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OBJECTIVES IN COMMERCIAL ENGINEERING 

REPORT OF THE SECOND CONFERENCE ON BUSINESS TRAIN
ING FOR ENGINEERS AND ENGINEERING TRAINING FOR 
STUDENTS OF BUSINESS 

INTRODUCTION 

The first oonferenoe.-The first conference,1 held in Washington 
June 23 and 24, 1919, was called by the United States Commissioner 
of Education on behalf of a conference committee consisting of 
business men and university deans of commerce and engineering. 

The following tentative curricula suggestions were submitted for 
consideration by the cormnittee: First, that a minimum number of 
hours in business training, to be determined by the committee, be 
required in all engineering courses; second, that a curriculum pro
viding for a minimum, of 15 to 30 units in business economics be 
incorporated in all engineering courses and. offered on an elective 
basis; third, that a curriculum in commercial or industrial engi
neering subje(\ts be offered in schools of commerce with degree to 
be given in that school; fourth, that a five-year combined engineering 
and commercial course be prepared. The committee further recom
mended that from 12 to 18 semester hours be required in all engi
neering courses in the following subjects: General economics, cost 
accounting, business organization, and business law; that electives be 
encouraged in connection with all engineering courses in the follow
ing subjects.: Labor and employment problems, statistics, corporation 
1nanagement and finance, political science, marketing, including ad
vertising and salesmanship; psychology, scientific management, and 
transportation. It was further recommended that economic phases 
of engineering subjects be en1phasized wherever possible in engi
neering instruction. 

The four curricula suggestions submitted by the committee were 
approved by the first public conference. It was recommended that 
no action be then taken in_ regard to the third and fourth curricula 

1 A report of this conference was printed as Bureau of Education Bulletin, 1919, No. 
58, copies of which may be secured from the Superintendent of Documents, Government 
Printing Office, Washington, D. C., at 20 cents a copy, 
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2 OBJECTIVE~ IN COMMERCIAL ENGINEERING 

suggestions. The conference, however, recommended that the fol
lowing engineering subjects be approved for students of commerce, 
the selection of a.Il of which, exclusive of freshman mathematics, 
would give a total of 30 semester hours: Shopwork, 3 hours for one 
semester; properties and strength of materials, 3 hours for one 
semester; drawing and machinery analysis, 3 hours for one year; 
applied mechanics including hydraulics, 3 hours for one year; and 
a 2-hour course for the year in each of the following: Mechanical 
engineering, civil engineering, and electrical engineering (may be 
better called mech~nical, civil, and electrical applications). It is 
assumed that . commerce students enter upon this work with high
school algebra through quadratics and plane geometry, · fresfiman 
Inathematics, and preliminary training in physics and chemistry. 

The second conference.-The pr.imary purpose of this conference 
held in Washington May 1 and 2, 1922, was to promote through 
training better coordination ~f the major operations in industry and 
commerce. There was · an attendance of 215, comprising largely 
business e~t.ecutives, engineers, and professors of business and en
gineering. The topics of discussion related to the coordination of 
college training with the industrial demand, to civic and social 
training of the engineer and business, and to the training of the 
engineer for management of overseas engineering projects. The 
committee 2 hoped that the discussion of these topics might help 
solve the new problems that have recently arisen in modern indus
tries, the solution of which demands a more scientific approach to 
include job analysis and personnel specifications and a translation 
of these into a new and teachable content for use in our engineering 
and commerce schooJs; might assist the engineer to a better under
standing of problems relating to community development and aid 
in the training of the engineer for management of overseas engineer
ing projects. 

2 Tbe names of tbe members of tbe committee. on commercial engineering are printed 
in tbe .Appendix. · 



PROGRAM. 

FIRST SESSION: May 1, 10 a. m. 

Presiding officer : Joseph W. Roe, professor of industrial engineering, College 
of Engineering, New York University. 

Word of welcome to the delegates: 
A. A. Hamerschlag, president Carnegie Institute of Technology. 
W. F. Rittman, professor of commercial engineering, Carnegie Institute 

of Technology. 
Address by G. L. Swiggett, chairman of the committee on commercial en

gineering. 
MAJOR TOPIC: Current practices in c.olleges and universities relating to busi

ness training for engineers and engineering training for business. 
Speakers: 

P. F. Walker, dean of engineering, University of Kansas, Lawrence, 
·Kans. 

R. L. Sackett, dean of engineering, Pennsylvania State College, State 
College, Pa. 

D. C. Jackson, professor of electrical engineering; Massachusetts In
stitute of Technology, Cambridge, Mass. 

H. R. Hatfield,1 dean of the faculties, University of California, 
Berkeley, Calif. 

SECOND SESSION: May 1, 2.30 p. m. 

Presiding officer: F. B. Jewett, vice president Western Electric Co., New York 
City. 

MAJOR TOPIC: Coordination of college training with the industrial demand. 
Speakers: 

W. E. Mott, director, College of E~gineering, Carnegie Institute of 
Technology. 

C. ·R. Dooley, director, personnel and training,. Standard Oil Co., New 
York City. 

THIRD SESSION: May 2, 10 a. m. 

Presiding officer: C. F. Scott, professor of electrical engineering, Sheffield 
Scientific School, Yale University 

.MAJOR TOPIC: Civic and social training of the engineer and business man. 
Speakers: 

C. R. Mann, chairman of operations and training division, General 
Staff, 'Var Department, ·washington. 

Arthur Morgan,2 president Antioch College, Yellow Springs, Ohio. 

1 Owing to the unavoidable absence of Dean Hatfield the report upon current practices 
in colleges and universities ·relating to business training for engineers has been pre
pared since the conference by the chairman of the commercial engineering committee 
and is printed on pp. 15-22. 

2 Owing to relief work in connection with the Pueblo (Colo.) fiood. President Morgan 
was prevented from attending the conference. 
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4 OBJECTIVES IN COMMERCIAL ENGINEERING 

FINAL SESSION-Group conferences, 2 p. m. 

Group No. 1. Presiding officer: George W. Dowrie, dean, School of Business, 
University of Minnesota. Discussion of topic, first session. 

Group No. 2. Presiding officer: F. l\1. Feiker, vice president, McGraw-Hill 
Co. (Inc.), New York City. Discussion of topic, second session. 

Group No. 3. Presiding officer: L. ,V. Wallace, executive secretary, Federated 
Engineering Societies, Washington, D, C. Discussion of topic, third session. 

Group No. 4.3 

TOPIC: Training of the engineer for management of overseas engineering 
projects. 

• Group 4 met in conjunction with Group 3. 



PROCEEDINGS OF THE CONFERENCE. 

FIRST SESSION. 

Presiding Officer: joseph W. Roe, Professor of Engineering, College of Engineer
ing, New York University. 

Dr. A. Hamerschlag, in a brief address of welcome to the delegates, 
stated that young men and women are vitally i~terested in the effort 
to coordinate business and science, since it will create business oppor
tunities for technically trained men. 

Dr. W. F. Rittman expressed the beljef that the conference would 
greatly aid in determining content and methods in their course in 
commercial · engineering, a dlscription of which had been prepared 
and issued in a special bulletin for distribution at the conference. 

GLEN LEVIN SWIGGETT, general chairman of the confer
ence. The training or work of a commercial or management engi
neer, or of the civilian engineer of a· century ago, is not that of the 
engineer specialist of to-day with his purely engineering training. 
According to the charter of the Institution of Civil Engineers, 1820, 
for example, the civil engineers of London thought of themselves 
as directing the "great sources of power in nature for the use and 
convenience,of man, as the means of production and traffic in States, 
both for external and internal trade, etc." 

Refinement of technique and specialization, while essential in eco
nomic progress, has deprived industry and commerce in' recent years 
of a much-needed type of service. The problems which the need 
presents will only find solution in the coordination of all factors 
that have seemed to function separately within the major divisions 
of production and distribution. The efficient and scientific conduct 
of business demands an adequate supply of college-trained men and 
women whose training represents a combination of essentials of 
engineering and the fundamentals of business practice. · 

Between the new engineer and the civil engineer of 1820 lies a 
~uccession of design engineers-engineers trained by the best meth
ods known to the physical and mathematical sciences of their time 
to plan and create within the field of engineering construction. The 
latter are, however, design and research engineers who have had but 
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6 OBJECTIVES IN COMMERCIAL ENGINEERING 

little concern in the past with the commercial or even community 
use of their design or construction. The steady drift a way from 
the narrow specialization of the technical _ engineer in the direction 
of the commercial engineer is giving to industry and commerce men 
capable of applying the principles of engineering to the progressive 
needs of business and a changing economic society; rnen capable of 
regionally grouping the economic resources of the world so that they 
can be at all times recovered and assembled in proper places for 
manufacture and use by the most direct routes in the m<;>st effective 
and least costly manner. The commercial engineer is not the engi
neer become a. business man. He must be prepared for his work by 
a course of study so framed as to afford the technique, the princi
ples, and knowledge required in industry and cmnmerce, by anewer 
and better combination of physical and mathematical science with 
the subjects of business and commerce. The tendency of business is 
more and more to direct selling, even direct financing in certain 
types. Know ledge of production processes and methods is becoming 
necessary as supplementary or even basic knowledge in marketing 
and finance. Schools of commerce of university grade have at- · 
tempted to meet this situation by developing courses in accountancy, 
organization, and management. Their courses can be strengthened 
in the preparation for manage~:nent, however, by some emphasis upon 
subjects dealing with the materials and n1eans or agencies of com
Inerce from the engineering point of view. 

The problems of community or city management are such as a 
Gommercial engineer can best solve. He should be able to coordinate 
efficiently all broadly economic factors of the n1odern city, in itself 
a gigantic engineering project, a colossal industrial enterprise. The 
commercial engineer has an even greater opportunity which potenti
ally presents itself in every county throughout the United States. 
The scientific conduct of the Nation's business is impossible without 
full knowledge of the SOUrCeS of materials, Inanufacturing centers, 
and consuming markets, the relations of these to labor, credit supply, 
and transportation facilities. To secure and n1ake that informa
tion understandingly avaliable for our business men, we must begin 
with our smallest economic unit, the county. Rural communities 
m.ust be changed scientifically into industrial units; industrial units 
must he similarly guided on their wa.y to a more rapid return to 
truck or farming communities. Economic community guidance is 
imperative .in view of world-trade competition. Many communities 
to-day are supporting industries that are by their location a liability 
to the community and a greater one to the Nation. Counsel and 
guidance of commercially trained engineers in every county will aid 
these counties to solve their problems relating to unwise employment 
and care of labor, seasonal and rotary; wrong standards of living, 
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therefore, uneconomic; improper . transportation outlets; standards 
and kinds of production; marketing opportunities; available credits; 
and above all to solve problems relating to housing and health, to 
the proper balance between the individual's duties to society and his 
own economic rights. 

Majot Topic of the First Session: Current Practices in Colleges and Universi
ties relating to Business Training for Engineers and Engineering Training 
for Business Men · 

The three speakers based their remarks upon data secured in ad
vance of the meeting by the chairman of the committee on commer
cial engineering. Deans of engineering were asked to supply the 
following information for the engineering divisions, mechanical, 
civil, electrical, mining, chemical and industrial, or commercial: Num
ber of semester hours offered and required in business law, business 
organization, corporation management and finance, cost accounting, 
general economics, labor . and employment problems, marketing-in
cluding advertising and salesmanship, political science, psychology, 
scientific management, statistics, and transportation. Deans of com
merce were asked to state, if offered, the number of semester hours, 
elective or required, of business students in shopwork, properties and 
strength of materials, drawing and machinery analysis, applied 
mechanics-including hydraulics, general course in mechanical engi
neering, civil engineering, or in electrical engineering. Dean 
"\V alker discussed practices in State institutions to the west of the 
Mississippi River and Dean Sackett those to the east. Professor 
Jackson discussed practices in non-State higher institutions. A state
ment on current practices in colleges and universities relating to 
blisiness training for engineers has been prepared since the confer
ence by the chairman of the committee and is printed as part of. 
this report, pages 15-22. 

P. F. WALKER, dean of engineering, University of ·Kansas. 
Since the 1919 conference, changes in a considerable number of insti
tutions have been brought about. The causes which have led to those 
changes have probably been many, the major one being the trend in 
jndustry toward a recognition of the need for men who have learned 
to think in broad terms of production on a nation-wide scale. The. 
consideration of international problems associated with foreign trade. 
has also led to calls for men fitted to take on the duties of foreign 
assignments. Several of our institutions recognize the need for work 
of this character and the benefit that will accrue to individuals and 
to the Nation through the meeting of such needs .. 

The recommendations made at the Washington conference of 1919 
stimulated the study of business subjects by engineering students. 

· ln several of the western institutions it is reported that the inclu-
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sion of economics, either as: requirements: or option, in the curriculum 
has been brought about since 1919. Some work in economics is re
quired in 25 of the 29 schoolS' which have furnished information on 
which this report. is based. In two of the others economics is op
tional and quite commonly elected. The second recommendation, 
however, that would include a considerable amount of o2tional 
courses: in economics and business, is provided for in only a few 
instances. 

The important part of this report is here given in diagrammatic 
form. 

SEMESTER HOURS OF 
ECONOMICS AND 
ADMINISTRATION. 
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UNIVERSITY OF UTAH ••••••• 
UNIVERSITY OF IOWA ••••••• 
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UNIVERSITY OF LOUISIANA •• 
OKLAHOMA A, & M. COLLEGE. 
MONTANA STATE COLLEGE •••• 
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UNIVERSITY OF NEVADA ••••• 
UNIVERSITY OF IDAHO •••••• 

. UNIVERSITY OF N. DAK •••• , 
S. OAK, COL. A. & M. ARTS 
N. DAK. AGRI. COLLEGE •• ,, 
UNIVERSITY OF WYOMING •••• 
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The part on the right shows the number of students affected by the 
requirements. These requirements are shown to scale in the heavy 
lines in the right portion. The institutions represented are arranged 
in the order of nlul1ber of students· reported on, starting with Iowa 
State College at Ames, with something over 1,110 students in engi
neering. The requirements on the left side indicate i11 each case the 
average of the hours of work in the standard courses in mechanical, 
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civil, electrical, chemical, and mining engineering, and architecture. 
Where an institution reported on several groups-mechanical engi

neering, for instance, seven hours; civil engineering, five hours; elec
trical engineering, five hours-there was no effort made to weight. 
These requirements represent the · simple time average of the report
ing groups, whatever that number may have been. 

In several of the institutions the requirement in these lines is con
siderably greater for the mechanical group than for the others. The 
heavy vertical line shown on the diagram is the weighted average for 
the entire group of 29 institutions3-that is, it is found by taking 
. the number of students, multiplying_ this by the number of hours re
quired, and dividing the total of the products by the total number 
of students. This total number of students is 9,897. 

For the first four institutions the requirements fall between limits 
of 5 hours and 11 hours. The requirements at the University of 
Kansas are almost the average, nan.1ely, 6.6 hours; The uniformity 
shown in the requirements of theSe 14 institutions, which represent so 
large a majority of the total number of students considered, indicates 
that the institutions in the western Mississippi and Missouri Valleys 
are bringing their requirements together on a very satisfactory basis. 
The smaller institutions show a greater tendency to fluctuate in their 
requirements. 

The subjects within the group of courses involved in this general 
study which have been required in the greatest number of institu
tions are: General economics, usually a three..: hour course; business 
law, in amount varying from one to three hours; business organiza
tion, frequently united with business law for about the same amount 
of attention; corporation finance, in the same manner but in some
what less degree; scientific management, in seven institutions, for 
two or three hour!. Business law, business organization, and cor
poration finance seem to be grouped in a number of institutions into 
a single course, which may be required or optional for engineQring 
students. It is, of course, a hasty course and can only give the out-

a Data slleets were not received from the University of California, the University of 
Washington, and others. 

The following excerpt is from a letter of the vice chairman of the faculty of engineer
ing of the University of California received subseguent to the conference by the chair
man of the committee on commercial engineering: Prescribed subjects practically include 
nothing like business law, business organization, etc. Students are encouraged to use 
their electives for such subjects as economics, law of contracts, etc. Within the engi
neering departments courses on marketing, labor and emp1oyment problems, scientific 
management, etc., are not offered, except in so far as these subjects are dealt with in 
announced subjects in the curriculum. The following statement, also received since the 
conference, relates to business training for engineers at the University of New Mexico: 
Six semester hours each in general. economics and cost .accounting have been offered since 
192.0 in eivil, electrical, mining, and chemical engineering. The engineering students are 
required to take either 4 semesters' work iil economics and accounting, · or in some foreign 
language. 
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line of contract principles and the principles undedying the organi· 
zation of the corporation. 

