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PREFACE.

TH1s book really consists of four Parts ; namely: —

I. The Historical Introduction and Chap. XIV.

II. The exposition of the methods and scope of the school, with
full details as regards the manual elements, in Chaps. II., IIT., IV.,
and XV.

III. The results of manual training, as shown by the records and
testimony of graduates and others, in Chaps. V. and VI.

IV. Discussions of the educational, social, and economic bearings
of manual training from various standpoints and at various times,
in Chaps. VII. to XIII.

It is possible that this classification may be of value to those who
come for suggestions in specific directions. To others the a.rrange-!
ment may appear illogical, and the repetitions unnecessary.

In defence of the arrangement I must say that I have had in
mind two things : jfirst and foremost, the probable state of mind of
the reader who comes to this book to learn of a matter of which be
has heard much, but knows little. He wants facts, arguments, and
speculations, according to the stage of his progress in finding out
what manual training really is, and what it aims at. And secondly,
the desirability of showing clearly the growth and progress of ideas
in the development of the school.

As to the occasional repetitions of statements and arguments, I
will say that no one is likely to read the book through consecutively.
Those who do me the honor to read it at all will read by topics and
separate chapters, and beiu'g thus read I doubt if the repetitions will
be found objectionable. Of necessity, much common material ap-
pears in every address. The earlier addresses were quite general
in their treatment, and I have preferred to let them stand fairly
complete.

I trust no apology will be necessary for inserting addresses which,
in one form or another, have already appealed in print. The dis-
cussions they contain relate to matters which are still of first
importance and general interest, and I have felt that I could not
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vi PREFACE.

greatly improve upon the form in which they were originally pre-
sented. They contain my observations and reflections while actually
engaged in daily supervision of a manual training school. They are
therefore personal in character and positive in tone. I insert them
because I have reason to believe that they may still be of service
to those whose opportunities for testing theories have been less for-
tunate.

The critical reader may find me inconsistent in acldresses several
years apart. If so, I beg him to remember that I have not stood
still the past fifteen years during which I have been in contact
with advanced ideas on education and experimenting with manual
methods.

I am well aware that many will be disappointed that I do not enter
in detail into the theory and practice of manual training in the
primary and grammar schools. To such I give the following reasons
for baving limited myself to the training of pupils of from fourteen
to eighteen or more years: —

1. To have covered the whole field, even had I been able to do it,
would have obliged me to make a book much too large. Very few
persons would have been equally interested in the higher and the lower
grades, and a separation of the parts would have been necessary.

2. The manual training of the lower grades has already been quite
fully treated by others, while the ground I go over has scarcely been
touched by a practical teacher. It must suffice if I mention the
work of Prof. Strait, the reports of Dr. Felix Adler, the recent
publications of Prang & Co., and more recently, the manuoal of
Superintendent S. G. Love.

3. While I have very positive ideas about the methods which
should he employed to train the pupils of the lower gradés, I have
had no experience in applying them. I therefore consider myself
incompetent to speak with authority in regard to the details of the
instruction. We have already had too many mere theorizers.

I bow reverently before those who not only have enlightened ideas,
but who have thoughtfully, intelligently, and repeatedly put them to
the test of actual use. For such I 'ask respectful consideration at
the hands of parents and teachers; for myself and my work in my
own field, I ask neither more nor less.

C. M. WOODWARD.

Wasamwerox UNiversity, St. Louils,
Sept. 30, 1887.
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THE MANUAL TRAINING SCHOOL.

CHAPTER I
HISTORICAL INTRODUGCTION.

THE GROWTH OF THE MANUAL ELEMENT IN EDUCATION.

N speaking of the *“ Aims, Methods, and Results of Manual

Training,” I shall not hesitate to refer freely to the Manual
Training School of Washington University of St. Louis. I
do not assume that it is perfect, but it appears to me that
its methods are more matured, its theories more thoroughly
reduced to practice, and its appliances more complete than in
any other school I know. No one knows better than I our
failings, nor does any one feel more strongly the necessity for
continued improvement in the working details of our school.
Nevertheless, the school comes nearer to my ideal than any
other that I know.

I shall therefore give our methods and results as those most
likely to be of use to others, tho I shall not fail to draw from
other sources whatever shall appear to add to the value and
completeness of my exposition.

For the sake of giving honor where honor is clearly due, the
following brief sketch of the origin and growth of the Manual
Element in Education is given.

In 1865 John Boynton of Templeton, Mass., gave $100,000
for the endowment and perpetual support of a Free Institute
for the Youth of Worcester County, Mass. He thus explained

1



2 THE GROWTH OF THE MANUAL ELEMENT. [Chap 1L

his objects: “The aim of this school shall ever be the instruc-
tion of youth in those branches of education not usually
taught in the public schools, which are essential and best
adapted to train the young for practical life;” especially such
as were intending to be mechanics, or manufacturers, or farmers.

In furtherance of this object, ten months later, in 1866,
Ichabod Washburn of Worcester gave $25,000, and later
$50,000 more to erect, equip, and endow a machine-shop which
should accommodate twenty apprentices and a suitable number
of skilled workmen to instruct them and #carry on the shop
as a commercial establishment.

The apprentices were to be taught the use of tools in work-
ing wood and metals, and to be otherwise instructed, much as
was customary fifty years ago for boys learning a trade.

The Worcester Free Institute was opened for students in
November, 1868, as a technical school of about college grade;
and the use of the shops and shop instruction was limited to
those students in the course of mechanical engineering. Thus
did the Worcester School under the leadership of Prest. C. O.
Thompson incorporate tool-instruction and shop-practice into
the training of mechanical engineers. Its pupils were all over
sixteen years of age and its methods of tool-instruction were
those of ordinary commercial shops. It was in fact the com-
bination of the ordinary European engineering school with
an ordinary machine-shop. ,

In the same year, 1868, Victor Della-Vos introduced into
the Imperial Technical (engineering) School at Moscow the
Russian method of class-instruction in the use of tools. Here
the students were eighteen years old on admisfion, and all
were to become government engineers. The great value of
the work of Della-Vos lay in the discovery of the true method
of tool-instruction, for without his discovery the later steps
would have been impossible.

In 1870, under the direction of Prof. Robinson and Prest.
J. M. Gregory of the University of Illinois, a wood-working shop
was added to the appliances for the course in architecture, and
an iron-working shop to the course in mechanical engineering
in that institution. In 1871, the Stevens Institute of Hoboken,
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N.J., munificently endowed by Edwin A. Stevens, as a school
of mechanical engineering, fitted up a series uf shops for the
use of its students.

The next step forward was taken by Washington University
in St. Louis in prov1d1ng for all its engineering students
systematic instruction in both wood and metals. In 1872 a
large shop in the Polytechnic School was equipped with work-
benches, two lathes, a forge, a gear-cutter and full sets of
carpenters’, machlmstb, and forging tools. The first work
undertaken, was the tonstruction of models for the illustration
of mechanical principles. The inability of the students to use
the tools with any facility soon led to the introduction of
exercises for the sole purpose of tool-instruction. Thus un-
consciously we were following in the steps of Della-Vos. This
work was so far systematized as to be reported as follows in the
University Catalogue of 1875: —

¢ During the past year the students of each class [the four polytechnic
classes being required to attend without regard to theiy course of study,
while the classical students were at liberty to attend] have worked syste-
matically in the shop under the direction of the professors, assisted by a
skillful carpenter and a pattern-maker. The general method of conducting
this work is as follows: A sketch of the piece or task to be constructed is
given a class with all needed dimensions. Each student then makes a care-
ful drawing of it to some convenient scale, with details and exact measure-
ments.

% The class then goes to the shop, is furnished with the requisite materials
and tools, and each member is shown by an expert how to execute the work.
Every piece must be reasonably perfect or it is rejected and a new one is
required.” Although the students work in the shop no more than four
hours per weeky the experience is valuable. It is not supposed of course
that skilled work can be produced by this method, but it is certain that such
training will make better judges of workmanship.”

Thus far had we progressed when the Philadelphia Exposi-
tion of 1876 was opened.

None of us knew any thing of the Moscow school or of the
- one in Bohemia in which tle Russian method had been adopted
in 1874. The Russian exhibit at Philadelphia was less of a
surprise’ to me than to many. It showed with remarkable
fullness and logical arrangement the true educational method
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of tool-instruction. It presented, clear-cut and definite, what
before had been ill defined or unthought of. Before referring
to the great work of Prof. Runkle in presenting the Russian
method to the American people, I will give the story of our
first series of workshops in the old « Philibert Mansion” on' the
ground where the University gymnasium now stands.

In the summer of 1877, having qutgrown our single shop, we
transformed an old dwelling-house into shops, using the cham-
bers for a carpenter-shop, the parlors for a machine-shop, and
the basement for a forging-shop. '

The Freshmen had benchwork in wood, the Sophomores
wood-turning, the Juniors metal turning and fitting, and the
Seniors forging. At that time, I wrote as follows in reference
to Mr. Gottlieb Conzelman who had given the money for fitting
up those shops: —

“J feel so sure that from this small beginning important consequences
are to follow, that I almost envy Mr. Conzeiman the satisfaction he will
N . . . . - 3 .
certainly feel in having contributed to its foundation.”

For three years, with no essential change of plan, the shops
were used. The instruction was very general, and our success
with the polytechnic students and a class of thirty boys from
Smith Academy of preparatory grade pointed out the way for
the MANUAL TRAINING SCHOOL, whose building was erected
in 1879, and which was opened in September, 1880.

In his report of 1876, Prest. J. D. Runkle, of the Mass.
Institute of Technology, gave a full exposition of the theory
and practice of tool-instruction of Della-Vos as exhibited at the
Philadelphia Exposition, and he recommended that without
delay the course in mechanical engineering at the Institute be
completed by the addition of a series of Instruction Shops. The
suggestion was acted on, and in the spring of 1877 a class of
mechanical engineering students was given instruction in
chipping and filing. In his report of 1877, Prest. Rumnkle
announced his shops as “near completion.”

For this vigorous action, and above all for his appreciative
reports on the Russian methods, Prest. Runkle deserves the
praise of American educators. Mr. Runkle looked deeper into
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the problem than had Della-Vos; he saw that shop-instruction,
essential to a mechanical engineer, had elements of value in a
general education.

The School of Mechanic Arts is a sub-department of the Insti-
tute. It was established by vote in 1876 and opened in 1877.

It has a two-years’ course of study and is open to boys not
less than fifteen years of age. I am not aware of its being
regarded as in any respect a preparatory school for the Insti-
tute proper, or for any college course, though the training is
exceedingly general in its bearing.

The St. Louis Manual Training School was established June
6,1879. It embodied hopes long cherished and plans long
formed.!

For the first time in America the age of admission to school-
shops was reduced to fourteen years as a minimum, and a very
general three-years’ course of study was organized. The ordi-
nance by which the school was established specified its objects
in very general terms: —

R

“Its objects shall be instruction in mathematics, drawing, and the Eng-
lish branches of a high-school course, and instruction and practice in the use
of tools. The tool-instruction, as at present contemplated, shall include ear-
peutry, wood-turning, pattern-making, iron clipping and filing, forge-work,
brazing and soldering, the use of machine-shop tools, and such other instruc-
tion of a similar character, as it may be deemed advisable to add to the
foregoing from time to time.

“The students will divide their working hours, as nearly as possible,
equally between mental and manual exercises.

¢« They shall be admitted, on examination, at not less than fourteen years
of age, and the course shall continue three years.”

Another article is as follows: —

¢ For every sum of $1,500 contributed for the establishment or permanent
endowment of said school. the donor shall be entitled to a certificate of
scholarship under which he shall have the right to send one scholar to said
Manual Training School free of tuition churges, so long as said school shall
exist.”

For the sake of showing that our general plan and policy
were fully outlined at that time, I give some extracts from our
Prospectus published in 1879: —

1 See Chap. X. for Address of 1873.
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“ The management of this school does not propose that its shops shall
enter into competition with manufacturing establishments. Proprietors of
machine-shops and factories need not look upon this institution as a rival.

“ In the next place, the scope of a single trade is too narrow for educa-
tional purposes. Manual education should be as broad and liberal as intel-
lectual. A shop which manufactures for the market, and expects a revenue
from the sale of its products, is necessarily confined to salable work, and a
systematic and progressive series of lessons is impossible.

“If the object of the shop is education, a student should be allowed to
discontinue any task or process the moment he has learned to do it well. If
the shop were intended to make money, the students would be kept at work
on what they could do best, at the expense of breadth and versatility.”
Prospectus, p. I7.

“ One great object of the school is to foster a hlgher appreciation of THE
VALUE AND DIGNITY OF INTELLIGENT LABOR, and the worth and respecta-
bility of laboring men. A boy who sees nothing in manual labor but mere
brute force, despises both the labor and the laborer. With the acquisition
of skill in himself, comes the ability and willingness to recognize skill in
his fellows.

“When once he appreciates skill in handicraft, he regards the skillful
workman with sympathy and respect.”

« It is believed that, to all students, without regard to plans for the future,
the value of the training which can be got in shop work, spending only eight
or ten howrs per week, is abundautly sufficient to justify the expense of
madterials, tools, and teachers.” Ibid, p. 10.

In a four-page circular issued in the summer of 1880 before
the new school was opened, occurred the following paragraph : —

-« The Manual Training School is not a mere workshop ; the head is to be
trained even more than the hand. Specific trades will not be taught; the
tool-education will be liberal, extending impartially through all the shops.

«It is not expected that every boy who attends the school will become a
mechanic, but we have reason to believe that a boy’s experience in the school
will clearly indicate whether he is fit to become a mwechanic or not.”

In subsequent chapters I shall glve the theory and organization
of the school in detail.

At this point I will only give some personal matters relating
to the origin of the school, and a summary of its history during
the seven years it has completed.

In an essay on“Manual Education in the Polytechnic
School,” published October 1, 1877, I pointed out the features
of a school that should give a general mechanical course.



Chap. L] THE ORIGIN OF THE NAME. T

Again, in 1878, before the St. Louis Social Science Association
I said : — ]

“ The manual education which begins in the kindergarten should never
cease. Just how we shall supply the missing links in the chain which joins
the kindergarten with the fully equipped shops of the polytechnic school,
we cannot with certainty suggest.

‘“ The problem is an open one, and thousands of earnest and intelligent
educators are devoting themselves to its solution.

“J trust that St. Louis will in this, as in many other educational matters,
contribute largely. . . .

“ Girls should be taught [besides drawing] needle craft, and, in the higher
grades, the elements of cooking. . . .

“ At ten years give boys knives and gauges and hammers and saws and
squares. Let them carve in soft wood and plaster, and learn to strike true and
square blows. At twelve they are ready to use the plane, the chisel, and the
whole chest of tools. Until you reach machine tools, the shop outfit may
be of the simplest character. Benches, vises and a half-dozen tools for each
student in a class is all; the whole cost would hardly exceed that of the
furniture in an ordinary schoolroom.”

These suggestions, coupled with statements and explanations
of what was being done in Moscow, in Paris, in the Netherlands,
and in Worcester and Boston, led Mr. Samuel Cupples to offer
to assist in the establishment and support of a more elementary
school in which manual training should be a prominent feature.
He offered to give $3,000 a year for five years for the current
expenses of the school. Messrs. Edwin Harrison and Gottlieb
Conzelman, both of whom had contributed to the shop outfit in
the polytechnic school already referred to, agreed to co-operate.
Dr. Eliot, chancellor of the University, presented the land ; Mr.
Harrison erected the building; Mr. Conzelman partially
furnished it; and with Mr. Cupples to help meet its current
expenses, the school was an assured fact.

In addition to these four men, fully twenty other people
contributed sums varying from $100 to $2,000, to complete. the
equipment. ’

Such was the origin of the first real Manual Training School
for students of intermediate grade. All other steps in the
workshop direction had been with older students, and in
strictly technical schools; or they had been, as in France and
Belgium, “trade ” schools. Here was a large school for general
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education on a new and clearly defined plan, admitting boys as
young as fourteen years. _

The origin of the name is a matter of some interest. The
author had already published two essays on ‘“Manual Educa-
tion,” ! and the phrase “ manual training ”’ had been freely used.
Without hesitation, therefore, he suggested “ Manual Training
School ” as an appropriate name. At first the name did not
commend itself to the chancellor of the University. It had a
flavor of the army about it, he feared, and it failed to suggest
the thoroughly intellectual nature of all the work. At the
same time it was desirable to prevent any chance of confusing
the school with a variety of “manual labor” schools which
during the last fifty years had appeared in various parts of the
country.”

In spite of Shakespere, there is much in a name, and it was
desirable that the name should not create a prejudice against
the school. It is possible that the chancellor was right; it is
certain that we have not escaped misapprehension and prejudice,
tho correct ideas seem at last to prevail. The name appears
to have been finally received with favor, and I doubt if the con-
cession is to be regretted.?

The original Managing Board of the School consisted of
Messrs. Edwin Harrison, John T. Davis, Henry W. Eliot,
Samuel Cupples, and Gottlieb Conzelman. Since the organiza-
tion of the school the following members have been added ; —
Messrs. William Brown, Ralph Sellew, and William L. Huse.

. - B
1 The paper of May, 1878, printed by G. I. Jones & Co., St. Louis, was after~
wards published by E. Steiger of New York.
2 The writer has now in his possession the following list of suggestions handed
him by Dr. Eliot with the statement that the last one was the least preferred.

PrOF. WOODWARD.

My dear Sir,—1I have thought over all the names, searched the dictionaries and etymologios,
—but can only come back to what we once considered and rejected : MBCIANTCAL SUnooL op
‘WasHINGTON UNIVERSITY.

It 18 bettar than: HAND-AND-HEAD-WORK SOHOOL, TBOHONICAL B0I0OL, INDUSTRIAYL
ScHOOL, TRADE SoHOOL or HAND-TRADE Somoorn, BRILLED LABOR SeHOOL, SCHOOL OF
INDUSTRIAL ARTS, or MANUAL TRAINING SCHOOL which I put last as being mislending and

somewhat belittling.
Yours, W. G. Hrrom.

The “Mechanic Art’’ School of Boston is still 8o named; and Mr. Courtlands
Palmer of the Gramwmercy Park School, New York, speaks of his ¢ Tool-Ilouse.”
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The following condensed sketch of the progress of the school
will suffice for general purposes.

The original building erected by Mr. Harrison at an expense
of $18,000 was 100 feet by 50 and 40, and fronted Eighteenth
Street ; it is well shown inp the accompanying cut. [See next
page, Fig. 2.] The third floor contained the study and recitation
rooms ; the lower stories, the shops.

With the exceptian of the engine and a supply of tools for
the students of the engineering (polytechnic) school, the shops
were furnished only as they were needed by the growing school.

The first year only wood-working facilities were needed; the
second year, forging ; and the third year, the fitting (machine)
shop.

On September 6, 1880, the school opened with a single class
of about 50 pupils. The whole number enrolled during the first
year was 67. A public exhibition of drawing and shop-work
was given June 16, 1881.

The second year of the school opened September 12, 1881,
and closed June 14, 1882. There were two classes, 61 pupils
belonging to the first year, and 46 to the second year, making
107 in all.

During the summer of 1882, the large addition fronting
Washington Avenue was built and furnished. This addition
cost, including the land, $25,000. About $5,000 was spent in
additional tools, furniture and shop appliances.

