capabl e o f  understan ding 
a var i ety of soc ial viewpo ints in order to b e  suc ce s s f ul .  

[ �--�22e�'!t!��-f,Qg,�m�: C oope rati ve p rograms provide 
employment exper ience in industry , usual ly fo r one term each 
academic ye ar fo r s t udents at uppe rcla s s  leve l s .  The ten 
responde nt s who me ntioned thi s  i s sue strongly supporte d t he 
conc ept and s ugges ted tha t  th is unive r s i ty/industry 
partne rshi p i n  e d uca tion bec ome more wide spread. Some 
sugge s ted that 11 co- o p 11 become a requi red part of enginee ring 
c urri c ula . 

� � --B��'Y!tm�nt_Q{_��n2,!ti��-2DQ -�2�n : The number o f  
women adopti ng e ngi n eering a s  a pro fe s s i on h a s  in creased 
dramat ical ly in recent y e a r s . At pre sent , the proport ion of 
women in e ng inee ring prog rams is a ppro ac h ing the 2 0  percent 
mark . Howeve r , the e ngine e r ing pro fes sion ha s a pauc ity of 
minoritie s in its ra nk s .  I n  order for t he profe s sion to 
meet i ts overa l l  p ur po se o f  improving th e gen eral wel fare , 
i t  mu s t  better ref le ct the socie ty i t  se rve s . Si xteen 
addre s sed thi s i s sue and recommended mor e act ive recr u itment 
of m i nority and fema le students . 

ij� __ y§�_Q{_�QW2Y�'� :  Th e e mphas i s  o n  compu ters in 
under gr aduate en gine ering educat i on had i t s  supporters and 
detracto r s  among the 46 re spondent s  who ment i oned the i s s ue .  
A numbe r o f  re spond e nt s  fe lt that too much empas i s  i s  pla c ed 
on computer mode ling and ana ly s i s  and too li ttle i s  placed 
upon laboratory re search. An oppo s i te point o f  v i ew was 
expre s s ed by those who f e l t  that micro- proce s sors a re the 
inevitable wa ve of the future and that t heir potent i a l  ha s 
barely been t apped . They f e l t  that e ngi neering programs 
should empha s i z e  compute r  work , but no t  ne ce s s ar i ly equa l ly 
f o r  a l l  students or at the expense of othe r impo rtant 
e lements o f  the curr i c ul um. 

Post �ba cca l a ure a te Education 

A tot a l  o f  8 3  r e spondents ad dre s se d  one or more a s pect s 
o f  graduate e duc atio n .  Three categor i e s  o f  i ssues wer e 
mentioned : Qua l ity o f  G radua te Educa t io n ;  Re tention of 
G radua te student s ;  and Foreign Student Enrol lroent s .  

��--QYs!!tY_Qt_�,!QY!t�-�gy�st!Qn :  Twelve re spondents ,  
repres ent ing ind ustry and a cademia equal ly , commented on the 
q ua l i t y  of gr aduate educat ion i s sue s . 

Two ma j or i s sue s we re d i scus sed relate d  to the 
curr i c ulum conte nt o f  advanc e d  degree pr ogram s .  First , many 
gradua te prog rams are t ho ught to be too re sea rch- orie nted . 
As a re� ult , the re i s  a dearth o f  profes s ion als with 
advan ced d egres s who a re s uitab ly pre par e d  to ta ke on the 
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compl e x  deve lopme nt and mana gement probl ems o f  industry .  
Seve r a l  re spondent s indica ted that graduate p rog rams i n  
" app l i ed enginee ring " should be encouraged . They mai ntained 
that ind us try wi l l  g ladly hi re those wit h app rop riate 
advanced degree s .  

The se cond i ssue rela te s  to the pe rceived uti lity o f  the 
in- de pth s tudy requi red f or p reparation of a graduate 
thes i s .  S ome ma i nta ined that such an experi ence t eaches the 
gradua te s tud ent how to delve to the bot tom o f  a pa rt i cular 
topic and contribute to the knowl edge ba se. These s k i l l s  
c an  t hen be appl i ed to a lmost any problem th a t  i s  within the 
indiv idua l ' s  speci a l ty. Othe r s  ma inta ined t h at the topics 
cho s en for theses are too often highly e sote ric . As a 
res ul t ,  the holder o f  an advanced degree o ft en knows a great 
deal a bout a n  e s se nt ia l ly unimpor tant to p i c .  

