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3 Bosion, lassachusstts,
April 29, 191b6.

Honorable Josephus H. Daniels,
Secretary of the Navy,
Washington, D.C.

Dear Sir:

The Committee apyointed at your request by the Zresident
of the Society for the Fromotion of Engineering Education to visig
the United Siates Naval ALcadenmy at Annapolis, and to make suggesticns
with reference to the work of the Post Graduate School, begs leave
to state that, at the invitation of Captein Eberle, it visived the
Academy January 27, 28, and 29 last, and carefully examined the work
of the Post Graduate 3chcol ard tne egquipment of the same, and con-
ferred with the officers of instruction. As & result of thg consid-
eration which it has given to the matter, it begs leave to make the
following report:

The memorzndum prepared for the Committee by the officer
in charge of the School, Lieutenant-Coumender Join Halligan, Jr.,
states that the advice of the Committze is soucrht as te:

_ "Pirst: DMethods of impvoving the efficiency of the exist-
ing courses.

"Second: The practicabiliny and advisabiliiy of estab-
lishing common courses in meckanical ongineering for all post grad-
uates, what subjects shiould be covered, and what changes in the
present organization snould be required.

"Third: The availubiliiy of technical institutions for
subsequent specialized training.

"Fourth: How much time for lectures, labcratory, and
preparation would te recuired to cover during foriy-six weeis a
fairly comprehensive course in metallurgy, strength of materials,
metallogravhy, and chemical znalvsis of steels and bronzes. The pur-
pose of this course would pe to trzin & student officer to an extent
which would permit him to determine the chemical analysis, »hysical
characteristics, and grair structure of a piece of metal."

The Committee, l'owever, has not considered iiself confin-
ed necessarily to these stojects and in the following report it
discusses all the points vaich have suggested themselves as worthy
of mention.

THE SITUATION.

As the situation has been described to the Commritiee, there
are 230 positions afloat which require post graducte education in
marine or electricel engineering. At present there are 63 graduates
of the post graduate department, of whom about 40 will be available
for sea duty at one time, to fill these positions. The present
Schocl trains annuelly 15 marine engineers and 5 electrical engineers,
together with a few ordnance men, naval constructors and civil

engineers. -
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The first subject which inx resses itself forcibiy wpon the
Committee after & study of tke situation, is the pressing necd of an
enlarzement of the scope of tais Schesl. A modern ship of war is 3
great mechanical laboratory. Its construction, and its opcration as
well, demand a thorough training in scientific and engineeiing prins-
ciples. Even our present Nevy requires, in the opinion of the Com-
mittee, thet the number of men trained in the School should be large-
ly increased, and with the demand for a still larger Navy end an
adequate state of “preparaticn onn the part of the United Stetes tec mec!
any foe, the necessity for an exlargement of the School is still more
evident.

In the opinicn of the Committee, the School should be en-
larged so s to be carable of turning out not less than Y5 men anvils
1y, with provisicn Zor a still groeter iacrease in the future. Eventi-
ually, it is probatle thaet at least ore-fourth of the studentd in
each gradusting class frem the undergradvate departvment of the Nawal
Academy, will reguire post graduate training. The number of mid-
shipmen in the present fourta class is 267, so that if thes above pro-
portion 1s correct, there iz Immediate need of provision for taking
care of nearly 70 men each year in the Zost Greduate School.

In order ©vo carry out this cuggestion, an imrediate en-
largemént of the available space and of the technical force is ur-
gently necessary in order to provide saitable ouvarters for this im-
portant brench of our nuvel eatablishitent. {rhe Cormittee believes
that immediate steps shovld De tallen lor the ersction and equipment
of a new budlding tc be devoicd euueciwlly to the work of this post
graduate course. The cost of this building and its equipment, would
probably be not less than $500,000, and it should be liberally sup-
ported by anmmal apprcecpriations Lox 1ts operating expences.

