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LETTER OF TRANSMITTAL. .

DeraARTMENT OF THE INTERIOR,
Bureav oF EbucaTioN,
Washington, June 21, 1916. "

Sir: The cooperative system of education in the Department of
Engineering of the University of Cincinnati, begun 10 years ago, is,
[ belidve, one of* the most interesting and instructive experiments
in education within recent years. The importanco of the experiment
i8 due to the fact that it is not only practical, but is also based on
fundamentally correct principles of education, too often forgotten
in school and college work. This experiment has been the subject of

many newspaper and magszine articles and public addresses, but I,

believe no account of it Has appeared so comprehensive as that given
in the manuseript prepared by Clyde William Park, of the University
of Cincinnati. I recommend, therefore, that this manuscript be pub-
lished as a bulletin of the Bureau of Education.
Respectfully submitted. :
P. P. CaxToN,

Commasstoner.
The SECRETARY OF THE INTERIOR. :
) 5
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THE COOPERATIVE SYSTEM OF EDUCATION.

. —t—
. I. THE COOPERATIVE IDEA.
4
The coope

ratiye course of the University of Cincinnati was not the
product of an academic laboratory of podagogical research: its origin
was rather in an investigation of the actual working conditions of
commercial engineering practice. At the time when the course was
conceived, practical men weré especially severe in their criticism of
the graduates of engineering colleges. The c!d. apprentice system
had broken down under the strain of a complex industrial organi-
zation, and it seemed that tho engincoring colleges were making
but little effective offort to supply the link between theory and *
practice. Many teachers of engineering felt that they had done
their whole duty when thoy had taught a traditional body of theory
" and had seen to 4t that the student retained at least 70 por cent
of his book knowledge until after the final examinations. A few
instructors conceded the desirability of hitching theery and practice
side by side, but did not believe that such an arrangement was
jeasible. 3 C )

The plan usually considered, and frequently followed, for uniting -«
practice with theoretical instruction was the installation of school
shops. The objéctions to this plan, however, were so numerous as
to discourage its general adoption. In the first place, if school
fhops were to be fully illustdative of actual practice, they would -
have to include miniature reproductions of eloctric plants, foundries,
structural iron works, machina shops, railrowds, construction com-
panies, chemical industries, and all the other vast and complicated
machinery of the’industrial world. To duplicate all theso plants .
would, of course, be out of the question; and meroly to represent a
few typical processes would involve such tremendous expense that
only a few institutions could afford the luxury. Moreover, even in
the most heavily endowed colleges there was danger that the pay—
snd hence the quality—of the teaching force would suffer, becauds -
of the increased outlay needed for equipment, A further objection
td.school shops lay in the fact that they must inevitably fall behind +~
the times in a few, years. To remodel the shops and revise the _
.8hop courses frequently enough to keep pace with the swift progress. 7.
20f engineering development would be clearly impracticable. . Neither,, . *
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EF 8 THE COOPERATIVE SYSTEM OF EDUCATION.

v-did it appear feasible to put dm school shops on a commercial basis

~ and have the professors and students compéte with business men

engaged in actual production. From every angle the school slop

. - appeared impracticable. Vet it was clear that a woll-planned course

in the practice of ongineering would not only prepare the student

better for his future work, but would also enable him to retain and
understand a much larger p#portion of his t heory.

A solution of this vexing problem came to Prof. Herman Schnoider
in a curious way. One ovening, as he was walking across the can-
pus of an esstern university whero he was teaching, he heard the

. answer in the blast of a Bessemer furnace at a neighboring stecl

_plant. Instantly the idea appealed to him as perfectly simple and

obvious. Here was somothing better than any conceivable school

shop—a million-dollar laboratory, with unlimited possibilities for

* illustrating the applications of tochnical theory. In this plant many -

*«  graduetes of this same college would find employment, as others

had done before them. Why should they not learn as students to
translate their book knowledge into terms of industrial processes !

The idea was not enthusiastically received by members of the col-

lege faculty, to whom the plan was suggested. In so fur as they con-
sidered the proposition, they wore disposed to look upen cooperation
between college and industry as impracticable, if not undesirable.
Despite their skepticism, however, Prof. Schneidor found his faith
growing stronger as he considered more fully the possibilities of the
plan. All about the college were industrial plants, to which graduates
‘werrt for 8. two-year apprentice course upon the ccmpletion of their
four years of school work. Why not combine the appreutice course
and the school work into & six-year course? Then, instead of paying
" the school for shopwerk, the students would be earning money at the
same time that they weté gotting experience. This would ennble
v many Worthy young men to attend school who otherwise would be
excluded. There would be a selection of men by tests in both theory
-+ #nd practice. Misfits would thus be avoided, and the best men could
- ¥ be developed for the work to which they were naturally adapted.
", The school would become a pure teaching college, sin@ all practical
¢ experience would_be obtained on commercial engineering work. A
- plan could be devised to coordinato theory and practice. _The school
- ~coyld have one group of men while the shop had the other, and thus
§ "/ many more students could be accommodated with the sam@g@mount
. of équipment. The descriptive courses heretofore giverr by the school
v could be eliminated and the school time devoted entirely to theory.
=~ - Young men could start at the bottom of practical work and by s’
2. selective process arrive upon graduation at positions of responsibility
=**‘in'the field.of engineering. .The school would perform with increased =
; efficiency. the functions for which it was intended and the shop would
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3 THE EXPERIMENTAL PERIOD. 9
return to its proper but neglected function—the training of men by+”
means of a thorough apprentice system. Even a stronger reason waa
found in the influence which the system would undoubtedly have- *
upon the student’s character. For developing industry, loyalty, and -
self-reliance, surely no plan could be devised that would be more
effective. Thq arguments for cooperation seemed unanswerable,
but the university men were unwilling to give the plan a tral.

In striking contrast to the skepticism and indifference of the col-
lege teachers was the attitude of & number of practicing engineers,
who were next consulted. Almost without exception they received

" the idea hospitably and expressed their belief in its feasibility. They
were also virtually unanimous in saying that their own theoretical
training had meant little to them upon graduation, and that to review
their thvory when they needed it in practice had been a painful and ”
discouraging process. Several engineers, including the chief engineer
and the other officials of a large bridge corporation, volunteered their
hearty indorsement of the cooperative plan, both as an educational
and as a commercial proposition. .

One or two things stood out prominently in these conferences with
college teachers and with practical men. It was evident that the “~
men who trained engineers and the mien who used engineers were
quite as far apart-as they could get, and that it would not be easy to
bring about an understahding between them. It was also clear that
the most difficult task would be to induce the college men to under-

ke the educational experiment of cooperation. ]

P

II. THE EXPERIMENTAL PERIOD.
FIRST CLASS OF COOPERATIVE STUDENTS.

It was several years before Prof. Schneider found an opportunity to
test the cooperative plan in actual practice. In the meantime, he
had been called (in 1903) to the chair of civil engineering at the
University of Cincinnati. . During the first school year (19034), the
retirement of tife president precluded the submission of plans for the
new course. The plan was presented to President Dabney soon after
~ his appointment (in 1904), but bgcauso of the pressure of regular busi-
ness he was unable for some time to consider any changes. In‘the
fall of 1906, President Dabrey appaqyed the plan and presented it to. . *
the board of directors. =After considefable discussion, the board au-
thorized the introduction of the cooperative course on a smallscale, -
to begin with the school year 1906-7. p :

While the educational aspect of the cooperative plam:was under:

. vonsideration by the university authorities, its practical application
Lo o Jogal industries was talgifyp with numarous m“;“f“?w%“l’“‘ g
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10 THE COOPERATIVE SYSTEM OF EDUCATION.

.intendents, foremen, and engineers in Cincinnati. Most of theso men

showed interest and faith in the scheme as a general proposition; but
when it came to adopting it as an actual business policy, some were
chary of so radical an innovation. Typical of their objections to

. ‘acoepting cooperative apprentices were the statements that two muen

could not work alternate weeks at one machine, and' that a crowd of

- “rah-rah” boys would disturb the shop organization. The latter obe

jection coincided remarkably with the fear which had been expressed

by some of the university instructors, that a group of “boiler makers”

would"destroy the scholastic atmosphere of an educational institution,

‘By the end of a year of persistent interviewing, 12 concerns had

agreed to try the cooperative system for 9 months—the college year,
These firms offered employment to students in electrical and mechan-
ical engineering courses.

The next problem was to find students who were willing to take the
course. The matriculates who came to enter the regular four-year
course could not be induced to try the new_plan. One of the require-
ments adopted at the beginning was that a student who wished to
enter the cooperative course in September must either spend “the
summer working in the shops or bring a recommendation from a firm
with'which he had had an equivalent amougt of practical work.
This r>quirement discouraged many prospective members of the first
group of éooperative students, as it has in the case of all subsequent
classes. In fact, the 28 young men who wero finally enrolled chose
the cooperative course solely for financial reasons. These students,
however, did not last long under the strain of the preliminary shop-
work. “Ten hours of manual labor in hot weather and on equal terms
with ordinary apprentices is a pretty severo test of a young man’s
stamina. On the first of September, when Dean Schneider returncd
from a month’s vacation, he.found that of the 28 men whom he had
put to work in July all but 6 or 8 had quit. _He then hurriedly re-
cruited a class of young men who could not present the full 14 aca-
demic units required for admission, but who had had some practical
experience and who gave evidence of fitness for engineering work.
One of these students, now efficiency engineer for the Bell Telephone
Co., in & Middle-West State, was admitted against the advice of his
father and over the protests ef three high-school principals, who had

. dismissed him as incorrigible. Notwithstanding their rather poor

scholastio records, the members of this first class were on the whole a
fairly promising group. At least, thoy knew what their work was to
be and they seemed to catch the spirit of the new course.

‘The peguliar requirements of the cooperative course developed a
new type of student. The “co-0p.,” a8 he was called, was alert,
rugged; and independent, Heé was generally more serious than- the

_ “regular” student, but on occasion he displayed & sense of humor
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snd & buoyanoy which shc;wed that, though he might be sobered

by his practical work, he was not at all depressed by it. Tae differ-

ence lay rather in the fact that he had known the steadying influence -

of responsibility. Not only his personal advancement, but also the
outcome of an important educational “experiment, depended upon
his success, and the realization of this fact seemed to give him a

new sense of loyalty to his college and a determination not to disap-

point those who had trusted bim. It was inevitable, of course,
that the “ co-op.” of the early days should be self-conscious, He was
the center of interest in a great educational clinic, and the knowledge
that he was constantly being analyzed, photographed, and written up
gave him a feeling of aloofness from the rest of the student body.
This feeling, doubtless, was largely responsible for his class con-
sciousness,” for there never was a more clannish group than the
members of the first cooperative class.

For a time the attitude of the other students was such as to enforce
this exclusiveness. It' is a pleasure, however, to record that the
old animosity between the two groups of students has disappeared.
The cooperative students and the others have found that they have a
great many things in common and no essential differences. The very
fact that their interests and experiences are in some respects unlike
has made their association mutually beneficial. Community of in-
terest, especially in athletic and social activities, has developed a
wholesome university spirit. KEvidence of the present sohdanty is
found in the prominent part taken by cooperative students in every
kind of student activity. A “co-op.” was president of the senior class
m 19015, the captains of both football and basketball teams are

“co-ops,” and in all the musical, social, and other organizations there

i8 a large proportion of cooperative students. In view of recent de- .

velopmonts, it would be hard for either group to understand that the
“ostracism of the boiler makers’’ was once seriously considered.

DETAILS OF THE COURSE.

At the beginning the cooperative course extended over a period of
six years, including alternate weeks at the university and in the shop
for each school year, and a three-months period of full-time shop-
work (excepting two weeks' vacation) during the summer. Each
man had an altérnate; so that the shopwork was continued by students

~ of one section while thoae of the other section were in school. Under

this atrangement, the theofetical instruction given in the regular
four-year course was combined with the practical experience of .a
newly devised shop-apprentice course. Theory and practice were

ol

&4

»

carefully graded and coordinated and the student's work was so

§ planned as to familiarize him, first with the sitpler, and later with
i 1, smore wmph‘l pmbam of the plant in wlﬁch he:was emphycd. ;

v




*ﬂ

12 THE GOOPERATIVE SXSTEM OF EDUCATION, Ed

o
: \‘.',;:\4_

For example, in the course in electrical engineering, the first year’s
work was in the foundry; the next‘year and a half in the tachine

" shop; the next two years in the commutator, controller, winding,
erecting, and testing departments; and the remaining time in the
drafting rooms. On the contract, which was signed in triplicate by
the student, the firm, and the university, was a blank space to be
filled in with the amount and character of the apprentice wqrk.
The details of shop and business experience'were left 4o the dean and
the head of a given department on the one hand and thre superin-
tendent of the factory on the other. .

s ATTITUDE OF THE COOPERATING MANUFACTURERS.

