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FOREWORD

Among impoltant services to the industrial and profes-
sional life of the Nation are those being rendered by trained
engineers. The responsibility of giving adéquate training
for those who must take an active part in the material
development of the United States is one that not only rests
on the colleges and universities but also on technical find
educational associatiohs that have taken seriovsly to heart
the problems that are invvlved in the betterment of engineer-
ing service.

Among organizations that have given the closest attention
to these problems is the Society for the Promotion of Engi-
neering Education. This society in recent years has done
much to improve the conditions of undergraduate instruc-
tion in engineering and has seen fit to begin to invettigate
the rapidly changing situation in the field of graduate
work,

The Office of Education has been pleased to undertake a
survey of graduate work in engineering in cooperation with
the Society for the Promotion of Engineering Education,
particularly because graduate work in all its phases is
passing through an important period cif readjustment.

The responsibility of conducting such a survey was
assigned. to Dr. Walton C. John, senior specialist in higher
education, in this Office, who is also a member of tbe Society.
With the valuable assistance of Prof. H. P. Hammond,
chairman of the committee on graduate work of the Society
for the Promotion of Engineering Education and otber
members of the committee, the survey has been completed
and the results brought together in this bulletin.

It is hoped that the findings will serve the purpose of
enabling the engineering schools of this country to meet
more adequately the demands for. advanced study in
engineering.

BESS GOODYKOONTZ,
Assistant Commissioner.
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INTRODUCTION

This survey of graduate work in engineering has for its
objective the presentation of the development and' present
status of graduate work in engineering in this country. The
relatively rapid changes that have taken place in engineer-
ing education in recent years have caused greater activity
and increased responsibility in graduate departments,
making necessary new adjustments to meet the needs of
increased numbers of advanced engineering student&

In order that adequate standards for higher engineering
* degrees may be maintained, a study ed current practices in

graduate work in engineering was considered to be highly
desirable by many leading engineering educators.

In the spring of 1933 the SocietY for the Promotion of
Engineering Education approached the Office of Education
with the purpose of undertaking a survey of graduate work
in

,
engineering on a Nation-widci basis.
In view of the importance of the project the Commis-

sioner of Education approved a plan of cooperative effort
between the Society and the Office.

METHOD OF THE SURVEY

The principal basis of the survey is a comprehensive
questionnaire which was prepared by the committee on
graduate work of the Society for the Promotion of Engineer-
ing Education in cooperation with the Office of Education
and was sent out on October 15, 1934, to 155 institutions
granting degrees in engineering. The engineering schools
gave prompt response. Of these, 72 were eliminated because
they did not offer advanced degrees in engineering. The
survey is, therefore, the result of the analysis of the returns
of 83 schools that grant the mastSr's degree in engineering.
Of these, 34 also grant the doctor's degree in engineering.
The institutions which are the basis of the siirvey are as
follows: 14

4

1. lativenity of Alabama, University.
2. /University of Arizona, Tucson.
3. University of Arkansas, Fayetteville.

Institutions starred offei work leading to the doctorate in engineering.

I
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X INTRODUCTION
9

*4. Stanford University, Stanford University, Calif.
*5 University of California, Berkeley.
6. California institute of Technology, Pasadena.
*7 University of Colorado, Boulder.
*8. Colorado School of Mines, Golden.
*9. Yale 'university, New Haven, Conn.
10. University of Delaware, Newark.

*11. Catholic University of America, Washington, D. C.
12. University of Florida, Gainesville.
13. Georgia School of Technology, Atlanta'.
14. University of Idaho, Moscow.

*15. University of Illinois, Urbana.
16. Armour Institute of Technology, Chicago, Ill.

*17. Purdue University, Lafayette, Ind.
18. State Universitrof Iowa, Iowa City.
*19. Iowa State College, Ames.
20. UnNversity of Kansas, Lawrence.
21. Kansas State College, Manhattan.
.22. University of Louisville, Louisville, Ky.
23. University of Kentucky, Lexington.
24. Louisiana State Uniyersity, Baton Rouge.
25. Tulane University of Louisiana, New Orleans, La.
26. University of Maine, Orono:

. *27. Johns Hopkins University, Baltimore, Md.
*28. Worcester Polytechnic Institute, Worcester, Mass.
*29. Massachusetta Institute of Technology, Cambridge.
*30. Harvard University, Cambridge, Mass.
*31. University of Michigan, Ann Arbor.
32. Michigan State College, Lansing.

*33. Michigan College of Mining and Technolop,. Houghton.34. Detroit Institute of Technology, Detroit, Mich.
*35 University of Minnesota, Minneapolis:
*36. University of Minnesota School of Mines and Metallurgy,

Minneapolis.
*37 Missouri School of Mines and Metallurgy, Rolla.
*38. University of Missouri, Columbia.
39. Montana State College, Bozeman.
40. Montana School of Mines, Butte.
41. University of Nebraska, Lincoln.
42. University of Nevada, Reno.
43. Stevens Institute of Technology, Hoboken, N. J.

*44. Rutgers University, New Brunswick, N. J.
45. Princeton University, Princeton, N. J.
46. Syracuse University, Syracuse, N. Y.
47. University of Rochester, Rochester, N. Y.

*48. Rensselaer Polytechnic Institute, Troy,"N. Y.
if49. College of the City of New York, New Yorki

*50. New York University, New York.
M. Clarkson College of Technology, Potsdam, N. Y.

*52. Cornell Vniirersity, Ithaca, N. Y.

.

.

.
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INTRODUCTION XI

*53. Columbia University, New York, N. V.
*54. Polytechnic Institute of Brooklyn, Brooklyn, N. Y.
55. University of North Carolina, Chapel Hill.
56. North Carolina State College;
57. University of North Dakota, University.

*58. Ohio State University, Columbus.
*59. University of Cincinnati, Cincinnati, Ohio.
60. Case School of Applied Science, Cleveland, Ohio.
61. Oklahoma A. & M. College, Stillwater.
62. University of Oklahoma, Norman.
63. Oregon State College, Corvallis.

*64. Pennsylvania State College, State College.
*65. University of Pennsylvania, Philadelphia.
*66. University of Pittsburgh, Pittsburgh, Pa.
67. Lafayette College, Lafayette, Pa.

*68. Carnegie Institute of Technology, Pittsburgh, Pa.
69. Bucknell University, Lewisburg, Pa.
70. Brown Vniversity, Providence, R. I.
71. South Dakota State College, Brookings.
72. University of Tennessee, Knoxville.
73. A. & M. College of Texas, College Station,
74. Texas Technological College, Lubbock.
75. University of Texas, Austin.
76. Rice Institute, Houston, Tex.
77. University of Utah, Salt Lake City.
78. University of Virginia, Charlottesville.

; 79. Virginia Polytechnic Institute, Blacksburg.
80. University of Washington, Seattle.
En. Washington State College, Pullman.

*82. West Virginia University, Morgantown.
*83. University of Wisconsin, Madison. .

From, one of the schools listed only partial informationwas returned so that the full report rests primarily on thedata from 82 schools.
In tha preparation of the text and in partially tabulatingthe returns of the questionnaires the Office of Education isvery greatly indebted to Prof. H. P.-Hammond, chairman-ofthe committee on graduate »study of the Society for thePromotion of Engineering Education, who prepared chaptersI, II, IV, VI, IX, and X. Chapters III, V, VII, VIII, andXt were largely prepared by the Office. Professor Hammondwas also of great assistance in making essential revisions andin lying the entire text from the staladpoint of the profes-sio o approach of the engineer and pngineering educator.e Office is also appreciative of the assistance rendered byf. Carlton E. Tucken of Massactiugetts Institute of

;
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INTRODUCTION

Technology, who wrote the section on examination methods
in chapter VIII. It is likewise thankful to George B.
Thomas, personnel director, Bell Telephone haboratories,
for the sptcial contribution, Chapter XII, entitled "Industry
and the Graduate of Advanced Courses." Chapter XIII is
an interpretation of the results of the survey and was pre-
pared by the committee on graduate study of the Society fqr
the Promotion of Engineering Education.

To facilitatIreference to the questionnaire whiCh is found
in the appendix, the number of each question that is basic
to-a particular chapter is found in the footnote at the begin-
ning of etch chapter. Owing to lack of returns, no answers
are found for qu'estions 13 and 16.

INTRODUCTORY STATEMENT BY. THE COMMITTEE ON
GRADUATE WORK OF THE SOCIETY FOR THE PROMO-
TION OF ENGINEERING EDUCATION

In recognition of the increasingly important, even vital,
place that graduate work is rapidly assum.ing, a special cdm-
mittee of the Society for the Promotion of Engineering
Education was appointed in 1931 to consider Ws phase of
engineering education and the, problems incidetit thereto.
-This committee, under the chairmanship of aian Dexter S.
Kimball of Cornell University, devoted a year to the study
of general principles and policies relating to graduate study
in engineering and rendered a report as a result of its delib-
erations at the annual meeting of the Society in June.1932.
This report concluded with the recommendation that con-
sideration be given to the making of a comprehensive survey
of the status and trends in the field of graduate instruction.
The present survey amid report are the outcome of that
recommieuda0on.

Upon taking tip its work, the new committee Charged
*ith .the coziduct of Ihe survey sought ratans by which it
'niight tits conducted, and invited the United States Office of
Education to- -cooperate by gathering comprehensive data
relating- toAgradsuate work in engineering colleges and by
publishing a_sumbilary of the information so obtained. The
con; '4a its- shlite of the project, undertook to piepare
intaccompanying report analyzing and iilt.erpieting the datá
and giving &Inclusions and recommendations. It may be
ieniarked at this -point that these two parts .of the undern
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INTRODUCTION

taking, originally conceived as fairly distinct and separate,have largely merged as the project has developed and as thepresent report has been prepared.
The committee's invitation was cordially received byDr. George F. Zook, then Commissioner of Education, andby members of the staff of the Office of Education, and theproject was launched in accordance with the general plan

mentioned above. It has now been I;rought to successful
completion as marked by the appearance of this report.The committee on behalf of the Society for the Promotionof Engineering Education acknowledges with appreciationand gratitude this latest evidence of a continued policy of
generous CC:operation which has led the Office of. Educotionto undertake an important, in fact indispensable, share inseveral of its major undertakings, including the biennial
compilation of statistics on enrollment, begun in 1923; thestudy of engineering curricula, made as a part of the com-
prehensive investigation of engineering education which the
Society conducted-Bfrom 1924 to 1929, inclusive; and thespecial supplementary survey of engineering education, madein 1931. The present survey., begun under Dr. Zook's Com-
missionership, has been contiimed and completed under thatof Dr. J. W. Studebaker, to whom', as well as to Dr. Bess
Goodykoontz, Assistant Commissioner of Education, to DrFred J. Kelly, chief of the Division of Higher Education,and especially to Dr. Walton C. John, senior specialist inhigher education, grateful acknowledgment is made of the
obligalion of the Society for carrying to completion a projectthat is believed to be of the highest valuti to -engineering
education at large.

The Committee on. Graduate --Study)iS Society for the
Promotion of Engineering Education,

T. R. AGG,
EDWARD BENNETT,
DERTh S. KIMBALL,
PARKE R. KOLBE,

DIKE SAVILLE,
EORGE B. THOMAS,

CARLTON E. TUCKER,
H. P. HAmmoNt, Chairman.

APRIL 2, 1936%
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GRADUATE WORK IN ENGINEERING IN
UNIVERSITIES AND COLLEGES IN THE
UNITED STATES

CHAPTER I: DEVELOPMENT OF GRADUATE WORKIN ENGINEERING IN THE UNITED STATES

HISTORICAL

SO FAR as can be learned the first earned degree in
engineering thiat we should now call an advanced
degree was awarded by Yale University in 1873. It is

an interesting fact that this was not the master's degree,
but the degree of doctor of philosophy and it is worth
recording in the annals of engineering education that this
first engineering doctorate was conferred on Augustus Jay
DuBois, Ph. B., Yale University (1869), C. E., Yale Uni-
versity (1870). The doctoral dissertation was "Strains in, Framed Structures." This work was published by the
House of Wiley in 1875. Dr. DuBois later became professor
of civil engineering in the Sheffield Scientific School of Yale
University, a post he occupied for many years.

The second institution to award an advanced degree for
work in engineering was the School of Mines of Columbia
University. This degree, also Ph. D., was conferred on
Ellwyn Waller, A. B. (1867) and A. M. (1869), Harvard
University, E. M. (1871) Columbia University. Dr. Waller's
dissertation was on disinfection and disinfectants as applied
to mining operations.

Apparently it was not until more than 20 years-later that
another institution awarded an earned doctorate in engineer-
ing, Cornell University, in 1896. ..7The first master's degree in engineering appears to' have
been awarded by Iowa State College of Agriculture and the
Mechanic Arts in 1879.

Although some graduate work in engineering has been
done for more than 60 years, only 6 institutions in the
entire country, so far as has been learned in the council) of
this survey, conferred advapced degrees prior to 1890. At.
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2 GRADUATE WORK IN ENGINEERING

about the turn of the century, however, the offering of work
beyond the baccalaureate began to spread rapidly. By 1920
at least 40 institutions had conferred master's degrees and
11 had conferred doctor's degrees. These figures are prob-
ably incomplete since not all colleges are able to state the
year in which their first advanced degrees were conferred.

The most rapid expansion of graduate work has taken
place since 1920, when the need of industry for men of more
advanced sciptific and technological preparation began
seriously to be felt, and when the colleges, following the era
ofi most rapid expansion in numbers and facilities, had con-
solidated their- positions somewhat and began to push for-
ward into the field of advanced work. Contrary to what
has often been said, the effects of the depression have not
been to cause an increase in graduate enrollments in engineer-
ing education as a whole, though they have probably con-
tributed to the spread of enrollments among institutions.
In the 10 years from 1920 to 1930, 21 additional colleges
began to offer work for the master's degree, and 10 were
added to the number offering work for the doctorate. Inthe half-decade since 1930 this rate of expansion has been
maintained; 10 additional colleges have begun to offer work
for the master's degree, and 7 have addedprograms for the
doctor's degree. Nearly as many institiltions have inaugu-rated programs of advanced work since 1920 as had doneso in all the previous history of engineering education in this
country.

Although approximately 40 institutions were offering
graduate work in 1920, such work had not really begun toassume a position of great magnitude in engineering educa-tion. In the year 1921-22 there were but 368 students
enrolled in graduate courses and but 178 advanced degrees
were awarded. There were fewer candidates for master's
degrees 15 years ago than there are for doctor's degrees now.The following tabulation shows the growth of graduate
enrollments since 1921-22:



DEVELOPMENT

,

Year

Total num-
ber of

students
enrolled in
graduate

work

Total num-
ber of

advanced
degrees con-ferred

,
i 1921-22

1925-26
1930-31 _ _ _ _ _ _ _ _ _ _ _ _

1931-32
1933-34

368
1, 014
2, 939
3, 961
2, 756

178
267
418

1, 002
1, 197

,

3

It is to be nokd that the figures for enrollments and grad-
uations up to and including 1931-32 included all enrollmentsand advanced degrees in many of the engineering schools
and collegathat supplied the figures, they included, there-
fore, an unknown number of enrollments and degrees in
certain nonengineering fields of work that are offered by some
engineering colleges, such as chemistry, metallurgy, geology,
architecture, biology, and public health and in one or two
instances business administration. The figures for 1933-34
omit all enrollments and graduations eicept those strictly
within the field of engineering proper. Apparently, while
there has been á _fairly large decrease in enrollments sincethe peak year of 1931-32, -the decrease has not been nearly
as large as the table indicates.

It may be noted also that number of degrees conferred isa better index of magnitude and growth than is number of
enrollments, because the number of degrees conferred givesa suitable weighting to numbers of part-time students where
gross numbers of enrollments does not. The number of
degrees conferred has increased without interruption for the
past 12 years.

Another significant index of the growth in relative magni-tude of graduate work in recent years is the fact that in
1925-26 the ratio of the number of graduate students to the
number of seniors of the previous year was approximately
1 to 9, while in 1633-34 the ratio was 1 to 4.8.'

Until 1912 all graduate work in engineering appears to
have been offered on the customary all-residence plan. Inthat year Carnegie Institute of Technology offered the first
program of part-time work in evening hours. Shortly there-

I The ratio of loader's degrees to bachelor's degrees conferred in 193344 was approxi-mately 1 to 9. do

14062*--3.--2

-
!

'



4 GRADUATE WORK IN ENGINEERING

% after Union College began offering special part-time graduate
courses for engineers employed by the General Electric Co.
In 1919 Massachusetts Institute of Technology inaugurated
its cooperative coune in electrical engineering, and followed
in 1920 with the establishment of its Practice School of
Chemical Engineering. Massachusetts Institute of Tech-
nology has also offered a cooperative course in railroad
engineering and is about to embark upon a similar program
in mechanical engineering. Wisconsin first offered extra-

ural graduate work in metallurgical engineering in 1924
for graduates employed by metallurgical industries in Mil-

_ waukee, and inaugurated a similar program in electrical
engineering in 1925. The Polytechnic Institute of Brooklyn
established the first curriculum in its present extensive eve-
ning program of graduate work in 1925. The University of
Pittsburgh and the Westinghouse Electric & Manufacturing
Co. inaugurated their cooperative arrangement of graduate
work in 1927. In the same year the University of Cincinnati
extended its program of cooperative engineering education
into the graduate field. During the past"5 years several
other institutions have established various types of part-
time programs of graduate work, as will be mentioned more
fully in a later section of this report.

\ti The last 2 deçades, during wOh the most rapid develop-
ment and many of the most important changes in graduate

. work in engineering have taken place, have been marked
by growth in enrollments, by expansion of Oadwite work
into special professional and technical fields, by inauguration
of new types of programs, and by a general increase in
&versification of the entire program of advanced study in
American engineering colleges. Not the least significant
aspect of this development has been the offering of graduate
programs on the cooperative plan and the provision of
opportunities for advanced study to employed graduates,
thus providing, in certain localities, means by which the
yountg engineer can continue his formal education during the
period of his professional apprenticeship. Tbis is a significant
step in the relationship of engineering education to the pro-
fession at large, and emphasizes the importance of the pro-
grams of postacademio professional training that are being
advocated and promoted by tbe Engineers' Council for
Professional Development. , o
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CHAPTER II: PRESENT STATUS OF GRADUATE
WORK IN ENGINEERING

INSTITUTIONS OFFERING GRADUATE WORK

AT THE present time 83 out of a total of 155 institu-
tions in the country that offer work in engineering
leading to baccalaureate degrees provide programs of

graduate study. While the number of institutions offering
advanced work is not greatly different from that in 1925,
enrollments in many of these institutions have materially
increased during the past 10 years. Furthermore, in 1925
graduate work in engineering was limited almoAt exclusively
to programs leading to the master's degree. Enrollments
were concentrated largely in but 10 institutions. While
there is still considerable concentration of students in a
small proportion of the institutions (two-thirds of all grad-
uate students of engineering are enrolled in but 10 insti-
tutions), the spread of enrollments is increasing rapidly.

Work for the doctorate is more limited in its spread among
the colleges than is work for the master's degree. Never-
theless, 34 institutions offerea such work in 1933-34, and
doctoral candidates were enrolled in 27 of these. Four
instituiions alone, however, conferred more than half of all
doctorates in engineering in that year.

. . ENROLLMENTS AND DEGREES CONFERRED

A summary of enrollments apd of advanced degrees con-
ferred in 1933-34 is given in table 1.

The total number of candidates for the master's degree
Wm 2,301, as compared with 455 for the doctor's degree.
While there has been a decrease in number of candidates
for the master's degree since 1931-32, the number of candi-
dates for the doctor's degree has continued to increase.

Bued on questicpas 1, 2, and 8 of the questionnaire. Bee appendix.
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8 GRADUATE WORK IN ENGINEERING

Contrary to what might have been expected fewer fields .
of work are offered for advanced degrees, at least as shotvn
by catalog designation; than there are for first degrees (38
compared with 79). While 38 fields of woik are offered for
the master's degree, students are enrol:31,in but 24 of them
as shown in table 1.

The distribution of enrollments, by fields of work, for the
master's degree differs apprecialbly from that for the bache-
lor's degree. The ratio of numter of candidates for master's
degrees in 1933-34 to number òf seniors of the preceding
year in some of the major engineering curricula is as follows:
Metallurgical engineering, 1: 2.05, Aeronautical engineering,
1: 3.9; Electrical engineering, 1:4.4 ; Chemical engineering,
1: 5.4; Civil engineering, I :6.2; Mining engineering, 1: 6.3;
Mechanical engineering, 1 : 6.6 ; average, all curricula, 1 : 5.75.

Enrollments for the doctor's degree differ among depart-
ments even more strikingly than do enrollments. for the
master's degrees. It will be noted from ta that chemical
engineering occupies a position of much greater relative
importance in this field, and that it is far in the lead in
number of doctor's degrees conferred; more doctorates were
conferred in chemical engineering in 1933-34 than there
were in any other two fields combined. A majority of these
degrees were conferred by two institutions aloneUniversity'
of Michigan and Columbia University. If the doctorates
in chemical engineering conferred by these two institutions
were to be deducted from the total of all engineering dix-
torates, the 'picture as to the magnitude of the higher phases
of advan.ced work in engineering would be quite a different
one

It is of some significance to note the relationship of part-
time enrollments of various kinds to -lull-time enrollments,
the' number of Part-time students being aboilt three-eighths
the number of all graduate students and the proportion of
cooperative and evening student; being about one-sixth of
the total.' These ratios fire not nearly as large as they were
5 yearttago because of a marked decrease in enrollments in
some of the special types of graduate programs.
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PRESENT STATUS

COMPARISON WITH OTHER SCIENCE DIVISIONS

No means are available fordetermining the relative position
of work for the master's degree in engineering with similar
work in other fields of science. The relative standing of
work for the doctorate may be judged, however, by compari-
son of the number of degrees conferred in various branches
of science. Until 1928 fewer than 10 doctorates were con-
ferred in engineering per year; it was far down the list of the
sciences in this regard. By 1930 engineering had risen to
eighth place. In 1933 it stood seventh; and in 1934, if the
figures gathered by this survey be substituted for those of .

the Association of Researfh Libraries (which has taken over
the compilations formerly made by the National Research .
Council), engineering is in second place with 126 degrees,
being exceeded oftly by chemistry, which is far in the leadof all other branches of science with 590 degrees. Physics
is third in the list with 121.
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'CHAPTER III. ADMINISTRATION OF GRADUATE
WORK IN ENGNEERING

GENERAL ADMINISTRATIVE CONTROL

CONSIDERABLE diversity of practice exists among in-
stitutions in the form of organization under which
graduate work in engineering is administered. This is

due both to differences as to type of institutions and as to the
nature of the graduate programs themselves. The fonn of
organfiation often differs, for example, between universities
and polytechnic institutes, and between those offering die
customary all-residence programs and those offering part-

. time or cooperative programs.
In a considerable niajority of institutions work for both the

master's degree and the doctor's degree is administered by
the same individual, group or school , in a few institutions the
two programs are administ:ered by different agencies, for
exAmple, by the dean of engineering in the case of work for
the masterlg degree, and by the dean of the graduate school
in the casé of work for the doctor's degree.

In those institutions where the master's d. , ee in engineer-_

ing is conferred but the doctor's degree z i e t, it is found that
15 cases control rests in the graduate school while in 12

cases it is in the college of engineering. In 6 other cases it is
under groups that may be considered as joint agencies of ths
entire college or institution, such as special committees rep-
resenting the entire college, the'regigitrar, or a special com-
mittee on advanced degrees. In cases where control is
exercised by the graduate facii* .or graduate school the

, engineering faculty is represented on the faculty or in the
school.

Considering all cases of work for the master's degree,
whether or not work for the doctorate is also offered, with the
exception of the 6 cases last-named, in 30 institutions the
control of work for, this degree is under te graduate school

. and in 30 institutions it is under the college or division of
Based on quaSjiens 4 and 13 of the questionnaire. Bee appendix.
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ADMINISTRATION

engineering. ..ATuong the latter group are included those
institutions which offer., no work except engineering and the
closely related fields of physical science, i. e., the separately
organized polytechnic institutes, the schools of mines, indthe like.

Work done for the doctor's degree is found to be under the
control of the graduate school in 20 instances and under th6
college of engineering in 11 instances.

OFFICIAON- RESPONSIBLE CHARGE
The official in responsible administrative authority overgraduate work in engineering also differs considerably among

institutions as shown by the following -tabulation, which
reflects not only differences in type of institution and of
program of work but also the influence of individuals and of
traditional form, of organization.