Cost accounting, political science, and psychology appear as re
quired subjects twice each, although political science is an optional 
subject in a considerably larger number. It is only an occasional 
institution which goes outside of the above-mentioned branches for 
students in the standard engineering courses. The catalogue of the 
University of vVashington shows an average graduation requirement 
of two semester hours in business law. The University of California 
and Leland Stanford University have their requirements for gradua
tion indicated on a plan showing a large number of elective hours, 
but very little actually required. For these institutions it is undoubt
edly true that students in large numbers include subjects of this gen
eral character in their work schedule, but it is difficult to determine 
with accuracy from the catalogues. 

The tendency to permit students to select optional subjects to a con
siderable extent makes it difficult to arrive at positive conclusions. 
The general resultant is slightly toward an increase in the time 
given to business subjects, but the tendency is not especially marked, 
and it is probable that the limit will be reached very soon. 

Only three institutions west of the Mississippi make specific pro vi
sion for carrying out the second recommendation of the conference 
committee. 

Two of these schools, the Universities of l{ansas and of Utah, have 
established courses under the name of industrial engineering. These 
are for the regular four-year course and call for the completion of a 
considerable amount of work in economics. At the University of 
I{ansas 21 hours in general economics and accounting are required, 
with 10 additional hours in scientific management, transportation, 
and business law. At the University of Utah a general requirement 
of 25 hours in this group of topics is required. These courses in 
industrial engineering correspond in a general way with those offered 
at the Massachusetts Institute of Technology, Pennsylvania State Col
lege, Sheffield Scientific School, Columbia University, New York Uni
versity, and several others. It is essentially a course in mechanical 
engineering with the business courses substituted for a corresponding 
amount of the more highly specialized work. At the University of 
l{ansas the general degree of bachelor of science is given, while the 
degree of bachelor of science in engineering is given on completion of 
the standard courses. 

The University of Nebraska has adopted a plan whereby students 
may remain for a fifth year, to be given over largely to work in the 
school of economics and business, following which another degree of 
the baccalaureate grade is awarded. 
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The University of Kansas also makes provision for students to 
take five years in the university for the completion of the engineer
ing requirements. This is based primarily on the plan of the 
student devoting the first year of the period to general work in the 
college of liberal arts, but during which time he would make a 
start in mathematics. With 30 semester hours to his credit he then 
enters the school of engineering, where he completes the schedule 
as required of regular four-year students, but with a considerable 
numberof optional hours which he may devote to business subjects~ 
Of the comparatively small number of students who have followed_ 
this plan, a considerable portion actually take several additional 
hours in economics and sociology. 

The average number of semester hours required for graduation in 
the 29 reported institutions is 142.5. The average for the first 14 
is 137.4 hours. These figures should be given some weight in judg
ing as to the significance of the semester hour. 

The western institution is gradually coming to the idea that the 
engineer needs · to have at least an introduction to economics and 
business principles. Many of the smaller schools are unable to carry 
through the program on an effective scale. For the bulk of students 
trained in this section of the country, however, there are afforded 
abundant opportunities to secure the work recommended by the first 
national conference on c01nmercial engineering, held in Washington, 
J'une, 1919. 

R. L. SACKETT, dean of engineering, Pennsylvania State Col-
1ege. This report is based upon data from 27 institutions, having a 
total enrollment of 15,536 technical students. All except 2 offer 
economics for engineers, and all but 6 require it or some related 
subject. The average number of credits required by those specifying 
economic subjects is 7.5 semester credits, or almost 5 per cent of the 
total. There are numerous variations in the same institution in the 
requirements in different courses. In such case, the representative 
course was included. In practically all institutions listed, economics, 
politic~! science, and related subjects are offered, and probably elec
tions are more numerous than the table shows. 

Economics and related subjects are valuable to the engineer; so 
are psychology, logic, social science, law, medicine, and theology, but 
manifestly only a limited amount of them can be included in our engi
neering curricula. We may in the future discard some of the engi
neering subjects. Some are decreasing the amount of modern 
language or other cultural subjects, but on the whole the change is 
very slight. 

A previous speaker has referred to the usual course in industrial 
engineenng as being practically the same as that in mechanical 
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engineering. My interpretation would be slightly different. In the 
institutions east of the Mississippi which have such a course, it is 
not a course in mechanical engineering, with certain subjects o~itted, 
and certain business subjects, such as those mentioned, included. It 
is rather a more distinctive course, in which, while mechanical 
engineering is included, and electrical engineering also, there is a 
backbone which has for its emphasis production, management, or
ganization, routing, and those fundamental factors in American 
·economic industrial production. 

We can give in a four-year course the fundamental training in 
engineering and also in economics or even in business practice-a 
superficial form of economics. Four-year curricula in engineering 
in American institutions have a fairly well-defined purpose. The 
same is true of those in econmnics, business administration, commerce, 
and finance. Five and six year engineering curricula are already 
here and in a few years will probably be more numerous. These con
tain and will contain more of the cultural subjects and will permit 
limited instruction in economics or business methods. But at present 
there is a very definite and logical course for the student of engineer
ing in a four-year curriculum who desires to further fit himfilelf for 
business or executive work, and that is by taking a postgraduate 
course in an institution specializing in that particular subject. 

The conferences held on this subject by the committee on commer
eial engineering have been valuable because they have emphasized 
the commercial side of engineering, but the commercial is not the 
most important of high-grade undergraduat~ training in engineering. 
The table shows that engineering college administrations appreciate 
the value of ec.onomics and related subjects and have given them som~ 
part in their curriculum. Engineering is more broadly interpreted 
to-day than ever before, and service to humanity is the goal. En
gineering curricula are overcrowded, and the difficult problem is 
what .to omit and how to broaden engineering subjects so that new 
emphasis may be placed on economy in design and operation of engi
neering enterprises and to so develop the instincts of management 
and responsibility to the public that the engineer and the profBssion 
shall perform a more positive public service. 
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Students enrolled ·in certain institutions-Credits and hout·s required. 

Institution. 
Number 

of 
students. 

Average 
number 
semester 

credits re
quired to 
graduate. 

Average 
number 
semester 
hours of 
business 
required. 

Average 
number 
semester 

hours 
elective. 

~~oh~ia Sc~olll of Tt~!J-ology -------------------------- 1, ~~~ 1 ~~ 11
g ------------

u:fv!~~ty 6! :b~~a~ar:~~============================= 125 153 6 =========::: 
University of 'J,'ennessee--------------------"----------- 200 132 9 ------------
University of West Virginia____________________________ 384 I 88 or 176 10 ------------
Rhode Island State College____________________________ 187 160 6 ------------
Purdue UniversitY------------------------------------- 1, 848 159 6 ------------

g~~~~~fg ~~ tl~s~fs~~rx============================== --------~~:- --------=~~- ----------~- ==========:: Pennsylvania State College____________________________ 1, 273 1G4 214 ------------
University·of Kansas___________________________________ 587 139 2 6 ------------
Clemson College, North Carolina______________________ 457 158 4 ------------
University of Vermont_________________________________ 197 162 ------------ 4 
North Carolina State College___________________________ 638 170 8 ------------
University of Wisconsin ______ ~-------------------~----- 1, 250 152 7 4 
Ohio State UniversitY---------------------------------- .1, 221 151 E E 6 ------------
University of Illinois---------------------------- - ------ 1, 473 142 ------------ 6 
University of Florida------ - -----------------"---------- 150 150 4 ------------
Alabama Polytechnic Institute_________________________ 543 164 __________ 

3
__ 18 

University of KentuckY---- - --------------------------- 330 180 ------------
University of Virginia__________________________________ 200 I 104 13 ------------
University of North Carolina-------------c------------ 132 154 12 ------------
University of Maine_______ ____________________________ 529 1.50 7 ------------
Mirhigan Agricultural College_________________________ 490 160 I 7 ------------
\ lniversity of Michigan __ ------------------------------ J 1, 278 140 ------------ 11 
New Hampshire College_______________________________ 291 ------------------------ 16 

Total _____ -__ ---_-------------------------------- 15,536 .------------1------------ ------------
l Uncertain. 
J Above does not include commercial or industrial engineering courses. 
a Freshmen not included. 

DUGALD C. JACKSON, professor of electrical· engineering, 
Massachusetts Institute of Technology. This report i~ based upon 
data from 56 engineering schools other than State universities. 
The institutions range from schools of special character like the 
Lowell (Mass.) Textile Scho'ol, Drexel Institute (Philadelphia), 
and certain smaller municipal universities of the Central West to 
long-established large engineering schools like Rensselaer Polytech
nic Institute, Massachusetts Institute of Technology, and the engi
neering schools at Cornell and Columbia Universities. The terri
torial range is from our Atlantic seaboard to the Pacific slope and 
fron1 the Gulf States to our northern border. The 56 institutions 
are located in 22 States and the District of Columbia. Pennsylvania 
stands first in number of these institutions, with 10 of the 56 within 
iti borders. New York State runs a close second. M::assachusetts 
and California stand thir~ and fourth. The range in character of 

:institutions is fairly illustrated by the 10 in Pennsylvania: Bucknell 
University, Carnegie Institute of Technology, Drexel Institute, LQ
fayette College, Lehigh University, Pennsylvania College (Gettys
burg), Swarthmore College, University of Pennsylvania, University 
of Pittsburgh, Villanova College. In this list of 10, the scope of 

93076°-24--2 
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engineering instruction differs widely. The number of engineering 
studer1ts goes from less than 70 in one ip.stitution to nearly 800 in 
another. 

The questionnaire relates to instruction in -subjects which are as
sociated with the business aspects of engineering practice and are 
collateral to the economic applications of the sciences underlying 
engineering. 

Many of the answers do not distinguish between some of the sub
jects. Several observations of definite character and service, how
ever, are to be drawn from the answers. In the 56 institutions the 
subject of general economics is omitted from the instruction of only 
7, and these are mostly institutions giving what may be called intro
ductory or partial engineering courses, e. g., the University of Toledo, 
which gives only the first two years of the engineering courses and 
expects those students who ·wish to finis~ in engineering to complete 
their courses at the Ohio State University or elsewhere. Two well
established institutions with comprehensive engineering courses are 
among those that omit general economics, however. Moreover, the 
variety of tin1e allotted to this subject in the various institutions 
shows that no consensus of policy has been reached regarding the 
methods of teaching it or the sc·ope needed. 

Business law is a required study in a large majority of the insti
tutions, and most of those omitting it as a direct subject inch1de 
some busine~s subjects in the curriculum o.f which legal illustra
tions must be a part, so that the curricula· of very few Qontain no 
content partaking of the nature of business law. 

The variety of treatment or the avoidance given to the other sub~ 
jects named in the questionnaire shows that the presence of any one in 
a curriculum is the result of some individual opinion or some local 
condition. The results indicate that there is no unit of thought 
on their relative importance respecting each other or respecting other 
subjects. As the answers do not show the experimental changes .that 
have been tried in the curricula here, there, and elsewhere, the ques
tionnaire gives no indication of tendencies in opinions regarding these 

. subjects. Perhaps trial has not gone far enough to say that any real 
tendencies exist in this matter. 

Finally, the status o£ one subject, psychology, deserves thought. 
In 9 of the institutions psychology is a required subject in one or 
more of the e~agineering courses. In 7 more it is optional in one or 
more of the enginee'ring courses. The questionnaire thus shows that 
16 out of the 56 institutions recognize psychology as an appropriate 
subject in the engineering curricula. As its introduction by these has 
in n1ost cases been recent, it may be fairly assumed that the subject is 

' For lists of subjects, see p. 15. 
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under test, · that other institutions will also try the effect of its in
troduction, and after a few years psychology will have proved its 
worthiness or unworthiness for a permanent place. 

Generalizations from the questionnaire are impracticable, but the 
data seem to support the writer's opinion that the engineering-school 
faculties generally are giving some thoughtful study to the best con
tent of engineering curricula, that they are doing some experimenting 
with changes on their own initiative, and also are utilizing opinions 
and suggestions reaching them from outside their own organizations. 
Too great readiness to change 1\'vould be unfortunate, as it might result 
in much confusion in educational processes. Exp6riment must 
progress cautiously and in an orderly manner, but more definite re· 
flection and experiment on educational processes and the content of 
curricula are necessary to bring the engineering courses into their 
most serviceable place as feeders for the professional engineering 
groups serving the industries and other engineering branches. If 
these conferences of the committee on commercial engineering should 
stimulate to deeper reflection and more thorough experimenting of 
the nature referred to, they will perform a great service to the cause 
of engineering education. 

G. L. SWIGGETT, United States Bureau of Education. The 
following report on current practices relating to engineering courses 
for students of business in colleges and universities is based upon data 
furnished- by deans or head professors of business or economics in 
colleges or universities in which engineering is taught. The ques
tionnaire dated January 3, 1922, sought this information-number of 
semester hours, elective or required, for students in business in the 
following engineering subjects 5 : (a) Shop work; (b) properties and 
strength of materials; (c) drawing and machinery analysis; (d) ap
plied mechanics, including hydraulics; (e) general course in mechani
cal engineering; (f) general course in civil engineering; (g) general 
course in electrical engineering. 

ENGINEERING SUBJEC'l'S' AND BUSINESS STUDENTS 

ALABAMA. 
University · of Alabama. The proble~ of combining engineering and com

mercial work is satisfactorily solved in this university by the industrial 
management course, of four years, in the co1lege of engineering, leading 
to the degree of bachelor of science in industrial management. In the 
first two years the work is straight engineering, with the exception of 
the course in American economy. · In the third and fourth years other 
commercial subjects are intl;oduced, constituting in all approximately 
one-fourth of the four-year curriculum. 

& Reference to these subjects in the body of this statement will be according to letters 
in the a.ssigned order; for example, shopwork, (a) ; general course in mechanical engi
neering, (e) ; etc. 
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ARIZONA. 
University of · Arizona. Every student registered for the bachelor of 

science degree in commerce is allowed 20 ft·ee electives. These may be 
taken in engineering subjects which he is qualified to enter. 

A-RKANSAS. 
University of Arkansas; Twenty-seven · term hours may be selected from · 

the courses offered in the · college of engineering. 
CALIFORNIA. 

California Institute of Technology. Semester hours required of business 
students: a, 4; b, 7; c, 10; d, 14; e, t, and g, 34; alternative, chemistry, 
9; physics, 12; mathematies, 7. The subjects listed . form part of course 
in engineering economics and are compulsory for all students who enter 
for the degree in E and E. Business. and economic subjects may be 
elected by students in other departments, however. A complete redraft 
of the whole scheme is now in process. 

University of California. No students in business take the listed courses, 
although students in business might take them if they were willing to 
take the necessary prerequisites. 

University of Santa Clara. Not permitted to take any en~ineering subjects. 
P:niversity of Southern California. A very limited number of courses 

..llay be taken by commerce students and count as electives, but there is 
. as yet no definite cooperation between the department of engineering 
and college of commerce. 

COLORADO. 
Colorado Agricultural College. Business subjects not offered. 
Colorado College . . At present no credit is given in the business department 

for these listed subjects. · 
Colorado School of Mines. A business curriculum is not offered. Engineer

ing students are offered some business subjects. 
University of Colorado. No credit given in these subjects. 

CONNECTICUT. 
Yale University. Course in builiness administration, a graduate course, 

formerly -given in Sheffield Scientific Scbool, now discontinued. Engi
neering students required to take .course in economics, business, finance, 
and accounting. 

DELAWARE. 
University of Delaware. Accepted on transfer a maxb;num of 12 semester 

hour credits in such . engineering subjects as constitute definite studies. 
No credit allowed for strictly laboratory work. 

DISTRICT OF COLUMBIA. 
Howard University. Students in business course may elect subject! in 

engineering provided they have the prerequisites. Stud~nts in engineer
ing are required to pursue courses in business and commercial law, 
economics, and business organization. 

GEORGIA. 
Georgia School of Technology. Students may take the :first two years in 

electrical, mechanical, civil, chemical, or textile engineering, or architec
ture, and then take commerce during the last two years ; or they may 
elect to take the straight four years in commerce. In the latter case 
should their future objective indicate the necessity of knowledge in 
some engineering ~ubject, they may elect appropriate engineering sub
jects approved by the heads of the departments concerned during · the 
last two years. 

University of Georgia. No credit for engineering subjects. 
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IDAHO. 
University of Idaho. Plans, ·not yet approved, will permit busineli)S stu

dents to take several subjects in technical departments that hear 
directly on the special field in which they are interested. 

ILLINOIS. 
Northwestern University. Course in commerce is a two-year senior 

college course. Not practicable to allow much range in the listed sub
jects as electives. · Such combinations as hydraulics, or electricity, or 
machinery ·analysis, and accounting, or salesmanship, or advertising, 
would be treated as individual exceptions to the general curriculum. 

University of Illilaois·. Shopwork, properties and strength of materials, 
and general courses in civil and electrical engineering are offered in the 
junior year, and general course in mechanical engineering in the senior 
year. The followin&" number of semester hours are required of all stu· 
dents in industrial administration in the following subjects: a, 4; b, 3; 
e, f, and g, 4 each. 

INDIANA. 
Purdue University. Has no school of commerce. 

IOWA. 
State University of Iowa. Subjects are not taken. 

