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Engineering'schools jn common with other educational institutions
have been confronted with many unique problems since the outbreak
of the European War in 1914.  Previous to that time an mncrensing |
number of men who entered colleges and universities elected subjects |
pertaining to commerce, business management, finances, ete. The
growth of the schools of commerce, both as regurds the number of
such schools and the attendance in them, is a striking proof of this
tendency. During the same period the attendance at engineering
schools had in most cases decreased with the resulting decrease in

_Dew equipment, faculties, ete. This is partly accounted for by the
financial crisis of 1907 but is undoubtedly due largely to the fact that
the opportunities offered college graduates “in purely commergial
pursuits were greater than those in purely industrial work whers the
demand is for men having a high degree of enginovering skill and a wide
knowledge of applied science. ; . ’

With the demand on American manufacturers for war supplies for :
the Allies, there devcloped a need for a very large number of scien-
tifically and technically trained men for usein designing new machin-
ery, developing new processes, ete. It was then the country realized
that the number of men who had been trained in applied science was
woefully small in comparison with the population of the country and
the magnitude of its industries. Even before this time the engineer- i
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ing giaduate received numerous bids for hisservices.  In spite of this
"the idea was prevalent that the supply of enginecring gratiuntes ex-
cecded the demand. '

The increasing number of mechanical appliances developed as a
result of the European War, necessitating an increased number of
trained men in applied sciences, immedintely reacted upon the en-
gigeering schools in two ways,—first, the number of men enterirg
engincering schools increased materially, ard sccond, tifo professors
and instructors in thesé schools were in demand by the indus-
{ries at salaries which it was impossible for educational institutions
jo meet. For the latter cause many of the teachers left tho engineer-
ing schools and their places had to be taken in most cases by inexpe-
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rienced teachers and almost without except'ion by men with lesa
technical ability than those who had left. .

This movement of engineering teachers was further accelerated
when the United States declared war on Germany, due to the fact - -
that many members of engineering faculties were called into active
servite as members of the Officers’ Reserve Corps and the Enlisted
Reserve Corps of the United States Army.

No better tribute can be paid the personnel of the teachers in
engineering schools than their immediate response to their country's
cnll

The entrance of the United States into the war affected the student
body in two[ways—first, an increased attendance in the freshman
class; the second and most striking was the large number of students
who immediately volunteered in the various branches of the service.

This depletion of the student bddy of engincering schools through
its members volunteering for active service in various branches of the
Army and Navy was a matter of grave concern not only in educational
§  institutions and the industries, but also to the War Department..

- It_had been recognized from the very beginning of the war, not »

only by the Secretary of War but by other officials in Washington,
" that the-successful outcome of the war for the Allies was dependent

upon theservices of technically trained men. If the war were to last

a year or perhaps two, all were agreed that every student 'should do

his,part by dropping his school work temporarily, but if the war was

to bo of longor duration, then it would become absolutely necessary

for engineering students to continue in school to complete their

courses in order that an adequate supply of such men should be avail-

able during the war and for the reconstruction period which must of

necessity follow,

" The matter became so pressing that it was taken up by t,he Councxl

of National Defense and a committee on engineering education was 0

appomted by Dr. Hollis Godfrey, a member of the sdvisory .com-

mission of the Council of National Defense under whose general
[~ direction came ail Lusiiers pertaining to education. The members
* of this committee were Cl:arles S. Howe, ptresident, Case School of

Applied Science; Milo 8. Ketchum, dean of the college of engineering,

University of Colors.do C. R. Mann, Carnegie Foundatlop for the

Advancenaent of Teachrxg, S. P. Capen, specialist in higher education,

_ United States Bureav o 9} Edudation; and F, L. Blshop, dear}, school

of engineering, University of Plttsburgh

This committee, cooperating with the national engmearmg 800ip-
ties, "the special war committee of the Spoiety for the Promotion of
Engineering Education and other organizations, presented “the . :
matter-to the Secret.m'y of War, who modxﬁed the Selectlve Service i
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4 BIENNIAL SURVEY OF EDUCATION, 1016-18,

Regulations. On December 19, 1917, the following regulation
becdme effective: .

Under such regulations as the Chief of Engineers may prescribe, a proportion of
the students, as named by the school faculty, pursuing an enginecring course in one
of the approved technical engineering schools listed in the War Department may
enlist in the enlisted reserve corps of the Engincer Department. and thereadter, upon
presentation by the registrant to his local board of a certiticate of enlistment, such
certiticate shall he filed with the questionfiaire aund the regictrant shall be placed 1o
Clase V, on the ground that he is in the militafy service of the United States,

This regulation permitted-students to enlist in the Engincers’ 1
Enlisted Reserve Corps and t remain in school until they completed
their courses. It remained in furce until superseded by the estab-
lishment of section A, Student Army Training Corps, and tended
very materially to stabilize the student body in engineering schools,
thus providing properly “trained men not only for the War Depart-
mcnt,lbu{- also for the industries. .