TABLE 2

individual or group

0
(a) Institutions offering work for the master's degree only

Dean td graduate study or school

Number
of cases

15Chairman of Committee
12Dean of Engineering

Dean of engineering and chairman of committee 4Head of- department
3Dean of graduite school ind dean of engineering, jointiy 3Special faulty adviser
1

(b) Institutions offering work for both doctor's and master's
. degrees

n of graduate study' or school - ... ... ... .. .... . l k4
NM am I........_

thairman of committee *
.. 9t. Dean of engineering .

, 6
. Reid of department or major professor 2Joint supervision, as by dean of giaduate sch6oka0 dean of

engineering
,. 5Instances, where different individuál is in ctintrol of master's

..
.... , .. .,

work .tip4 of doctor's work_.,.- . ,

I .
8

,.

._ .. _.

, . .

NATVRE (ii pjiplildiSIENtAL ORGANIZATION

Griduate work and "tuidergraduate work in enginéëiing
usually come under tha*,nwilelopiktmtantal infinization,.

Although 'some answers to this pa.rt;'of the inquiry lire *not-.& ,,
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12 GRADUATE WORK IN ENGINEERING

altogether clear this appears to be true for at least 77 of the-
82 institutions under consideration. This does not implythat there are not different' 'éthoas of-control exerted overthe departments as io the conduct of both graduate and
undergraduate work in engin:rv The following illus-trates various practices:

University Caiisfornia. There are no colleges in theFraduate school, ratherseveral departments of engineering,1. e., department of C. E. department of E. E., etc. Eachdepartment is represented by an adviser who administersthe details in regard to the wOrk of the graduate students incooperation with the dean of the graduate division.
University of Colorado.The head of each department incooperation with the dean of engineering assumes fullresponsibility under the dean and the executive committeeof the graduate school.
Yale Univereity.There is a director of graduate studiesin each department. He is responsible to the dean of theduate school for the M. S. and Ph. D. degrees and to theean of engineering for the higher degrees in engineering.
University of illinois.Nominally there is no departmentalorganization for graduate work which is supposed to beconducted by individual professors authorized and controlledby the graduate school. Actually, course offerings are deter-mined yearly by departments, except that new ones requireauthorization by the graduate school.
Stcae University of Iowa.The heads of depirtments areadvisers in cooperation with the dean of the college ofengineering. General procedures are determined by thegraduate faculty of the university.
Johns Hopkins University.rGraduate work in engineeringis under the direction of the advisory board of the school ofengineering, which is made up of the president of the uni-versity, the dean and assistant dean of the school of engi-neering, all full professors of engineering, the dean of thecollege of arts and sciences, and certain professors from thefaculty of philosophy.
Massdrkusetts Institute of Technology.Graduate work andgraduate students in each department ard in charge of aspecial committee on graduate students appointed annuallyby the head of the department who may be the chairman.
Montana School of Mines.Graduate work is under thesupervision. of the "graduate and research committee" madeup of department heads in major fields. The major professordirects the work in detail.
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ADMINISTRATION 13
Columbia, University..---For the master's or equivalentdegree, there is no difference in departmental o : nizationbetween undergraduate and graduate work. For s octorates,the work is under the dean of the graduate faculties, whoappoints a special committee for each candidate, usualrywith the department head as chairman.
Univereity of PittsWrgh.In undergraduate work depart-ment heads are fesponsible to the dean of the engineeringschool. In graduate work department heads functiondirectly with the dean of the graduate school. The dean ofengineering acts in an advisory capacity only.
Univereity of Wiscansin.The work of the graduate schoolas a whole is organized not only according to departmentsbut also according to &visions, each of which includes allieddepartmentá,

RELATIONSHIP OF ADMINISTRATION OF GRADUATEWORK IN ENGINEERING TO OTHER GRADUATEWORK

The vast pajority of replies relating to the topic of thissection indicate that graduate work in engineerini and grad-uate work in fields of science closely related to engineeringare administered by the same form of organization, whetherit be through it conunittee, departments, or other type ofcontrol: Some replies indicate the degree of c6ordination orof correlation which it is aimed to secure in administeringthe two programs,, but most replies do not. Some of thepractices showing the nature.. of the relationships and ofpractices in this coniiection are given herewith:
Catholic University of Awrica.*--Gracitiate work in theschool of arts and sciences is administered and supervisedby the graduate council of the graduate school of arts ,andsciences. 'Engineer* is entirely distinct.
Stale University of Ietva.:---If courses in science depart-mews' are closely related, certain of such science coursesmay be included with the major field in engineering. Aboutfive-sixths of the program is comprised in the major.Johns Hopkins. Univertity."---The faculty of engipeeringand the advisory board of the school of engineering areindependerit but, hrgenerta, the methods of mstriiction andfile requirement, for advanced degrees have been patterned ke
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14 GRADUATE WORK IN ENGINEERING

on those set up in the school of higher studies for the degrees
of master of arts and Ph. D. Intimate relations are main-,tained with the school of higher studies through representa-tives on the boards of each school from the faculty of theother. All full professors of the school of enOneering are
members of the board of university studiesa largeboard of 71 members which makes the arrangements for
instruction of advanced students and for the examina-
tions for the Ph. D. and M. A. degrees. Several members ofthe board of university studies are also members of the
advisory board of the schbol of erigineering.

Candidates for the degree of doctor of engineering usually
elect as subordinate subjects courses in chemistry, mathe-
matics, and physics. The dissertations for candidates forthe Ph. D. degree are subject to two refereesone in engi-
neering and one in a cognate science.

Massachusetts Institute of Techn,49logy.Graduate work inthe department of science is organized similarly to that in
engineering. Both schools report to the faculty through the
committee on the graduate school. The schools of architec-
ture, science, and engineering function as a unit in the gradu-
ate school under its dean.

Columbia Univereity.For the master's degree there is
the closest cooperation between the engineering and science
departments. For the dootorates the administration and/or
supervision of engineering and science degrees is identical.

University of Oincinnati.There is complete coordination 4
of work in engineering with that of science and other related
departments. Those majoring in engineering can minor ortake courses in science and mathematics. Those majoringin chemistry, etc., may minor or take courses in engineering.

Univereity of Pennsylvania. Moore School of Electrical
Engineering.Graduate students may elect, and all candi-dates fdr the doctor's degree do elect graduate courses inphysics and/or chemistry. There is cooperation but noformal relationship between administration and supervisionof graduate work in electrical engineering and that in other
sciences.

University of Pitt8burgh.The relationship is.' informal.Each department head is in responsible charge of the workof his department and deals directly with heads of science andother allied departments.

.
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ADMINISTRATION 15
MOST DESIRABLE FORM OF ADMINISTRATIVE ANDSUPERVISORY ORGANIZATION OF GRADUATE WORK INENGINEERING

With few exceptions the replies to the question inquiringas to views on the topic named above fall in three categorieswhich are named in order of the number of their proponents.Comparison of replies with statements of form of organiza-tion existing in the institution indicates a strong tendency toendorse the form of organization with which the individualreplying is associated or, as is natural, that which he hasestablished.
1. A large proportion of replies favor the inclusion ofkraduate work in engineering under the general administra-tion i f the graduate school of the university. This type ofad stration is favored in the larger institutions of complexorganization. About half of the institutions under discus-sion are included in this category.
2. In at least 10 institutions, control of graduate work inengineering through a general committee on, graduate studieswith the dean of engineering included as a member is favoredas a form of organization. This plan is recommended bysome of the middle-size or small universities and by some ofthe polytechnic institutes.
3. In 5 cases it is recommended that graduate work inengineering should be entirely independent of other forms ofgraduate administration.
Examples of each of the types recommended are givenherewith:

CONTROL BY GRADUATE SCHOOL

'1. We are satisfied to have our graduate work in engineer-ing under the dean of the graduate school. But work forprofessional degrees in engineering should be left practicallyto the college of engineering.
2. Our plan seems to be entirely satisfactory. The grad-uate work in ongineering is placed on the same basis asgraduate work in all departments, i. e., under the graduateschool, but it is supervised by the departments concernedand also has the general supervision of the dean of engi-neering.
3. The existing arrangement tends to bypass the collegeof engineering as such. This has certain administrativedisadvantages. However, it is excellent for standardizing. the.requirementa for degrees and for ultimately building upan independent graduate college.a

a
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16 GRADUATE WORK IN ENGINEERING

4: We consider some centralization of administration andsupervision of graduate work necessary even in an institu-tion of such diverse activities as ours, and feel that by con-siderable utilization J the tommittee on which the severalschools are represetited we secure adequate adaptation tothe differences in programs and objectives.
5. Success in an institution of this kind depends on theactive cooperation of the faculty. This cooperation canonly be assured if the graduate school has a separate budget

and if the faculty serving the school receive at least part ofthe remuneration for their graduate work and consequentlyare responsible to the graduate school administration.
CONTROL BY COMMITTEE

1. Where the number of graduate students is small acommittee on graduate instruction is most desirable. Wherenumbers are large there should be a dean of graduates tudents.
2. Administration of graduate work by a dean of : uatestudy who is ctiairman of an executive committee rom thegeneral faculty and immediate supervision by the engineer-ing department has worked out very well and is believeddesirable for similar institutions where the faculty is prac-ically the same for graduate and undergraduate work.
3. A representative graduate committee seems to be thebest way to direct and control graduate work. Such a com-mittee covers all of the fields of the institution and helpscorrelate the entire graduate work, that is, the standards ofthe various colleges are consistent in their requirements.

INDEPENDENT OR OTHER FORMS OF CONTROL

1. It is believed that graduate work leading to theequivalent of a master's degree is well administered underthe engineering school. For ,th4A1Qcior's Ilegrze, if given,it would seem better to have the students -come ufider thedean of the graduate school.
2. It is believed that some slight improvement might berealized in the doctorate work if such were directly underthe faculty of engineering.
3. Experience here has showii that graduate work inengineering and commerce should be under the faculty ofthe of engineering and commerce with special com-mittees, Just as is the practice in the undergraduate work.
4. We consider the departmental organization such its isin vogue at Harvard and the University of Chicago su e norto the usual graduate school having a faculty is : s e uplargely of meirtarried on budgets of independent schools.
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ADMINISTRATION 17
5. The present system is satisfactory (graduate-schoolcontrol) where cooperation is good. However, a situationcan be, visualized where administration would be best if inthe engineering college exclusively. Here the ter collegerelates to undergraduate work only.
GRADUATE WORK IN ENGINEERING DURING THE

SUMMER TERM

The following 21 institutions indicate that they offergraduate courses in engineering during the summer:
University of Alabama.
University of Florida.
University of Illinois.
Iowa State College.
State University of Iowa.
Kansas Sale College.
University of Maine.
Massachusetts Institute of Tech-

nology.
University of Michigan.
UnNersity of Minnesota.

University of Nebraska.
Univearsity of North Carolina.
Ohio State University.
Unive *ty of Cincinnati.
Cam Institute of Technology.
University of Pittsburgh.
South Dakota State College.
University of Tennessee.
A. and M. College of Texas.
Virginia Polytechnic Institute.
West Virginia University.

In a few instances graduate work is permitted during thesummer under special circumstances such as (I) by specialrequest; (2) when the professor is in residence and willing tosupervise the work, (3) when studenti wish to use labora-tories for research work on theses; and similar cases.Fifteen of the twenty-one institutions listed reportenrollments in theirpgraduate programs in engineering duringthe summer of 104. These included a total of 504 courseenrollmentsa small number in comparison with similarenrollments in several other divisions of higher education.The total number of graduate courses in engineering offeredwiC15 79. 'Mae included a considerableliumber of courseshaving the same designations as undergraduate coursessuch as water supply and masonry and foundations, a greatmany theses; and some special types of work provided forsummer terms only, such as those in river hydraulics, theoryof hydraulic models, special-courses in mechanics, etc.To summarize, it may be said that graduate work inengineering has assumed a place of some importance insummer terms in a very few institutions only and that itdoes not loom very large in the general picture of engineeringeducation.

44



18 GRADUATE WORK IN ENGINEERING ,

COOPERATION AMCNG INSTITUTIONS

Twelve of the institutions on our list indicate that they
have cooperative arrangements with other institutions for
the interchange of facilities or credits in graduate work, as
outlined in the following statements:

University of Pittsburgh.Faculty members of neighboring
institutions may take graduate work at half cost.

Case School of Applied Science.Services are interchanged
with Western Reserve University. The use of this plan is
limited and occasional. The student registers in one insti-
tution only; the latter approves any elections in the other
school and accepts its record for credit.

Ohio Mate University. --Cooperative arrangements exist
with Ohio University and Miami University, which are
represented on the graduate council of Ohio State University.
Part-time assistants connected with the instructional staff of
Ohio University and Miami University may pursue work at
th titutions, subject to supervision by the graduate
come of Ohio State University, and receive degrees from
the latter institution.

University of PennsylvaniaMoore School of Electric,a2
Engineering.'rhe director of the Bartol Research Founda-
tion of the Franklin Institute is a member of the Moore
School staff. Doctor's theses may be done at the Bartol
Research Foundation on approval of the director. The
arrangement has been successful as well as beneficial to the
Moore School.

Oregon State College.All credits are interchangeable
within the Oregon State system of higher education.

Polytechnic Institute of Brooklyn, Columbia University, New
York University, and Stevens Institute of Technology.For
members of the teaching staff of these four institutions in
the metropolitan area of New York there is an informal
arrangement for the interchange of credit for advanced
study. Several individuals already have taken advantage
of this plan, which avoids competition in certain specialized
fields.

Syracuse University.Up to 1934, this institution has
accepted up to 6 hours of credit for the master's degree from
certain other ens; s eering schools, and Syracuse students
could be assign() to do from two-fifths to one-half of their
master's work at one of these institutions. Students who
have not graduated from Syractise are expected to complete
a minimum of 30 hours at Syracuse.
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Harvard Universit
work is possible."

University of Texa The recognition of 6 semester hours'credit in engineering toward the local program is limited towork taken at institutions that are members of the Associ-ation of American Universities.

19
"By special arrangement cooperative
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CHAPTER IV: TEACHING STAFF A D
GRADUATE WORK '

ROBABLY in no Other respect kas the advent of
graduate work in engineering had more important
effects than in relation to the teaching staff. Informa-

tion furnished by the survey bearing upon this matter is
considered from three standpoints: Problems of administra-
tion, recruitment and tiaining of younger teachers, and the
elevation of standards of instruction.

PROBLEMS OF ADMINISTRATION

Adjustment of teaching loads.Practice in this connectio4
differs considerably. In many institutions the load of
graduate instruction has been added to the previously
existing load of undergraduate instruction, which was
already heavy in comparison with other divisions of higher
education.2 The cause of this has been the necessity, in
many institutions, of adding graduate work to the under-
graduate programs ahtady offered without making any
additions to the teaching staffs. In one or two institutions
relief of this situation is planned, but has not been carried
into effect due to financial limitations. In most institutions
where additional staff has been provided to take care of the
increased load, hours of graduate and of undergraduate
instruction have been 'given equal weight, though there are
one or two important exceptions to this practice. Com-
menting in this connection administrative officers of colleges
that supplied information mention that graduate instruc-
tion is carried for the most part by the senior members of
the staff whose previously lighter schedules could be in-
creased most readily. One correspondent remarks that the
older teachers whose schedules were lighter than average
so as to give opportunity for study, .writing, and research,
have now taken on graduate work. Several institutions
report that teachers assigned to graduate wqrk have bien

I Based on question 6 of the questionnaire. See appendix.
I See Bulletin No. 4 of the Investigation of Inginearint Education. Society for the Prom&

tics of Engineering Education.
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TEACHING STAFF 21
relieved of a corresponding amount of undergraduate work,though in most institutions there has been no such relief.Little or no attempt is made, appaAntly, to weightduate work in relation to undergraduate work in arrivingat s. . e of teaching loads. In the few schools thatreport suc e ort, one unit of graduate work is taken as theequivalent of o a s . one-half units of undergraduate work.One institution u: a ratio of 1 to 2 in this connection.Graduate thesis sup .:*on is systematically weighted in

1/4
only a few institutio s One counts supervision of onethesis as 5 percent of a fu teaching schedWe ftr.other countssupervision of one master's thesis as the equivalent of oneunit of lecture or recitation work, and supervision of onsedoctor's thesis as the equivalent of 2 hours of lecture orrecitation work.

To summarize the matter of . teaching loads it may besaid that the advent of graduate work at a time whenbudgets were being curtailed, and when' some staffs werebeing decreised in. numbers, has prevented the normaladjustment tp the increas4 duties that otherwise could havetakenplace.
Extra compensation.In general, no extra compensationis allowed for graduate instruction except when the work isconducted in evening sessions. In such cases compensationis commonly made on an hourly basis. In one case com-pensation for graduate work is 50 percent greater than forundergraduate work.
Writing and exchange profenor8.Eight institutionsreportthat they have had experience in the exchange of professors-,and three others state that they have plans for such exchangein the near future. At least two institutions, MassachusettsInstitute of Technology and the University of Michigan,have arranged fór visiting professors during summer sessions,the arrangement at Michigan having been in connectionwith advanced courses in mechanics particularly adapted tothe needs of university teachers. It must be rememberedthat when exchange is between two institutions in thiscountry the same exchange is reported twice. The practiceof exchange of teachers is not, therefore, one that ha§ foundvery wide adoption.
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22 GRADUATE WORK IN ENGINEERING

RECRUITMENT AND TRAINING OF TEACHERS

It is evident from statements of fact and of policy sub-
mitted by engineering schools and colleges that a marked
change of attitude is taking place toward the extent and
nature of training demanded of candidates for teaching
positions. Approximately five-eighths of all institutions
which reported on the subject state that they either require
the holding of the master's degree as a minimum or that
they give great weight to it in choosing new men. The
holding of an advanced de-gree is an absolute requirement
In 23 of 81 institutions reporting; 8 others virtually make
the same requirement without having a fixed rule, and 5
others malie it as a definite requirement for advanceinent to
posts beyond that of instructor. Replies to questions in
this conhection indicate that the weight given to the holding
of advanced degrees ig just about equal to that given to
practical experiencethe latter being, of course, in relation
to instructorships in engineering subjects. Only a small
minority of institutions report that little or no *eight is
given to possession of advanced degrees.

In a few institutions the attempt is made to require all
those appointed to full professorships to hold the doctor's
degree. Information is not available to indicate how com-
pletely this rule is enforced as to members of the engineering
faculty.

Nearly half of all institutions reporting state that they
have changed their attitude and policy in recent years in the
matter of requiring newly appointed teachers to hold
advanced degrees, the change having been in the direction
of much greater emphasis on itdvanced training. The
present situation is quite different from that of the days
when practical experience was the sole requisite for appoint-
ment, except, of course, the holding of the bachelor's degree,
and when possession of an advanced .degree was so un-
common as not to be a factor.

It is quite possible that the change which has occurred in
this connection is due as much to the fact that candidates
having advanced degrees are now available as it is to the
desire to lay down definite prescriptions. Whatever the
cause, however, possession of an advanced degree has
become so much an *wet among applicants that a recent

';
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TEACHING STAFF 23

graduate applying for a teaching post who does not holdsucli a degree can scarcely expect to receive considerationin kpaajority of institutions, the most he can look. for issome form of fellowship under which he can pursue graduate
work before he can be appointed to a regular instructorship.

ELEVATION OF STANDARDS OF INSTRUCTION

Self-atIvancemnt of teacher8.--For the purpose of the
improvement of instruction it is the policy of nearly all
institutioná to encourage and systematically to aid their
younger teachers to continue their academic training.Nearly three-quarters of the institutions report that theyhave definite plans in this connection. Comparatively fewof them go so far, however, as to have systematic provisionsfor sabbatical leave.

Evidence points to the fact that' teachers are availing
themselves of opportunities for advanced study aud thatthey are fully take to the fact that more extended academictraining is becgming essential to promotion. Among thestaffs of 68 colleges reporting, 443 teachers were putsuing
graduate courses in 1934-35, an average of more than. 6teachers per institution, or about 15 percent of the entirestaffs of those institutions. Among the teachers of 69institutions which supplied information, 655 teachers, ornearly 10 per institution, and about 17 percent of the entirefaculties, earned advanced degre'es during the past 6 years;a truly remarkable record, particularly in view of the factthat ,several of thq larger institutions are not included inthis summary because they could not assemble the informa-tion.

The chief means by which teachers have earned degreesis through the opportunities afforded by their own institu-tion, though a significantly large fraction of the work hasbeen pursued in summer sessions of other institutions.During the summer of 1934, 15 institutions provided suchwork, the total number of engineering students enrolledbeing 422, of whom 123 we're teachers. Nearly two-thirdsof this enrollment was in two institutions: MassachusettsInstitute of Technology and the Uniyertity of Michigan.'Some of the most interesting developments in poke-graduate work have had important connections with these
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24 GRADUATE WORK IN ENGINEERING

siiinmer sessions: The work in hydraulics under Woodward;
Mavis, and the late Professor Nagler, at the State University
of Iowa; photoelasticity under Frocht at Carnegie Institute
of Technology; theoretical and applied mechanics under
Timoshenko, Erickson, and others at thb University of
Michigan being conspicuous illustrations of the development
of distinctive programs arottpd teachers of particular
qualifications.

° It is in just such ways as these that graduate work is
probably destined to have its most beneficial effects on
engineering education in this country; that is, by tending
to aid in the development of centers of particularlOpes of
advanced work of high quality and of distinctive charac-
teristics. leis only in the cases of a minority of the engi-
neering schools of the country that staffs, facilities, and
resources are such as to provide for comprehensive programs
of graduate work of high quality in all fields in which under-
graduate curricula are offer,ed, but many institutions can
capitalize particular 'assets in the way of staff, facilities, and
location, and provide distinctive programs in special fields.

Conferring of advanced degree8 on member:9 of the institu-
tion's own 8taff .The taking of advanced work in the
teacher's own institution has intensified a situation that has
been something of a problem in many institutions, nameV,fi the conferring of degrees upon members of the institution's
own staff. Two views as to this matter are commonly
expressed: (1) that *there should be no discrimination
against the institution'á' own teachers and that the school
should be free to profit by the advanced trainiiy of its ownmen, and (2) that restrictions are needed to ¡lard against
the danger of questionable practices in degree-conferring.

The prevalence of various practices-in this connection is
shown by the following statistics: No limitations, 22 in-
stitutions, advanced degrbes limi to assistaiats .und in-
structors, 38; advanced degrees limited to assistants,
instructors and assistant professorsi 12; all except full
professors eligible, 1 none conferred on any maliber of
staff, 2 no answer, or no definite policy, 6.

Several interesting varitgits on the usual regulations are
reported. One institution provides that all teachers ofany rank higher than that of instructor must receive special
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TEACHING STAFF 25
petiiiission from tho :dean of the grtiduate school to enrollfor an advanced degree. Another permits instructors toearn degrees in any field, but will not permit an assistantprofessor to take work in his own department. Another will,not permit its own teachers to take work for the master'sdegree, but will permit them to work for the doctorate.Still another. will ,not confer a degree on a member of thefaculty of the graduate school-, but imposes no limitationson other teachers.
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CHAPTER V: GENERAL CHARACTERISTICS OF
THE PROGRAM OF GRADUATE WORK IN ENGI-
NEERING 1

THIS CHAPTER is con.cerned with the general nature
and content of graduate work in engineering and with
methods of conducting it. Only those elements that

aré dapable of quantitative analysis are included, which
implies, of course, that some of the most vital aspects of
graduate work are excluded, because being largely intangible,
they escape any statistical analysis.

Specific matters presented herein include the following:
Proportion of required work in science, engineering, and human-

istics.
Place of economics and of economic factors in graduate work.
Relation of work in course to research.
Use of the seminar:
Plan of prescribed majors and minors.

PROPORTION OF MAJOR FIELDS IN GRADUATE
PROGRAMS

WORK IN SCIENCE, ENGINEERING, AND HUMANISTICS REQUIRED FOR
THE MASTER'S DEGREE

As the usual requir ents for the maAter'sliWe seldom
cover more than 1 aA: demic yea.i.*of study the tendency of
engineering schools is to devote the major share of this
time tiò advanced courts& in engiteeilinetrittestaliiiicesub-
jects, although pure science may occupy a considerable por-
tion of the year's work. Ihtmanistic subjects also are given
some recognition in a nurber of schools, although in at
least 10 cases these are not *recognized as a part of the pro-
gram for the master's degreii. It is generally expected that
the necessary humanistic subjects will have been completed
during the undergraduate period of study.