� � --B�t�nt�QQ_Q{ _§,igYit�_§tYQ�Dt§:  Fi f ty 
profes s iona l s , the ma jority a f f i l iated with univer s it i es , 
felt t hat the i s sue of l ow graduate enro l lment s  by u. s .  
engine ering students i s  o f  si gni f i cance an d  has negat ive 
impli cat ions for the f uture o f  e nginee ring e d ucation a nd 
res ea rch . C urre ntly , the mo s t  at tractive pos t-ba ccal aureat e  
option i s  emp loyment i n  ind ustry . I t  i s  beli eved that the 
ma j o r i ty of g rad ua te s  c hoo se thi s route beca use t he j ob 
market demand has dr iven entry- leve l sal arie s up to $ 2 5 , 0 0 0 .  
Face d with such an opportunity , the recent grad ua te puts 
aside thoughts of ac quiring f urthe r educ ation immediately 
and anti cipates re turning to the univers i ty at some point 
later in hi s or he r career .  I f  American student s are not 
attra c ted in suf ficient numbers to advanced d egree programs , 
then the c urren t shortage of American en ginee rin g facu lty 
membe r s  wi l l  be exac erbated . 

� � - -E2���gn_§tY2�nt _in�Q!!��at§ : Twenty- one responde nts 
felt t hat the is su e of fore ign nationa ls enro l led in 
graduate education progra ms is of importance . Their numbe r 
i s  current ly substan tia l and i s  growi ng . The graduat e 
educat ion of foreign natio na l s  a bsorb s  a sub s t an tia l part of 
the capac ity o f  current advance d degree s programs . There 
was s ome c onc ern tha t l anguage barrie r s , f or example , may 
force reduc tion in g raduate e ducation st anda rds . In 
addit i on ,  many fore ign nationa l s  a re recruited to f i l l 
faculty vacancie s .  Some felt tha t  the e f f ec t s  o f  c ultura l 
dif fe rence s on the e ducation process sho u l d  be studied 
f urthe r .  

Cont i n ui ng Educat ion 

C ontinuing educa tion in e nginee ring re fer s  to the fu l ly 
employea pro fe s s iona l seek ing to upda te ob sol ete ski l l s  or 
to deve lop new ski l l s  by enro l l ing in on e or more cour ses , 
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work s hops , or semina rs .  The course s  may be part of a 
regula r  c urric ul um ,  or of a spec i a l i ze d  program held for the 
purpose of pro fe s s io nal updat ing . The need for such 
prog rams wa s mentioned by 29 survey re spondents , t he 
ma jori ty from indust ry . Many fe lt that such prog rams are 
part i c ularly importa nt toda y since rapid technical 
obsol escen ce occurs among engineering pe rsonne l .  Seve ra l  
mentioned tha t  enginee ring facul ty al so rapi d ly become 
obsol e te , given the rate o f  technological innovation. 

l�§t�tYti2n�!-§Y2e2£t 

As might be expected , the i s sues rel ated to 
institut iona l support were mentioned chi ef ly by 
academic ians . Thi rty-eight individual s made general 
comments about the n eed for more f i nanci a l  support for 
e duca t iona l ins titutions. In addition , comments were o ften 
made in re lati on to four specific area s :  Labora tory 
Equipment ; Junio r  Fac ulty ; Senior Facult y ; an d Student 
Suppo rt . 

Laboratory Equipment 

Obsol e sce nce of labora tory equi pment was of great 
conce r� to academi c  respondents ; 2 7  ment ioned thi s  i s s ue .  
I t  i s  genera l ly recogniz ed that de f icits i n  thi s  area wi l l  
plague uni ve r sitie s  wel l  i nto the ne xt decade . The problem 
is compl icated by a numbe r of factors , not the lea st of 
which is the ri s ing cost of nece ssary new eq uipment . The 
i ncre a s ing level s  of soph i s t i cation alone ha ve made the cost 
o f  some laborato ry a nd computing e qu i pme nt prohibitive f or 
most uni ver sitie s .  Inf lat i on only makes matt ers wors e ,  and 
the need for new equipment permeates the whole range of 
engine e ring education, incl uding those a reas char act er iz ed 
by lower leve l s  of techno logy . Equipment present ly 
available in mo st school s o f  engineer i ng no l onger matches 
that in indus try . Many felt that there is no practical way 
for e nginee ring sc hool s to ma intain mode rn equipment without 
a ma s s ive inf usion o f  fund s , probably from the federa l 
govern me nt .  I f  th is situation i s  not reme di e d ,  academia 
wil l  i nc re a singly turn out student s who are ill-equipped to 
move into i ndustrial ente rpri ses and make po s itive 
contr i butions withou t exten sive on- the- j ob  training . A 
numbe r o f  leader s  in the fi eld placed th i s  i s sue near the 
top o f  the ir li sts of most pre s s ing problems . 