KANSAS. 
University of J:\:ansas. Subjects are not allowed. 

KENTUCKY. 
University of Kentucky. So far there has been no tendency for business 

students to take engineering subjects. A possibility of the plan will be 
suggested in next year's catalogue. A total of 30 hours of work in 
engineering may be taken. None required. 

LOUISIANA. 
Louisiana State UnivGrsity. Has no curriculum in business administration. 
Tulane University. No joint course in engineering and commerce. 

MAINE. 
University of Maine. No provision for students in business to take these 

courses; might be allowed when classes· are not overcrowded. 
MARYLAND. 

Johns Hopkins University. Students in the college of arts and sciences 
specializing in political economy may elect subjects in engineering if 
they so desire. So far, however, there have been no such cases. All our 
undergraduate students in engineering take a full year of political 
economy. · 

Univer~ity of Maryland. Although no specific arrangements have been 
made to permit commerce students to apply technical engineering sub-

ject-s such as these t.oward. satisfyin~ re·.· ~~_ , __ I_t_e·~. ·!-... _:_~ -- ~th· . e coinm~rce 
degree (bachelor of sciences m economics), .'1{!1 

• . · o- . ~ing to do so to 
; .. · , . -~--. b · . •. ;·· ··· 

a limited extel'lt. :' . R.' . ""' _ . -· -·- · 

MASSACHUSETTS. . .. -
Harvard University (Graduate School of Business Administration). Engi

neering synopsis .is offered in the second half of the first year in the 
industrial management study group on engineering. The purpose of 
this course is to impart a sympathetic understanding of general prob
lems of engineering in industrial management, with a view to helping 
the manager to reach proper decisions in matters involving technical 
considerations as a major element. The course deals with the scope 
and limitations of the engineering staff and the weight their technical 
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MASSACHUSETTS-'-Continued. 
point of view should be given in reachina- business decisioni3. Pr(lvision 
will be made for laboratory shopwork and instruction necessary to a 
clear understanding of simple mechanical engineering problems. The 
principal subjects taken up are : Buildings and construction ; factory 
tools; internal transportation; power; research and technical develop
ment, and patents. 

Massachusetts Institute of Technology. Semester hours required of busi
ness students: a, 55; b, 90; c, 280; d, 505 ; e, 260; t, 75; g, 220. 

Northeastern University. Schools of engineering and commerce have no 
connection at present. 

Tufts College. Owing to intensive specialization of these subjects in 
engineering schools, it is not possible at present for students preparing 
for business to take them. 

MICHIGAN. 
Michigan Agricultural College. Has no business students. 
University of Detroit. Commerce and finance department has no working 

arrangement with the engineering department. Each department is sep
arate and independent. 

MINNESOTA. 
University of Minnesota. Subjects not offered to business students. 

MISSOURI. 
University of Missouri. Semester hours elective for business students: a, 

4; b, 3 ; c, 5. Two years of college work required for admission to the 
school of business and public administration. Students who desire shop
work and drawing elect these subjects while they are in the college of 
arts and sciences. Students will not be permitted to elect for credit 
properties and strength Qf materials until after they have entered the 
school of business and public administration. General courses in en
gineering are not offered in the school of engineering. Students in the 
school of business and public administration are permitted to elect other 
subjects in engineering for which they are prepared, subject to the ap
proval of the dean of this school. 

MONTANA. 
Montana College of Agriculture and Mechanical Arts. Students not per

mitted to take these subjects. 
NEBRASKA. 

University of Nebraska. The students in the college of business adminis
trat,ion may take 30 semester hours in engineering subjects, but very 
few, if any, have as yet availed themselves- of this privilege. The col
lege of engineering,. on the other hand, offers a fifth year, during which 
their grad,~.ates, !DU.:Y take chiefly business subjects, after which they 

receive,.,~ •.. ~-- -~_-.'_l_~.ff 9f engineering the degree of. bachelor of science 
in comm ed.gineenng. . 

NEVADA. . . -' .. -~ ,· ' 

University of Nevada. Has no school of commerce. All· business sub~ 

jeets offered are free electives and may be taken by any student in the 
university. 

NEW HAMPSHIRE. 
Dartmouth College, Amos Tuck S.ehool of Administration and Finance; 

Semester hours elective for business .students: c to g, inclusive, 3 ; struc; 
tures, 3; heat and power, 3. Permission to elect these subjects granted 
to business students in 1920-21. ·A one-semester engineering cours~ 
called engineering in business is given by the Thayer School of En; 
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NEW HAMPSHIRE-Continued; 
gineering to second-year students who elect the cours.e. The general 
policy has been to try to select from the. whole two-year course offered 
by the engineering school those phases of. it which would be most 
essential for business stu<;lents who plan to enter the field of production. 

NEW JERSEY. 
Rutgers College. lias no . business course. 

NEW MEXICO. 
College of Agriculture and Mechanical Arts. No credit allowed for these 

subjects in business training course. 
State University of New Mexico. Students in business rarely take any 

engineering subjects; possible as electives. 
NEW YORK. 

Columbia University. Students in the school of business may take the fol
lowing engineering elective: Manufacturing processes and management. 

eornell University. Has no· school of business or group of subjects in this 
field. 

New York University. The two following courses, to which Managements 
1 and 2 are prerequisite, are offered in 1922-23: Mechanics of manage
ment ( 4 points), ·the object of which course is to . acquaint the student 
with the use of various labor-saving equipment used in the industrial 
field. It includes the use of various devices, such as planning boards, 
power meters, cost recording machines, weighing and counting devices, 
communicating systems, duplicating devices, calculating machines, etc., and 
machinery and factory equipment analysis (probably 4 points)' the object 
of which course is to ghre the student a working knowledge of the me
chanical equipment, machinery, tools, etc., used in various types of indus
trial plants so that he, as a manager, or as an employee, will be acquainted 
with the mechanical end of the business and can think and talk intem. 
gently along this line with other men in the industrial organization. It 
includes drafting-room methods and interpretation of working drawings, 
describes the · pattern shop, foundry, foundry equipment, practice and 
metals used, forge shop · and methods, tool room and its equipment, 
cutting tools, machine tools and their uses, wood-working machinery, 
textile machinery, etc. 

Syracuse University. Semester hours elective for business students: a, 14; 
b, 6; c, 6; d, 9 ; e, 6; f, 2 ; g, iO; shop management, 2. Permission · 
granted business student~ in 1921 to elect these subjects. 

The College of the City of New York. Subjects listed are open as electives 
to the students who are specializing in business. Other subjects in 
the engineering field are also allowed to students of business as electives, 
provided they take them in proper sequence and meet the usual college 
reuuiremen.ts in the matter of prerequisites. Degree of management of 
business administration is granted on the completion of the five-year 
course, of which two . years are from the fundamental college course 
leading to one of the liberal degrees. The student then specializes in 
business and has also a range of election which can embrace engineering 
as wel! as other subjects. 

NORTH CAROLINA. 
North Carolina St.ate College. Number of semester hours elective for busi

ness students: a, 3; b, 3; c, 4; d, 6; e, f, and g, not · given, but .would 
allow to elect as much as 16 hours if wanted. Semester hours required 
of business students: a, 3, in one curricu.lum. Twenty semester hours of 
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NORTH CAROLINA-Continued. 
free electives allowed in junior and senior years in general business 
course. The student ·can take them all in the engineering department. 
In the shop management course students must choose one of these 
groups. Would prefer to follow the su~gestions contained in the last 
paragraph of your circular letter.' 

University of North Carolina. Semester hours elective for business 
students: a, b, o, and d, 3 each; e, t, and g, 6 each. 

NORTH DAKOTA. 
University of North Dakota. Commerce students may elect these subjects. 

No special provision is made, however. 
OHIO. 

Ohio State University. Working out relationships with the college of 
engineering. 

Municipal University of Akron. Semester hours elective for business 
students: a, 4; b, 6; o, 6¥J ; d, . 6; e, t, and g, 12~. 

University of Cincinnati. Semester hours required of business students: 
b, 5; o, 5; d, 6. Subjects a, b, o, and d have been required of business 
students since 1919. The shopwork is obtained by the student in work 
performed for remuneration in manufacturing plants. This work ob
tained under direction of the university coordination department, as ·in 
the case of engineering students. The cooperativQ part, involving shop
work, covers the first two years' time of the student. The essentials of 
engineering in the various branches mentioned are ·given in. several 
courses during the first two years of work. The students -pursue the 
regularly prescribed courses in the~e subjects for all engineering students 
during the years prior to entrance into the strictly commercial or 
business subjects~ 

OKLAHOMA. 
Oklahoma Agricultural and Mechanical College. Students_ are permitted 

to take any engineering subject they desire. Drawing is required of all 
students in the first half of tlle freshman year. Other subjects may 
also be elected by the student who wants this type of work. Seniors 
are urged to · take works management as an elective. 

OREGON. 
Oregon Agricultural College. All students have a general option of 45 

credits out of 207 which may be taken in the listed subjects. In addition 
a minor in commercial engineering is offered. 

PENNSYLVANIA. 
Carnegie Institute of Technology. The course in commercial engineering 

extends over a period of -four years and leads to the degree of bachelor 
of science in commercial engineering. The course is especially designed 
for men who would enter those fields of work where the problems to be 
solved have to do in the main with production, finance, and distribution, 
rather than with engineering research, design, and construction. The 
subjects of instruction group themselves naturally under _ three heads
fundamental, engineering, and commercial. Fundamental subjects are : 
Mathematics; descriptive geometry; physics; chemistry; English; psy
chology; and economics. Engineering subjects are: Engineering; draw
ing and sketching ; practice iil pattern shop, m-achine shop, and forge 
and foundry; · materials; applied mechanics; machine· design ; and theory 

• Refers to recommendation of the 1919 conference relating t9 third and fourth curr.t. 
eula suggestions ( Cf. p. 1 of this bulletin). 
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PENNSYLVANIA-Continued. 
and application in civil engineering, mechanical engineering, and ~lec

trical engineering. Commercial subjects are: Industrial history; statis
tics; economic production; 'industrial management ; personnel ; safety 
and welfare; letters and reports; accounting; commercial law; banking 
and credit ; corporation finance ; advertising and selling ; domestic and 
foreign trade ; and transportation. 

Gettysburg College. The ·listed subjects are not open to students in busi
ness administration ot to those majoring in economics. 

Lafayette College. Semester hours elective for business students : c, 3 ; d, 3. 
Pennsylvania State College. Semester hours elective for business students: 

Industrial accounts, 3; scientific management, 3 ; industrial organiza
tion, 3. Semester hours required of business students: Industrial man
agement, B. In the industrial engineering course students receive the 
same instruction in fundamental engineering and general subjects as is 
given to all of the engineering students of the ether courses. The special
ized industrial engineering subjects in the industrial engineering curricu
lum are: Organization; administration; time and motion study ; safety 
engineering; industrial relations; personnel-including employment, in
dustrial costs, factory planning, shop economics, manufacturing methods, 
purchasing, receiving and storing, routing and scheduling, production 
control, and scientific management. 

University of Pennsylvania. Mechanical drawing, 3 hours. First offered 
as an elective in 1921-22. 

University of Pittsburgh. Semester hours elective for business students: 
a, 6; b, 8; c, 8; d, 4; design, 4; power plants, 4; and automotive engi
neering, 8. 

RHODE ISLAND. 
Brown University. Semester hours elective for business students: b, 3; 

c, ~; d, 12; c, 6; g, 6; and industrial plants, 3. Applied mechanics, in
cluding hydraulics, not readily elective by students in business; may be 
taken, however. 

Rhode Island Stat~ College. ·Has no business students. 
SOUTH DAKOTA. 

University of South Dakota. Semester hours elective for business 
students: a, 12; b,, 6; drawing, 8; machinery analysis, 6; and d, 6. 
Total not to exceed · 24 semester hours. 

TENNESSEE . 
. University of Tennessee. Semester hours required of students taking 

course in factory management : a, 6 ; b, 3 ; c, · 6 ; and e (steam engineer
ing), 3. • These subjects were required in 1922. 

TEXAS. 
University of Texas. Very few business students take engineering sub· 

jects. Such subjects are not required. A student may, if he desir~s, 
use his elective credits o;n any engineering subject for which he has the 
prerequisites. 

UTAH. 
University of Utah. Semester hours elective for business students: a, 

10-18; c, 9; d, 18; e, 6; t, 9; u~ 8. 
VERMONT. 

University of Vermont. No provision for election of subjects in college 
of engineering. 
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VIRGlN!A. 
University of Virginia. Elective for business students .: One semester hour 

_in cost accounting as applied to engineering, and two semester ,hours . in 
business administration for engineers. In addition 12 session hours 
taken at any time, of subjects a to g, in~lusive, may be credited toward 
a bachelor of science degree in commerce. 

Virginia Polytechnic Institute. Has no business course. Course in com
mercial engineering embraces a number of subjectsin various branches 
of engineering curricula. 

Washington and Lee University. No definite coordination of engineering 
and commerce work and no course in ·commercial engineering. Students 
in commerce required to take one course at least in physical science, 
and permitted to take 18 semester hours electives. Engineering sub
jects are available as electives. Hopes to be able to offer next year 
a regular curriculum course in CO:ijlmercial engineering. 

WASHINGTON. 
State College of Washington. Semester hours elective for business 

students: a, 9; b, 4; o,_ 8; d, 14; e, 12-30; f, 18-32; g, 28-32. 
WEST VIRGINIA. 

West Virginia University. No formal curriculum, special school or de-
partment for commerce. The department of economics has most of the 
business subjects. Students in this department are not expected to take 
the listed subjects, but for special cases such work might be permitted to 
count. 

WISCONSIN. 
Marquette University. Students ~o not take any of these subjects. 
University of Wisconsin. Electives in the college of engineering to the 

· extent of 20 credits permitted to juniors and seniors in the course in 
commerce. The only limitations on such electives is that the students 
must have had the prerequisite for any subject elected. 

WYOMING. 
University of Wyoming. About three hours in each year's work allowed 

as electives in these subjects. 

· . DISCUSSION. 

ERWIN H. SCHELL, Department of Economics, Massachusetts 
Institute of Technology~ Our work in the field of business does not 
deter us from theprime activity of training engineers. We hope to 

·develop administrative e;ngineers in the :course in en~ineering ad· 
ministration. Nineteen professional courses are offered by . our in· 
stitution. The work required during the first year is essentially the 
same for all courses and comprises' the following subjects put in 
their order of time requirement: Chemistry, mathematics, physics, 
English and history, descriptive geometry, military science, elemen
tary machine drawing, physical training, and mechanical drawing. 
At the close of the first year the student chooses his course, and if 
he elects engineering administration. he has three options-civil: 
Inechanical and electrical, and che1nical engineering, and most of his 
time in the next three years will be spent upon these engineerjng 
subject';. 
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We thoroughly believe in instilling in these men the principles 
and practice of the scientific method, and we believe we can do it 
through the. engineering courses far better than we can through the 
nonengineering courses. The subjects not strictly technical en
gineering which are included in the course in engineering adminis
tration are: Second year, accounting, English history, political econ
omy, military science; third year, banking, English, industrial 
organization, industrial relations, report writing, securities and in~ 
vestments, and statistics; fourth year, business law, business manage~ 
ment, cost accounting (thesis) . 

The following illustrations indicate course content of a purel;y 
engineering course and that in engineering administration. In both 
courses the nonengineering subjects are in the minority. 

The following subjects are available in general option courses for _ 
purely engineering students: Marketing methods, production meth
ods, investment · finance, banking and finance, economics of corpora
tions, business and patent law, English (contemporary literature), 
English (contemporary drama) , informal public speaking, Lincoln 
and the period of the Civil vVar, political and social problems, the 
human factor in business, the engineering field, engineEtring pub
licity, appreciation of music, and international ·law and American 
foreign policy. 

The subjects presented in mechanical engineering which ·are not 
presented to engineering administration students are : General 
studies, industrial plants, mechanics · of engineering, mechanism qf 
mach}nes, dynamics of machines, forging, pattern making, and 
power-plant . design. 

The subjects which receive greater emphasis in mechanical engi
neering than in engineering aclministrati9n are: Heat engineering, 
engineering laboratory ; foundry, machine, and. bench practice; 
political economy, machine design, mechanical engineering drawing, 
engineering electives, materials of -engineering, and testing materials 
laboratory. · 

The subjects which receive equal emphasis are: Applied mechanics, 
physics, mechanism, ·elements of electrical engineering, machine 
drawing, hydraul_ics, hydraulic engineering, electrical engineering 
laboratory, and general engineering lectures. 

The subjects receiving greater emphasis in engineering administra
tion are : Thesis, surveying, electrical distribution and transmission 
of power, central stations, English, and report writing. 