According to thé information supplied, the three. fieldsr
advanc:ed engineering, pure science, and humanistics,
recognized as basic for the master's degree program iïi
ènginetving in 26 institutions, while but two fields, advanced

Based on quesiions 6 and 7 of ibe questionniOre. See appendix..
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GENERAL CHARACTERISTICS 27

engineering and pure science, are recognized in 31 institu-.dens (in addition to the 26 mentioned).
According to the accompanying table we find that 18schools inditate the amounts for 4he three fields in terms

ofspeicentages and 9 schools indicate the percentage for twofields only. y

In the eight schools that do not give the percentage forthe three fields -the statements indicate tha't the mainemphasis is given to advanced engineering, with minoremphasis on jfuiì science and mathematics.
In the schools at do not give the percentages for thetwo fields the statements indicate that emphasis is eitheron a balanced program or on advanced engineering.

TABLE 3.-PROP*ORTION OF WORK TN ADVANCED ENGI-NEERING, PURE SCIENCE, AND HUMANISTICS

6

- Ne

THREE FIELDS

_ . Percent in .

Advanced
engineering

-
Pure science

.

Humanistics

32
33%
40
45
50
50

50-663

60
60
60
66%
662f

' 604
- . 663¡

75
75

66;¡.
87!.-tt

35
33%
50
45

_ 25+
25+

Minor.
Part or all.

30
0 to 40

20
0 to 33%

Permitted.
Permitted.
Permitted.

15
0 to 25

33
33%
10
10
25+
25+

Minor.
Part or all.

10
0 to 40

20
0 to 33%

Permitted.
Permitted.
Permitted.

10
0 to 25

33%
1Z4

'TWO FIELD

50
50
50
f,0
CrI2i
C,6

100
100
100

. 50
50
50
50
3.3%
33¡
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28 GRADUATE WORK IN ENGINEERING

WORK IN SCIENCE, ENGINEERING, AND HUMANISTICS REQUIRED FOt
THE DOCTOR'S DEGREE

Relatively few institutions reported on the distribution of
courses in the three fields referred to in the programs leading
to the doctorate. Definite figures were given by 5 institu-
tions as shown in the following table. These figures repre-
sent the general tendencies of practice in these institutions.

TABLE 4.-----PROPORTION OF WORK IN
-

ENGINEERING, PURE
SCIENCE, AND HUMANISTICS IN PROGRAMS LEADING
TO THE DOCTORATE IN ENGINEERING

Institution

Colorado School of Mines_ _

Minnesota School of Mines_ _

Columbia University
Johns Hopkins University__ _____
Carnegie Institute of Technology

PIERCENTAGE

Engi-
neering

45
50
50
663/41
80

Pure
science

Human-
istics

10

- .....

Other institutions reported these relationships in general
terms. Both the University of Illinois and Purdue Uni-
versity offer specialized courses which include a considerable
contribution from the 'basic sciences. The correspondent
for the University of Illinois holds the view that humanistic
study carried on by the engineering doctoral candidate for
his degree should be self-directed. Cornell University, the
University of Michigan, Pennsylvania State College, and
Syracuse University indicate that the relative distribution
of work in these three fields depends largely on the individual
case.

The University of Colorado and Michigan College of
Mining and Technology indicate that there is a high degree
of specialization in the combined fields of engineering and
pure science.

Rensselaer Polytechnic Institute recommends a large
amount of science. There is less necessity for general
courses. Iowa State College gives no credit for humanistics
in the doctoral program.

New York University in its course leadipg to the doctorate
in chemical engineering incliides 6 courses in engineering
and 6 courses in pure science and mathematics, 12 in all for
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GENERAL CHARACTERISTICS 29

the Ph. D. in addition to the doctoral dissertation. The
University of Minnesota indicates that when the major is in
engineering the minor should be in allied lines.

At Stanford University the program for the doctorate isbased on original research.
OPINIONS AS TO PLACE OF. ECONOMICS AND ECONOMIC FACTORS INCOURSES LEADING TO MASTER'S DEGREE IN ENGINEERING

Of the 82 institutions which replied to the questionnaire15 feel that economics and economic factors are importantand should have a prominent place in the program for the
master's degree in engineering. The following schools sug-gest that economics should be taken as a minor: Iowa State
College, University of aputh Dakota, University of Southern
California, University of Colorado, University of Minnesota,University of North Carolina, and the University of Wash-ington. The Towne Scientific School of the Universityof Pennsylvania indicates th4 economics and economicfactors are next in importance to science and technical study.

Economics is recommended as an elective for the master'sdegree in engineering by Johns Hopkins University, CarnegieInstitute of Technology, Lafayette College, and Purdue
University. At least 24 institutions think that the matterdepends on the need of the individual.

The percentage of time suggested foi the study of eco-
nomics and economic factors is indicated by the following
institutions: University of Florida, about 10 percent;
University of Idaho, 15 to 20 percent; University of Texas,20, Polytechnic Institute of Brooklyn, 20, Stanford Uni-versity, 25 (engineering degree), Iowa State College, up to
33%; Catholic University of America, 33%; New York
University, about 33%, depending on field.

Quite a few schools approve the combining of economicfactors with advanced engineering comics, otherwise it isgenerally expected that sufficient economics will have beentaken in the undergarduate course.
The Univexsity of Utah states that the whole master'sprogram in certain cases could be appropriately devoted toeconomic and social studies.
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30 GRADUATE WORK IN ENGINEERING

OPINIONS AS TO THE PLACE OF ECONOMICS AND OF ECONOMIC
FACTORS IN ENGINEERING LEADING TO THE DOCTORATE IN ENGI-
NEERING

The following institutions believe that the study of eco-
nomics and economic factors is of considerable importance
as a part of the doctoral program in engineering: Rensselaer
Polytechnic Institute, University of Rochester, and the
Montana School of Mines. The University of Louisiana
believes it should be definitely required. Thé University
(3( Arizona considers that some work of this type is essential.
Carnegie Institute of Technology believes that economics
should be included.
s On the other hand the State University of Iowa views
tbe engineering doctorate primarily as a research degree
with little time for economics. Iowa State College would
not recommend the study of economics beyond the master's
degree. Massachusetts Institute of Technology does not
recommend it unless, the student has liad nolle in the
bachelor's course or unless he needs it in the field of business.
At the University of Michigan it is considered of minor
importance for this degree.

The following schools are ()I the opinion that tbe taldng
of economics is a matter which should be governed by the
student's particular needs, the nature of his field, or the
thesis: Ohio State 'University, University of Wisconsin,
Columbia University, New York University, and Rutgers
University. Purdue University would encourage the study
of economics but would not require it for the advanced
work.

Johns Hopkins University advocates this subject as an
elective except as included in the formal engineering course.

The University of Minnesota suggests economics as a
minor, and the University of Colorado as a second minor.

The following schools indicate the amount of economics
that is required for the doctorate in engineering: Catholic
University of America, and the University of Arkansas,
about 9 e-third of the work in course; Ne.w York Univeraity,
about o e-third, depending on the field; the University of
Idaho dicates about 10 percent. if #1

MiChigan College of Mining and Techuology recommends
economics and business administration as electives for
higher ifgrees.
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GENERAL CHARACTERISTICS 31

The Pennsylvania State College recommends both eco-
nomic and social factors in some cases.

The Moore School of Electrical Engineering of the Uni-
versity of Pennsylvania offers electives which contain courses
that give an understanding of economic principles in mar-
keting electrical products. .

RELATION OF WORK IN COURSE TO WORK
IN RESEARCH

MASTER'S DEGREE

Attention is directed first to the requirements in course
work and research work in programs leading to the master's
degree. Seminars are included in course work, and the
thesis in research work.

In 65 of the 82 i tutions considered there is quite a
variation in the imrcentage of the requirements which must
be satisfied by course work and in the percentage which
must be satisfied by research work for the degree indicated.

The percentage of course work varies from 30 percent to
100 percent and the percentage of research work from zero to
70 percent. Tho following table indicates the practices by
groupings:

TABLE 5.-RELATION OF WORK IN COURSE TO WORK IN
RESEARCH FOR THE MASTER'S DEGREE

, .

Percentage

Number of cases Work in Work in
course,

including
research,
Including

seminar thesis

1 _ _ _ _ 30 70
2 _ .... _ _ _ 334+ ii
5 __ .... _ _ 50 .b.__ _ _ ..... __ _ _________ 6080 1

_ _ 60 40
2___ _ _ _ ..... _ _ 65 35

10_____ __ 66%
5_____ _ _ _ _ __ 70 30
1 _ _ 73 27

11______.,..____ __ 75 25
15 . _ _ __ 80 20
2_ ___ _ .._. _ . _ __ _ _ 87 13

_ _ 100
, ,

*,
I 1 case, engineer's degree.

The principal frequencies are those idbwhich 66% percent
is course work and 33% is in research; 75 percent course
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32 , GRADUATE WORK IN ENGINEERING

work and 25 percent in research; and 80 percent course
work and 20 percent research. A number of schools do not
express these amounts in terms of percentagei3. Several
schools state that the case of each student is determined
on its merits since no rule exists as to the proportion between
course work and research..

The University of California has two plans. Under plan I,
with the approval of Graduate Council, the candidate may
satisfy the unit requirement for the master's degree (20
semester units plus thesis) by a comprehensive plan of

4 research leading to an acceptable thesis. The schedule in-
dicated is research (designation and number of course),
10-12 units per semester, or 2 to 4 units per summer session.

eN) Ohio State University requires in its course work a rea-
sonable concentratioh on interrelated subjects under at
least two professors.

The University of Cincinnati in referring to the sixth year
of st following the 5-year cooperative period of work
mak e statement:

. In general it is preferred that the sixth year be spent in
full-time attendance at the university, but half-time em-
ployment in the Institute of Scientific Research may be
permitted. If an outside cooperative job is held, a mini-
mum of 2 years additional tune will be required unless
special. arrangements are made with the coopera ting firm
so that outside work is of a definite research character.If a student does not attend the university full time, its
faculty committee in charge of graduate work must approve
the arrangement that is made either with the Institute of
Scientific Research or with the cooperating firm. The
appropriate technical degree will be given at the end of the
fifth year for satisfactory. work. At the end of the sixth
year of satisfactory full-time work or cooperative work ofa definite research character the master's degree will be_

given. If the cooperative work is not of research char-
acter, the master's degree will be given at the end of the
seventh year, provided the requirements are met.

DOCTOR'S DEGREE

Sixteen, or approximately half of the schools offering the
doctor's degree in engineering, indicated the percentage of
work in course and the percentage of the work in reeearch
usually required for the doctorate. The table following
shows the differept frequencies:
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Number of cases

3
5
1

3
2
2
1

PIERCENTAGE

Work in
course,

including
seminar

40+
50
60
661/2
70
75
80

Work in
research,
including

thesis

60
50
40
33
30
25
20

.
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TABLE 6. RELATION OF WORK IN COURSE TO WORK IN

RESEARCH FOR THE DOCTOR'S DEGREE

As in the case for the master's degree, several schools indi-
cated the absence of any definite proportion between course
work and research. Flexibility is emphasized because of
the needs of the individual or because of the nature of the
problem.

EXTENT OF THE USE OF THE SEMINAR IN GRADUATE
COURSES IN ENGINEERING

MASTER'S DEGREE

O

Data as to the extent of the use of the seminar in graduate
courses in engineering were seldom given in quantitative
terms by those who supplied information. The following
statements summarize practices in a general way.

Of the 82 institutions reporting 24 cite little use of the
seminar in connection with the program for the master's
degree. A few of the remaining schools indicate the pro-
portion of time devoted to this method of instruction.

Three schools devote about 10 percent of the time to
44eminar work; 4 about 20 percent; one between 12 and 25
percent, 2, 33% percent, one 56 percent. Other statements
included the following: Seminary and Journal Club, 1 hour
each week; at least one seminar course is required per se-
mester ; one meeting per week in the major subject, one meet-
ing including preparation, 2% hours a week.

At least 26 schools, in addition to those referred to, reporta considerable use of the seminar. In some cases it depends
on the subject or the major; again it depends on the discre-
tion of the instructor; in other schools it depends on the
department.

E



34 ttRADUATE WORK IN ENGINEERING

Only three schools definitely report the nonuse of the
seminar.

DOCTOR'S DEGREE'

The seminar method is used to a considerable extent in
work leading to the doctor's degree in the field of enginier-
ing.

Only a few institutions indicate the amount quantita-
tively two indicate 10 percent, one not more than 20 per-
cent, depending on the thesis, one requires attendance at
the Seminary and Journal Club 1 hour a week ; another
requires attendance' at one weeldy meeting on research and
one on the major subject. In one school all graduate stu-
dents must attend the seminar of their major subject. In
another the student must attend a seminar while he is can-
didate for a degree.

Eleven institutions report. the extensive uáe of the seminar
without indicating the amount of time. Five institutions
stated that the seminar was little used.

PLAN OF PRESCRIBED MAJORS AND MINORS
MABTER'S DEGREE

Among the 82 institutions reporting on this question 18
indicate that they do not have any particular plan of majors
and minors for the master's degree in engineering. Certain
of them indicate their general plan in this connection- in
descriptive terms. The following illustrative cases are
samples of practice in this *regard: (1) The requirements
for the major and minor .are set up by the departments
concerned; (2) a minor is not required, but if taken must be
at least 10 semester-hours; (3) all the work may be in one
department and part may be in one or more closely related
departments; (4) the program consists of a highly profes-
sional curriculum mostly prescribed; (5) thepractice varies
with the student; (6) a major is required and in such cases
courses in related fields that seem to support the program
of study are required.
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GENERAL CHARACTERISTICS 35
TABLE 7.PROPORTION OF TIME DEVOTED TO MAJORSAND MINORS FOR THE MASTER'S DEGREE IN E.NGI-NEERING
[Cases in which the major and minor are expressed in fractional or percentage terms. Figures.for major in general are in descending order)

Institution

State University of
Iowa.

South Dakota State
College.

Stevens Institute of
Technology.

University of Colo-
rado.

Michigan State Col-
lege.

University of Florida

Kansas State College
Oregon State College

Pennsylvania State
College.

University of Min-
nesota School of
Mines.

University of North
Carolina.

University of Nevada

State College of
Washington.

University of Texas__

Major Minor

At least 3i of work
including thesis.

In major field
or %.

% of course credits
and thesis.

% in department
in which bache-
lors degree was
received, it n d
thesis.

4111. alp .....

%, major work 12
semester hours
in courses for
graduates only
in addition to
thesis.

%, including thesis_
.34, including thesis,

.30 term credits.

3, 18 credits, ex-
cluding thesis.

%, including 6 ap-
proved courses
in major group.

%, 12 semester-
hours.

62 percent, 20 se-
mester-hours in
major.

60 percent

Usually a minimum of
of the work.

3i of time; 2 minors of
of time each.

já in related fields.

t9 12 hours. If a
second minor is per-
mitted must not be
less than 6 hours in
other branches of
engineering, or allied
fields of pure science.

N to %.

12 semester-hours in
or more minors.

in 1 or more minors.
4, 15 term credits with

slight variations.

%, 9 credits.

%, including 3 courses
from.. one or two
allied departments.

%, 6 semester-hours.

1 or 2 minors or at
least 6 semester-
hours each.
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36 GRADUATE WORK IN ENGINEERING

*;

TABLE 7. PROPORTION OF TIME DEVOTED TO MAJORS
AND MINORS FOR THE MASTER'S DEGREE IN ENGI-
NEERINGContinued

Institution Major Minor
,

University of South- 460 percent
ern California.

New York University (5 courses) 60, per-,
cent 3 courses in
specific' branch
of engineering.

Rutgers University_ 60 percer4__ _ _ _ _ _

Purdue University.. _ 60 perc- f, 18_se-
-hours.

University of Arks&
sas.

-Virginia Polytechnic
Institute.

Cornell University_ _

University of South
Dakotti.- .

liniVersity of Wis-

'University of Ken-
tucky.

Tulane University.._
University of Illinois_

04

5&2 percent or not
less than 14 se-
mester hours in
major and not
less than 8 in
minor in a total
of 24 semester
hours, exclusive
of thesis.

50 to 664 percent_

50 to 75 percent...,

12 units 50 per-
cent, tunits in
thesis.

50 percent at least
in a single de-
partment.

50 percent+, 12
credits mini:
mum. Thesis
also in major.

50 percent at least _

50 percent at least,
may bean in ma-
jor, a major and
1, minor or a ma-
jor and 2 minors.

1 or 2 from related field
as physics.

2 courses.

40 percent, 12 in other
engineering depart-
ment or natural
science department.

33.i to 50 percent.

25 to 50 percent in 1 or
2 minors.

2 minors 8 units each
50 percent.

Remainder, correlative
work.

2 minors.
Not less than 34 of

w or k counts as
minor.
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GENERAL CHARACTERISTICS 37
TABLE 7.PROPORTION OF TIME DEVOTED TO MAJORSAND MINORS FOR THE MASTER'S DEGREE IN ENGI-NEERINGContinued

Institution

Rice Institute_ __

Montana Staté Col-
lege.

Louisiana State Uni-
versity.

North Carolina State
College.

University of Okla-
homa.

Major

50 percent mini-
mum in depart-
ment granting
the degree.

50 percent of the
credits at least.

50 percent at least_
fl

50 percent_ ___ No

Minor

50 percent.

44.4 percent, 16 66.6 iercent, 20 hours
hours in major. tn 2 minors; at least 8

hours in each minor.

The following plans differ somewhat from those justindicated:
Michigan State College.Requires one-fourth to one-halfof the time to be devoted to research, one-half of the remain-ing time to courses in the field of the major and one-fourthof thii time to work in closely related departments.
Johns Hopkins University.Requires 2 years of graduatestudy in the major subject.
University of Pitt8burgh.The major being in engineer-mg, the minor or minors phould be taken outside of theengineering school. This is a matter of decision with theindividual rather than a fixed policy. The terms majorand minor are muck.ovemmphasued m graduate work.

Iowa State College.Requires 30 credits in major work ofthe 45 total. Minor work is usually required and may betaken in the same department as the major. The exactnumber of credits in is minor is not prescribed. A joint. major may be taken in tivo closely-related departments onrecommendation of departments and on approval ofe,dean of the graduate school.
Massachusetts Institute of Technology.lf 64 of the 96units of the required "A" subjects includi thesis are chosenfrom a single department, the degree will be recommendedwith cation of the field, otherwise not.
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38 GRADUATE WORK IN ENGINEERING

Carnegie Institute of Technology. About one-fifth of the
work must be in a related minor field.

University. of Nebraska.One major and one minor are
required. The major work must be closely related; most of
the minor broadly related to the major.

Case School of Applied Science.The minimum limit of
"A" subjects (for graduates only) is prescribed.

Georgia School of Technology.Seventy-five percent, or
24 of the total 32 credit hours, must be in one department;
15 of the 32, exclusive of thesis in strictly graduate studies.
Some credits may be obtained in senior class subjects not
before taken.

University of Alabama.Setinty-five percent or 18
semester-hours in major; 6 semester-hours m either major
or a related subject.

Polytechnic Institute of Brooklyn.Students are required
to build a program with structural unity in some particular
field of study.

Syracuse University.The major and minor plan is giving
way to an effective imified program.

University of Delaware.Each student is considered an
individual case exopt that the plan followed is one-third in
major branch of engineering, one-third in humanistics, and
one-third in pure science or allied engineering.

Montana School of Mines.Research must be in major
field. the balance of work preferably in other fields.

University of Idaho.The candidate must have a maja
and a minor in a related subject.

University of Minnesota.The major includes 40 percetit,
the minor 20 percent, and the thesis 40 percent. The
Major must be in the field of the bachelor's de

University of Arizona.Not fewer than 15 n s
V more than

20 units must be in the major field.
4itsUniver8ity of Louis vll le.A major in chemical engineering

requires a minor in chemistry or physics or in economics or
mathematics.
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CHAPTER VI: COOPERATIVE AND PART-TIME
GRADUATE, WORK 1,

ONE OF the most significant phases of the development
of graduate work has been the provision of part-time
courses of various types, many of them for the benefit

of graduates who have found regular employment but wish
to continue their education through regular academic work.

The ways in which institutions have capitalized the partic-
ular advantages of their envfronment and facilities in this
connection provide an interesting study.

Carnegie Institute pf Technology appeals to have been the
first to offer graduate work on a part-time basis, having
established sucb courses in 1912. The first degree was
conferred in 1915: The courses are regular graauate engi-
neiring courses offered in evening hours. Enrollments in
1933-34 were 52. Twenty-two degrees have been conferred
under this plan since 1915.

Massachueetts Institute of Technology inaugurated its coop-
erative course in electrical engineering in 1919. This pro-
gram is an integrated 5-year course having the first 2 years
on the all-residence basis and the last 3 years cooperative,
with alternation of periods at the Institute and in industry
on a semester basis (including a summer term). One fult
year of : duate work is provided. The course leads to two
degrees, t s e bachelor's and the master`'s. The curriculum
provides a comprehensive foundation for engineering, includ-
ing the scientific, economic, and sociological aspects. Four
options are provided as special fields of work, and coopera-
tive employment is provided in each of them with selected
indttatries as follows:

Practice with
Electrical manufacturing ibeneral Electric Co.
Electrical communications Bell Telephone System
Electrical power generation and dis- Edison Electric Muni-

tribution. 'tiding Co. of Boston.
Electrical transportation Boston Elevated Railway
Admission to the course is on a selective basis and places a

premium on high scholarship and good personal qualities, a
Based on question 15 of the questionnaire. see appendix.
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40 GRADUATE WORK IN ENGINEERING

practice that has done much to insure its success. Classes
are continued underresident andnonresident institute instruc-
tors while the students-are at the plants of the companies on
their coopArative work. Many of the students are selected
to study under tfie honors group plan during the junior and
senior years *Melt-provides untisual opportunities foi the
development of initiative and resourcefulness by placing the
students more laigely ion their own responsibility.

The total enrollmentin the course to date has been 661, the
maiimumbienrollm.ettfin any 1 year havitig 'been 127, in 1924.
the enrollment this year has been 69, a substantial decrease
having occurred since 1930 due to industrial conditions.
Thiee hundred and .soventy master's degrees have been
conferred.

Massachusetts Institute of Technology also offers a coop-
erative postgra.duate course in its school of chemical engi-
neeiing practicè which is essentially a fifth 'year of woik
following the normal 4-year iindergraduate curriculum.
Twenty-four weeks of tre year are ápent at three practice
school stations in industrial plants. These are followed bt-
15 weeks of graduate stildy and thesis work at the Institute.
Admission is selective and is limited to students of high
professional promise. More than half of the students come
from institutions other than the Massachusetts Institute of
Technology. Members of the institute instructing staff are
in charge of the practice stations. Students are assigned
regular plant problems, many of which are of direct interest
to the plant organization. The practice schools are supple-
mented by a shorter course for seniors, thereby, permitting
12-month operation.

The course was established in 1920. The total enroll-
ment has been 757 since its establishment. Twenty-three
students were enrolled in 1933-34. hundred and fifty-
three master's degrees have been conferred.

From 1928k to. 1934 the MasEkchusetts Institute of Tech-
nology offered a cOoperatie çourse in railroad operation
through an arraiwment with the Boston tic Maine Railroad.

From 1926 to 1913 a program of graduate'study was also
provided by the institute for the younger engineers Qf the
Lynn works of the General Electric Co. The instruction
consisted of graduate subjects in electric circuits and ad-
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COOPERATIVE AND PARTs-TIME WORK 41

vanced alternating-current machinery given by institute
instructors over a period of 16 months at the Lynn works.During the same period the students were _attending a
seminar and starting work on their theses. The require-

_ ments for the master's degree were completed by a term of
residence at the institute. The course was discontinued in1933 due to the fact that relatively few younger engineers
were being taken on by the company. During its existence
84 students were registered in electrical engineering and 39master's degrees were granted approximately 38 students
were registered in mechanical engineering, and 15 degreeskb were granted.

A further step in the program of cooperative postgraduate
work in engineering is to be taken at the Institute next yearin the form of a new course in mechanical engineering, calledJIA, which is to be similar to the existing cooperative coursein electrical engineering, VI-A. The course is being estab-;
lished at the request of the General Electric Co.

Polytechnic Institute of Brooklyn began offering g,raduatework in its evening session in 1926 in chemistry, and in 1929expanded its program to include all of its engineering cur-ricula as well. The work has met with a widespread responseamong younger employed engineering graduates in the met-ropolitan district öf Ngw York. The customary types ofgraduate courses as well as original work and research,carried out through theses, are provided, the thesis workbeing of very high quality. An average of from 3 to 4 yearsis required to complete the work for the master's degree.The total enrollment has been 1,423 since the inception ofthe plan 10 years ago, and 127 degrees have been conferred.The total enrollment in 1934-35 _was 295, 153 being in engi-neering and 142 in chemistry.
The University of Pittsburgh and the Westinghouse ElectricCo. inaugurated their cooperative arrangement of part-timegraduate work in 1927. Under this plan instruction is pro-vided jointly by the university and the company for youngengineers employed by the company. Classes are conductedon the premises of both under teachers designated by theuniversity from among its own faculty and from amongthe older engineers and research workers of the company'sstaff. The entire work of 'the students is done under thebroadvidance of the univòraity's school of engineering andthe -university assumes responsibility for the adequacy ofthe program. Most of the engineering subjects are given byteachers chosen from the company's staff, while courses inI
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42 GRADUATE WORK IN ENGINEERING

physics, mathematics, economics, and the like are given
chiefly by members of the university's faculty. Experi-
mental work on theses is %conducted in the company's
laboratories, but no credit is given for any shop, testing,
drafting, or regular engineering work done by the student
during working hours. Theses are of a high order of excel-
lence.