seve ral respondent s a l so mentioned obsole scence o f  
engine ering educatio n physical pl ant s a s  a problem . Agin g ,  
deter iorat ing bu ildings do not have the capabi litie s and 
f lexib i l ity that qua lity e ducation requi re s .  
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Jun ior Fac ulty 

A s  was menti oned in the s ection on post- bacca laureate 
e duca t ion ,  young Ame ri can engine e r ing baccal aureates are 
attrac ted to ind us try beca use of l ucra t i ve  entry- leve l 
sa lar i e s  a nd c ha llenging j ob a s s i gnment s . They are not 
choo s ing to pur s ue g raduate e ngineering degre es that may 
lead to academic c areers beca use univers it y  pay scales are 
not competitive . Fu rthe r , industri a l  sa l a ri e s have l ured 
many j unior fac ul ty membe rs a way f rom ac ademi a an d it 
appea r s  this trend will continue . Fo rty- three respondent s 
viewed thi s si tuatio n wi th al a rm .  Un ivers ity a f f il iated 
respon dent s e s pe cia l ly we re intimat ely aware of the 
di f f i c ul ty o f  rec r ui ting h ighl y qua l i f ie d  faculty , and 
sever a l  cited in stance s of va cancie s remaining unfille d .  

Sen ior Faculty 

Today , a l l  unive rs i ty di scipl ine s ar e see k ing increased 
funding s upport . However , engineering d epart�ent s ha ve 
specia l problems . Nine teen a ddre s sed t h i s  i s sue . The 
cyc l i cal nature of unde rgrad uate student enro l lment s  i s  
often ignored by c o l lege admi n i s trations , and en gineer in g  
depar tments r e ceive a standa rdiz ed 11 fair sha re " of each 
yea r ' s  annua l budget .  Even i f  student enrol lment s were 
stabl e ,  this wou ld pre sent d i f f iculties beca u se an 
e ng i ne e r ing educa tio n enta i l s si gni f i cantly great er 
l aboratory and equipme nt c o s t s  than mo st othe r underg rad uate 
fie ld s .  I n  addi tion , eng i nee ring educat ion requires 
i�di v i dua l ized instruc tion in de sign ,  problem- solving , and 
so fort h .  To be sur e , fac ulty sal ari e s  account for the 
maj or port ion o f  dep artmenta l budgets , and univer sity 
sa lari e s  are not kee pi ng pace with inf lation .  Thi s impo s e s  
a har d s h ip on many s enio r  f a c ulty membe r s ,  pa rti c ularly 
those in engi nee ring . The d i screpancy between i ndustry and 
unive r s ity s a l a r ie s  is s imply too g reat. 

A numbe r o f  re sp ondent s sugg e s ted al ternative approaches 
to the p rob lem o f  dwindling uni ve r s ity f inanc ial support . 
Many s ugge sted stronge r  industry s upport o f  f aculty and 
stude nts . For e xamp le , i nd u s try coul d be as ked for long­
term commi tment s to provide pe riodic emp loyment of f a c ulty 
during summe r s  or sa bbatical s .  s uch employment 
opport unit ie s  would sati s f y  a numbe r of need s .  Fac ulty 
would be a s sured of conti nuing opport unt ie s and s upplemental 
income s .  I ndus t ry  would be ne f i t  f rom the input o f  
exper ienced pro f e s sor s o f  va rying background s who could 
provi de s i gni f i c ant a ssi s ta nc e  with short-term pro jects , as 
well as f rom the a ss urance that young gr adua tes would have 
recei v ed some tr aining from faculty with pra c ti ca l  
exper iE:nce . 
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A number of resp ondent s a ddre s sed the i s s ue o f  federa l 
grant support for university re search. Many considered 
f eder a l  support es sential i f  school s of engineering are to 
survi ve .  Others were conc erned about pr es erv ing latitude in 
univer sity education and research and we re wa ry of undue 
federa l inf luence . 