The subjects presented in engineering administration which are 
not presented in mecha:nical engineering are, with number of assigned 
hours: Accounting, 90; cost accounting, 110; banking, 80; securities 
~lnd investments, 70; statistics, 50; industrial organization, 180; busi
ness law, 180; business management, 300; industrial relations, 80. 
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The following statistics were collected from graduates of this 
course of engineering administration. Members of the first group, 
graduating in 1917, are engaged in the following occupations: Ad
ministrative (president, vice president, treasurer, etc.), 4; ~xecutive 
(superintendents, managers, etc.), 8; functional (purchasing agents, 

inspectors, etc.) , 3 ; 
SECO.ND YEAR technical staff 

MECHANICAL 
ENGINEERJNG 

work, 7; manage
ment staff w o r k 
(which has to do 
with nonengineer
ing problems), 4; 
clerical work (none 
are . operatives or 
apprentices), 1; 
merchants, whole

ENGINEERING 
ADMINISTRATION sale and retail, 1; 

s ales , advertising, 
and publicity management, 2; salesmen, agents, and representatives, 
2; teachers, 4; and one in the United States Army. 

Statistics from 306 students from all classes show the following 
occupational divisions: Administrative, 14; executive, 24; functional, 
9; technical staff work, including research, 84; management staff 
work, including research, 53; clerical, 14; operatives and apprentices, 
28; merchants, wholesale and retail, 4; sales, advertising, and pub· 
licity management, 16; 
salesmen, agents, and COMPARISON OF COURS.ES li AND ltX 
representatives, 46; TH\1\D YEAR: 
and teachers, 14. 

J. G. CALLAN, pro
f e s so r of industrial 
management, Harvard 
University. In teach
ing business to engi
neers and engineering 
to business students the 
question is one of re
sults. Engineers may 
manage, and often do. 

TERMS 

MECHANICAL 
ENGINE.ER..ING 

TERM'S 

ENGlNE.E~lNG 
ADMINISTRATION 

Business students practically never do their own engineering; 
There is a distinct relation between engineering and certain types 
of management, while that betwe'en business activities and engi~ 
neering is o£ a totally different character. Wise teachers of 
engineering and o£ business alike realize that the world is :full 
of millions of :facts, and that the teaching o£ facts as :facts is 



BUSINESS TRAINING FOR ENGINEERS 25 

hopeless. It is necessary to present methods, to show typical facts 
in their typical relations. Related facts in either engineering or 
business are carefully selected to convey a certain developed aptitude 
and a certain broad attitude of mind,. materially different in the 
two fields. 

The spirit and content of engineering teaching is necessarily that 
which arises from a picture o.:f the world as a place ruled by laws, 
relatively precise, and which :follow exactly natural relations. Busi
ness training is that in which the outstanding :foreground consists 
of man-made relations, underlain it is true by laws, such as economic 
laws, but rather remotely obeyed. When we deal with man-made rela
tions, .that is usually true; and the degree to which the laws are :fol
lowed varies with different countries at different times. 

P.rominent in el'ery-

w . 
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ENGINEERING 
ADMINISTRATION 

. body's mind now is 
the business cycle. It 
may vary :from 3 or 
4 years to 10 or 12 
years, and may be fol
lowed with some de
gree o:f precision and 
be therefore predicta
ble, or it may not. A 
slowly building pic
ture, or r a t h e r a 
dramatization of life, 
is being built up on • ·HOURS ASSIGN~D TO NOtl· ENGINEERING SUBJECTS 
the one hand in the :~ • \-iOUR~ ASSIGN£0 10 THESIS (VSUAlLY NON·EMG.) 

mind of the engineer -MASS. HUT. OF TEC.tf 

and on the other in the mind of the business student~ For the. one, the 
engineer, a picture in which there are precise relations controlled, 
rather absolute conditions, and a somewhat hard and :fast organiza
tion, not merely of the instrumentalities of production, but of men 
behind these instrumentalities; and in the mind of the business man, 
customs, and those human relations which can be swayed by eloquence, 
by approach, by .all of the intangible and :fourth-dimension things 
that make a business man successful. Therefore when we are sup
plementing the picture :from an educational point of view rather than 
a pragmatic one, we should supply the wanting element. 

The relations in business are relations of mind to mind. They 
contain much more of error and are dealing in a. way with a harder 
problem. The engineering approach is, on the contrary, one kind 
of dealing of mind with matter. It has :for the business student a 
particularly educational effect and value, in that the analogies and 
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parallels of dealing with matter and .dealing with mind are impor
tant and illuminating. For the purely engineering student there is 
a danger in dealing with people in that it involves more variables 
and equations. The solution is never determined, and the results 
vary with the most intangible and difficult elements in the swaying 
of the minds of individuals and masses. 

There are times when the engineer knows the value of time perhaps 
as well as any man in practice; but there are also many occasions 
when the lack of alertness and adroitness and astuteness, those.things 
that involve the sense of time and a quick perception of relations and 
effectiveness, is apparent. The structure of the business world and 
business instrumentalities are not quite the same when presented 
as a matter of information in education. Any business course for the 
engineer, however, should be so presented as to ~arry .as muc"J:l as 
possible of this intangible picture and dramatization of real men 
working together. The content varies, naturally, with the different 
courses. We do have admirable courses in accounting, absolutely 
essential, and business law that offers a substantial amount of the 
general picture of the structure of business relations. 

A different situation presents itself in teaching engineering t<t> 

business students. Frequently they have to be told why they should 
know anything about engineering. They think they can control en
giReering, not realizing that the type of engineer being turned out 
from the modern course with the business content has a 50-50 
opportunity to control them. Control is essentially an engineering 
approach to business. Precision and sincerity are also things that 
the business man in embryo has to learn. They are not _essentially 
engineering attributes, but are so conspicuously. 

Engineering achievement is . a ·dignified and important phase of 
activity. Business men should be able to follow the major details 
of it, to sit down with engineers and sympathetically understand 
their point of view, their problems, and the method of attack, the 
only one which will successfully solve these problems. 

COMMITTEE ON RESOLUTIONS. 

The following persons were appointed by the chairman of the con
ference to constitute a committee on resolutions: 

P. F. Walker, dean of engineering, University of Kansas, chair
man; George W. Dowrie, dean, school of business, University of 
Minnesota; C. R. Mann, chairman of operations and training divi
sion, General Staff, War Department; Joseph W. Roe, professor 
of industrial engineering, New York 1Jniversity; C. F. Scott, pro· 
fessor of electrical engineering, Sheffield Scientific School, Yale 
University; and W. E. Wickenden, assistant vice president, Ameri· 
can Telephone & Telegraph Co. 



SECOND SESSION. 

Presiding Officer: F. B. jewett, Vice President, Western Electric Co., Inc., NeUJ 
York City. 

COORDINATION OF COLLEGE TRAINING WITH THE INDUSTRIAL 
DEMAND •. 

Joint paper by W. E. Matt, director, coHege of engineering, and W. V. Bingham, director 
of the division of cooperative research, Carnegie Institute of Technology. (Read by 
Doctor Bingham.) 

Coordination between college training and industrial · demand is 
easily accmuplished when the two interests involved have a common 
viewpoint. 'But educational institutions are too often unresponsive 
to outside educative .influences, and industry often does not appre
ciate how the . colleges may be_ of service by providing trained men 

. and women. The World War, however, demonstrated how much 
help scientific ai;d teclui.ical institutions can render our producing 
and manufacturing interests, and it likewise opened the eyes of 
those responsible for educational methods to sources of inspiration 
and guidance of which they had never before been a ware or at least 
had. ignored. One may now turn to almost arny line of business or 
industry and find at once alert minds, active, energetic executive$ 
who are more than ready to cooperate with our colleges and uni
versities. 

The highest ideals in education can not be served solely by the aid 
of even the fullest measure of cooperation with the industrial in
terests; and students must not be led to think that earning power, 
efficiency, high production, etc., are the fundamental considerations 
even in a technical engineering course. Some educators are disposed 
to emphasize the immediate ends of educational work. Many agree 
with the statement of Helml~oltz, that whoever in the pursuit of 
science seeks after immediate practical utility may generally rest 
assured that he will not seek in vain. 

The college tries to accomplish a double purpose, usually in four 
years-to train for citizenship and for earning power; to develop 
an understanding of the ideals of the past as well as a knowledge of 
our fellow workers of to-day ; to impart a love for the higher things 
of life and a spirit of fairness and self-sacrifice in our everyday 
relationships. Technological institutions accomplish these ends more 
:frequently than do the " o]d line " colleges. But engineering courses 
have .a way of becoming dangerously narrow. 

27 
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From the earliest day·s our best teachers ·in technical colleges have 
been teaching about men, but they have dwelt mainly upon the 
ethical questions of business and engineering. 

Recent events have emphasized the necessity of training engineer
ing students so that they will appreciate the business phases of their 
technical employment. 'fhere is now available a fund of knowledge 
with which all graduates of technical institutions should be familiar; 
material dealing with economic, psychological, and sociological ques
tions, with men and their relationships one with another. 

The industrial demand for curricula modifications is becoming in
sistent. To what extent should colleges and universities meet ~he 
demand and still do justice to the students, in the larger educative 
sense, and in what measure are the institutions able to satisfy this 
demand ? In other words, how can college training be coordinated 
with specifications laid down by industry? 

The Carnegie Institute of Technology has had, since its inception, 
a policy of coordination constantly in view. ·This may be easily 
seen in our educational experiments in commercial engineering, coal 
mining, industrial management, salesmanship, and ~ooperative busi
ness and industrial research. 

The course in commercial engineering was begun in 1909. · In this 
course we ·are interested in problems of management and finance as 
related to engineering work fully as much as in the elements of 
design and construction. Commercial engineering is that branch of 
engineering which deals with the problems of production, finance, 
and distribution · in which the elements of management and . personnei 
are of importance. Analysis of the positions he_ld by the graduates 
of engineering colleges shows, according to "Industrial Manage
ment,"' that only 15 to . 18 per cent remain in technical work. The 
major portion enter widely different pursuits, although many seek 
positions of executive or managerial responsibility. This situation, 
and the need of industry for trained intelligence to direct and 
operate its complex activities, has caused a number of engineering 
schools to establish new courses to educate executives, based on a 
background of mathematics, physics, chemistry, mechanics, eco
nomics, and psychology. Commercial engineers are interested in 
the use and application of engineering tools, while the older type 
engineer is interested primarily in design and construction~ 

One of the oldest. and most conservative of our local industries is 
coal mining. In this industry changes in methods of development 
and operation have come slowly. Workings have extended both 
laterally and vertically to such an extent that new or modified 
engineering methods have become imperative. Coal-mining ~ngi
neering has never attracted many graduates of engineering schools. 
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This situat.ioN. has _ p~en recognized for ._ some _ y~ars by thoughtful 
men in the coal-minip.g industry, as well as _by those responsible for 
training mining engineers in the . techp.ical institutions. 

On the advisory . ~oard are men representing nearly every im
portant coal-mining interest in the Pittsburgh district. The board 
advises relative to the _ ~urricula for four-year mining students, two
year coal-mining men, and graduates. The companies representerl 
open their mines for . insp~ction and instructional work, . send en
gineers ~nd others who lecture. on practical phases of the work and 
cooperate on research conducted by the offi.qials of the Bureau of 
Mines and our graduate students. Manufacturers . of ~ining ma
chinery-not less than 35 companies~have either donated or loaned 
us the equipment for our laboratories, This intimate contact with 
the industry makes the _students feel that they are a part of the 
business. They are ·practically assured of summer work and a job · 
when they complete their studies. The companies have sent their 
promising young men to the school, even financing· them in whole 
or in part. The Carnegie Institute of Technology is so convinced 
of the soundness o£ this plan of coordination that we hope to or_
ganize similar advisory boards in connection . with :each of ,our 
professional courses. 7 · · 

The financial index ·and the salary scale indicate that . industry 
to-day needs engineering graduates who _have, or who can develop, 
executive ability as managers of production, as salesmen, and busi
ness managers quite as much as it needs 1nen competent · in en
gineering. design. 

Another way to measure industrial demand is to note the lines of 
employment in which technical graduates tend to find their level in 
industry. When the Carnegie Institute ofTechnology was founded 
in 1905, one of its fout main depa_rtments was ·called the School of 
Apprentices and Journeymen. This depa:rtment aimed to meet the 
needs of the workers of the Pittsburgh district .. for a vocational 
training supplementary to what they .could get on . the job. 
Eventually, this school · developed a three-year curriculum with . a 
backbone of courses in English, science, mathematics, .·and draw
ing, as well as a rich variety of shop practice in the elements of 
the trades germane to the student's chosen specialty. As the years 
went on, the graduates of these courses came more and more to be 
sought by industry, not for jobs demanding manual expertness but 
for minor executive, managerial, or supervisory positions. In 1919 
the course expanded into a full-fledged four-year curriculum for 
the training of future executives in building construction, machine 
production, and in printing. 

1 Prepared from this point on by Doctor Bingham . . 

93076°-24--3 
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One way of building curricula is to make a more or "less arbitrary 
selection froni among the branches of study a vail able, add one or 
two new ones of an intensive sort with specialized title, arrange 
these courses in a judicious sequence, and call the whole program a 
curriculum. The attempt is. seldom made to find out whether the 
topics are really essential, or whether the · essential topics are ad
equately covered. One prime reason" i:"hy the evaluation 'of the eon
tent ·of instruction is but seldom attempted is that we do not know 
with sufficient definiteness and detail just what we hope to accom
plish in these several · courses. 

We knew that we wanted to develop and improve three curricula. 
But what is an executive~ Just what does a manager in each of 
these three .fields do~ What are the differences between a successful 
and an unsuccessful manager~ vVhat must the successful executive 
know~ What abilities must he have which this school through its 
instruction and training can help him acquire~ Basic questions of 
this sort are ordinarly answered by a eoncensus of opinion. 

But the time has come when higher technical education is asking 
for detailed itemized ·facts as to what is actually expected by in
dustry . of its executives. Our problem was to . make a job analysis 
of the manager in industry. 

The technique of ma.king duty analyses and personnel speCifica
tions has notably advanced since Frederick W. Taylor phblished 
Shop Management in 1911. We undertook in pioneer fashion ' to 
use this technique in· getting first-hand information from industry 
as an aid in coming to a decision regarding the content of the 
new four-year · industries curricula. The men spent the entire sum
mer of 1920 in selected typical . industries of Pittsburgh and other 
cities, securing descriptions of duties and personnel ~ecifications 
of all the · executives from the foreman to the president. ·When
ever a manager was not -able to give an entirely adequate account 
of his own responsibilities, his immediate subordinates and superiors 
were interviewed; and then, having written out as complete and defi
nite an inventory as possible, the latter was finally checked once more 
by the executive himself. 

These descriptions of executives' duties, or job specifications, were 
studied and reclassified according to subject matter for the purpose 
of improving the new curricula. vVhile certain facts only strength
ened opinions already reached? others pointed toward large gaps 
in the program of training. The only function found to be com
mon to all executives, for example, is that of managing men, a 
function for which the typical curriculum of the past provides no 
overt training whatever and which many contend can not be 
taught. We are not certain. We now have courses in management, 
in personnel administration, and in psychology, which aim to ac· 
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quaint the students with .some of the principles of success in deal
ing with the human factor in production. Experiments now con
templated or . in progress, based up9n the study of what_ executives 
actually have t,o do in industry, have made our faculty keenly aware 
of the value of anything the colleges can do to prepare their students 
for effectiveness in personal relations. 

A similar statement holds regarding the need for familiarity with 
cost . accounting and estimating; credits and banking; labor and 
capital; .for skill in preparing lucid, concise repoi·ts; and for many 
other items of. training which are sometimes overlooked or insuffi
ciently emphasized. -

While it is not contended · that this inductive approach to prob
lems of curriculum construction is the only approach, or that its 
findings can forthwith be accepted as decisive, it is, however, a 
valuable aid and sheds a new and unique light on the demands 
which,industry is making of the colleges. The outcome of thorough
going re~earch of this type will be invaluable to American industry. 
Perhaps it is up. to industry to find the necessary funds and to invest 
them in cooperative educational research of this remunerative sort. 

The introduction of courses of salesmanship is another examp~e ·of 
readiness to meet the den1ands of business and industry. These 
courSes were based, too, upon comprehensive research in cooperation 
with business and industrial concerns which maintain selling organi
zations · o.f national scope. Thirty such concerns established here in 
1916 the Bureau of Salesmanship ~esearch, for the purpose of 
studying the best methods of selecting, developing, and supervising 

·salesmen. A group of Pittsburgh department stores, wishing to 
have their special problems of personnel selection and training 
studied in greater detail, established in 1918 the Research Bureau 
for Retail Training ~nd have maintained it at an annual ccst of 
$32,000. This amount is equal to $2 for each store employee. 

Another attempt to coordiJ!ate life-insurance instruction with busi
ness demand has resulted in a curriculum adopted in six other States. 
Thelife-insurance companies besought us to undertake the training 
of their salesmen. An intensive three-months course of instruction 
was prepared through the research cooperation of distinguished 
educators and practical sales executives. The school was opened 
three years ago. Already it has graduated 500 men. 