The courses lead, upon completion, to the master's or to
the doctor's degree. Enrollments have run as high as 250
men in a single year (1930), though there has been a con-
siderable shrmliage since 1931, due tp the depression. In
1934, 33 men were enrolled. A totfil of 61 master's and
doctor's degrees have been awarded.

University of Wisconsin provides an example of another
distinctive departure from the customary all-residence type
of graduate program, and one of a high order of usefulness
and of quality of work, in that conducted for younger metal-,
lurFical engineers employed in industries m Milwaukee.
This work was inaugurated in 1924. The program makes it
possible for a limited number of properly qualified technical
graduates employed by metallurgical industries to advance
their knowledge and to develop their research ability under
instruction and leadership provided by the university.
Instructors make the trip to Mil vu aukee each Friday, hold
regular classes that evemng, and spend Saturday with the
students at their plants gomg over their research problems.
The students are regularly enrolled as graduate students of
the universitynot in its extension divisionand upon
completion of the course work and thesis are awarded the
master's degree. The total enrollment in the course to
date has been 52. Twenty-two master's degreeshave been
conferred. The enrollment in 1933-34 was 5.

A similar program was òffered by the university in elec-
trical e eering at the solicitation of engineers in Mil-
waukee o uring the years 1925 to 1927, inclusive. Forty
men were enrolled during the existence of this course.

Other institutions that have offered special types 1 bf
graduate work, chiefly for yo I employed engineers, include
Union College, which offered graduate courses for a period of
about 15 years for engineering graduates employed by the
General Electric Co. The master's degree was awarded
upon completion of a T-year program and the submission of
a satisfactory thesis. The arrangement was discontinued
in 1932 when the college temporarily gave up all graduate
work because of the 'depression. Possibility of rosumption
of the programjs now being considered.

`-:; Case School of Applied Science, which offered graduate work
in eve s hours, has also discontinued this type of program
Ompor; y.
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COOPERATIVE AND PART-TIME WORK 43
In addition to the foregoing, several other institutionsoffer special types of programs, chiefly in evening sessions.Among these are the courses that have been provided byColumbia University since 1932. The work is offered in lateafternoon and early evening hours. Twenty-eight men-areenrolled in this work during the present year, many of whomare employed in such organizations as the Bell TelephoneLaboratories. New York University inaugurated a programin 1933 in its evening engineering division whereby thedegree of master of science in the field of hydraulic andsanitary engineering may be earned in 2 yéars. An averageof 10 students has been enrolled annually. The Universitof Pennsylvania also offers work in evening hours both in s eMoore School, where 40 students are enrolled, and in heTowne School, where there are 25 enrollments. The Uni-versity/ of Minnesota has recently launched a program ofeve)rtlig graduate work and has 22 men enrolled in the elec-trical engineering courses this year. In addition to thefóregoing, the University of Cincinnati, Detroit Institute ofTechnology, Louisiana State University, the Montana Schoolof Mines, and Virginia Polytechnic Institute offer specialtypes of cooperative courses in which a total of 16 studentsare enrolled.

In all, 15 institutions now offer various special types ofpostgraduate work, the total enrollment of engineering stu-'dents in such programs during the year 1933-34 having been330. This is a sizable fraction of the entire enrollment oigraduate students and the types of work provided form oneof the most significant ,developments in graduate work inenginpering.
lAs a phase of cooperativ nd part-time graduaattention is called at this po t to the special arran entsthat a number of institutions have made for the offering ofpostgraduate work for employees of industry either on irpart-time or on a fa-time basis. A number of the moresignificant practices are given herewith:
Virginia Polytechnic Institute.This institution whichowns and operates the local power plant offers a full engineer-ing program in connection with the operation of the plant.This plan works very well. There are six cooperative fellow-ships in fuel engineering requiring 25 hours a week for 12months in the operation of the power plant, including com-
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44 GRADUATE WORK IN ENGINEERING

bustion studies on Virginia coal. The stipend is $540 for 12
months.

Univergity of Maine.The university has maintained coop-
erative relationship with several large paper mills. Employees
have taken advantage of the scientific courses given in the
subject of paper manufacture.

University of Southern' California.Arrangements have
been made whereby city and county employees may have
their tuition paid by city or county if they successfully pass
advanced work in the school of government which counts
toward a master's degree in engineering.

Catholic University of America.Employees of the United
States Bureau of Standards enrolled at this university may
receive credit for research worrk done at the Bureau. -

Yale University.There have been special cases of fellow-
ships provided by industrial concerns.

Montana School of Mines.The plan here is moderately
successful. Industry furnishes $2,500 a year of which $1,800
goes to stipend and $700 to equipment, etc.

New York University.Various companies cooperate.
The Westinghouse Co. accepts credits from this school for
transfer to Pittsburgh.

University of Oklahoma.-:-The university is situated within
16 miles of the Oklahoma City oil field. Producing and
refining work runs 24 hours a day. Officials arrange working
hours for men who desire to take graduate work at the univerv
sity. A man may take up to 8 semester-hours in the grad-
uate school if he is employed elsewhere full time. Graduate
students are permitted to use equipment of the neighboring

The university cooperates further with the
American ciety of Mechanical Engineers, the American
Petroleum Institute, and. the American Gas Association in
conducting certain cooperative research projects.

University of OinciArati.In addition to the regular
.channels of research there has been organized an institute
of scientific research which has a fundamental relation to
several basic industripb. The institute comprises four major
units: The Research Laboratory of the Tanners Council
of America the Commercial Club of Cincinnati Resource
Survey, thé Resçarch Laboratory of the Lithographic
Technical Foundation, and the Basic Science Research
Laboratory.

Cooperative graduate study in engineering was begun at
this university m September 1927.

In 1933' there were 260 firms cooperating with the school
-of enginiering. .
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CHAPTER VII: ADMISSION REQUIREMENTS
TNvo PHASES of adxgission methods and requirementsin graduate work are considered in this chapter: Re-quirements for admission to graduate study and require-ments for admission to candidacy for a degree, the formerbeing, in many cases, admission merely to a probationarystage preceding formal recognition of the applicant's statusas a candidate for a degree.

The several aspects of admgsion to graduate study thatare considered include (1) nature of the specifications im-p , articularly as to the quality of the student's under-gradua :cord; (2).procedures employed in the admissionof graduates .--,tz ionengineering curricula and of under-v,..-graduate enginee : 'cula.. other than that of theproposed field of graduate work; (3) evaluation of thecredentials of graduates of other institutions; and (4)administration of admission procedures.
4

SPECIFICATIONS IMPOSED AS TO THE QUALITY OFUNDERGRADUATE RECORDS OF APPLICANTS FORADMISSION TO GRADUATE STUDY
Almost all institutions admit students to graduate studyon the basis of credentials in the form of a transcript of theundergraduate record of the candidate. If the studentcomes from another institution the additional requiremntis often made that he be endorsed by some official of theinstitution from which he comes. Acceptance of the student,therefore, involves some evaluation of the undergraduaterecord and, if the student comes from another institution,of that institution itself. Replies to inquiries on thesepoints indiciite that 64 of 82 institutions reporting imposemore or less definitely formulated specifications as to thequality of the undergraduate record; 15 indicate that nosuch specifications are imposed. While it is not entirelyclear from the replies, it appears that most- of the institu-tions in the latter group have admitted to graduate stakcif-only students holdinetheir own baccalaureate degrees andhave admitted these students simply as a matter of course.

Based on question 8 of the questionnaire. Bee appendix.
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46 GRADUATE WORK IN ENGINEERING

In most instances, institutions that impose specifications
do so on the basis of grades. Several state that an average
of "B" or better is required, and some make virtually the
same requirement in terms of grades &pressed as percent-
ages. In other instances, requirements are stated in more
general terms, such as the fraction of the class in which the
student must standfor instance, the upper half. In other
cases, requirements are stated in still more general terms,
for example, possession of "superior grades" or "evidence of
high scholastic ability." In such instances the require-
ments are usually accompanied by a statement to the effect
that each student's record will be passed upon individually
by a committee or individual actingas an admissions officer.
In a few instances specifications are stated in terms of prac-
tices peculiar to the institution, such as the possession of a
stated number of "grade points" per. credit.

Entrance examinations for admission to graduate study
are employed regularly in only a few instancesbut 3 ih-
stitutions of 82 replying indicated such procedure, though 4
others indicated that examinations might be required in ease
of doubt as to the standing of the institution from which the
candidate received his baccalaureate degree.

PROCEDURE AS TO -ADMISSION OF GRADUATES OF NON-
ENGINEERING CURRICULA AND OF ENGINEERiNG
CURRICULA OTHER THAN THE PROPOSED FIELD OF
GRADUATE WORK: SYSTEMS OF PREREQUISITES

Anwers to inquiries on this matter, while incomplete, in-
dicate that the prevailing iiractice is either to require the
candidate first to secure a baccalaureate degree in the specific
field in which he intends to pursue his graduate work or, if
admitted to gradtiate status, to make up all prerequisite
undergraduate coùrses. There is, however, considerable
diversity of practiCe in the admission of students to special
standing status in the institution. Quite a number admit
nonengineering graduates to specific courses but will not
permit them to work. for a master's degree. A few admit
them to the status of "auditor." In a few institutions if an
appropriate undergraduate major is made up the student
will be permitted to go on for the master's degree in that
particular field Even though he has not pursued a complete
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ADMISSION REQUIREMENTS 47

undergraduate engineering curriculum in any field. Mostof the replies that were perfectly explicit on this general
matter indicate,% however, that possession of a baccalaureate
degree in the particular field in which the student expects topursue his advanced work is insisted upon, and if a singlepractice can be said to be the normal or customary one, it isthis.

Practice in admitting graduates of one undergraduate engi-neering curriculum to a different field of graduate study aresimilar, in general, to those described in the foregoing para-graph. In somewhat more than half of the institutions thatreported, a graduate of one engineering curriculum must sat-isfy all the undergraduate prerequisites for the new fieldeither before he enters or concurrently with the pursuit ofthe advanced work. In some instances these prerequisites
. must be passed without credit; in some, a certain proportionof the work in the major field of the undergraduate curricu-lum may be accepted in satisfaction of requirements in theminor elected by the student. If the holder of the baccalau-reate engineering degree in one field is admitted as a gradu-ate student in another field, a time limit is often placed onthe period in* which he must make up the undergraduate
prerequisites in the new field, or the requirement is madethat 1 full year must be spent in work for the master'sdegree after satisfaction of all prerequisites.

BASIS OF EVALUATION OF CREDENTIALS OF
GRADUATES OF OTHER INSTITUTIONS

Three related aspects of this matter are here considered:(1) Evaluation of the specific courses pursued by the studentas prerequisites for the advanced courses he desires to pur-sue; (2) evaluation of the standing of the institution fromwhich he comes; and (3) appraisal of the quality of his under-graduate record.
Evaluation as to sPecific courses pursued.In a consider-able majority of inkitutions the specific courses taken in the

undergraduate curriculum are appraised -individually, gen-erally by an examination of the catalog, through a confer-ence with the student, or by correspondence with the insti-tution. In some instances admission to the advanced
Atcourses is made on a probationary status, or the student is tef
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permitted to pursue the advanced work until his deficiencies
in preliminary courses become obvious.

Evaluation of standing of institution.In 72 of the 82 insti-
tutions reporting, evaluation of the undergraduate creden-
tials of other institutions is based on the general standing of
the school, though relatively few replies are specific in indi-
cating what is metint by "general standing." Such replies
as are specific generally indicate that the institution must
be one accredited by some national or regional accrediting.
agency or by the local State university acting as an accred-
iting agency. In some instances "equivalence" of the gen-
eral undergraduate programs is necessary if its graduates
are to be admitted.

Appraisal of quality of undergraduate record of the appli-
cant.In 64 of the 82 institutions which supplied informa-
tion undergraduate records of students coming fronwther
institutions are scrutinized at least as carefully as are rec-
ords of students graduating from the same institution. In
a few cases definite specifications are made as to grades
achieved in undergraduate work. Almost all instances in
which definite replies were given indicate that the student
is required to haNié achieved a high standing.

Policies and methods pursued.As to Policies and methods
used by institutions in evaluating credentials of prospective
graduate students whether from the same or other institu-
tions, it appears that they are quite similar, on the whole.
Nearly half of the institutions supplying information indicate
that they use all three of the criteria just enumerated, and
virtually all of the others use at least two of these criteria.
The practice of requiring good or superior rocords from stu-
dents who have pursued their undergraduate work in insti-
tutions of acceptable quality seems to be virtually universal,
though the method of evaluation of specific criteria may dif-
fer more or less. A's to graduates of institutions of ques-.
tionable or unknown standing, the practice of admission on.
probation siems to be fairly common, --

ADMINISTRATION 4*OF ADMISSION PROCEDURES

Practice in this connection favors the control of admission
procedures by a single individual, as indicated by 49 insti-
tutions, though a considerable number,--34---place control in
the hands of a committee or group.
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ADMISSION REQUIREMENTS 49

The individuals most commonly placed in control, namedin opier of frequency of designation, are the dean of thegraduate school, the registrar, the dean of the school of engi-neering, and the head of the department or professor withwhom the student expects to pursue his major. In severalinstances adminifitration of admission procedures is vestedin two individuals jointly, such, for example, as theregistrar and the dean of engineering, the dean of engineer-ing and the head of the department, and the like. Whencommittees administer the procedure they are commonlymade up of an administrative officer, such as the dean ofthe graduate school or the dean of engineering and the headsof certain departments or a selected number of members ofthe faculty of senior rank. In some instances the com-mittee on admissions is chiefly concerned with questions ofpolicy and with decisions as to dotibtful cases; in others thecommittee meets for consideration of all candidates andconsiders eaçh case individually. In general, replies to thequestion as to administration of admission procedures servedas well to indicate the degree of care in selection of graduatestudents as did questions specifically intended to bring outthis phase of the admissions problems.

ADMISSION TO CANDIDACY FOR A DEGREE
Because of the nature of the replies submitted to questionson this matter, requirements for admission to candidacy tothe master's degree and to the doctor's degree will be con-sidered together. 0

institutionsIn a large group of formal admission to can-didacy for the master's degree involves first, the recognitionof the undergraduate degree by an appropriate, officer orgroup of the adniitting institution. liegistration in thegraduate school, the taking of an approved course of study,the pass.ilig of language requirements, when specified, or théappraisal of the abilities and the work of the student duringa probationary period are among the requirements for formal
admission to candidacy. Admission to the graduate schooldoes not, in many instances, imply admission to candicacyr the degree. The latter step is sometimes made a separate

passed upon by some evaluating officer or
ften tbe lattér.
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50 GRADUATE WORK IN ENGINEERING

In the case of formal admission to candidacy for the doc-
e tor's degree the practice of requiring the completion of a

probationary period, the passing of language requirements,
completion of all course requirements, or the passing of
written and/or oral examinations is almost universal. Re-
quirements and . procedures in this connection are much
more definitely formulated in the case of admission to doc-
toral candidacy than in the case of admission to candidacy
for the master's degree.

Examples of the practices of various institutions as to
requirements for admission to candidacy are given below as
typical.

MASTER'S DEGREE

Purdue University. The candidate must ol;tain the for-.
mal approval of his plan of study and his thesis topic by the
major professor and dean of the graduate school.

Iowa State College.The candidate must be registered in
the graduate college at least 1 quarter. The application
must show that the modem lannage and English require-
ments have been met. Final approval is determined by the
graduate committee. Candidacy must be completed at least
1 quarter before graduation.

Kansas State 011ege.The candidate must obtain the
approval of the graduate council after demonstration for
2 months or more that he is of graduate caliber.

Louisiana State University.The candidate must meet
major and minor requirements with the approval of the
head of the department. He must satisfy his major pro-
fessor as to graduate ability. The thesis topic must also be
approved. Application must be made not later than the
beginning of the second semester of the year.

Missouri School of Mine8 and Metallurgy.No formal ad-
mission to candidacy for the master's degree is required.
The student must complete a course of study approved by
the committee on graduate students with a 1.75 grade point
average, and must pass satisfactorily an examination on
both course and research work taken after the work is all
completed.

Syracuse Universilv.--After the formal application the
selection of the thesis follows usually after a semester of
tvork. The application and the thesis are acted upon by
the dean of the graduate school for the board' of graduate
studies.
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ADMISSION REQUIREMENTS 51

Carnegie Institute of Technology.On completion of a pro-gram of 32 semester-hours as approved by the departmentand group committee, the student is admitted to candidacyand is eligible for the comprehensive examination.
South Dakota State College.The student makes applica-tion to the graduate committee, naming the departments inwhich he wishes to major and minor. If tipproved by thecommittee, with its help and that of the departments con-cerned, he should outline the scheme of study which he isto pursue. If after one term's study his work is found tobe satisfactory he will be admitted to full candidacy.

DOCTOR'S DEGREE

3ohns Hopkins University.The recommendations of theprofessors of the principal and two subordinate subjects arerequired as well as the demodstration of reading knowledgeof two foreign languages. Examinations are also required.
Iowa State College.A preliminary examination is requiredat least 3 quarters before the final examination. In no casecan the final examination be given in less than 6 months fromthe time of the preliminary examination. Additional re-quirements for the student to fulfill are filed by the students'committee with the dean.
Massachusetts Institute of Technokgy.The candidatemust have completed his minor and his modern languagerequirements, passed the general major examination, andgiven evidence of ability to do yesearch of a high grade.
Carnegie Institute of Technology.The applicant may beaccepted after passing a preliminary examination. This

, comes between May 15 and October 15 of the calendar yearbefore that in which the degree is to be granted.
Harvard University.The candidate must be a graduateof a college or scientific school of rebognized standmg withat least 2 years of advanced study in engineering and with atleas64,toir in the Harvard Graduate School of Engineering.
University of California.The student must give noticeof intending candidacy as early as possible. He must passthe qualifying examinations and meet the language require-. mente. At least 2 semesters must elapse between advance-ment to candidacy and ,the final .exanunatign.
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CHAPTER VIII: GRADUATION REQUIREMENTS
THE THESISEXAMINATION METHODSDE-
GREES

REATMENT of the topics listed above is limited,
essentially, to -their quantitative or statistical aspects.
The broader question of the qualitative requirements

or standards of graduate work in engineering and the
problems incident thereto are omitted q:pr at least touched
upon only incidentally.

The following aspects of requirements for graduation are
dealt witfil Residence requirements; transfer of credits
from other institutions; statement of requirements in
quantitative terms; classification of graduate courses,
together with the incidental matter bf the admission of
undergraduates to graduate courses and of the acceptance
of widergraduate work in partial 'fulfillment of requirements
for advanced degrees; and foreign language requirements.
Under tlie head of "The Thesis" are considered such points
as credit allowed, administration and supervision, and
relatiqnship to institutional' research programs. Examina-
tion methods are treated briefly. The chapter concludes
with a statistical summary of degree practices in graduate
work.

TIME IN RESIDENCE FOR HIGHER DEGREES

Somewhat fewer than half oi the institutions offering
work for the master's degree set a maximum limit on the
time which may elapse from first enrollment as a graduafe
student to acquirement of the degree, while more than half
of the institutions set mobsbch limit. The range of maximum
tinid limits is from 2 to 8 years, with 5 year.; specified more
frequently than any oiler one limit.

No institution permits earning of the master's degree in
less than 1 year; this is virtually universal practice in the
case of full-time work in residence. Two institutions (Yale'
'and Johns Hopkins) report a minimum time limit of 2 jears.

;

Based on questioni9, 10, 11, and 12 of the questionnaire. . Bee appendix.

52

1

. LA

-

.

1

----
. .

1 .
z. .
k--:

3.11

Is

-.
, .. '..1..........4Z

4...

.i r.
. ..

.. . - -_.e e . . ..7.- :e... - i .

. :

-

....,.. .Sr'-rti.:424:..
... 1 . j< : . t r............A..r,

+ a...1 - . ,
. ;* :

.

if. ,... t 1 I i. . . ..
lIZ...,......:1:1.:.- ;..1.f'..

Lt4,1.jr .,.,14,17..3j'i..g.xCi,4.. 744 -1"-_-...4,-1.
t.', j. ..:d

.

i"!;1:11.1- :4 a ,...6.,";.7 '. .. .. . . -...--- i. ._:....7i:iilt!P". I
. '.X:: . ... - . , I /

e

:?..1."14...44-- -,4%.4..t.._r_V*7..- , , is' i ;:_.1- . '''-- ''S 'lz-7i_217:L.e.4.....!:!:',... Z,Zata, :1 e. ,._t Lis i . :1' , .,.'. 'I.



GRADUATION REQUIREMENTS 53

When the time in residence is expressed in other units than
the year, such as the term, semester, or wéek, i6quirements
are found to be the equivOent of 1 year of work. In the
case of programs of evening work leading to the master's
degree the minimum time limit is 2 years, with longer periods
mentioned as the average time required.

Apparently continuity of residence is not a problem of
moment in connection with programs of work for the
master'!; degree since on1371, eight institutions mention that
any requirements as to continuity of residence are enforced.In the case of the program for the doctoi's degree, con-
tinuity of residence has e-iidently received more considera-
tion And is more definitely a problem because of transfer of

_ students from one institutioil to another. Among 12
institutions that reported on the matter 6 require at least 1
year in residence and 2 of these indicate that this year must
be the last year. Three other institutions indicate that at
least 24 hours of work in course must be in *continuous
residence, while 2 institutions require 2 years of continuous
residence.

TRANSFER OF CREDITS FROM OTHER IN.STITUTIONS
In the case of work for the master's degree only18 institu-

tions out of a total of 82 reported any specific practices in
the Matter of transfer of credits froma other ins*utions,
though it is not certain that the numbet which would
such transferred credits is limited to those who reported on
the mateér. The ringe of number of credits ihat will be
accepted in this manner is from a miniinum of 6, or approxi-
mately 20 percent of the total requirements; to a maximum
of 24 out of 48, or half of the entire program. Six credits, or
their equivalent in other units, is mentioned more fre-
quently than any other one number. .

As to transfer of credits for the doctor's degree only oneinstitition indicated that no such transfers are permitted.In some instances ariangAnents for transfer of credits are
made on the merits of ,each individual case, but in most cases
restrictive regulations ire enforced, In one cage as much as
2 years of work in other institutions may be accepted
another the limit is set 430 semester-hours of work in course;in another the transferred credits must be acceptable on Oe
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54 GRADUATE WORK IN ENGINEERING

basis of evaluation in accordance with the standards of the
accepting institution. Control of transfer abf credits is
vested in various individuals or groups. In gener4 transfer
of credits is not permitted to decrease the minimum require-
ments for the de.gree, and usually 1 year in residence, is
stated definitely as the minimum requirement. It is the
general practice to require that the doctoral thesis must be
done in the institution that confers the degree.

GRADUATION REQUIREMENTS IN QUANTITATIVE TERMS

MASTER'S DEGREE

The following tabulation- indicates the range of practice.
WI)ore necessary for uniformity of expression, requirements
in other than semester-hour units have been expressed in the
equivalents of that unit.

NumberRequirement in semester lungs of cases
24 5
28 1
24, plus thesis =NO (MGM_ ................. MIM.MNI 8
30 37
More than 30 12
Cases not susceptible of exact quantitative statement__ 13

Total number reporting 76

Since the modal requirement in undergraduate work is 32
semester-hours per year, it is observed that the requirement
for tbe master's degree that prevails in a majoritrof cases-
30 :semester-hours or its equivalentis less than the cdrre-
sponding requirement in undergraduate work, doubtless a
reflection of the fact that a greater amount of work is re-
quired per unit in graduate study.

DOCTOR'S DEGREE

While.quantitative requirements of work for the doctor's
degree are often stated and a tabulation of such requirements
might be presented herein, it is believed that such a tabula-
tion wbuld not convey any information of value in addition
to the basic fact that the requirement for the doctorate is
almost universally 3 years cif work in full-time regidence
after acquirement of the baccalaureaté degree, and that
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GRADUATION REQUIREMENTS 55

approximately 1 year of the 3 must be spent on thepreparation of the dissertation, whether this time be spentcontinuously or spread over parts of 2 years. Institutionsdiffer in their practice as,to the amount of work required inCourse and in research. They also differ in the units inwhich course wo-rit is expressed; for example, many institu-tions require a minimum of 60 semester-hours of work incourse plus a thesis, while others state the swill) real require-ment of work in terms of a stated number of 48 semester-hours plus a thesis but it is apparent from information sub-mitted that numerical stitements of requirements for workbeyond.- the master's degree are not of great significance.