By this extension the capacity of the school was nearly

. doubled, and its facilities were well balanced. "ﬂ‘he result is an
exceedingly satisfactory arrangement for a school which must
provide all the features of the daily program. The money
for the large addition was furnished in equal parts by Messrs.
Ralph Sellew and G. Conzelman. A view of the building is
shown in the frontispiece, and the details of “the floor plans are
given later in the book.

The third year of the school opened September 11, 1882, and
closed June 14, 1888, with the graduation of its first class.
Twenty-nine young men received diplomas and medals. The
enrollment for the year was 176.

The fourth year of the school opened September 10, 1883.
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r the year was 201. Twenty-nine students

?

The enrollment fo
received diplomas in June.

e el |
haomr. <

The fifth year began September 8, 1884. The enrollment was
218. Thirty-nine students graduated at the end of the year.

During the year 1884, the school lost two of its best and
earliest friends in the death of two of its managers, Ralpb
Sellew and Gottlieb Conzelman.

i

|
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At the same time, through their liberality and the eo-oper-
ation of Mr. Samuel Cupples, a member of the Managing Board
from the first, an endowment of $115,000 was secured to the
school.! '

The sizth year opened September 14, 1885. The enrollment
for the year was 234. The number of students graduating was
Jorty-five. ‘

It is interesting to note that these forty—ﬁve, and one who
remained to the end but failed to win a diploma, represent
just 100 boys who during the three years had belonged to the
class. The actual graduation of 45 per cent of those at any
time belonging to the class may fairly represent the tenacity of
our classes.

The seventh year closed on June 8, 1887 with the graduation
of fifty-two boys. The enrollment of the year was 230.

MANUAL TRAINING ELSEWHERE.

The growth of manual training as shown by the establish-
ment of other and similar schools has been most remarkable.

It is impossible for me to mention all, but a few deserve to
be named. Nearly every polytechnlc, agricultural and mechan-
ical school in the country has shop-work incorporated in its
technical courses. The manual-training school proper is of
lower grade, and far more géneral in its character.

The Baltimore Manual Training School, a public school, on
the same footing as the high school, was opened in 1888.

1 A few days before his death Mr. Sellew came to a definite agreement with
Messrs. Cupples and Counzelman, to contribute $25,000 in the course of five years,
towards a permanent endowment for the School, the income of which should
chiefly be used to secure the admission and instruction of worthy boys in strait-
ened circumstances.

Although the agreement had not been recorded in legal form at the time of
Mr. Sellew’s death, it has since been fully executed, in accordance with the original
intention, by Mr. T. G. Sellew, of New York, as the residuary legatee of the estate.

In memory of Ralph Sellew and of his profound interest and liberality towards
the school, the Board of Managers adopted the following resolution on the 19th of
February, 1884 : —

“ Resolved, That to perpetuate his (Ralph Sellew’s) name and the memory of his good
works, a gold medal, to be known as the ¢ Sellew Medal,’ shall be awarded annually to that mem.
ber of the graduating class who in the opinion of the teachers and commit tands highest in
his class.”
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The Chicago Manual Training School, established as an incor-
porated school by the Commercial Club of that city, was opened
in January, 1884. The school is in a beautiful building, and is
admirably equipped in every way. Under the able direction of
Dr. H. H. Belfield it is deservedly popular. Its last catalogue

F1e. 2. CHICAGO MANUAL TRAINING ScHOOL.

shows a list of 190 students. Fig. 2 gives a view of the build-
ing of the Chicago school.!

Manual training was introduced into the high school of Eau
Claire, Wisconsin, in 1884.

1 For the record of its graduates see Chapter V.
The engraving of the Chicago Manual Training School, was made from a
. drawing of the building made by a pupil of that school from actual measurecments
made by himself. - :



Chap. 1] THE SCOTT MANUAL TRAINING SCHOOL. 13

The “Scott Manual Training School” was organized as a
part of the high school of Toledo in 1884. A picture of the

Fig. 8. ToLEDO MANUAL TRAINING SCHOOL.

3

manual portion of the building is shown in Fig. 8. For floor
plans, ete., of the Toledo School, see Chapter XV.
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Manual training was introduced into the College (high
school) of the City of New York in 1884.

The Philadelphia Manual Training School, a public hlgh
school, was opened in September, 1885.

The Omaha high school introduced manual training in 1885.

The Grammercy Park Tool-House, New York City, was
opened in 1884.

The Manual Training School of Denver University was
opened in September, 1885, as a preparatory school. In 1886,
tuition in it was made free to Colorado boys. -

Dr. Adler'’s Workingman’s School for poor children has for
several years taught manual training to the very lowest grades.!

Swathmore College, near Philadelphia, has for two years had
regular manual training.

The Cleveland Manual Training School was incorporated in
1885, and opened-in connection with the city high school,.
in 1886.

New Haven, which had for some time encouraged the use of
tools by the pupils of several of its grammar schools, in Sep-
tember, 1886, opened a regular shop and furnished systematic
instruction in tool-work.

The school board of Chicago added manual training to the
course of the “ West Side High School ” in September, 1886.

. The “ Technical School of Cincinnati ” was opened in Sep-
tember, 1886. It is in all but the name a manual training
school.

In a large range of public and private schools of still lower
grades manual exercises of a rather fugitive character have
been introduced, which may lead to the establishment of sys-
tematic tool and drawing instruction.

At e Tisk of appearing to overlook equally important move-
ments élsewhere, of which I have little or no information, I will

1 r"v

1 I have not space to give even a sketch of this most admirable school. TUnlike
the Manual Tmmmg School proper, it is a school for the youngest children. Its
course of study ends at the age of fourteen, just when our school begins. For an
exposition of its thoroughly philosophical and practical curriculum, I must refer
the reader to the elaborate reports of Dr. Felix Adler. As a practical test of
manual methods for children from the kindergarten age to the high school, it is
worthy of the most careful study.
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venture to name the very suggestive public school experiments
in wood-work in Boston, Mass., and in Peru and Moline, Ill., in
each case under the direction of the supenntendent of public
schools.

A preparatory department of Tulane University, New Or-
leans, known as the Tulane High School has been established
as a regular manual training school. It is reported as in a
very flourishing condition.l

‘What has been done in this direction is but a feeble mdlca,-
tion of the profound interest prevailing. In every city the
matter is under discussion, and in many steps have been taken
towards a regular establishment. Another year will doubtless
see public manual training schools in Boston, St. Paul, Min-
neapolis,? Louisville, San Franciseo, and Milwaukee.

1 Prof. J. M. Ordway, the director of the Tulane High School, was for some
years in practical charge of the Mechanic Art School of the Massachusetts Insti-
tute of Technology, though filling the chair of Applied Chemistry.

2 Since writing the above, manual trammg has been introduced into the high
school of Minneapolis.
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CHAPTER II
THE FIRST YEAR OF THE MANUAL TRAINING SCHOOL.

IT will be more convenient for those who hope to be guidéd
somewhat by our experience, if I give in detail the work
and appliances of the several classes or grades separately. I
shall therefore devote this chapter to the work of the first year
in the school; and I shall describe not so exactly my school
(which has, I am painfully aware, many shortcomings), as an
¢deal school, which, better than any real, shall embody the
essential features I wish to present.

The boys on admission average fifteen years old, —none are
less than fourteen. All have sustained fairly an examination
in elementary arithmetic (written and oral), geography, com-
position (including spelling, penmanship and the use of good
English), and reading.

I shall assume that there are seventy-two boys in the class,
arranged in three equal divisions.!

The DAILY PROGRAM 2 is as follows: —

Drvierox. | ©—10. | 10-11. | 11—12 | 12—L |1-2. | 2-3. | 3—4
I ‘Wood-Shop. g::il":: Science. E:Eg;. Drawing.
1L g:‘gg E:gaolfi'i:;. Wood-Shop. g Drawing.| Science.

o E:EE::. x::il;;' Science./ Drawing. Wood-Shop.

1 Three divisions, or a multiple of three divisions, is the most convenient
number for a class, as all the shop appliances are thus kept in continuous use.

2 For a program which gives an hour-and-a-half instead of two hours daily to
shop, see Appendix for the program of the Toledo school.



‘Ohap. IL] SCHOOL PROGRAM AND APPLIANCES. 17

It will be observed that each division has three recitations
for which three full hours are allowed. If the actual recitation
time is but forty minutes per subject, the boys have twenty
minutes after reciting for studying under the eye of the
teacher. About two hours of solid study per day should be
done at home.

It may be assumed that the drawing teacher is also the
mathematical teacher; and that the science teacher is also the
language teacher. Omne teacher has entire charge of the shop-
work. The class therefore requires three teachers.

The appliances are readily described : —

1. An assembly room (which may also be used as a recitation-
room) with seventy-two single desks and chairs.

2. A drawing room (fitted also as a recitation-room), with
twenty-four drawmg stands, and a case for seventy-two drawing .
boards.

8. A shop about forty feet square, furnished as descnbe(l
later on.

4. A storeroom in which lumber is kept and where stock
may be reduced to “blank ” sizes by a band-saw. Cupboards in
which finished exercises may be put away for-exhibition may
stand at any convenient places

5. I should not omit, in addition to the ubua.l wardrobe, a
spacious and well-furnished lavatory where twenty-four boys
may wash at once.

All the rooms are above ground, well lighted with windows
running to the ceiling, and well ventilated. In cold weather
the ventilation should be effected w1thout resortmg to the
windows.

Returning now to the program, we find a great deal that is
familiar to every teacher. .

The mathematics of the year is higher arithmetic and algebla.,
about twenty-four weeks of the former and fifteen of the latter,
with five recitations per week.

The science is Huxley’s Primer, physical geography, and
botany, with individual collections and herbariums, and class
excursions; or the equwalent of the above.

The language study is English lessons once a week for all,
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.and a choice between Latin on the one hand and more English
lessons and history on the other, four times per week.

Under the head of drang, penmanship comes two half-
hours per week.

DRAWING.

I must say considerable about drawing, as very few teachers
have had suitable opportunity for the study of projections, and
for instrumental work.

We begin with free-hand projection work on the blackboard.
Plane-faced blocks are used as models, and the pupils are taught
to make three projections and to arrange them consistently as
in Fig. 5, which gives three “views” of a block which is

Fi16. 4 ORTHOGRAPHIC AND ISOMETRIC PROJECTIONS.

shown in “isometric” projection in the lower corner. The
three views are those indicated by the arrows A, B, and C.
-~ A may be called the “top” view; B the “front” view; and
C the “side” view, looking towards the right. The observer
is supposed to be so far from the object that there appears
no convergence between parallel lines. In every projection,
invisible lines (corners, edges, etc.) are drawn broken (with
short dashes).!

1 The principles involved in orthographic drawing may thus be concisely
stated: —

1. All lines which are perpendicular to the picture plane are projected in points.

2. The projections of lines parallel to the plcl:ure plane are parallel and equal
to the lines themselves.
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Another example of a working drawing is shown in Fig. 5.
Construction lines are made of fine dots.

This figure gives a top view, an end view, and a side view of
the mortise piece, the last as seen from the right. In <sometric
projection is shown the tenon-piece and wedge which are to fill
the mortise. The 45° line shown in the figure gives a con-
veniént means of finding the side view from the other views
without the use of measuring tools, using only T-square and
triangle.

¥i1a. 5. A BEVELED CORNER-PIECE OF A FRAME, WITH A BLIND MORTISE FOR A HALF-
DOVETAILED TENON AND A WEDGE.

While an isometric drawing of the tenon is very satisfactory,
an isometric of the mortise would show very poorly in conse-
quence of its peculiar shape and position. Both teacher and
pupil should thoroughly understand these drawings. - The line
T——— e —— - — y will be explained below. If there is

3. The projections of parallel lines which are obligue to the picture plane are
parallel.

4. The projections of lines oblique to the picture plane are shorter than the
lines themselves, i.e., the lines are ‘ foreshortened ”” in the drawing.

5. There is a separate picture plane for every “ view,” or projection. In the

+ case of a ““top *¥ or * bottom *’ view, the pxcture plane is horizontal. Fora ‘front”

or “back ” view, the plane is vertical. For a ‘“side” view, the picture plane is
vertical and perpendicular to the front vertical plane.
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the least obscurity in this drawing, let the reader take it to a
first-class workman and have him make an exact model of the
piece, full or double size.
As a third example (and the 111gen1ous teacher will then be
able to carry them on indefinitely), I give an exercise which
recently I gave to test the proficiency of a class. I took an
empty chalk-box without a cover, and made a small hole in one
of the sides; then placing the box on the table, I passed a slen-
_der, straight stick over the end, down through this hole to the
table outside the box,
and let it rest touching
the table. The pupils
. . wevre to draw a fop view,
[ AR LR A . side view, and an end
| view of the box, with
consistent views of the
stick. The drawings
as required are shown
in Fig. 6. The pupils
were to estimate di-
mensions and to use
any scale they liked.
The chief things were

Fm 6. Pno:mm memas oF A CHALE Box fullnes and consist-
. AND Rob.

: ency.
If this is to any extent unfamiliar, the reader should con-
struct a model and examine it in connection with the views
in Fig. 6. I assume only aline thickness for the sides of the
box, and for the stick. In the side view that part of the stick
between @ and b is invisible.
A little later the pupil will be able to drdw an obhque view
which will give the true length of the rod.
The intimate connection of all this work with the shop work
is obvious. The drawing and shop teachers must work in
" harmony, and considerable drawing must be done during shop
Jhours, as will be shown later.
In the drawing class, pencil work supplements black-board
work. The latter is of necessity free-hand (tho a string is
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an excellent instrument in transferring dimensions from one
projection to another); the paper work may be free-hand, tho
it is better to have a part of it done with instruments, so as to
secure habits of precision, and fix high ideals in the memory.
A finely executed drawing, when fully wnderstood, has many
of the elements of beauty, and makes a lasting impression upon
the student.

It is hardly necessary to add that a class should have repeated
and alternating exercises in making drawings from objects, and
objects from drawings. But let the teacher make haste slowly, -
and give no exercise to the class which he has not first done himself.
Clay may be used in reading drawings, i.e., in translating draw-
ings igto concrete forms. An object drawn this week may be
reproduced next from the drawings alone.

Simple objects are generally sufﬁe1ently ‘defined- by two
projections, called “plan ” and “elevation.” A “section ” is a
projection of a part of ‘an object supposed to be cut in two by
a plane. One part is supposed to be removed. and the-observer
is supposed to be looking perpendicularly to the cutting- plane,
and towards the newly-cut face. Itis customary to shade sec-
tional faces by oblique pamllel hnes, and, if the section shows
two or more separate gg :
pieces of material, to
give the shade lines on
different pieces differ-
ent directions. For
example, suppose that
for the sake of clear-
ness, 1 wish to show
the pupil how the three
pieces shown in Fig. 6
are put together. I
make an elevation of NS E— : :
the finished joint and Fie.7. SHOWING BECTION OF THE BLIND HALF-DOVE-

then_ draW 2Cross it TAIL JOINT, REPRESENTED IN Fig. 5, ON P. 19.

the trace of my intersecting plane. The plane, represented by
the broken and dotted line z y, in Fig. 5, cuts the upper portion
of the pieces off, splitting the tenon and wedge in two. The
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lower portion of the joint is then shown in plan, or top-view, in
Fig. 7. The tenon and wedge are seen in position, the latter
not driven quite *home.”?

As soon as the pupils are familiar with making and reading
drawings, they should be put to instrumental work ; and here,
as in all other instances throughout the school, we apply a
simple principle: instruction before construction. The wuse of
instruments is made the direct object of instruction and study.
Drawing boards should be of well-seagsoned white pine, about
20” x 30”. Stretch Whatman’s hot pressed paper the full size
of the board.?

The essential drawing instruments (which should be of Ger-
man silver, of fair quality) are a 30” T-square ; a 45° triangle ;
a 30°-60° triangle ; a pair of dividers; a pair of compasses with
pen, pencil, and needle point; a drawing pen; a bow pen; a
six-inch box-wood or ivory rule; a metallic or horn protractor;
a set of thumb-tacks (for fastening a cover over the drawing
paper) ; and a bottle of prepared India ink.?> The cost of these -
instruments with the drawing board is from $6 to $10. A
cheaper set is hardly worth buying. No good work can be
expected from poor instruments, and the pupil should not be
at liberty to charge poor work upon his tools.

The first two sheets of instrumental drawing should Dbe
devoted to exercises involving only the use of the instruments.
Every pupil must learn to draw smooth, uniform lines, light
and heavy, straight and curved, with long and short radii,
curves and tangents, reverse curves, etc. There should be
abundant .practice at line-shading, equidistant, uniform lines,
and at unequal distances; at lines beginning-sharply on one
line.and ending sharply on another, either straight or curved.

1 In my simple definition of a section, § do not exclude a drawing which shows
several sections made by different. planes, as on more complicated drawings.

I 2 Soak thoroughly the entire sheet (except a half-inch border all around) in
clean water, and then, applying good mucilage to the border, paste it down as
smoothly as possible, and let it dry.

8 This ink-bottle should in every case be set inclined in a block of wood fixed
in the frount of the student’s private drawer (in the drawing stand), which should
stand partially open while the student is at work. It is a good plan to have a
“stop " on the drawer so that it cannot be drawn wholly out. Later in the course
pupils should be shown how to prepare India ink from the stick.
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Pupils should learn to draw concentric circles without boring
a big hole at the center.

In short, the pupils should learn to draw neatly and accu-
rately whatever lines they attempt, and to keep fingers and
instruments clean. When this is achieved, they are ready to
draw from objects.

The first objects drawn should be blocks and joints, similar
to those shown in Figs. 4-7, which should be carefully measured
and drawn to scale, with great care as to both- quality and
quantity. The next obJect should be more difficult, yet not
too hard, nor invalving too many hours of work.

Two short exercises are better than one long one. Select at
first such objects as large bolts, nuts, elbows and joints of iron
pipes, having the 7eal objects at hand. Then later the tail-stock
or the head-stock of a speed-lathe ; an iron center-rest: a vise;
a jack-plane ; a large stop valve ; a monkey-wrench (large size) ;
ete. It may be well to give one-half of a division one object,
and the other half another. ‘

The first drawings of an object should be free-hand projec-
tions executed on a scale large enough to show clearly every
measurable detail of form. When the free-hand drawing has
been made, the pupil should measure the object with rule and
calipers, and record these actual dimensions on the correspond-
ing parts of the free-hand drawing. This free-hand drawing,
thus “figured,” should serve as a ‘“sketch” from which the
finished instrumental drawing of the object is to be made.

To make the drawing of the object complete, not only pro-
jections and sections of it as a whole are to be made, but
projections of the parts in detail, taken one by one.

The conventions of shadow-hnmg may be readily taught in
connection with such work.

Meanwhile the class should be practised in single projection,
with pencil shading, of simple tools, pieces of furniture, and
miscellaneous objects, from either objects or from other draw-
ings differently made. One drawing a week, done “out of
hours,” is a moderate request.

Finally, throughout the year, instruction-should be given in
LETTERING, and'a large allowance of time should be given to



24 FIRST YEAR OF MANUAL TRAINING SCHOOL. [Chap. IL

the practice of letter-making, of a great variety of styles,
both free-hand and with instruments, with pencil and with
ink.

