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Many of.today's mosf;pressing societal problems, and témorrow's

‘problems which will be even more urgent, require an approach identical
.in philosophy to that which hésAbeen characteristic of engineeriné fér

thé past several decades. These complex social problems deménd a ﬁode

- of ahalysis founded in the logic of seience but tempered by experience

and good Jjudgment, they demand the. teamwork characteristic of a good>large
organization, énd they demand a sincere commitment to obtain:workaﬁle
solutions. ‘This is the philosophy of engineering, yet there is’a'danger
that engineering will not meet the challenge of thesé new problems unless
some 31gn1f1cant changes are introduced into engineering education.

The engineering tradition, that of combiping fundemental scientific
understanding with the willingness and ability to cross over the boundaries
of complete knowledge through immovation, intuition, and expefiénce to
new situations, is cértainly”the most important ingrédient faught in an

'engineéring school. This_tradition ié not conveyed directly but.instead

it is built up in stagés by fouﬁdation courses in science and mathematics,
by specific design and application cburses emphaéizing modeling.and §rdblem
solving, and by laboratories. The specific application courSés vary among
departments; among institutions, and with time. In any one instance they
te;d, quite naturally, to focus on the aspects of engineering rélating

to the current problems in the particular field. The laboratories have
proved to be an essential component of the engineering curriculum since

it is throcugh these that the student lcarne wha+ it mecns B0 formulate



and verify an hypothesis énd-obfains a feeling for déta. This gradually
evolved but now nearly universai formula for the education of engiﬁeers
Has convineingly proved its merit in a variety of fields and through
periods of changing technology. .There is every reason to believe fhaﬁ
if directed toward our societal problems it will continue to be as |
effective.

The changes now required 6f the curriculum, however, are of a more
fundamental nature than we have witnessed pfeviously. Problems faced by
engineers have been in constant agitation and change, and our institutions
have managed to keep'up—-indeed, often to keep ahead-~of these changes;
The difference now is that whereas essentially all fields of engineering
in the past relied on the physical sciences for their foundations (there
are some exceptions such as industrial engineering), the fundamental prob-
lems now facing socliety have major'bomponehts outside the domain of fhese
sciences. Thus, these problems even when lyipg in a physical setting
require more than aiphysical answer. Problems of pollution may be greatly
alleviated by the development of new technnlogy, but important dimensions
of a total éoiution are sure to include tax legislatidn and public aware-
ness. .The traﬁsportation Jams, although eased By thevdevelopment of new
»'vehicles, will be unsnérled mainl& through loﬁg-range planning and coordi-~
nation. Housing programs will be significantly influenced by new con-
struction methoas, but the questions of financing and careful'§ocial
design will detérmine their real effectiveness. We can expect major
innovations in health care through the development of micro-electronic
devices that can be implanted in the human body, but in a large undeveloped
region the evolution of a compreﬂénsive system cqmposed of a central

hospital and several satellite health centers buttressed with good
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infofmation and education systems will provide health care where it ha;
not been found before. There is no doubt that students of the future

will interact with various computer and television téiminals to learn cer-:
tain basics, but, as education fhereby becomes more centralized, the
associated.planning proﬁlems will far outweigh the technical probiems,
offdeveloping the terminals.-‘Ali of these problems‘and the others that
are being continubusly ﬁncovered demand major analysis of nonphysical
facets. This is the fundamental diffefénce in today's problems 6ver those
conveﬁtiénally attacked by engineers.:

The implication of this to engineefing curricula is clear. The
foundation Base in science must be broadened from the physical sciences to
include the social sciences as well. Thus, in adaition to the close rela-
tionships thaf we have with matﬁematics, physics, and chemistry we must
develop similar relationships with-éociology, psychology, political science,
and économics. It wiil require a major commitment to design meaningful
and yet manageable course programs that 1nclude these dlSClpllneS. Soc1al
_science departments, quite naturally, are not: presently organized in a
manner that would make such course structuring straightforward,_and there
is significant overlap among them, The initiative for this restrucﬁuring
and for the development of long-term relatibnships with these disciplines
must come, as it did with éther scienéés, from the engineering school.
Social scientists will in many cases be reluctant to'deﬁelop these rela-
tionships--not because of a desire to keep their science to themselves,
but because they may feel that they have very little to offer. They,
1ike, many physicists of four decades agq, may feel that the problems we

wish to attack are too complex and that fheir science is too infantile.