Through the division of cooperative research this institution is 
better able to respond to the demands of industry for cooperation 
in the application of scientific method to the solution of outstanding 

· problems. During the present year this division has been of direct 
aid to the steel industry, the automobile industry, the ~oap industry, 
and the cerainic industry. The research proble1ns submitted have 
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varied all the way from metallurgy and organic chemistry to per .. 
sonnel management and sales organization. These industries have in 
turn been of help to us, for we believe that the teaching in our class~ 
room is more vital if our instructors have opportunity to be actively 
in touch with research. 

C. R. DOOLEY, director of personnel and training, Standard Oil 
Co., New York City. Engineering has a commercial side. Any
thing that is designed must have a market. There is, therefore; 
the sales aspect in engineering· training. There is a great demand for 
trained men. The telephone interests want 700 men this year. The 
two large electrical manufacturing concerns want about 600 men: 
Together they create a demand for about 1,500 engineers, probably 
one-third of the total available. How are we now going to find : 
students who are best fitted to take training? "\Ve need men for re- · 
search, designing, manufacturing, commercial men, financiers, etc. · 

There are certain fundamental types of native ability. For ex
ample, there is the inventive or constructive type of people, who when 
they find a lot of loose ends immediately see them combined as a· 
working unit. Another is the research type, interested in taking 
things apart to find out what is inside. Men who have achieved 
1narked success seem to have had these characteristic qualities even. 
when they were children. . 

The commercial type may be divided into the commercial indi-: 
vi dualist and the commercial organization man. The former makes ' 
a fine salesman, but often can. not keep accounts straight or follow 
orders. He can not play the rules. Yet that fellow is a wonderful 
salesman. I would call him an individualist. Many of these men· 
have had this tendency all their lives. On the other hand, com
mercial organization men do not like to take full responsibility. They 
work best as committee men or in groups. They will whet their wits 
on other men's wits, and out of a committee meeting will come the 
best sales policy. 

We must make some ·effort to find out the native characteristics 
in men and women while they are still in school and build on that 
which nature has already provided-not try to make salesmen or 
engineers out of the rank and file of students indiscriminately. 

This meeting to-day has a marked significance. I believe that in- . 
dustry is suggesting ways for helping the schools in this matter. 

Most young college men lack a serious motive. They do . not know • 
why they are in college. A man sends his son to college, and the boy · 
doesn't know what it is all about. He is perfectly at sea, and the. 
professors seem to be too busy with classes to be bothered with him.'. 
Dealing with the individual student takes a lot of individual time~ ' 
Many employees come to the personnel manager with their problems, : 
big problems to them. We sit down and talk to each one and see. 
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what is the matter with him and whether we can help him and put 
him on the right track. The school must also focus attention on the 
individual rather than the group. Its first objective in dealing with 
individuals is character; the building of a good cooperator:, of one 
who is interested in the team, who will do more than he has to, the 
fellow who has vision, who is looking ahead. The ·next objective is a 
knowledge of fundamentals of the work the young man is to do. 
As employers we are interested in the man who knows what he wants 
to do and has been trained to some extent to do it. We want speciali
zation only to the point of being thoroughly grounded . in the funda
mentals of his work, so that a man can soon apply them to varying 
conditions with good judgment and accQrat:e performance. 

The best way to get these two objectives, . namely, character and 
fundamentals, is to base instruction on two things-a knowledge 
of man,. and of the fundamentals required in the various industries, 
particularly in the industry that .the individual student wants to 
get into. You are not going to make narrow specialists by training 
men so that they. can get a point of contact with industry at approxi
mately 100 per cent. The very best way to develop breadth of 
view is to start with a specific situation and go through clean with it. 
Incidentally that's the very best way to develop character. 

The process of · education would be greatly helped if industry 
would . lay down even a general statement of job analyses in its 
various branches and subdivisions. This would be a guide to the 
student in determining his course and to the professor in advising 
the student. With a job analysis on one hand and a. clear view of 
the background of the student on the other hand, a sound beginning 
in that student's education can be made. When such a young man 
graduates and comes to us we can use him. He will do simple 
tasks correctly; will make a point of contact and begin to grow. 
To prepare a young man to follow a specific line of engineering 
by grounding him in the rm:idamental principles involved, and by 
giving these a twist in accordance with his native ability, will 
make him immediately employable and will give. the best back
ground and the best impetus for development both technically and 
personally. 

One of our department heads in the selling organization is very 
insistent that the young men of his department should run the 
typewriter and take shorthand notes; and he is right. They learn 
in this way what the manager is thinking about, and also the 
policies of the business, as well as the peculiarities of a business 
department which is not standardized. The young men of your 
schools should learn to run the typewriter. We send a young man 
down to Central America as assistant to the manager of .the office. 
He may have a dozen men to)ook after, but he has also the clerical 
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work to do. In his college work he has learned a great deal about 
capital and labor problems, etc. However, on the job he has to send' 
in weekly reports which must be neatly typed and .tabulated. The 
trouble is that he can not run a typewriter. 1V e lose sight of the 
fundamentals-such as to be able to express oneself clearly and 
to do the routine work in a logical way. 

The big problem in education is to find some way of giving indi
vidual attention in class work. Otherwise you turn out machine
:rpade products "all wrapped up and delivered and never touched: 
,by human hands." That's the way a good many men come to. 
industry. 

The commercial manager, an engineer of one of the big corpora- ' 
tions in New York, who has to do with the financing and promoting 
of subsidiary companies, has made this comment: 
-- In guiding young men who have an interest in commercial work, you will 
find men who have all the qualifications except one or two. One may not 
have the keen financing instinct but may be ~11 right in his technical qualities, 
Another may get alQng well with people in buying and selling, but may not know 
just how to handle the financing so as to make the company prosper. Now 
if such people can be persuaded to associate themselves with other people 
who have thequalities they lack, thus supplementing each other, much would 
be gained. The commercial game is very complex, and men by assnciation: 
can accomplish results that they as individuals could not accomplish. It is 
important to teach young men this. 

A man can not play the · game of life all the way by himself. vV e 
work together as a team .in commercial work. Bridges are designed 
to-day according to fundamental principles and built by organized 
cooperation for the service of the entire community. vVe are rapidly 
seeing the wisdom of applying the same principles and following the 
same ideals in the field of commerce. In this • field a full measure of 
success can come only to the man of sterling character who has a 
clear vision of what he can do, is thoroughly prepared in the basic 
fundamentals of his work, and has ca\lght the divine spark of in
spiration from some teacher who is really interested in human beings. 
Such a man grows continually, both professionally and culturally, 
for he understand and loves his fellow men. 

DISCUSSION. 

F. B. JEWETT, vice president, Western Electric Co., New York 
City. Some of the present tendencies in technical education do not 
promise well for the future. An appreciation of this point of view, 
which I hold as a result of past experiences, calls for a picture of 
the background from which the point of view arises. First there is 
graduation from an engineeting school, with subsequent study for the~ 
doctorate in physics, chemistry, and mathematics beyond the needs~; 
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of · the average . engineer. Then after a little experience in teaching 
comes the building. up of a research department in one of the larger. 
industries; This leads finally, as chief engineer, to. engineering 
problems of a technical character; and has led more recently, as 
executive director,~ to problems relating to the entire engineering 
and manufacturing policy . . In addition, . ~s director nf a company, 
there are problems relating to financial and business manage~p.ent. 

This electrical industry is a highly technical one, founded like 
many of the . other . large indu~tries of our country on the funda
mental sciences of physics, . che;mistry, and mathematics. The direc
tors of these industries will, in the future, be drawn more and more 
from men who have had a thorough grounding in the fundamental 
sciences on which these industries are based. 

The past experiences to which reference has been ·made were with 
an association having various types of executives-the executive who 
was not familiar with technical matters and frankly acknowledged 
it; one who knew the fundamental scientific principles, the facts and 
laws with which he was dealing; and the hybrid, with a smatterip.g 
of this, that, and the other thing. Of the three types I prefer either 
of the first two as a director of a business_ rather than the third type 
which knows a little of science, a little of business, but nothing much 
of either. · 

·The aim of a college, a university, or a technical school, beyond the 
main aim of educating good citizens, should be to develop men · and 
women who are as thoroughly trained in some · one thing as time will 
permit. The products of the school should have, further, the ability 
to express simply, clearly, and forcefully the things which they 
know. In other words, from the viewpoint of technical industries 
it should be the aim of our engineering schools to turn out men who 
can be the future guides of these technical industries, men who 
know the principles of the funda~ental sciences, who know the 
method of combining these principles with dollars and cents, and 
who know the English language in a way which will enable them to 
express clearly their fundamental know ledge in such a manner as 
to enable others to profit by it. 

Many of the subjects suggested for colleges and technical schools, 
and in some instances attempted, involve ideas which in their very 
nature can be learned only by living. One of the great requirements 
for the successful executive, that of ability to deal with human 
beings, is a matter outside the scope of formal education. It is an 
art or ability which can be acquired only by actual experience over 
a long period of life . during which one rises from minor executive 
to higher positions. It has been my observation that from any level 
at which you start you will find constant promotion of technically 
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trairied men who have a thorough knowledge of the things in which 
they have been trained and who show an increasing executive ability. 

A considerable number of people seem to think that the so-called 
management course, which has been prominently . before the public 
in recent years, is a high road to executive control in industry with
out of the necessity of a future executive going through the rub of 
lear11ing the scientific fundamentals on which the industry is based 
and learning the business itself from the bottom up. Men who have 
been taking old -line courses are sometimes beginning to wonder 
whether they have not chosen wrongly, to wonder if a knowledge of 
the fundamentals of business is necessary. This attitude of mind, 
combined with the increasing demands which have been;made on our 
technical school facilities, has tended to weaken rather than 
strengthen the inherent abilities of the very young men who are 
going to be the leaders of the future. The danger here . to industry 
would be far greater were .it not for the fact that the · colleges, as dis
tinct from the technical schools, have begun to supply industry with 
the material for which we used to look to the technical schools. The 
colleges and universities are beginning to turn out more men as 
physicists, chemists, and -physical chemists, who are finding their 
places in industry and ultimately becoming engineers in much the 
same manner as I did myself. The universities, I believe, through 
their courses in physics and chemistry are supplying the need just 
as the technical schools did 35 or 40 years ago. 

A picture of our college training and industrial demand as it has 
developed in the last few decades is somewhat as follows: At one 
time no engineering schools ; then engineering schools following 
closely the fundamental sciences, gradually spending more time on 
the applications and details than upon fundamentals. Today, if the 
engineering ·schools are going to perform their real function , for 
jndustry, they must get back closer to the problem of teaching, of 
really inculcating, the fundamental sciences. · Let the matter of try
ing to make executives go if you w1ll. The men with executive 
ability will come to the front in the general run o~ ~hings, provided 
they have the right human traits and a thorough know ledge of the 
fundamentals. Industry itself has a large blame in this deficiency 
of our technical schools. It has not, in general, analyzed its own 
requirements in a way to make it possible for the colleges, universi
ties, and teclmical schools to plan satisfactorily their curricula and 
courses of study. Common problems, which confront industry and 
the institutions that supply our human material, must be analyzed 
and specifications written out for the kind of men we want. 

D. C. JACKSON, professor of electrical engineering, Massachu
setts Institute of Technology. The cooperation between engineering 
schools and industries depends upon the industries understanding the 
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problems of teachers in the engineering schools, just as it depends, to 
a large degree, upon teachers understanding some of the problems of 
the industries. · 

A man's best teaching is done from a textbook that he has written 
himself. The textbooks must represent his coordination of knowl
_edge that he is going to teach. A man must write books to keep 
himself mentally alive; he must study the process of teaching or 
carry on research. A competent engineer and teacher must have one 
of these outlets. In engineering administration a.nd electrical en
gineering, the two largest courses in our institution, students study 
the fundamentals. The industries will find that both courses are 
going to prove serviceable. 

F. P. W ALI{ER, dean, school of engineering, University of 
l(ansas. It is a sound policy for some institutions to provide op
portunity for some of their students to take up courses of study 
which include business subjects, to base that program of work on a 
solid foundation which is fundamentally engineering. Students who 
come through these new courses of training are just as well equipped 
to do engineering work as were the majority of men who graduated 
from standard engineering courses, say 25. years ago, and who are 
now, a,fter years of experience, in the leading engineering and ex
ecutive positions among the industries of the country. 

About 15 years ago I made a study of the records of about 1,000 
mechanical engineers, graduates of representative technical schools~ 
who had been out of school from 5 to 25 years. Of the number who 
had been out 10 to 15 years or more, amounting to several hundred, 
the men were found to be divided almost equally into two groups. 
The one gToup had remained in strict engineering work and were 
filling positions with the titles of engineer, chief engineer, etc., while 
the othet' half were men who had becQme presidents, secretaries, gen
eral managers, and superintendents of industrial organizations. It 
is with these facts in my mind that I formed the opinion that it is 
most proper for us as we go on in this work of broadening our 
curricula to meet business conditions, to keep our men thoroughly 
grounded in the fundamentarls of engineering. 

In many of the State institutions of the West we are unable to de
termine entrance requirements, because of the State laws which pre- -
scribe conditions o:f entrance. The standard for preliminary train
ing of students is being lowered. We have a harder struggle each 
year to meet the situation. The five-year program may be advisable, 
using the additional time in the form of a preliminary year. 

Col. KEPPELE HALL, Joseph and Feiss Co., Cleveland, Ohio. 
A great responsibility rests on engineers and educators who are pre
paring young men to become engineers. Without question the com
mercial engineer, the industrial or management engineer, will assume 
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more and m.ore the burden o·f e~ecutive control in business. He will 
have to solve the problems of industry, problems of unemployment, 
strikes, etc., due to bad management. The technical courses have 
been thoroughly prepared. The engineer must possess, however, com
mon ·business sense and the knowledge of how to deal with his fellow 
man, must t_hink straight and act intelligently. That is a 'much 
bigger problem for the educator than the ·question o£ how many 
hours the student shall spend on 'this or that subject. 

In solving our engineering problems per se we have definite rules; 
our thinking is based on facts. In the other field we do not think 
as clearly as we should. Then the students must be taught to think 
and form their own judgments; to do some constructive thinking on 
matters relating to the conduct of industry, to labor and capital, etc. 
One more point. There is a certain danger in alliances between edu
cational institutions and big industrial estttblishments. That 1nust 
be faithfully guarded against. Our bigger industrial organizations 
may wish to dominate our educational institutions for their own 
aggrandizement and profit. 
. ThOse problems are to be solved with · the cooperation of teachers 
and of those on the outside in the engineering and business professions 
who not only know how important the underlying principles are but 
how important · practical experience is. Both must be fortified by 
sound principles of decency, common sense, and good free high 
thinking. 

F. PAUL ANDERSON, dean of engineering, University of 
Kentucky. Technical graduates must be made to realize on· com
mencement da.y that they are in no sense engineers, but that they n1ay 
some day become engineers if they will enter vigorously into the work 
of some organization arid devote themselves for 10 or 15 years to 
learning somebody's business. To succeed in an industrial organiza
tion they must be able to obey orders. 

Colleges must train their students to be men. ·The technical schools 
should not attempt to make specialists. · Their aim is to train 
thoroughly in fundamentals. This is true also of the business 
administration departments of universities. It is impossible to make 
a banker, a great merchant; or a learned engineer at 19 years of age. 
And then the technical schools should send their graduates into the 
world in . a humble attitude to learn somebodis business. 

Commercial engineering, a term that has appeared only recently, 
implies an effort to unite human qualities and characteristics with 
excellent engineering practices. Preparation for careers of depend
ability and unselfishness in our industries requires two training 
schools, the college and the industry itself. The grad~mte from a 
technical course begins to learn something relative to commercial 
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engineering by entering a high-grade industry where :he must obey 
orders and can learn some of the important processes and traditions 
that colleges can not give him at all. The colleges, hQwever, must lay 
the foundation and give some attention to those personal graces so 
necessary to the well-balanced individual, so much needed at the 
present time in all American manufacturing plants. 

The engineer, to attain the position of leadership to which his 
professional service entitles him, must be an English scholar as well 
as a scientist and technician. No one in all life's relationships has 
more vital and fascinating observations to relate than the engineer. 
It is just as essential for the engineer to be able to express his 
deliberations t:Q.rough written and spoken language as it is for ·him 
to be able to convey his technical ideas through the language of 
mechanical drawing. The banker, the economist, the business execu
tive, the railroad president, and the layman must be addressed in the 
1nother tongue. 

It would not be a bad idea to address the engineering graduate 
thus: Start in the industrial world in a humble attitude to learn 
somebody's business. Obey orders with a smile. Do not let a single 
skilled mechanic or executive of the old school know that you have 
just received your diploma. ·A college course is a fine tool, but it 
must be in the hands of a master to be effective. 