‘While the above explicit acgcount of our work in drawing
during the first year may be readily comprehended by a teacher
already familiar with instrumental work, it is quite impossible
for one wholly unfamiliar with the use of drawing instruments
to appreciate either my directions or the work itself. Observe
that we do not indulge in picture-making, nor in ambitious and
fruitless attempts to appreciate fine art, not to do artistic work,
as may older and special students.

The ideas we teach are fundamental, and the practice we
require is the stepping-stone to the more difficult and more
finished work of the subsequent years.

Here let me say a word upon the question I have heard ear-
nestly discussed by drawing teachers: Should pupils be allowed
to use rulers to assist them in drawing lines which should be
straight? In the first place, I remark that the question is rela-
tively of small importance, and it has been allowed to cover out
of sight another question of ten times more consequence, viz.:
What does the line mean 2 The line has, or should have; a great
deal of meaning, and it should be adequate to express that
meaning. When a line is fully understood, it becomes trans-
figured ; it is no longer a mere line,—it is the outline of an
object, the intersection ‘of two surfaces, the expression of
an idea or of a fact. Zhis is the important thing, which no
fussing about hard and soft pencils, single-stroke or built-up
lines, straight edges and curved rulers should be permitted
to hide. ‘

Then, secondly, if the eye and the mind are to be cultivated,
there should be continual reference to drawings which are
nearly perfect: where straight lines are straight; where cir-
cular arcs are circular; where parallel lines are equidistant ;
and where three or more lines, which are supposed to meet at a
point, actually do so meet. For the sake of a power of execu-
tion by both methods, free-hand and mechanical drawing should
alternate. It is, however, foolish and illogical to dwell upon
certain considerations which only a¢complished artists can
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appreciate. They are a thousand times above the heads of one’s
pupils, and far removed from the plain work they should do.

THE WORK IN WOOD.

I now turn to the still more unfamiliar details of our shop-
work. I assume that what I have said about the drawing has
been read and understood.

As before stated the shop should be a well-lighted room about
forty feet square. It should contain twenty-four single (or
twelve double) benches, with twenty-four ¢ coach-maker’s”
vises, twenty-four wood lathes and twenty-four sets of common
tools. The engraving gives a view of our shop with the boys
at their places, taken from a photograph.

The “common tools” are arranged on racks or screens as
seen in the engraving. Connected with the benches there are
seventy-two tool-drawers in which the “individual ” tools and
the students’ caps, aprons, blouses, soap and towels, ete., are
locked. The keys for each division, twenty-four in number, are
hung on a “key-board ” which, when the division is not in the
shop, is kept in the instructor’s closet.

Besides tHe above, the teacher should have a lathe, a suit-
able kit of tools, and a bench so placed as to be in full and
convenient view of his division when arranged in double row
around him to witness a practical exercise or hear an illustrated
lecture. L

Across the ceiling run the main shaft and the countershafts
of the lathes, from which hang the belts and belt-shifters.
Two grindstones are needed, and these should be kept in
motion during shop hours. By a clutch or tightener, the
teacher should be able to stop and start his main shaft at
will. .
The first part of the year is given to bench work, or the
ELEMENTS OF JOINERY.

During his two hours’ stay in the shop, each boy has the
exclusive control of a work bench with a reasonably full set of
tools. The bench is equipped with an iron vise with three-and-
one-half-inch jaws. This vise may be set on the side of the
bench, or on the end away from the space used in planing.
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The benches themselves should be very strongly made and vary
in height from thirty to thirty-four inches.

I suggest the following as a minimum kit of “common™ tools
to be kept on the rack of the bench:1—

K1t or Common TooLs.

One 20" rip-saw . « e e e Costing $1.60
“ back-saw . . . . . . . “ 1.00
“ claw-hammer . . . . . . “ 40
“ mallet . . . . . . . “ 25
« gmall steel square . . . . . “ .80
“ six inch try square . . . . . ¢ .25
“ marking gauge . . . . . . « .25
“ T-bevel gauge . . . . . . “ .25
¢ pair compasses . . . . . . “ .20
“ oil stone . . . . . . . “ .50
“ oil-can . . . . . . . € .15
« gerew-driver . . . . . . “ .20
“ bench brush . . . e . “ .80

Total .« . e e e e e $6.15

All the above tools should be supplied at the start, and are
to be used in common by the three boys who in succession
occupy the bench during the day. The remaining tools are
either in the individual sets given the boys, or in the special,
occasional kit in the teacher’s closet.

An “individual ” set, which is to be used by only one boy,
to be kept in his private lock-drawer when he is not in the
shop, and is to be issued as needed, includes: —

K1t orF Inpivipuar Toois.

One 20" panel cross-cut saw . . . . Costing $.80
¢ jack plane . . . . . . “ .60

' ¢  smoothing plane . e e . “ .50
Four chisels: }/, 47, §, 1”7 . . . . e .90
Three gouges: 3”7, §',1” . . . . . “ .70

1 My bstimates of cost in these several lists of tools are based on the prices
given me by the Simmons Hardware Company of St. Louis, whlch has furnished
us with the greater part of our tools.
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Two turning gouges: 3", " . . . . Costing &.55
¢ turning chisels: ", " . . . . “ 45
One partingtool . . . . .« . . ¢ .40
¢ round-uose tool . . . . . . « 40
< pair 5” calipers . . . . . “ .25
“ two-foot rule . e e e e e “ .15
« oil-stone slip . . . .« e . “ .15
Total . .. . . . . . $5.85

The speed lathe has about 8” swing and is furnished with:
a face-plate, a removable screw-center, a spur-center, and a nine-
inch rest.

OccasioNAL AND SpecriaL TooLs.

These are kept under the personal charge of the instructor,
to be given out for special work. They are: —

One large steel square . . . . . Costing $1.25

« 24" cross-cut saw . . . . . “ 1.35

« 24" rip-saw . . . . . . w 1.60
Two jointer-planes, 22" long . . . . “ 2.20
“ fore-planes, 18" long . . . . . “ 1.60
“  bit-braces . . . . “ 2.50

“ gets bits, counter-sinks and screw d1 iver . o 8.20
One hatchet . ', . . . . . . “ .60
Two nail sets . . . . . b .30
Two §" screw taps and dles for wood . . “ 1.60
One draw-ghave . . . . . . . “ .90
One spoke-shave . . . . . . “ 40
Two monkey wrenches . . . o & 1.00
One compass saw . . “ .35
¢« full set of 12 wood-ca,l ving tools W:th handles « 475
glue-pot complete with lamp or steam connection ¢ 150
Total . . . . . . . . . $30.10

A small supply of shellac, staining material, and varnish
should always be on hand, as well as sand paper and machinist’s
waste. Other tools and appliances may be added as their use
is seen to be necessary.

The cost of the entire outfit of the shop (excluding power)
for T2 boys may now be given approximately as follows: —
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Twenty-five benches @ 815 . . . . . $375.00
Twenty-five sets “ common ” tools @ #6. 15 - . . 183.75
Seventy-three sets “ Individual ” tools @ $5.85 . . 42705
Set of Special and occasional tools . . . . . 30.10
Twenty-five coach-maker’s vises @ $5.00 . . . . 125.00
Twenty-four speed lathes @ $25.00 . . . . . 600.00
Shafting, pulleys, belts, ete. . . . . . . 150.00
Grindstones, with attachments . . . . . . 40.00

Wash trough, dishes, plumbing, ete., say . . . . 80.00

Total . . . . . . . . $1,980.90

If turning and all power attachments are omitted and only
joinery is taught, the cost is about $1,000.

If twenty-four sets of special wood-carving tools are added,
the cost will be increased about $114.

These tools will if well looked after last many years. It will
have a wholesome effect if the rule, requiring tools carelessly
broken or lost to be replaced by the responsible parties, is
strictly and impartially enforced.

It thus appears that the special shop outfit costs from &23 to
$29 per boy. '

The cost of the engine is omitted, as it is counted into the
expense of the Machine Shop.

The tools should all be of good quality and the best patterns.

The Lumber Room is an important adjunct to the wood-work-
ing shop. The lumber should be brought out in convenient
shapes (&-inch boards and 2-inch planks, 2nd or 8rd quality;
square strips of hard wood, two or three inches square ; etc.) and
piled so as to be readily handled. For the purpose of getting
out the stock, a band-saw and table is quite necessary. I
prefer the band-saw to the circular for three reasons:—It is
safer ; it is less noisy; it cuts faster. T insert a cut (Fig. 9) of
the band-saw we use, the price of which is made ‘15100 by the
makers, Hall & Brown, St. Louis.

No wood-planing machine is necessary. Either the lumber
comes planed or the pupils should plane their own.

It wastes a great deal of time to have the pupils of a class
get out their own stock; it is far better to have the janitor or
the teacher get it all out beforehand.
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The lumber should be bought in time to allow it to thor-
oughly season before it is used. Some fitting may be done with
green lumber for the purpose of showing how much it shrinks
and the necessity of providing for the shrinkage.

THE METHOD OF SHOP INSTRUCTION.

While I am desirous of making a full statement of our
method of shop-work, it is evident that I cannot furnish that
real knowledge which the teacher must have. I can however
greatly assist one who has had some experience with tools and
who has attempted or is to attempt systematic class-work.

From the first this is to be borne in mind ; that the object of
shop-and-tool instruction is chiefly
mental discipline. The tools are to
be intelligently used, and the methods
of execution adopted are to be chosen
intelligently. Least of all do we care
for the concrete product except as it
bears witness to progress.

Neither good tools nor established
methods are what they are from mere
chance or caprice. They are the
result of growth and logical develop-
ment, and that both the tool and the

Fia. 9. BAND.SAW. method may be fully understood, both

are to be fully explained and taught.

Cases are very rare wherein pupils may be left to find out

the methods or the right tools for themselves. In general,

they should be taught the right way from the start, tho preva-

lent incorrect methods may be pointed out as illustrations of

“How not to do it.” Clumsy, unhandy, untidy, unintelligent
habits should not be allowed. |

Above all, the pupil must do his work Zimself ; no other evi-
dence of his ability to do it should be accepted. Occasionally,
the teacher may do a stroke of work on a boy's piece, as he
would write a word for him in his copy-book, or draw a line on
his projection for the sake of showing him ¢ just how,” at a time
when his attention and interest are at a maximum; but the
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teacher should be cautious of giving aid. He should never
give the boy any reason to think that the piece is not his own,
nor to suspect his own honesty in claiming it as such.

In general, the teacher should execute all typical exercises
anew for each division, and in its presence, employing just the
method and order he wishes his pupils to follow. His style and
his piece should both be of a high order of excellence.

Tle first exercises are with the cross-cut saw, try-square, and
planes. In learning to use the saw, soft lumber — second or
third quality of white pine —about two inches square should
be used. In marking for the saw, draw sharp, clean lines with
knife — don’t use scratch awls — on two or three faces and then
cut just to the lines. In sawing carry the hand lightly and don’t
beud the saw. Two or three cuts may be made to the inch.

The importance of the saw-cut, may be taught by using a
piece of F” stuff say 6” by 20,” with at least one straight edge
along which to apply the try-square.

Draw lines across, every half-inch, stopping them at a gauge-
line one inch from the straight edge. Then cut carefully down
the cross-lines to the gauge-line in such a way that when alter-
nate pieces are knocked out the spaces will all be the same, and
as wide as the parts which remain.) The accuracy of all this may
be tested by cutting the whole piece in two, and interlocking
the projections. The test is severe even for a good workman.

Similar exercises may be given in sawing obliquely to the
grain with the saw which is best suited to the work, laying out
the work with either the try-square or the T-bevel gauge. See
Fig. 10 for the position 2 while using the *rip-saw.” '

The general and special features of the jack and the smooth-
ing planes require full exposition and illustration.

Methods of grinding, oil-stoning (see Fig. 11), and setting
planes should be given with great precision, and they should
be well illustrated by drawings.?

1 One of the series of exercises given below is based on this principle.

2 For several of these exquisitely-drawn wood-cuts, I am indebted to the little
volume, ** How to use Wood-working Tools *> published by Ginn & Heath in 1881.

8 There are various kinds of planes which the teacher may use in his lecture
on planes. The Bailey patent adJustable plane is a great favorite with some,
while others prefer'the old-fashioned wooden plane.
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When lumber is rough and more or less irregular, the plane
is an indispensable tool, and the workman must know his
tools. The operation of reducing a rough piece approximately

Fia. 10. UsiNe THE RIP-SAwW 0N A BOARD.

2"X 2" and a foot long to a smooth 13" square, is not an easy
one, and most students fail at first. Some succeed only after
many failures, and some never succeed. The method of holding
the plane for the first part of a stroke is shown in Fig. 12. The
left hand keeps the toe of the plane down.
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When a boy has spoilt his piece, i.e. taken off so much stock
that a piece 1§” square is no longer possible, it is a good plan to
change the dimension to 13” and let him try again. Similarly,
reduce to 13”7, to 17, and even less after further failures. I
have seen boys, who, like the monkey judge in the fable, inevita-

F16. 11. SHARPENING THE PLANE-IRON.

bly ¢ took off too much from the other end ™ till thcre was
nothing left.

The skillful teacher proceeds with system and great caution.
There should be no hap-hazard work and the class is to be kept
together. He outlines the steps for squaring up a piece sub-
stantially as follows: —

1. Select the cleanest (freest from knots, ete.) and most uni-
form face and plane it smooth and true. Test the accuracy of
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the surface by the edge of the try-square. Mark this face thus:
X, with pencil.
2. Select the most suitable adjacent face and plane it square
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Fie. 12. THE TOE 18 PRESSED DOWN WITHE THE LEFT IAND.

with the first. Use the smoothing plane, set fine, and apply the
try-square frequently.

3. With the marking gauge (and the puplls should be shown
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how to set and how to use this tool on a separate piece) lay off
1% (or less, as the case may be) on each finished face from the
finished edge.

4. In succession, dress the:two remaining faces down to the
gauge lines, testing with the square as often as is necessary. Do
not scratch a third gauge line for the last face, nor square from
No. 8. The reason for the caution in the last remark is that
if face No. 4 is worked from No. 8, it is likely to have an
“accumulated™ error.

It should be taken for granted that no real work is exact,
ie. we cannot realize the ideal dimensions. What we call
‘“accurate ” is only a close approximation. While we should
aim at absolute accuracy, we must never assume that we have
reached it; accordingly, as No. 8 is based upon No. 1 or No. 2,
it is supposably less accurate than either, and hence ought not
to serve as a base for No. 4. The teacher should fully illus-
trate this accumulation of error, which like a story or a snow-ball
grows as it proceeds.

For example, let each student be told to cut off twelve
pieces of wood of a definite length (for future exercises), using
the first piece as the measure of the second, the second as the
measure of the third, and so on to the last. Then let him com-
pare the last with the first, and standing the pieces in order on
his bench let him see whether they have been growing longer
or shorter as he proceeded.

I am aware that to teachers unused to tool work, and to the
thoughtful logic of mechanical methods, this may appear like
much ado about trifles. If such there be, let mie assure them
that if they will take a single course of lessons in a “ Mauual
Institute ”’ the appearance of these matters will wholly change.
And again, let me say that when one speaks of trifles, the
average healthy mind, intent upon one’s duties as a home-maker
and a good citizen, looks with wonder and pity and perhaps
with contempt upon Browning's “Grammarian” whose life
work appears to be a lofty devotion to trifles.!

1¢ He settled Hoti’s business — let it be! —
Properly based Oun —
Gave us the doctrine of the enclitic De,
Dead frowm the waist down.”
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The ability to saw to a line and to square up a piece of
required dimensions prepares the class to undertake mortise-
and-tenon joints. Great emphasis must be placed upon correct
methods of laying out the work. It is an excellent plan to let
making the drawing and laying out the lines which are to
be worked to on the squared piece constitute an entire exercise.
The gauge lines should not be extended unnecessarily nor should
any coarse lines be used. With the try-square use either a
sharp pencil or a pocket-knife. Do not allow a slovenly method
of laying out, on the ground that subsequently the lines will
be planed or sand-papered off, and that when the finished joint
is planed down, the surfaces must be flush. No such dishonest,
unscientific tricks should be tolerated in a manual training
school.

In making tenons use the “rip” and the “back ” saws, saw-
ing accurately to the line and not removing the saw marks. In
“open ” mortise-and-tenon joints, like Figs. 17 and 18, use the
saws for all but the base of the mortise where the chisel is
necessary. Preliminary to mortising comes the theory, care
and use of the chisel, with and without the mallet.

Each boy now needs a *“bench-hook,” which is preferably
made of hard wood and put together with screws. It is made
of three pieces of wood and four serews. This “hook ” is used
as a shield to the bench in all exercises where the tools are
likely to strike the support; and where the vise is not needed.
It is held as shown in Fig. 18. The screw holes in the cross-
pieces should be made with the bit to prevent splitting.

The construction of the hook is seen to cover several imnpor-
tapt points. .

It is hardly necessary to say that special exercises are neces-
sary for showing how narrow and wide chisels may be used in
paring, smoothing, and excavating. In mortising, the aim
should be square corners and good surfaces even for parts
entirely hidden in the closed joint. As bits and augers are
used or may be used to advantage in mortising, their use should
be taught in preliminary exercises.

‘A fair proportion of hard woods — ash, maple, beech, chest-
nut walnut, and oak — should always be used in these bench
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exercises, and a certain number of exercises should be given
in working obliquely to the grain. .
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Fi6. 13. BEowINGg THE USE OF THE BENCH-HOOE.

The operations of gluing should be well taught. Ocecasionally
a joint may be glued, tho as a rule it should be left unfas-
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tened so that it may be inspected more thoroughly. In building
up composite work, use different colors, or aim at effects by
contrast of grain.

Here the jointer-planes come in use for the last touches of a
joint. -

A fore-plane serves the same purpose, though it differs less
from the short smoothing-plane.

THE SHOP DRAWINGS.

The teacher should have a generous blackboard in his shop
on which to make and sometimes to preserve important draw-
ings. The drawings should always be made with care, and
generally they should be of large size. The style of the teach-
er's work has great influence upon the pupils.

Every boy should have a blank book for his shop drawings,
which he should leave in his locked drawer at the close of his
work. Into this book should be copied in succession all the
working drawings *placed by the teacher on the blackboard, or
on large sheets of paper and hung before the class.

The drawings should be made with care, of ample size (the
tendency of boys is to make them too small), and generally
with the use of a straight edge. It is not strictly necessary
that they should be made to scale, for the “ figured ” dimensions
should always be given in full. No boy should be allowed to
begin his piece, till his drawing has been examined and approved
by the teacher.

WOODWORKING EXERCISES.

I give below the main features of our exercises. The minor
features which are always more numerous cannot be shown.
These latter are connected with the theory of the tools, or are
preliminary to the regular course. With very young pupils
they should be far more numerous than with mature students.
An average of one new exercise in three lessons is enough for
boys fifteen years old.

No. 1. Use of jack plane and try-square. To ¢ square
up " a piece from rough stock.

No. 2. (Fig. 14) Use of cross-cut saw. Stock, common
pine board 14” long, 4” or 5” wide. Lay out and saw as
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shown by full lines. Split out with a chisel the pieces which
are in part bounded by dotted lines. Cut across the middle
and then interlock the parts.

Fia. 14,

No.3. (Fig. 15.) Rip and cross-cut sawing. Stock, plain
board. Lay out and saw to full lines, trying both saws so as to
determine which is the best for each angle to the grain. Use
either the vise or the trestle in supporting the piece, in order
to see which is the more convenient. Examine and -criticise
every cut.

