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OFFICE OF THE DEAN

YALE UNIVERSITY
SCHOOL OF ENGINEERING

23 October 1961

President A, Whitney Griswold,
Woodbridge Hall,

Dear My, President:

I have the honor to transmit herewith the report
of the Committee which you appointed approximately one year ago, to
study engineering education at Yale and make recommendations. We
have taken cognizance of your charge to us that the Committee explore
the whole field of engineering at Yale anew and that it range freely in
ita thinking and not feel unduly restricted by present administrative
arrangements or by other limiting features of the current situation.
You emphasized that cur task was to determine whether the present
structure and philosophy of the Schoal of Engineezing represents the
most effective contribution that Yale can make to engineering education.

It is our sincere hope that this document will be
favorably received by you and by the Corporation and that it will be
communicated without delay to the faculty of the School who must bear
the responsibility of implementing it. It has the unanimous and
enthusiastic endorsement of all members of the Comrnittee, We helieve
that it provides a sound basis for the future development of engineering
education at this University.

Sincerely yours,

Z,{m

Barnett F. Dodge
Chairman

SHEFFIELD HALL
WEW HAVEN, CONNECTICUT

INTRODUCTORY STATEMENT

Before enumerating its conclusions and recommenda-
tions the Committee would Iike to set forth some of the
assumptions and philosophy {rom which they were derived.

The foremost assumption is that, as was strongly 1m-
plied by the President in his charge to the Committee, En-
gineering is an important part of Yale education, not only
for its own sake but for its influence on the rest of the Uni-
versity. The increasing importance of technology in deter-
mining the structure of our society and the rature ol our
institutions, the continued infusion of techniques trom
engineering, science, and mathematics into the social sci-
cnces and even the humanities, and the importance of
cngineering or engincering viewpoints to the solutions ol
many of the most pressing problems of our civilization make
a strong engineering school in the context of a great uni-
versity peculiarly important and relevant.

The most important new fact facing technical education
of all kinds is that the useful life of technical information
has become so much shorter than the professional lifetime
of an individual. Thus most of what an individual will use
int his profession must be learned after the completion of his
formal education, and it becomes the task of education to
provide him with the tools for learning in contrast to the
tools for earning a living. The problem of adjustment to
this new situation has been much more complex for engi-
neering education than for education in the basic sciences.
The intelligent student has not failed to notice that, in the
professional world, it has been much easier for the scientist
to convert himself into an engineer than for the trained en-
gineer to master the new science required for a dynamic
technology. Thus, to an increasing degree, pure science and
mathematics have appeared to the most intelligent students
as better preparation for a technical career of any kind than
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what has been offered in the engineering curricula of most
universities and institutes of technology. In consequence,
there has been a shift of students away from engineering into
scicnce and mathematics at the undergraduate level despite
relatively thriving graduate programs in engineering.

It is easy to conclude irom this that engineering is in
process of transition to a purely graduate profession like
medicine or law. In one scnse this is true. The four-year
bachelor program in engineering cannot produce a true pro-
fessional, and the proportion of practicing engineers having
at least one graduate degree is certain to increase rapidly.
Thus the four-year curriculum seems destined to become
increasingly oriented toward preparation for graduate work,
or at least for further on-the-job training. On the other hand,
engineering is distinct from science, and this fact must not
be obscured by the frequent similarity of basic subject mat-
ter. We believe that, unless the prospective enginecr has
some exposure to the approach and attitude of engineering
during his undergraduate experience, he will never be prop-
erly motivated for his later training and professional career.

What distinguishes the engineer from the scientist?
Clearly it is the end product of his work. The engineer secks
a socially useful device or process; he is trying, with scientific
techniques, to solve a problem which is initially present-
ed to him in terms of a social objcctive. The scientist, on
the other hand, is interested 1n knowledge per se, and knowl-
cdge which is ultimately expressed in the most compact and
aesthetically satisfying way. The ultimate goal of the engi-
neer is a specific accomplishment, while that of the scientist
is a contribution to general understanding. The scientist 1s
interested in specific information and results only insofar
as they help him to verity, illustrate, or clarify general prin-
ciples. By contrast the engineer is interested in general prin-
ciples to enable him to encapsulate or codify a very large
body of specific information for use in design. Thus both
the scientist and the engineer must have similar and equally
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thorough training in basic principles, but their attitudes
toward them will be quite different. The engineer can and
indeed often must be satisfied with less complete under-
standing than the scientist; he must be able to judge when
his understanding is sufficient for the problem at hand.