In addition to thistmajor‘change, the purposeful inclusion of social
science in the curriculum, the}e must be corresponding changeé'in the
applicaﬁion and design ceurses. Emphasis would agaih be modeling, problem
’solving, and techniques of analyeis.' There shouid be ceurses in broadly
applicable ﬁechniques such as optimization, decision analysis, data analy-
sis, and cqntrel, and specialty courses in perhaps medical systems, aero-
space systems, . computers, or urban design. This‘aspect.of the engineering
curriculum, although in many respects éhe most changeable, is the part
that is easiest to change. It is this part which has been in constant
flux throughouﬁ the history of engineering educatien,

The final indispensable component of an engineering program designed
to train engineers for a career in societal problem analysis is an exper-
ience akin to that traditionally previded b& the laboratory. To some
extent experience of this type rele;ant to fundamental societal problems
can be provided through computei.projects’designed to develop.a feeling
for handling vast quantities of data end thfough class solutien oflpree
packaged problemé. But something more ie ﬁeeded. A large societal prob-
lemAis.quite unlike even the most advanced electfbnic device in that it
cannot be displayed in the.laboratory for students to stud& and experiment
with semester afﬁer semester. Reel innevaﬁion and creativity willvbe .
required ib supply this essential component of anAengineering education.

The most effective, although soﬁeWhat costly, seheme for doing fhis
is the internship program vhere, rather than bringing problems to the
studenﬁs, students are sent out to the problems. This program has operated
»succeséfully in graduate engineering at Stanford with students going.to
» industry,‘government, or consulting companiee for periods ranging from

three to twelve months. Through this mechanism they have the opportunity,
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after being armed with skills of analyéis and being backed up by concerned
faculty, to face the résponsibility and”chéllenge of a real problem. They
later return to the univefsity to build on their experience, redirect

and focus their interests; and, incidentally, greatly stimulate their
university associates. 'AnAalternate—approach, that ié of lower cost, is

_ to .offer project courses where responsibility»for a specific job is,taken
and a student-faculty team work on it.together for a Semester or two.
Another approach is for a practitioner to}reléte(after-the-fact)the de;
tailed experience of a specific prbject in a series of seminars,. - There

is real opportunity and real need for creative developmenﬁ'of other mean-
ingful laboratory-like éxperiences rele#ant to societal problems that can
be administered in large quantity.

Some might feel that this broadening of the conventionél base of
engineering to include social science is foo great a step and that'the-’
n?nphysical elements of important social problems should be addresséd by
social scientists already expert in these areas. It is true that much of
the applied work of this type is already being done by social scientists,
Currently, most of the'"engineering" of economic systems as, for.example;
developmenﬁ of national economic policy, is being done by "appliéd" econo-

mists. The same is true, although it is of lesser magnitude, of the

social "engineering" being done. This phenomenon parallels that of early

applied physical science where,vfor example, most of the éenéineering" of
electrical systems was done by physicists. The fundaméntal question that
must be considered, héwever, is not what specific individuals ﬁill enter

this new field but rather what specific educational progréms will be most
relevant to their training. The reqﬁired philosophy is that of the engi-
neering tradition and hence én this score cngineering provides a natural_
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long-term base. Mbréover, engineering has already begun to establish
.ifself,,and quite convincingly so in'many instances, in the substantive
areas of social problems. Engineérs ére ﬁoving from their background in

. the physical aspects of problems to the broader social considerations of
these same.areas. For example, in the area of telecommunicétioﬁs where
engineers uniquely have command of the associated technological aspects
they are beginning to. attack the fundamental policy issues that arise in
conjunction with the rapidkgrowth of that field. The same is true in
transportation, housing, information systems, and d variety of other
fields. In the long run, however, this transition to the broader ques;
tions of planning and policy must be accompanied by a fundsmental broad-
‘ening of engineering educatioﬁ. If this change is not inﬁroduced, it is
indeed likely that the need will be satisfied by expansion of the aéplied
social sciences, and engineering then, in the léng run, may become isolated
from these problems. It seems more likely,'however, in view of the over-
wﬁelming trend in engineering to seek solutions to societal problems,.that
the required associated imnovation in education will be made.

The change ih»engineering education will be accoﬁpanied by the emergence
of a new image'of engineering and a new breed of engineer;. In the past, |
engineers have typically deélt with ideas ahd with things. The'enginéer
of the future, attacking Societal probléms, will deal with ideas and
with people. His training will émphasize mathematics, physical science,
and social science and he will understand thé engineering tradition. His
training in mathematics will be soﬁewhat diffe?ent than is now typical
since it will emphaéize structuring of problems involving huqdreds or

thousands of variablés.. More emphasis will be givenvto probability and



more emphasis will be given to discrete rather than continuous mathematics.
Physical intuition will give way or be supplemented by mathematical, social
and economic intuition. His understanding of ﬁeople will be enhanced by
training in some of the personal-contact skills taught now in business
schools, long-established as useful to engineers, but more fundamentally
by the inclusion of a strong program in social science.

As the new image of engineeéring emerges a new kind of.individual
will be attracted to it. Young students commitied to the solutiqn of the
fundamental problems facing society, who nowvoften do not see an engi-
neering career as a means to achieve their objectives; will in many cases
associate with the new image. Engineering as & whole will achieve a new
and greater balance both in sﬁbstance and in the charaéter of its indivi-
duals. Engineering will come to be synonymous more with "epplied" and
"effective" than with "buildingﬁ and "iﬁvention." Education of these new
engineers, aiming toward the important problems of society'qf today and

tomorrow, assuredly will be both rewarding and challehging.