The new »uilling should be located in a prominent place in
the Academy grounis, as an obhject lesson in higher education for the
undergracuate studerts, Juspiring in tine best ¢f them & desire for
vostgraduate work, end as a dewonstration of its importance. It shoul
glso offer Tacilities for advenced work for instructors in both under-
graduate and postgraduate departments of the Academy. Indeecd, the
School should be a post graduate techniecel 3chool of the hishest grade

With reference t¢ ithe present situation as regards the teach
ing force and the character of the teaching, the Commitiee has been
imch impressed with the devotion and a»ility of the commanding officer

anc of the imctruction férce, with the excellence of the woril done,
ané of the »resent equipment. The teachers are men wno thoroughly en-
tmsiastic and alive to the importence of their woik, the courses have
heen well erPanged, well coordinated, and well adapted to the needs of
che students, end the ethod of instruetion, so far as the Conmittee
18 2ble to judge is sxcellent. A discnsgion will be given later of
certain prineciples whickr the Cemunittse believes should be observed, an
soume recommendaticie will be made rege.ding methods ol instruction.

TdE. CURRICUIA.

There are five courses of study provided in this Pecst Gradu-
ateée School, nemely:

Mechenicel Zngineering.
Electrical Engineering.
Orcénance.

Havel Construction.
Civil DInginsering.
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In each of these curricula certazin work is done at the
Naval Academy, snd this is supplemented by work at other institu~
tions, or industrial establishments-

Students in Mechanical Engineering spend one year (three
terms) at the Naval Academy and one yvear at Columbia University,
vithl practical work at the navy yards.

Students in Electrical Engineering spend one gmear (three
terms) at the Naval Acadewy, one yeur at Columbia University, with
practical werk at the Navy Yard, at the works of the General Elec~-
tric Gompany, at the works of the Sperry Company in Brooklyn, and
with the American Telephone and Telegraph Compeny.

Students in Ordnance spend one term at the Naval Academy,
and the remainder of the time at Bethlehem and Midvale, at Schenec-
tady, at Rochester, a2t the proving grounds, at the Washington Navy
Yard and Burezu of Ordnance, and in the study of special subjects
at various points.

Students in Naval Construction spend twe terms at the
Naval Academy, and three years at the Massachusetts Institute of
Technology-

Students in Civil Engineering spend two terms at the
Naval Academy, and two years at the Renmselaer Polytechnjc Institute

The Committee thoroughly approves the plan of sending the
students in various post graduate courses to other institutions to
supplement the work done at the Naval Aczdemy, assuming that proper
arrangements can be made and a proper coordination of courses se-
cured. There scems no good rezson why advantage should not be
taken of the facilities offered by existing institutions elsewhere,
to avoid the necessity for duplicating these facilities at Annapolis
To provide adequately for doing all of the work at Annepolis would
clearly require the establishment at that place of facilities in
all different lines equul to those offered at any of our technical
schools. This would involve eventually the expenditute of a very
large sum of money. The object would be to provide facilities at
Annapolis for a course ¢f rne year in each of the different lines,
this course to be unifie. so far as possible. The students in each
of the five ccurses name. above, al]l need instruction in mathematics
mechanics, upplied mechainics, machine design, electricity, thermo-
dynamics, strength of macerizls, chemistry and metallurgy. The
courses given in these subjects '‘given at the Naval Academy might
well be the same, or nearly the same, for all students. These sub- |/
Jects are fundamental, und & narrow specilization should be avoided:
After completing these fundszmental studies, the students in each
line of work shall be sent wherever they can find the best facili-
ties for continuing their studies.

il
]