No. 4. (Fig. 16) (a) Half-and - half closed joint.
(b) Half-and-half open joint. (¢) Miter joint. The
stock may be any two squared .
up pieces of equal size. Exe-
cute and hand in @, 8, and ¢,
separately. Take notice: In
giving this and subsequent ex-
ercises, the teacher should
“figure ” his drawings, and the
pupils should copy the same
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carefully in their books. See directions for making shop draw-
ings on page 38.

No. 5. (Fig. 17.) An open mortise-and-tenon joint.
The stock may be of any convenient size. Saw to the lines

if possible. Do mnot bruise or mar the corners. Do not plane
off the finished work to remove evidence of inaccuracy.

Nov 6. (Fig/ 18.) An open, double mortise-and-tenon
joint. Stock of any convenient size. Observe directions
already given. Lay out with care, and saw just to the lines.
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This is a difficult exercise, and partial failure should not dis-
courage. One may fail in No. 6, who has succeeded well in

No. 5.

Fra. 19.

No. 7. (Fig. 19) (1) Single mortise-and-tenon closed
joint. (2) Double mortise-and-tenon closed joint.

Fia. 20.

Execute the joints separately. Cut the single tenon wholly
with the saws, if possible. Several preliminary exercises may
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be necessary to the cutting of the mortises with clean, sharp
corners. Do not aim to remove all the gauge marks on the
finished work. Do not glue or pin the pieces together.

No. 8. (Fig. 20.) (a) Long and short mortises. (b)
Sawing out tenons. Execute a first. Then cut to the long
tenon lines with a rip-saw; then rip into three pieces, and
finish the tenons with the back-saw. Do not be discouraged
if this require several repetitions. Some of the dimensions
have been omitted as variable in different pieces. The chief
thing is, that each mortise has its tenon, which runs far through.

LY
No. 9. (Fig.21) A miter joint with an open, double
mortise-and-tenon. Stock, 14” by -2” or 3”, and of any
convenient length, using both ends, and not sawing in two till
the tenons are made. The teacher may use either isometric or
ordinary orthographic drawings, as may appear best- .

No. 10. (Fig. 22.) A half-dovetailed joint halved
together. = Stock of any convenient size. Cut the mortise
first, and finish the dovetail of the tenon with a sharp, wide
chisel, to an exact fit.

No. 11. (Fig. 23) A dovetailed joint with a single
tongue. The nature of the exercise is clearly shown in the
drawing. Use large stock, so that the dimensions may be dis-
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tinetly given. Do not plane off the finished joint. Preserve
sharp corners on the mortise.

No. 12. (Fig. 24.) An oblique mortise-and-tenon joint
with a pin. The obliquity shown in the drawing is a little
less than 80°. Do not attempt to draw the tenon home by the
pin; bore the hole through both pieces at once. Leave the pin
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projecting, so that it may be drawn out. Extraordinary care
should be taken in laying out this exercise.

'Fi6. 24.

No. 13. (Fig. 25.) A half-dovetailed mortise-and-tenon
joint, with a key. This exercise is sufficiently shown by the
drawing.

No. 14. (Fig. 26.) (a) A beveled corner-piece of a
frame, with a blind mortise for a half-dovetailed tenon.
(6) The dovetailed tenon and key for the mortise.
This is a difficult exercise, and some “fitting ” is allowable in
finishing the tenon and the key. The key should be left long
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enough to permit unlocking the joint, tho in a real example it
would be cut off, and the joint would be glued as well as locked.

No. 15. (Fjg. 27.) A half-blind dowel joint. 'Lhe dowel
pins may be made of hard wood. The bit-holes should be made



46 FIRST YEAR OF MANUAL TRAINING SCHOOL. [Chap. IL

in both pieces at once, while the short piece is wholly in the
vise. The entire joint should be glued.

No. 16. (Fig. 28.) Triangle. No.17. (Fig.29.) Hexagon.
Frames with miter angles of various sizes. The teacher

Fie. 28

should show how to lay out angles of 30° and 60°, using the
try-square and compass. Do not use very small stock. Nail

or dowel or screw the joints. No. 17 might be made with open
mortise-and-tenon joints and pins.
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No. 18. (Fig. 30.) A rafter joint. Use stock say 3" by 4"
and about a foot long. The teacher may add a pin running
down through both pieces, which would represent a bolt with
head and nut.

No. 19. (Figs.31and 82.)
A dovetail joint with
several tongues. This
exercise requires precision
and a clear head. The
work must be laid out very
systematically, and be exe-
cuted with patient care.
There can be no objection
to gluing the pieces together
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when finished. Fig. 82 shows best the nature of the joint,
but Fig. 81 gives a drawing to be actually used in laying out
such work. The pupil will see that Fig. 81 and Fig. 32 do not:
represent precisely the same pieces.

Fie. 34.

No. 20. (Figs.33 and 34.) A dovetail joint with a miter.
This is equally hard with the last. In place of a third ortho-
graphic projection of each piece, I have given a perspective
view which at once makes it all’clear. The finished joint may
be glued.
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No. 21. (Fig. 35) A false double-dovetailed joint.
This very interesting exercise is difficult from the necessity of
sawing very obliquely to the grain for the sides of the mortise.
The exact dimensions of the tenon are either given directly, or
they may be found on the drawing of the mortise. When well
executed and snugly put together, the combination appears tc
represent an impossibility. The double-dovetail appearance
forms a puzzle which never fails to interest.

No. 22. A bench project. .This may be a complete box
or chest with butts and lock, a table, a model of a roof-truss, a’
step-ladder, or any other article which will not absorb too much
time, and which shall call into play the processes learned. The
chest should be made as a box completely closed, and then be
sawed open.

The operations of nailing (using different sizes), clinching,
withdrawing nails, screwing, pinning, wedging, splicing, keying,
ete., should be taught by appropriate exercises.

SUGGESTIONS.

It will be found an excellent plan to give all the boys permis-
sion occasionally to make what they like, and to carry away the
products. In such cases each should submit a scale drawing
(figured) of his proposed article, and should furnish the mate-
rial for the same. The teacher however should endorse no
loose plan, nor permit attempts on too complicated work. And
here let me caution both teachers and pupils against ambitious



50 FIRST YEAR OF MANUAL TRAINING SCHOOL. [Chap IL

undertakirigs. - There is a very homely, but strikingly appro-
priate, proverb which may occur to the reader, and which I for-
bear to quote, but it warns against undertaking more than one
can execute. Heed its warning. No “extra” or “project”
should be adopted, which has not been looked through in
every detail, and for which there is not at command not only
all the necessary materials, but all the time that may be
needed.

For framing, stock not less than two inches square should
be used, and such a design should be used as will show the dif-
ference in principle and in construction between struts and
ties. ;
The propnety of usthg iron ties with washers and nuts
may very appropriately’be pointed out, tho the class is too
young to appreciate such combinations very fully

One of the first difficulties the teacher of wood-work will
encounter is that of unequal capacity in the execution of work.
Aside from differences of. effort, attention, and application, there
will be a marked difference in ability. This difference will be
greatest at the start, so that the teacher may comfort himself
with the thought that the evil will become less and less as his
class progresses.

This is perhaps just the opposite of what the inexperienced
teacher would expect. The explanation is, that the natural
aptitudes of the pupils do not vary as widely as their antece-
dent opportunities for tool-work have varied. If a boy has used
tools of any kind, be they oars or bats or hoes or axes or knives
or trowels or rackets, he will take hold handily, tho it is by
no means certain that in a month he will not be inferior to
one who at the start was awkwardness itself.!

The range of acceptability in the exercises will for the most
part meet the difficulty. Suppose the time allowed for an exer-

! I have learned. to thoroughly distrust the new comer who brings a reputation
for mechanical skill coupled with dullness at his books. Asa rule, such a boy fails
to show marked ability of any sort. A boy who came to us with a passion for
machinery — who * could not be kept away from engines,”” the rattle of cogs, and
the snapping of belts —never got beyond a sort of morbid, simple curiosity to
‘“see the wheels go round!” He developed no ingenuity, nor the ability to do
good accurate work, His book-work was of a very similar character.
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cise is two hours. The most rapid and expert need less time,
and the very slowest are likely to bring in unfinished pieces;
but if reasonable effort has been made, the teacher is bound to
accept the result, and rate it at just what it is worth. No boy
fit to be in the class can fail to do sixty per cent of the work
required, if ke tries. If he does not try, it is a matter of morals,
and should be treated as such, not as a mechanical failure.
With honest effort, the slowest boy keeps up as well in the
shop, as the slowest boy does in elocution, or penmanship, or
in algebra. For very rapid boys who have time for extra
work, the teacher should always have in reserve some supple-
mentary exercises based on those already given which the boys
should be allowed to execute, retaining the work when finished
if they desire it. All the regular class products should be
retained by the teacher for such future uses as the interest of
the school suggests. They will often serve as the stock for
other exercises.

When a boy actually spoils a piece, the teacher must decide
on the spot whether he shall take a new ¢“blank” and start
anew, or adopt a modified design.

A difficult exercise may very properly be given twice. If
the first exercises are duly criticised, and the prevailing failures
are clearly pointed out to the division as a whole, the seeond
attempts will far outweigh the first. If necessary, the teacher
should re-execute the difficult points with the division looking
on a second time. .

In the list of exercises already given, I have included a suffi-
cient number and variety for the school course. I claim for.
them no special excellence. They are tolerably logical, and
show a decided tendency towards forms approved by best usage.
No live teacher will follow them servilely nor will he be disposed
to use precisely the same series twice.!

Much depends on the quality and dimensions of available
lumber. After a little experience in teaching, it will be easy to
decide where to introduce modifications. The teacher should
not hesitate to adopt dimensions which will suit his lumber

1 One of my teachers has taught wood-work for eight years, and he has never
failed to introduce slight changes which he regards as improvements.
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where mine fail to do so. Where I have given no dimensions,
it is obvious that the teacher must assume them. In no case
should the teacher fail to give all necessary dimensions.

CRITICISING AND MARKING THE SHOP-WORK.

In my judgment the mark given a piece of work should take
no account of the personality of the boy beyond a general
knowledge of the grade of the class. In other words the stand-
ard should be an absolute one for that grade. By reference to
the grade, I mean that “perfection ” signifies only ‘reasonable
perfection,” taking into account the age of the pupils, the
amount of instruction they have received, the time allowed, and
the quality of the lumber used. I should expect much more
from a class of college Freshmen who averaged eighteen years
of age, than from the youngest class in a manual training school
who were only fifteen years old.

On the other hand, in giving a boy a quarterly or half-quar-
terly mark in shop-work, I should admit the lad’s personality
to a certain extent. For instance, I would mark him first with-
out looking at his work ; on his apparent comprehension of the
exercises, as indicated by his written or oral ‘answers.to my
questions ;! on his drawings; on his care of his tools and
bench; on the fidelity with which he followed instructions.
Then I should consider this personal mark as of equal weight
with the one derived from an examination of his finished work.

In’ marking a piece, say Fig. 17, I should take into account: —

1. The accuracy and finish with which the stock was squared

up to the prescribed dimensions . . . . . . . . 20

2. The style and correctness of the layingout . . . . . 80

3. The character of thesawing . . . . . . . . . . 15

4. The chisel work . . 15
5. The care of the ﬁmshed surfa.ces (freedom from m]ury

from the vise or accidental blows) . . . .'. . . 10

6. Thetimespent . . . . . . . . . . . . . . . 10

g 100

1 Occasional written exa.mmatlons are very desirable in the interest of correct
vocabulary, precision of statement, and attention of details.
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The laying out of complicated work should always be marked
high. It is very desirable that the students know beforehand
the system of marking, and just where their own shortcomings
lie. Cultivate self-criticism by requiring of them that they
mark their own work according to your analysis, comparing
their pieces with yours, i.e., supposing that yours is nearly
perfect, as it always should be. Of course the teacher should
revise all such preliminary estimates of the young workmen on
themselves.

APRONS, CAPS, BLOUSES, OVERALLS, TOWELS, ETC.

The pupils of a class should have aprons of a uniform style,
coming well up to the chin, and descending to the knees; a
light cap with a stiff visor (to protect the eyes from light and
from flying chips) ; a towel (which should be changed once a
week) ; and a cake of soap. All these when not in use should
be kept in the student’s drawer with his edge-tools. Blouses
and overalls will not be necessary till wood-turning is taken up;
they are then necessary to protect one’s clothes from the fine
chips which fly from the lathe.

The drawer keys used by the members of a division should
be hung together on a key-board bearing the number of that
division. The three key-boards should be kept by the teacher
in his private closet, to be brought out in succession as the
divisions appear. The presence of a key on the board after
the division has been sent to the benches indicates the absence of
a student. The keys should have tags numbered to correspond
with the numbers on the drawers.

Pupils should be warned against dangerous methods of hold-
ing and using tools. The teacher soon léarns what accidents
are likely to happen, and he should warn accordingly. Under
careful supervision, shop accidents are very few indeed.

Pupils should be warned not to slide the vise jaw unless the
lever be thrown fully back, thus avoiding excessive wear.

All one’s edge-tools should be kept in perfect order, and the
teacher should attend to the saws as often as necessary.

Every boy should leave his bench perfectly clean, every tool
in its place, and his private drawer in order. His shop duties
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end after washing up, and locking his drawer, with the restora-
tion of his key to the board, and with taking his place in the
line for filing out of the room.

I have never found it necessary or desirable to give unsatis-
factory students extra hours in the shop. A boy who under
our regulations either can not, or will not, make fair progress is
not worth the extra investment involved in extra hours; in
either case I should try to get him out of the class.

While boys are at work in a shop I would allow no whistling
nor playing noridling. There is no objection to such conversa-
tion as may be necessary to the prosecution of their work. The
essential thing is to keep the boys’ minds on their work, and
to rigidly exclude distracting influences.

The teacher should generally not be at work at his bench
while the boys are engaged at theirs, but he should hold himself
ready to answer a signal for assistance or advice, and to check
and correct those whom he sees going wrong. The division
should move on the stroke of a bell, promptly and quietly.

‘WOOD-TURNING.

I assume that the school is equipped with twenty-four speed-
" lathes driven by an engine. A boy of fourteen years can not
with profit work long at a foot-lathe, without rest. Motive
power is now so cheap and easily managed that no considerable
supply of lathes should be put in without power.!

The construction and care of the lathe should be fully ex-
plained. A picture of our speed-lathe made by Messrs. Hall
& Brown of St. Louis is shown as Fig. 36. Here the pupil
learns, perhaps for the first time, the importance of keeping the
lathe bearings in order and well oiled. The heating of a
journal is never without cause, and should never be disregarded.
The monkey-wrenches should be suited to- the nuts on the
lathes. The belt-shifters should be convenient and effective,
and it should be made a seéond nature with a boy, to throw
off the belt (shut off the lathe) at the slightest accident, or at

1 For several years before the organization of the Manual Training School, the
University boys used foot-lathes and hand-forges. In wood-work two students
were put to one lathe, one driving while the other turned.
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a slowing up of the main shaft. While a boy may properly
use his hand to stop his lathe after the belt is off, he should be
cautioned against getting his fingers or his sleeve under the
belt. When not actually turning or marking his piece, he
should stop his lathe. Let him beware getting his sleeve into
the clutches of the spur-center. Flowing, or very loose, sleeves
should not be worn. If properly shown, boys soon get the
knack of shifting the belt to change the speed.

The stock with which one’s wood-turning may begin should
be about 2" x 2” X 8”. After “centering™ and placing one
end on the spur, bring up the tail-stock, clamp it in place, and
then screw up the center point till it strikes the center point in
the wood. Force the stick
firmly wupon the spur.
After withdrawing the tail
center a trifle, clamp it and
put a drop of oil on its
point. Before starting the
lathe put the toolrest in
place, its edge a little
above the center line of
the lathe and as near as
possible without touching
the wood. Pull the belt
by hand, and see whether the piece and the rest are in proper
position.

A carpenter’s gouge is the first tool to be used; it is always
to be nsed in roughing out. Turning tools should be kept
sharp and free from nicks, and the pupil should early learn that
he is to cut the wood, not scrape it; consequently the edge of
the tool should be well raised almost into tangency with the
revolving piece, and the tool should be slightly inclined away

_from where the diameter of the piece is larger, so as to avoid
catching in the grain and splitting the wood; that is, one
should work from a larger towards a smaller diameter. In
roughing-off corners, cut lengths of about a half inch at a
time, cutting towards an end at first and then towards the last
cut. The tool is to be held firmly resting on the guide, and as

F16. 36. SPEED-LATHE.
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it cuts is to be slid along parallel with itself. On no account
should the pupil let the tool be knocked from his hand.

When the piece has been reduced to a cylinder, the tool may
move along the whole piece without stopping, taking a thin
uniform cut. If the piece has a cross grain or knots, the cut
must be very thin, and the tool should move in the direction
least likely to catch in the grain.

As soon as the piece is well roughed down, stop the lathe, and
re-adjust the guide-rest. Never adjust the rest when the lathe is
i motion.!

It is impossible for me to follow out the full details of the
use even of the gouge. Two general directions must cover
the whole ground : —

1. Cut, not scrape the wood.

, 2. Incline the tool, and work towards the end of the grain.
Cut from the larger towards the smaller diameter, rolling the
tool on the rest if necessary.

Before working to dimensions, learn to make every kind of
surface : cylindrical, conical, conoidal (convex and concave),
and squareshouldered ; and to combine them at will. QuUAvrITY
BEFORE QUANTITY is the order of perception, and it should be
the order of development throughout the school.

If much stock is to be taken off, the carpenter’s gouge is the
most serviceable tool. It carriesa longer cutting edge, and sub-
divides the chips better than the turning gouge. Its peculiar
advantages can be learned only by trial. The turning gouge is
the tool to be used in corners from either the right or the left.

The turning chisel is a most effective tool, yielding a very
smooth surface and enabling one to work to sharp angles and
square corners, but it is more liable to catch on the grain than
the gouge.

The teacher must introduce the several tools gradually, show-
ing the special uses of each, the accidents that are peculiar to
each, and how each is ground and oil-stoned.

1 One of our boys disregarded this rule, and lost a finger-nail thereby. He
raised the rest with the fingers of the left hand, and then‘pushed it forward till a
finger came in contact with the swiftly revolving piece. In an instant the nail
was gone!
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One of the first things to surprise a learner, if he is using
hard seasoned wood, will be the easy generation of heat. In
turning a mallet-head of dry oak, for instance, the chisel or the
gouge may become so hot as to lose its temper. Great care
must be taken in cutting creases for shoulders, or the chisel
will be temporarily ruined. The creases should be cut a little
at a time, and the tool should be quickly withdrawn. If,
unfortunately, the temper is drawn from a portion of the edge,
the injured part must be ground away. The use of heat
developed by friction as a means of coloring rings and beads
on the work is soon learned. To save his tools, the teacher
should make ¢ Heat” the subject of a class-lecture, and he
should call general attention to every instance where a neglect
of orders has produced bad results. A tool may be seriously
injured by frictional heat when cutting soft, dry pine.

I have thus far assumed that the grain of the wood is par-
allel with the axis of the lathe. Blocks in which the grain is at
right angles to the axis of the lathe are generally driven by
center screws which are attached to the face-plate which is put
on after the spur-center is removed; or the block is secured
to the face-plate by short screws. One of these methods is
employed whenever a piece is to be wholly supported from one
end, and the tail-stock is either removed or pushed to the end
of the bed. Great care must be taken to keep the edge-tool
clear of the center and face-plate screws.