. The attitude of the cooperating manufacturers, and their ideas of
what was to be gained from the cooperative Aystem, may best be

. stated by quoting from a paper presented by Mr. Charles Gingrich,
M. E., of the Cincinnati Milling Machine Co., at the fifteenth annual
meeting of the Society for the Promotion of Engineering Education,
July 3, 1907. Mr. Gingrich said in part: '

The manufacturers of my city have for some time past been face (o face with the
very serious problem of getting the right kind of men. Our industrios are diversified,
including machine tool, steam pump, steam engine, and electrical shops. The
machine-tool industry predominates. We are rapidly becoming known as the chief

" machine-tool manufacturing center of the country, but we need more technically
trained men in the further development of this industry. It i8 our good fortune to
have the University of Cincinnati centrally located among us. When it proposed to
us Prof. Schneider’s plan of a cooperative engineering course, the idea appealed at
once to the buainess sense of each individual manufacturer. It promised us an

- immediate supply of boys of 8 much higher grade than those who take up the regular

..apprenticeship. .It held out the prospect of our getting within & few years engi-
Dneering graduates with practical shop experience.

We have all tried to give a shop training to young men from the colleges, but it is
never entirely succeeaful. A man who has put in four years of his young manhood
getting a university education can not get into the ehop atmosphere, even if he does
- don overalls and work as a regular hand. Such men have passed beyond the age at
" which boys freely ask questions and learn quickly all those little details which are
-sach an important part of the training and experience of shopmen. They feel that
. they can not afford to be laughed at. They do not want to expose their ignorance.
- Therefore they get at best only a superficial knowledge Qf what is going on ingide the
shop. I do not mean to imply that our shope are full of secrets, but I do want to
emphasire the fact that they contain a vast number of things to be learned; that the
caly place to learn them is in the shops; and that tbe best way to do it is to start

+ young and take plenty of time. The chief criticisms of modern technical education
result from the fact that we try to take the shop into the school, whereas we ahould

.~ bring the school into the shop. The cooperative plan does bring the school into

B N “"the shop. . . ’

& ] " GROWTH OF THE COOPERATIVE PLAN.

" ;-After the entire foasibility of the cooperative course had been .

5pipyed by  year's trial, i 2
h »
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a2 greater number and variety of industries. Plenty of students
were now willing to enter the course. Over 400 inquiries from pros-
pective students were received during the first year and a large pro-
portion of those who inquired made formal application for admission.
The scholarship records of the new applicants admitted were well
above the usual requirements for college entrance, and some of the
men who enrolled as first-year cooperativo students had spent one
year or more in academic work at other colleges. Many employers
who had thought favorably of the plan, but had hitherto been relye-
tant to introduce it, no longer hesitated to ask for cooperative appr

tices. The number of students who could be admitted, however,
was limited by the crowded condition of classrooms and labomtones

- at the university and also by the policy of the engineering faculty.

The acceptance of fewer students was favored, because it would per-
mit, a more careful selection of men and would afford a better oppor-
tunity to study the pedagogical and administrative details of the
course,

By the'end of the first four years of operation, which may be called
the experimental period, the cooperative plan had been fully vindi-
cated. It had shown itself to be adapted to a variety of courses,
including civil, chemical, and metallurgical engineering, and to a
range of industries from railroad construction to ink manufacturing,
It had survived a panic and the ensuing industrial depression. The
old theoretical objections, that two men could not alternate success-
fully at the same. work, and that the “lag” on Monday mornings
would be equally prohibitive at school and in the shop were disposed
of once and for all by the answer that these difficultics were found
not to exist in practice. If anything, “blue Monday "’ lost some of ite
proverbial languor, since the students came refreshed to each new
task, with their wits sharpened by a change of surroundmgs and of
occupation.

LESSONS OF THE EXPERIMENTAL PERIOD.

The experimental period served to teach a number of lessons, which .

suggested changes in the plan and operation of the cooperative course.

_First, the old apprentice course was too rigid to adapt itself readily to

the varied and changing conditions of commercial production. It

" seemed advisable to abandon the ironclad contract, and modify the

terms of a student’s employment, so as to facilitate his being trans-

~ ferred from one kind of work to another when a changeseemed

desirable.

Then, in order to keep the proper emphasis on the instructional
phase of @ student’s work, it seemed advisable to handle businees

. questions through a special agency, and thus leave the members of thé ﬁ

faculty free to consider primarily the ednoataonal value of the vanqus o

kmds of shop experience.

R
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E In the further development of coordination between theory and

s practice, there was need for careful selection and systematic analysis

of the various types of work, in order to obtain for the student the

greatest possible amount of educational content from his practical
experience. '

The six-year course seemed to be longer than necessary. By

extending the alternate weeks of school and shop work througt: the

summer terms, the same amount of theory could be given in five years
of 11 months as in six 9-month periods. From the standpoint of the
shops this would be more convenient, since it would do away with tho

l necessity of providing summer shopwork for twice the usual number

. of men.

\ Although the general scheme of woekly alternation had proved suc-
cesaful, it appeared that two weeks would be a more satisfactory unit
thanone. This was particularly true in the case of railroad work and
other work outside the city. It was found that the periodical road- 1
justments were as easy for students who worked on a two-weeks basis

: as for the others. A comparison of the two units showed that, on the

whole, fortnightly alternation was more desirable for both school and

E shop work. )

A revision of the curriculum a.lso seemed advisable, and seversal

- changes were considered, including the following: Purely descriptive

material, it was decided, should be eliminated, in order to secure time
for a deeper study of the fundamentals. Overlapping and closely
related courses should be compared in detail to avoid duplications and

;- omissions.” The relation between prerequisife and advanced courses

should be emphasized, and deficiencies in a student’s preparation
-should be reported to his instructor in the prerequisite course. Pro-

* vision should be made for the recall of grades in case the student

- failed to retain a working knowledge of a preparatory subject. Tho

i; . theoretical work of the first threo years in all departments should agreo

i. a8 nearly as posaible, and specializatic n should be left to the iatter part

Ler  of the course. . )

i~ Since the combination of school and shop work tends t;ird the

~ rapid elimination of the physically, mentally, and temperafhentally

s, unfit, the cooperative system is in itself selective. In view of the
55 . . increasing number of applications, however, it seemed worth while to
£ investigate the.practicability of a preliminary test that would elimi-

** nate in advance as many as possible of the misfits. Acocordingly, a

<

study was begun to determine a basis of selection thit would discover
& man’s fitness to enter the course and, also, if possible, his adapta-
bility for a particular class of work. : ~
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' * III. THE REORGANIZED SYSTEM.

Notwithstanding that the changes in the cooperative course were
gradual and evolutionary, it is possible to cite a fairly definite date
st which the experimental stage ends and the.new period begins.
Bofore the end of the school year 1910-11 the principal changes had
beon inaugurated.

ADAPTABILITY TO VARIOUS KINDS OF BUSINESS,

The keynote of the reorganized system was adaptability. In the *
industries representod by the various cooperating firms there was |
variety, change, life. It would not have been possible for these
firms to adjust their operations in accordance with & rigid educa-
tional system imposed upon them from without; nor would it have
been desirable, even supposing that the employers had philan-

. thropically offered to surround the cooperative students witi excep-
tionally favorable conditions. To have-done this would have been
to carry over into tho industries the unrealities of the school ghops;
whereas, under the cooperative system, it was a fundamenjal' re-
quiroment that the student’s practical work should be doné amid
conditions of actual production. The school planned the courses,
shifted the men, and otherwise continued to be the directing head,
and in administrative details it adjusted itself to engineering prac-

* tice. 'The reorganization of the course was simply a recognition of
the need for a systom that should be flexible without being desultory,
and definite without being rigid.

BUSINESS ORGANIZATION.

In the administrative department the eld form of contract was
abolished and the only definite agreement made was upon a minimum
rate of 15 cents an hour for all entering students. The way was
opened for the immedicte transfer of a student who, though unsuc-
cessful in one branch of engineering practice, seemed worthy of a
trial in some other department. Despite the fact that the propor-
tion of misfits had been greatly refuced eacl; year, this increase in
the freedom with which changes could be made proved to be an
important advantage. In order that the progress of a student
might be more closely followed by those directly concerned with his
school training, the business of making the transfers aad planning a
student’s practicalwork was turned over to the heads of the civil,
mochanical, electrical, and other engineering departments, To faoili-
tate this work and to insure for the students the greatest degree of
personal attention, each of the professors and instructors was assigned
s special list of shops and a regular schedule for visiting them.

* At the same time that the engineering professors were given full
_Tesponsibility for the adjustment of shop and school work, they were -
-relieved of the business detsils in the relations between students and
-amployers. . The commercial part of the work was placed entirely, ~
in the Hands_ob spocial ld ‘seoretary in_the doan's. ofcs, 3 -
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duties included opening negotiations with new firms, inveétigating com-
plaints from students or emplogers, and adjusting wages and working
conditions. It was also provided that through the field secretary
should be made all promotions, transfers, substitutions of alternates,
and other changes affecting the omployment, of cooperative student,s
‘the university cooperates with almost 100 firms, representing the
principal phases of construction, manufactyre, and ttansportation. {

SHOP SCHEDULE
FIRM Seck | Seckll L I

DULLOCK ELECT. | Thompson, ¢ o Kruse RH 3

Willson WR %5 | Cload; 10 30

Hawsar Dans 5o | Caldwett A, 55

SCbNIb‘r,H»"xo quh-o‘dso

Hussrv. 32 NNNNNN\N - 1

B.80. R.R.|Demar Al %5 | toqeBE %

Chapmentt. 58| Porrer,

priLTELEPHONE | Stewart s T | Bien, ar ¥ . =

AY
Power, D 58 Morgan, wm. S

Kamp’umva’i Purkard ]

C.H.8 D.R.2. West,rerbrt SANNNNNNNN ‘ . . .

Eimore, oW, $H De Grtmerw §

_Pcrw-‘rur-wzw Pock,FW "B | Hervager.ny %Y
PHLIP ~CAREY | rracks Hobart 32]

Mayws WL as Taylor,H Q'
h i Pord.JxCW. 7| dagew W

Mote, @ 57| Baker, 51 %

- A partial list of industries roached by the cooperatlvo system indicates
something of the variety of exporience whichl can be utilized in this
way. Among the cooperating firms are four railroads, a traction com-
pany, a telephone company, a gas and electric company, rolling mills,
structural iron works, consulting engineers, city, county, and Federal .
. - engineering départment,s excavation and building contractors, and
+* - manufacturers of machine tools,automobiles,elevators engmes,blcycles
L and motoroycles, cash registers, ﬁreengmus;pnntmg maolnnery,papere .
mhnnmhimry, mtﬂmg machines, roofing, ink, snd sonp. - |
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SHOP SCHEDULE.

-A complete list of cooperating firms, students employed, alternates, -
and othor shop information is kept in the faculty room. Ia the
typical section of a shop schedule given on page 16, tho pairs of names

-under each firm are those of alternating students, who are designated
as belonging t6 Section I and Section II, respectively. The spages

T

SCHEDULE «SHop VisiTs
FIRM Sect.l. Sect.2. 1L 2.
Pemoo Enowia| Ot 3'm Och.16's )
fAmoricanRod WG | Bumd” 1- 7w ~
AmencanTod Wks | lenkine £-3¢ /7 gm 10-12-19
Jows - 178 B,
. Au»'chmp mrm,.,7./, . |
A)nm:olca Pdig /"V.-I r:., 1079
B&O  |Daune fsus * 1.
Brouns 71475 l0-6-1%

Big Your Ourns  7.2¢-/5 | Dreune /0-6-/1

B0l Trephone (o 'vilean 9 /5-/9
Brownell Co. Faiq  J-t6-11

Bullock Pz Co | Wison J-22-45 (Wisoo so-m-y
1 I
G (g Mach Co oﬁm ;:;ﬁ; Bures w-w-

Cwh Trachon Co | Vikon - .a

-

marked with a single cross line indicate that no alternate is provided,
and that none is desired. The space marked with double cross lines
indicates that an alternate is wanted. Dotachable cards are used, in
order that the list may be easily revised and kept up to date.

'4 . SHOP VISITS.