The Ccmmittee is informed that the officers selected to
vursue post graduate work, after graduating from the Naval Academy,
are sent to sea for from ene and one-half years to five years, and
are then designated to return to Annapolis to enter the Post Gradu-
2te School. The undergraduate course from which they have gradu-
ated, has given them the fundamental principles of mathematics and
mechanics, as well as of other subjects, but during their service
at sea they probably forget a good deal of what they have learned
and their minds are out of training for close analytical work. Fop
this reascn, a considerable portion of the work of the first year at
Anmapolis must necessurily consist of review. It seems a wacte. of
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valuable time to wake them up and aicelerate their minds in school,
‘ather than before coming there. The Committee suggests that this
intervael or hiatus should be avoided so far a3 practicadle, and that
the orficers who are to return fo the Post Craduate School should Dde
selected and informed of the fact at least six months, and preferanl;
one year, in advance, snd required duringz this time to review the
subjects of mathematics and mechcnies, and such other subjects as
the deportuent might designate. It might be well to recuire them fTo
pess an examination before beginning the post graduate work, It is
a fundementel prineiple in education that in order to ensure the besti
results with the least expenditure of time, related or contiming
subjects should be coordinated wnd carried on so far as practicable
without intermission, in order that one subject may lead %o the next
and the student may Tfollow ihe line oi thought without the opportun.-
ity to slip backward through lack of use. A period of sea service
is undoubtedly necessary, but the Coumittese suggests that the endeaws
be made to see if this cannot be srrenged in some way which will
avoid in some degree the inevitable loss of time or efficiency which
must result if the course of study is entirely interzupted by contin.
uous service at sea of several years. Possibly a certain amount of
study and a certain number of reports might be required while on
board ship, at least from those officers who do not wish to forfeit
their right to enter the Pust Grodaunte School. Other means may per-
haps be suggested by the Committee in chuarge of the Post Graduate |,
Departiment.

the present schedule for the post graduate work at Annapo-

lis provides for a total of 53 1/2 hours per week, including lectures
laboratory, end prepavation. The students taking these courses, how-
aver, are Ppicked men selecied froem the gradunates of the undergradu-
ate departient for their efliciency and adaptability to the particu-
lay work which they are to folléw. They are also matvrer men than
the 1verage student at our engineering schools, end, &s a rule, they
appreciate their opportunities und are enthusiastic and industrious.
They, .ure, therefore, capable of working longer hours than the aver-
age unadergraduate student in our technical schools. We are told

that they actually work about 60 houwrs & week, or about 8 1/2 hours
a day seven days in the week. This aprecrs to the Commititee rather
too.large. The Commiitee believes that adbout 53 1/2 hours as com-
templated by the schedulz, or ¢ hours a day for 6 days in the weekX,
is not excessive, zlthougi perhwps 50 hours a week would. be betvter.

Refersring to tae details of the curricula of the differ-
ent courses, these appear to the Committees to be well arranged and
well coordinated. With reference to them, the Committee mzkes the
following recommendations:

(1) The ordnance men should be regnired to spend a year, oY
at leust +two terms, at Annepolis, ana the remainder of the time
pertly at some other institutien end »artly, as at >resent, at in-
dustricl anc government esteblishments. These men need < nore
thovounk training in fundawentals, such, for instance, as electric~
ity, than they now resceive. -They need alse, a very thorough courae
in the pzoperties, ganufacture, chemistry and metallurgy :f steel.
T'he Toundations of this knowledge can be given at the Navul Acudemy
if a fourth professor, sugzected beldw, is secured for the purposes.
After leaving the Nivel A6ademy they should pursue the seme subject
further in some irstitution offering proper facilities. Until “he
fourth professor recommended is secured, they muist gain this know-
iadegr at other institntiens:
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On the othexr hand, ‘these ordnance men require less ‘steam
engineering than the marine und electrical engineers. Tac Jommitter
believes that «ll students should be required to spepd one ypaz at
Annupolls.

(2) As above suggested, the various subjects should be uni-
fied, so far us pracficable,: for all the diffcrent oourses of study.
Complete unification will not be possible, because the studenis in
gome of the courses will need somewhct morye instruction in cexrtain
subjects than the students in - other courses; .and moreover, the
students in ,mechanicel and eiectrical engineering spend two terms
and a-summer term at the Naval Academy, while the students ir naval i
construction and civil engineering spend but one term and a svumer
term there, and the ordnance men but one term.  The present courses
of study eppear to the Committee to be us well unified as practic-
able, unless it can be arrunged, that &ll students shall sperd the
scme time &% the Academy.