CLASSIFICATION OF GRAPUATCCOURSES.
Three practices are followed in the classification of coursesopen to graduate students: (1) All graduate courses aregrouped in a single category, these being open to graduate

students only. The graduate student may not, in thesecases offer any work done in courses open to undergraduates.(2) Courses are listed in two categoriesthose open tograduate students only and certain undergraduaté coutseswhich graduate students may pursue for credits. Theseare often called class A and class B courses. (3) Coursesare grouped in three classesoften called 100 Courses, 200Courses, and 300 Courses because of the numbering systemused in the catalog. Courses in these thrie groups are open,respectively, to undergraduates only, to undergraduate orgraduate students, and to graduate students onbi: A largemajority of bistautions-62 of 80 that gave definite answergclassify grtiduate courses in one or thee other of the last-named manners, having certain courses or groups of coursesthat may be taked either by undergraduates or graduatestudents for credit toward their respective degrees. Only 18institutions indicate definitely that they do liot classifygraduate courses in this way.
Practice differs greatly in the proportion of Courses in the

different clak.afications that may be taken by candidates formaster's degrees. Two institutions indicate that all workoffered in fulfillment of requirements for this degree must betaken from stripily graduate courses exclusively ; 4 indicsatethat the propoition must be 75 percent or 'more 15 indicate
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56 GRADUATE WORK IN ENGINEERING,

that the proportion must be from 50 percent to 66% percent;
and the remaining institutions either indicate that the pro-
portion may be less than 50 percent or do not answer the
question. In one instance the prescription is that not more
than 25 percent of work for the master's degree may be from
subjects either offered primarily for undergraduates or open
to them. In quite a number of cases there is no definite
regulation, tire matter being .left, to the discretion of the
professor in charge of the student's major field of work or to
that of the head of the department. A few other require-
ments may be quoted to indicate diversity of practice as
follows:

Major must include 16 hours of courses open to seniors and
graduate students.

At least 12 quarter credits out of 45 must be in courses exclusively
for graduate students.

Not more than 40 percent of work for the master's degree may
be in courses open to seniors or may be " B" courses, and then

. only in use as minors.

Practice also differs widely in the matter of givis credit
for undergraduate courses. Fifty-four of 82 insiitiitions
reporting permit the student to offer such work; 20 definitely
do not. The proportion of these undergraduate courses
that may be offered in satisfaction of the requirements for
the master's degree varies widely.' In certain cases the
proportion is indicated by the use of such terms as "vari-
able", "small", "limited)", "very liinited." In cases where
practice is stated in percentages the figures range from 25
to 50.

An instance in wilich practice also varies greatly among
institutions is the case in which a given subject is taught in
an undergraduatesourse iu one curriculum and as a graduate
course in another. Courses in differential equations are
sometime; taught in this way, i. e., they are required in the
undergraduate curriculum in electrical engineering, but aloe

available to gradua4 átudents in other fields. In 57 cases
on which reports were received in this connection, graduate.
titudents of one curriculum are adiiitted to the undergradu-.
ate class in another curriculum; in four additiotal cases, the
graduate students are taught in separate sections, though
the content and level of the courses are substantially the
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GRADUATION REQUIREMENTS 57
same in both groups. In only a few cases are graduatestudents who are required to take Couises coming in thisclassification obliged to do so without receiving any credittoward the advanced degree. In 16 additional cases thegraduate course in the subject is more extended and on ahigher level than the undergraduate course. In one in-stance the remark is made that graduate students canattend undergraduate classes in a particular subject if nofreshmen or sophomores are present. In certain instancesgraduate students are expected to achieve higher grades forcredit in courses of *the type herein referred to than areundergraduates pursuing the same courses.

The converse case to that just discussed is the admissionof undergraduates to graduate courses. In 56 institutionsthis practice is permitted, subject to definite restrictions.In 17 institutions it is not permitted. The general practiceis to require the undergraduate to have satisfied all under-graduate prerequisites, and, in some instances, the furtherlimitation is imposed that the student must have nearlycompleted all the requirements for the baccalaureate degree.Certain of the specific regulations that are made in thisco.nnection are the following:
No credit for the graduate course is allowed until the bachelor'sdegree has been awarded.
Undergraduates must be "honor" students.
Undergraduates are not admitted to graduate courses unlesswithin 15 units of graduation.
Undergraduates are admitted to graduate courses only whenworking for two degrees simultaneously.

It is the general practice to Permit enrollment of under-graduates in graduate courses only with the comment or uponthe advice of the head of the department, the schedule ad-viser, or some other person authorized to grant 'the per-
mission.

FOREI6 LANGUAGE REQUIREMENTS
MASTER'S DEGREE

In 65 of the 82 institutions reporting, no foreign languageis required for the master's degree. In certain of those thatdo make the requirement it is left Qutional with the depart-ment or applies to particular departments only, such as

v

.



58 GRADUATE WORK IN ENGINEERING

chemical engineering, where German is specified rather
frequently. Eight institutions report that they definitely
prescribe work in modern foreign languages as part of the
requirements for the master's degree, while six additional
institutions prescribe a stated amount of language work as
a requirement for admission to graduate study; or they re-
quire the equivalenta "reading knowledge" of one oivinore
languages. The latter requirement is common when the
program of work for the master's degree is considered to be a
more or less integral part of the general program leading to
the.doctorate.

DOCTOR'S DEGREE

In 27 institutions offering "Work in engineering for the
doctorate a reading knowledge of two foreign languages
virtually always French and Gerinanis insisCed upon.
This requirement must be met before the student is'accepted
as a doctoral candidate in most instances. In only two cases
among tbe institutions reporting in this survey is it specifi-
cally stated that a reading knowledge of a foreign language
is not required. In one instance it is stated that the candi-
date' must have a speakihg knowledge as well as a reading
knowledge of two modern foreign languages, the degree of
proficiency being judged by a committee of the general
university faculty.

VIEWS AS TO THE FOREIGN LANGUAGE REQUIREMENT

Only a limited nunkber of correspondents indicated their
views on this subject, and in certain instances those who did
reply did not indicate clearly whether they intended their
remarks to apply to the master's degree or to the doctor's
degree. The following is a summary of the opinions that
ivere expressed: In 24 instances foreign languages are deemed

in instances=portant all graduate work. In 10 they were
\ considered to be desirable but not indispensable, and in one

of these cases it was the cultural rather than the utilitarian
\ pect of language work that was emphasized. In 26 insti-

1

t tions, in addition to those just me9tioned, the foreign
14guage requirement was emphasizeeas essential in work
for the doctorate, and in 15 of these cases two languages were
indicated. In nine of these German and French are believed
to be necessary. In. certain instances correspondents indi-
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GRADUATION REQUIREMENTS"- 59
cated the belief that the language requirement depends toa certain extent upon the field of work or on the individualneeds or inclinations of the student. -7

TH E TH ESIS

Requirement of a thesis in partial fulfillment of tquire-ments for the master's degree is almost universal practice inengineering colleges. In only a very few institutions is thethesis not required , in such instances it is usually optio ii,l,course work being substituted for it, often with the ii9 ntof a faculty adviser. In general, the intent is to place a gooddeal of the responsibility for initiating and conducting grad-uate theses on the student. Twenty-eight institutions indi-cate that the student is expected to make his own selectionof a topic, though in certain instances a list of topics is sup-plied from which selections may be made. .*A conferencewith file professor in charge of a particular field of work issuggestedand the student's final choice is subject to approvaleither by the thesis adviser or by the head of the department.In a few cases the professor or thesis adviser selects or assignsthe topic; in such instances the student' exercises little or noinitiative and may even have no choice in the matter.The allotment of credits for the master's thesis is repre-sented in thé following tabulation. In interpreting thesefigures it shouiti be remembered that'ar total of 30 credits isthe modal reqtiirenIent for the master's.degree. .

\ Number of seines-
ter-hour creditsNumber of institutions allowed to thesis\ 2 to 3

2 3 to 6
3

gla5 4 to 8 or 10
2 5 to 6.
1 5 to 10.

Amber of sews-
ter-hour cred*Number of institutions allowed to thesis

6 6.
8 6 to 9, to 12.
1 8.
1 9 to 12.
1 10.
3 13 or more.

In the administration and supervision of thesis work forthe master's degree 33 institutions place the chief responsi-bility on the professor in immediate charge of the student'sproject. Among these institutions four asign some of theresponsibility to the head of the department as well as tothe professor in immediate charge of the work. In eightinstitutions responsibility for general supervision rests with
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60 GRADUATE WORK IN ENGINEERING

a commit as is so commonly the case in work for the
doctora te.

In a considerable number of institutions work on master's
thesis is cJosely related to the institutional or departmental
programs óf research, particularly in those institutions hav-
ing experiment stations. in a few instances special research
projects f outside industries are assigned to students for
thesis topics.

The general status of the dpctoral thesis is so well under-
stood and so much reduced to standard practice as not to

. require discussion at this point.

EXAMINATION METHODS

Replies to questions about examination methods in
graduate work indicate a wide variety of practice. They
do not, in general, make clear the distinction between the
practice for the master's degree and for the doctor's degree.
Consequently the statistics heroin summarized may apply
to either of these degrees.

With reference to examinatiolis in formal courses, 43
institutions reported that the conventional written examina-
tion is required, while 6 reported that the written examina-
tion may be omitted at the option of the professor in chazie.
Two institutions indicated that a written report may be
submitted in lieu of an examination. Three institutions
reported the use of either a written or an oral examination
one that the examination m'ay be waived iii case the term
record is B or better, and 27 made no reply. Apparently
it is still the common practice to utilize the' usual written
examination in each course taken towards an advanced
degree.

Answers to a question relating to extiminations for admis-
sion to candidacy for à-degree indicate a wide divérgerree in
the interpretatioli sif the question and in the practice among
institutions. Some answers considered the question with

Awit refprenete -td admission of the student to graduate courses,
1P as indicate0 by the fact that 21 institutions reported io

exgnination, 12 reported that an undergraduate record of
hi¡h standing was required, Lind 4 indicated that an exami-
nation might be iciquired for admission to graduate work.
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GRADUATION REQUIREMENTS 61
Other institutions do not consider the student to be acandidateuntil hehis demonstrated his ability to do graduatework successfully, as shown by' the next group of answers.Two required satisfactory completion of a quarter's work foradmission to candidacy for the degree. Four institutionsreported both oral and written examinalions required threereported an oral a wfitien examination; five, admis-sion to candidacy aften passing the prescribed courses onthe program; while four indicated the requirement of writtenexaminations in modern languages and minors, and oraland writton examinations in tiTh field of the major. Threereplies we're scattering and 33 made no answer to thisquestion.

Apparently it is a common practice to grant the masteir'sdegree upon completion of the prescribed program of studieswithout any comprehensive examination, although a fewinstitutiap do require both written and oral comprehensiveexaminatittns for the master's degree. For the doctorate,it is common practice to withhold approval of the thesisuntil oral or written examinations covering the major and-minor fields as well as the language requirements are passed..',.%As to the use of comprehensive examinations: 30 reportedan oral examination; 6 reported. an oral examination on thethiisis only ; 15, an oral and a 'written examination; and 8ti "comprehensive." Twelve reported the use of either anoral or written examifiation or both; 1 indicated that the, oral Texamination was considered of but little value; 7 re-

4

ported no comprehensive txamination and 15 did notreply to the question. As the' word "comprehensive" wasnot defined it is not certain whether the examinations werecomprehensive in their covering of one subject or of a field.Howeyer, since many of thi3: examinations covered themajor, the minor, and the the:sis,,it is fair to assume thatmany of them apply to a comprehensive covering of the 3*field. e
Ten replies indicated that the spiral examination extendedfrom 1 to 3 hours, with 2 hours the mat common timeallowance.

.

-Eighteen institutions reported that' the examiniig com-mittee was appointed in accordancé with .faculty ruhu 16,that it was appointed by the deaf); 8, reported appointment
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62 GRADUATE WORK IN ENGINEEhING

by the head of the department; 3, by the president; 3, by
the graduate committee; and 15 did not indicate the method
of appointment of the examining committee.

The membership of the examining committee is indicated
to be as follows: 23 institutions reported representatives of
major and minor departments and the thesis supervisor ; 7
reported each professor who had had the candidate in class;
and 7 reported the major department, the thesis superyisor,
and a representative of the graduate committee. Four
reported the professors in major and minor courses, the
thesis supervisor, and a representative of the graduate com-
mittee who had not had the student in class; 2 reported the
graduate committee; 1 the committee in charge of student's
program of studies; and 15 did not reply. .

Sixteen reported the department head as chairman of the
committee.
.. Six institutions reported that the examination was open
to the public, and in one of these cases it was stated that
any of those present could -ask questions of the candidate
but only the candidate's examining committee could vote
on the recommendation for the degree.

Replies indicate that the oral comprehensive examination
is common in graduate work, especially for the doctorate,
and that the examining committee is made up of representa-
tives of the departments involved. The practice of a few
institutions in specifying at least one member of the com-
mittee who has not bad the candidate in class seems a very
desirable arrangement.

In conclusion it can be said (1) that the written examina-
tion is still widely used; (2) that there is considerable varia-
tion in the practice among institutions in rating a student
as a candidate Nr a degree; and (3) that oral comprehensive
examinations covering the field of gtaduate study are
commonly used.

ADVANCED DEGREES IN ENGINEERING

The following tabulations summarize current practices.
Virtually all of the institutions in the United States that
offer graduate work in engineering are included. Honorary
degrees are omitted from the tabulations, as are professional

4.10 4
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degrees, such as cid il. engineer, that are offered as post-scholastic degrees on the basis of practical experience.

_

TABLE 8

MASTER'S DEGREE
Number of illSi1itai0111Form of the degree reportingM. s_ ___ _ -

22M. S. with designation, as M. S. in C. E
_ 42M. C. E., M. E. E., etc _ ____ _ _ _ _ _ _ _ _ __ _ _ _ _ _ 6411. S. E__ ____________ _____

_ _ _ _ _ _ 2M. S. and M. S. in C. E
3C. E. (for work in course) _ _ _ ____ _ _ ____ _ * 3M. S., M. S. E., pr M. S. in C. E. Xdepending on na-ture of the program): _____ _ _ ____ - _____ _ . _ 1

TotáL _ _
79

DOCTOR'S DEGREE
Ph. D._ _____ _

D. Se_ _ _ _ rMMw .1 m
GNP m. a N... m. am gm. .1* IMO MPPh. D. or D. Sc. (depending on nature of the programor at the option of the student) ___ _ ____ _ _ _________ 4Ph. D. and D. C. E

Ph. D. and D. Eng
_.D. Eng__ _ =11 Ow

mm mw .m. Om.

D. Sc. and D. Eng_
D. Sc. in C. E__ . _ _ ..... _ _ ______%_ _..... ._

23
4

r- 11.

Ph. D. in Eng____
Ph. D. in C. E___

4. 4.. 40 4. 44 .4

WI& ma. .
MD Al.

Total_
OD 44 a IND 44 44

mim. AM. eM
411 4. 4. Am 44 4. 41. 38

A glance at these data discloses that diversity of practicein advanced degrees is as great as it is in baccalaureatedegrees. On but two points does there seem to be generalagreement: (1) That the designation of the first advanceddegree in engineering should include the word "master"and (2) that the second or highest degree should include theword "doctor." A considerable majority of institutionsemploy the word "engineering" in the designation of thefirst advauced degree, but in a considerable majority ofcases this word does not appear in the designation of thedoctorate. In the latter case the classical designationPh. D. has been retained by about two-thirds of all the insti-tutions that offer doctoral programs. This -may be due insome measure to the fact that control of the granting of the
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64 GRADUATE WORK IN ENGINEERING

doctor's degree is vested in most instances in the graduate
schools of our universities and only the single designation of
all doctor's degrees has been retained.

In resPonse to a question as to the preferred form of
designation of advanced degrees in engineering a great
majority of those who replied endorse the form employed in
their own institution.
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CHAPTER IX: RELATIONSHIP OF *GRADUATEWORK TO UNDERGRADUATE WORK
IT IS inconceivable that the rapid development of graduatework, with its attendant effects on teaching staffs, oninstitutional policies, and on other aspects of engineeringeducation, as pictured in some measure in preceding chap-ters, could have taken place without having importanteffects on undergraduate work.
Before discussing this matter it should be noted thatsimultaneously with the rapid growth of graduate work, andeven preceding it by a few years, a perceptible change wastaking place, quite independently, in the nature of under-graduate work: Requirements for the bachelor's degree werebeing decreased, curricula were being simplified, emphasiswas shifting from the more advanced technical courses andfrom purely descriptive work to the more deeply funda-mental subjects; less time was devoted to the moil) mechan-icapes of work, and the time so released was devoted, inconlirerable measure, to humanistic studies.As a part of this suryey it was believed that some attpmptshould be made to appraise, at least in a general way, theinfluence of graduate work on undergraduate work, both inrelation to the movement just mentiOned 'and, to effects thatmay have occurred independently of that movement. ThefolfOwing:questions were therefore submitted to the severalsch ols:

( ) HAS there been any perceptible tendency, as work forced degrees in engineering has been developing duringthe past 2 decades, to tranifer from the undergraduatecurrimilum any of the more advanced engineering coursesto the graduate program?
.

(2) Has the development of graduate work in the, past 2decades had any oli:her perceptible influence upon lie con-tent, purpose, scope, or other characteristics of undergrad-uate curricula?
It is unfortunate, perhaps, that the institution?* 13 notaskedirwhether the reverse of the tendency mentioned m theI Belo on question 17 of the questionnaire. See appendix.."
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. .

first question bad ,1;)en observed. However, information on
that point was given voluntarily in a number of replies.

In answer to the question as to the transAr of Work from
undergraduate curricula to the graduate field, 48 of 79
correspondents replying stated that no such tendency had
be6n observed. Eighteen institutions reported that there
had been such a tendency, and 10 volunteered the informa-
tion that the tendency had been the reverse, namely, subject
matters had been transferred from graduate to undergrad-
eate curricula. Apparently there has been a good deal of
difference in the trena.4 in different institutions. Strangely
eriough, two schools of engineering in the same tiriiversitr-
report opposite tendencies. The whole matter is of so much
interest and importance that ti few replies may be quoted
as indices of the geheral trend.

In relation to the transfer of work from undergraduate to
graduatte curricula one, TosresP;ofident :writes: "Y.61; the
tendency has been to stress fundainentals and humanistic
in unitergraduate work and to offer the more specialized
topis in graduate courses." Another sAys: "Yes, due to
increase in requirements in fundamental scienc6s, economics,s.

and electives." These two replies are typical of several
sexplicit statements- indicating that the effects of the intro-
duction' of graduate work has been to cause greater stress

P.1 to be laid on fundamentitks and to cause the transfer of-

?. certain of the more advanced specialized engineering courses
to the graduate field.

Another group of ieplies may be illustrated by the fol-
lowing typical answer: "No; but mani hew cotirseii have
been develwed [lit the graduate field]." Severál qthers
state that the contrary trend has prevailed, and that Certain
subjects, formerly considered as of griduate status, are
-now offered in ihe later years of the undergraduate program.

Replies indicate y clearly that the demands of graduate
*ork are for a mo fundamental ahd sounder training in
the basic elements of engineering science. The program of
gpiduate work appears, therefore, to have becolme some-
thing pf a measuring stick by which the adequacy and

. eftedfiveness of undergraduate work may be e6luated.
Replies also indicate that Ole influence of graduate work

is to direct undergraduate engineering education, by and
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RELATIONSHIP TO UNDERGRADUATE WORK 67

large, into the more scientific phase-s of the design and
research functions of engineering, arid less into the opera-
tion, administration; and sales functions. There can be
no dissent from the aim of placing- efigineering education
on the highest possible plane of quality and effectiveness,
and it is probably çorrect to say that the influence of grad-
uate work has been in that direction.

As to other influences of graduate work on undergraduate
work, the following quotations are offered:

One correspondent vr,ites: "The development of grad--
uate work has naturally improved the character of under-
graduate teaching." This is doubtless the most beneficial
effect that grad;ate work could possibly have on the general
character of engineering education. Another correspondent
*rases the same general thought .' in the 'words: "It has
improved undergiaduate work and placed it d higher
plane.". Amither write: "It has intensified the scientific
character of the undergraduate program. Less emphasis is
being placed on the practical." Another says: "It has
reacted to ihcrease emphaAis on fundamentals and ön the
scientific subjects of undergraduate curricula. The tend-
ency of undergraduate cou,rses to be planned for the more
highly specialized graduate courses has been emphasized."
Another writes: "There has been more emphasis on the
scientific hasis of 'design and less on mere drawing and
routine computation's." Another' notes: "Liformational
courses have been abandoned."

A trend differing fts'om those just quoted is 'noted by one
who write's: "Graduate work ha's helped to keep under-
kraduate work from becoiting too technical, with too little
humanities, etc. It has tended to mak'd undergraduate
work more generaL"

. As to changes in methods of instruction, replies indicate
several interesting changes in undergrachiate work. One
states: "More use is now being made of the conference and
research methods of .instruetio4." "It: [graduate, work]
has been a great stimulus to scholarship. Small research
projects bliave been introcniced for sentOde-ri." Another says:
"Time it cluss has been reduced and nugp. out-of-class work
has been required." Another summarizes the situation by

.
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68 GRADUATE WORK IN ENGINEERING

remarking: "It has raised the level of original and inde-
pendent woik throughout the institution."

As a Con-cluding quotation, the following may be cited as
indicative of the general leavening effect of graduate work
through engineering education at large: "The effect of
graduate work has been revolutionary, stimulating the
faculty and the interest of the students in their work."

As a final effect, graduate work appears to have tended to
fix 4 years as the normal length of the undergraduate pro-
gram. No positive, evidence of this influence can be ad-
duced from the replies to its inquiries, but it is believedttiat
the lengthening -of tha, general program of engineering
educatioi through the widespread provision of &fifth year
of work _for the master's degree is tending to effectethe'
lengthening 'of the normal period of engineering education
that fias been so 'often and so strongly advocated. That
any considerable number of institutions will prvide both
the longer undergfacluate curriculum and added years of
graduate work for advanced degrees does not seem Probable.
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CHAPTER X: SUBSIDIZED GRADUATE WORK,
SCHOLARSHIPS, FELLOWSHIPS, ETC.'

DATA ARE given in tne following paragraphs relating
to the number and tyke of subsidized opportunities
for graduate work that are open to engineering stu-

dents. The several statenients are largely self-explanatory.
Thelre was-a gain in total funds'provided, throughout the

country for this purpose from 1932-33 to 1933-34, though
most of this increase was in a single institutionMassa-
chusetts Institute of Technology.
:t It is also significant that As many as 249 teach* fellow-

ships and assistantships are available, an average of 6 per
institution reporting them. Many of These giaduate fellows
and scholars are assigned to worls.as laboratory supervisors,
but a rather large proportion are assigned to regular class-.

,Thepracticeroom instruction. of using graduate students
as classroom teaChers has been followed .to a greater or less
extent for a long while, but it has grown rapidly as a result of
curtailed budgets and expansion -of programs in the past 5
years. Attenti6 is called to this situation as one deserviiig
most careful consideration.

SCHOLARSHIPS AND FELLOWSHIPS CLASSIFIED
ACCORDING TO TYPE

O

Fellowships-and scholarships making no demands on the student's time:
Total number available, 426.
Stipends range from remission of tuition to as much as $1,500 per

year. Most of the stipends are less than $100 per year. Many
a're from,$ s to $300 per year.

Fellowships and 1414h uiring part-time service in research or
testing:

Total number a
nds

re sion

le 124.
from a small sum, such as $100 per year, plus

of tuitib, and fees, to as much as $1,000 per year,
without remission of tuitioh and fees. The modal tendency is
toward $400 to MO per, yèar.

Time required in rêsearch or testing ranges from 6 to hours per
week to full time. Half time to the institution and half time
for study-ia a coliunon arrangement. 411

I Based on question 14 of the questionnaire. Beeeappendiz.
69
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70 GRADUATE WORK IN ENGINEERING

T 3aching or labdratory assistantships requiring part-time service in
instruction:

Total number available, 249.
Stipends range from remission of tuition and fees to as much as

$1,200 per year, $400 to $600 per year being a common stipend.
Srvices to the institution range from 4 or 5 hours per week to

half-time. The latter is a common arrangement.
1 ndustrial fellowships:

Total numb6r available, 50 in 25 institutions.
Stipends range from $400 to $1,800 per year, 16veral being within

the limits of $500 to $1,000 per year.
Half time service is usually required. Fellowships paying the

largest stipends$1,500 to $1,800 per yearrequire full-time
. services on research.