~ The above schedule from the current rocords is typical of the shop ~
_ visits made by various instructors in the technical departments, -
aj;'l‘heeevxslts are made at regular intervals on an established schedule#: <
d&; : SN
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NAME. .
RBinns, H. Stanley 1915. ENDING AUQUST, 1915, | SEMESTER 1.
m . . . tyye ‘.
Cincinnati Milling Machine Co.
. WERK AOURS MOTRS ’ R -
. ENDING | WoRKED.| Lot | PEP'T. NATURE OF WORK DONE,
£ Bept. 19 I o] of. Estimating milling operations.
L O0ct. 10 m '] “ “ a “
% “ 17. “* 0 ‘" ‘ “ “
: Nov. 7 “’ 0 . ‘ a . “
‘,’ (L7 m 0 Il o “ ‘“
Dee. §| ¢« 40| Pex.| Plan. | Time atudy work— Milling machine. -
- “ 1 - 0 “ “ TR “ .
b Jan, ¢ 45} [ “ 0 “« a ¥
_: " 8 m 0 a “ " “" . "
" “ 30 M| o0 “ Working up time-study curoes. ¢
“ TOTAL 488 § | DEGREE, M. E.| ENTERXD BXPT, 1010 | WAGES F¥d. ! 1014, RATE 29,
RAED Now. [f, 1014, pave 9.

' when completed, shows graphically his practical expgrience for the

MDA SR ¥ - j
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THE CObPRBATIVB SYS'I:Eﬁ OF EDUCATION, "
COORRDEATION OF SCHOOL AND SHOPWORK.

Shop records.—With provision thus made for handling the business

. problems of the course, the work of the department of coordination,

instead of dealing, as at first, with comimercial problems, was developed

- from a purely pedagogical standpoint. The department became a

clearing hopse for the practical applications of engineering theory

and for the shop records of individual students. These records, kept

on cards designed for the purpuse, are filled out every two weeks, and

+ & graphical summary of the data from the cards is made each semester.

Examples of shop records for the short and the long periods are given

below. By reference to the statements of experience, the department

of coordination checks the thoroughness of a student's practical
training and of his collateral instruction. :

At the beginning of each school period the student enters on the
semester card his experience for the shop period (two wecks) just
closed. . '

. WORK RECORD CARD.

CLASS Oor SCHOOL YEAR

. On the sheet marked “Record of Cooperative Work” the records
from each rman’s semester cards are compiled in a statement which,

' entire five years. The chief types of work are listed on different
<> sheets, headed M. E., C'E., and so on, for the several departments.

7 Asshown in the record below, provision is also made for the statement
_of a an‘s previous expertence and of his wages thréughout the course.
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COOPERATIVE EMPLOYERS.

Cinti. Mill. Mack. Co.

1
gl - N.u(!
v

Racorc
N via
it . Provat
VIl
1X FIRM
X NUWAE
COOPERATIVE WORK. ;
(DRPT. UPF M. E.) E]
=
1. Office: Balesdept............................ ... 3 T
2. Costddgt ...... .. .
8. Btockdept................. ...
4.

Estimating i), op
g Planning dept .
o i}r'iidhlg“r&b}h"c&i'iawgn
8 Tool and }ig desi

9. Detailing....... .. . = i
}(l] Tracing. . . |

12. Machine shop: Misc. work.

13. Experimeutal work ... .. .

14. Die maklnf ...........

15, Tool and jig making..... . o
16. Tasting finished machine

17, Floor assembiing ... .

18, Floor repair...... ...

19.  Misc. Hoor wark . . ...

Vise and bench work .

Reamer benc
Lathe, engine
Lathe, turret.

Upright drill.
Tool-room attendant
;Nmoke’oper '
napeetin
uﬁrlgh vmrk
Polishing lathe . .

ss?ssazs:#sssssazﬁm:s

b 344
3
2
®
2
3
®
-3
)
3
2

Forgeshop.......... . . .
. Rollershop. ........... ... ..
8heat-metal shop..... ... .

qbH Smmuml steelshop. ... ..

3F

.
-
<

3
oo
B
E
3

F]
g
B
=4
2
3

o n

25223RTRRES
33
=
£

' i‘é{v;}'f;i-i:'ui' ‘Genlrep...
Ol]er .................

. lattern shop. .

. Foundry: Iran; st e
Molding: Fl.;beh ... .
Hachilne mnldlng. 3

2232

as.

o W e

.
Record of ]
wagea received: !

l Cents per hour.

N 18
DoHars per week. 10

E_‘._

J . = For & detatied sooount of work di
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RECORD OF COOPERATIVE WORK.!

e No. 79,

Drrr. or M. E.
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ug the period indioated by the dotted line, ses shop record card cn page 18,
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THE REORGANIZED SYSTEM. s 19

Instruction sheets.—A later xindertaking by' the department of
coordination was an analysis of shop practice and the formulation

. of a set of instructions for each type of work. Appendix B contains
excerpts from typical sets of instructions. Syllabi of this kind have -

been‘prepared for the principal types of work done by students, and
additional sets of instructions are made out from time to time as
they are needed.

Since the educational value of & machine or a piece of work is. ’

proportional to its complexity, or the amount of thought that has
gone into it, the syllabi naturally vary in length and in disciplinary
importance. It would be incorrect, however, to assume that the
studeut may profitably spend upon cach type of work only the

amount of time required to master a set of instructions and problems ..

dealing with a pa.rticular machine. It is often found worth while
for him to remain longer, in order to be?e familidt with the arTange-
ment and operation of the departmentin which his special work is’
included. Thus, because he can study the surrounding machinery,
a student may be justified in operating a drill press longer than would
be necessary for him to learn its simple mechanism. In a foundry
his training.need not be restricted to molding, core making, and
pattern making. From the patterns and castings he will learn much
sbout machine design, and he will nafurally receive many ideas con-
cerning foundry management. Timekeeping, inspecting, and other
kinds of work which in themselves are comparatively simple may
likewise afford such opportunities for observation as to make them
very desirable from the standpoint of practical instruction and co-
ordination. In all coordination outlines, emphasis is placed upon
the incidental training which accompanies the various types of work.

Special kinds of work arise from time to time which can not be’
anticipated by any syllabus, but which may have greater instructional
value than the regular tasks. For example, during the Ohio floods
of 1913 some of the students in the civil engincering départment
suddenly found themselves face to face with problems and responsi-
bilities far beyond their experience. They ‘“made good,”.-and inci-
dentally learned many important things about railroad construction.
At thls time a similar opportunity came to the senior class in electrical
engineering. The lighting system at Hamilton, Ohio, had been com-
pletely disorganized, and much of the equipment had been badly

' damaged by the flood. The students spent a week making repairs
3 of course, workmg out the solutloqf_for many practical problems ~

ectrical engineering.
Inspection tnps —Apart from the, varied forms of shop experience,
an opportunity to learn by observation is provided by the inspection

trips, which are made by all students during the echool periods. %
;g'l‘hese visits to: representanve angmeenng mdusmes are cuefully

ETOROEN .'
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20 / THE COOPERATIVE BYSTEM OF EDUCATION,

Rlanned and graded with reference to the student’s course and his
progress. During the first yearthe trips include only the larger and
more general phases of Tndustry, and are made under the direction,
of the department of coordination. A typical list of plants visited
in the first year is as follows:

1. The Cincinnati Water Works (pumping and filtration plants).

2. The Andrews Steel Co. (rolling mills).

3. The Jarecki Chemical Co. (sulphuric acid, commercial fertilizers,
and alum). o °

4. The Hopple Street Viaduct (under construction).

5. The Cincinnati Milling Machine Co. (machine tools).

6. The Bullock Electrical Co. (electrical machinery).

Each trip is preceded by lectures on the type of plant to be visited,
its layout, and its special engineering features. Wherever possible

) the trip is brought into relation with the student’s regular class work.

. For exainple, the visit to the Jarecki Chemical Co.’s plant is made in
connection with the discussion of the manufacture of sulphuric acid
in the class in chemistry. A report of from 5 to 10 pages, including .
a sketch, is raquired of cach student. All reports are written under
the joint direction of the department of English and the technical
department concerned.! Tho inspection trips made by upper-
class men differ mainly in that they deal with more specific phases
of industry, and that they are in charge of the several engineering
departments.

Production engineering.—In the last two years of the course, special
work is given in production engineering. A study is made of such
phases- of industry as management, routing of work, cost systems,
location, organization, and operation of factories, contracts, specifica-
tions, and wage systems. In this course, which is given By the de--
partment of coordination, the student’s experience during the first
three years is utilized in giving him standards and methods of
management. . : : ’

REVISION OF THE COURSE. -

w  Length and distribution of time.—While the various changes were
. under way in tbe shopwork and in coordination, the courses in theory
were undergoing a corresponding reorganization. The change from
a six-year to #five-year plan involved a consideration of the timo
which should be allotted to each subjoct, and this in-turn raised the
fundamental question of what the subject was intended to accom-
plish. In other words, why was it included in preference to other
. studies not in the curriculum ¢ To satisfy themselves on this point,
;. - instructors began to analyze their courses and test the value of the
subject matter in a scheme of engineering education. This analysis -

N _ . 180 p. 63,
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resulted in the elimination of a great deal of superfluous descrw
material and in a new emphasis on the fundamentals. - -
Changes in the curriculum.—Further criticism of the different courses
was carried on by the faculty as a whole. Iu the wee! v mestings an
investigation was mado of the objoct of each branch of ‘tudy and of
its rolation to other subjects and to the entire engineering course.
Reports of committees wore followoed by general discussion, with the
rgsult that every part of the curriculum which had no demonstrahle
value was omitted, new material was introduced, and the moro im-
portant parts were strengthened. The ground was staked off anew,
and many cases, both of overlapping and of deficiency, were romedied.
In order to check the rolated portions of prorequisite and advanced
courses, the following form was dosigned for roporting deficiencies:

Name......J. E. Jones. Dato.... .. 1-3-15.

To Dept. of Math., from Dopat. E E. .
Deficiencies: Unable to perform integration to oblain average and effective
e. m. f. for a sine wave.

Remarks: A discussion of average values by means of integrals would be of
service to this dcpartment. . .

Couree . E. £900000000000 po
Sinature of nstructor.

The significance of this report. dopends naturally upon whether it
reprosonts an individual case or that ¢f a number of students.” If
the former, it provides & reason for invoking the provisional credit
rule—that is, to require the studont to review the prerequisite subject.
If the latter, it indicates to tho instructor the need of greater em-
phasis on the mathematical process in which the deficiency is found
to oxist. In any case, it fixes thd respousibility for the failure of
studonts to have a working knowledgo of prorequisite subjocts.

~**The data collectod during the analysis of courses were later brought
together, and a uniform outline was adoptod for the presentation of
the object, method, and matter of cach course. The outline given
bolow is typical.
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In the outline of the courses in chemistry which follows, the objects
given in the first column are those agreed upon as commnon to all the
courses, though in different cases the objects may vary in relative
importance. For example, No. 4, which is the main object in English
courses, is secondary in a course-in chemistry. - Methods differ more
widely than objects, and manifestly subject matter is or should be
entirely different in the various courses.
reasons for making so extensive a survey of the curriculum was to
avoid duplication of subject matter.

In fact, one of the main -

S8YLLABUS OF COURSE IN CHEMISTRY.

Object.

Method.

Matter.

TO HAVE TRE STUDENT

* ACQUIRE: :

1. The tundamentals of the
given subjeot.

2, A comprehension of the
sofentific method 8s ex-
emplified in—(a) accurate
obeervation; (b) classifica-
tion and correlatio; (c)
logical reasaning.

3. Mental self-relisnce and
initiative; i. ¢., the ability
to analyte a sclentific
problem and devise means
of solution.

4. Habits of neatness in stu-
dents wark, and clear,
ooncise, accurate éxpres-

sian, both oral and written.

.~ & The ommnection of the
B, given subject with the
2 other subjects in the cur-

ricolum and with the pro-
+ fession of angineering.

1. Tactures experimentallv Illnstrated,

covering fundamental theories and |-

laws, and the&)ropmles of the princl-
al metals and nonmetals, especlally
hote of industrial interest; occa-
slonal recitations with oral and writ-
ten quizees; experimentation In the
laboratory to parallel the lecture
course,

2. Detalled study of groups of elements

(e.g., the halogens, thealkalf metals),
laagl

ng to gbservation of similarities
in properties. and'subsequent classi.
fication fntogroups: simple problems
permitting formuiatioa of th-
eses and establishment of truth or
falsily of these by expériment: enun-
clation of laws after examination of
particular cases.

3. Problem woark introduced early into
the course and given Increasing
prominence until the summer term,
when {t Is pursued exclusively; sim-
pleproblemsin syntheals mdv analy-
sls assigned ur suggested by student
who proposes the method of attack:
does afl necessary library reading
&nd carrles to completion s proceas of
chemical manutacturo—for example,
msaking a pound of baking powder;
fnstructor assumes role of critic and
interferes as little as-possible with
course of work.

-

Written work, In order to. be ec-

cergt«d. must meet & prescribed stand -
S

of excellagce; foulty oral expreg
slon corrected. o’ exp

§. Constant correlation of subject of

, lectures with practjcal %"“”"':
. 8., oxidstion In connection with
mle)l-stlon of power (combustion of
coal).

.