Student Support 
• 

The is sue of s tudent support was addre ssed in four 
letter s. They felt that f i nanci al support for s tudents at 
both the underg raduate and graduate leve l s  ha s declined in 
r ecent years a s  a re sult o f  c hanging fed eral pr ioritie s . 
suggestions f or source s o f  student support included 
cooperative prog rams , i nd ustry a nd community suppo rt ,  and 
i ncre a sed federal government support through loans and 
re search grant s .  

seve ral responde nt s expres sed their observation t hat 
relat ion ships among unversitie s ,  industry , and government 
are , at time s ,  e rratic or even adve r s ari al . Twenty-n ine 
commented on thi s is sue and urged that c lose r  ti e s  be 
developed for the we l fa re of the nation and the 
institutions . 

§Q�i�t�!-���q§ 

Th e i ssue s  under thi s heading are : Supply and Demand 
Foreca st ing ; Accredi tation and Cert i f i ca tion ;  New soc ieta l 
Conce rns ; and The Prestige of Engi neer s  in society. 

Supply and Demand Forecas ting 

Fi fteen experts commented on the nee d for accurate 
foreca sting of both the f uture demand for engineers and the 
pro jected supply . G iven acc urate demand mode l s ,  respondents 
fe lt tha t  output f rom e nginee ring schools at al l degree 
levels could be adjusted . 

Accre d i ta tion and Ce rti f ic at ion 

Educat iona l prog rams a re accredited by profes s ional 
organi zation s ve sted with recognized a uthority. 
Pro fe s s iona l bodie s al so c e rti fy o r  regi ster pro fes s iona l 
personne l ; usua l ly , pe riodic renewal of such certi f ications 
is required . St ates may license profess iona l s  who se 
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activi tie s bea r  a relation shi p to publ ic health , safety , or 
wel f a r e , and such profe s s iona l l icense s are o ften i s sued for 
lif e .  Most of the 2 0  respondent s who commented on the se 
i ssue s foc used on the proc e s s  of accre di ting academic 
programs . By and large , they fe lt that the proce ss i s  
worki ng we l l  i n  ma inta ining high standards o f  qual ity , whi le 
at the s ame time permitting the program dive r sity that many 
beli eve is requi red . some re spondents recommended that t he 
accred it ation proces s be stud ied to a sce rtain the nature of 
the i n f l ue nce that a ccred i tat ion plays upon p rogrammat ic 
a s�cts o f  engineering education . I n  add i tion , a few noted 
that f urther e xamina tion of the professional certi f ication 
pro ce s s  is needed. Thi s  might shed l i ght on the degree of 
importance placed on it by i ndustry. 

New Soc ietal Conce rns 

There were s ever al ( 1 8 ) comment s c once r.ning speci f ic 
areas in which t he  e ngineering profe s s io n  mu st increa se it s  
future e f forts . The se inc l uded energy , food , pol lut ion, 
resource management , improvement in American ind ustri al 
produc tivi ty , and re gaining the competitive edge in 
technological in novation and deve lopment vi s- a-vi s s uch 
nations a s  Japan and Germa ny. The se i ss ues emerged in the 
1 9 7 0s and are expected to rema i n  perva si ve societal conce rns 
throug hout the 1 9 8 0 s .  

The Pres t i ge o f  Engineers i n  Society 

The image o f  the engineer i n  s oci e ty wa s �entioned by 3 7  
o f  the re spondents . The profe s s ion , i n  gene r al , has been 
subject to mi s trust and ske ptici sm as a resul t o f  such 
event s as st ructural f a i lures in bridges , de s ign or 
opera t ing fa i lures i n  the f ai l - safe comp onent s of nucl ear 
power generat ing p lant s  ( e. g . , Three Mi l e  I sland) or of 
aircra ft (e . g . , the DC- 1 0 ) , and what appea rs to be an 
indi f f erence to envi ronmenta l degradation by ind ustria l 
proce s s e s .  

Th e re spondent s felt tha t eng inee r s  wi ll not only be 
requi red to addre s s  the technica l s ide o f  fut ure problems 
but a l so they wi ll be requi re d to become spokesmen. They 
wil l  have to put i ss ue s  and choice s on the public agenda , 
make recommenda tions , and become advocates for their 
po s it i on s .  

Pe rcenta ge s  we re calc ula ted f o r  the init i al 3 1 5  
respondent s f rom academia , industry , and government who 
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ad dre s sed each i ssue . The y are given be low. As previous ly 
noted , caution i s  su ggested in using the se data . 