(3) A subject like mathematics or mechunics, which is not
o descriptive subject, out one reguiring intellectual concentration
should have two hours outside preparation zllowed for each class-
room exercises

(4) In order to obtzin the best results, & heavy subject
should be conducted with three class-room exercises per week. IT
several topics constitute reully but one subject, und zre preperly
coordinated, they muy be ccmbined into one such course, ws for in-
stunce, mechanics and applied mechenics _

(5) The number of studies pursued at one time should not be
so great as to result ia dissapation of thoughts The fundamental
principles in the arrangement of studies and the number of hours re-
guired per week. is that the student should have time to really !
think about the things he is studyang. He should not blindly saccept|
the 'statements or methods in the book, oxr merely follow the thought
of the instructor, but should develop mentel initiative and origina
power. In order to accomplish this object he must have time to
think, and he must not hcve too many problems ossigned whech iuin be
solved by rule of thumb azethods or substitutien in equations« The
fault in some of our tecinical schools teday is thet while the
students are kept hard o: work, they cre not given time to think
‘and they tend to beecome iore auteraténs intellectuzllyy In oxder t:
lobtain the best results, classes should be small, preferably ot
over 15. This will enab. e personal Tontset at ewch exercise betwse!
teacher snd student and -.dequate supervision odf work. In laborator
work there should be one instructor of sczue grade for each fivse
students in the class.

|

(6} In the drrcngement of the curricula, the Commnittee ‘sug-
gests that care be tuken nct to attempt to carry the student teo fc.
in the various subjects, but to place the emphagis on the thereuzh
study of fundamental principles. No academic course of study oc—

cupying a reasonable time, can be eircepted to cerry & student &9
the utmost confines of any subjects~ L great decl must be i=T% fer .
him to study by Eimself zifter gradustion. “

2IHCDS OF INSTRUCIION.

¥he methods pursued at the Acudemy, so far aos the Commitic
has been able to inform itself regarding them, uppear to bé excel-
lent. The Committee has no criticism to make. It will, however,
make & few statements ¢s to fundcmental principles which, in its
opinion, should be kept in view.



(1) Instructicns should nct be given by the pule leccture system

' to any comsiderable extent. The student should be provided with s
text bock which he is requirecd to study, and the class room exer-
cises should consist largely in en aettempt to discover how far he _
is able to master the subject with the aid of this text book. Re- 7
peating the words of the text will not prove that he understands.

The teacher must pro¥e into his mind and endeavor to make him see

just to what extent he studies understsndiggly and what habite he
rneeds to cultivate in order to do soO.

(2) Problems should be given but not in too large number and
not of a character which can be solved by merely substituting in
formulas. The problems should be devised with the object of culti-
vating the students initiative and practical common sense tc the
greatest possible extent. Problem work easily degenerates into &
routine substitution of data in equations derived theoretically, be-
cause the teacher takes upon himself the two .most important functiorn
namely, the formulation of the problem and the selection of the data
nothing then remains for the student, in kany cases, but to proceed
in a rule of thumb, unintelligent manner. Indefinite problems
should frequently be given, leaving the student to select the data
and the kind of result to be attained.

(3) The objects of the Post Graduate School are (a) to .rain
the men in power and initiative so that they may be able te solve
intelligently any technical problem which may be presented to them;
(b) to supply them with a fund of technicael knowledge concerning
the instruments, machines, and methods which relate to their speci-
alty, so that they may solve their problem in a way which will com-
ply with commercizl conditions and will secure the greatest efficier. M
cy &t the least cost; (c) to enable them to see in proper proportior B
the subjects with which they have to deal end their own knowlcuge of -
these subjects, and to graduate them with a degree of self-confi-
dence which is founded upon a realization of actual knowledge ind
power, and yet with a modesty founded upon a realization of the
small amount of their knowledge as compared with the sum total, and
of the fact that they must be continually on their guard and 2xer-
-cise the greatest care in order to prevent themselves from falling
into serious errors. Tk~ capable man is generally modest; the in-
‘capable man who does not know his own limitations and liabilty to
error, ey easily, by me ns of a technical education, be made dang-
erous rather than useful The attitude of the studeat towards his
work and towards his tea her, and the attitude of the teacher to-
wards the student, are t erefore of great importance. The teacher
' should make the student 'ealize that he is his friend and working
for only his interest. He should cultivate cordial personal inti-
macy, and yet the teacher shoeula criticise justly but unsyparingly
the mistakes and mental deficiences of the stadent, and should con-
stantly endeavor to point these out while at the same time pointing
out to the student in what way he can remedy them. The student
' should welcome such criticism.