The engineer is, in a sense, the middleman between the
scicnces and society, and as such he must, to an increasing
degree, know both science and society. He operates within
a different framework of values, even though he may often
be dealing with much the same subject matter as the pure
sclentist,

The conventional response to the crisis in engineering
education has been to introduce what is known as “applied
science” into engineering departments, The term “applied
science” would be better understood 1if it were called “apph-
cable science,” for that is what it really is. There are many
areas of science which are of increasing importance to en-
gineering, but are no longer fashionable in basic science
departments. These areas are usually referred to as applied
science, and it is In this sense that the term is used in this
report.

We do not believe there is anything basically wrong
with the trend toward applied science, but it does have pit-
falls if carried too far. Many major engineering undertakings
today are carried out by engineers tecamed with scientists.
Indeed, much of what is known as engineering analysis em-
ployed in the design process is applied science. Thus sophis-
ticated applied science should form an important part of
engincering education, and a first-class engineering faculty
should include many men who are applied scientists rather
than engineers, and indeed who do not even carry the term
engineering in their academic titles. There are two dangers
in this trend. One is the failure to recognize that applied sci-
ence in the above sense is not all of engineering, and the
other is the tendency to equate applied science with diluted
science. We believe it to be vital that Yale have in its en-
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gineering faculty a number of men who are distinguished
as scientists rather than engineers, but who work in areas
which are more congenial to an engineering department
than to the basic science departments. A way of insuring
this is to make a number of joint appointments between
science and engineering which are fully endorsed by both
faculties. But if Yale built up only its applied science effort,
it would be merely following an alrcady long procession.
The special feature of the plan which we are proposing is
that it involves not only a strengthening of applied science
but also a more distinctive professional engineering pro-
gram with its own professional degrees.

It should be recognized that the engineer is the mid-
dleman between science and society. Yet few engineering
schools are in a position io give sufficient emphasis to the
“soctety” aspect of this function. This requires more than
a selection of courses in the humanities and social sciences
for enginecring undergraduates. A faculty and graduate
student research effort concerned with some aspect of the
interaction between technology and society would be an im-
portant element in strengthening the social and economic
aspects of engineering and in exploiting the unique advan-
tages of an cngineering school in a university environment.
Yale has an unusual opportunity in this regard because of
the existence of strong and growing graduate programs in
the relevant social sciences. A joint research effort drawing
strongly on the Graduate School and Yale College faculties
would ultimately contribute to the development of a better
integrated humanities and social sciences program for under-
graduate engineering students,

With this general background, we proceed to the dis-
cussion of our specific recommendations:

RECOMMENDATIONS
A. General

1. In order to offer the strongest possible undergrad-
uate and graduate programs in engineering, we recommend
the creation of a Department of Engineering and Applicd
Science. This department would be in the Faculty of Arts
and Sciences and would correspond to the other academic
departments of the University, which offer degrees in Yale
College and in the Graduate School. Within this department
there should be created divisions corresponding to, but not
limited to, the existing engineering departments.

We believe that such an organization could strengthen
the position of engineering at Yale, and could also provide
the desirable features of administration inherent in a single
department within Yale College and the Graduate School,
especially in the preparation and presentation of consoli-
dated engineering programs and budgets.

2. We recommend that the faculty of the new depart-
ment include a number of scientists whose titles would carry
designations such as “applied mathematics” or “applied
physics” rather than “engineering.” The department might
thus include a number of new divisions labeled with applied
science designations and having no counterpart in the pres-
ent engineering departiments. The possibility also exists that
within the engineering department some divisions might
correspond to combinations of several of the present depart-
ments of the Engineering School.

3. We recommend continuation of the School of En-
gineering, which would evolve ultimately into the adminis-
trative division responsible only for students enrolled in
programs leading to the professional graduate engineering
degrees (the M.Eng. and D.Eng. as described under C, 1 be-
low). The School of Engineering would be under the direc-
tion of a Dean, who would be the same individual as the
Chairman of the Department of Engineering and Applied
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Science. The faculty of the School would consist mainly of
those individuals most directly concerned with the develop-
ment and executton of the programs leading to the profes-
sional engineering degrees. In general, it would be expected
that those members of the faculty whose main interest was
in applied science would be members of Yale College or the
Graduate School faculty, but would not necessarily belong
to the faculty of the School of Engineering.

4. The Committee recommends that every possible
measure be taken to strengthen the office of Dean and Chair-
man, which is obviously a key to all the recommendations
here presented. Many such mecasures can be envisaged. The
creation of a single Department of Engineering and Applied
Science will obviously be important in this connection. The
Dean should be empowered to assemble ad hoc committees
to pass on all tenure appointments, and should be encour-
aged to recommend appointments which cut across bound-
aries between present engineering departments. The author-
ity of the Dean should be upheld and advanced in all areas,
including appointments policy, educational policy, and
budgets.