Engineering is the art of organizing and directing men and, in
cidentally, controlling. the forces of nature for the benefit of the 
human race. But the principal thing in engineering is the ·same as 
in banking or any business. The real work, therefore, of the uni
versity should be to give an intellectual basis to the youngster who 
intends to follow an industrial or engineering career. If this is done, 
there will be no particular difficulty about the college-trained man · 
being able to cope with the problems ·and responsibilities of the ever 
widening and varying world of industry. 

E. M. HERR, president Westinghouse Electric and Manufactur
ing Co., East Pittsburgh, Pa. There is no royal road to a place of 
commanding importance in industry or any other business; nor is it 
the function· of an educational institution to try to teach young men 
to be captains of industry, or administrators, or occupy very great 
and important executive positions. That quality in man is not capa
ble of being taught in an educational institution. It's got to be 
developed in actual contact with human affairs; bU:t it can only. be 
developed· well if the man who is engaged in industry is thoroughly 
grounded in the fundamentals of engineering and science. 

If young men are thoroughly grounded in fundamentals, in the 
basic principles underlying the science of engineering, and . are 
trained in taking and executing administrative orders diligently and 
faithfully, the talent will develop if it is in them. 
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C. R. MANN, chairman of operations and training division, Gen
eral Staff, War Department. A summary of the debate to-day would 
indicate that we. are going to achieve our ideals in engineering and 
thorough education by training men in fundamentals. But what 
are fundamentals, for example, of physics or calculus~ How are we 
going to find out what fundamentals of any subject are unless we 
record the activities in which they .find actual expression in the en
gineering and commercial work of to-day and then analyze the· 
record to find out what the fundamentals are~ 

HUGO DIEMER, director of industrial management division, 
La Salle Extension University. In coordinating the work of the 
engineering school with industry .there is a distinct demarcation· 
between industrial engineering and the teaching of business funda
mentals to engineers. There are branches in industry, such as plan- . 
ning, laying out the plant, time and motion studies, job analyses 
and industria1 researches of a scientific nature, arranging the equip
ment, providing the storage of material, the most economic handling 
of material, scheduling, dispatching, cost accounting, and control, 
which are distinctly the work of the industrial engineer. There are 
also laboratory investigations in college which typify fundamental 
principles for industrial engineering just as much as others do in the . 
old-fashioned experiments for mechanical engineering. For in- ; 
stance, instead of measuring the moisture in steam or calibrating an · 
indicator spring, we can get just as good fundamentals in analyzing 
the prime elements, the factors which repeat themselves, irrespective 
of the magnitude of the work, in operating a lathe or a machine. 
tool, or in analyzing all of the conditions relating to production · 
work. 

Business men say sometimes that the average industrial engineer· 
does not understand men; nor can he sell his ideas. At a recent : 
convention two speakers attributed this largely to the fact that 
most industrial engineers have been originally mechanical or civil 
engineers, picking up their. business knowledge by noon-day luncheon 
talks and through business publications. There is a real opportunity 
here for the school. The engineer must not be thing-minded; he 
must become man-minded. 

A. J. HUGHES, dean of the Harvard Engineering School, Cam"": 
bridge, Mass. Educational problems present . themselves to some 
schools in way~ that require radically different solutions than 
in other schools. Harvard is trying to coordinate engineering and 
business training by offering in the engineering school, with the co.;. 
operation of the school of business administration, a group of 
five-year programs of study combining engineering and business, 
the engineering courses to be given by the faculty of the engineering 
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school, and the business courses by the school of business adminis
tration. This group of courses is in addition to the four-year 
courses in engineering in the engineering school and the graduate 
courses of business in the school of business administration. It 
was decided as a fundamental requirement of these five-year com
bined programs of study that they must contain all the engineering, 
scientific, and general study of the four-year programs, and this is 
accomplished in the following manner: The first three years of the 
five-year progran1s a.re identical with the first three years of the 

·corresponding four-year programs; and the time of the last two 
years of the five-year programs is ma9.e up 40 per cent of engineer
ing courses and 60 per cent business courses, the engineering being 
the fourth-year subjects of the engineering programs, and the busi
ness courses being the backbone of the. two-year graduate course in 
industrial management offered in the business school. · 

It is not possible to plan a four-year program to train young 
men both for engineering and business. The time is inadequate for 
both. It is a serious question whether five year~ is sufficient for 
this double training. It is important, however, above everything to 
make sure that rigorous training in fundamentals shall not be re
placed by courses which, however interesting or informing they may 
be, do not in themselves offer the best medium for mental training; 
or are given in a way that does not require vigorous thought. 

W. R. RITTMAN, professor of commercial engineering, Carnegif.' 
Institute of Technology. Managers or administrators can not be 
developed by a fouror five year course in college, nor can mechanical 
or civil engineers be developed in that time. The industrial world 
will have to develop and determine the product. We are not about 
to lose the fundamentals of life or education just because of an 
educational experiment which may result in a somewhat different 
procedure. Fundamentals vary in form and manner of presentation 
from year to year. There are to-day fundamentals of a greater 
variety than in the early days of education. Take, for example, 
the social and economic sciences. They are of a different char
acter and equally important. The man or. the engineer who is 
grounded in the fundamentals of the social and economic sciences, 
or a foundation of the fundamentals of an exact science, will have 
a useful and profitable place in the world. It is not intended that 
he displace the old -line engineer, the designing and constructing . 
ci vii, mechanical, or electrical engineer. Both types or groups are 
necessary. 

R. L. SACICETT, dean of engineering, Pennsylvania State Col
lege. Many years ago one of the technical papers of this country 
showed, after careful study, that about 50 per cent of the graduating 
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engineers were in executive positions. The old type of instruction, 
while different from that at present, offered opportunity for the de
velopment of executives. In the development of executives to-day 
1nore will have to be done by example. Less importance must be 
placed upon the subject taught. It is not a question of putting char
acter in, but of drawing character out, of giving the young man an 
opportunity to develop leadership in surveying, in the labor:ttory, 
and in the other places where we have not yet developed it. 

EVERETT vV. LORD, dean of the college of business admin
istration of Boston University. Schools of business administra
tion ·. can not teach engineering. To teach the things which must 
be taught · young men before they graduate our school haS' had 
to lengthen the course to five years, one of which must be spent in 
actual business. Business tra,ining ties up with every kind of pro
fessional training. The engineer does not need it any more than 
does any other professional man who has to sell his services and 
himself. Practical tra~ning courses of the social and economic 
type are essential to every professional man. 



EVENING SESSION. 

Monday, May I, 8 o'clock, College of. Fine Arts. 

Delegates and visitors were the guests of the institute at a dramatic 
performance and smoker. The speaker at the latter function was the 
president of Carnegie Institute of Technology. 

ARTHUR A. HAMERSCHLAG. The fine arts have been 
neglected in American cities and institutions of learning. We have 
been so accustomed to borrowing and imitating the art of other coun
tries that it seems an anachronism to hope to have an indigenous 
background created by our own artists. All the arts are inter
related. Breadth of sympathetic · coordination, vital to a full com
prehensive and intelligent development of the individual, is not 
possible without access to all the. arts that use color, form, structure, 
letters, and harmony, as .foundation mediums. All students who 
attend this fine arts college are expected to acquire facility in the 
use of more than one medium, and they have the association of ar
tists in music, painting, architecture, drama, and sculpture, with the 
beneficial education reactions which· only these varied arts can 
supply. 

The plays presented to-night in the Little Theater were given by 
students who have as their objective careers as playwrights, actors, 
scene painters, producers, costume designers, etc. In giving their per
formance they are teaching themselves the art of self-expression, 
acquiring versatility, ease and poise, diction and carriage. Each of 
the five major fine arts has one floor of this building exclusively used 
for its own workshops, drafting rooms, ateliers, and classrooms. The 
symphony orchestra offers public performances, and the architects 
enter into the beaux arts competitions in the same spirit as do other 
students in other laboratories concerned with their own development. 
All the students who study in this building coine immediately into 
an atmosphere of related arts. 

To meet this demand the Carnegie Institute of Technology under
took to offer instruction which departed from the traditional course, 
the graduates of which have found themselves equipped with a type 
of knowledge which is passing from the field of practice. To handle 
the problems of the world's work in 1930 it has been. necessary to 
create a new curriculum, the graduates of which will be equipped to 
fill acceptably the future specifications for commercial engineering. 

43 
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This pedagogical experiment needs cooperation elsewhere, so that 
proven data relating to methods and courses which they have found 
productive may be exchanged and serve as common experiences to 
material advantage. Too few colleges in America are willing to 
venture into educational experiments. We must be aware of the 
great need which exists for a highly trained and able combination 
of business man and engineer. We need in our multiplicity of 
enterprises the individual leadership of men who have the selective 
mind, understand the fundamental principles of business, are fa
miliar with the existing engineering practice, and who have the 
vision to comprehend the related activities of finance and commerce, 
together with their bearing on government economics; It must be 
an outstanding thought to which we are all committed that com
mercial engineering education has come to stay, and that the ex
periments in. this field must be made in many places if we are 
ultimately to meet the growing demand. 

The subject of this conference of commercial engineering education 
is also somewhat novel, having some of the elements of a new doc
trine. The time-honored engineering education in the United States 
has won a definite and sure piace because of the very wonderful 
nature of the performance of the graduates trained under the estab
lished curricula. For nearly 50 years our modern life has been 
influenced and enlarged as a result of the efforts of engineering 
graduates who have concentrated their whole energy on problems 
of efficiency and research; until rather recently engineering has been 
accepted and recognized as a profession with limitations. The fields 
of distribution, transportation, and sales were quite as distinct from 
engineering as if production, design, and research were not essen
tially a part of that profession. 

American industrial operations have assumed quite recently such 
proportions that there . has been created a demand for trained men, 
who are not only familiar with the fundamentals of engineering 
practice, but have had some training in the business side of th~ 
sales merchandising and financing of our large factories and mills. 
Tested by this requirement, the old-time curriculum is altogether in
adequate. It lacks the breadth and vision, and the detailed subjects 
of instruction which enable intelligent and scientific attack on the 
problem of merchandising, problems of transportation and distribu
tion, of financing, of personnel, and organization. 



THIRD SESSION. 

Presiding officer: C. F. Scott, professor of electrical engineering, Sheffield Scientific 
School, Yale University. 

CIVIC AND SOCIAL TRAINING OF THE ENGINEER AND BUSINESS 
MAN. 

Doctor SCOTT. Our engineering colleges are giving a certain 
proportion of their time to the new fields with which eng]neering 
is coming into cioser and closer relation-not to train men in those 
fields, but to give them the outlook so that they can see the relation 
of their work to the broader fields into which, through their engineer
ing careers, they may develop as time goes on. The executive is not 
made; he is developed. Engineering training is a pretty good be~ 
ginning from which the executive and the man of large affairs, the 
director of larger interests, can be developed. Itgives the student 
something of an insight into these relations which he may take 
up later, so that he ·will have .broad vision as well as immediate 
proficiency in the work for which he is being trained. 

C. R. MANN, chairman of operations and training division, Gen
eral Staff, War Department, Washington. . The Army offers per
haps what is the best educational laboratory in the country. It has 
all phases of engineering training, a large number of men, and the 
facility of controlling the conditions o:f the experiment in a way in 
which other educational institutions can not. At the outbreak o:f 
the war there was an enormous job to do with the military estab
lishment. There was much confusion as to how to organize the 
man power o:f the country to perform that very striking teclmical 
job. How were we to find the men who had the particular qualifica
tions :for the special jobs required, to train men so that they would 
fit into the requirements o:f the military establishment. There were 
no definitions o:f the duties o:f the men in the various parts o:f the 
Army; there were no tests that had been developed to measure the 
experience and abilities o:f men. Before the war closed there had 
been developed by cooperation o:f all civilian agencies and the mili
tary authorities the crude outlines o:f a system o:f recording the 
abilities o:f men, and o:f classifying men and measuring their qualifica
tions, and o:f specifying and .defining the particular kinds o:f· jobs, 
so as to make possible a reasonable and rational fitting together o:f 
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the men and the work. Since the war that system has been developed 
and carried out in much greater detail. 

The different services in the Ariny were often confused, the same 
type of work being called by different names. A standard terminology 
is being worked out. Instead of 565 titles of various specialized 
jobs on t~e Army's occupational index, there will be something like 
170, each one accompanied byspecifications of the skill, knowledge, 
and personal qualifications required to do the job properly. Stand
ard terminology and specification are the fundamental basis of any 
training system which the Army must develop for procuring or pro
ducing the specialists needed in the military establishment. 

The description of such a standard terminology and such specifi
cations jn the industrial work and in the engineering world might be 
of like use to the training program. There are at the. present time 
over 11,000 different terms used by industry defining various types 
of specialties. The statistics gathered by the Census Bureau and the 
Bureau of Labor Statistics. are in· consequence difficult o:£ classifi
cation. we do not know. to-day how many machinists there are, nor 
exactly what a machinist is. 'iV e should attempt to get, in civilian 
life, some sort of a standard terminology with reference to all types 
of specialist wo.rk. One industrial community is interested in this 
problem. Three of the leading industries of this community are 
coo.perating with three elements of the school system-a university, 
a mechanics' institute, and the public-school system-to determine 
what are the types of w»rk required by the industries of that com
munity, what terminology they will use in describing the types of 
workers, and what the definition of those types of workers shall be. 
The industries have discovered that they are getting a great deal of 
benefit from this analysis of their jobs, in regard to their replace
ment problems, wage scales, and other things w.ithin the industry. 
The schools have also found a new point of view and a new interest 
in their work. 

The second part of the· problmn is to evolve ways and means of 
discovering the bent ()f the men, their natural capacities, their desire 
to work, their intelligence, and other things of that kind,· in order· to 
find out which job the man is best qualified to take. The Army usen 
the means that were developed during the war by the committee on 
classification of personnel, by the psychological testing division of 
the Surgeon General's Office. These tests have been studied and de
veloped. Schools are already practicing with these methods and ~re 
making progress. With the cooperation of industry, and wo~·king 
alm:~g the line of these two fundamental factors, the problem of com
~ercial engineering will be solved more rapidly than by trying to 
construct curricula before we know exactly what the problem is aud 
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before we understand the specific details of the duties tliat those men 
must be trained to perform. They are not to be trained me-rely to 
do particular jobs, but trained in the' fundamentals to be broad
minded, competent, all-round men. 

The most effective way of determining what fundamentals are is 
to analyze what has to be done, to discover what principles and what 
basic ideas occur, and how they occur in the world's work. When a 
student studies physics he has no perspective, because all topics are 
presented in the same perspective . . Texts in physics usually have 
some five to eight hundred various principles, rules, and laws. Ac
cording to one analysis of specifications of the world's work there 
are only 6 fundamental ideas of physics. From my own analysis of 
the subject there are not more than 25. The same idea applies to 
other subjects. By recording and analyzing with care what physics 
does in the world's work, the fundamentals can be discovered, organ
ized, and taught in very much less time. By means of this analysis 
and application in the Army, the time of training to definite stand
ards of proficiency has been reduced by as much as one-half. 

The analysis · of what are fundamentals applies to the social, eco
nomic, and civic aspects of the problem. If the engineer is merely a 
master of the technical side of his work, and fails to understand the 
social, economic, and civic relations, he is out of touch with life, and 
therefore does not win the professional recognition which should be 
accorded him. The Army insists also that the soldier be given some 
of the f~ndamentals of social and civic relations. Based upon anal
ysis a course of 30 lessons has beeR developed so that every recruit 
learns about the organization of the Army, why the Army exists at 
all, what its relations are to the Government, why the , Government 
exists, what the duties of the soldiers are to one another as men, how 
this country was organized in the first place, what it stands for, and 
many other things relating to social and human relations. This 
material is organized as a series of discussions and episodes in the 
soldier's life. 

When we define our ideals of education in general terms, we have 
only a very vague and indefinite objective, which is good to look 
upon but does :riot get anywhere. This method of definite specifica
tions takes a long time, but every month spent at it gets you some
where definitely ahead. In fact, if civil communities undertake this 
program they must expect to continue at it, and change and modify 
it as time develops. · 

DISCUSSION. 

GEORGE W. DOWRIE, dean of the school of business, Uni
versity of Minnesota. It is expected that the universities in four 
year~' time give to their students the culture that is associated with 
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the university qegree, instill in them the proper professional ideals, 
make social-minded beings out of them, give them the fundamentals, 
.and help them apply what they have learned in preparation for some 
specific task. If so, they must have help from the outside. The gulf 
between school and business can be bridged by having suggestions, 
inspirational talks from business men on the standards of their pro
fession, which will be later of realpractical use, and, most of all, by 
taking advantage of the laboratory or clinical facilities afforded by 
business establishments. Business men should study their needs ami 
let the universities know what they are; should help in the collection 
of case materials. In the use of case material and problems from 
actual experience one can test the student's power to analyze and can 
develop qualities which will be of great value to him in meeting the 
problems of real life. 

The University of Minnesota is experimenting with the plan of 
sen(:~ng senior students into industrial, financial, and merca~tile 
establishments, where they work as regular employees two days a 
week. They get the same wages as the less experienced help and are 
routed according to a systematic plan right through the establish
ment. Each group -of seniors is in charge of a specialist in his 
major field, who keeps track of what his students are doing in these 
establishments. 