(4) It is essential, of course, that the proficiency of the
student should bd judged by means of marks. It is most desi.able
also that their ambition should be excited and that they should be
stimulated to excel. They should, however, be made to regard marks
as not the object for which they are striving, but as simple an in-
dex:. They should study Yor what they get, not primerily for the
marks; but if they get what they ought to get, the marks will take
care of temselves. Instruction, examinations and tests should alil
be designated in such a mammer that no student can pass them unless
he really understands the subject, DMoreover, the marks asSsicnsd
should take account of all the mental qualities designed to be zul-
tivated, such as initiatiwe, accuracy, etc. and not scholarsrip =~la-
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By means of merc memorizing or learning by rote, it is not an mn-
common thing for students in our cochgﬂs and lechnical seheals to
p&ss in a subject the real meaning of which thoy entirely fail to
grasp. One of the most difficult things in education is to test
properly the results which are attained, and this should be studied
with care by the teaching force.

(5) The theory and practical applications should be brougat so
closcly together that the student is mede to sce clearly the aim
and usefuliness of wnat he is studying. No division should be made
between thecory and practice. The man who teaches z2ither should ap-
prceiate the other cven if he Is not thoroughly conversant with it.
The close association between instructors, offered by the Post Crad-
uate School, and the reclatively srwall number of studernts, &8 com-
pared with cur larger techiuical schools, offers an opportuvnit;y for
the instructors to get together and redistribute the topies oFf study,
not necessarily with reference to thecry or practice, but in a
rational, psychological manncr. The &im in teaching any svbjeet
should be toc make it uscful in the broadest sense, and any methods
which further this ond spould be adopted. In many cages the ccn-
crete, practical side of a question may well be taught first, cr
heforo the theoory, so that when the theory is explained the siudent
really grasps it because he secs the need of it and understands 1ts
application. Much of the mathematical teaching in our collegus and
engineering schools is almost profitless in the case of a large pro-
portion of students bceausc these principles are not .observed.

By means sucn as these, the zreduates may be made to takz a
broaaer view of the cnginccring rrofession and of its reiation to
octher profcssions thaen is generally teken by graduates of techii-
c=1 schools, and they wili be cepable, efficient snd firm, while
at the same time modest and not posscssed of intellectual erroganci}/

ORGANTZATICN.

The prosent force of instiuction consists of thrce professors
and two instructers. Thnis is not even adequate for the vresend num-
ber of students end will be still more insdeguatc if the enlarge-
ment of the institution ghove rccommenrded, is carricd out. There is
necded at onee, & fourth rofecssor %o have charge of the instruction
in materials, metallograr y and metallurgical chemistry, who can
8lso conduct the laburato y for tescing waterials. There is also
necded at once, en instr - tor or assistant professor to assist in
the instruction in mathem tics end mechanics. If such a men can be
obtained who also possess s a knowledge of chenistry and materials,
he may be ablo =lso temporarily to relicve Professor in some deg“ce-
until the fourth professor peferi:d to above, can be found.

+ The Committee elso finds that all the tcachcrs in the School
are very much overworked, rcquiring over forty hours per wcek for
the regular work of 1nst;uction, preperation, correction of problems.
etes Morxeover, the profcssors are reguired to do too much routine
work which can "be just as well done by younger and lcss expericiced
men.

It is sclf-evident that, in oxrder for a profassor to do his
beest work, he uust not be overburdened. o work is quitec so wear-
ing as the routine work connected with teaching. The professors in
the Fost Graduate 3chool ¢t Annapolis should have adcguate time for
rcoreation and relaxation, and also for independent resecarch znd
gtudy of their own, cntirely outside of their teaching duties. The
Comumittee belicves thet twelve class room excrciscs a week is &ll
that should de regquired of a professor in charge of a- department, anc
that each professor should have an asgsistant to relieve him of a
good deal of the routine work of correc¢ting problems, cte.
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Instructors or &ssistants should be expected to give vo the
work of the department, tie regular working hours, just az they
would give in an engineering office. A professor hivexdr, should
have much time at his own disposal in order that he may keep him-
self intellectually fresh, and ambitious, and thoroughly informed
with regard to his subject.