)

2,

&,

Not essentially different from
subject matter given in good texts
on general chemistry, except that

ractical applicstions of chemis-
ry are emphasized; occurrence,
properties, and uses of the princi-
pal metals and nonmetals; prop-
erties usefu] for jdentification;
fundamental theories and laws.

Asunder1..

. Individual problems in synthe

8is and analysis of commerciall
valusabie products; ores—ident
fication, valuation, and subae
quent working up (or usefu] prod-
ucts—e. g., alum from bauxite,
salts of fron, copper, barjum, etc.,
from thelr ores; products in
Inhoratory; blue print papers,
bioller water, soaps, baking m-
deis. driers, mlgsts, coal, 3
fands, ete. :

>,

. Instruction in the writing of re--

ports and {n the arrangement of
chemical data; models, specifica-
tions, and criticism; given in con-
nection with the department of
English.

THustrative material Yor lectures
and problems; refers largely to
local (ndustries in which the prin-
ciples under discussion are prac-
tically applied.

- Because of the numerous changes.in distributing and handling the
. - subjects themselves, the reorganization made a much greater change
in the cooperative’ course than is suggested by a comparison of curri-
.- "culs in the earlier and later periods. Omission of certain details, and
a change of emphaais on others, constituted the principal features of.
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‘the reorganization. Purely descriptive courses ‘were discontinued, ~}#]
and the descriptive matter in all*the-courses was reduced to a mini..

mum. Much of this material was assigned as incidental reading, to
be done during the two weeks when the student was in the shop. In
keeping with the underlying theory of the cooperative course, advan-
tage was taken of the reality of first-hand knowledge as against a
merely bookish approach. A student who has worked on a lathe,

who has drawn it and has explained its construction and operation - * | ]
before'a class, requires less reading ahd certainly less textbook study . . :
in crder to understand the subject than a student who has only s '

theoretical knowledge.

By reducing the amount of time given to informational studies, it
was possible to give more attention to fundamental subjects than
could be given.in the regular four-year course. -This, too, was in
accordance with one of the principal tenets of cooperstive education—
that the school is primarily a teaching institution, designed to give
training that can not easily be obtained through any other agency.

MECHANICAL ENGINEERING—COOPERATIVE PLAN!

COURBES REQUIRED FOR THE DEGREE OF M. E.

Subect.

FIRNT YEAR.

Algebra and trigonometry . ........... ... ...
Analytical geome '.rgo ..........................
Getierul inorganic chemistry...................
Qeneral lnorglnlc ohemmry laboratory. .
Machinedrawing....................<........
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_reflected chiefly in the insistence upon fundamentals common to all
" .same in theory. Thus, if a student discovered during the first three

- --showed sufficient aptitude in one branch of engineering to succeed in
 three years of practical work, he had earned the right to specialize .
. ‘in the theory of that branch: durmg the last two years of his course,

S-‘nhon between affiliated departments was largely an administrative .

RN

COURSES REQUIRED FOR THE DE'ﬁ{EE OF M. E.—Continued.

ercises par
- Viitegpate b}
Subject. . Course. _ weekly period,

Tsem. ! ITsem.

PREJUNTOR,

FYOURTH SUMMER TEEM.

wneenn design................ ... SO ME. 2R .ol 12
engineermg ............................. lg. E.26................ 5
ing.

The change of emphasis brought about by the reorganization was

branches of engineering aad in the stress placed upon the connection -
between affiliated subjects The first throe years of civil, mechanical,
electrical, and other engineering courses were made essentmlly the

years of practical experience that he was better suited to a different

kind of work, he could easily cha.nge his course; for, so far, he would
have been studymg simply engineering. On the other hmd if he

“The question of establishing clese relations and effective cooper-

one. Mbntxon ha.s already been made of the oonnect.lon whlch was 3
'mbhshed“ ] '
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way, it was found that several pairs of courses could be made to work
together: For example, in part of the work English compoaition
instead of being given as an entirely separate course was connected
with courses in coordination, chemistry, mechanical, electrical, and
metallurgical laboratory, and other courses. in which written work
was required.! Since it was in these courses that the principles of
composition were being applied, this arrangement provided numerous
subjects for practical themes and at the same time insured more
satisfactory writing in the technical course. The double check upon
subject matter and composition resulted in a marked improvement

_in all written work. Similar forms of what may be called internal
cooperation were worked out between other departments in which
reciprocal relations of the sort proved advantageous. Because of
the compactness of the faculty organization and the spirit of cooper-
ation betwoen instructors, the personal equation has affected these

. combination courses only in the most favorable way.

SELECTION OF MEN.

Because the selection of men is one of the cssential elements o

cooperative course, investigations were carried on from the begi

in order to discover a possiblo means of determining in advance the
fitness of a student for a particular type of work. The various
methods examined, and the results, are given in a locture delivered by
Dean Schneider to the students of the New York Edison Co.’s Com-
mercial School, January 20, 1915. The following extracts serve to
ind%te the way in which the problem of sclection was approached.
The only conclusions which were at all satisfactory were reached by
the old-fashioned plan of trying a mdn on the job, combined with
an analysis of successes and failures, in terms of the major character-
istics of the men and the chief requirements of the jobs. To quote
from the lecture:

. We found that different methods were proposed and that certain principles were
held, to be true which had a bearing on the subject. Our investigation waa then

conclusions could be drawn from accepted principles. We found the following pro-
posed methods and principles:

1. A chart of boy epocha indicated thatat least a certain group of paychologists
and philosophers hold to a theory that & boy from infarcy to about the age
of 21 years reproduces in periods the history of the human race.

2. A group in the scientific management field affirmed that an examination of
physical characteristics, such a8 the shape of the fingers and shape of the
head, disclosed aptitudes and abilities.: . :

N 8. A achgol of experimental psychologiste asserted that the methods of thelr science

o _indicated characteristica or aptitudes of individuals. ) o

4. Thero was also the old-fashioned plan of trying » man on the job without any-

L - previous examination of any kind. ‘ N %

B - : :. 18e0p. 8, .
b RN, s T e S
Cimst -

directed to learning upon which of these methods we could rely and what usable -
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Of these methods, the first was interesting, especially as an analysis
of & student’s actions, but it offered no practical test for the selection
of men. The second was found upon examination to be undesirable.

- The third was made the subject of a series of tests, in which upper-
classmen were examined, and the deductions of experimental psychol-
ogy were compnared with the known abilities of the students. The
results of this investigation showed that the psychologicalmethod is
not yet trustworthy as a basis for vocational guidance,

» The careful examination of many cases under ths fourth method,

together with an analysis of work in general, revealed the following

- facts: ) )

(a) In many occupations physical strength is an essential; for example, in draying,
stone masonry, and baggage handling. In others it is not; for example, in book-
: keeping, telephone installing, and piano tuning. Mankind ranges from the almost

helplems cripple to the physical giant. We therefore have the two characteristics,
physical strength and physical weskness. -«

(8) T bave in-mind.a number of our students who were utter failures at all kinds
of work requiring manual dexterity, but who maintained uniformly good grades in
all their school work. Their efficiency was all head eficiency. There have been a
numbet also who were hopeless in all their university work, but whpse hands acquired
Bkill easily, Their efficiency was all hand éfficiency.

The firet type might make good designers, inspectors, executives, g writers. but,
unlike the second type, would drag out hopeless existences as machRists. molders,
masons, or piano makers. Of course most of our students possess both efficiencies.
,0ur experience hus taught us that some men are mental and some are manual, while
some are both. . “

(¢) There is & type of man who wante to get op the same car every morning, get
off at the same corner, go to the same shop, ring up at the same clock, stow his lunch
in the same locker, go to thefsame machine. and do the same class of work day-alter
day. Another type of man would go crazy undet this routine; he wants to move

* about, meet new people, and see and do new things. The first is settled; the second.

F is roving. The first might make a good mun fera shop manufacturing a standard

product; the second might make a good railroad man or a good outdoor carpenter.

. {(d) There are two broad characteristica which are easily discoverable even in first
interviews, she indoor and the outdf. When a blizzard is raging, the first type
likes o hear the roar-of the wind becauso it heightens his sense of protection indoors
and emphasizea the coziness of his fireplace, while the other waats to go out and fight

- . his way against the storm. When the rigore of outdoor railroad and construction
work are vividly pictured to these two types of young men,-one's eyes will light up
and his muscles get tense; the other will compact himself as if for shelter.

7" (¢) We have found two characteristics which are quickly brought out in practical

.- work, but which are not so easily discernible in school work. Some young men

" naturally ssume responsibility; others just as naturally evade it. It is a well-

.~ kmown fact to all superintendents that the most productive workmen dften make’

2" ‘Inefficient foremen, while sa inferior producer often makes a good fopeman. One

w man is directive,-the other is dependent. Iy

;¥ +(f) There are two characteristics which are sometimes confused with those just

‘ stated, but,which are essentially distinct. For example, we had two students in a

large. shop warking in the planning department; one was fertile in suggestiona,

t+ bug-the other usually put them into effect. The firet waa- original;” the second was -
e L. ‘_ . . ‘t..‘..‘: . ..' .‘ S .. a

THE MAJOR CHARACTERISTICS.

v

.

L
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The man who is original may make a good designer, but unlees he is also directive
he makes & poor superintendent; he may be a good window dresser, but not 8
department-store manager, a writer but not & publisher, an inventor but not & manu-
facturer, a reformer but not a mayor. A partnership in which one man is directjve -
and another original is usually successiul. Of course, one person may possess both
characteristics.

Then there is the man who does only what he is told to do and ‘exactly as he ia
told to do it. He is imitative. He would dress every window like every other
window. He might make a successful milk-wagon driver, since he would have a
fixed route and a bottle of uniform size 4o deliver; but he would probably make an
indiffercnt drayman, since he would not have a fixed route, and originality (or
ingenuity) would be needed to load and unload unwieldy boxes and barrels under
adverse conditions. He might make a good machine molder, but not a good floor
molder; he would pmbab]y be succeseful and happy at a punch press, but not in a
tool room.

(¢) Then there are the two types menuoned before, one of yhich likes to fuss with
an intricate bit of mechanism, while the other wants the task of big dimensions—
’the watchmaker, the engraver, the inlayer, the painter of miniatures, on the one
hand; the bridge builder, the steel-mill worker. the train dispatcher the circus man
on the other. One haas small acopse; the other large acope.

(h) Some men can easily a.dnpt. themselves to any environment, while others act -
the same under almost any circumstances. One takes the local color like a chameleon;
the otheris always the same monochrome. One is adaptable, the other seY-centered;
one a salesman, the other a statistician.

(¢) There is a distinct type which thinks and then does, in contrast to which there
is the type which does and then thinks. One is deliberate, the other impulsive.
The northern races are usually deliberate, the southern impulsive; one controls ita
passiona, the other is frequently controlled by thém. An army of cool-headed officers
and hot-headed soldiers is a hlghlv effective machine, but in the civilian walks of
life, the xmpulswo characteristic is negative, that is to say, there seems to be no
occupation in which it isa rcgumte There are many vocations, however, in ‘which

+ a man must be deliberate.

(j) Our cooperation with a piano-building factory made it necessary to secure men
who had a native musical ability—a strong tonsl sense. It was found that this was &
requmte for success in the higher positions; hence, the music sense is included in the
list given below. Obvxously the musfc sense is necessary to the musiciap, to the violin
maker, and to the piano tuner. It should be noted in passing that this is only one
of the characteristics needed for the vielin maker. He must also be settled, manually
accurate, and “indoor.”” But the piano tunmer must be roving. 3

(k) Similarly our cooperation with the chemical industries, particularly the ink
and paint industries, showed us the necesaity of selecting men who poasemed strongly
the baaic characteristic of color sense. It is obvious that this characteristic is necessary
also in other occupations, such as house furnishing, window dmmmg painting md
decorating, and theatrical staging.

. (I) We learn quickly that some men have manual sccuracy and others manual
inaccuracy. Where manual maccumcy is inherent it is well-nigh imposaible to
correct it; but where accuracy is inherent and the man is inaccurate through habit,
the defect can be remedied.

(m) Similarly we have the two elements—mental accuracy and mental inaccuracy.
The former has much the same meaping as the word logical, and the latter as the word

" illogical. 3
(n) Certain men aro concentrative mentally;. t.hey bring all the light they po-au
‘to focus on the subject under consideration; they are mentally centripetal. On the
: ot.herhmd weﬁndmenwhommenullycentﬂfugalmdwhomdeﬁmmthambjoct
"ﬁmdmmddmﬁmaﬁhﬁomweﬂbpcﬂomothgr,mymdlﬂul NS
e
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(o) Some men go to pieces in an emergency, whereas, if they were.given time to
coneider the situation, they would hold together and act wisely. They poasess slow
mental coordination. The emergency man must poesess rapid mental coordination.
The latter is necessary for success in the baseball player, the locomotive engineer,
the motorman, and the surgeon. The former is usually typical of the .philosopher,
the jurist, and the research scientist.