Percent o f  Re spondents 
Acad. Govt. I ndust� 
(N= 1 53 ) (N= 1 7 ) (N= 1 4 5 )  

1 .  En gineering Education I s sues 
1 . 1 .  Pre- coll ege Preparation 

1 .  2 .  

1 . 1 . 1 .  P reparat ion in Science an d  
Mathematics 

1 . 1 . 2 . Counse l ing 

Undergraduate Engi nee ring Ed ucat i on 

5 

1 3  

1 . 2. 1 .  Q uality o f  Education 4 
1 . 2 . 2 . E nginee ring versus Engi neering 8 

'Iechno logy 
1 . 2 . 3 . Engineering Curricula 3 2  
1 . 2 . 4 .  Communication S k i l l s  1 
1 . 2 . 5 . Non- technical Curricu lum Content 1 8  
1 . 2 . 6. C ooperative Programs 1 
1 . 2 . 7 . Recruitment o f  Minori ti es 6 

and Women 
1 . 2 . 8. use of comp uters 1 4  

1 .  3 .  Post -bac calaureate Education 
1 . 3 . 1 .  Qual ity of Graduate Education 4 
1 . 3 . 2 .  Retention of Graduate students · 7 5 
1 . 3 . 3 .  Foreign student Enrol lment s 8 

1 .  4 .  Cont inuing Education 8 

2 .  I nstitutiona l Support 
2 . 1 .  Genera l  Support 
2 . 2 .  Laboratory Equipment 
2 . 3 .  Junior F ac ulty 
2 . 4 .  Senior Faculty 
2 . 5.  Student Support 

3 .  Unive r si ty/I nd ustry/Gove rnment Inter action 

4 .  Societal Needs 
4 . 1 .  Supp ly and Demand Forecasting 
4 . 2 .  Accreditation and Certi f i c at ion 
4 . 3 .  New SOcietal Concerns 

4 . 3 . 1 .  Energy 
4 . 3 . 2 .  Food 
4 . 3 . 3 .  Othe r 

4 . 4 .  The Prestige of Engineer s in soc i ety 

4 8  

1 9  
1 4  
2 4  
1 1  

1 

1 0  

5 
7 

8 
1 
3 
5 

6 

1 2  

0 
6 

4 1  
1 8  
29 

6 
0 

2 4  

0 
1 2  
1 2  

1 2  . 

6 
0 
0 
0 
0 

6 

1 2  
6 

1 2  
0 
6 

1 2  

1 0 

8 
9 

4 1  
1 5  
3 7 

6 
5 

1 5  

4 
7 
5 

1 0  

6 
3 
4 
1 
1 

9 

3 
6 

7 
1 
4 
6 

-Copyright © National Academy of Sciences. All rights reserved.

Issues in Engineering Education:  A Framework for Analysis
http://www.nap.edu/catalog.php?record_id=19781

http://www.nap.edu/catalog.php?record_id=19781


Appendi x  D 

Analy s i s  of Source s of Response s 

In all , respons es were rece ived from 3 9 6 indi vidua ls ,  
not counting written contr ibutions by Task Force members . 
( Eighty-one re spon se s were re ceive d  a f te r  the March deadline 

and were not inc luded in the ana ly si s  presented in Appendix 
C . ) I n  some ca se s ,  a person sent more than one letter ; the se 
were counted as one re sponse . I n  seven instances ,  howeve r , 
indivi dua l s  re sponde d both f rom a person al vi ewpoint and a s  
an o f f icia l o f  an or ganization ; the se we re counted a s  two 
responses . Hence , a tota l of 4 0 3  re s ponses i s  tabulated 
below. 

Af f i liati on 

Engin eering Educator 

Pro fes s ional Society or 
s imi lar organi zation 

Industry 

Other 

Number 

1 8 6  

3 1  
1 0 8 

TOTAL 

_Zf! 

4 0 3  

The breakdown o f  Other i s :, 

Re searcher 

Cons ul tant 

Reti red 

Government 
Fe deral 
St ate & 

lo cal 

1 6  

5 

8 

3 9 

5 

2 1  

Mi sce l laneous 5 
TOTAL JS 

Percent 

4 6 . 1 

7 . 7  
2 6 . 8 

_l2.a.! 