The Committee therefore believes that the School needs four
professors and four instructors at the present time, and that, as
the number of students is increased, the number, of teachers must
be- increased also, so that, counting instructors of &ll grades,
there shall not be more than ten students to one teacher. The
Committee believes that the importance of this School to the Govern
ment end to the country is so great that every effort should be
made to promote its efficiency. Individual instruction to sucih
an extent as is necessary should be provided for and the number of
instructors should be fulliy adequate to the requirements. The
United States Goverament ccnnot afford anything less than the best
school which is possible.

The Committee believes that with the great demand for
officers in the naval service, the instructors in the Post Graduate
School should be taken, so far as possible, from civil life. The
naval department can not afford to train men to be teachers urniess
it is possible to secure competent teachers without doing so. The
Committee believes that the civilian instructors can be secured Wwho
will probably be better teachers than the Navy Department counld
train, and who would have a thorough knowledge of their subjects.

COOPFRATION WITH OTHER INSTITUTRTONS.

For the purpose of avoiding the duplication which will be ne: -

essary if the Post Graduate School were to furnish all the instruc.-
tion required for its engineer officers, the Committee entircly
approves the utmcst cooperation which is practicable with other
institutions, and the sending of the students agter one year at
Annapolis, to such outside institutions as mey be selected by the
officer in charge of the Post Cresduate Schook. At the present time

we understand that there are 31 students in the School at Annapolis.

20 electrical and mecharical engineering students at Columbia
University, 3 civil eng: acering students at the Rensselaer Poly-
technic Institute, and - 3 naval constructors at the llassachusetts
Ingtitute of Technology. An increase in the size of the Post Grad-
uate School, as recommer ted in this report, would result in sending
a,larger number of stude 1ts to the selected institutions, and this
would be an advantege by making it practicable to secure a closer
cooperation in the specialized courses required.

- MISCELILANEQUS CONSIDERATIONS.

The work of this Post Graduate School should not be confined
to the year which the students spend at Annapolis. The School
should be a living force permeating the entire corps of officers ef
the Navy. All graduates of the Naval Academy, in whatever branch

of the service, should be encouraged to correspond with the officer.

of the Post Craduate School and to resort to them for advice and
assistance in any technical problems with which they may have to

desl. The Post Graduate Department should send out printed or type:

written information which it considers of service to officers, and
should keep in touch with them after graduation. The School must

not become an exclusive, aristocratic institution for a few highly
trained men. Every officer in the Navy should feel that it is his
school whether he has ever been a student there or not. The under
graduates in the Naval Academy should be inspired with interest in
it, should be kept acguainted with its work, and should be encovr-

aged to aspire to being selected to pursue post gmaduate work there.
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The School should be liberally supported by Congress and
recognized- as & most impertant and veluable branch of the Navy De-
partment? It now has a budget of ebout $2000 a year for general
expenses, This is ridiculously small, and if the school herein
reconmended is enlarged end made a technical school of the higaest
grade, with due regard to the ilimited length of the course pursued
there, the appropriations will have to be largely increased.

With reference to the fourth question asked by Commander
Halligan, quoted on page one, the Coumittee does nct believe that
the Post Graduate School should attempt to quaelify ordnance offi-
cers to make analyses of steels or bronzes. The chemical analysis
of such materials is too large a subject and may easily be made
a,life work by itself. The ordnance men should know the effect of
the various chemical elements which may occur in steel, and should
have a good knowledge of the general chemistiry of the subject, but
they should not be chemists. They should have a thcraugh knowledge
of the strength of meterials, and of metallurgy and metadlography
as applied to the materials used in ordnance. For this purpose the
time necessary would probably be not less than 9 hours a week for
46cweeks, including class room and vreparation, together with
about € hours lesboratory per week. '

/s/ GEORGE F. SWAIN
F. L. BISHOP
L. P. BRECKENRIDGE :

V. KARAPETOFF
A. N. TALBOT.