() Ono often hears it said of a man that he hss no push, or that he lacks determi-
nation, backbone, grit, sand; other men are said to possess these qualities. The first
we call static, which means to cause to stand still, and the second dynamic, which
means to cause to move. It_.should be noted that the noisy man is not always a
dynamic man—on the contrary, he is frequently static; while the quiet man is very

frequently dynamic.
The list then reads:

(a) Physical strength () Deliberate -
Physical weakness Impulsive
" (b) Mental {j) Music sense
Manual (k) Color sense
(c) Settled () Manusl accuracy
Roving ) Manual inaccuracy
’ (d) Indoor (m) Mental accuracy (logic)
Outdoor Mental inaccuracy

(¢) Directive

D dent
§)] 1 (creative)
| tive

Concentration (mental focus)
Diffusion

Rapid mental coordination
Slow mental coordination

(9) Small acope (p) Dynamic
Large scope Static
(A) Adsptable
Self-centered ’

The method is not scientific in the usual sense of the word; its principal virtue is
that it works overy day better than any other system we have investigated. Tt is
unscientific because it rests on the judgments of men, and, as we know, mental

- standards vary; but it should-bo noted that the facts upon which the judyment is
predicated are beyond question, since a student’s efficiency in practical work is
.~ determinsble.

- Now, a job can usually be defined broadly by the major characteristica needed for
success onit. ‘Thusa bridge-erection job needs an outdoor, roving, directive, original,
dynamic man; a punch-press job needs an indoor, settled, dopendent, imitative,
static man. If a student issuccessful on a job, it is assumed he possesses the character-

-istics which the job requires; if he is not, an analysis is made to ascertain which of

the characteristics he lacks, and it is concluded that he probably has the opposites
- ofthe lackingones. So in time overa range of jobs, a student ehows certain character-
" . istics and a lack of certain others. Upon a knowledge of him obtained in this way
.- wo safely ‘‘guarantee” upper classmen for more responsible jobs. The met.hod i8
*" - «rude, but it is the best we have found.
¢~ The conclusiops 8o far drawn from our experience with about one thousand mnture
7. - stadenta in school work and practical work are as followa:
% .. 1. A worker's failure is vs eignificant as his success, and should be nnslyzed to
“ indicate & new and fitting job. .

- 4. The characteristics developed by analysis of many succeeses and failures furnish
o » basis for placement which works better than any plan we know.

L 8 ‘The method is crude and ynacientific; it requires a period of time much grester
: '_‘5% ihnoﬁurg:gthoda pmpooed butitingumamhnble verdict. : §Q
ﬁ; - . r y
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NECESSITY FOR CHANGES IN THE COOPERATIVE COURSE.

The changes noted in this section include the principal develop-
ments which have thus far been made in the cooperative course in
engineering. Because of their gradual growth and the tests whith
have been given them since their adoption, it is probable that most
of these changes will stand. No one will contend, however—least
of all, those who are responsible for the course-—that these develop-
ments represent perfection. ¥t is to be expected that engineering
courses in all colleges will have to be revised from time to time in order
to meet the demands of a growing profession. Besides having its
part in this and other general phases of educational progress, the
cooperalive course is subject to amendment for reasons peculiar to
isnature. An educational system that is organic enough and human
enough to maintain a vital connection with industry must of necessity
grow and change. However firmly established the general prin-
ciples of the system may be, the actual operation of the course,
linkéd as it is with cenditions of life and work, will continue to open
up new problems and new possibilities.

IV. OTHER APPLICATIONS OF . THE COOPERATIVE PLAN.

Although the college of engineering at the University of Cincinnati
has furnished the most conspicuous examplo of cooperative education,
itis by no means the only school, or the-only type or grade of school,
in which the plan has proved successful. The validity of the general
principle has been established by the experience of a dozen or more

mstitutions, including both engineering colleges and secondary
J schools, which have adopted some form of cooperation. Much

discussion has been carried on, relative to the extension of the
cooperative plan to other branches of education, and it is safe to
predict that before long several important experiments in this direc-
tion will be undertaken. This is not the place for a detailed descrip-
tion of cooperative courses in other institutions, ‘though an account
of the system is hardly complete without some reference to the
various fields of education to which cooperation has been or may be
estended. But first, by way of recapitulation, it will be well to
summarize the chief attributes of the term “cooperative education”
89 it has been used in this bulletin.

DEFINITION OF COOPERATIVE EDUCATION.

By “‘cooperative system” is meant the coordination of theoretical
and practical training in a progressive educational program.  Since
the agency which furnishes the practical experience is always some
branch of actusl industry, the reciprocal relation between school
and shop permits the fullest possible utilization,. for' educational /
" IRN 5 . e
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‘purposes,.of equipment used in commercial production. Obviously,
the arrangement of alternating periods is a mere administrative
detail. From the employer's point of view, the most important
elements of the cooperative plan are: First, the selection of workers;
v and, second, the awakening of an enlightened interest in their work
" through eoordinated instructian.
From the standpoint of the school and the student, the most
important feature of cooperative education is the realization of
- theory through its practical applications. In a very literal sense the
i studies m the curriculum become ‘‘applied subjects.” In the use
of the word ‘“‘cooperative,” emphasis is placed not only on the kind
of training given, but also on the relation between school and industry,
and on the method of bringing theiu together.
_In recent discussions of educational matters, there has sometimes |
been a tendency to associate with the cooperative plan phases of
- education which clearly are not included in the foregoing description.
' - In fairness to other methods and philosophies of education as well
as to the cooperative system, the several methods should be sharply
differentiated. In the study of a system, not isolated features, but a
collection of attributes, and the object and method of their combi-
pation, should be considered. Manual training, the Gary plan,
trade schools, continuation schools, apprentice systems, and the
more legitimate forms of vocational and ‘earn-while-you-learn”
schools may have some things in common with the cooperative plan,
and with each other; but in underlying theory and method they are
different. Each should be judged according to its own theory,
standards, methods, and results; and its place in the general scheme
of education should be determined accordingly.

k3

CEI COOPERATION IN HIGH SCHOOLS.

o In & number of high schools the cooperative plan has been adopted-
.. and courses have been operated successfully under widely varying
f-. .. conditions. At Fitchburg, Mass., for example, an arrangement -
%" oxists whereby high-school students, after spending one year wholly
" in school, work during alternate weeks as appréntice machinists,
pattern makers, saw mgkers, draftsmen, molders, tinsmiths, printers,

© or textile workers. The instruction which they rcceive at school is
.. coordinated with their practical work. The cooperative principle is
. similarly applied in the York (Pa.) High School, where the students

. work in machine shops, foundries, sutomobile and carriage works,
~and in the cabinetmaking department of a piano factory. Recently
 goperative courses have been introduced into several high'schools in
New. York City. At present cooperation is beihg carriedon with
miilordér . houses, - department . stores, ds

A5

utomobile "-;4‘ - pribting
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panies, and other branches of industry, according to the localities in
Awhich the schools aresituated. The results of the New York experi-
ment hitherto have been such as to refute the arguments that the
cooperative course can succeed only in a few occupations and in
small centers. : .

POSSIBLE EXTENéION OF OCOOPERATIVE EDUCATION,

Agricultural education.—Recognition of the opportunities for
cooperative education in agriculture is now general, and it is likely,
that before long the plan will be given a thorough trial in connection
with schools and colleges favorably located for such cooperation,
The statement of A. C. Monahan, of the United States Bureau of
Education, as reported in the Cincinnati Enquirer of March 20, 1915,
expresses & conviction which is shared by many educators, regardi

the opportunities for cooperative sducation ir“he agricultural sections
of the United States:

The Bchheider system of combining practical with theoretical studies and giving
credit for results achieved in both ways is destined to be adopted generally in technical ’
schools and urban and rural high +:hools throughout the country. A large number of
persons have indicated their hope that a cooperative agricultural educational scheme
of this character might be sdopted in the Southern States,

Under the Schneider system a student works part of the time in school and part of
the timo in the shops. As the idea has been worked out in Northampton, Msss., &
rural student is given credit for the time passed in doing ordinary farm chores, pro-
vided that he uses intelligence in his methods of work and in the observation of
resulta. . ’

There is no particular cultural value in a boy milking cows, for inatance, or culti-
vating corn, dfter he has done it a few times, but if he will do a certain amount of
reading in connection with the work, keep records of yield and cost, and make experi-
ments whick require him to think, that is educational. )

In the Néhampton (Mass.) High-School course of four years the students have four .
home tasks for which they arp given credit. Each task consumes a year. If the
student essaya to cultivate an acre of ground the first year, he will be given credit for
that, if he follows instructions. The next year he may decide tq take charge of two,
four, or six cows, according to his age. He must do all the work himself and keep '
detailed records, to secure credit at the school. The aystem has proved to be very
helpful to the school and to the community, .

In the agricultural colleges, the winter courses for farmers, now
everywhere established, might easily be made the beginnings of a
cooperativa system. Better still would be the six-months courses,
which begin after wheat sowing and end in time for spring plowing.
The mere alternation of work and study, of course, means very little;
but.if the two periods were organized according to a systematic plan .
for the coordination of theory and practice, there is no reason why
8 cooperative course in agriculture could not be made a success. If
8uch a plan were adopted, the model farm at the State college would
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K. - be g\gplem'énwd, if not displaced, by the, various agricultural plants -
- over the State, with their wealth of educative material. _ _
_ Proposed national university.—Among the many opportunities for-
the application of the cooperative principle in graduate and professional
education, perhaps the most significant are those which have been
mentioned in connection with the proposed national university.
Dean Herman Schneider, in & statement before the House Committee
on Education, January 26, 1914} and President Charles William
Dabney, in a statement before the same. committee, February 27,
1914, have explained different phases' of the pgoperative plan which
would naturally apply to a national institution of this kind. The
former emphasizes especially the selection and- training of men for
public service, and the latter, the utilization for instructional purposes
of the vast scientific equipment of the United States Government at
Washington. : .
The following is quoted from Dean Schneider’s statement:.
. The propoml that the Government establish a National University at Washingtan
presupposss that the Government haa a definite educational problem to solve, and
that no_existing sgenciee do or can solve it. Juxtaposed statements of the many
. problems facing the nation which can be met by education and of the facilities offered
by the established institutions of higher learning discloee at least one major problem
unsolvéd or insolvable without the organization of s new institution—tke training of
experts to do the work distinctly .peculiar to the Government. Such work, fo
example, includes service in the diplomstic and consular fields, in the Patent Office,
" in the Bureau of Engraving and Printing, in the Agricultursl Department, in the
- Industrial Relations Commission, inthe Interstate Commerce Commimsion, and in/]
many other other departments and commigtions. -

t It js evident without argument that the high degree of efficiency required to meet
5 the growing complexity of governmental activities can best be obtained by selecting
o persons of reasonably demonstrated fitnes for the service, training them in the actusl
P~ - - work, and supplementing their training with an equal amount of cosrdinated instguc-

.. tion and research. > . .
L . - The application of the cooperstive plan to & National University having a8 one of
W its functions the training of Government experts can be conxidered most succinctly
oo under the three basic. principles of the system—selection, practical training, and
. coordinated instruction. : . :

At the University of Oincinnati the spplicant is required to present s bigh-echool
. scholarship record which presumably indicates his mental ability. He is then re-:
N - quired to serve three months of full-time work under obeervation in the field of engl
. °7 " neeringhehaschossn. Ifhegivesevidenceof fitness, heis sdmitled to the university.
s The real weeding out of the inapt and the relocation of the able but misplaced gooa.
5 through five years of combined work in theory and practice. :

K" . “Fhe National University, however, will be a graduate school, and hence its selec
...~ tive system will be simpler and surer, for during his undergraduste career s young
-7 _man demonstrates his positive tendencies. ‘Thus, in biology he may show marked .