Miscellaneous:
In addition to the foregoing, 18 positions of miscellaneous types

are open to graduate students. The.compensation ranges from
35 cents per hour for occasional work to $540 per year for half-
time duties. Work ranges from night librarian to power-plant
operations.

A few institutions also permit graduates who are unemployed kd
cannot afford to pay the fees to attend graduate classes without
charge.

Total funds available as stipends for scholarships and
fellowships open to advanced students of engineering were
$261,854 in 1932-33 and $293,078 in 1933-34, a 'gain of 12
percent. ,Most of this gain occurred in one institution,
Massachusetts Institute of Technology. A majority (34)
oi those reporting a change in connection with fellowships
and scholarships stated that there hail been a redmtion in
number available, or in stipends; oavi in both. A few insti-1," tutions (10) reported,gains in these particulars.

In wrtain instances Oe numbers ots6holarships and fellow-
ships reported above tire open to gracitiate/ftudents of the
institution at large. Most of the pdsitions, however, are
open t43" engineering students only.*
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CHAPTER XI: IMPROVEMENT OF GRADUATE
WORK IN ENGINEERING

ASA conclusion' tttf-Nthe questionnaire on which this survey
is based those fròrri whom information was sought
were invited to state their views as to appropriate

ways and means through which graduate work in engineering
may be improved and also as to their views on the genetal
principles and policies under which it should be conducted.
Replies to this question proved to be ex tremely interesting and
valuable. Almost all could be quoted to advantage; limita-
tions of space alone have dictated a choice from among those
submitted. The following selections have been chosen
cliefly with the idea of covering the general range of sugges-
tions; those that were found in several replies have not been
repeated. The general matter of principles and of policies
relating to gra&ate work is divided into two sections in the
material which follows: The first is a compilation of state-
ments of a general nature. The skond section relates to a
more specific aspect of the matter having to do with regional
planning o'f research work and of graduate study and of
cooperation therein with a view to development without
needless and expensive duplication of effort and scattering
of resources.
di

"VIÉWS OF CORRESPONDENTS AS TO GE.NERAL
POLICIES AND METHODS

1. The graduate faculty of engineering should be largelyrelieved of all duties of undergraduate inAruction, saveperhaps where a teacher gives one course in the senior under-graduate year. The time cl the graduate faculty ghcpuld bedivided evenly between instruction and experimentalresearch or other form of creativetactivity contributing tothe advance of the state of the art in the respective fields.In this institution, and i believe in most others, the facultygiving graduate instruction is overburdened with duties ofundergraduate instruction.,
2. It will produce disaster and 'chaos for institutions in acommon territory to campaign by subsidizing prospective
Based on questions 18 and 19 of the questionnaire. See appendix.
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72 GRADUATE WORK IN ENGINEERING

graduate students and becoming rivals in this respect at the
expense of the State.

3. Too many students have been taking graduate work
during the past 4 years because they could not find satisfac-
tory joositions in industry. In many schools this has meant
simply a continuation of their undergraduate study. The
same methods, the same type of studies, and the same labora-
tory equipment have been used as. hen they were under-
graduates. Graduate work in engin ring ought to be for
the minority who can profit by it. T e incentive for crea-
tive work 'should be the test. I do not favor the restrictive
laboratory research followed at many schools. That is,
where a school by reason of its location is isolated frpm indus-
try and where research facilities are restricted to certain
laboratory equipment, there is too much tendency to assign
:graduate research to trivial problems which may be solved
by means of the particular laboratory equipmént available.
Graduate engineering 'research should be broader than this.

4. We should like to see greater emphasis on research hi
the graduate program and corresponding reduction in course
work. We believe the examinations of graduate students
should be completely overhauled along the lines of the typi-
cal comprehensive examination.

5. In a study of catalogs of Nation-wide selection one is
impressed by the low percentage of engineering faculty mem-
bers who have done graduate study and, in particular, those '
who hold earned doctor's degrees. In my mind those who
give graduate courses should not only have done substantial
graduate study but should also have published substantial
papers of a scientific and not trade-journal caliber. ._

,

6. I believe that what is most needed in éngineering in-
struction in this country is an elevation of the entire under-
graduate curriculum in most schools. Our entrance require-
ments as a rule are too low. Good gradtiate work can really
be done where and when the fogndation is substantial.

7. I believe there i's a real need fpr the development of
graduate work in engineering on a part-time basis in urban
institutions. This would provide many engineers an oppor-
tunity to carry their education beyond the undergraduate
level without the expense of additional years of residence in
school.

8. *re have insisted that work for ihe M. S. degree shall
be i distinctive and advanced educational process requiring
a considerable degree of individual and semidependent
workwith a discipleship relation between the student and'
some senior member of our staff. We question thepropriety
of giving an advanced degree for a niere prolongation of the
undereaduate prograqi ,
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IMPROVEMENT OF GRADUATE WORK, 73
9. GraAuate work in engineering is a proper and naturalcorrelative of the 4-year undergraduate course. 4 However,the 4-year course is naturally a "completion course" for thevast majority of young engineers, and as such it is not thebest preparation for the small percentage who go on tograduate study.
10. In the 168 or more institutions in the United Statesgiving engineering training, about 160 of them are trying toput 6 years into 4 years' time. The result is a deficiency inthe student's foundation. By cramming a lot of profes-sional courses into the undergraduate years they have toleave out needed language, literature, history, science, andeconomics. We build a proper foundation first and then put2 years of graduate professional work on a good foundation.

COOPERATION AMONG INSTITUTIONS IN THE DEVELOP-MENT OF GRADUATE WORK IN ENGINEERING
It appears from an analysis of answers to this phase of theinquiry that the large majority of.engineering schools favorsome form of rational development of graduate work inrelation to State, regional, or national needs. There is con-siderable diversity.of opinion as to the best way of obtainingsuch development.
Several schools believe that a series of conferences ofrepresentatives of institutions would be helpful; othersrecommended that the Society for the Promotion. of Engi-neering Education, the professional engineering societies, orthe Engineers' Council for Professional Development woulddbe the best integrating agencies in developing and .coordinat-ing a long-time program 6f graduate study and research.The American Council on Education, the Association ofLantl-Grant Colleges and Universities, and the NationalResearch Council are also mentioned in this connection. Athought that recurs in severaLreplies is that individual insti-tutions should not be preVehted but shou.1.4 be enço,ur-aged .to develop along their-own lines. .

Nearly 20 institutions expressed approval of the general.idea of a b.road _program of cooperation but stated that thisshould be in harmony with the needs of regional industries.It is nitural that engineering schools located in the midstof mining, petroleum, aeronautical, and other highly special-ized industries iyould properly 'find their programs in con-nection with suclizidustries.
e
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74 GRADUATE WORK IN ENGINEERING

Replies from 10 institutions stated that the general con-
trol of research as indicated in the topic cannot be accogl-
Wished, or even if it were possible that it would be undesir-
able. A few are willing to have some control exercised in
certain specialized fields only.

A few specific statements of opinion are given herewith:
1. It is doubted whether graduate work (at present any-

' how) can judiciously or wisely be "guided." It will neces-
sarily grow out of local talent, facilities, and interests of
studefits. The professional or national needs should pre-
dominate over local considerations as a controlling principle.

2. Aft -engineering school in an industrial center can, with
cooperation with neighboring industries, offer a type of pro-
gram imPossible for the isolated school. Engirieering re-
search on Actua1 industrial problems using the facilities of
both the school and industry opens a field without limit.

3. Qraduate students flow to institutions where the out-
standing leader in his field resides. Graduate offerings will
reflect regional and State needs rather than national needs.

4. Institutions should be permitted to develop their
graduate work free from all regional, State, or national
control. Naturally they will cooperate with the several
kinds of authority as far as possible.

5. Graduate work should be developed so as. to make
proper opportunities available in each locality or region.
Dupliciition of facilities in adjacent schools seems unneces-
sary and expengive. A cooperative agreement or a code of
practice might be worked out for the entire country.

6. The general .economies of the situation may demand a
certain degree of specialization in certain institutions -and
the avoidance of too much duplication of staff and equip-
ment. Some institutions have already developed certain
branches more than others. It would be better to emphasize
these rather than to spread out.

7. There should be recognition of work done in certain
engineering fields by a limited number of proper geographical
distributions. Other institutions in a given geographic area
should not parallel the work.

8. Engineering graduate work should be permanently (a)
to train men for research work in industry ; (b) to supply a
higher ade of engineering teachers. With these objectives
as funramental no national, regional, or State guidance is
necessary.
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IMPROVEMENT y GRADUATE WORK -75

9. It Tvould e good to have meetingsW deans or professorsof spechic departments at a regional conference to discussand ascagn, specific problems to at least twó institutions
Laving professors and equipment best fitted to carry outthe work.

10. There should be at least a well-organize& and effectiveclearing house for research And graduate work, both as topersonnel and equipment of the diffeient institutions in thiscountry. There is too much pseudo-research and,graduatework in many of our institutions, developed under adminis-trative pressure from "higher up" to`secure greater publicitywhen adequate facilities are not provided for the work inquestion. .

Honesty and, integrity in graduate work and research aresimilar to the problem of honest awl clean intercollegiatesports; it rests with the conscience, 0-1 the individual institu-tion mote than. anything *else.
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CHAPTER XII: ININiSTRY AND THE GRADUATE
OF ADVANCED COURSES

THE QUESTION is frequently raised whether the engi-
neering student with an advanced degree gets employ-
ment more readily and of how bis advancement com-

pares with the man with a bachelor's degree.
Since 1930 there have been lamentations about the scar-

city of positions for college graduates. It is, difficult to ob-
tain a position, but several studies indicate that engineering
graduates through persistence have beeti able to find jobs.It has been found in a recent study that engineering college
graduates of the classes of 1931, 1932, and 1933 are rather
consistently placed to the extent of approximately 60 per-
cent. Later -studifis indicate that more than 57 percent
of the electrical engineering graduate§ of 1934 are satisfac-
torily placed. A study by Purdue University of their gradu-
ates from 1928 to 1934, inclusive, revealed that in 1929, 20
percent found employmea before graduation; an additional
60 percent within 2 weeks and approximately 15 percent
more within 3 months. tor the whole period 9.9 percent
found employment before' graduation; 39.5 percent more
within 2 weeks after graduation; and 23.7 percent within 3
months after graduation. In other words, while in 1929
more than 95 percent found first employment within 3
months after graduation, the average over the year? 1928-34
was 73.3 percent finding employment within 3 months ,

idler graduation. In the fall of 1934 when the study was
made g1.3 percent of the graduates of the classes of 1928-34,
inclusive, were employed. This indicates that engineering
graduates are overcoming difficulties and are finding em-
ployment. Employers looking for men tell me it is difficult

.to find first-class applicants from the so-called depression-
, year clqsses. Professor Leutweiler of Illinois had a request

for sane of his recent inechanical ingineering graduates.HAtóte the graduates of the recent classes and not finding
eliough prospects, he wrote to alllistraduates from 1922-34,
inclusive. Less than 6. percent replied that they were
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INDUSTRY AND THE GRADUATE 77

tinemployed. As there were prospects of employment, it
seemed to. him reasonable to draw the conclusion that all
those unemployed and wanting work would reply. Of those
replying, 62 percent *ere employed and satisfied 31 percentwere not fully satisfied with present positions and opportu-
nities. These facts are given (in regard to the employmentstatus óf recent erigineering graduates) as a background in
considering the question if postgraduate training in enginepr-ing is an asset in getting placed and in future progress.

"Afters were written to the deans or placement officers ofthe 20 engineering schoolls and universities which granted the
largest-number of rnastes and doctor's degrees in engineer-ing in 1934. Replies *ere received from 17, representing
close to 60 percent of the master's degree group and morethan 95 percent of the doctor's degree group. Recognizingthe impracticability of getting statistical data, the letter ofinquiry requested that the _reply give such information aswas available along line; of a submitted series of questionswhich were considered as merely suggestive. The replieswere, on the whole, to the questimis as submitted, so this dis-cussion will deal with the questions asked although it is
recognized thitt they did not adequately cover the subject.

The first questions were: "Do engineering students withpostgraduate degrees get employment more readily thanthose with bachelor's degrees? Is the same thing true forthe various branches of engineering such as chemical engi-neering, civil engineering, electrical engineering, aeronauti-cal engineering, etc.?"
The replies varied from the extremes of "Unquestionably.,yes" -te "In most cases, no." Two out of three replies re-ported that their experience 'showed that the po.stgraduitte

degree group has found employment more readily. Empha-sis was placed upon graduate work being especially- advan-tageous fpr teaching positions, for research, and for distinctlyengineering work. A number of replies stated that thosewith advanced degrees probably found employment morereadily. Some qualifying statements were "Practically no
difference for those with M. S. only"; "Past experieiice indi-cated yes, but case was completely reversed this year";"98 percent advanced degree mell placed as comptlia with
83 percent bachelors."

'43

41r.

;

4-

.



78 GRADUATE WORK IN ENGINEERING

The consensus of opinion was that graduate work in engi-
neerint is advantageous in obtaining employment for all
branches &engineering. There was unanimIty of opinion
that it was of value in getting a position in chemical engineer-
ing and metallurgical and ceramic lines. The majority feltit was so in electrical and mechanical engineering, while the
most doubt was expressed in the case of civil engineering
graduates.

The second group of questions were: "Are the men with
graluate degrees accepting positions formerly filled by men
with bachélor's degrees? In other words, are they accepting
positions in which there is no need or occasion to use the
technical material and methods studied in the postgraduate
years? If so, would the men continue to be happy on that
type of work when industrial conditions improve?"

There was considerable feeling that the postgraduate de-
gree man is accepting the type of position filled by the bache-
lor degree man in former years. It was felt that this will not
produce a problem for the future because being better
qualified he will make better progress. One reply stated
that employment sfandards are rising and another that some
of the jobs were formerly filled by merit with bachelor's
degrees because of the shortage of men with graduate de-
grees. Still another reply raised the question whether in

s the adjustment to new conditions the individual might not
have to find his ego satisfaction in

,

his avocation.
The third 'set of questions were: "Is there any indication

that the graduate group has been diluted in ability by in-
creases in registration resulting from inability to get employ-
ment? If so, is there any intation that this lowei ability
group improve their chances of getting a position by taking
graduate work?"

About half the replies indicated tilat there has been dilu-
tion in ability along with the increase in registration since
1930. This dilution appears to be Auch less now than in
1931 and 1932.* It was felt that even in those cases where
there was dilution, tkose of *lesser native *capacity improved
their employment chances by taking graduate work.
. The question was raised "How does the engineering grad-

ti B. S. degree who returns for further study in
other dlidergraduate engineering courses or who takes some
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INDUSTRY AND THE GRADVATE 79
graduate studies without completing the requirements for anadvanced degree fare ifi obtain* a position as comparedwith the man who has his B. S. degree only and with the manwho has a graduate degree?" The replies showed that v4*ryfew B. S. men have returned for undergraduate courses inother departments and that.those who took graduate coursesbut did not fulfill the requirements for an advanced degree,did not improve their employment pröspects appreciably.There was nothing to show. that any particular type ofindustry is especially active in employment. It is recog-nized that the larger industries are taking fe.w men comparedwith the years previous to 1930. Government projec6 areemploying quite a number of ,engineering graduates, espe-cially civil engineers. The others are finding employmentin

.

smaller diversifie4 industries. Starting rates have con-tinued to decrease from 1929 until reaching a low in 1932,and have increased 'slightly gince then. The increments instarting salaries between men with bachelor's, master's, andAoctor's degrees have also decreased. Estimates give thestarting salary for a.man with a master's degree in the neigh-bprhood of $100 to $125 a year more than for the man witha bachelor's degree. Starting salaries for men with theirPdpctór's degrees are less standardized, but vary from $300to $500 a year up more than for the bachelor's degree group.While these starting salaries are higher than for men with. bachelor's degrees,' the classmates of the advanced degreemen who accepted elnployment at the time of receiving theirB. S. degrées have usually advanced to a higher salary thanthe starting salary for the advanad degree classmate.While the preponderance opinion is that men withgraduate degrees obtain positions more. readily than thosewith bachelor's degrees, the replies emphasized that it mustnot be forgotten that success in life depends primarily on.ch4racters personality, and native ability and that too muchweight must not be placed .on graduate study as being themajor reason for advanced degree men getting placed torereadily. It was pointed out that. men taking graduate workare in geneial of superior qualifications and that they aremore mature. One reply placed considerable weight on thefact that the faculty members are better acquainted irith thepadutite students and acCordingly take a greater personal

.
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80 - GRADUATE WORK IN ENGINEERING

interest in them, resulting in their coming to mind more
quickly when asked to recommend someone for a position.
Apparently some new types of positions have beèn created
in some industries calling for men 'with graduate engineering
training.

Çontact was also made, with a number of industrial con--

cerns. The consensus of opinion was that graduate work in
engineering is an asset for fesearch, design, and highly
technical positions, but that it is not of measurable value in
strictly operational, production, and commercial positions.
A greater percentage felt that the graduate iroup has been
diluted in ability and that greater care must be exercised in
selection. There is general agreement that the men who
return to college after getting--their .bachelor's degree are
better prospects for employment thari the men who accept
nonengineering employment until 'conditions pick up. The
majority of men accepting nonengineering éffiployment for-
get their engineering principles and are at a 'disadvantage
when openings do come up.

As for- futute progress, there is some statistical evidence
that men with graduate training make better salary progress
in the creative branches of engineering but on the whole their
progress in operational, production, and commercial work is
of the same order as that of men with bachelör's degrees.
Men in the analytical and creative types of workwho con-
tinue their studies rank in rate of progress with the _men who
received their graduate degrees :before employment.. Pro-
fessor White, of the chemical engineering departmelit of the
Uniyersity of Michigan, gave some definite data in a paper
he presented at Atlantic City in December 1931. The table
showed that at the end of 10 years after receiving their first
degrees, the median salary for men with the bachelor's degrée
was in the neighborhood of $3,800, for men with 1 year of
graduate work in the neighborhood of $4,600, and for men
with 2 years of graduate work in the neighborhood of $5,400
in the research field. There also appears to be less turnover
for men with gráduate degrees. This is true for production
and operation forces as well as for the research and develop-
ment positions.

It appears that men with graduite engineering degrees are
ending positions at higher starting compensation than men
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with bachelor's degrees. These starting rates in _acgivencompany are generally less than the current rate of engineerswho received their bachelor's degree4 at-the same time butaccepted employment instead of returning for further study%In work of a creative nature the men with graduate workappear to have made more rapid progress than die men with
bachelor's- degrees who did not carry on cofitinuing studyprograms. There are no data to supPort tke theory that m.enwith graduate degrees made more rapid progress in engineer-ing work of the operation,a1 and productive type. However,the rate of turnover for men with graduate degrées has beenlower than for. men with bachelor's degrees. Will thesesame things be true for the adnced degree met; who arebeing graduated now in irwreasing numbers and are enteringdifferent kinds of emiSloyment? Only time will tell.
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CHAPTER XIII: INTERPRETATION OF THE SUR-
VEY BY THE COMMITTEE

FROM A position of minor importance, graduate work in
engineering has advanced to one of great significance
during the brief period of the past 20 years. Such rapid

development could not nave taken place without intensify-
ing certain existing problems, as well as creating new ones.
In many ways these problems have been made more difficult
by the fact that the most recent stages of the growth of
graduate work have taken place during the most severe and
long-continued financial depression that has occurred since
engineering. education reached its majority. The situation
thus produced calls for study based upon wide and accurate
knowledge of all the relevant facts. It htis been the purpose
of the present survey to assemble. such facts. These have
been presented in the preceding chapters of this report.
This concluding chapter embodies the discussion of those
facts, as well as conclusions relating to certain of the broader
agpects of graduate work, by the Committee on Graduate
Study of the Society for the Promotion of Engineering Edu-
cation at whose instance the survey was undertaken. The
statements and discussions contained herein are tentative;
they are essentially the opinions 4 the Committee and are
intended chiefly to provoke further thought in certain direc-
tions. It is probable that no final judgment milk be reached
at this time as to many of the problems under consideration.
Time will be required for movements now in progress to take
definite directions and for thought concerning them to ma-
ture. The time is appropriate, however, for widespread
discussion. It is t4is that we hope to evoke.

GRADUATE WORK IN THE GENERAL PROGRAM OF
ENGINEERING EDUCATION

It is basic, we believe, that the broader aspects of griduate
work be considered in relation to the field of engineering
education as a whole. The following fundamental questions
to which results of the Ellimey sect attention niay therefore
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INTERPRETATION OF THE SURVEY 83
be stated: Should graduate work be considered essentiallyas a continuation of the ordinary collegiate program ofengineering instruction forming part of a definitely ,inte-grated program with no sharp differentiation as to type ofwork or methods of instruction; or should it be consideredas a rather uniquely different stage of work specially adaptedto the needs and abilities of the gifted minority and intendedto fit them for distinctive places in science and industry?Is the problem essentially one of increasing the duration ofthe normal program of engineering education so as toprovide a broader, more liberal, and less crowded programwith sufficient time to do thoroughly all that is attempted;or is it one of providing a program of two fairly distinctstages of essentially different characteristics? Should theoffering of programs of advanced work be widespread, orshould they be concentrated largely in those institutionspossessing exceptional staffs and facilities? Study of theresults of the survey confirm the general observation that thisissue exists, and though it may not be as clearly or sharplydéfined as the alternatives suggested by the wording ofthese questions would seem to indicate, it seems clear thatit would be in the general inteiest of engineering educationif it could be clarified. The problem is closely associated,of course, with the question of the length of the undergradu-ate curriculum. Programs of graduate work following 5years of undergraduate study would differ to an importantextent from those following 4 such preparatory years. Thesituation is also complicated by the problem of the under-graduate curriculum of junior and senior stages, as adoptedin a few institutions, and by the rapid growth in numbers ofjunior colleges. This whole matter has so many ramifica-tions that a thorough-going discussion of it would lead farbeyond the scope of the present report. We would remark,howpver, that the effect of the growth of graduate workdoubtless the most important recent development inenginfiering eaucationwill probably be in the directionof causing 4 years to be retained as the normal period ofundergraduate work. It seems unlikely that many institu-tions will move toward the provisionof 5-year undergradu-ate curricula while at the same time devoting their energies74062-86-6-7
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84 GRADUATE WORK IN ENGINEERING

and resources to the deveroprnent of their programs of
graduate study.

While advancing no conclusive answer to the question of
the definiteness of distinction between undergraduate and
graduate stages of engineering education, your committee
believes that developments are likely to be in the direction
of graduate work of a fairly distinctive nature. It is 4uite
posible that the termination of the conventional 4-year
course marks a point of diminishing returns in the education
of many of our students, and that a distinct advantage is
to be gained from a dewy marked termination of one stage
of the program with subsequent reentry to the higher phases
of 'work on the basis of selective admissions.

As to the importance and magnitude of the place that
graduate work is to occupy in the general scheme of engineer-
ing eductition, evidence already at hand indicates clearly
that it is to be one _of. great and fundamental significance.
It should be one of corresponding soundness. In this côn-

. nection we venture to express the view that it might be just
as well to consolidate and strengthen the position already
achieved by the recent advance into the field of work for the
master's degree before any further widespread movement is
made into the still more advanced stage of, work for the
doctorate.

GENERAL CHARACTERISTICS OF GRADUATE WORK

We present two aspects of this matter: First, fundamental
characteristics of graduate study; arid, second, content and
methods of instruction.

Fundamental characteristies.Two distinctive features
should, we believe, characterize a program of genuine grad-
uate study: Concentration in a somewhat limited and a fairly
well-defined field of study ; and a rapidly increasing degree of
initiative and self-motivation on the part of the student as
he progresses in his work. The former characteristic
implies a high degree of attainment and of mastery on the
part of the student and requires a correspondingly n1ore
profound mastery of his field of work on the part of the
tdp cher. Fortunate indeed is the institution that can num-
ber among its faculty any considerable number of men
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INTERPRETSTION OF THE SURVEY 85
having such mastery in a variety of fields so as to providerich and varied opportunities.. for its advanced students,and' who can also so direct their students as to develop inthem qualities of initiative and resourcefulness. It is theattainment of the goals expressed in these statements thatconstitute, in our opinion, the core of the problem of graduatework.