The war also had a decided effect upon the curricula.of engineer-
ing schools. While educational institutions, as a rule, are very
conservative and slow in making changes in material aitd methods
of instruction, the engineering schools responded quickly to the
many new faotors*which were develofied by, the war, and4mportant
changes in the curriculum were put in force. gMost of these changes
had to do with methods of instruction of specific subjects, such as
mathematics, thermodynamics, etc. There were, however, two
general changes which might well be mentioned at this time. These
were the applications of economic principles to the industries and
somo form of cooperative systom by which the student secures
aotual engineering experience beforo graduation,

The most universal of these is the greater attention which is given
to the application of economic principles to industrics, engineering
rescarch, and the discussion of the probletus of sociology sometimes

" placed under the broud title,of human engineering. Fornterly the .
engineer was suppaosed to deal only with the material and forces of
nature, but recently an entirely new factor has entered—i. e.; the
human factor—and, in many oases, this is the-all-controlling clement
with which the engineer must deal.  Hence it becomes increasingly
important to teach the prospective engincer as much as possible
ooncerning tho fundamental problems of. psychology, sociglogy, ete.

It has also been demonstrated that the engineering student must
during his course secure the fundamental knowledge of the enginecr-
ing profession through aotual practice in engincering work in the
industries if he is to grasp properly the instructional work as given
in the school. This has led to the adoption of the so-called coopera-
tive systom by which the student spends a portion of his time in

the, igdﬁs_tffies under the supervision of the faculty of the_schgol in
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which he is enrolled. This differs very decidedly from the old
process in which the student worked summers at any kind of a job
which he might sclect hi _any plm-e without supervidion. This
ovoperatiye work was discussed by Dr. Mann in the annual report of
the Commissioner of Edueation for 1916.° :
"As a result of the war courses, some teachors discovered for the
first time that students w1 study and work if they are interested.

" The tendeney for the engincering student to become so absorbed in

bis work as to neglect the college social and athletic activities has

. been of long standing, and during the past few vears has been” much

discussed with beneficial resiidts.  When this tendeney is properly
controlled and directed it provides the incentive by which a young
man may be trained mentally without detriment to his social devw»
ment wh cglloao Scholarship is not im-omp.xtihlo with breadth
of view or a désire to take a normal part in gollege activities. <In.
fact, the lntter ought to be so-regulated that sound scholarship
Would be essential to participation in them. Those who had the

. opportunity of becomg acquainted with the kind of men who were

required to fill the responsible positions in the world war were-able to
appreciate the fuct that sound scholarship was an essential prerequi-
site for theip pnrh( ipation in the war work,

The discussion of the changes in curriculum brought nbout by the
war tended to emphasizo the different criticisms V\lncl) have been
expressed in regard to engineering education and engineering schoola
for a consldornblo porlod of time. It is felt by many that these
sehools were producmn well-trained men for certain highly techmcnl
phases of engincering, but were failing to produce an all:round
engineer required for the proper developmont of the resources of the
country. .This discussion lead even ag far back as 1907 to the
appointment of a joint committee on enginecring education. The
repurt of thig committee, which has become available during the past
year, is tho tesult of several years of investigation, 6f engincering
schools by Dr. C. R. Maun, of the Cnrnog:lo Foundntion for the
Advuncomcng of Teaching. The report undoubtedly marks an
cpoch in engincering education becausoe it embodies not only the
investigation of a single ablo investigator, but-the result of Dr. Mann’s
investiguuon has.been discussed ropentedly as the work progMssed
befbre engineering socicties, especially the Society for the Promotion -
of Engincering: Education. Thus the report represents to.a con-
mderablo extent a composite idoa of tho present standing of engincer-
ing education together with an ~outhne of the - pmbable fut,ure‘
developments. : ¢

While the report: does not advocate any specxﬁo change in- the

.cumculum, it does in & broad 'way indicate the most probable iorm
. of development, which engmeenng schools ‘st take. if: ’they are to
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‘meet the requirements of the_industries and produce technically
trained men who will compet} with those from other countries.
The report emphasizes the fuct that we can find a proper type of
training for men for the industries only through long continued
experimentation in different types of schools. It calls attention
specifically to the experiment in engineering education which has to ‘
do with the introduction of cooperative work and the elimination of
the practice shop from schools. That greater emphasis must be laid
on the correlution of industry with the schools is dne of the funda-
mental conclusions of the report.  Given the results of this long
investigation-and its discussion, the question immediately arises as
to what type of experiment in education will be most fruitful in the
development of the proper type of men for the industrics. A survey
of the situation by uny'(')n'e famiiar with industrial heeds seems to
point clearly: to thes necessity in this country of developing two
different types of men for use in the industries.

First, a man who may be called a technician, who is highly trained
in science and mathematies, who possesses the instinet of the research
man and who can devote his entire time to highly techaical revavh
-problems, either in the rescarch laboratories which are now rapidly
being developed in the large industrics, or by applying the results of
his rescarch to engineering science.  For the training of this type of
men, there is needed the best of scientific equipment, the members
of the faculty must bo those who are intimately interested in rescareh
problems, and the student himself must have what is sometimes
called a mathematical mind. It is doubtful if this type of a man®
can be developed in b four-year course under existing conditions.