The universities demand that a professor of business subjects have 
all the erudition and training associated with a doctor of philosophy, 
and the business man insists that he shall really know what he is 
talking about. However difficult, these specifications must be met. 
Instructors must know what they are talking about, and at the same 
time be not so absorbed in a comniercial connection that they neglect 
their teaching. Business men and practicing engineers can assist 
with this problem by helping place faculty members, in summer or 
when on leave of absence, in situations where they can get real, use
ful, vital contact with business. 

I\:. G. MATHESON, president, Drexel Institute, Philadelphia, 
Pennsylvania. Business men and manufacturers should adopt this 
plan of visiting colleges and giving the students the benefits of their 
practical experience. Engineering education demands that the stu
dent have the best preparatory training possible, including and 
emphasizing cultural studies, in addition to scientific subjects. If 
the educational impatience of the American student can be over
come, he should graduate from a standard college of the cultural 
type before specializing in engineering. The graduates of such a 
course of training not only would be thoroughly versed in their pro
fession, but would be capable and valuable citizens as well. Si:nce 
college training is not made the basis of specialization, institutions 
giving engineering courses should inculcate in the curricula. the 
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maximum of cultural training. The most important fundamental 
in education, as in life, is the building of character; without it, edw
cation becomes a menace instead of a benefit. 

F. M. FElKER, vice president, McGraw-Hill Co., Inc., New York 
City. This conference marks the bringing together of the men 
whom I call the "makers" of education, the teachers, and the 
'" users " of education, the men in charge of our manufacturing and 
commercial institutions, who take the product of the technical and 
eNgineering schools. In the minds of the latter the former are to-day 
on the defensive. A large part of the misunderstanding betweeH 
the two groups comes from lack of clearness in expressing each 
other's point of view. To set up specifications for jobs is an illumi
nating attempt to get the users of education to present clearly what 
they believe to be the requirements for different classes of work and 
different opportunities in their establishments. To educate men for 
executive positions in commercial establishments one must know more 
specifically what are the requirements for these executive positions. 
There must be set up s'Ome broad differences in specific educational 
requirements between men who are going into technical engineering, 
design work, and commercial engineering. An opportunity must be 
found for bringing toge~her through some organized effort the users 
of education. 

The opportunity for the spread of an idea in a meeting of this sort 
is very smalL It is difficult to get ideas started in our great indus
trial life to-day. The Department of Commerce has been trying 
during the last p.ine months or so to get over to industry a new 
conception of the department. It is the same as geiLing over a new 
conception of business or engineering education to business men. 
The only way to do it is to get the business men themselves inter4 

ested in what is being done. 
To bring educators and business men together there is, further

more, need of a common language. An industrial engineer is dis
tinctly different from an electrical, chemical, or civil engineer so 
far as his training is concerned. A commercial engineer is a man 
with an engineering training who sells the products of an engineer~ 
ing concern by telling the buyer how to use the products. The men 
who sell motor trucks are successful for a very different reason from 
that of the men who sell pleasure cars. When you sell a motor truck 
you have to sell a method of using it. A motor truck to be used 
efficiently may completely change the method of handling goods in a 
plant, and the salesman must know enough about processes and the 
technical handling of the product. to fit the motor truck as a unit of 
transportation into the general plan for the factory. The salesman 
of a private car makes his sale on the basis of the upholstery, the 
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painting, and the riding qualities of the car, none of ~hid1 requires 
a . technical background :for successful selling. 

CHARLES S. HOWE, president Case School of Applied Science, 
Cleveland, Ohio. Organizations dealing largely with civic problems 
during the last 20 years have greatly· increased. Chambers of com
Inerce now deal with .every civic question; And yet rarely do we fincl 
an engineer on the committees which are discussing even the engi
neering problems before the city. Seldom in advertising clubs, city 
clubs, rotary clubs, and church clubs are there any engineers taking 
part in the discussions. One great problem before the cities of to-day 
is .. the . question of treatment of its philanthropies. In Cleveland 
there are over 100 such philanthropies under the control o:f one 
organization. This organization disburses two or tln~e million 
dollars to the different charities of the city. All of this work is done 
through committees, and there are practically no engineers upon any 
of these committees. It would .seem that the engineer is not paying 
very much attention to some o:f his civic duties. One reason may be 
because the engineer is a specialist along narrow lines. It is diffi
cult also for him to get away at noon to attend a civic meeting. The 
average engineer can not do it. The real reason, however, is because 
he can not talk. . 

If the engineering colleges are to train their graduates· to .take 
part in civic matters, they must give them a better training in 
English, more training in speaking. The training i~ commercial 
subjects al~o may be helpful. · 

IR.A N. HOLLIS, president Worcester Polytechnic Institute, 
Worcester, Massachusetts. So far as engineering is concerned, the ap
plication to business of some of the principles taught under engineer-
1ng . is vastly more important than the reverse. That would mean, 
practically, less business in science and more science in business. 
The success of a college is more a question of men than it is of studies, 
of classification, and four-year schedules. That is the chief factor in 
any kind of education. One of the professors at the Worcester Poly
technic Institute made of matheinatics a human subject, alive to 
every student, and he made of himself a guide to every person who 
came into contact with him. 

The course in engineering is overcrowded. There is no place for a 
four-year course for accounting or business. The contact with com
mercial life ought either to come. in a fifth year or after graduation. 
,. Engineers .do not neglect their civic and social duties. There is no 
profession superior to the engineer in this regard. Meetings like 
this indicate that they are endeavoring to do even more than in the 
past. 

The word "engineer" was used hundreds of years ago in ex
actly the sense in which we use it to-daY:. It comes from the San-
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skrit and meant ·" :father '' in that language. · vVith the Greeks and 
the Rornans, and with·every modern nation as a rule,- it carries the 
idea "to create or to produce by the power of-intellect.'' It has also 
in it the· idea " generous," a certain nobility of character that would 
lead the individual to real service of mankind. It is .the fourth 
activity that humanity has developed-the teacher, including 'the 
preacher ; . the lawgiver ; the healer or the doctor ; and the engineer, 
t.hat profession which has kept man alive on the earth and will 
always keep him alive. 

T. T. READ, chief of the information section, .the United States 
Bureau o:f Mines, Washington, D. C. There are three :fundamentals
to make men work; to make machines work; and to make processes 
work. The training in the technical school is largely devoted to 
making processes work. . Less is devoted to making machines work, 
and still less to making men work. It _is not only much easier to 
teach processes, but man is most likely to start with this. Our 
training dwells too much on processes and too little on the handling 
of men. There will be plenty o:f time :for busines subjects. in engi
neering education if we do not dwell too much on the less essential 
matters o:f the technical school life. 

L. W. WALLACE, executive secretary o:f the Federated American 
Engineering Societies, Washington, D·. C. It would see1n that our 
universities have been teaching too much about how to make money 
and not enough along the lines o:f how to spend n1oney ; that they are 
spending too much for buildings and equipment and .not enough 
for competent men to utilize the equipment. It may be that we have 
too much memorizing and not .enough thinking or reasoning; that 
we have too much curriculum and not enough personality and :force 
in 'the teaching staff. With improvement along these lines we·may.be 
better satisfied with the results of our educational institutions. 

S. E. DOANE, chief engineer National .Lamp·.Works, General 
Electric Co., Cle:veland, Ohio. An educational experiment of the 
last 10 or. 15 years that deals with the selection and training in 
industry o:f college-picked men should be of interest~ Men with 
initiative, energy, and alll.bition were wanted. The engineering. 
schools were selected because the courses were unpopular and hard, 
and frequently the men worked their way through college.. The type 
o:f training was purely incidental. In order to get men :for the electri
cal business it made little difference whether they were mechanicians 
or electricians. One of our best' men came to us as an M. D. 
The :fundamentals of engineering education are so nearly similar 
that it does not matter much to us who make specialists of these men 
or in what field in college they were specializing.· Frequently men 
with engineering training gravitated to the sales department. They 
had ambitition and energy, strong bodies, and clear minds. They 
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were<able to stand up . and get through, and when they could choos( 
they naturally drifted to the line of work for which they were par
ticularly adapted . . In addition to training th~ mind, education is 
a ,question of selecting men, of keeping their bodies in good shape, 
of giving them a chance after they get out of college to gravitate to 
the kind of work for which they are particularly adapted. 

R~PORT OF THE COMMITTEE ON RESOLUTIONS~ 

Dean P. F. WALKER, of the University of Kansas,_ chairman 
of the committee on resolutions, presented the following report : 

I. Following the discussion that has been participated in · freely by 
those in attendance at the session5, t~.e following statement is set 
forth embodying certain principles which the conference believes to 
be expressive of proper aims and purposes of educational institu
tions and industrial organizations here represented : 

1. It is believed that the engineering profession will be advanced 
in honor and dignity and in its capacity to render a maximum of 
service to humanity if in the schools a substantial effort be 
made to impart to students an adequate conception of the broad 
field of ~ction which is theirs in the realms of production, distribu
tion, and finance. 
· 2. It is submitted that the principal means for accomplishing 

this aim· lies in a continuance of the sound and substantial work 
of the established schools, supplemented and broadened where prac
ticable by instruction in economics and business subjects and in the 
basic principles of production or industrial engineering; in which, 
however, no specific curriculum additions are suggested beyond those 
recommended by the first conference in 1919. 

3~ ·It tiis. recommended ·that established schools of commerce and 
business take under serious advisement the policy of supplementing 
standard curricula by the introduction of work in the elements of 
engineering, in order that ·more of the business men of the future 
may have a sympathetic understanding of construction problems 
that are fundamental to economic progress. 

4. It is believed that much may be accomplished through more 
active researches in industrial and commercial lines to the end that 
systematic scientific methods may be applied in meeting the prob
lems and needs of industry; this with special reference to the 
elimination of unnecessary wastes, the conservation of material 
and human resources, and the /lessening of production costs of 
standard commodities of commerce. 

5. The conference recommends that colleges of engineering and of 
bu.siness adopt the following procedure in· developing business train· 
ing of engineers and engineering training of business men: 
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(a) Secure the cooperation of industry in defining standard ter
minology and specifications of the requirements of industry. 

(b) Analyze the specifications of the requirements of industry to 
determine what are the fundamentals that must be taught, and 
organize the instruction accordingly~ 

(c) Study. and experiment with ways and means of discovering 
native bent and measuring proficiency, that every student may be 
guided into a career of maximtim achievement. 

6. We reaffirm the purpose of the committee on commercial engi
neering of .the United States Bureau of ·Education, and recommend 
that conferences under the direction of the committee be held at 
regular intervals. 

· II. Whereas the Se.cond Conference. on Commercial Engineering 
has enjoyed the hospitality extended through, and very material 
cooperation of, the Carnegie Institute of Technology : Therefore be it 

Resolved, by the conference in session assembled at Pittsburgh this 
2d day of May; 1922-

1. That the thanks of the conference be extended to the Carnegie 
Institute and coordinate branches, all of its officers of administration 
and instruction, for the hospitality and services rendered. 

2. That the especial thanks of the conference be extended to Doctor 
Hamerschlag, president o:f the Carnegie Institute of Technology, 
for his inspirmg address and other acts of -courtesy and c~operation ; 
and . . 

3. That the thanks of the conference be extended to the students of 
the College of Fine Arts of the institute who so acceptably enter
tained our members at the theater on Monday evening. 

By the committee: .G. W. Dowrie, C. R. Mann, J. W. Roe, C. F. 
Scott, w~ E. Wickenden, and P. F. Walker, chairman. 

The report of the committee on resolutions was unanimously ap
proved by the conference. 



FINAL SESSION. 

Group Conferences, 2 p. m. 

The report of the group conferences is based upon longhar1d 
notes made by men1bers of the conference and later confirmed by the 
speakers. For program of the group conferences, compare page 4. 

GROUP 1, Dean Dowrie presiding. 

Dean DOvVRIE stated that there are fundamentals in business 
training as well as in engineering; that engineers therefore need not 
less than 25 semester hours in business subjects for engineering. 
This may mean, he said, a post-senior year fqr engineering students 
who expect to go into executive lines. 

C. R. JONES, dean, College of Engineering, West Virginia Uni
versity, J\IIorgantown, vV. Va. The engineers and the commercial 
group, in their endeavor to reach a common 1neeting point and to 
establish an effective working base for the solution of the general 
problem under discussion, must necessarily approach each other from 
opposite viewpoints. The engineer has a pretty definite idea of the 
finished product and knows about what an engineering executive 
must do or ought to be able to do, but he got his business training 
for the 1nost part in the school of experience and finds it difficult to 
define exactly the type of courses and the subject matter that should 
be given to the student to produce the effect wanted. 

Teachers in the commercial group have everything that the en
gineers lack and more, but have only a hazy idea of what the 
product should be, and consequently they find it extremely difficult 
to formulate a course for an engineer that shall have in it the 
desired basic training in business and still leave enough time for 
adequate training in the fundamental engineering subjects. 

There is a demand for four types of courses with commercial 
subjects: 

1. Some commercial work should be given in all of the standard-
. ized engineering courses, such as civil, mechanical, and electrical 

engineering. Such instruction is, and has been, given at nearly all 
institutions and is in most cases definitely required. The experience 
of teachers of engineering and the continued emphasis on the part 
of the employer class for thorough training in the "fundamentals" 

54 
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indicate that tl}e schoolRhave gone to the extreme so far as commer
cial training is concerned in the old-time courses. The engineering 
schools have made no sacrifice in adding commercia] instruction. 
It is not a good thing for any student to devote all of his time during 
the last two years· of undergraduate work to purely technical and 
scientific study and investigation. He needs at least two or three 
hours per· week of a di:ffere.nt type to broaden his viewpoint and to 
serve as an antidote against too much specialization. Economic 
and commercia1 subjects fill this gap very admirably and have as 
much purely cultural value as any. other general courses that could 
he· chosen. 
···2. Commercial· engineering courses have great possibilities. Tim~ 
will prove their worth. They afford an opportunity for a student 
who has the proper natural qualification for a business career· to 
g~t ·a fairly thorough, though limited, course in some phase of com;. 
mercia! work, business administration, transportation, etc., and still 
get those courses in science, mathematics, and engineering common 
to all courses in engineering, and perhaps some specialization in 
some • one branch. The difficulty is to provide en-ough engineering 
training to enable ·him ·to take up the engineering side ·of. the job, 
should later. circumstances make· it necessary or desirable. 

3 .. Graduate courses in business administration for engineers or 
five' or six year combined engineering and commercial courses can 
be framed to satisfy both groups to a reasonable degree, but their 
length and cost are limiting factors. 

4. The course in industrial engineering, now considered a standard 
engineering course, with opportunity for courses in business admin
istration and management. 

From the standpoint of the engineer, the list of subjects outlined 
on the blackboard are all that should be included as required sub
jects in an industrial commercial course.8 In addition to these it 
would be advisable to permit some engineering electives along the 
line of the industry which the student proposes to enter. 

L. M. McDERMOTT, head of department of commerce, College 
of Engineering and Commerce, Municipal University of Akron, 
Akron, Ohio. Our course in industrial· engineering is a combination 
of commercial and engineering subjects with such subjects as mathe
matics, language, and English. The combination is favored by busi
ness men and 'engineers as marking a step forward. The extension 
courses are filled to capacity with factory employees. The course is 
hard and utilizes for classroom study the problems that come up 
in their daily work. Attendance. has increased over 200 per cent 
in two years. Courses in accounting and business administration 

· 11 Tech~ical subjects for students of business: Freshman year-mathematics, chemistry,· 
and physics; sophomore year-industrial organization, drawing, and mechanics. 
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are off~red to engineering seniors. The regular students in business 
courses will get much more from them. It is much easier to teach 
engineers. They will accept statements readily, while business 
students will always have to be shown the reason for the proposi
tion. A new problem is much more readily attacked by the business 
student than by the engineer. The training of the former has been 
of a character to enable him to do this. The· engineer, in order to 
be a successful executive, will have to acquire this habit. The ability 
to reason is much more marked in students of business than in 
engineering students. The latter, therefore, should take a.s n1any 
~usiness subjects as possible. Engineers always begin in .a factory 
in a minor capacity, and they will naturally study the work in 
which they are engaged. Not many · study business subjects-new 
material-at this time. The University of Akron is meeting this 
condition by requiri~ engineers to take at least 12 hours of busi
ness studies, with the privilege of taking more under special con
ditions. 

J. H. O'HARA, of the depar.tmtmt of economics, Carnegie 
Institute of Technology, emphasized the value of the study of 
industri~l organization to sophomores taking production. 

Dean McCAUSTLAND, University of Missouri, advised that 
as much latitude as possible for business courses be given _in engi
neering and that the · same be done for engineering in business 
courses. _ He did not think shopwork was necessary · for industrial 
organization. 