1 0 0 . 0 

Of the 4 0 3  re spons es , 1 5 8 (approximate ly 3 9  perc ent) of the 
respondent s  were f rom members of the Nat iona l Academy of 
Eng ineer ing . 
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Appendi x  E 

Bibl iography 

Re sponse s to the Chairman ' s  letters brought forth 
c itat i on s  of a n umbe r  of rece nt and forthcomi ng s i gni f icant 
paper s and reports pertaining to enginee ring education . 
Membe r s  of the Tas k  Force are invo lved i n  several , re lated 
activi ties of ot her organi zati on s  or groups and were a ble to 
provi de furthe r important references . 

The followi ng bi bliog raph y  doe s not purport to be 
comprehens ive . Rather , i t  attempts to i ndicate the s c ope of 
references that are avai lab le now o r  wil l be ava i lable 
short ly and to s ugge st the breadth of organi z ations givi ng 
attent ion to the sub j ect . I n  several in stance s ,  a single 
paper may be noted f rom a program wh ich included sever al 
other s papers concerning e ng i nee ring e ducation. I n  these 
cases , it is sugge sted that f ul l  proce ed ings be obtained or 
more details sought from the parent organi zat ion . 

�g!����!ng_sn9_�g!n���!ng_!��b�21Qg�_i2Y�sti2n-=_a 
B�i§§�§im�nt ·  Report of the !Q QQ� AS E E  committee for 
Review of Engineering a nd Enginee ring Techno logy Studies 
(The REETS commi ttee) , �g!n���!ng _igY�sti2D r May 1 9 7 7 . 

u. s . congre ss ,  House , SubcowGitte e on Sci ence , Res ear ch, and 
Techno logy of th e House Committee on Science and 
Technology ,  22X�{�nt_!QQ_IQU2�st!2Dl--Yni���§it�= 
!Q2Y§t��-B�!sti2D§r Hearings , July 3 1 and August 1 - 2 ,  
1 9 7 9 ,  Government Print ing Of fice 5 3  - 8 6 8  O ,  1 9 7 9 .  

���t!ng_�sn�2��' -���9i _!n_§�i�n��-sn2_!�£ho2l29�· 
Pres ident ' s  Science Advi sory Commi ttee , December 1 2 , 
1 9 6 2 .  

§Yemi §i!2n_g�_tb�-�2mmitt�� -2� _tb�-�ng!n��'ing_f,2����2,1! 
�2nt�'�n£�_tg_tb�-�2�itt�� -2t_!n9Yi'�-int2_tb! 
�gin���!ng_f{Q��§§!QU [ The Finni sto n  committee ] ,  May , 
1 9 7 8 .  Thi s  is a paper from the executive committee o f  
the Eng ineer ing Professors • C onference , e stablished in 
1 9 7 4  as a forma l  organ i z a t ion of uni versity engineering 
profe ssor s  i n  the Uni ted Kingdom from al l branches o f  
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the subj ect . The paper was approved unanimo usly a t  the 
1 9 7 8  A s sembl y  o f  the univers ity prof esso r s .  

�h!�l!Ug�_{g�_tb!_fMtY,! _: _f,9l!ili2Da�-§�b221!-2t 
ingLQ!�'Lug.  Prepared by the Prof e s siona l S chool s  Tas k 
Fo rce of the Nat iona l soc ie ty o f  Pro fe ss ional Engineers , 
1 9 7 6 .  

George Bug liare l lo , �9iU!!,LD9-�QYSst!2D-i2,_tD�-�l!t 
�!DtY�X£-t2_B�I220g_tg_tb!_U�gg_gf_§���!-§X§t�m! 
lugiu!�'�ng£ from Ib� _[YtY'!-YDit�g_§tst!§_§���� 
f'gg'im£-Y21Yme-��£-�4XsD��� -iD-tb!_a§t,2D!Yti£�l 
§gi�Qg!§& 1 9 7 9 . Publ i shed by the American Astronaut i cal 
Society , Publi ca tions Of f ice , P. O. Box 2 8 1 3 0 , San Diego , 
C a l i fornia 9 2 1 2 8 . 

§Si!DS!_EQYSstlQD_{Q�_tb!-12�q§. A Stat ement to the 
National Science Boa rd from the Advi so ry Committee for 
S c i ence Educat io n ,  January 1 7 ,  1 9 8 0 .  

George Bug l iare l lo , ln4Y!t'X-�D4-tb�-YU�X�'!itx ·  Paper 
presented at the f irst Midland Confe rence on Advances in 
Chemical Sci ence and Technolog y .  Sp cn so red by the Dow 
C hemica l C ompany , oc tober 1 6 - 1 7 ,  1 9 7 9 .  