In order to strengthen the office further, the Dean
should be provided with a first-class administrative assistant
in order that he himself should be able to devote his major
attention to long-range planning and to recrnitment of fac-
ulty, which the Committee considers to be of critical im-
portance to the future of the School.

B. The Undergraduate Curriculum

1. Undergraduate engineering at Yale is important and
should be preserved and continued as a four-year program,
which can be terminal. In our opinion, a four-year program
cannot be truly professional and still provide the foundation
for future learning which is so essential to the education of
today’s engineer. Professional accreditation is not necessarily
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inconsistent with this position. However, it is quite possible
that educational policy may dictate curricula which are not
appropriate for accreditation at the baccalaureate degree
level. The program should aim mainly at laying a solid
foundation for future learning whether in further graduate
work, formal on-the-job training, or self-instruction.

2. The various engineering curricula should be desig-
nated as majors in Yale College. We believe that the present
organization tends to isolate engineering students and fac-
ulty from the rest of the University, This recommendation
would bring the faculty into closer association with col-
leagues in other disciplines in the day-to-day planning of
policies and curricula. It would have the further advantage
of promoting better integration among the individual en-
gineering programs.

3. The engineering and applied science curricula
should be essentially the same for all first-year students.
Beyond this, maximum flexibility should be sought, with
the proviso that undergraduates should not be permitted
to confine themselves to highly specialized technical subjects
until a minimum number of basic courses has been com-
pleted. The basic course offerings could be numerous
enough to allow considerable choice and to permit courses
to be taken across divisional and departmental lines, espe-
cially during the last two years.

Curricula following traditional divisional lines will still
be in order, but the high proportion of electives should
make possible stronger concentrations in applied science
than has been possible in the past. It should be possible, in
this setting, to develop new interdisciplinary programs of
interest and uttlity.

4. Considerable progress was made two years ago in the
liberalizing of the Yale engineering curricula through the
reorganization of course sequences. This excellent effort
should now be extended to encompass the examination of
the content of technical courses, possibly with the aid of
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outside consultants, with a view to developing more general-
1zed approaches to many topics.

5. The Commitice recommends a similar continuing
study relative to the structuring of studics in the humanities
and social sciences in the requirements of the engincering
majors in Yale College.

Despite the fact that Yale has been a lecader in increas-
ing the proportion of the curriculum devoted to courses in
the humanities and social sciences, we believe that the time
now allotted could be used to better advantage if, 1n design-
ing a student’s program, more thought were given to the
course content and course sequence in terms of their rele-
vance to the social role of the engineer.

6. In general, the Committee wishes to avoid making
detailed recommendations regarding curricula. We have
two suggestions, however, which we believe to be worthy of
further study, even though they may be quite difficult to
implement in a practical way.

a. The Committee recommends development of a
course, probably to be taken in the first or second year,
which will serve to introduce the student to the nature
of engineering. Several methods, for example, historical
casc studies in depth, might be suitable for such a
course, but great care and thought would have to be
devoted to avoid superficiality or a merely anecdotal
approach.

b. The Committee also recommends that steps be
taken to introduce undergraduates to numerical analy-
sis and the use of high-speed digital computers at an
carly stage in their careers. We believe this can be done
without extensive prior preparation in mathematics
and that, indeed, for the particular interests of engi-
neering students, such a course might provide the best
foundation and the best motivation for later, morc ad-
vanced work in applied mathematics.
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C. The Graduate Program

1. The Committee recommends two parallel paths to
graduate degrees in engineering, one emphasizing research
1n engineering science or applied science, the other placing
primary emphasis on problem solving, system analysis, or
design, leading toward the professional practice of engineer-
ing.

Thus the long-range goal would be four degrees: Mas-
ter of Science and Doctor of Philosophy, administered by the
Graduate School, and Master of Engineering and Doctor of
Engineering, administered by the School of Engineering.
The degree designations are unchanged, but, in contrast to
the present situation, there would be a very clear distinction
in content and spirit between the studies leading to the pro-
lessional and the research degrees.

The Master of Engineering would be a two-year degree.
The first year would be an intensive advanced program in
engincering science with emphasis on applied mathemarics.
‘T'he second year would put major emphasis on design and
would probably be organized about a series of design prob-
lems or case studies. Since the Master of Engincering pro-
gram is aimed at preparing men for the practice of engineer-
ing, it is entirely appropriate that this program should meet
whatever accreditation standards may evolve.

'The Doctor of Engineering is envisaged as a very high
level degree awarded for creative work of a design or system
study character. In many, if not all, cases, candidates admit-
ted for this degree would have had several years of profes-
sional experience, and might return to Yale to pursue some
design problem, arising out of their work, in much greater
depth than was possible or justified in their professional post.
However, the degree should be awarded only for work done
largely in residence at Yale.