Data gathered in the course of this survej indicateclearly that programs of graduate work, in comparison withundergraduate programs, place emphasis to a marked degreeon the more highly scientific and technical phases of engineerthat comparatively little weight is given to economicfactors, and that almost no time is devoted to what arecommonly called the liberal or humanistic elements. Thetrend appears to be strongly toward the design and researchfunctions of engineering as the aim of graduate instruction,with little emphasis upon the administrative junction. Itseems to be expressly or tacitly assumed by many that thisis the chief if iot the sole .aim of graduate instruction. Ifthis assumption is, indeed, generally held, there would seemto be need for careful study of this aspect of graduate work;consideration should be given to the possibilities of func-tional differentiation in the graduate field, imilar to thateffected in undergraduate work by the introduction ofcourses and curricula emphasizing the economic and ad-ministrative elements of engineering activities. While theattainment of deeper and broader knowledge of the basicphysical and mathematical sciences throughout engineeringeducation is an end of unquestionable soundness, it must beremembered that engineering undertakings always have aneconomic aim and motive, and that they are the product ofcoordinated human endeavor. It is seriously to be ques-tioned, therefore, whether development of and emphasisupon mathematical and physioal science in graduate work,without proportionate development of the economic andadministrative element would, in the end, be in accord withthe fundamental aim of education flgr the broad field ofindustry and engineering.
Lallfliage requirements.--in work for the doctorate, areading knowledge of two modern foreign languages is re-quired almost universally. Apparently the traditional

ing,



86 GRADUATE WORK IN ENGINEERING

requirements of work in pure science, the classics, and
philosophy have been adopted in engineering without
much Consideration of their relevancy. It is of some sig-
nificance, perhaps, that in programs of work for the master's
degree, which have developed in closer relationship to
undergradtiate work in engineering and often under the
direct guidance and control of the engineering faculty,
language requirements are usually not imposed. Fluffier
study might well be shriven to this whole matter.

Methods oj instructkn and guidance.The effects of the
relationship of graduate -study to the customary standards
and practices of the graduate school on the one hand, and
to the undergraduate Work of the engineering college on the
other, are exhibited also in'the methods of instruction and of
supervision and guidance of work that are employed. In
doctoral programs, after the stage of attainment of the
master's degree has been reached, there is a minimum of
formal class instruction, more use is made of the seminar,
and much greater emphasis is given to the doctoral thesis
wherein the student consults with his adviser individually.
These methods are employed almost un,ive'rsally throughout
the university graduate school, and are so well understood
and so widely endorsed as to call for no further comment.
In work for the master's degree, however, there is greater
diversity of prActice, and in many instances methods approx-
imate more closely to those of the upper undergraduate
years: Formal class instruction is common; practice in the
use of the seminar varies widely and there is even a good
deal of diversity in the degree of independence and of initia-

, tive permitted to the student in the selection of tbe topic of
his the'sis and to his work thereon. Furthermore, as will
be discussed later, in many instances graduate student; Are
permitted to accumulate credits in a certain number of
undergraduate courses where the customary methods of
formal class instruction are employed. On the average,
about one-fourth to one-eighth of the credit requirements
for the master's degree are allotted to the thesis, in which
really individual. self-motivated work is done, while the
remaining units are usually in regular course work in which
methods of instruction approximate closely those of under-
graduate work. It is a little hazardous, perhaps, to attempt
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INTERPRETATION OF THE SURVEY 87
thus to characterize the methods of instruction employed inwork for the master's degree in terms of a general average,but a careful study of all the data submitted in the course ofthe survey indicates that the general trend is about asindicated, even though exceptions and deviations are fairlynumerouf. Apparently the belief is held rathei widely thatthere cannot or should not be any abrupt change in methodsof instruction as the student begins his advanced study.Probably, also, limitations produced by the present generalsituation tend to impose a continuation of the methods ofundergraduate work into the first year of graduate study.In this connection we would reiterate ourbelief, expressed inan earlier section ok this report, that genuine graduate workshould be charactehzed by a rapidly 4icreasing degree ofself-direction and of guidance rather than by formal instruc-tion. It is for this reason, in part, that we have sounded anote of caution .as to the rapidity of further expansion ofgraduate programs in the immediate future-, or until presentrestrittions, ao widely felt in engineering education, can beremoved.

ADMISSION AND GRADUATION REQUIREMENTS
Admission requirement8.Aside from requiring applicantsto have attained the baccalaureate degree, most institutionsimpose more or less restrictive limitations aiming to admitonly "properly qualified" students. These usually take theform of restricting admission to graduates of institutions of"recognized standing", of requiring students from otherinstitutions to make up "prerequisite courses" not includedin their undergraduate curricula, and of admitting onlythose having "superior" undergraduate records. Restrictions of the latter sort seem to be imposed more strictly onstudents coming' from other institutions than they are ongraduates of the same institution, the presumption being,apparently, that the institution is under some obligation toadmit its own graduate's.

The principle of selective adn*sions to graduate work is,we believe, one of prime importance. There appears to beopportunity and need for the more widespread establishmentof requirements of high scholastic ability as well as qualitiesof originality and selfaselianCe. "the student's undergraduate
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88 GRADUATE WORK IN ENGINEERING

record svili doubtless have to be relied upon chiefly for evi-
dence cif scholastic ability, but more weight might be given
tò endorsement by his instructors in the forril of explicit
statements as to his qualifications for original and self-
motivated work. Possibly less weight might be given in
some instances to the minutae of the student's undergraduate
curriculum. Apparently an excellent opportunity for further
selective measures in the master's program is being generally
overlooked in the possibigty of imposing a requirement for
formal admission to candidacy for an adyNred degree after
a probationary period of advanced study-- In the cse of the
master's program, a term or semester. This.: requirement,
common in doctoral programs, is in effect Atli() as to work for
the mister's in some institutions. In view of the faCt that
qualifications for work that is, or should be, to considerable
degree self-motivated are judged far better during the pursuit
of such work than they are by the examination of a record of
grades in undergraduate work, the more widespread adoption
of this means of selection might be given consideration.

As to the admission to the doctoral program, whether the
master's degree is or is not achieved en route, procedures are
more nearly uniform ahd standardized, showing the influ-
ence of the university graduate school. The stages of ad-
missions procedure just mentioned, i. e., preliminary
adniission to study with later formal-admission to candidacy,
are well-nigh universal. The practice has stood the test of
long-continued usage.

Graduation requirements'. As measured .by credits, re-
quirements for the master's degree range from 24 to
semester hours, this unit being defined in the same way as
in undergraduate work. One year of residence is required
except in the case of t vo institutions which require a mini-
mum of 2 years. Th b esis is usually weighted at from 4
to 8 .units,' or about 20 percent of the total, the proportion-
ate amount of research as Compaied to course work being
about the same. Work for the master's degree in engineer-ing is planned almost universally 'as a terminal program,
even if it is anticipated that some students will later go on
for their. doctorates. (Its general nature is indicated in a
way by the term "little doctorate" that is smiletimes

There are important deviations from the practice represented by then average figures.
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INTERPRETATION OF THE SURVEY 89
applied to it.) This is in contrast with certain otherdivisione of scienCe in which it has become. rather commonto discourage students aiming at the highest degree fromacquiring-the master's degree en route, the purpose being tohave them concentrate on a single piece of reseanbh, aftercompleting the course requirements, instead of undertakingtwo projects, one in the master's program and the' other inthe doctor's.

Requirements for the doctor's degree tire not usually ex-pressed in terms of units or credits, but simply in terms ofyears of residence; 3 years after attainment of the bac-calaureate degree being universal so far ai we have beenable to learn. Work for the doctorate is essentially a re-search type of program following closely the traditional.pattern set by the classics and pure science. It is adaptedalmost solely to the needs of the design and research func-tion of engineering, especially the latter. Programs of thistype appear to have been taciPy accepted in engineeringeducation and no serious question appears ever to havebeen iaised as to the validity of their aim and purpose, *apoint touched upon earlier in this report.We call attention at this point to one specific' aspect ofgraduation requirements, namely, the practice of classifyingcourses that may be pursued in satisfaction of requirementsfor advanced degrees in two or more groups, variouslydesignatid "A" and "B", or as "100", "200", and "3002'It is common practice to permit students to submit creditsup to -a specified maximum in the lower, or even the lowest,)f these categories, such courses being either advancedY,ourses open to both graduate ,and: undergraduate students)r regular "out-of-department" undergraduate courses.lestrictions imp6sed in connection with the pursuit of sudipurses differ: In some instances only undergraduates havingxceptional records are admitted to "B" courses. In othershe proportion of graduate programs that may be comprisedf courses of this type is strictly limited. In a good. manyistances only giich couises may be offered as are needed asrereqwsites for advanced work. There appears to be someanger in this ..connection, howeVer, of padding graduaterogramay the inclusion of too much work of purely under-!aduatp Content and 4ature.*%
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GRADUATE WORK ,IN ENGINEERING

- It may be noted in this connection that there would seem
to be no 'reason why graduate students should not be per-
mitted to pursue certain undergraduate courses needed in
the pursuit of their graduate programs without counting

, them as credits toward an advanced degree.

PliOBLEMS OF ADMINISTRATION

Forms of adminiVrative organization 'under which. graduate
work is conducted vary with and are dependent upon the
_types of institutions which offer engineering programs.
These range in size and complexity from the small sepa-
rately orga*ed schools of technology to the largest uni-
versities, and include the .entire range of institutions of
higher learning. Except in the largest of the separate
schools of tec.hnology, graduale and undergraduate work
are commonly administered under the same unit of organi-
zation, though often a special committee of the faculty is
placed in charge of certain administrative matters, Buch as
passing upon applicatiohs for admission, and the like. Gen-
eral policies are usually formulated, however, by the officers
and faculty of the institution as a whole. In the universi-
ties it is ozimmon practice to place control of the adminis-
tration, and, to a certain extent, the actual conduct of grad-
uate work in a separate administrative gnit, known as the
graduate school, whic11 cuts acrosTall lines of institutional
and departmental organization. This school is commonly
presided over by a dean and its work is in charge of a faculty
which comprises the senior professors who actually conduct
graduaa work. A more complete statement ai to methods
of administering graduate work will be found in Proceed-
ings, Society for the Promotion of Engineering Education,
vol. XL, (1932), page 84.

Aside from expressing the opinion that ale simpler the
form of administrative organization, consistent with the
complexity of the local situation, the better, we would call
attention to one specific problem with relatiò4 to administra-
five organization, namely, the question of whether work for
the master's degree, particularly-in the institutions in which
it is closely integrated with und: ; uate werk (the bach-
elor's degree being conferred as a s re or less incidental
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INTERPRETATION OF THE SURVEY 91
awied at the end of the first 4 years of a longer program),would not be more Avantigéously administered under theengineering school or division rather than ky the graduateschool of the entire institution. Administration bjr theengineering school may, on the one hand, aid in providingprograms of more definite purpose and more coherent con-tent; while, on the other hand, administration under thegraduate school may bring the benefit of broader institu-tional standards and policies. Local, circumstance's andthe nature of the program will dictate the solution of thisproblem.
Supervision of the student. In many *institutions methodsof supervision of caiididates for masters' degrees do notdiffer essentially from thoseof undergraduates, though thereis conunonly the closer association afforded by the relatively.smaller' iroups of students and teachers. In one or two,instances plans for the provision of a closer relationshipbetween teacher and.student have beeninstituted in a sortof "discipleship", one or two graduate students beingassigned to individual members of the faculty who serveas their adviser* and direct their program of work.- Thestudent works continually in close association with thisindividual teacher. Where faculties are not laige and wherethe graduate students are relatively few this arrangementwould seem to be an excellAnt one.jn doctoral programs the student is assigned, almost in-variably, to a small comiaittee comprising the professorundér whom he is to do his thesis And two or three teachersfrom his minor fields. . This arrangement is so common asiiot to require further comment.

ligtOBLEMS OF THE TEACHING STAFF
It is in relation to'faculties that the most serious problemsincident to the rápid growth of graduate work have arisen.Even if the recent expansion had occurred in normal times,-1- the próblem of meeting the need for increased staffs would

4

have been a serious one. Coming during a period of financialtations, the problem has been acute in many institutions.tiring the past 2 years it has been inteniified still furtherby the resumption of the growth. in undergraduate enroll-ments. Information gathered in this survey indicates that
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92 GRADUATE WORK IN ENGINEERING

the additional load of instruction has been carried ,in most
cases simply by adding it to the loads already carried by
members of the teaching staffs. So far at can be discerned,
standards of undergraduate work have not suffered thus far
by reason of these inscreases; teachers have simply buckled
down to the increased loads. There is some evidence, how-
ever, that there has been a substantial increase in the assign-
ment of teaching to graduate assistants and fellows. This
does not constitute the whole problem, however. Another
and more important element is the fact that teachers of
graduate workthe abler and more productive men--hav'e
had less freedom to follow lines of individual scientific
Interest and research; they have, in general, been forced to
carry on tiieir work under a state of greatly increased stress
a condition that promises to continue. :The seriousness of
this situation can scarcely be overstated.

SELECTION OF TEACHERS

Evidence gathered in the survey indicates that there is an
increasing tendency to choose new teachers largely on the
basis of the duration of their academic preparation. It has
become the common practice to appoi4t to teaching posts
only those holding at least the master's degree, and in a
good many institutions to promote to professorships only
those holding the doctor's degree. There is some-evidence
that insistence upon possession of higher degrees is at the
expense of a corresponding period of experience in engineer-
ing practice. There can be little question that the trend
toward the requirement of more extended scholastic training
is resulting in a more highly qualified group of teachers of
junior rank. We are led to observe, indeed, that the"
'brightest aspect of the future of engineering education today
is the quality apd training of -the young teachers who are
coming in to fa! tie junior ranks in our staffs. Yire are in-
clined, however,' to raise one question in this donnection:
Whether the need for experience In prófeittional practice is

..nos great as it ever was, and whether this should not be
insisted upon?. Engimiering graduates mvstrdeal with actual
engineering enterprises7 and their academic training must.be

a¡pely balaced combination of theoretical and praitical
elements.. Teachers likewise must .possess both ability in
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INTERPRETATION OF THE SURVEY 93
theory and practical insight into its application lest theirteaching become purely scholastic anst sterile, and lest bothgraduate and undergraduate work be cast into purelyacademic molds.

In this general connection we would remark that thetendency to require the holding of an advanced degree asa condition precedent to promotion to the higher facultyranks, as prescribed by some institutions, neMs to be
administered with judgment and latitude in the case ofengineering faculties. Many instances of teachers possess-ing the very highest professional attainments withoutbenefit of formal advanced training could be cited in sup-port '6f this statement.

SUBSIDIZED GRADUATE WORK IN RELATION TO
TEACHING

Mention has already been made oi the fact that therapid growth of graduate work in recent years has led to a
considerable increase in the émployment of graduate stu-dents ás part-time teaching assistants. A considerableperceptage of the graduate students enrolled in °engineer-ing are subsidized through scholarships or soine other formof award. We are not able to state the exact ratio of sit-sidized graduate students to the total enrollment, sincénot all of the griduate fellowships are filled by graduatestudents of engineering (in some institutions some of the
opportunities so listed are filled by students of other branchesof science). Some idea of the extent to which subsidized
opportunities are available can be obtained, however, frsomthe fact that in the year 1934-35 there were more than850 .suicíi opportunitiesnearly one-third as many as thepare enrollment'Qf graduate students of engineering..

Approximately 250 of these positions are listed as re-
.

quiring part-time services in classroom or laboratory
,teaching. This is approximaittly *one-tenth or the totaliiùmber of graduate stúdents of engineering. While the
aggregate of the teach' 1j1he by these graduate studentsis not a large fraction of all thé teaching done in engineer-ing colleges, it is a factor of sonic, importance in the instiw...tutions where the practice Is followed since this is si minor-ity of all the institutio: These figures represent thatportion of the practice over which the enginebring collem
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94 GRADUATE WORK IN ENGINEERING

themselves have control. In universities having engineer-
ing divisions, instruction of all undergraduate students,
including engineering students, is commonly given in the
college of liberal arts in such fundamental subjects as Eng-
lish, mathematics,' physics, and cliemistry. The propor-
tion of teaching done by graduate assistants in such cases
is larger than it is in engineering colleges. In the aggregate,.
the practice is a fairly prevalent one.

The type of work done and of responsibility assigned to
graduate students in their capacity as assistants in instruc-
tion varies from the handling of the chores of laboratory
routines and paper work, with some incidental supervision
of laboratory squads, at one extreme, to acting as virtually
full-fledged (though part4ime) instructors, at -the other.
A common arrangement is to use the graduate assistant to
relieve the regular teacher of some of the load of laboratory
instruction and of the work incident to laboratory operation.
This would seem to be a suitable arrangement provided the
interests of the graduate student are safeguarded and he
is not called upon for more than a stipulated fraction of
his time.

To use the graduate student under a small stipend as a
part-time teacher giving regular classroom, instruction, as a
measure of economy, is a practice that at the least is open
to the danger of lowering educational standards. It may
also be questioned whether the division of interests of the
graduate student between Ms own advanced work, on which
he should be co-ncentrating his best energies, and the inten-
sive preparation that should precede classroom instruction
when it is a wholly nevi experience is in the best interests of
the graduate student himself. There are undoubtedly
exceptions to any rule in this connection, and some graduate
students, by reason of inherent aptitude for teaching as *.ell
as' insight from their own recent experiences into the prob-
lems and difficulties of undergraduates, may make acc
able instructors. On the whole, however, we regard th: use
of graduate students as classroom teachers, except, aps,
in the case of mature individuals with .previous teaching
experience, as an undesirable practice. The fairly wide-
spread prevalence ofithe practice leads us to call attention
to ita dangers.
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INTERPRETATION OF THE SURVEY 95
COOPERATION AMONG INSTITUTIONS

Two aspects of this general subject are presented forconsideration: (1) Specialization among institutions in thedevelopment of particular fields of advanced study andresearch, and (2) cooperation in the offering of complemen-tary programs of advanced study.(1) 1u6h has been said and written as to the benefitsthat would accrue from the avoidance of needless duplica-tion in advanced work on the part of institutions in the samevicinity that deal with much the same student and indus-trial clientele. ,Two points of view on this matter are ex-pressed; they exist, in fact, among the members of this corn-, mittee: One, that measures should be sought looking to thedevelopment of noncompetitive lines of advanced work,where such competition is clearly undesirable; and theother, the realistic attitude that specialization in graduatework and research is likely to be a matter of natural de-velopment rather than of planned restriction, or limitation,or of more or less formal agreement among institutions,however much avoidance of duplication may be desirable,ideally. It is the view of the majority of the committeethat institutions desiring to achieve an important place inadvanced work and research will do so by taking advantageof opportunities afforded by mounts or environment orspecial abilities of members of the faculty, to build up dis-tinctive programs of work. Illustrations of the accom-plishment of this aim are increasing in number. Amongthem -may be cited certain of the courses and conferencesspecially adapted to the needs of engineering teachers thatare offered by 'several institutions; special programs ofgraduate study afforded in several ciges for the benefit ofyoung employed engineers; distinctive research proutms ofa considerable number of engineering experimeneptations,and so on. The development of centers of research of thecontinental type seems without question to be one of theends most to be desired in engineering education. 'Recentdevelopments in graduate study have given impetus to thismovement. It is tA; be hoped that available resources willpermit its further development.

qtr.



96 GRADUATE WORK IN ENGINEERING

(2) Cooperation among institutions in exchange of credits
, and in facilitating the movement of graduate students from

institution to institution so that they may take advantage
of noteworthy offerings in particular fields appears to be a
distinctly promising means of promoting cooperatioh among
institutions in the general field of advanced study. We
feel that this is not only possible of accomplishment but
that active steps might well be taken to insure it. We
thereforb suggest that a conference of administrative officers
be held with a view to determining the general principles
in accordance with which cooperative arrangements may be
effected as well as to adopting adminidtrative procedures
needed to carry such principles into effect. Such a program
might include special provision for teachers who desire to
do their work for advanced degrees in more than one insti-
tution .

CONCLUSION

In bringing this report to its conclusion we would reiterate
our introductory remark that our discussions of the results
of the survey are not intended ás specific recommendations.
As the study has progressed it has become increasingry
apparent that the development of graduate work in engineer-
ing is in such a formative state that it would be premature
to attempt to draw up a comprehensive set of definitive
conclusions and recommendations at this time. We believe,
however, that it may be appropriate to present the following
summary of some of the more important issues and problems
that have become apparent as the survey has progr` 1 as
a means of focusing thought and discussion upon them:

(1) There is apparent need for clarificatiom of the issue
between the extension of the undergraduatt- program into
a fifth year, and of the 2-stage program of 4 undergraduate
years followed by advanced work of genuine graduate nature.

(2) There is need for tecognition of the fact that many of
the procedures as well as the content and method of graduate
work have been the result of adopting the forms of the older
fields of philosophy and ure science without regard to the
special attributes or n I s of engineeiing. Herem, distinc-
twe features of uate work seem likely to evolve. The
question i how_ _ást we should pioneer.
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INTERPRETATION OF THE SURVEY 97
(3) A problem is before us in connection with the func-tional aim of graduate work: Should it be directed almostsolely to preparation for the design and research function ofthe professionwith incidental values as preparation forteaching; or should there be proportionate development ofthe administrative function?
(4) The extent to which the characteristic methods ofundergraduate instruction should be carried over into thegraduate field seems to be something of a problem; it is notclear that original and self-motivated work on the part ofthe student is a basic idea in the operation of many graduateprograms, particularly for the master's degree. In this con-nection it would seem that consideration might be given tothe adoption of the honors group plan of work for giftedundergraduates of the junior and senior years as a means ofpromoti4original and self-motivated work in the graduateschool.

(5) There are evidently problems of administrative. super-vision and control of graduate work in engineering, particu-larly where the engineerinF division is part of t. larger insti-tution. These problems differ, even in the same institution,as to work for the master's degree and for the doctor's degree.
(6) Most pressing at present is the problem of selectionand of development of teaching staffe in the graduate field,a condition aggfavated by the rapidity of the growth ofgraduate work and by fiiiancial conditions.
(7) Consideration should be Oven to the possibilities ofcooperation among institutions m the development of com-plementary programs of graduate work and in promotingtransfer of students from mstitution to institution.
(8) Finally, there are many specific problems relating tovariou's aspects and details of graduate programs. Amongthese the following may be listed, though, of course, the listis not complete:

(a) Language requirements in the master's and thedoctor's programs.
(b) Use of the subsidized graduate student as a part-time teacher.
(c) Admission standards and procedures, with particu-lar reference to progressive selection.
(d) Examination methods, with particular reference tooral examinatioiis in the master's program and to

comprehensive examinations.
(e) Degree practice, with particular reference to the useof the Ph. D. in engineering.
(f) Practice in the matter of conferring advanceddegrees on members of the jnstitution's own staff.
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98 GRADUATE WORK IN ENGINEERING

(g) Teaching loads and evaluation of graduate instruc-
tion and supervision of research in connection
therewith.

Committee on Graduate Work,
Society for the Promotion of Engineering Education,

T. R. AGO
EDWARD BENNETT
DEXTER S. KIMBALL
PARKE R. KOLBE
THORNDiKE SAVILLE
GEORGE B. THOMAS
CARLTON E. TUCKER
H. P. HAMMOND, Chairman.
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APPENDIX
This appendix includes a copy of the letter of the ActingCommissioner of Education to officials of higher institutionsof learning that offer courses in engineering, transmittingthe questionnaire on which the survey was based, also acopy of the questionnaire itself.

UNITED STATES DEPARTMENT OF THE INTERIOR,
OFFICE OF EDUCATION,
Washington, October 15 , 1934.To Presidents or Deans of Engineering of Colleges and Uni-versities offering courses in engineering:

The Office of Education and the Society for the Promotionof Engineering Education are cooperating in a stidy of thestatus and trends of graduate work in engineering. Apart of the study will be based upon data and opinions ofengineering educators. The facts thus obtained will becompiled and the results published for the information ofthose concerned with this importalit and rapidly developingfield of instruction in education.
The questionnaire which Accompanies this letter has beenprepared by this Office and the committee on graduatestudy of ihe S. P. E. E. and is sent to all colleges and uni-versities that offer courses in engineering. Your aid istherefore invited by supplying as fully as possible theinformation requested. If your institution does not offergraduate work in engineering, it is suggested that thequestionnaire be returned with an answer to the first ques-tion. At the same time the Offie will be glad to have yo.urviews on questions which are of interest to you.Three copies of the questionnaire are being supplied.Will you kindly return at your earliest convenience one,with tile requested information. One copy can remain foryour files and Ale third may be used as a work sheet.A penalty label, which requires no postage, is enclosed forur. use.