In twrning across the grain, the tool for obvious reasons
should be carried very nearly parallel with the axis, and the
tool-rest should be adjusted across the end or face of the piece.

Interior turning should generally be done by the ‘“round-
nose ” tool, at least as a preliminary tool. In spite of its seraping
action, it should be kept well ground to a somewhat shearing
edge. A large cavity in the end of a piece should be “cored
out;” i.e., an annular channel should be taken out by the
round-nose, only slightly-less in exterior diameter than the re-
quired cavity, and then the central part or core can be under-
mined and split out. Experience will soon teach that in turning
a goblet or a vase, the portion farthest from the support is to be
finished first.
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. CHUCKING.

Pieces like spheres and rings often require turning over their
entive surface; hence they must at least during a part of the
work receive other support than the screws and centers already
named. It is usual to fit them into a “chuck,” which consists
of a separate piece of wood screwed to the face-plate, and having
in the center of its face a cavity so fitted to the size of the
article to be turned that the latter requires a gentle forcing into
it, with friction sufficient to hold it securely while under the
turning toel. A little experience will enable one to fit a chuck
readily, and to use one surprisingly shallow. Several examples
of chucks are given in the exercises illustrated below. One
chuck with a little refitting will often serve several pieces.

Sometimes a mandrel is used to support and carry a piece
which has a central hole. A ““mandrel” consists of a cylinder
of wood fitting snugly a hole in the piece to be turned, and
carrying it with itself as it revolves in the lathe. In replacing
the mandrel in the lathe after having removed it for any cause,
be careful to restore it to its exact former position. Always
use soft wood for a mandrel, and bear in mind that a little
friction is sufficient to carry a piece round.

By the use of a monkey-wrench on the shaft of a bit, and
a small block fitted against the tail-stock spindle, the face of a
piece mounted in the lathe may be quickly and accurately
bored ; but ‘the bit shculd first be passed through a sleeve or
tube which will allow it to enter only to a certain depth. The
rapidity with which the boring is done renders this precaution
necessary. Or,on the other hand, a bit may be mounted in the
‘center of a face:plate, and be used for boring holes in a piece
which rests against the tailstock. In this case also a sleeve
around the bit should serve as a “stop” at the limiting
depth.

As a rule, delicate work is best executed in hard wood. The
lumber should always be well seasoned, and when finished arti-
cles are to be preserved, they should be well varnished. ¢ Built-
up” pieces of black walnut, and light-coloted wood, such as
maple, beech, ash, chestnut, or oak, alternating in thin strips
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and firmly glued, serve admirably for ornamental work. The
contrast of colors and grains is very effective.

When a fair-quality of workmanship has been attained, the
teacher may proceed to specify quantity, and require pieces to
conform to given dimensions as shown in drawings. Thus far
in wood-turning, I have assumed only free outlines, which the
teacher may sufficiently show by free-hand curves on the black-
board. As soon as dimensipns are used, however, the pupils
must make careful scale and figured drawings in their books.
As turned objects are symmetrical with respect to a line (the
axis), their projections (on a plane parallel to the axis) are
symmetrical also; hence it is customary to draw but one half,
unless a section is required, in which case one half of the draw-
ing shows an exterior projection, and the other half a section
through the axis. As this method of drawing may be unfamiliar,
I will insert in the illustrations to the turning exercises a draw-
1ng of a goblet, one half being in projection, and the other half
in section. See Fig. 63 on p. 65.

Gum-wood, white and black, is excellent for turning, as it
splits with great difficulty, but it must be kept perfectly dry.
Fancy woods for ornamental work are cedar, cherry, rosewood,
boxwood, and mahogany. Hemlock would make beautiful
work if free from checks. Dead knots should be carefully
removed by a hatchet or saw.

There is great opportunity for economy of material in wood-
turning. The product of one exercise may be made the basis
for another. See Figs. 49 and 50, where one piece is made to
serve as the basis of several distinct exercises. In the end
we shall have mainly worthless chips and valuable experience.
As we never have much more left, this should produce no sense
of disappointment. A few specimens should be kept, however,
to illustrate the series and to emphasize good work. A finished
piece tells a plain story to a practised eye, and when the story
is a good one, it is exceedingly stlmulatmg to the class to see
that it is duly recognized. -

All that, I have elsewhere said (see p. 52) in regard to care
of tools, bench, marking, etc., applies as well to one kind of
wood-work as another. The following series of turning exer-
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cises will fairly serve to begin with. After a year's experience
the teacher will need no guide. He will receive abundant
suggestions from many sources, and will see changes which, for
the time at least, will appear to be marked improvements.
*
EXERCISES IN WOOD-TURNING.

With one or two exceptions these drawings show but half-
projections, the lower line being the axis of the piece. The
drawings have been furnished me by Mr. Charles F. White of
the St. Louis Manual Training School. They are intended to
furnish opportunity for learning the use of all the tools, and
to cultivate a taste for graceful curves and an eye for symmetry.
They may be executed in soft or hard woods, plain or built-up
by gluing.

. The first twelve drawings represent pieces from six to ten
inches long. Only newly-used tools are mentioned.

No. 1. (Fig. 37.) Plain cylinder. Carpenter’s gouge.

No.2. (Fig.38) Cylinders and cones. Turuer’s gouge.

No. 3. (Fig. 89.) Stepped cylinders. Wide chisel.

Fia. 30.
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No. 4. (Fig. 40.) Double-stepped cylinders.

Fiea. 40.

No. 5. {Fig. 41) Large and small cylinders.

No. 6. (Fig. 42.) Convex curves.

Fie. £2.

No. 7. (Fig. 43.) Beads, cones, and cylinders.
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No. 9. (Fig. 45.) Flowing or reverse curves.

Fie. 45.

No. 10. (Fig. 46.) Reverse curves. Small baluster.

No. 11. (Fig. 47) A baluster pillar. This may be length-
ened into a table-leg.

No.13. (Fig.49) Face-plate work. This is turning across
the grain. Each of the drawings represents a half-projection.
The screw shows how the block is fastened to the face-plate.
(@) represents a plain solid cylinder. (b) shows two cylinders,
a square corner having been turned off: (¢) shows that each
of the sharp corners has been turned away, leaving conical
bands. (d) shows that the corners have been turned off, leaving
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an ogee outline. (e). The outline is modified into a capital
molding, and a cylindrical cavity is sunk into its face as
tho to fit the top of a pillar or column.

(a) (0) () (C)) ()
Fie. 40.

No. 14. (Fig. 50.) Chuck work. (a) represents a half-
section of a block on the face-plate screw. The exterior has
been turned off into three stepped cylinders, and a cylindrical
opening has been sunk into its face. We must now suppose
that a two-cylinder opening is wanted in the back, or left-hand
side. The block must then be taken off, turned round, and
inserted in a chuck. (b) shows the chuck screwed to the face-
plate and partially cut out. For the sake of the practice, the

(@) ) () (a)
F1a. 50.

chuck-cavity may be made to take the form of (4), showing a
‘convex outline; or concave outline as shown in (¢), where it
is a hemispherical cavity; or (d), where it has just the form to
support without injury the first piece (). When the piece 18
accurately carried by the chuck, the double cylindrical opening
may be cut out of the original piece, leaving but a skeleton of
material in the finished piece. This exercise is very interesting,
and admits of great variation.
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No. 15. (Fig. 51) Ring with octagonal section. This
figure, like the last one, shows a half-section of the ring.
(a) shows that the ring is partly
formed from the face of a block
screwed to the face-plate by the
center screw. Three of the faces
of the ring are finished, and two
more, the inner and the outer, are
accurately turned. Perhaps the
outer one should be defined by a

@ ew faint line before it is removed

from the screw. (%) shows that

a chuck has been made to receive it after it is turned round,

and that the original back of the block has been cut away, and
that the ring has been finished. )

No. 16. Napkin ring. This should be shown in half-
section and in half-projection. It is treated like the ring in
Fig. 51; that is, it is held by the screw-center till the interior
and the greater part of the exterior is finished, and then it is
turned round, and the finished end is inserted in a chuck. For
this exercise use close-grained hard wood, and polish, stain, or
shellac the result. )

No. 17. (Fig.52.) Sphere. The sphere is shown in projec-
tion; the chuck, in section. This is a difficult exercise, and
should not be undertaken till the
class has had considerable expe-
rience in chucking. As in No. 14,
the chuck may be a valuable exer-
cise in itself. The sphere may be
approximately turned between two
centres. It may then be placed
in a chuck, as shown in the cut.
The circle of contact is a little less
than a great circle. The sphere
should be moved in the chuck so as to take all possible posi-
tions, and be tested thoroughly, before it can be considered
finished. Spheres turned from built-up pieces of light and
dark woods are very pleasing when well done.

Fie. 52.
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No. 18. (Fig.53) Goblet. This is shown in half-section
and half-projection. It may be wholly turned from the screw-
center of the face-plate. The
parts farthest from the plate
should be finished first.
Cedar, mahogany, cherry,
gum, rose-wood, oak, and
black walnut are good woods
for goblets and vases, tho I
have seen beautiful work of
this description executed in
white pine; cedar splits
easily, but has a fine color.

No. 19. A composition
or design. At this stage
of his work the pupil has a
clear idea of what he would
like to make for a final or
“show ” piece. This “show”
is not to be a vain parade,
but the actual combination
of his exercises into a work
of both use and beauty. The
pupil should early learn that
Use and Beauty should never
be divorced. Every blossom should be the promise of fruit;
so every fruit should be heralded by a beautiful flower. It
is altogether probable that his turning exercises have opened
the pupil’s eyes to see and analyze forms of grace hitherto
unnoticed. Handsome furniture, moldings, edrnices, pillars,
rounds, balusters, posts, etc., have been examined with won-
dering delight. The boy finds so much that pleases him, so
many graceful combinations, that in his first design he will
probably load his piece most extravagantly. Nevertheless, give
him a reasonable caution not to ornament too much, and then
let him have his will. He will soon see how 'superior is simple
grace and fair proportion, and yet how difficult it is to satisfy
a critical eye. A balustrade, a hatrack (for fastening on a
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wall), a small table, a toy bedstead, a spoked wheel, a set of
chessmen, a nest of thin boxes with covers, —such are some
of the things which may properly be chosen for the display of
one’s skill. Whatever is taken, require first a figured drawing
made carefully to large scale.

WOOD-CARVING.

Considerable wood-carving may be done with ordinary bench
tools, tho fine work should not be attempted with coarse instru-
. ments. The great thing is to learn how to work with the grain,
and how to hold the tool for grooving or paring. The piece to
be wrought upon is to be firmly supported in the vise, and the
cutting-tool is usually to be driven along by the hand. Occa-
sionally a light mallet may be used.

No. 1. A gouge exercise. Fig. 54 shows a variety of work
upon one block, by means of which one learns to take the grain
at all angles. The gouge is the main article to be used. All
surfaces should be left smooth or polished. = The block is about:
six inches long.

'No. 2. A gluing and chisel exercise: Fig. 65 Shows a
piece composed of eight strips matched and glued, and after-
wards dressed with the wide chisel and polished. The drawing
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shows the variety which may be worked into one piece. The
effect of the gluing is very striking if dark and light colors
alternate in the shield.

In any event, wood with clear grain should be used, and the
surfaces should be polished so as to bring out the beauty of
the wood.

Fia. 55.

There is a great variety of special wood-carving tools, tho in
school the number need not be large.

The tools used may vary somewhat ; those selected for the
class in the St. Louis School are the following. The numbers
refer to the standard numbers on the imported * London tools.”

WOOD-CARVING TOOLS.

1. ¥ firmer (straight chisel).
2. §” corner firmer (diagonal chisel).
3. .¥" straight gouge (flat).
5. 3§ straight gouge (less flat).,
8. # straight gouge (round).
9. §" straightrgouge (round, more curvature).
1l. 3 straight gouge (sharply curved).
11. 3" straight gouge (sharply curved).
28. %" short bent gouge.
89. §” parting tool (triangular edge).
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The tools used by Mr. House of the Toledo Manual Training
School’are somewhat different.

The material may be soft woods, such as gum, elm, poplar,
or pine, the first two of which split with great difficulty. The
later exercises may be in harder wood, such as black walnut,
mahogany, rosewood, or oak, — the last being preferred for
high relief: but exercises in high relief should usually be de-
ferred till a subsequent course in an art school.

. 1 am indebted to Mr. N. W. House of the Toledo Manual
Training School for the following series of graded elementary
exercises with regular wood-carving tools. They have served as
the basis of our exercises in this direction during the past year.

The thickness of the wood varies in the different exercises
from three-eighths to three-quarters of an inch.

No. 3. (Fig.56.) Grooving across the grain. Use straight
gouge, 3" wide, No. 11. In every exercise first lay out the
work in penecil.

No. 4. (Fig. 57.) Grooving witb_and across the grain.
Use straight. gouge, 3” wide, No. 11. Cut, not split, the wood.
Keep the tool sharp, and work the tool along wholly by hand.
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No. 5. (Fig. 58.) Circular grooving. Same tool as before.
Carry the tool as a tangent to the curve. Practice cutting

Fi1a. 58.

No. 6. (Fig.59.) Convex panel, with tracery. Use two
gouges and the parting-tool. Conduct the exercise in two
parts: first, produce the convex panel; and second, the cofn-

pound shaded grooves which should be drawn on the convex
surface. '

Fia. 59.

No. 7. (Fig.60.) Engraved panel. The two corners are
carved. The sweeping grooves are clear cuts of varying depth,
made by the parting-tool. The intervening cuts are made with
a flat gouge.
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No. 8. (Fig.61.) Panel with engraved tendril. Use two
gouges, cutting grooves of varying depth.

Fie. 61.

No. 9. (Fig. 62.) Carved square panel. Quadrifolium
in relief. Use two gouges and a straight chisel. The edges
of the panel are plain bevels. The edges of the leaves are
slightly under-cut. The panel is sunk about onefourth of an
inch. The center is hemispherical. The ground is roughened
by a spike having a large number of small projections on its
end. : )

Fia. 62.

No. 10. (Fig.63.) Panel with carved vine. The vine is
in sharp relief. Leave all corners clean and smoothly cut.
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No. 11, (Fig. 64.) Concave circular piece. The corner
designs are engraved ; the central parts carved out to a depth
of one-quarter or three-eighths of an inch. The ribs and cir-
cumferences are cut deeply, while the rosette in the center is in
relief. The center is convex, rising to a blunt point, with sharp
shaded grooves running to the apex.

F16. 64.

No. 12. (Fig. 65.) Carved diagonal panel. The corners
are carved, the triangular borders being beveled, and the
radiating panels being convex upward. The rhomboidal panel

is deeply carved with overlapping leaves, sharply under-cut.

The “corner-firmer ” is especially useful in finishing sharp cor-

ners when under-cut. ‘
Oiling the portions in relief gives them a rich appearance, and
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at the same time brings into prominence the poor finish of sur-
faces.

The time given to wood-carving is about four weeks. As
an alternative with carving or engraving wood, I suggest- the
introduction of several exercises in carving plaster-of-Paris
blocks. The scale of the details should be increased.

It is possible that the reader who has followed me so far will
be surprised to find the first year at an end without that wseful
work which he has all the time assumed we should do before
the year should close. He feels, perhaps, that all we have done
thus far has been in the nature of getting ready to do something.
Perhaps he wonders why the boys bave not made themselves
bureaus, desks, and chairs, or supplied their homes with useful
articles and with pretty pictures.

As I shall discuss this subject later on quite fully, I must
refer him to the later chapters. However, I have no objection
to final pieces, which combine the principles and methods con-
tained in the exercises, and which serve to show the pupils
themselves the value of what they have got. But to make
the production of articles the main object, and the learning
of principles and methods incidental, would be to choose the
shadow rather than the substance; to destroy our school by
converting it into a factory. No, this is a school; its object is
education. Doubtless the world will have work for these boys
to do when they get outside; let us give them the power to do
it well.
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CHAPTER IIL
THE SECOND, OR MIDDLE YEAR.

THE careful reader of the last chapter will read much
between the lines of this. The same general principles
are to be followed, and in the details of the work many of the
methods will be the same. The pupils are a year older; they
are considerably larger, for their physical development is going
on at a maximum rate; they have made some progress intel-
lectually and manually, but a good deal more morally, in con-
fidence and self-assertion. They need firm, kind, sympathetic
management. The work of the year is quite new, of great
interest, and sufficiently difficult to yield healthy discipline.

Of course I assume ‘thi full work of the previous year;
unless it has been fairly doie, the boy should not be in the mid-
dle class. In deciding the question of promotion, all matters
should be taken into account; at the same time, it should be
admitted that the mathematical and other sequence studies
afford the chief criterion. Without mathematical success the
work of the second year cannot be done. It is a mistake to
insist upon excellence either in the direction of practical
mechanies, or in memory studies, such as language and history.

If the student has any brains at all, he is likely to do well
in something, and a partial failure in a single direction should
not prevent his going on in the course. Pupils have very dif-
ferent gifts, and the discovery of these gifts should be followed
by prompt recognition of them. Instead of trying to force all
comers into the same Procrustean mold, it is our duty to give
each full liberty of growth. If a boy fails in the shop but suc-
ceeds in his Latin, or vice versa, he ought still to go on, if physi-
cal strength and fair mathematical power are not wanting. But
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here let me say that almost without exception, mathematical
and mechanical power go together. If a boy fails in the shop,
he is quite sure to be weak in arithmetic and algebra; but it is
not at all sure,— it is scarcely probable, — that one who is a
manual failure is weak in language and history and spelling.
Manual failures seem to arise from a lack of power to appreciate
precision and logical order. A boy deficient in mechanical
power rarely asks “ why?” One way appears to him about as
reasonable as another; he adopts a certain order because some
one else did, or because he was told to do so. He bows to
authority. When his work is compared with good work, he
sees no great difference; he does not see that an eighth of an
inch more or less does any harm, or that 80° or 100° is not as
good as 90°. Hence it is that in our promotions from class to
class, it is not necessary to lay great stress upon shop-work.
Every well-balanced boy does passably well in it, and the
sequence of the work of different grades does not demand great
proficiency. Besides, as already said, the pupil may never have
had any shop opportunities before, and it may take some time
to bring out his innate faculties. Physical maturity (i.e. com-
mand of one’s muscles and motions) comes at very unequal
ages in different boys. Great size is not maturity ; a six-footer
is often the personification of physical immaturity.

For the sake of consistency and simplicity I shall assume that
the number of the second or middle class has fallen from
seventy-two to sixty-six, and that it consists of three divisions
of twenty-two each. As before, three teachers are necessary:
one exclusively for the shop,! and two for the drawing and
book studies. Other things being equal, I would have the
teacher of physics teach the drawing; for the reason that the
correct study of physies involves the examination and execution
of drawings, in connection with the design and construction of
physical apparatus, and the record of physical experiments.

The. science study for the year is physics. The mathematical

1 It is better not to divide the shop-work between two teachers, even if both are
competent; there should be no divided responsibility in the care of the tools, the
material. and the shop generally. When only one man rules the shop, every
thing is more likely to be well in hand. '



Chap. II] THE STUDY OF ENGLISH COMPOSITION. 75

study is elementary algebra continued through quadratics, and
a few weeks’ work in geometry.