2. In order to carry out the above recommendation,
the faculty of the School of Engineering might well include
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a number of part-time professors who spend the remainder
of their professional life in engineering practice.

3. The Committee has not spelled out the programs {or
the two professional degrees because such programs would
be quite novel and their formulation will require care,
thought, and experience applied over a considerable time.
In the meantime, existing graduate programs will presum-
ably continue. Nevertheless, we feel the effort is so important
that an appropriate team should be assembled and given
time free of other teaching duties to undertake the task of
developing such a program. This effort may require funding
from outside the University, and should probably include
both Yale faculty and professional engineers from industry
and government. The task will be formidable, and the pro-
gram will have to be experimental for several years; but we
believe that its successful accomplishment would represent
a major step forward in engineering education.

D. Research

The nature and scope of the research activity carried on
by the faculty and graduate students of the School and De-
partment of Engineering will play the largest part in deter-
muning the future character and evolution of engineering
and applied science at Yale. The following points scem
worthy of mention in connection with the development of
the research program:

1. One of the important responsibilities of the Dean
will be the encouragement and development of a research
program. Although the initiative {or research projects must
come largely from individual faculty members, the Dean
can, by persuasion and encouragement, and especially by
taking a personal interest in the research programs, help the
faculty to evolve a coherent program with emphasis on inter-
disciplinary collaboration and on collaboration with the
scientific departments.
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2. Although most sponsored research would be, as at
present, under the direction of a single “principal investi-
gator,” there are funds increasingly available, both from
government and industry, to support groups of faculty mem-
bers to work on programs of common interest. These group
programs have the advantage that they permit the establish-
ment of broader facilities and bigger instrumentation than
could be justified by individual faculty projects.

3. We recommend the University consider the appoint-
ment of a joint comnmittee representing engineering and
science with a specific mandate to explore possibilities for
interdisciplinary research projects. However, these projects
should not be started just because they are interdisciplinary,
but because they result from natural common interests. Very
often these common interests can go unrecognized for long
periods in the faculty, and the purposc of the committee
would be to identify and foster the natural tendencies to-
ward interdisciplinary collaboration which are already la-
tent in the existing interests of the faculty. Such a committee
could be of great assistance to the Dean in identilying oppor-
tunities for future appointments, particularly those lying
in the area we have termed “applied science.”

In considering the development of the research pro-
gram, the term “research” must be interpreted broadly. It
1s true that much of the research will be science oriented and
will thus be rescarch in the conventional sense. However,
some rescarch should be concerned with design, e.g., the
systemization and eventual mechanization of design proce-
dures; and some should be concerned with the identification
or formulation of social needs in engineering terms, and the
study of engineering systems to mect these needs. It is in this
area that collaboration between the engineering faculty and
the faculties in some of the social sciences would be most
important and productive. .
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E. A Science and Engineering Center at Yale

The Committee was impressed with the potential ad-
vantages of a science and engineering campus at Yale to
include the present basic science departments, the present
enginecring departments, and any applied science groups
that might be developed under this program. Indeed, we
were so impressed with this idea that we could not forego a
recommendation that serious thought be given to the pos-
sible creation of such a center.

We strongly urge that the group at Yale concerned with
planning building locations give serious attcntion to bring-
ing the scientific and engineering disciplines into as close
physical proximity as is practicable. While physical prox-
imity is far from a guarantee against intellectual isolation,
1t is a tremendous spur to collaboration.

F. Cosis

The financial needs of the program we have outlined
are substantial. We have not been able to give them thor-
ough considcration. However, cnginecring and applied sci-
ence at Yale may, over time, require the annual equivalent
of an additional several hundred thousand dollars a year,
represcnted In part by income from new endowment, in part
by the flow of government and foundation grants, and con-
tinuous private individual and corporate support.

CONCLUSION

We count it a privilege to have engaged in this study
and in the preparation of this report, and we hope that its
recommendations are reasonable, relevant to the Yale situa-
tion, and can be implemented. H many of the recommenda-
tions seem very general and lacking in specific examples, it
1s becausc we believe the progress of cngineering at Yale
should be evolutionary rather than revolutionary, and many

14

of the suggestions will have to be studied in considerable
depth with the faculty in order to translate them into an
operational curriculum and organization.

Respectfully submitted,

HARVEY BROOKS

CArRYL P. HASKINS

J. WirLiaM HINKLEY
FrEDERICK C. LiNDVALL
NEwMAN A. HalL

WiLLiAM D. ROBERTSON
BARNETT F. DobGE, Chairmnan