Professor CALLAN, Harvard University, discussed the course in 
" Synopsis of Engineering Problems " at Harvard, emphasizing 
the value of instruction in the technique of drawings, architectural 
work, etc. Other aspects of engineering, he said, should lead to 
an appreciation of engineering as a science and an art. All that can 
be done will be to give to the business student with but little 
engineering a broad sympathetic understanding of the profession as 
a whole. 

R. A. STEVENSON, professor of accounting, College of En-
. gineering and Commerce, University of Cincinnati. In the fall of 
1920 the University o.f Cincinnati organized a -course leading to the 
degree of commercial engineer. It was organized in response to a 
demand for men in management positions who have been trained 
in the fundamentals of engineering and in addition have a knowl
edge of business administration. Many of the graduates of the 
engineering courses had been returning to take evening courses in 
eo:rllinerce. It is a five-year cooperative course. During the first two 
years the fundamental sciences underlying all engineering, physics, 
che;mistry, mathematics through calculus, mechanics, and metallurgy 
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are studied. The outside cooperative work in industry during these 
· years is carried on in the production department of manufacturing 
establishments. The .student then takes a cooperative commerce 
course in the university~ The subject matter is similar to that given 
in the other commerce courses. Less laboratory work is required. 
The business firms of the city are enthusiastic about this program 
as a training for business. The banks which are using the students 
of the third, fou,rth, and fifth years find that the rigid scientific 
training of the first two years, coupled with the production ex
perience in industry, is a valuable foundation for banking practice. 
The same training should be valuable as a preparation for manage
ment positions in general. 

Dean BISSELL, of Michigan Agricultural College, suggested 
industrial history as a desira.ble requirement for a course designed to 
give students of commerce a suitable groundwork in engineering sub
jects ·and emphasized especially the need of arithmetic. 

Mr. DOOLEY, director of personnel and training of the Standard 
Oil Co. of New York, said that ·the course of study was not the im
portant thing. A trained mind is the important thing in industry. 
A man must be able to sense a situation and go to the heart of a 
problem. Enthusiasm and . interest on the part of the student are 
essentials, and not a specialized know ledge of facts. All courses, in
cluding commerce, engineering, and the arts, should be' put into one. 
A.ll fundamentals should be taught so that all students would put 
their whole hearts into the work they take. 

LOUIS MITCHELL, · dean L. C. Smith College of Applied 
Science, Syracuse University, Syracuse, N.Y. Students in engineer
ing may be receiving considerable business training in their technical 
studies. The study of water supply and sewerage, · for example, will 
include the making of estimates, which involves the questions of labor 
rates and material costs. It also includes the question of bond issues, 
sinking funds, depreciation, assessments, taxation, rates, and main
tenance. Students of more than average ability should, however, be' 
encouraged to carry nontechnical subjects, business administration 
subjects, as optional studies. · 

J. C. PINNEY, dean College of Applied Science and Engineer
ing, Marquette University, ::Milwaukee, Wis. This conferen~e con
firms the increasing experience of educators that representatives of 
industry who employ the product of schools and colleges want men 
who are willing to work, who can think along logical lines, and can 
express their thoughts intelligently. 

T. WARREN ALLEN,. Chief, Divjsion o·f Control, Bureau of 
Public Roads, United States Department of Agriculture. Edu
cational instit~tions should devise means for keeping in contact with 
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certain if not all students for a. sufficient length of time after they 
have been graduated to gain some id~a as to the cbordiriation of their 
experience in industry with their college education. Tests made dur
ing . the time. spent in college ·to deterniine- the range, speed, and 
precision of mental activity aside from the ordinary examinations 
might well be continued into the employment period. Postgraduate 
development may then be studied in comparison with undergraduate 
work, the deficiencies in undergraduat~ work indicated, and steps 

· taken to correct them. The same course will not d~velop all students 
in th~ same way, and i{thorough tests are. made in order to obtain 
indications of the progress of mental develo.pment, such information 
should be of ine..c;;timable value both to the student and to the instruc~ 
'tor in determining future procedure. 

The value of tests of this character to a thinking student n1ay . be 
likened to the value of cost data to a contractor or a manufacturer~ 
Cost data provide the means of ascertaining whether a particular 
operation is remune.rative or not and how, if possible, a loss may 
be curtailed or the operation be made more remunerative . . If the 
suggested undergraduate procedure is followed by a record of the 
character and extent of postgraduate study, in connection with the 
requirements of the work undertaken, and the mental development 
under the influences of these as determined by periodic tests, edu
cational autho"tities should in time secure fo~ guidance in educational 
work dependable data which would be difficult to secure in any 
other way. 

H. J. HUGHES, dean school of engineering, Harvard University, 
Cambridge, Mass. Most engineering graduates enter the indus
tries. If they are to serve industry well, their college . work . must 
be supplemented by considera]>l~ training and experience provided 
by the industries. The real job of the engineering college .. is to 
help students to build a sound foundation of scientific knowledge, 
to cultivate open-mindedness, and to aid them in developing habits 
of accuracy, of observation, clear thinking, and those qualities of 
heart and mind which make them good citizens as well as good engi
neers and business men. There is constant pressure from within and 
without the college for new, special, and practical instruction to 
meet the growing and changing needs of industry. In a conscien
tious effort to meet these demands the colleges have been attempting 
much thai could better be done by the industries. The results have 
too often been unsatisfactory to all concerned. 

Many industrial executives understand the possibilities and lintita-. 
tions of the engineering colleges; many ·industrial organizations are 
cooperating with the colleges in the training of young . men for in
dustrial positions. Some companies :maintain training courses for 
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te~hnical graduates; others provide summer training courses for 
undergraduates; some participate in industrial cooperation on the 
Cincinnati plan, and a large number employ students during ·sum
Iner vacatibn. The· opportunities for systematic industrial training 
:for graduates, however, are limited to a few fields of industry; in the 
aggregate there are many such opportunities, but they are relatively 
few in ·. comparison with the number of graduates entering industry 
every year~ Summer work, which might be made an important part 
of the students' preparation for industry, is of little real educational 
value, because i~ is for the most part neither well planned from an 
educational standpoint nor properly supervised. Joint local com
mittees of industrial executives and engineering teachers must, . by 
study of this problem, come.to a thorough understanding as to what 
part each group can best perform in· training young men for the 
industries. Such an understanding will inevitably result in economy, 
efficiency' and better-trained engineers. 

GROUPS NOS. 3 AND 4, Secretary Walla.ce .presiding • 

. The follqwing excerpt was read from a letter sent by Eugene 
Meyer,jr., Mamiging Director ofthe War Finance Corporation, vv'ho 
was una void~bly prevented ·from presiding at Group 4: . . 

The training of · overseas engineers is entitled to . a more prominent place 
in our educationaJ system . . An overseas e~gineet must, of course, be thoroughly 
qualified • from: a · technical standpoint. But there are other requisites, p'articu
larly, knowledge of language, history, racial and ·· other characteristics, and 
social points of view of the people with whom he will come in contact. The 
difference betwee]l engineering at home and abroad is, for the most part, the 
difference in the human element. The engineering technique may be the same 
the world over, but the problems are different because of the human element 
involved. 

Obviously, a knowledge of languages is vital and fundamental. The super~ 
ftcial . knowledge . of language that is ordinarily obtained in our schools and 
colleges is entirely inadequate. Every overseas engineer has to deal with the 
labor of the country ln which he is working. Complete knowledge of the 
history, characteristics, and thought of these people can only be obtained on 
the spot and by experience. Training courses can, however, furnish a satis
factory background. An engineer going to South Africa needs a different type 
of training from one who bas to work among the Latin Americans or in the 
Orient. The ability to adapt one's self to environment,. useful even at home, 
becomes vitally important abroad. Success frequently depends upon it. 

G. L. SWIGGETT, chairman of the committee on commercial 
engineering, reviewed briefly the situation in world development 
areas, particularly in Latin America and the Far East. He stressed 
the importance of the engineer in America's program of participation 
in the .economic. development of the more backward areas. The en
gineer has not played the part on the whole in the past that he will 
play in the future, provided that. engineering training in the colleges 
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is modified to include more of those subjects which give breadth of . 
imagination, keenness of vision, and something of the ·adventure and 
courage of commerce. There is need for engineers trained in the 
practical use of commercial languages and to the visuaJ.ization of 
economic resources, commercial products, and engineering designs in 

-the currents and structures of industry a11d commerce. The engineer
ing executive, with the trained understanding of business details and 
methods, will be the best qualified man to _ direct and supervise 
America's overseas investments and solve the business problems which 
will necessarily arise. from those investtnents. Theknowledge that 
the world has an ample supply of engineers trained in this manner 
and to this end will unquestionably overcome our retarded invest-: 
ments in foreign fields, saving our-nationals much troubleand cost. 

W. W. NICHOLS, Allis-Chalmers Manufacturing Co. (Inc.), N:ew 
York City. A great executive has truly observed that a man's suc
cess, professional and otherwise, depends more on his capacity to 
learn than on any other faculty, probably on the ground that other 
necessary faculties would be proportioned to such capacity. His con
victions were founded also on an extensive experience in placing 
graduate engineers. Capacity to learn depends on that exercise _which 
the training we call education gives. Rarely do considerations of 
curricula or educational methods indicatethat such is the aim of our 
educational institutions. Most· teachers overlook the fundamental 
need for such exercise because they forget the essential character of 
their aim. Only in comparatively recent years have professional 
schools made progress in substituting training by demonstration, in 
the broad sense, _fo-r the old method of education by affirmation. More 
and more is there a realization that _an accumulation of -technical 
information is not of itself so important. It is rather the mental 
development that results from m·editation ·on the merits of such -in
formation. Accumulation of facts is not to be deprecated, but ac
cumulation of facts should never be the principal aim of any educa
tional process. 

The inability of graduate engineers to express themselves properly 
may be due to lack of cultural training to which our professional 
schools are now- giving more attention. France is reported recently 
to have restored the study of classics in the college curriculum be
cause a 20 years' experience had proved a positive loss in culture 
resulting from the abandonment of these studies. Training in the 
classics may not be necessary as preliminary to professional engineer~ 
ing success. An enlarged ·capacity for knowledge, however, with a 
vision that tends to the progress which the engineer requires, may 
depend on niuch more than the limited training of a particular 
curriculum. 
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WALTER RITTMAN, professor of commercial eno-ineerinO' Car-. I · o o' 
neg1e nstltute of Technology. The engin~er connected with over-
seas oil development is greatly handicapped without an understand
ing of the new ways of financing, of race differences, and of legal 
problems. To train engineers for these fields is not easy. A knowl
edge of the foreign languages is not the main thing. To exchange 
goods and services successfully one must be acquainted with the spirit 
and customs of the people with whom one is dealing. The establish
Inent of branch schools in foreign countries, although hardly feasible, 
offers one solution of the problem. 

C. A. NORlVIAN, professor of machine design, Ohio State Uni
versity, Columbus, Ohio. Many of the leading schools have felt that 
engineering students do not acquire through the language training 
given the ability to read foreign technical literature, much less to ex
press themselves in a foreign tongue. These schools are hard pressed 
to meet the demands for civic and economic training. With an 
overcrowded schedule there is a tendency to do away with language 
training altogether. American engineers should be able to read for
eign literature and to deal with foreigners in their own tongue. The 
need often arises for knowledge of a language never taught in school; 
for example, Russian, Chinese, and Por~uguese, languages undoubt
edly of great importance in the future. One can hardly think of 
teaching them to engineering students generally. We should, how
ever, develop in our students the ability to acquire knowledge in a 
new field rapidly and without aid when need of such knowledge 
arises. Foreign schools and our graduate schools develop this ability, 
the latter, however, at too late an age. By excessive coaching, super
vising, and scheduling we kill initiative and enterprise in our under
graduates. ..._.\..merican college education develops perhaps the most 
moral, generous, and decent type of man in the world; and this must 
not be given up; but we suppress the quality without which we will 
not hold our own in technical or commercial competition with foreign 
nattons. American engineering students are of high-grade material, 
but they are now being trained down and fitted to become routine 
men and job holders at home rather than being stimulated to be
come energizers and vitalizers on a world scale. They must be given 
concrete examples of the unusual possibilities in new and unde
veloped fields, where higher trained men are scare; must become im
bued with enthusiasm for real individual achievement and for far
reaching work. Business and Government must help in this matter. 

Topic of Group 3. CIVIC AND SOCIAL TRAINING OF THE ENGINEER. 

L. W. vVALLACE, executive secretary Federated Engineering 
Societies, Washington, D. C. It was recently stated that perhaps 
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the best way the United States could aid in the restoration of the 
economic equilibrium· o.f the world would be to assist needy Eur<r 
pean countries in the creation of new capital by sending train~d 
engineers to assist in the development of the :g~eat :natqral resources 
of those countries. It is also stated with authority that the allied 
debt is a legal and moral obligation, but that if the. debt is paid in 
manufactured goods the result will be very serious to American in-
.dustry. It is therefore suggested that the debt, collecte<i on term.,s 
. rnost favorable to the Allies, be not used in this country, but very 
much as . the Chinese indemnity was used, namely, ·spent in behalf 

. of the countries making the payments; that all ni~ney received in 

. payment of the allied debt be used to a$sist the small European 
·countries in building highways · and also railways, both -electric and 
.steam; in developing hydroelectric power; in developing technic~! 
·educational facilities and research; in encouraging the use of im
. p:roved. methods of farming and· iinproved farm machinery;. and the 
.adoption · of better· principles and facilities of manufacture, .. to in
. elude better organization, improved personal relati9ns, and highe.r 
, intelligence in the executive group. 

The proposed plan is social, economic, and scientific. It is quali
. tative, yet its execution would require the best of quantitative . think
jug; hence the need for the ~ngineering type of mind and experience. 
A keen student of_ world affairs has remarked that the engineer of 
;vision, of insight, and of quan,titative thinking and experience is the 
·hope of Russia and of the world. 

The question now arises whether the engineer has had as a back· 
. ground that training which will enable him to meet his opportunity . 
. On the quantitative side-the purely technical~the answer certainly 
is, yes. Perhaps, no, on the imaginative, the qualitative side. The 
engineer is considered a safe operator of ,a large industry, but not .a 
successful business promoter because he lacks enthusiasm and vision. 

By temperament, training, and experience the engineer is an in
. dividualist. He leads a quantitative existence. These qualities have 
·brought the world to its present high state of mechanical and scien
tific development. The world now needs theleadership of the quan
titative mind softened by the qualitative touch. It needs the services 
of men who have mastered the material forces of nature and desire 
to use them for the benefit of man. Technical and professional busi-
. ness colleges must train men not only in the technical aspects of 
their vocations but must fill them with a zeal and an enthusiasm that 
will compel them to render a full measure of social and civic as well 
as technical service. 

Colonel KEPPELE HALL, of the Joseph and Feiss Co., Cleve
. land, Ohio. There are to-day three or four new groups of engineers. 
There are many problems to be worked out along engineering lines. 
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An engineer is a man who can tear apart a problem and by means of 
mathematics, mechanics, chemistry, etc.~ put it together to function 
properly. The problem of bringing together men, machines, money, 
materials, etc., is essentially a problem of the engineer. He is the 
man who coordinates. He must have somethinO' more than the fun-

. 0 

damental engineering subjects; must be interested in psychology, the 
motives inciting the actions and reactions of people. He must be a 
real man. Men who have had no engineering experience can fill 
positions of such demands, but they ought to be engineers. Coal is 
one of the most poorly managed industries in America. Waste in 
industry is possible of solution and has been solved to some extent. 
These are things the engineer can do and must do as part of his 
public duty to meet his responsibility to all mankind. The seeds 
must be planted in his mind while he is in school. Banks are de
pendent on the information of the engineer. Engineers are called 
upon to survey industries. 

Mr. Wallace stated that according to the report of the committee 
on waste ill industry about 50 per cent of the waste could be elimi
nated by good management, while labor could assist in eliminating 
25 per cent. The remainder was due to various causes. 

G. L. SWIGGETT, chairman of the Committee on Commercial 
Engineering. The interest in an educational program combining en..; 
gineering and commerce has now developed to a point that there is a 
dependable scientific approach to the problem of curriculum. Much 
valuable information that will assist in . further development is being 
secured by investigation and survey. We are learning much about 
the fundamental factors in industry and commerce, of political, 
economic, and social interrelationships in domestic and foreign 
commerce. Regional economic developments have a direct bearing 
upon individual training problems, etc. This is especially true of 
the training designed for the engineer, since engineering must render 
such service to the community as road building, housing, sanitation, 
and the working out of all civic projects. The county is becoming 
the most important unit in national development, the basic unit. The 
civic duties of engineers in relation to county problems have n~t been 
adequately . recognized. Engineers must be trained to become county 
managers as well as city managers. The engineer must util~ze his 
trai.ning in a cooperative manner for the benefit of the community. 

The chairman closed the discussion with a few examples to show 
the growing tendency ,of engineers to become active in civic and social 
affairs. · 
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