The language work is, on the one hand, the reading of three
Books of Cesar and perhaps an oration of Cicero, with contin-
ued study of the Latin grammar. On the other hand, rhetoric
with frequent almost daily exercises in English composition one
term, and history (English) one term.

In the place of Latin and rhetoric (or history), all take
modern classics once a week.

The daily program is as follows: —

SECOND YEAR PROGRAM.

DiviIsION.| 9—10. ! 10—-11. | 11-—-12. 12—1. | 1—=2. 2—3. 3—4.
. . . Mathe-
L Shopwork. Physics. | Latin. Dra,wmg.| matics.
II. | Physics. | Algebra. Shopwork. % English. | Drawing.
=]
ke
English =
III. | Algebra. {Drawing. or Physics. Shopwork.
Latin.
1
!

The recitations should eccupy forty or fifty minutes each s
the drawing, a full hour; the shop,’two hours.

I assume that one division is wholly Latin, another wholly
English; the third should be wholly one or the other, or a
fourth teacher must step in to take a subdivision of the class.

If the physical laboratory will admit more than twenty-two
pupils in a division, there may be between eleven and one
o’clock a special re-arrangement of the first and third divisions,
which will admit of a few more or a few less than twenty-two
in the Latin division.

All the mechanical details of Eunglish composition should be
thoroughly mastered this year, even for the Latins, the litera-
ture hour being used for that purpose as far as necessary.
Teachers must never forget that English composition like every
thing else in and out of school is not learned by the continued
practice of faulty methods and an endless repetition of errors,
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not even if one’s results are unfailingly pronounced wrong, and
so marked. One learns a correct method only by practising a
correct method, under dictation if necessary. Every error
should be fully and clearly corrected by the pupil himself.

The teacher should always invent a new exercise (and this
remark applies to English composition, to shop-work, to math-
ematics and to Latin alike), in which the pupil may have an
opportunity to avoid certain specified old errors, and follow the
best usage. Don’t try to “catch”a boy when he is unaware, by
giving him a chance to repeat an old error; but lead him con-
sciously to correct usage.

The persistence of error is something remarkable. I have
known a workman follow a wrong method all his life, tho
strongly suspecting. that it was wrong. I know intelligent
people by scores who have standard errors of speech which they
will never live to correct. I have known a poor cook remain
a poor cook for years, tho daily practising her art (?). One hour
of correct doing, under the eye and direction of a teacher, is
worth more than months of mere criticism, and crude attempts
to find the Correct Way by the Broad Road of Error.

Some teachers will never tell a pupil the plain, simple truth
about an article, or method, or process (which may after all be
largely a matter of conventionality) until he has badgered his
brains in trying to dnwent it or to think it out, or has exhausted
his patience in futile ¢ guessing.” Some teachers even empha-
size wrong ways more than right ones. Such teachers of How-
Not-To-Do-It should be muzzled, or at least put under bonds not
to “keep school ” any more.

TEACHING PHYSICS. 3

I cannot forbear a few words about the correct teaching of
physics. It is only in a manual training school that the method
which appears to be the only correct one can be advantageously
followed. Nowhere else are pupils so ready to devise, con-
struct, interpret, explain, and use physical apparatus. Studying
physics without handling and using apparatus is like eating a
meal of cook-books. It doesn’t nourish; it sounds well, but
there is no real knowledge in it. Concepts which for the most
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part ought to be primitive, first-hand, are only second-bard, or
third-hand, or mere speculation. Until one gets a certain amount
of mental stock on hand in the shape of exact, experimental
knowledge of certain things, properties, forces, processes, and
relationships (which are very imperfectly expressed by certain
more or less technical terms), he cannot appreciate properly
verbal accounts of the experiments and conclusions of others.
The drawing of a piece of apparatus is far inferior to the appa-
ratus itself, at least to elementary students.

In the St. Louis Manual Training School, the study of physics
is becoming more and more a matter of personal observation
and personal experiment on' the part of the individual pupils.!

SECOND YEAR DRAWING.

The drawing of the Second Year consists of several new
features, notably : projections of intersecting or truncated geo-
metrical bodies (cylinders, pyramids, cones, and prisms); the
development. of surfaces; brush-tinting ; mosaics and tracery ;
isometric drawing ; detail drawing, and drawings for patterns;
graining and ornamental lettering ; and some study of historical
forms in architecture.

I do not deem it necessary to go into. a full account of this
work. The competent teacher needs no analysis of it; and the
incompetent teacher will probably let it alone. "I desire, how-
ever, to warn against undertaking too much. The groups of
blocks, for instance, may be purely ideal, and they can easily be
made very difficult. My advice is to leave complicated work to
classes in descriptive geometry proper.

The work should all be done in pencil and then in ink on,

1 Under the guidance of Mr. C. C. Swofford, who last year conducted four divis~
ions of physics. At the close of the year there was a remarkable display of quite
elegant and perfectly serviceable apparatus, constructed by the class, in most
cases from original designs. The apparatus was explained by the makers and
used by them before a large audience.

It is hardly necessary to add that Mr. Swofford could not have succeeded thus
with a class of boys who had had no training in the use of tools, and who could
neither make nor read working drawings.

Our physical laboratory contains an engine lathe, a speed lathe, a hand planer,
a long bench, two vises, and wood-working and iron-working tools. A small
upright engine, built by a third-year class, drives the lathes and a dynamo.
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stretched paper, with great accuracy and good lining. I add
a few of the exercises purely geometrical, given for the sake of
cultivating the geometric imagination.

1. Triangular prism leaning against a cube. Find three pro-
jections. Dimensions of solids should be given.

2. Hexagonal prism leaning against the base of a quadrangular
pyramid which rests on a face.

8. Circular cylinder leaning against a cube.

4. Prigm lying on the top of a cylinder while a pyramid leans
against it.

Though it is not necessary to follow the exact dimensions of
wooden or plaster models, it is very desirable that real models
be used to illustrate not only the nature of the bodies, but the
nature of the groups to be drawn.

In order to get three accurate projections with proper regard
to visible and invisible lines, some purely.* construction” work
must be done; it is well if these latter are inked in red.

For the benefit of interested readers who are not draughtsmen,
I will give the specifications and drawings of the second of the
above.

PRrOBLEM: — T find the orthographic projections of a hexagonal
prism leaning against the base of a quadrangular pyramid, which is
lying on a horizontal plane.

SoLTTION : — Let the pyramid have a base 2” square. (Exe-
cute the drawing full size.) Let it be so placed that the side
projection (elevation) of the base shall be a single straight line
(¢ ¢’ Fig. 66). (This should be illustrated by the model.) Let
the altitude or center line of the pyramid be 23”. Imagine this
line drawn perpendicular to the base from its center. Its pro-
jection on the side plane will be 23" long, and will at one end
bisect the projection of the base at right angles, while the other
end will touch the ground line (& L). There are several ways
of finding the correct position of the side projection of the pyra-
mid ; perhaps the pupil had best draw it in penecil in its erect
position, and then turn it over. In the figure it is drawn with
dotted lines in an inverted position, and then turned down.

The top view (plan) of the pyramid is now readily drawn.
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The base is s ¢ d & and the apex is at ». It will be noted that
two of the edges s » and % » are invisible to an eye directly
above the object.

Thus far I have taken no account of the prism, which will of
course hide a part of the pyramid, in some or all of the views.
It is therefore best even in pencil to draw the lines faint and
broken. Now not to make the problem too hard, take the prism
so that it has a line contact with the horizontal plane on which
they both rest. (Illustrate this by models.) One line (+' p)
may now be assumed on the side plane. Suppose the base to

Fie. 66.

be a regular hexagon whose side is #”, while the edges are 8”
long. Assume the position of the lowest side of the base, and
draw the base as tho the prism stood erect. (See dotted
base full size.) In this position, its side projection is in G L.
Next revolve it up to its required position. (This operation is
shown by the circular are 2} 2). The entire side projectiond
may now be correctly drawn, »’ & 2’ a’ ete. There are no
invisible lines which are not covered by visible ones. The plan
or top view of the prism may now be drawn, by means of
perpendicular and parallel lines. It is easy to see which lines in
the plan are to be drawn full, representing visible lines, and
which broken. The reason why the horizontal projections of
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the long edges are parallel to G L w111 be readily seen from the
models in front of a side plane.

A third, or end projection, may be drawn, not because it is
necessary to full representation, but for the mental exercise.

It may be very instructive for the pupil to see that a projec-
tion may readily be drawn on any vertical plane. For instance,
suppose one looks at the group obliquely, but still horizontally,
from the right front, in the direction of the large arrow. The
projection is shown beyond the line P @. The heights of the
points above P @ are the same as the distances of the same
points in the side projection from G L. In this view I have
omitted some invisible lines, and have put double accents on
the letters.

The next regular 'sheet should contain truncated solids and
their developments. For the first exercise it may be well to
devolop the entire surface of a regular solid. In the second
show a prism cut by a plane. Its lateral surface below the
catting plane is to be developed, or rolled out, and the full size
of the inclined section is to be shown. The drawing is easier
than the following, which shows a truncated irregular pyramid
and its development.

ProBrLEM : — T0 cut an trregular pyramid by a plane, to find the
true size of the section, and to develop the surface of the truncated
pyramid.

A

SoLuTION : — Fig. 67 shows the full operation, which should
be executed on a scale about three times as large, and with all
possible accuracy. The central part of the drawing shows the
plan and elevation of the pyramid, the vertex being 0, 0’, and
the base 1,2, 3,4,5. The intersecting plane cuts the edges in the
points 6,7,8,9,10. The points 10 and 10" are of course in
the samg perpendicular to &', 2/, and so for the other points. To
get the full size of the section I draw through 1 in the base a
broken and dotted line parallel to the ground line; and at any
convenient distance from the elevation a second broken and
dotted line parallel to the cutting plane 7/, 10’. From the
points in the plan 6, 7, 8, 9, 10, I draw perpendiculars to the.
new line through' 1. These perpendiculars measure the hori-
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zontal distances of the points from a vertical plane through 1.
Through 7, 8, 6, 9, 10, draw perpendiculars to and beyond
the parallel line, and make the portions beyond the line just as
long as the corresponding distances last referred to in the plan.
You will thus determine the points 7, 8, 9, 10, 6, and by connect-
ing them you will have the full size of the section, shown at (a).

In order to develop the lateral surface, we must find the true
length of the edges of the pyramid, both the parts cut off, and.
the full length. This is done by means of the perpendicular
and inclined lines on the left near (4). The linesare put off by

Fie. 67.

themselves to avoid confusion. The perpendicular measures
the altitude of the entire pyramid. The inclined lines
represent the edges of the pyramid, which are supposed to be
swung round the altitude line till they are parallel to the side
plane. Thus the distance from 1” to the foot of the perpendic-
ular is equal to 0 1 in the plan; and 0” 1” gives the full length
of the edge 01, 0°1. From 6 a line is brought along by the
T-square to'6”, and then we have the distance 6” 17, as the
true length of the edge between the point 6 and the point 1.
Similarly all the true lengths are found.

At (¢) we have the development of the surface supposed to
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be cut open along the edge 0, 10, 5. It is constructed thus:
Draw 0 5, Fig. (¢) equal to 0”7 5”, Fig. (4), and make 0 10
equal to 0”7 10”. Next determine the position of 1, Fig. (¢), by
making 0 1, and 5 1, respectively equal to 0” 1” in Fig. (), and
5 1,.in the base of the pyramid.! The point 6, Fig. (¢), may
then be found by making 0 6 equal to 0” 67, Fig. (8), or 10 6
equal to 10 6, Fig. (a). The two methods should check. We
have now in 5, 1, 6, 10, Fig. (¢), the full size of the four-sided
face shown in the plan by the same figures.

Similarly the rest of the development can be found in less time
than it takes to write out the explanation. The rationale of the
methods generally comes with a thorough mastery of them.
The teacher should see to it that the reasons do appear. When
this solution is fully understood, the pupil may attack other
problems with confidence. A cylinder may now be cut by a
plane, and developed.

Next follows a cone similarly truncated. The cylinder is
treated as though it were a prism of a large number of sides;
and the cone is treated as if a pyramid. When the sides of the
base are taken as small as a quarter of an inch (to a radius of
one inch), the difference between the circumference of the
circle and that of the inscribed polygon is quite inappreciable:
about one-sixtieth of an inch.

It is not difficult to greatly extend these exercises, giving the
intersections of one solid with another: but I doubt its utility
beyond the intersections of cylinders and of prisms. Two
examples of the former and one of the latter are all I would
give before the systematic study of descriptive geometry, which
offers the only proper basis for the study of intersections of
surfaces, shades and shadows, and perspective.

Isometric drawing should be illustrated by two sheets, the
first containing the projections of geometrical solids and the
details of wood-work, partly from models, and partly from work-
ing drawings. The second sheet should contain the isometric
projections of a piece of apparatus, or set of shelves, or similar
plane-faced work, with isometrics of its details. Details are

! The teacher should explain and illustrate this bit of geometrical drawing just
a8 it is needed.
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usually drawn to a larger scale, that the essential features of
Joints, etc., may be clearly shown. The first isometric drawing
should be a cube with an inscribed circle on each face. Give
special attention to the method of getting points in the ellipses
which result from the projection of these circles, so that the
pupils may in future get the projections of such circles without
aid.

Flat-tinting, or  washing-in” with dilute India-ink and a
brush, should be practised till the pupil can get an even tint of
any required depth of color. The sheet should in part repre-
sent mere mosaics; and in part a succession of ribs, blocks, and
depressions, square or eylindrical, receiving shadows, and bear-
ing different grades of shade.

A most excellent exercise in pure lining is to draw in penecil
a sharp circumference of about three inches radius, using a horn
center 50 as not to prick the paper. Divide it into any conven-
ient even number of equal parts from sixteen to twenty-four, and
then draw smooth, even, jet-black, straight lines from every point
of division to every other point of division. -Finally, rub out
the original pencil line. The results if well done will be very
satisfactory. Tho a purely rectilinear figure, it will suggest a
large number of circles. I hope every teacher of instrumental
drawing will give this exercise.

In laying out architectural work the teacher must not be too

ambitious. College or engineering students have often found it
necessary to study the drawing as outlined above, and they
have often shown no more finish than these boys now show;
and yet it is manifestly unwise to undertake the same grade of
architectural work with these as would be done with them.
Maturity and mathematics are great helps in abstract draw-
ing.
) gi%est content with a study of moldings, of balusters, of pedi-
ments, of brick arches and skew-backs, of the main features of
columns, capitals and cornices, and of girders and joice (in
isometric). Two sheets of such work with elaborate borders
will suffice.

As to free-hand work, it should follow, or rather accompany,
ingtrumental work. As soon as the principles involved are
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understood and illustrated by accurate instrumental work, they
should be illustrated by free-hand work. Clearness, boldness,
and precision should be aimed at, and the work should be
done on a large scale. Brown paper may be used, and con-
siderable erasing allowed. The principles involved in free-
hand work are the same as in instrumental. In drawing
from objects the original sketches should always be largely
free-hand.

Some ornamental lettering, and study of borders, will close
the drawing for the second year.

THE SHOP-WORK.

The shop-work of the second year is mainly in an entirely new
field. Nothing could be more unlike than the forge and the
bench, the anvil and the vise, fire and the cutting edges, iron
and wood. In the forging shop, to which we now go, personal
characteristics are more prominent than in the former shop.
Every thing seems to depend on the student. No machine or
tool does his work for him. His eyes, his hands, and Adis judg-
ment are chiefly responsible for the results. It is for this reason
that a bright boy soon discovers a wonderful relish for the work -
in spite of its occasional call for severe exercise, its abundant
dirt, and its fervent heat.

The shop has twenty-two forges, each supplied with a power
blast, a tank of water, an anvil, and a kit of forge and anvil
tools. The forges are of a portable or special make placed in
pairs back to back, with a common hood and up-take, and a nine-
inch pipe leading,to the main exhaust pipe which connects
directly with the large fan.! Each up-take has a tight-fitting
damper, which should be closed when the fires are out; a single
fire, or even several fires, may then be used without starging
the fan, If the chimney has a fair draft. With the fan and all the
fires in full blast, there should be no serious difficulty from smoke
and gas in the shop. The hood shuts in three sides of the forge
for the double purpose of confining the smoke and of keeping

1 In the St. Louis School there is a Sturtevant fan with a delivery of 18 by 23"
which was presented to the school by the inventor. It carries off the smoke most
efficiently.
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the radiant heat from adjacent workmen. Above the tweer
(tuyere) is a circular fire-pot six inches in diameter, admitting
of a fire large enough for all the uses of the shop.

One forge rather larger than the rest, with larger fittings,
serves for heavier occasional work. The anvils stand on oak
blocks sunk in the clay floor and (with one exception) weigh
about eighty-four pounds. The water tanks of cast iron hang
by forged hooks upon the edges of the forge. ‘The kit of tools
comprises a machinist hammer weighing (with handle) one
pound and three quarters; four pairs of tongs: ', 3", 1" and
3"; a poker, a rake, a shovel, a sprinkler, an anvil, a chisel
(* hardy ), a steel square, and one sledge to two forges. One
leather apron belongs to each forge.

Fig. 68 is made from a photograph of the St. Louis forging
shop, and shows many of the details of the shop.

The cost of a forge and one set of tools is about $25.00, not
including blast and fan. The cost for these two things is too
dependent upon circumstances to be estimated.

The operations of the forging shop involve a personal knowl-
edge of three things : —

1. How to heat the piece to be operated upon ;

9. How to hold it; and

3. How to strike it.

In accordance with strict educational methods we analyze the
operations, give opportunity to acquire the three kinds of
knowledge, and teach the three arts separately.

I. How To Hear. The management of the fire so as to
secure any desired degree of heat; to have one point of the
piece hot and all others cool ; to keep the piece under treatment
clean ; to save fuel; and to know just the degree of heat neces-
sary for each operation — these are things slowly learned, but
they must be learned well.

II. How mo HoLp. As a rule this is the work of the left
hand. It involves an intimate acquaintance with hammer and
anvil; a knowledge of the behavior of metals at different tem-
peratures under the hammer ; and a knowledge of what can, and
what cannot, be done with metals through the agency of heat
and pressure.
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III. How T0 STRIKE. Here the right hand and arm, wrist,
elbow, and shoulder, come into full play.! Strength and relia-
bility are essential to force and accuracy. The pupil must
learn how to grasp, how to swing, and how to deliver blows.
He must know the particular tools to be used; when to strike
heavy, when light; when rapidly, when deliberately.

Precepts, examples, and trials are all necessary, and the
teacher must, to a certain extent, teach these arts separately.

The worker at the anvil has, so far as the matter of forging
is concerned, but a few processes to learn, though the number
of ways and degrees in which they may be combined in prac-
tical work may be countless. With special combinations the
manual training school has little to do; it is chiefly concerned
with the fundamental principles. .

The processes may be classed as follows : — g

1. DrRawING, or making a piece longer2 The effect of
blows on the sides of a piece, thereby forcing out the ends,
is similar to that of tension applied at the ends.

2. UPSETTING, or making a piece shorter by blows upon the
ends. This is just the reverse of *drawing.”

8. SHAPING, or changing the figure of a cross-section without
changing its area. This operation combines Nos. 1 and 2.

4. BENDING, using various shapes, — round, square, and flat ;
the last is to be bent in two ways. This operation involves
STRETCHING and COMPRESSING, and according to the quality of
the metal requires a special heat. In all these exercises the
student must learn to work rapidly when the iron is hot, and
to stop the moment the temperature has fallen too far.