. ability, snd take his majces in this science. He shotild have a knowledgaof the sub-.
" joct sufficient to enablé him to enter cortain scientific bureaus of the Department d

“Agriculture, and it has Been shown that be should bave a strong bent toward biologidl
5. work of this character. “Upon"graduation from his undergraduate school, sad e
T ek 7 e ) Publihed i the Tagieely 11, 1904, g
¥ r"c 3 5‘« a ‘_f. lWﬂmﬂWI :“r“":.. o *_ dfﬁ“‘_‘ 2
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senting proofs of his epecial ability, he might be admitted to the bureau and to the - .
National University. Since the system would apply to all or nearly all of the Gov- _ . ]
ernment departments, the National Univereity, together with .the department and
bureau chiefs, could specify the major studies in which an applicant must be pro-
ficient in order to enter any particular department. Thus, upon investigation it'
might be found that the applicant for training in the Consular Service should preseng

Coast and Geodetic Burvey courses in civil engineering, with special work in astron-.

omy. In short, the requirements for admiasion would be: First, the successful com-

- pletion of 4n undergraduate course, containing guch major studies as might be required
to begin work in a special department; and, second, reasonsbly demonstrated ability
for the wark selected. . a*

The organization of the practical work would be éffected by conferences between
the heads of the cooperating departments and the Nationsl Universit professors, .
Thus, the question to be met in training men for the Consular Service would be'what
departmental experience a well-trained consul should have. Anslysis and synthesis _
would lead to a plan of carefully selected progressive experience in appropriate
bureaus of several departments—8tate and Commerce, for example. It is not im-
probable, too, that further experience in a banking cencern doing a diversified foreign
.business would be found ad vantageous. The occasional useof privately owned training
facilities could be arranged without difficulty. The esential factorin the training
part of the scheme is planning the practical work to meet comprehensively the de-
mands of the pogitions for which the graduate students are being trained. -

Succesaful completion of the cooperative training should insure entrance info the
service] at a grade to‘be determined, just as uation from West Point guarantees

. admission into the Army with a certain stan ing. Indeed, there seems to be no re~

 tiong! remson why training for important posts in the civil service should not be aq -
much & function of the Government as training for.like posts in the military service. =
The present method of selection by examination is admittedly an expediential com-
promise. Unquestionsbly, the additional cost of the university to the Nation would

* be more than met by the increased efficiency of the Nation's servanta, Nor need the

- cost be great; for under the cooperative system the university uses existing facjlities,

. and hence its expensq is confined to teachers, clsssrooms, and special laboratories. <
In fact, the cooperative system is merely a combination of the old-fashioned thorough
spprenticeship and the old-fashioned “college,” with the obvicusly Decessary coor-
dination. . - i

The old-tashioned apprenticeship possessed real educational values, but because
of epecitization it has been gradually dissppearing instead of extending to more and ~
higher phases of human activity. Fartunately, we are beginning to realize that ous”

., carefully designed mechanisms for production, construction, and distribution are in

. the truest sanse laborstoriee, whose educational worth it were folly te ignare longer.

" Mote significant still, because of the rapidly growing complexity of governmental

. functiohs, kre the educstional opportunities at Washington. Their utilication through

- coopeation would' enhance manyfold the value of the National Unijverity. -

- The epecific work outlined in the foregoing ia not exclusive; it could not possdbly

i interfere with any other work which might properly be dons by the proposed ineti- -

-

¥ Inbkis statement Dr, Dabney said: =~ . y

¥ . o

f% Another consideration in advocating & Nationsl University of this type‘ia the duty o
*ot utilizsing thess vast stares of acientific material in Washington ss completely as

2, possible for the ad vancement of knowledge: It is & well-known fact that the depands -

ot the Government for immediate economic results compel its scientific staff to devote

- Itn.energion almost exclysively to the study of those problame which have practical
B et g Tl g LA AR R e ra e S e
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“:, ends. The rich materials for the. advancement of pure science are thus, in a largd
- measure, necessarily neglected. If in each of the Government ecientific bureaus
there were a number of students working on their material with reference to the 8d-
vancement of pure science, the world would certainly get s much larger output of #
- pesults. The utilization of material by a limited number of students of this character
need not interfere at all with its use for economic results. _On the other hand, s ]
complete scientific study of the material would undoubtedly greatly promote the °
efficiency of the departments in reaching the immediate results demanded by the
Government. The presence and work of advanced students would undoubtedly
greatly improve the work of the Government scientific staff itself.

re o
REQUISITES FOR A SUCCESSFUL COOPERATIVE SYSTEM.

Notwithstanding the many possible applications of the coopers-
tive system, only a few of which have been indicated, it would be a-
mistake to assume thst this type of instruction can easily be put into
.+ guccessful operation in any given combination of circumstances. It
will be recalled that the cooperative course was first suggested by the
existence, side by side, of an institution for teaching young men and
. a great industrial plant in which as graduatés these same young mlen
)" would put their theory into practice. Under the cooperative plan
) it was proposed merely to take advantage of what may be called the
“laboratory of industrial environment” in the training of students
whose book learning found practical illustration in that environment.
Sinee one community varies widely from another in the nature and
extent of its industrial interests, there must be a corresponding varia-
tion in the details of a cooperative course designed to fit a particular
community. Thus, the cooperative course in engineering -which has
- been developed at the University of Cincinnati could not be success-
»  fully .adapted in its entirety by the University of Akron (Akron,
., Ohio), the University of Pittsburgh (Pittsburgh, Pa.), or the Georgia
" . Ipstitute of Technglogy (Atlants, Gaj. Each institution has its
" own peculiar set of conditions, industrial and educational, and who--
N, everplans a cooperative course must take account of these conditions.
Nor does the adaptation end with designing and establishing the .
. -course. Unlike the regular course, which can be administered within
©. " a comfortably definite routine, the cooperative system is a perpetual
- challenge to the vigilance and ingenuity of the, efecutive force.
. There are, to be sure, no insuperable administrative difficulties, but
‘" thebe are frequent surprises and small adjustments that call for watch-:
©" . ful supervision. -Still more depends, however, upon the spirit of the .
 teaching staff andvf the studént body. Although teamwork and s
 friendly sttitud® of “give and take” are important in any union of
B ort, they are vital to the cooperative course;- they are, in fact, the.
£ essence of cooperation. ° 0 e :
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TYPICI;&L INSTRUCTION SHEETS AND OUTLINES.

’ /
OBSERVATION OUTLINES FOR COOPERATIVE STUDENTS.

The work syllabi, or observation outlines, extracts from which are *
given on the following pages, are intended to serve a twofold pur-
pose: First, to make the student a more intelligent, and conse-
quently a more efficient, workman; and second, to emphasize the
instructional value. of the practical work, by showing the relation
between the student’s practice and his theory. The three types of
work which have been chosen for illustration are as follows: Electric
car trucks, foundry motallurgy, and engine lathe.

ELECTRIC CAR TRUCKS.

Many cooperative students, especially in electrical engineering,
begin their practical work in the shops’and: barns of the Cincinnati
" Traction Co. Some.idea of the. variety of experience afforded by
- this work may bo gained from the excorpts given below.

No. 15. ELecTric CAR TRUCKS—REPAIR AND MaiNTENANCE,

- Name......... il . ‘ * Date...... s

Student spprentices employed by the local traction cofapany in their car bams
and repair shops are generally engaged in the repair of the rolling stock. In detai),
the work consists of— . ) :

-~ (a) The repair and adjustment of trucks, brakes, motors, controllers, heaters, lights,
switches, and electrical protective devices;

(b) The wiring of cars, connecting motors, controllers, heaters, lights, switches, and

electrical protective devices; o
(c). The inspection of parts of cars to ascertain whether repairs are needed; and
(d) Machine work in which new parts are manufactured or built to replace those
worn out in service. ' g
The questions on the followi ges which deal with the maintenance and repair .
" of trucks and related parts are ped for conveniance as follows: Motor Suspensjon;
‘gears and_ pinions; wheels and axles; bearings; lubrication. .
+ While the mechanical work of repairing trucks is of a rough type, compared with
. many machine-tool operations, the experience, nevertheless, is of great value to the
-engineering apprentice, on account of the numerous applications of technical theory -
‘encountered. Attention will be called to many of theee spplications by the coordi-
. nating quiéetions on the following. pages. Questions relating purely to practical work
;Are numbered. The questions which show. the theoretical connections are lettered
“and grouped with the corresponding practical question. The hranches of science’

Involved are shown in pareitheses, together with the year of the university course
Ph-whlch these subjecta are gtudied. IR R
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-~ REVERENCES ON ELECTRIC CAB RlPAXR AND HA!NTBNANCB

lbchme Reference Series No. 34, Care and Repair of Dynsmos and Motors.
Machine Reference Series No. 74, Electric Magnetism. .
Machine Reference Series No. 75, Motors, Generators, and Electric Railways.
Electric Road Maintenance— Jackson. .
American Electric Railway Practice— Herrick and Boynton.
Modern Electric Railway Motors— Hanchepp.
Elements of Electric Traction—Gent.
. Electric Railways— Ashe.
" Electric Railway Handbook— Herrick.
The Motorman and His Dutiee—Gould.

CHARACTERISTIC8 OF DIFFERENT TYPES OP TRUCKS.

1. What are the essential differences betweon the trycks of single and double-
truck cars? Which type of car can take the shorter curve, and why? Which can
take a given curve at ‘the higher epeed, and why? Which type is in greater use by
the local traction company? Are there any lines on-which either type can not be
used? If 80, state the reasons.

A. What determines the minimum radius of the curve around which any truck can

pas? (Coor. -1, 2.)

B. What determines the minimum radius of the curve around which any car can

pass? . (Coar. -1, 2.)

C. How would you measure the radius of & track curve on a city street?

(Math. -1.)

D. In what units are the radius and the length of 8 curve expressed?

4 (R. R. Surveying Theory -3 E. E.}

: 2. Define. clearly and state the functions of each of the following parts of trucks,
- and give the materials of which each part is made: Frame, bolster, transom, center-
" plate, king-pin, equalizer springs, equalizer bar, pedestals, journal boxes. side-
" bearing plates. journal brasses. motor axle, sleeves.

3. What is the object of “hanging” the spring plank from the transom, and in
what way is this done?

4. Show how the different locations of brake shoee on & truck influence its design.

_ (For detailed questions on brakes, consult special sheets.)
- 5. Explain the functions of the gide bearings of a car. What is the difference in
their action when the car is filled and when it is empty? How much clearance is
usually given in these bearings? What is the result of too much clearance? Of too
little? To what extent are theee bearings cushioned on wooden blocks? Staté your
opinion of this practice.

6. Beable to show by a sketch the construction of a full elliptical spnng How are
the ‘various leaves held together, and how are the ends of the outer leaves tied? How
many leaves are used in’ the springs of trucks under your'observation, and about what
is their thickness?

A. What is the moment of & force? What is a bending moment? (Mechanics -3.)

B. Inaleaf spring, why are more leaves necessary under the point of application of
] the load than near the ends? . (Elem. of Eng. -1; Mech. -3.)

’ 7. Describe the maximum traction truck and explain the significance of ita name,
".* . What provision puts the greater part of the weight on the large wheels? Why ia this
;. desirable? State the object of using different sized wheels on the same truck. How
does the danger of derailment in a truck of this type compare with that of trucks
|ymmemcally loaded?
A . What class of lever have we, if we conzider the center of the small wheel s ful-
PN crum, qpoint. oppodite. the king-pin as the point of nppllé&tion of power, md
: ﬁ&t«o(thehmvhulut}mlmd L g .
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B. Hf we consider the side frame of the maximum'traction truck asa beam, with the -
load applied at the point opposite the king-pin, show how to calculate the
reaction at each axle journal. (Elem. of Eng. -1; Mech. -3.) }

38. How is the power transmitted from the gear to its axle in the case of (a) pressed -

fits; (b) of eplitgeara? In which case are keya necossary, and why are they not necee-
eary in both cases? What kinds and sizeés of keys are used for each type of gear.
used by-your company? . . :

4. Isthe width of face of a gear usually designed merely fo resist all strosees with the
correct factor of safety, or isit made wider thsn neceasary in order to decrease
the unit pressure and thé resulting wear? (Mach. Des. -3.)

39. Explain by a sketch how the armature pinions are fastened 40 their shafts. Are

"their seats tapered or straight? Can they be removed? Of what g ade of material
are such keys made? What kinds and sizee of keys are used?

A. Why is a pinion often made Wider than its gear? (Mach. Des. -3.)
B. Which wears the more mpidly, the pinion or the gear? Why?
' (Mach. Des. -3.)
. FOUNDRY METALLURGY. '

The following questions are part of a syllabus on foundry work.
In addition to metallurgy, the sheets on. foundry practice include
hand and machine molding operations, core making, and foundry
management. :

0 No. 12. IroN FoUuNDRY (METALLURGICAL SnEeeT).

Get the following data and measurements in regard to the cupola used at Pour foun-
dry. These data will be useful in studying Comparative cupola performance in con-
nection with the subject of metallurgy. » ..

. Diameter of cupols (in inches).
. Height of tuyeres from sand bottom (in inches). .
- Height of charging door above tuyeres (in inches).
- Height of charging door above tuyeres divided by diameter (in inches).
- Number and arrangement of tuyeres.
- Bize of tuyeres (in inches, vertical and horizontal). o g
. Area of tuyeres (in square inches). ' :
- Cupola area is how many times tuyere area?
. Diameter of blagt pipe (in inches)..
. Blast pressure 20 minutes after start (in ounces).
. Class of work made. - g
. Relined, how often. -
- Weight of bed charge of fuel (in pounda).
- Weight of iron in bed charges (in pounds). .
. 15. Weight of fuel in charges subsequent to the bed charge.
" 16. Weight of iron in charges subsequent to the bed charge.
17. Total weight of fuel, one run (in pounds).
18. Total weight of iron, same run (in pounds).
- 19. How many pounds of iron are melted by-1 pound of fuel?