§�!x _SD4-�mso4_gt _§g!�otl!t! _!ng_�ngin!�!-in_ID!,9X-= 
B!l!t�4-��!§ r Energy and Envi ronment Committee , 
Na tional As socia tions o f  Sta te Unive rsities and Land­
G r ant Coll eges , Publ i s hed by the O f f ice o f  
C ommunica tions Servi ce , Nat i onal Ass oc i at ion o f  Stat e  
Un iver sities and Land- Grant Col le ge s , Novembe r ,  1 9 7 9 . 

I nst i tute on Ene rgy and En gineer ing Education , 1 9 8 0 .  
S pon so red b y  t he Departme nt o f  Energy i n  con j unct ion 
wi th the American Con sulting Enginee r s  C o unc i l  Re sea rch 
and Management F oundati on ; c on f e rence hel d  at Texas A&M 
Un iver s ity , Janu ary 3 -7 ,  1 9 8 0 .  

Batte l le Co lumbus L a bo ratories , tb! -�sDYfs�tY,!ng_ID9i�!'-= 
f!§t,_f,�!!ot,_!u4 _fyty'!· Final report to soc ie ty of 
Manuf acturing Enginee r s , Spring , 1 9 7 6 . 

Thoma s F .  Jones , �igb![_i4YS!ti2n_6g!n4s _{Q,_tb!-�2!!• 
Paper pre s en ted at the Co l lege - I ndus try E duca tion 
Conference , Tucs on ,  Ar i z ona , Janua ry 3 0 ,  1 9 8 0 .  

G . H .  Mi l la r , ingiD!!,lQg _iQY��t!2D -�!!Q§ _s§_§!�D-f2' 
6g�i£Y!tY,sl _9Qg_�QD!t'Y�ti2D-i9YiOW�Ot• Paper to be 
pr esented at t he ASME Conf erence i n  S an Francisco , 
Augus t ,  1 9 8 0 . 

James F .  Young a nd L .  c .  H ar r i ott , Ib! -�biD9lD9-Lii!_2f 
�g�n�!,! • Back ground paper prepare d fo r di sc us sion a t  
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the ASME Convocation on S trategi e s  a nd S t ructures for 
C e ntury TWO , Aug ust 2 5- 2 7 ,  1 9 7 8 .  

A ta sk force o f  IEEE compo se d o f  several representat ives 
f rom industry deve loped a mode l curriculum fo r 
e lectrica l e ngi nee r ing which might be us e d  as a 
reference f o r  f urther di scus sions between industry and 
academia . For more deta i l s ,  cons ult Mr . John Wilhelm ,  
Staff Director o f  Educationa l Activi ties , IEEE , New 
York. 

Willi am R. Kimel ,  Ib� -E�9����l�t�_g,_f,2f�§!i2Di._§�b22l§ _g, 
�g!n���!ng_�-�il§2g�i· Pa pe r pre sente d at the 8 6th 
Annual C onf e rence , American s oc ie ty for Engineering 
Educat ion , Unive rs ity of Briti sh Col umbi a , June 1 9 - 2 2 , 

1 9 7 8 .  

Re ports and pape rs are under stood to be i n  preparation 
and ac tivities c urre ntly sche dul ed are � s  fol lows : 

The I ndust r i a l  Res ea rch I ns t itute Re search Corpor ation has 
completed a s tud y  of needs for c ontinuing ed ucati on in a 
pro j e c t  with Dr . George Sche l l inge r  of Polytechn i c  Institute 
o f  New York unde r sp onsor ship of the Nat iona l Science 
Found a tion . Thi s  re port i s  schedul ed to be avail able May 
1 9 8 0 .  

The C ommittee on Science and Tec hno log y ,  u.s. House o f  
Repre s entat ive s , asked AAAS t o  a ss i st the Committee in 
ident i fying ma j or fu ture science and t echnology i s sues , 
a s sign ing them priority , and de termining whic h lend 
thems e lve s to - or need - legi s lative treatment . " The 
Commi t tee on Science , Eng i neering , and Public Pol icy 
(COSEPP) of AAAS i s  coo rdinating the AAA S re s�on se which 

wi l l  be submitted to the Chai rma n ,  Ho use Committee on 
S ci en c e  and Techno lo gy ,  within the next few month s .  

ASME h a s  s chedul ed a Workshop on Enginee ring Education , 
August 1 8- 1 9 ,  1 9 8 0 , San Franc i sco , as part o f  ASME ' s  Century 
I l  - Emerging Techno logy C onference . 