5. PUNCHING, CUTTING, and BREAKING. These operations
depend on the nature of the material and on the degree of
heat. ~

6. WELDING, uniting two pieces by forcing the fibers to inter-
mingle at a high temperature. This requires a nice adjustment

11 am quite in favor of doing justice to the left hand and arm, and would
encourage pupils to use either hand, but I would not delay the progress of the
class on that account.

2 The teacher who has studied strength and elasticity of materials will under-
stand that heat lowers the elastic limit, and makes it comparatively easy to
lengthen or shorten the fibers of metals in * permanent set ” without injury.
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of the heat in the two parts at the same instant, and their super-
position with clean surfaces. Generally two people are neces-
sary in making a weld, and each may use his hammer. The
welding of two pieces should be preceded by the welding of the
parts of a bent piece, where no helper is needed.

7. HARDENING and TEMPERING STEEL. There are endless
varieties of temper for different grades of steel. A great deal
may be learned from lectures and a judicious series of exercises.

We have found it exceedingly profitable to teach the two
arts, of holding and striking, by means of a preliminary exercise
in soft metal, generally lead, which is wrought cold. Just how
to hold and how to strike depends upon the form to be pro-
duced, and it is of the utmost importance that that form be
clearly in the mind of the young artist.

The teacher first gives drawings of the required piece, with
all necessary dimensions. He next names the tools to be used
and the order in which the steps are to be taken. (This order
is much more important than it was in wood-work the first
year.) He then takes the steps himself, calling attention at the
same time to his manner of holding and of striking. His piece
is compared with the drawings and should fairly embody the
required dimensions. The teacher should always do his best
work in the presence of the class.

One of the anvils should be so placed that one or two semi-
circles of temporary seats may be ranged around, so that each
pupil may see and hear all that is done and said. '

In following the teacher’s lead, the pupils have a clearly
marked course before them, but it will be found that much
deliberation will still be necessary. A hasty blow, or a wrong
motion to the piece, results in malformation or serious injury. .
Hence the pupil must think the matter out, and strike only when
his mind has correctly analyzed the problem, and foreseen the
results.

This shows the advantage of cold lead over hot iron: with
the one, the mind may take time to reason out the how and the
where ; with the other, he must «strike while the iron is hot,”
though with fatal indirection. If one stops to think, the iron
cools, and then it breaks from being worked at a low tempera-
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ture ; or it must be reheated, at the expense of time, and a surface
layer of material which may leave the piece scant. We have
found that the use of lead has been economical in three ways:
It saves time in the end; it saves material (the lead is melted
over into new bars with little loss) ; and it secures more accurate
workmanship, inasmuch as the exact form is better under-
stood.

It frequently happens even in light work that a heavy hammer
must be used. A heavy hammer moving slowly is a very differ-
ent thing from a light hammer moving rapidly, even when_they
have the same momentum; one
may tear the fiber while the
other does mnot. This may be
admirably illustrated by upset-
ting the hot end of a rod which
is held in the hand. With a
light hammer and a quick blow,
the upset is all at the extreme
end ; with a heavier hammer and
a slower blow, the upset is dis-
tributed for some distance; with~
a wery heavy hammer and the
same momentum, nothing may be accomplished. In a gen-
eral way, our young workman must” test this point and know
when to call the aid of another student, either to swing the
sledge or to hold while he wields the sledge himself. Two or
even three strikers on one piece may at times work to advan-
tage.

The following series of exercises has been adopted as serving
the double purpose of bringing out the several processes, and
of acquainting the pupils with the more usual standard forms.
It should be borne in mind that many are to be wrought in lead
to exact dimensions, and then in iron or steel (sometimes both)
as closely as possible. The dimensions of the “stock,” or raw
material furnished the pupils, are given in each case.

No. 1. (Fig.69.) Bent ring. The object is to get uniform
curvature. The stock is 8” round rod of a length equal to the
circumference of a circle whose diameter.is 28"
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No. 2. (Fig. 70) Figure eight. Stock, §” round rod. This
is somewhat more difficult than the last.

No. 3. (Fig! 71) Ring handle. Stock, §” round rod. These
first exercises give practice in bending, and in realizing the
length of bends. Tho very simple on paper, an attempt to
produce themn is certain to develop many new ideas.

Fi16. 71.

No. 4. (Fig. 72.) 'Square piece with taper. Stock,
8” round. The finished No. 3 is straightened and used for this
exercise. The body is reduced to a square prism, and the end
to a pyramid. This is the first step in drawing out. The exer-
cise should first be executed in lead beginning with a short
rectangular bar.

No. 5. (Fig. 73.) Hasp and staple. The stock for this
hasp is exercise No. 4. One end is reduced to a cylinder and
bent into the circular head. The other end is rounded, drawn
out, and bent. The body of the shaft is then heated very
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hot, the ends cooled by dipping in water, and then grasped
by two pairs of tongs and twisted 180°. For the staple use
1’ round.

No. 6. (Fig. 74.) Flat bend. Stock,1” X #” bar, 53" long.
The exterior is to be finished sharp and square, while the interior
may be left rounded with a small fillet. * The material is to be
left sound. The exercise should first be executed in lead.

Fie. T4.

No. 7. (Fig. 75.) Edge bend. The stock is shown in the
drawing. The inside corner is very hard to form and keep the
material sound. One great object of this exercise is to teach
the student the necessity of avoiding this operation when
strength is to be preserved. It is much easier to do if the
outer angle is left rounded; and, strange as it may appear, it
will be stronger thus, tho deficient in breadth, than when
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reduced to the exact shape of the drawing,—in consequence of
the inevitable weakness of the inside corner. The exercise
should be executed first in lead.

No. 8. (Fig. 76.) Upset oval. Stock, ” round, 5” long.
The first step is to increase the
size of the piece in the center
by “upsetting.” Heat the
center, cool the ends quickly,
place the piece vertically on
the anvil, and strike heavy,
square blows on the end.
The diameter at the center
should be increased to about

. 8”. The tapering ends re-
quire great delicacy of ham-
mering because one cannot
use the swages. Before

punching the small hole, the student should practise at punch-
ing a piece of plate or bar.

Fie. 75.

Fia. 76.

No.9. (Fig.77.) Upsetsquare. Stock, #” round, 63" long.
This exercise is an extension of the last, the amount of
upsetting being greater. The production of straight cylinders,
true with the axis of the square ¢entral part, is difficult. A
preliminary exercise in lead is very instructive. Instead of one
of the cylinders, it may be well to form a rectangular piece with
an oblong section. The swage would then be used for one end,
the flatter for the other.
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No. 10. (Fig. 78.) Fuller piece. Stock,1” x %" bar, about
63" long. This should first be executed in lead. By no other
means so well can one’s judgment as to quantity of material
and methods of manipulation be cultivated.

Fie. 78.

No. 11. (Fig. 79.) Forged fork. Stock, 1”7 X %" bar.
Tle vertical dimensions are omitted,
it being impossible for an inexperi-
enced person to hit them. The first
operation is' punching ; the second,
splitting ; the third, fullering; the
fourth, drawing; the fifth, finishing.
"The " éxercise is very difficult and
should be preceded by a lead exer-
cise. Students should be warned
not to finish the small ends until the
last thing, as they may otherwise be
spoiled by burning. Later on, the
student may attempt to construct this
fork, by welding two pieces of round
rod. When he has fairly tried the
two methods, he may have an opinion
as to their respective advantages.
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No. 12, (Fig. 80.; Hook hanger. Stock, 1”7 X %" bar.
Execute this in lead to begin with. The length of the hook will
be a surprise. Flatten and punch the plate end before bending
the hook. The exercise is not as difficult as it appears at first.

No. 13. (Fig. 81) Bent brace. Stock, 1” X 3" bar. This
exercise combines the features of Nos. 10 and 12. If a particu-
lar length is desired, the body of the brace should be left
slightly in excess and then drawn‘as required for the finishing
touch. It need not be done in-lead.

Fi1e. 81.

No. 14. (Fig. 82.) Plate riveting. The stock consists of
two pieces of boiler-plate-5” X 10” with six equi-distant holes
drilled in each. (This drilling should be carefully done by
machineshop students.) The last three rivets, at least, should
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be well put in, and the heads should be smoothly coned without
indenting the plates.

No. 15. (Fig. 83.) Log chain welding. Stock, §” round
rods, about 9” long. This is the first attempt at welding, and a
great many points are to be carefully noted. Above all, the fire
must be kept clean and in good condition. The reader is

referred to the lecture on *The Care of the Fire,” which comes
a few pages farther on. The operation of “scarfing” prepares
the two ends which are to be united so as to have a single sur-
face of contact, which should be nearly a plane oblique to the
axes of the ends. A shoulder rarely welds, and hence is a
source of weakness. Several attempts may be necessary to
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make the first weld. The third link should be well done. The
welding of the two ends of one piece is much easier than the
welding of two separate pieces.

No. 16, (Fig.84.) Ribbed handle. Stock, a 8" rod, about
80”long. The rod is bent back and forth hot, till it is fourfold,

Fie. 81.

the cross-section being four tangent circles whose centers are at

the vertices of asquare; then the ends are welded, embracing the

parts uniformly. The bundle is heated to a red heat, and
the rods bent out by upsetting the
bundle. Then again at a proper heat,
while one end is held in a vise, the
other end is turned 270°.

No. 17. (Fig. 85.) Welded eye.
Stock, ” round rod. As this is pre-
liminary to No. 18, the free end should
be long enough for the complete hook.
About two inches of the end is drawn
out to nearly four inches, bent round,
and welded to the shoulder on the
body of the rod. The danger of
burning is so great that one should

"aim at §” in thickness instead of 4"
as the drawing shows. The exercise
is not an easy one.

No. 18. (Fig. 86.) Chain hook.
The stock is furnished by No. 17.

! The shaft just below the eye is to be
slightly reduced. The drawing shows the point of the hook a
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little too long. For the sake of learning the length of the
portion required for the hook, as well as the effect of bending,
it is well to execute first in lead.

No. 19. The welded angle. Stock, two 1”7 X 3" bars.
This exercise shows a second way of making the piece shown id
Fig. 75, No. 7. The scarfing of the two ends should give them
very ohlique slopes without shoulders. It would be well to

practice the scarfing on two pieces of lead. 'With a good weld,
this makes a much stronger piece than the bent angle. The
teacher should test the strength of Nos. 7 and 19 in the presence
of his class.

No. 20. A straight weld. Stock, two pieces of rod of
equal size. When finished, the piece should be of nearly uni-
form size and should show no weld marks. This exercise,
like the last, requires two people, and the difficulty of bringing
the two pieces to the anvil at a proper heat and at the same
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time is one which must be met to be appreciated. As welds
are more or less imperfect, it may be well to leave the cross-
section a little large at the welded point.

Nos. 21 and 22. Bolt heads. There are two ways of
making a bolt by hand, and this exercise should be double.
One way is to use a square rod larger than the body of the
required bolt, draw out for the body, and upset for the head.
That is one exercise. The other way is to use stock of the size
required for the bolt, cut off a short piece, bend it into the
form of a ring round one end (which should be slightly upset),
and then weld and form the head. The second way is by far
the most difficult. It is exceedingly hard to persuade the
head to rest symmetrically on the shaft of the bolt.

No. 23. (Fig. 87.) Crank arm. Stock, 1”7 X 17 bar. The
“points ” of this exercise are good shoulders to the circular
ends, and a uniform taper to the sides of the body of the piece.

;F‘IG. 87. ' Fia. 88.

No. 24. (Fig. 88.) Heavy crank arm. Stock 1 x 1”7
bar. This is similar to the last, but the work is muoh heavier.
The heavy sledges come in well on an exercise like this; two
or three men may well work on one piece.
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No. 25. (Fig. 89.) Blacksmith’s tongs. Stock, 1”7 x 1”7
bars, about 6” long. The exact shape of these parts should
first be produced in lead, starting with stock 1”7 X 17 X 6”. - It

is only when every detail of form, holding, ‘and striking is
clearly in the mind that it is economy to, start on the iron.
The required width of the
jaw-opening may vary with
the demands of the forges.
The long handles may be
welded on before the jaws
are finished. Each -class
should leave the forges
well furnished with tools
for the next year’s class.
Good .tongs are evidence
of good workmen.

No. 26. (Fig.90.) The
dog. Stock, 1’ round,
about 4” long. The hole

_is first punched, and then
enlarged by splitting, and
working over a mandrel.
This “dog” is to be subsequently finished in the machine-shop
by the maker.
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No. 27. (Fig. 91) Cold chisel. Stock, " octagonal tool-
steel. In forging steel, great care must be taken not to burn
the piece. Burnt steel is worthless. This exercise is first a
uniform draw to an edge. The operation of TEMPERING which
is to follow should have many preliminary illustrations and
exercises. Every student should temper his
chisel, even if he has to temper it several times
in order to get it right.

Fie. 92.

No. 28. (Fig. 92.) Threading tool. Stock,
¥ X }” tool-steel. This tool, and the five which
follow, are for the student’s own use next year
in the machine-shop. They furnish good exer-
cises in forging and tempering steel, as well as
meet the demand for tools.

No. 29. (Fig. 93.) Round-nose tool. Stock, ' X }”
tool-steel. Before this tool is used in the lathe the working end
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is to be ground to a semicircular outline; it should, however,
leave the anvil with square corners.

No. 30. (Fig. 94.) Side tool. Stock, same as No. 29.
First execute in lead, for the sake of getting exact dimensions.

Fie. 95.

No. 31. (Fig. 95.) Parting tool. Stock, same as the last.
First execute in lead.

Fre. 96.

No. 32. (Fig. 96.) Diamond point. Stock, the same as
the last. First execute in lead. The exact shape is not easy to
get from a uniform bar.



102 THE SECOND, OR MIDDLE YEAR. [Chap. IIL

No. 33. (Fig. 97.) Inside tool. Stock, the same as for
No. 32. All these steel tools are to be tempered.

No. 34. (Fig. 98.) The hardy. Stock, 11’ X 12" bar
steel. This is an anvil tool
and should fit the anvil.

No. 35. (Fig. 99.) The set-

~hammer. Stock, 13" X 13

Fre. 99.

"bar steel. The punching and
forming the large hole in steel
that can not be safely heated beyond a certain point, is a diffi-
‘cult task for a learner.
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No. 36. (Fig. 100 The flatter. Stock, 11” X 13" bar
steel The face of the tool is 2’ square. The whole job is a
little heavier than the last.

Fie. 100. Fie. 101.

No. 37. (Fig. 101) The fuller. Stock, 13" X 14" bar
steel. This exercise is not unlike No. 35 in many respects and
may be made to
take its place ac-
cording to the de-
mands of the shop.

No. 38._ (Fig.
102.) The bottom
swage. Stock, 2”
X 17 Dbar steel.
This is the heavi-
est work in the
shop and may very
properly end the
series of exercises.
The shank calls
for heavy forging.
The groove is to be accurately formed by a steel templet.

Fre. 102.
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The last five exercises furnish tools for the forging-shop
itself. It is obvious that one finished piece may very properly
serve as the stock for another slightly smaller. It is obvious
also that for a difficult process, in which every pupil is likely to
fail for the first attempt, a piece of scrap or a small trial piece
may be used. For instance, no one succeeds the first time in
making a welded bolt-head from a piece of round rod; some
never succeed.

In difficult processes, quality should be aimed at before
quantity. In‘making a weld, for instance, one must learn the
conditions of a good weld before any attention can be paid to
dimensions. It thus appears that what I have put down as one
exercise may in reality combine several.

The process of tempering is a very delicate one, and requires
explicit directions and full illustrations. The teacher should
produce in the presence of his class a series of tempers with
different colors and should explain and illustrate the peculiar
advantages and disadvantages of each.

At the end of the series of regular exercises in a shop, one or
two new exercises should be given with a view to develop the
ingenuity and inventive talent of the pupils. The drawings
should show the finished work, and no clew should be given by
the teacher as to how the work is to be done. Every boy
should be required to think out and put down in writing and
illustrate by drawings: (1) the order of the steps, (2) the
tools to’be used, (3) the methods of work. These should be
carefully examined, criticised, and compared. Good points
ought to be fully recognized and commended. The teacher
should then select or arrange the Dbest course, and let the
project be executed.

THE MANAGEMENT OF THE FIRE.

I haye thought it best to give under this head an almost ver-
batim extract from the instructions given by our accomphbhed
teacher of forging, Mr. Charles E. Jones. ‘

Imagine him at his forge in the center of a semicircle of
interested boys, no one of whom has yet had an iron in the fire.

As the instruction begins apd goes on imagine him “ suiting
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the action to the word ™ with a force and fitness which Hamlet
never dreamed of. In fact the eager eves of the boys follow
what he does as their ears drink in what he says. In the course
of his short lecture he shows them just how to do it, as well “as
“how not to do it.” Now listen and watch him !

« Before lighting the fire I wish to call your attention to the
blast orifice — also to the blast gate, and to explain how to use
it. I shall also give you a few hints upon the care and manage-
ment of the fire.

«“In the first place notice the position of the blast opening
relative to the forge, for it is immediately over the blast opening
that the fire is hottest; it is at this point we wish to place the
work to be heated, that is, some three or four inches above and
immediately over the blast opening.”

[Here Mr. Jones places the kindling and coals, and lights
the fire. ' He turns on a proper blast and soon has a mass of
glowing coals.] It will be readily seen that to heat the work
we must have some fuel between the work and the jet of air
that is urging the fire. Hence we must not put the iron too
low, not only because the point I have named is probably the hot-
test part of the fire, and consequently will heat the work the
quickest, but because, as the fuel burns away, the cinder, in a
liquid state, is gradually settling to the bottom of the shallow
pit in which the fire is built; and if the work is put too low in
the fire, it becomes coated with this semi-vitreous mass which
when worked on the anvil is driven into the surface of the iron.
When this is cooled it contracts and scales off, leaving the
surface of the iron deeply pitted with the appearance of being
rust-eaten. .

« The fire should be kept as small as will possibly heat the
work in hand ; in our case say from four to six inches in diame-
ter. This is accomplished partly by packing the coal as hard
as possible around the desired size of fire, and partly by fre-
quently sprinkling around the fire with water whenever it
shows signs of spreading. This packing of the coals around the
fire also prevents in a measure’/a wide disturbance of the fire
whenever the work is thrust into'it. Some disturbance cannot
be avoided, consequently the fire should always be repaired
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when this happens, care being taken not to throw in the green
coal first, but those portivns that are the hottest; this is
important, particularly as the work approaches a high tempera-
ture, a welding heat for instance. At such a time the thrust-
ing in of cold fuel cools the fire and sets back the heat. In
these forges the size of the fire is in part regulated by the ring
of fire bricks which forms a sort of fire-pot two or three inches
deep. In no case must these bricks be loosened or disturbed.

“ In this connection the blast also plays an important part.
Greater force should be given towards the end of the heating,
except in case of small work, where a uniform amount of blast
is given, graded as nicely as possible to the size of the fire.
If too much blast is given and the fire is nice and clean, the
burning coals are scattered over the hearth; in fact, this fre-
quently happens, particularly just after the fire hus been cleaned
of the cinder. ‘ I

“ Sufficient coal should always be kept on the forge to keep
up the embankment, or backing, previously spoken of, the coal
to replenish the five being drawn up from the edges nearest the
fire with the rake or shovel. .