2. Kind of fyel used. 2 o :

21. Fuel measured by weight or by volume?

22. Height of fuel bed above tuyeres (in inches). .
. 23. Thickness of fuel charges after the bed charge (in inches). =l
: 24. Thickneas of iron charges after the bed charge (in inches), .

%'25. Time before iron appears after blast is o (in minutes), C L TS
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26. Time to melt éach iron charge after the bed charge (in minutes).
27. Total iron melted per minuts (in pounds).
28. Totaliron melted per minute, per square foos cupola ares.
Find from your foundry the answersto ss many as possible of the following questions:
1. Miztures.—How many different iron mixtures are used on the work at your
>foundry? What are their distinctive chemical differences? For what class of castings
is each used, and why? How many and what mixtures are poured in the same run?
How are the different mixtures prevented from mixing in the cupola? In what order
are the mixtures melted? Why?
9. Pig, scrap, and coke.—Give names and as many as possible of the characteristic
" chemical differences of the various grades of pig iron and scrap used. What are the
prevailing market prices of these grades? What kind of coke is used and what is its
cost? . B
3. Zones.—What are the exact locations and thicknesses of the crucible, tuyere,
and melting and stack zones of your cupola? What takes place in each during melting?
4. Melting practice. —What is the range of sizes of commercial cupolas? Does the
diameter of the cupola affect the weight of the various charges of iron and fuel”
Why? * If it takes longer than usual for the iron to run, after the blast is turned on,”
what doos this fact indicate? What is the effect of too thick layers of coke? Why?
What is the effect of too thick layers of iron? How is this noticed? Is it possible
to have alternate layers of iron and fuel too thin? How is very hot iron produced?
What percentage of pig iron charged is lost in meiting and pouring? In what ways
does this loss occur? Why? _
5. Chemical changes.—Do iron castings ordinarily contain more, or less, sulphur
than pig iron? Why? How much? Why is the first and last iron drawn relatively
higher in sulphur than the rest? How can the amoumt of sulphur in the last iron
drawn be reduced? Why? Do castings contain more, or less, silicon than the
origial pig? Why? How much? What materials are charged to form aelag? Give
both their chemical formula and their physical form. Is any fluorspar used? Why?
What are the advantages and disadvantages of a high state of fluidity in the slag?
What becomesof the dirt on the pigiron? What b®omes of the ash of the coke? What
gasee come froin the top of the cupola? What isa “cutting flame”? What cayges it,
and how is it recognized? .

.

ENGINE LATHE.

The outline on the engine lathe deals with three principal phases
of the stugent’s experience: (1) The operation of the machine, 2)
the design of the machine, and (3) the management of the department
in which the machine is used.

No. 8. ENGINE LaTEE.

NADO. .oveveeeenrarecceanannnnnns Date.....ooceeeenninins -

In running any machine tool, the important pointsare: (a) The fastening of the work,
" (5) the choosing and setting of the correct cutting tools, () the selectiofi of the proper
feeds and speeds and the taking of the cut.
Questions Nos. 1-75, inclusive, on the following sheets, will guide you in a study
of your worls.  For convenience they gre arranged under the following headings:
(A) Lathe toole—kinds, uses. ~~ ) )
(B) Bpeeds and feeds.
(C) Fastening and supporting of the work.

- (D) Typical lathe operitions. .
' (E) Taper turning and boring.
Adswors to these questions will be found in your experienog or in the refetynces .

£
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REPERENCES,

Catalogue of the firm making your machine.
Operation of Lathe, Part 1, Machine Reference Seriee.
Operation of Lathe, Part 2, Machine Reference Series.
Principles of Machire Shop Work—Smith.

Lathe Design— Nicolson.

Modern Machine Tools—Benjamin.

The Art of Cutting Metals— Taylor. . :

1. What is an engine lathe? Write the names of 20 of the principal parts of your
lathe. . a :

2. When is a lathe tool right-handed and when is it Jeft-handed? Sketch' top
views of the following: Round-nose rougher, wide-noee finisher, side tool, bent left-
r gide tool, brass tool, parting tool, vee-thread tool, and boring tool.

© LATHE TOOLS, SBHAPES, SETTINGS, AND GRINDING.

3. Define and show by sketch: Clearance, hack slope, and side slope. What is the
object of each of these? . g

4. Why has a round-nose roughing tool & curved cutting edge?

5. Why is there danger of spoiling the work by setting a8 round-nose tool with its
nose pointing in the direction of the feed? How ia this danger eliminated—(a) when
turning, () when boring? . .

6. What is the danger of spoiling the work when the point of the tool is set above

- the axis of the work and projecta too far out from the tool post? 0

7. Show by a aketch the effect on the clearance and on the effective top elope of
having the tool set—(a) above center, () below center. For ordinary turning, what
is the correct height of the tool? What is the effect of too emall a cutting angle

. when cutting hard material? Why should the top slope be zero or slightly negative
for brass and other soft materials? o

8. What is meant by burning a tool when grinding? What precaution can be taken
to avoid this?

9. What is the epecial advantage of using tool holders? Bketch two different forms.
" 10. What are forming tools? How are lathe-forming tools sharpened without
changing their shape? On what work are they used? .

)

SPEEDS AND FERDS.

11. What is meant by the cutting speed oo a lathe? How is the correct cutting
speed determined? .

12. What is the effect of too high a cutting speed? In general, what do you consider
to be the most economical utting speed for a given job?

13. How does the cutting speed vary with differomt materials worked on? With
depth of cut and feed? .Why is the maximum speed for cast iron lower than that for
stecl? a e

14. ‘A piece of lathe work 12 inches in diameter is turning at 18r. p. m. What is
the cutting speed? .

15. A certain material permits & cutting speed of 90 feet per minute. Its diameter
is 6 inchee, What would baits r. p. m.?

.

4
o PASTENING OF WORK.

17. Name four methods of fastening work in & lathe. ) .

18. By means of sketches, show three ways of locating the center of & round shaft -
_ by hand, preparatory to drilling the center holes. . - -

19. What are two advantages of centering by means of & machine?. By means of 4
%, sketch show why bent work should be straightened befdre centering. - - - -
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20. What is the angle of lathe centers? Show by a sketch the reeult in each of the
following casee—(a) when the center hole of the work has a smaller sngle t.han the
lathe center; (b) when it has a larger bole than the lathe center.

_ *23. Which end of the mandrel receives the dog? Show by sketch Lhe effect of
using too short & dog. :

2. Describe two types of expanding mandrels. Use sketch

25. What is a roller mandrel? Sketch a section through oue and state its particular -
advantage over a plain mandrel.

79. Why will a machine with a mngl&pulley drive often deliver more power toa
tool than a cone-driven machine? Calculate the maximum poesible ciit speed on

- work of minimum poesible diameters Calculate the minimum poegible speed on
work of maximum poasible diameter. Why are these values significant? .

80. How is the feeding mechaniem connected to the driving mechanism? By
what mechanism is it possible to secure variable feeds? How is the amount of feed
designated? Make a list of all feeda.

81. Has this lathe a feed rod separate irom the load screw? Why? If not, is the
lead acrew splined? Why? What is the pitch of the lead screw? Of {he cross-feed
scrow? Can the lead screw and the feed rod be engaged at the same time? Istherea
chasing dial? If eo, into how many divisions is it marked? What are the high and
low limita of the threads possible to cut?

82. What angles are used on the carriage ways? Have these been chille§@ Are
the centers set half way between the Vee ways or not? 1If not, where are they, and
why?

83. How is the carriage gibbed to the bed? How is the compound rest gibbed to
the carriage? How is the apron secured to the carriage?

84. Can the longitudinal and cross feeds be engaged at ene time? 1f 80, what angle
will this tend to cut? Is the tool rest plain, swivel, or compound? What ia the
difference in the construction and use of each of these? What is the maximum pos-
gible size of tools? 1Ia there any taper attachment?

85. Give the material of each of the following; including aﬂy heat treatments given
to the gears: Bed, carriage, tailstock, spindle, tailstock epindie, apron, driving pulley,
face plate, hand-feed handles, spindle bearings, gibs, dead center, live center, back
gear, driving gears, and gears in apron.

88. In order d)at the lathe may do accurate work, what alignments relative to

. each other are required of the spindle, carriage ways. centers, and croes slide?

87. Assume the machine to be pulling a heavy cut. Without calculations, tell
roughly the directions of the forcee which resist the pressures of the cut longitudinally,
crosswise, and torsionally; and tell in what members these forces act.

88. Can you ascertain in what positions the castinga for tho bed, headstock, tail-
stock, apron, and csrringe were poured in the foundry? Can you tell which portions
of each of these were in the cope, and which were in the drag? What parts required
the use of cheeka? . ’

89. What pointa wers incorporated in the design of the above castings to secure the
neceesary rigidity? What points wege incorporated to insure freedom fram certain
.. metallurgical faulta in~the castings? .
s 104. What kinds of 400l steel are used for the forged tools? By whom Mch tools *
; made? By whom dressed? What makes of toolholders are used? To what extent
- and on what clasees of work? What brands of taps and reamers are used? What types
.- of reamers are most common? By whom are the form tools and special cupters

« designed? By whom made? By whom ed or gmund? What brands of
£, the above tools would you recommend, and why?d
k% .- 106. What types of chucks and face plates moet general use? Are chucks
% nd face, phm ever used on ot.her muclunea thnn thooe for whxch they were bmm
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What makes of chucks can you recommend? What kinds of mandrels are used? _Are
they made in your own topl room? What is the practice in regard to the amount of
taper used on the different types of mandrels?

106. Give a list of all special attachments and fixturee used on lethe work. What
is the special use of each? What fixtures have you needed in your work which were
not to be had?

107. Give any standard allowances used in your department in making running;
drive, prees. or shrink fits. Give a concrete example of one of each of these fite made
in your department. Is the variation from standard put on the male or the female

¢ part?

108. What kind of crane or hoist service has the department? Describe, and give
all possible data. Note aleo whether the department is pmvlded wn.h such facilities
as arbor presses and centering machines.

109. Describe all tickets and tags which accompany t.he work through the depart-
ment. Bring in a sample or sketch of each, explaining its use. How long doee work
remain in the department on an average? From what depanments does it come, and
-to what departmenta does it go when fnished? How much work is turned preparatory
to finighing in a grinder? How close to size is such work turned? What are the&ver-
age sizes of lots for different types of work? Can you ascertain how the foreman keeps
his records of work completed, work under way, and work soon to come?

110. What lubricating or cooling compounds are used? How are these mixed, and
how applied? How are they stored before mixing? What provisions are there for
cleaning machines? Of floors? By whom cleaned?

111. 8ketch freehand—(1) Lay-out of department and (2) vertical section through
shaft hanger.

INSPECTION TRIP REPORTS.
COORDINATION 1, 8, AND 5, AND ENGLISH 41

Alt,hough the inspection trips outlined below are made a part of
the work #n coordination, the reports are counted as themes by the
English department and are thus criticized both for subject matter
and for expression. A similar plan is followed in the case of
inspection-trip_ and laboratory reports written by upper-class men.

InspecTiON TRIPS AND ELEMENTS OF SHOP PrACTICE.!

(Cf. Instructions for Eng. 41.)

Dates.
Skc. 1. BEc. 2.
Sept. 21 Oct. 6  Preliminary discussion.
Sept. 24  Oct. 8  Namesand uses of small tools.
Sept. 20 Qct. 13  Measuring tools and gauges. .
Oct. 1 Oct. 15 Micrometers and verniers.
~Oct. 20 Nov. 3  Foundry tools and appliances.
Oct. 22 'Nov. 5  Description of Cincinnati waterworks.
Oct. 23 Nov. €  Inspection trip No. 1.—California waterworks.
Oct. 27 ' Nov. 10  Discussion of above trip.
Oct. 20 Nov. 12 Foundry materials—types of molds.