" In fact, it is probable that such a man can be developed only in a
school which has a thorough graduate department devoting its
energies primarily to research bit giving instruction in the funda-
mentals of science and mathematics. )

The-sgcond type which secms to be demanded by the industries
is theYaiz who has a broad general knowledge of engineering subjects
and can apply that knowledge in an effective way in present engincer-
ing problems. He must have ability to command men, a kpowledge
of the applications of economic principles to industries, and a brogd
training in the so-called humanities, since he is the man i'n contact
with men of other types in-other fields of human activitics. He
should not be a research man, his training in mathematics necd not
be of necessity so extensive as that of the research technician, but
his pnderstanding of engineering problems should be extensive. Such
& man canhot be trained in the ordinary sehools because of*the -
artifieial conditions which of necessity exist in academio institutions.:
He must. become familiar with the industries while yet a student in
order that he may understand thoroughly the spplications @f his .
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. -
theoretical courses in school and their upplication to industrics and
also that he may become familiar in the formative period of life with
the problems of Aubor und the human factor in engineering. Tt is in
the-development of this type of nian, who is to become the manager
and operating head of our large manufacturing industries, who needs
more than any other the advantages to be derived from the coopera-
tive systen. ‘ V

It is unfortunate that in this conntry we have no institutions with

sufficient yunds to develop a complete school of applied seience,
(1) having as its foundation a modified standard four-year course of
indtruction. £2) aceepting young men for the course upon gradua-
tion from the high schools, (3) coordmating with this a }lrul)t:[:
cdoperative systesr, and (1) having a graduate school devated to
instruction of gradiates from o four-yvear course noteonly in the
applications of seienee, but ako of economic principles to industries.

This graduate school should be in cose coordinution with the
rescarch department, corresponding in many ways to the Mellon
Tnstitute of Industrial Researeh at the University of Pittsburgh,
where problenas in the applieation of scienee to industries arg)studied
at first hand under ideal conditions, und latep the results of these
investigations are applicl direetly to the solution of problems of
industry. The gr:ulau(.k.slud(:m would 4¢hus have tlic oppertunily
—~_of taking his scienee and mathematics in an atmosphert that would
be condueive to the development of the best type of man for research.
The Civil War was the erystalliziug process which brought forth

the type ol engineering schools which are now common in this

country.  The result of the world war, in the same manner, will be

the erystallization of the ideds now ptg\‘ul(n},in regard to technieal

and seientific training.  Weshall have intire nearTuture an engineer-

ing .school of a type quijto distinet. from that in existence at the

present time. : d

It is only necessary to Mention it to hring to mind the failure of

this country to provide for a school of engineering which has a facalty,’

. buildings, cquipment, and resources comparable with similar insti-
tutions in Europe. -, '

Tn this coyntry we have schools of enginecring which offer excellent
caurses for undergraduates. We have one or two schools like Colum?
bin University and the Massachusetts Institwto of Technology which
offer graduate courses o some extent.  We have eertain other schodls
like the. Uni%isily of THinuvis, the Ohio State University, cte., that -
conduet, researele and engineering experiment. stations supported by
the State: There 15, however, n¢ sivglo ‘'school which combines in

“an effective way all three factors which go to make a complote
cugineering school, naméely, undergradunté coursos, graduate cofSes,
. oand reseerch both pure end applied. I.propose to outline ‘briefly
i g i i + by
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8 BIENNIAL SURVEY OF EDUCATION, 191618,

some-of the factors whigh must be taken into consideration in estab-
lishing such a school. _

The engineer must he o man of culture and hroad training such as
can best be secured in tho ntmosphere of a lurge university. - Also

. itis only at a univemity that there are available likraries and labora-
tories especially of science and economies, which are essential to the
student of engincering and especiadly to graduate and rescarch men.
The university which has such uschool as a part of it must he ¥oened
at the center of o great industria] distriet whepe all types of engineer-
ing arc available for study at fisst. hand by the students. ,

In its undergraduate department the functions of such a school
would be to train young men to enter enginecring industries in which .
the present graduates from our hest engineering schoals now enter.

In its graduate department the function would be to train nen to

-enter the research division of engineering industries and to supply
the ever inarensing demands made @ the National and State Gove
ernments for trained investigators.

In its research acpartment the funetion would be two-fold: First,
to dovelop through pure rescurch the fundamental principlessapgn
which all engineering is bused and to obtain standard duta pertain-,
ing to the various materials employed in engineering work; second,

_ the intvestigations of specifio problems, solutions of which are 30-
‘manded by individuals, firms, or corporation.

An cstimate of the faculty, buildings; equipment, and resources
which would be requirgd for such an institution shows that an
endowment 81 $20,000,000 would be needed.  Such a school should
operate in close conriection-with the municipal, State, and National
Governments in addition to its close cooperation with the industries
of the country. ) . . '

Since it seems at the present time impossible to scoure adequpte
funds for sach an institution it is highly desirable that different.
institutions,in the country should devote themselves to the solution
of apecific problems and thus each ong become an experimental
laboratory for the benefit of engineering education,

. .
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