A De s ign Engi nee ring Educati on Conference is schedul ed for 
Augus t ,  1 9 8 0 ,  in San Franci s c o ,  sponsore d by ASME/SAE . 

A stud y by the Office o f  Personne l Manag ement on s tandard s 
for hi ri ng enginee r s  f o r  the fede ra l  government will be 
avail able summer 1 9 8 0 .  
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A survey was conducted by the Loui si a na Engineering Society 
on re l evancy of engi neering education . Responses are 
currently being ana l yzed. 

A ma j o r  mi ssion statement is reported to be in preparation 
to the Pres ident , Universi ty o f  Br iti sh Columtia ,  and to the 
P rovincial Government o f  British C o lumbi a wi th respect to 
engineering e ducation. 

The Academic Af f ai rs Commi ttee of AIAA is canva s sing 5 6  
Aerospac e Enginee ring Depa rtments a t  American col leges and 
univer sities to dete rmine the rat i o  of f oreign nationa ls i n  
aerospace gradua te programs . I t  i s be li eved that t he 
proportion is 7 0 per cent or h igher .  
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Append i x  F 

Organiz at ions c oncerned with Eng ineering Education 

The Task For ce members were keenly aware of the large 
numbe r  of a s sociatio ns and soc ie tie s with a strong and 
conti nuing involvement in ma t te r s  pertai ning directly to 
engineer ing e d ucatio n .  Many of the members a re now or have 
been participant s in the activitie s of s uch organizations 
and rema in c lose ly tuned to the i r  programs an d ob j ect ives . 

Viewpoint s among the profes s iona l and te chni cal groups 
vary a s  to the d irections and needs of e ng ineering 
educa t ion . One re spondent o f f ered the comment : 

" Some o f  the se s peak tQ engineering educa tion , 
wh ile others fos ter di scus sion !mQD9 enginee ring 
educator s . Unl i ke other f i e lds of endeavor, such 
a s  pha r.macy , architec ture , or dentis try , there doe s 
not appea r  to be an i n st i tution that speaks 12' 
en gineering educ ation with a c lear voi ce .  I would 
suggest that an ex amination of thi s quest ion would 
be worthwhi le . " 

Thi s i s  a thought- provoking stateme nt ; nonetheles s ,  there i s  
complete agreeme nt o n  the nee d f or strong eng ineering 
e duca t ion progra ms i n  our country , as we l l  as a general 
consensus on the ir c urrent s tate and the i ss ues involved in 
ma inta ining the i r  vi tal ity . 

The fol lowing or ganiz ations we re cit ed several times a s  
be ing part i cularly important i n  general matte rs pertaining 
to engineering e duca tion : 

American Soc iety f or Enginee r i ng Educ ation 

Amer ican Association of Engi neer ing Socie tie s  

Accred itatio n Boa rd for Engineer ing and Techno logy 

Nat iona l soc iety o f  Pro fes s ional Engineer s 

Spec i fic i nteres ts of d i sc ipli ne- ori ented pro fe s s iona l 
and te chnical socie tie s ,  and the importance o f  their 
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e ducation related ac tiviti es , were h ighl ighted by a socie ty 
pre s i dent who commented : 

" This discus sion point s  out the f act tha t 9 0 1  of 
the accred ited pr ograms i n  enginee ri ng come unde r 
the d i sc i pl i ne s  of 9 ma j o r  engi nee ring so cieties , 
i . e. , . the 5 founder soc ieties : AICh E ,  AI ME , ASCE , 
ASME ,  and I E EE , and the addi tiona l societ ies , AIAA , 
ASAE, AI I E ,  and ANS .  Likewise , these 9 socie ties 
ac count f o r  901 of the Bachelors Deg rees in 
en gineer ing . The di sc ipl ine s of the 5 founde r 
socie tie s account for 7 9 1  of the 4-y ear degrees in 
te chnology and a ccount f o r  7 0 1 of the 2-y ear 
degrees in t echnology . " 

Re sponse s we re receive d  f rom o f f i cer s and sta f f  o f  
severa l o f  the a bove ment i oned socie ties a s  well a s  from 
many othe r impo r ta nt , simi la r organi z ati ons . In a ddit ion to 
their us eful comment s and recommendation s ,  the se letters 
ci ted other signi f i c ant wo rk underway and enc lo s ed recent ly 
publ i s he d  (or dr afte d) papers . A nwnber of these a re 
included in Appendix E .  
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