Nov. 17 Dec. 1 ~ Generul foundry methods. -

Nov. 18 Dec. 3  Deecription of foundry to he visited, . .
. .. 1 This part of the work is not listed Mly in thouuloguo, but Is dmlnoonnecmnvuhm N
: dinstiod 1,3, and 8,
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Nov. 20 Dec. 4  Inspectich trip No. 2.—Foundry. laidlaw Dunn Gordon
i ’ Co.
Nov. 24 Dec. 8 Discussion of foundry trip.
Nov. 26 Dec. 10  Review and quiz on work to date.
llf;ec. e Chnetm }Mnteria]s of mechanical construction.
ec. 17 vacation.
Chnst.m'a.s {J'm‘ g }Nameé and uses of machine tools.
vacation. \Jan. 7
Jan. 12 Jan. 26 Methods of removing metal by machine tools.
Jan. 14 Jan. 28 Description of machine shop to be visited.
Jan. 16 Jan. 29 Inspection trip No. 3.—Machine shop. The Cincinnati
“Milling Machine Co.
Jan. 19 Feb. 2 Discussion of machine shop trip.
Jan. 21 Feb. 4 Reasons for different types of each of the standard machine
tools. . :
Feb. 9 Feb. 23  Sore typesand uses of electrical machinery.
Feb. 11  Feb. 25 Description of power plant to be visited. !
Feb. 12 Feb. 26 Inspection trip No. 4.—Power plant. The Oakley (‘olony 1
Power Plant. i
Feb. 16 Mar. 2  Discussion of power plant trip. :
Feb. 18 Mar. 4  Arrabgementaof A. (". and D. C. circuita.
Mar. 8 Mar. 23  Materiala of electrical construction.
Mar.' 11  Mar. 25  Description of electrical plaat to be visited.
Mar. 12  Mar. 26 Inspection trip No. 5.—Electrical manufacturing plant. /{‘
Bullock Electrical Mfg. Co.
Mar. 17 Mar. 30 Discussion of electrical trip. .
Mar. 18 Apr. 1 Precauti®ns necessary around electrical work.
Apr. 6 Apr. 20 Hardening and tempering.
Apr. 8 Apr. 22 (Casehardening and annealing.
Apr. ‘9 Apr. 23 Inspection trip No. 6.—Chemical plant. Jarecki Chem-
. ical Co.
1
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(Oneé hour a week.—Given In connect
site—Entrance requirements In English).

- APPE

NDIX.

Encusr 41.!

45

ipn with Coordination 1, 3, and $, and Chemistry. Prerequi-

Object.

Method.

Matter,

To develop the ablllt( to
organize materfal Into
aclear and compreheri-
alve report.

To review and apply the
Fﬂnl ciples of cowposi-

on

To discover weaknesses
in the writing ability of
individusl students.

To correct faults in ex-

jon, rticularly
n such matters as par-
agraphing, sentence

structure, spelling, and

punctundoor—

To increase the student’s
vocabulary and tn
make him more accu-

Lecturea on-the princi-
ples of com on as
a})plled 1o the writing
of report.

ports,
Written instructions to
gu!ld'e the student in

writing reports.
Exsmples of good and
bad form tn inspec

Criticlsm of reporta by
thh:sslnstructot and the
¢|

Revislen and rewriting
of reports by the stu-

P - dents.

Conferences with indi-
vidual students,

Additional study and
ractice required of
rhme students who
show poor preparation
in English.

Technical terma sup-
{yllod and explained
by the department of

Mechanism (administrs-
tion).

The whole composition
and the paragraph:
Bubject, purpose, ma-
terlal, organization—
unlt’yl', coherence, and
emphsals,

The sensence. Vocabu.
lary: Technical terms;
genoral and specific
words. 8pelling: punc-
tuation; ahbreviation;
use of ﬂfxm;style,ln
engineering reporta;
and standardization of
mechanical detalls,
such as covers, mar.
g‘lm, h‘nden-

tions, position of
titles and ,
writing of formulas
and chemicalequa-
tions, placing of
sketches, and indorse-
ment of manuscripts.

All e graded for
English as well ss for
suh?ect matter,

On a blsckboard record
re are checked
when recelved, and
grades in English are
recorded before the re-

I)oﬂ.ampludmto
he de t of co-

ordination.

Card catal ? of in-
dividual students con-
tatns record of the fol-
lowing details for each
report; Organiration,

. sentence stnicture, vo-
cabulary, .peliln;,
punctuation, manu-
script, and grade i
Enilhb.

8ketch required with -
each re 5

Manuscripts written on
uniform peper and
bound In standard

zation,

rate in the use of words. cuordination. manils covers.
Credit given for form as Btudents meet regularly
S well ag for content in o of 8 to 8 for
sll written work, re- e criticlsm of re
gardless of the branch porta, R
of study fuvolved, :
1 From “C {ve Contrse: in English for Engineering Students,” by C, W, Park, Bull., 8oc. for Pro-
motion of Engineering Educ., Vol. V., No. 8, May, 1915.
3 The following 13 8 typical card used for this purpose: . .
Name of studeat..................... Course........... year.. o
Grade. Organi- Sen- Yocabu-

Speiling, P;'tmf" Remarks,

It will be observed that the operation of the course
‘automatic as poasible.

just outlined is made asmearly
Smoothness of administration is perhaps the chief casential

to success in cooperative courses, and Jt is for this reason that written exercises

regularly required in other depart

also be noted that, in the division called

" taught in separate E

v oA
L R

ments were m

ade the basis of the course. It will

“Matter,” a portion of theAhcory usually

nglish composition courses is included. hy, distributing the
theory in this way through the various tooperative courees, c y/z_;idemble time is
eaved for literature and literary composition in the regular cour£ in English.

.
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‘Another phase of cooperative engineering. (Edit’orial.) American machinist,

—— A young instructor and his big dream. American magazine, May, 1909.

— . )
. APPENDIX B.
. A BIBLIOGRAPHY OF THE COOPERATIVE SYSTEM.

{A complete record of the published matter Jeallng with the cooperative system would pecessarilyinclude
thany bewspaper articles, for from its very beginning the oooperative plan has received a great desl of
attentfon from the general public, s weil as from educators and technical men. The newspeper material
given here is restricted maliniy to a few articles which mark important dates and eventsin the development
of oooperative education, or which report papers and disoussions pot elsswhere published. It is to be
regrotted that the originhl paper proposing a cooperative schems for technical education, which wus
submitted by Dean 8chnelder in 1802, has not been printed. " The maip propositions set forth in this paper
are embodied In the section on the cooperative ides, page 7 of this bulletin.)

-
Another important development in industrial education. (Editorial.) American
engineer and railroad journal, October, 1909. "

June 11, 1908.
Ayer, Fred E. A-cooperative course in civil engineering. Concrete engineering.
June, 1909.
Board of directors adopts cooperative scheme. (Editorial.) Cincipnati commercial
tribune, April 17, 1906. - -
Cooperative industrial training. Chattancoga times, January 16, 1910.
Urges the adoption of the cooperative system in the Unfversity of Chattanoogs.
Dabney, Charles William. The university and the city'in coépemion. Outlook,
July 25, 1908. ) '
Du Brul, E. F. The Cincinhati plan of coopérative technical education. ~Cincinnati
" commercial tribune, May 25, 1808.

A paper read befors the Natlonal iatlon of facturers gt its 13th annual meeting, New
York City.

Cooperative industrial education.” American machiniét, January 20, 1910.

Abatract of a supplementary repdrt of the committes on industrial education of the Natlonal
associstion of manufacturers. .

Faig, John T. The effect of cooperative courses upon instructors. Jn Society for
the promotion of engineering education. Bulletin, March, 1913. .
Fish, E. H. The status of cooperative schools. American machinist, August 8, 1912.
Gingrich, Charles E. The cooperative ongineering course at the university from the
manufacturers’ standpoint. Cincinnati, University of Cincinnati {1907].
A paper presented at the 15th annual convention of the Society for the promotion of englnesring >
educstion, July 3, 1907 : . ,
Halsey, F. A. Cooperative education at Fitchburg. American machinist, January
20, 1910.
Hartman, Lelia A. The cooperative course in engineering at the University of Cin-
cinnati. Fn American sssociation of collegiate registrars. Proceedings of 6th
_snnukl meeting, April 6, 1915. | . : :
Loarning through doifg. (Editorial.) Scientific American, June 26, 1915.
Manley, J. M. Bhop practicq in the engineering course of the University of Cincin-
nati.  American machinist, June 13, 1807. - . : o

‘
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Matachosz, Conrad. Die,geistigen Mittel des techpischen Fortschrittes in den
Vereinigten Staaten von Amerika. Unmittelbares Zusammenarbeiten von
Industrie und Schule. Berlin, 1913. p. 41-44.

Moarns, William. The boy in the blue blickey. Saturday evening post, January
25¢1913. .

More, Louie T. A new echeme for engineering education. Educational review, )
October, 1908. L

Mithlmann, Karl. Reiseberichte itber das technische und gewerbliche Schulwesen ]
Nordamerikas. Chemnitz, 1913. p. 33-34.

New York ruilroad club. Procecdings, New York, February, 1909,

Discussion: p. 1342-1344. ' '

Tark, C. W. Cooperative courses in English for engineering students. In Society
for the promotion of engineering edacation. Bulletin, May, 1915.
Tlan for a national university, (Editorial.) Engineering record, March 7, 1314,
Royal commission on industrial training and technical education. Report of the
commissioners.” Part 3. vol. 2. Ottawa, Canada, 1913. p. 1375-1394,
See also pt. 2. p. 132-134.

Schneider, Herman. The cooperative course in engineering at the University of -
Cincinnati. Cincinnati, University of Cincinnati. [1907.]

A T presented at the fifteenth annual conventiou of the Soclely for the promotion of engineer-
ing eém\ﬁtlon. July 3, 1907. Reviewed in Engineering magulna,.uzssc,'Novembor, 1907.

——— Cooperative engineering education. Railroad gazeite, July 13, 1910.

From a paper read at the annual meeting of the Soctety for the promotion of engineering education,
Madison, Wis., June 25, 1910. i R } o0

——— Cooperative industrial courses. JIn Spod;l‘kturee in city school systems.
U. 8. Bureau of Education. Bulletin, 1913, no. 3% p. 10-20..

—— Education and industrial peacé. Annals of the American academy of political
and social science, November, 1912,

~—— Education and industry are hitched. Manufacturers’ ‘news, November 2],
1912, .

Education for industrial workers, In New York city. Board of estimate

and apportionment. Committee on school inquiry. Report. New York, 1915.

Published separately in the 8chool efBcfency series. 1918.

~—— Energizing and cnervating kinds of work. Literary digest, January 13, 1012.

Fundamental principles of industrial education. . Rt

A paper presented at & special meeting of the American institute of electrical engineers, New York,

April 16, Tv09. . . .

Partial time trade schools. Annals of the American academy of political and
social science. 83:50-58, January, 1909,

——— 8Belecting young men for particular jobs. In National aasociation of corpora-
tion echools. Bulletin, vol. 7, Se;gember,,mu. p. 9-19.° 3d annual conven-
tion. ’ g . . )

- 8es also National association of corporation schools. Proceedings, 1915. p. 458-460.

~—— Public school and the day’s Work. Annals of the Amjerican academy of politi-
cal and sdcial science, July, 1911, '

—— Report on a plan of organiu‘tion for coopérative and continuation courses,
~ New York, Department of education, 1914. - . )

——— Belecting young men for particular jobs. American machinist, April 10, 1918.
Part of 8 paper read before the Cincinnati high schools teachers’ axsoctation, February 15, 1013, |
——— Statement concerning the cooperative system before the Committee on edu.
;. cation. Washington, 1914. (63 Congpem, 24 sees., Congresional record, Houae,

joumnal, Jan. 26, 1914.) 4
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S.chndder, Herman. 'l‘echnied dnmﬁon ﬁof Cmcmth Cincinnati, Umvemty
of Cincinnatd, 1905.
An address delivered belors thie Ginoinnati society of mechanical engineers, October 9, 1006

\::hm years of the dooperitive course, ‘American machinist, ‘September 9,

' ——— Training for public service. Engineering recordy April 11, 1914. %
Discassion of s ‘éhoperative plan for the proposed mthnal unjversity.

Two years of the cooperative engmeermg coumes Engineering news, July
9, 1908. . \
Reviewed in Enginesring magasine, 35: 929, Beptember,-1903.
Unique 'experiment in technical education. Iron trade review, December
27 1906.
University of Cincinnati cooperative course in railway engmeenng Rail-
way age gazette, August 15, 1918.
Seath, John. {Industrial education.] Report made to Hon. R. A. Pyne, minister
of education for Ontario, December, 1910. p. 230-38. .
Solving problems of industrial education. (Ed.torial.) Indmnapolu; news, Decem-
. ber2,1909. .
o . An sooount of the Cincinnati pian, with suggestions for its adoption in lndhnapolts
“8tdckbridge, F. P. Hn.l! time at school and half time at work. World's work, April,
1911,
Industrial education in Cincinnati. School rev iew, May, 1911.
Technical educasion for shop men. * (Editorial.) American machinist, October 19,

1906.
Wilson, A. M. Cooperative training for electric railway employees. Electric rail-

L way journal, March 14, 1814.

A report of progrees in cooperative education. In Society for the promotion
of engineering education. Procbedings, June 23, 1814.

AWinslow, Charles H. Report of committee on /industrial education of the Amencan
federation of lsbor. Washington, Governméfit printing effice. 1912. p, 50-56
(62d Cong. 2d sees. Senate document, no. 936. )
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