Sincerely yours. BESS GOODYKOONTZ,
Acting Comminioner.
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COPY OF QUESTIONNAIRE

UNITED STATES DEPARTMENT OF INTERIOR,
OFFICE OF EDUCATION,

Washington, D. C., October 15, 1984-

SURVEY OF GRADUATE WORK IN ENGINEERING
EDUCATION

Name of institution Post office address

(Name and title of individual to whom communicatipns relating to this
form should be addressed.)

1. Does your institution offer graduate work in engineering? Yes__
No

If the answer to this question is "no", kindly returnlhis form with-
out further entries.

Certain of the questions on this form may be answered by supplying
facts and figures. Spaces are provided for the tabulation of such
replies. Others request opinions, or general descriptions. In sucli
instances the spaces provided may not be sufficient. In that even4,
please use additional sheets, indicating thereon the item of the ques-

. tionnaire to which the additional comments relate.

It is recognized that certain of the data requested can be supplied,
if at all, only with considerable difficulty by some institutions. There
is no desire unduly to burden anyone with the preparation of such
dita. It is merelY hoped that replies will be as complete as is rea-
sonably possible. Where answers can be given most readily by refer-
ence to published documents, such as catalogs, excerpts from .such
documents may be pasted either on this form or on additional sheets,
indicating the item of the questionnaire to which the excerpts relate.

Information is desired as to engineering work only, and unless
specifically indicated to the contrary, each question refers to your
college of engineering. Architecture, pure science, and other fields,
though related to engineering, are_ not intended to be covered by the
study, even though such work is c-olducted in the engineering college.
hi some instances it may be difficulttefinitely to differentiate between
work in engineering and work in science. In tiiit ca.se the judgment
of the individual supplying the information must determine whether
or not the work in question is to be included. In case work properly
to be considered as lying ivithin the field of engineering is adminis-
tered by the 'general graduate school or division of the institution,
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APPENDIX 101
such work is to be considered as coming within the scope of the study.Graduate work conducted by the institution on a part-time basis incooperation with industries is also to be considered as coming withinits scope, if the degree or credit for work done is conferred by 'theinstitution.

Where the word "Administration" is used it refers to registrationand classification of graduate students, appointments to the graduatefaculty, approval of courses, and the clerical work of recording credits,checking time in residence, and similar matters. Where the term"supervision" of graduate work is used, it means, in general, activitiesconnected with the actual teaching side of graduate work as distin-guished from the clerical. Where the word "college" is used, it refersto the engineering college or division. Where the word "institution"is used, it refers to the educational institution of which the college offengineering is a part.
2. Please enumerate fields of work (as chemical engineering, civil en-gineering, etc.) in which graduate work is provided. (Abbreviations,as C. E., may be used.)

(a) For the master's degree
4a am* 4. ma =M. WO W MIr I alb(b) For the doctor's degree_

am wow am.
ma a. am yaw a.% D3. Enrollments and degrees conferred. Please supply figures as indi-cated by the following table:

(a) Enrollments in work leading to master's, or equivalent,degree, second semester or sècond quarter, 1933-34.1

Field

Full-
-time

resident
stu-

dents

Part-time
resident
students
(teaching
fellows,

etc.)

C P-
erative

mil-
dents

Eve-
ning
stu-

dents

Others tplease
specify types) Number

of mas-
ter's

degrees
conferred
1933-34 1

. ___

0

a ..
-

Chemical engineer-
ing_

Civil engineering_ a

Electrical engineer-
ing__ m a

Mechanicalengineer-
ing_ _ _ r

Miningengineering_ _

Metallurgical engi-
neering

Mt

Total_.

.

a.

- - .

_

.. - - -

a

.

a

a

I

a

a.

40 MD

0.

AM a. ow mo

__

. .

.. m

_

e - - a. - .10 ... .6 -

..

or 40

.

a

e.

...

_ _

a

a

- 0

. _

a

a

AV -

_

a

a

-

_

a

-

a

..

-

_ _

- _

a. a

. D

_ _

a a

- _

a

m. ..

.

_

a

-

a

.

... _
. a a .. a

. . _ - -

o........

a a 1m

a a

a . . m am

a

-

-

a.

a.

_

___

_

..........

a. a .. 4m. - - . a aw

-

I Do not include any degrees conferred for practical experiencess "postschdlastic" degrees.Include such degrees under (c) only. Do not duplicate any enrollments under both (a)Ant (b)
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102 GRADUATE WORX IN ENGINEERING

3. Enrollments and degrees'conferredContinued.
(b) Enrollments in work leading to the doctor's, or equivalent,

degree, second semester or second quarter, 1933-34.1 (If
it is impracticable to classify such students, or degrees, by
divisions of work, merely give totals.)

Field

Chem leal engineer-
ng

Civil engineering
Electrical engineer-

ing
Mechanical engineer-

ing
Mining engineering
Metallurgical engi-

neering

Full-
time

resident
stu-

dents

Total

Part-time
resident
students
(teaching
felloys,
e4)

Coop- Eve-
erative ning

stu stu-
dents dents

Others (please
specify types) Number

of doc-
tor .3

conferred
1933-34

I Do not include any degrees oonferred for practical experience as "postscholastic ' degrees.
Include such degrees under (c) only. Do not duplicate any enrollments under both (s)
and (b).

(c) Number of engineer's degrees, such m civil engineer, conferred
in 1933-34 for practical experience, as postscholastic degrees, or
otherwise, except for work in course.

(d) Please state the year in which the first -master's degree in
engineering was conferred by your institution. - -7- -

Similarly, ple;ase state the year in which the first doctor's
degree in engineering was 'Conferred. ..... . _

4. Administration of graduate work in engineering. Please check type
of administrative organization in spaces provided below, or, if no
appropriate designation is given, please describe the form of ad-
ministrative organization in your institution. If work for the mas-
ter's degree is differently 'from work for the dltor's
degree, please so indicate.

Master's(a) General adrWinistrative control by degree
College or division of engineering
Graduate school distinct from college

of engineering
Special committee of engineering fac-
ulty
Other arrangement (please describe) - _ - -

e eeeeeee

Doctor's
degree

-
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APPENDIX 103
4. Aministration of graduate work in engineering Continued.(b) Individual in immediate responsible

Matter's Dodor'scharge
degree degreePresident ...... _ .....Dean of engineering_ ....... _ _Dean of graduate school m . do.

Chairman of committee__ Mb ..... M MO woOther supervisor (plèase specify)
(c) Please describe, briefly, the form of the depirtmental organi-zation of SPour engineering college for directing graduate work;in particular, please state any differences between departmentalorganization as to undergraduate and graduate work_ _

(d) Please explain thmeneral relationship of administration andsupervision of graduate work in engineering to other graduatework in the institution, particularly in science, and especiallyin physics, chemistry, geology, metallurgy, and other fieldsclosely related to engineering__1b 1=1 ..........
MM. MD MO I a 41W 411M 4.0 dab

(e) Please state your views as to the most desirable form of ad-ministrative and supervisory organization of graduate work inan institution of the same general type as your own

(f) Do you offer %engineering graduate courses in the summerterm? 1Yes No
- If so, please tabulate the enrollments by courses (subjects ofinstruction) during the summer of 1934.

Courses

Enrollments of teachers

From same
institution

From other
institutions

Enrollments
of others

than teachers

s*

OD 6* aMo P
MN. 1. goo

.......
M,

_ _ _ mlw.

MID
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5. Faculty.
(a) To what extent do you relieve those teaching graduate stu-

dents frbm the teaching of undergraduates? SpecificallY, in
adjusting teaching loads, what relative weight is given to
graduate teaching as compared with undergraduate teaching?
If a definite policy is pursued, please outline it.

.1m. =1..

(b) Is special or additional remuneration allowed for graduate
teaching? If so, please outline your plan briefly

(c) Have you had any experience in relation to visiting and
exchange professors? Yes__ No__ __ __, or

Do you at present have any definite plan for efhploying
them? Yes No_ _ _. If so, please outline briefly____

two db

(d), Have you any definite plan for the encouragement of younger
members of your staff to pursue graduate work? Yes.t
No In your own institution? Yps No
Or elsewhere? Yes No_ _ _ _ _

Are sabbatical leaves granted for this purpose? Yes
No

Please indicate the extent to which your teachers have
availed themselves of such opportunities by filling in the
following spaces:

Ìstumber and. percentage r engineering staff now
pursuing graduate work. umber Percent-
age_ _ A - -

Number and percentage of your engineering teaching staff
who earned graduate depees -in the years 19286to 1934
inclusive. Number_ _ Percentage_ _ _ _ _ _ _

(e) What percentage of your staff engages in teaching graduate
work? _ _ _ _ _ _ _ _ What percentage engages -in .directing
research?

(f) In choosing new members of your teaching staff, what weight
is given to possession of advanced degrees by applicants?"_....._1 WO. MM. IMI 110 WI& dill

Similarly, what weight is given to possession of practical
experience?

Do you require the holding of a degree beyond the bacca-
laureate by new applicants? _ _ _ _ _________ _ _ _

Has there been, any change in this situation in recent. yearsr;

If your institutidti has a de4niie policy in this connecti0,47:2

,

please state it_

.
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APPENDIX 105
5. Faculty Continued.

(g) Please outline the pradice of your institution in conferringadvanced degiees, for work in course, upon *members of yourown staff. Is there any limitation as to the rank (or title) ofteachers upon which you will confer such degrees?

6. Basic nature of graduate work.
00.. dir IND 00
'V

ma. IMO .m

IN N Im mow . MP =. OW 1=0

I

(a) Please state the practice of your engiiieerinF college and yourpersonal view§ as to the relative emphasfs upon And time to bedevoted to.pure science, engineering, and "humanistic" workin. graduate study in comparisonwith undergraduate study.(I) For the master's degree

(2) For the doctor's degree ...... a.. tow - -8 ..

e 0101, MI; 10 mal

(b) Please state your views as to the place which study of eco-nomics and of economic factors in engineering should occupyin graduate work leading to advanced degrees in engineering.(1) For the master's degree
m.

(2) For the doctor's degree.,................ .10 .=0 ....
7. Nature of programs 6f graduate work.

(a) What percentage of your requirements must be satisfied by- work in course, and what percentage by research

. mo. In* e cla do. MD as es

0. mi. 01.

Work in course,
including sem- Research, includ-friars ing thesis. For the master's degree_ _

For the doctor's degree_
(b) To what extent do you use the seminar type of work ingraduate courses:

For the master's degree
For the doctor's degree

(c) Haveyou &definite plan ofafescribed "majors" ancl "minors"?If so, please butline ltja reArds work for the*aster's degree
,

w:

Doctor's degree
.s.

A:

MI, OM MP

(d) Please state your requirements Os to time in residence for the
MaximuM time

-, , Master's degree...... . %. -,_..,-
, .

...

Doctor's degree.... _ .. . A74. ip .. - - .... .....,. .. - - .., ... ..., ..

,

...
3

1r, ,(e) Pleatie outline your requIrg*itsajld practice as to continuity
`. of ',residence, transfer of creditaroin óther instituttoils, and like

Minimum time
permited

inOters. ..... 4....... 6 air as ot

Ia. um. 4111% ........ am an

.
;47 I.: a, to

# 41
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106 GRADUATE WORK IN ENGINEERING

8. Admission requirements.
(a) Are specifications imposed as to the quality of undergraduate

records of applicants for admission to graduate work?
Yes No
If so, how are they expressed?

(b) Please outline your procedure as to admission of graduates of
nonengineering curricula. Have you any system of pre-
requisites in this connection?

(c) Please outline your requirements and procedure as to the
admission of a graduate of one engineering curriculum who
desires to work for ari advanced degree in another field. naye
you any system of prerequisites in this connection?_ _ _

(d) On what basis are credentials of graduates of other institutions
evaluatedS

As to specific courses pursued?

On the general standing of the institution?

On the quality of the undergraduate record of the applicant?

Please explain your policy and methods.

(e) Are examinations for admission tO graduate courses given
(aside from those required for formal admission to candidacy
for a degree)? Yes No

If so, what is their nature? Oral? _ _ =, .11M M Writ-
ten? _ _ _ _ _ _ 2 - - In specific subjects of instruction?

Or comprehensive examinations?

41.

(f) How are admission procedures administered? By an
individual? Bra committee?

11.11 a M IIN ay. =1' .... .. ani MI, SD e e ..........
(g) Please outline your requirements and procedure as to formal

admission to candidacy for
. The master's degree._ I ...... 41 MI dop MI ..........
The doctor's degree

(If your catalog outlines such requirements accurately
and completely, answers may be supplied by pasting
excerpts on this or on an attached sheet.)
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APPENDIX

6. Admission requirementsContinued.
. (h) What is your foreign language requirement for. The master's degree

The doctor's degree

107

What is your view, In general, as to the requirement ofmodern foreign languages for advanced degrees inengineering?.......
9. Graduation requireménts.

(a) Please state your requirements, in semester hours or in otherterms in accordance with the practice of your institution, forthe award of.

The master's degme
Tile doctor's degree-.... .......... _ IIM10. 41m . ....

AND(b) Do you classify graduate courses in categories, such as"class A", and "class B", or those that may be taken only bygraduate students and those that may also be taken by under-graduatespetc.? Yes No_ as 40If so, please state the basis of classification

s

What proportion of each typeqs required for an advanceddegree?
11.

Are undergraduate courses not taken bx the student as anundergraduate accepted as partial fulfill:lent of require-ments for an advanced degree? Yes_ MO NoIf so, in what proportion? _ _
Under what conditioris?1....1__

et.

If certain subjects, suph as clifferintial equations, are requiredin some undergraddate curricula.but not in others, and ifgraduate students may oiler such courses in satisfaction ofthe requirements for an advanced degree, are such studentsadmitted to the undergraduate classes, or is the subjecttaught separately for the graduate itudents? If so, isthere any difference in subject matter and method ofpresentation?
411

..... 100
Are undergraduAtes admitted to any graduate courses? _ _If so, what oonditioni are _ . ... ilwm
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108 GRADUATE WORK IN ENGINEERING

10. The thesis.
Please outline your methods of conducting thesis work and your

requirements therein under the f ollowing heads: (1) Selection of topics;
(2) time required and maximum time permitted; (3) credit given (please
state your views as well as your practice) ; (4) methods of administra-
tion and of supervision (5) relationship to institutional and depart-
mental research programs; (6) other aspects of importance in your
institution.

Please supply answers on separate sheets as to
(a) The master's degree.
(b) The doctor's degree.

11. Examinations.
Please outline your methods as to (1) examinations in prescribed and

other formal courses; (2) examinations for admission to candidacy for a
degree; (3) Final (comprehensive) examinations. In particular please
state the extent to which the oral examination and the combination of
oral and written examination are employed and, in instances where the
oral examination is employed, the manner in which the examiners are
chosen.

(Please use addition 'sheets for this discussion.)
12. Degrees.

Please state the form of degrees conferred by your institution for
work in course

(a) The mute& degre (as M. S., M. S. in C. E., M. C. E., etc.)

(b) The doctor's dekree (as Ph. D., D. Sc., D. Eng., D. C. E.,
etc.).

7

(c) Please state your views as to apptopriate forms for degrees for
advanced work

In engineering

In science

13. Costs.
(a) Please state how the cost of graduate work is budgeted.

Under what major items? How is cost of research büdgeted?
Is cost of engineering 'graduate work budgeted separately from
work in science and in other fields? ______

MID ..... am. e a EN mi. ne a* mi. .....
(If a sample form of budget can be supplied please attach

two copies, omitting aniounts if desired.)
(b) Please state the fees charged for graduate work and the basis of

such charges, i. e., whether the charge is made per course unit,
a single charge per year, a stipulated minimum total for the
degree, etc
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APPENDIX 109

13. Costs Continued.
(c) If such data can be readily given please state the costs of gradu-

ate work in your institution in terms of dollars per full-time
student pér year, or in terms of cost per course unit, or in such
other units of expression as you may employ. If costs of gradu-
ate work in engineering are kept separately, please give data
both as to costs in engineering and as to costs in related fields.
Please state explicitly the basis upon which unit costs are
computed
MID

OW MEE Em am e m

14. Fellowships, scholarships, and teaching assistantships.
Please give the following information for the academic year ending

June 1934.
(a) Number of institutional fellowships or

scholarships filled by engineering students
%which make no demand on students for as-

. ejstance of any kind____ _ _
Stipend per school year for each type

(fellowships, scholarships) _ _ _ _ _ _ _ _ _

(b)- Number of institutional (including experi-
ment station) fellowships or assistantships
available to graduate engineering students.
requiring part-time work on assigned research
or testing

Stipend per school year for each type_ _ ........ mb.11111
Hours of service required per week

(c) Number of teaching or laboraiory assistant-
ships available to graduate engineering, stu-
dents, requiring part-time assistance in the

'conduct of class (quiz) or laboratory sections
Stipend per school year for each type
Hours of service required per week

(d) Number of industrial fellowships available to
graduate engineering students, requiring part-
time work on projects of interest to the indus-

try_ _ IMI MED .1M. MP MD EM MEW ME .... EM MO ME MD Om M mE IMP AM Om mE m EM am dIM. .M. MD SIE ME Pm. ... MI .mo ME ......... M. OM MID Me 41.

Stipend per school or calendar year for each
type (underscore which) _ _ MD Ma AIM MD OM 41. MO MD MD MID AND SD MD

Hours of pervice required per week_ _ .E.E1EIM MIDOMMDM.41PMEMPME01MD

(e) Please give similar information relative to other fellowships or
awards in support of graduate work in engineering which do not
fall under any of the above groupings_ .ne

..... EED OP MP

(f) If there has been any marked change as to number of fellow-
ships and scholarships available, or any material change in
stipends, during the past 2 or 3 years, please describe briefly
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1 10 GRADUATE WORK IN ENGINEERING

June 1934 Continued.
(g) Total value of stipends available to graduate engineering

students in all departments:
During tile year`1932-33 . ....
Durinfthe year 1933-34 $

15. Cooperation.
(a) Has your institution any cooperative ariangement for inier- -11

change of facilities or credits in graduate work with any other
institution? If so, please describe the essential features of the
arrangement. Please state the extent to which it is used.
Please also give your general experience in this connection_ _

(b) Has your institution any arrangement with industries foil the
offering of post-graduate work fot employees either on a part-
time or on a full-time basis? If so, please outline the arrange-
ment and discuss your experience _ _ .................

OP

16. Facilities for graduate work.
Please state the funds allotted in 1933-34 for extension of and for

maintenance of facilities for graduate work in engineering, and for
research. If possible, please give separate figures for laboratory
facilitietrand for the library.

For laboratories For the library
For maintenance $
For extension (new acces-

sions) IMODM . am e a

How does your situation in this respect in 1933-34 compare with
that in 1929-30? Please give answers in as explicit terms as possible

17. Relationship of graduate to undergraduate work.
(a) Has there been any perceptible tendency, as work for ad-

vanced degrees-in-engineering Iiaa bpensieveloping during the
past 2 decades, to transfér from thé ufidergriduate curriculum
any of the more advanced engineering cotftbses to-the graduate--
program?

(b) Has the development of graduate work in the past 2 decades
had any other perceptible influence upon the content, purpose,
scope, or other characteristics of undergraduate curricula? If
so, please describe the situation in this connect* in your
institution
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APPENDIX 111
17. Relationship of graduate to undergraduate workContinued.(c) If longer,curricula, as of 5 or 6 years, are offered for the firstdegree in engineering in your institution, what is the relation-"ship of such programs to programs for advanced degrees?Please state as explicitly as possible, in terms of tyPes of under-. graduate and of graduate programs, credits toward advanceddegrees for iverk in the longer undergraduate programs, transfersfrom other institutions having 4-year undergraduate programs,and similar matters

.

18. Please -state your experience and your views as to any other aspectsof graduate work in engineering that would be helpful to the Officeof Education and to the committee eitlier in appraising the existingstatus of graduate work or in considering means by which it may bestrengthened. If, in particular, there : re any specific problemsrelatinK to graduate work in your in: . ution not covered by theforegoing questions, please outline them WO M. ...... MIN .MP .....
0011..M.410MbilM ......... ....... IN ..............19. Do you believe that graduate work in engineering should be guidedin its development by State, regional, or national needs? If so, howmr,y institutional practices be kept in line with those needs?____.......... .... ..............aaaaaaaaaaaaaaaaa ..
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INDEX
Administration of graduate work in engi-neering, 10-17; most desirable form, 15-17;nature of control, 10, 11; official in charge,11; problems of, 90; relation to other gradu-ate work, 13-15.
Admission to candidacy for degrees: 49;master's degree, 50; doctor's, 51.
Adjustment of teaching loads, 20, 21.
Admission to graduate study in engineering,45-51; admission of graduates of non-engineering and engineeringcurriculaotherthan the proposed field, 46, 47; require-ments, 87, 88; specifications as to qualityof undergraduate records of applicants, 45;procedures, 48, 49.
Advanced degrees conferred in engineering,historical, 1-4; summary table, 3; typesclassified, 63.
Appendix: 99-111.

Candidacy, admission to, 49, 50; master'sdegree, 50; doctor's degree, 51.
Classification of graduate courses, 55-57.
Committeeon Graduate Study of the Societyfor the Promotion of Engineering Educa-tion: Cooperative efforts, VII, IX, XI;introductory statement, XII; acknowl-edgement, XIII; names of committeemembers, XIII; interpretation of survey,
Conclusion. 96-98.
Cooperation among institutions, 73, 95-96;

arrangements, 18, 19; cooperative and part-time graduate work, 39-44.

Degrees, advanced, 62-64; form of master'sand doctor's degrees, 63; conferring ad-vanced degrees on members of the insti-tutions' own staff, 24, 25.
Departmentalorganization, nature of, 11-13.

Engineers' Council for Professional Devel-opment: Advocacyofpost-academic train-ing, 4.
Enrollments in graduate work, 2-4; sum-mary and table, 5-8.
Evaluation ofcredentials, 47, 48; ofgraduatesof other institutions, 47; according tostanding of institution, 48; according toundergraduate record of applicant, 48;policies and methods pursued, 48.
Examinatioft, methods of, 60-62; compre-hensive type, 61.

Fellowships, classification, 69, 70.
Foreign-language requirements, 57-59; formaster's degree, 57-58; for doctor's degree,58; views as to these requirements, 58-59.Forms ofadministrativeorganization, 15-17,90, 91.

Graduate courses, 55-67. Classification ofM; proportion of types that may betaken, 5547.
Graduation requirements: In semesterhourcredits, for master's degree, 54, 88, 89; fordoctor'sdegree, 54019,90; time in residence62; transfer of credits for degrees, 53.Graduate work: Cooperation in develop-ment of, 73-75; general characteristics, 84--

of education, 82-84; in summer
86; im vementat, 71;in general program
term, 17; tion to graduate work. 31-41;views of oorrespoodstits as to policies andmethods, 71.

o

Improvement of graduate work in engineer-ing, 71-75.
Industry and the graduate of advancedcourses, 76-81.
Institutions included in survey, IX-XI.Instruction, methods of instruction andguidance, 86.
Interpretation of the Suarvey, 82-98.

Language requirements, 85. See foreign-language requirements.Letter of Assistant Commissioner of Educa-tion to engineering school officials, 99.
Majors and minors, plan of, 26; master'sdegree, 34-38.
Master's degree in engineering, the first: 1.Methods of instruction and guidance, 88, 87.Method of the survey, IX.
Opinions as to place of economics and eco-nomic factors in programs ofstudy, 29. 30.Opinions as to improvement of graduatework in engineering, 71-75.

Part-time graduate work, 39-44.Ph. D.rfirst in engineering, 1.
Program of graduate work in engineering,26-38; economics and economic factors,26; general characteristics, 26; proportionof required work in principal fields, formaster's degree, 27: for doctor's degree, Z.Purpose of the survey, IX.

Questionnaire, 100-111.

Ratio of graduate students in engineering toseniors, 3.
Recruitment and training of teachers, 22, 23.Relationship of graduate work to under-graduate work, 65-68.

Selection of teachers, 21, 22, 92.
Seminar, use of, 26; master's degree, 33;doctorcs degree, 34.
Scholarships, classification, 69, 70 (also fel-lowships).
Standar& of instruction, 23; advancedstudies taken, 23; improvement throughsummer sessions, 23.
Student Supervision, 91.
Subsidized graduate work, 69, 70; in relationto teaching, 93, 94.
Summer term, graduate work in engineer-ing, 17.

Teaching loads, adjustment, 20; and extracompensation, 21.
Teaching staff, problems, 91-92; selection,92-93.
Thesis, credits allotted M.
Time in residence for higher degrees, 53.Training of tachers, degrees required, 22;

self-advanosment, 33.
Transfer of credits: 53, 64.

Visiting and unhinge professors, 21.

Work in ovum and work in research, theirrelakions, master's dogree, 31; doctor's
degree, 32.
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