T should also explain that, as the blower furnishes a uniform
pressure of blast, the way to control the blast to suit the size
of fire is by giving the blast-gate a greater or less opening : this,
after a few hours’ practice, is generally pretty well understood.
To keep the fire rea.sonab\ly small "is much more difticult.
When, told to sprinkle it you will often overdo it to such an
extent as to put out the fire at the bottom, leaving only a layer
of live coals on the surface; you will then be surprised that
your iron does not heat, but it will be no longer a mystery
when the surface coals are removed and it is seen that the
work lies imbedded in damp ashes only. I must here explain
that the only means we have of ascertaining when the work is
~of the proper heat, is by withdrawing it from the fire and look-
ing at it, quickly replacing it if not of the proper heat. When
it is withdrawn, you should notice if it is being heated at the
Iproper place; if it is not, then pash farther in, or not so far, as
the case may be, for it frequently happens that the cinder
obstructs or deflects the blast in such a manner that the hottest
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part of the fire is not where we naturally look for it, viz. imme-
diately over the tweer opening. You must therefore keep your
eyes open and your wits about you all the while.

“I shall teach you the several degrees of heat we shall need,
and how to recognize them as our exercises proceed.
. *From what I have said and from what you would naturally
expect, we shall look for the cinder in the bottom of the fire-
pot, the hottest coals next above, and the half incandescent coals
on the surface. These positions suggest the method ot cleaning
the fire. By cleaning the fire I mean removing the cinder
which is a mass of ashes and incombustible material always
found more or less in coal. This refuse melts partially and
cakes into layers which must be removed every hour or two so
as to leave the fire clean. When done at all the cleaning should
be thoroughly done, as follows : —

¢« First rake away the half incandescent coal into a pile by
itself. Next, draw the fully glowing incandescent coals into a
second pile just beyond the edge of the fire-pot. Now with the
shovel quickly cut out the layer of cinder and throw it on the
cinder pile under the forge. Then carefully draw back the live
coals into the fire-pot, keeping them together as much as possi-
ble. Next, draw over and around them the half burning coals
and put on the blast. Green coals may now be packed around
and sprinkled. In a moment you have a clean and hot fire.”

The reader must bear in mind that while thus describing the
process Mr. Jones is actually going through it in a skillful and
efficient manner. But not that alone: the next step is for
every boy to go to his individual forge and go through the same
operations himself under the teacher’s eye. A single glance
tells the expert whether his instructions and example are being
followed or not, and a few extra words and motions suffice to
set right a boy who has forgotten or who has not understood.
No boy fails to be interested and attentive, though some fail to
comprehend the first time.

Fullness of explanation and illustration is not peculiar to this
exercise; it is characteristic of every exercise. b uno disce
omnes.
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SOLDERING AND BRAZING.

As already explained the time to be spent in molding and
pattern-making may properly be one-fourth of the shop-time of
the second year, a maximum of one hundred hours, making no
allowance for certain exercises in soldering, which may receive
more or less attention according to the facilities for that work.
In the St. Louis school we have facilities for but four simul-
taneous workmen at soldering, and only miscellaneous work in
that direction has been done. The principles involved can be
taught in two or three lessons, but considerable practice would
be necessary to their full comprehension. The construction of
an elbow to a pipe, or an oil-can or coffee-pot suffices to test
both one’s knowledge of hard-soldering, and his command of
the subject of development of surfaces in drawing. Brazing
may be taught in a lesson or two in the forging-shop. A single
exercise in brazing two pieces of iron together is exceedingly
instructive. .

The three divisions of a class may very naturally take up
pattern-making and molding in succession.

PATTERN-MAKING AND MOLDING.!

Differing from the practice in many lines of work, it is not
usually the case that a pattern-maker is furnished with drawings
which he may exactly follow. In other lines one is given a
drawing of the finished piece, and he is expected to follow it
closely ; in the case of pattern-making, the pattern must in the
majority of instances have a shape differing from that shown in
the drawing. This is chiefly because of the requirements and
methods of the foundry, since it is there that the patterns are
used. For these reasons a pattern-maker, in addition to skill in
the use of his special tools and ability to read drawings, must
be able to make the modified drawings required for his work;
and to do this intelligently he must understand the methods of
the foundry. '

1 What is said under the lleéd of Pattern-Making and Molding is largely the
work of Mr. Charles F. White, the Superintendent of Shop-work in the St. Louis
Manual Training School.
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Therefore in teaching it is best that some foundryv-work pre-
cede pattern-making. Uuless thisis done the student is obliged
to do a great deal of work which he dves not understand the
reasons for — a practice contrary to the spirit of a manual train-
ing school. Tt may be remarked that, very properly, students
wish to use their own patterns in the foundry and to prove
them by trial. A short time is sufficient for this, so that it is
best to divide the foundry-work, giving the larger share before
the course in pattern-making.

Ve therefore begin with the

Foundry-Work

As patterns must be made with constant reference to their
use in molding (that is the forming of molds), so molds must
be made with constant reference to their use as receptacles,
capable of receiving and retaining the liquid poured into them.
Each of the metals used in foundry-work has characteristics of
its own, needing special treatment.

Molds for most work are made of moist sand. Into these is
usually poured a molten metal at high temperature. There
results a sudden and rapid generation of steam, hydrdégen, and
other gases. These gases must be permitted to escape readily
or the resulting pressure will force the metal from the mold,
which mishap is called *blowing.” A mold must possess
sufficient strength and firmuness to resist the shocks of handling
and retain shape against the flow and pressure of the liquid;
moisture and close compact or ramming secure this. On the
other hand, porosity for the escape of gases is equally needful;
dryness and light compact secure this. Excess of moisture
causes excessive gas production, calling for extra porosity.
Judgment in properly balancing these opposing conditions is
an essential part of the foundry-man’s skill.

Sand of the quality known as molding-sand possesses in a
large degree the desirable elements of porosity and of cohesion
when moderately moist.

The receptacle whicli holds both pattern and sand is called
the * flask.” In it simplest form a flask may be described as a
pair of boxes of similar shape and size, but without top or bot-
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tom. These hoxes are prevented from separating horizontally
by suitable pins, which however permit ready separation verti-
cally. Two flat boards as wide as the flask complete the
apparatus. The lower part of the flask is called the “dray;”
the upper part is called the “cope.” The drag rests on the
bottom-hoard. The other board, called the mold-board, is used
at an earlier stage and is laid aside.

Fi1e. 103. A SIMPLE FLASK.

Fig. 103 shows the cope, drag, and the bottom-board. The
small pieces of metal shown at a, , and ¢ are of malleable iron.
They may be readily found in the market.

Flasks are made either of wood or iron, and are of almost as
many shapes and proportions as there are forms to be molded.
As a rule the drag is seldom disturbed after the pattern has
been removed from the sand (drawn). The cope on the con-
trary must usually be moved, and hence the sand it contains
must receive its support from the sides instead of from under-
mneath. As a consequence, all copes of large area compared with
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their depth must contain partition bars or ribs, numerous enough
to sustain the sund. These bars must be shaped so as to
approach without touching the pattern, and have heveled
edges’ next the pattern to permit uniform ramming. DBesides
these bars, pieces of wood (- soldiers ™), L shaped pieces of iron .
(- gaggers ), spikes, nails, and brads are used to assist in hold-
ing the sand in place. The inside of the cope, the bars, the ends
of the soldiers, gaggers, ete.,
are usually clay-washed to
male the sand adliere better.

The tools needed for a
school outfit may be limited
to the following : —

A small shovel.

A 12-inch brass wire sieve
or riddle #-inch mesh.

A molder’s trowel, 17X 4".

A }-inch lifter.

A draw-spike, 3" diameter
by 6” long (see Fig. 104).

A large draw-spike, §” di-
ameter by 8” long.

These draw-spikes should be made of round tool-steel drawn
to a long, square point. f

A vent-wire (Fig. 105) consisting of a stout knitting-needle
six or eight inches long inserted in an awl handle.

A couple of rammers (Fig. 106),
one 1% inches in diameter, the other
8 inches.

A half-pint tin can (Fig. 107) with
perforated top for sprinkling parting-
== sand.

The aboveare needed by each pupil.

A six-quart sprinkling-can will
suffice for four or five pupils. Simi-
larly, a six-quart milk-pail (with strainer removed from the
spout) will be needed if plaster be nused to fill the molds.

Several conical wooden plugs (Fig. 108), a straight edge, a.

D
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Fia. 104. Fic. 105. Fia. 106.

Fie. 107. Fie. 108.
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small sponge, and a piece of tin two or three inches square bent
as shown in Fig. 109 will be needed by each pupil as a gate-
cutter.

Parting-sand may be any fine powder
which has very little cohesion, whether
wet or dry. A coating of such sand be-
tween two layers of molding sand will
permit the latter to separate (part)
readily. A mixture of bhurned sand and
oxide of iron obtained from the *tum-
bling-box ™ of a foundry is much used
for parting-sand.

The large number of tools used by practical molders in
repairing and finishing molds are not necessary to our work,
and are hence omitted.

The molding-benches should be trough-shaped, not less than
12 inches deep by 20 inches wide at the top. A section of a
double bench is shown in
Fig. 110. The ledges in
the troughs are continu-
ous; they support cross-
sticks and boards. The
benches should be strong-
ly built and in rows al-
lowing at least five feet of
lenyth to each pupil. It
is well to allow the backs
and partitions to come
up high enough to give
places for hanging the
small tOOIS’ and to keeP Fig. 110. A MOLDING-BENCH.
sand from being thrown
into neighboring benches in the action of shoveling or ramming.

Cores and Core-making.

In many cast forms it is necessary to produce holes or interior
cavities. This is done by placing in the mold something which
shall occupy the space which the liquid is not to fill. This
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something must be removable after the cast is made, and there
must be at least one opening for the removal. That which is
so placed in the mold is called a *eore.” The meaning of the
word is also extended so as to include additions to the mold
outside the space to be filled by the liguid where the core is to
be supported, or where an additional cavity is required in order
to make a small projection to the main body of the casting.
Those exterior parts of the mold which are to be filled by the
cores or core-ends are called ** core-prints.”

Fig. 111 gives a vertical section of a mold ready for pouring.
The parts of the pattern have been *drawn:” a central core ¢

parting
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F1G. 111. SECTION OF A Frasg, MoLp, CoREs, ETC.

is shown extending at top and bottom into the core-prints made
for it; there is also an external core, ¢, having a cavity in
itself which is to contain a sort of horn to the main casting.
If the pattern of the horn had been put on the main pattern it
would have been impossible to get the pattern out of the mold,
but by the use of the core it becomes easy. The cope, drag,
and bottom-board are shown in position; the plugs have been
drawn from the pouring-gate G, and the riser R, and fine wire
holes have been made to the points », v to allow the gases to
escape.

Cores are made of a mixture of sand and some adhebwe
matter. , Usually a little flour is mixed with the core-sand.



114 THE SECOND, OR MIDDLE YEAR. [Chap. TIL

This when moistened forms paste, and when dry or baked makes
a firm block. Powdered rosin when heated in the baking will
also fasten the sand. Cores must be porous, and hence they are
usually made of a coarser sand than the regular mold. A
mixture of half molding and half river sand is suitable for
most work. If melted metal is to be poured into the mold the
cores must be well baked and provided with passages (vents)
for the escape of gas, leading out at the ends. If plaster is
used venting is not necessary and cores need be baked only
when they are of weak or delicate shape. Most shapes require
internal wires or rods to insure strength, particularly before
baking. /

Cores are made by ramming the mixture above deseribed into
boxes which internally have the shapes wanted, and are called
“core-boxes.” These will be described later. The sand should
not be so moist as to cause sticking to the sides of the hox.
If it can be easily passed through a §” sieve it will not be too
moist. In ramming the cores use a small ranuner, preferably
an iron rod, keeping an excess of sand in the box and avoid-
ing the formation of layers, which are always weak.  Strength-
ening wires are to be placed in the boxes and the sand rammed
arvound them. Until dried they should be handled as little as
possible and be carried on small iron or tin plates.

In ordinary foundry practice, cores are all prepared by a
core-maker, the molder having nothing to do with their design
or coustruction. In school-work, however, it is best to have
the cores prepared by the pupils themselves.  This being doue
the next step is

Molding.

We will follow the steps of molding the forin shown in Rig.
111, assuming the pattern to be in two parts divided at the.
parting-line.  The first completed step is shown in Fig. 112,

The mold-board was laid on the eross-sticks and the deag
placed upon it bottom up.  The lower portion of the pattern
was then laid on the mold-board. The molding-sand is uow
sifted into the drag and rammed around the pattern, care being
taken to have plenty of sand, to ram uniformly, and to avoid
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layers. When somewhat more than full, the upper surface is
seraped off with a straight edge, and the bottom-board laid on.
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Fiu. 1312, Lower IlALr oF PATTERN IN DRAG.

Now comes the second step. The whole is carefully turned
over and the mold-board is laid aside. The upper part ot the
pattern is now ldid in place, guided by the little pins, and the
cope is put on, guided by its plates, over the pins on the drag.
A thin layer of parting-sand is dusted over the whole. A
runner plug which molds a passage for pouring is set up near
the pattern, and the sand is filled in and rammed, a riser plug
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K1, 118, PATTERNS IN POBITION IN TIIE SAND.

being put on the highest part of the pattern hut not on the
core-print. When the packing is finished, the appearance will
be as in Fig. 118, whicl shows ste) No. 2 completed. a is the
runner, and b is the riser.
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The runner and riser are now drawn out; the cope is gently
lifted off, turned over, and laid on the mold-board. A draw-
spike is driven into the pattern in the drag, and the pattern is
loosened by gentle raps on the spike as it is held by the left
hand. The pattern is then lifted out of the mold, techuically
drawn, by the spike. A gate is now cut from the lower end
of the runner to the mold, using a gate-cutter (Fig. 109). The
pattern in the cope is now treated in the same way, and
drawn. The cores are next placed in the mold, and the cope
being replaced the liquid is poured in, filling the mold as in
Iig. 111.

If molds are poured with plaster it will be found necessary
to have the runners, gates, and risers of ample size, as after
the mold is filled the shrinkage must be supplied through the
riser. The plaster may be kept from bcttmg by gently churning
a rod up and down in the riser.

In preparing the plaster for pouring. use three parts of

vater to two parts of plaster, and stir well while the plaster
is added. 'When about like cream in consistency, pour rapidly
into the mold. Small metal castings can be taken from the
molds in a few minutes. Ilaster castings ¢an be taken out
with care in fifteen to thirty minutes, according to the state of
the plaster when poured, the longer time heing needed for
plaster poured thin. Partly-set plaster must neeer he mixed
with fresh plaster. Mix anew every time.

Cores inviron castings have the paste material so buined as to
be friable and come out easily. With lewd and light alloys
cores are hard to get out, being simply hard-bafed not scorched.
With wet plaster the cores are so softened that they come out
easily, though sometimes stout crooked wires must be left.
Plaster castings may be cleansed by washing, and when dry by
a stiff brush.

In the example given, the pattern had Deen conveniently
divided so as to give a flat or plane parting to the mold. But
partings are often of other shapes, sometimes quite irregular,
and cut with tools in the sand. This will be well illustrated
by the method used to mold a sheave or pulley for a rope.
Such a pattern is made in halves divided across the axis. The
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steps of the operation are simple and easy enough ; the diffi-
culty lies in thinking out the ])rocess.
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F16. 114. IIALF OF GROOVED IULLEY PATTERN IN DRAG.

In 1, Fig. 114, we have half the pattern in the dr ag in the usual
way. In 2, Fig. 115, we have the drag rplled over and an
annular crater made all around the pattern, the outer slope

Fi¢, 115. SHowiNe CONICAL PARTING.

Leing as gentle and smooth as possible, the inner slope being
formed by the pattern itself. DParting-sand is now sprinkled
on both sides of the excavation.
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Fia. 116. MOLDING A RING¢ OF SBAND IN THE (IROOVE.

In 8, Fig.,11.6, we have a mound of sand we]l rammed cover-
ing the upper half of the pattern and filling the crater, but
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separated from the drag by the parting-sand. The mound is
now cut down to a ring around the sheave, the upper slope
being symmetrical with the lower, and left smooth. The cope
is now placed in position, parting-sand is sprinkled ou the ring,
the cope, runners, risers, etc., are put in place, and the cope is
rammed full of sand, as shown in 4, Fig. 117.

There are now three separate bodies of sand in the flask:
first, that in the main part of the drag ;. second, that in the ring
which fits into the groove in the pattern; third, the main part
in the cope.

The next operation, of drawing the pattern, is a. delicate one.
Lift the cope, letting the upper half of the pattern come with
. it. The cope is turned
£ 3 over, the pattern drawn
from it, and the cope
is replaced on the drag.
The entire flask is now
turned over and the
drag is lilted off. The
ring of sand now rests

on the sand in the cope.

The (»thcl: hall of the
INN 4 N pattern 18 now re-
moved, the core is in-

serted into the «print”
in the cope, the gate is cut in the drag (around the erater left
for the ring and not shown in the drawing), the drag is in-
verted and placed on the cope, and finally the cutire flask is
inverted and the mold is poured.

i The rationale of all this may not appear to the novice on the
mere reading, but it will be clear enough when the directions
are taken step by step in the laboratory.
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Fia, 117, BECTION OF FLASK, PATTERN, ETC.

The teacher should begin with simple forms, then proceed to
examples like those given above. Ile will readily sce what
intermediate steps are necessary, and will scé his way to mold-
ing gradually the parts of an engine, and certain details of
architecture.
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The pioneer class of a school may find it necessary to take
some pattern-making before molding, in order that patterns
may be ready for use in the molding-room. This will however
soon cure itself. To a great extent the method of uniform
lessons should be followed, and the pupils must not try to run
till they have learned to walk. Complicated foliage forms and
the use of wax for making plaster molds are not recommended.

Pattern-Making.

Assuming that the use to which a foundry pattern is to he
put is understood, the first consideration is that of «draft.”
Draft is a modification in the form of a pattern for the purpose
of making it possible to withdraw the parts of the pattern
from the molding-sand which has been compactly rammed
about them. Hence all pieces which are molded must be
made tapering so that they may be taken from the sand with-
out breaking or disturbing it. Many forms from their natural
shape are readily drawn from the molding-sand, but the
majority require special adaptation.

A second consideration is the allowance made to permit
Jinish in shops subsequent to the foundry.

As a rule cast forms are only approximately correct in shape.
The exact form of the finished piece is contained in the piece as
cast, as the statue is in the rough-hewn block of marble, and
the aim is to have just enough excess of material to permit of
a true and economic finish.

In some branches of work, —stove-work for exa,mple,—ﬂ)e
working patterns are of iron, and the cast-work approximates
very «closely to the required dimensious.

In a manual training school, pupils may form some idea of
what is practicable in ordinary casting. Of the location and
amount of the extra material to be removed in finishing, the
pattern-maker must be informed. '

A third consideration is that of allowance for shrinkaye of
the casting.

Allowance for draft varies with circumstances, but a fair
average for minimum draft may be taken as }” in a foot, or
1in 96.
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Allowance for finish varies greatly, but for surfaces likely to
be cast true and sound %" may be taken as enough.

Shrinkage is also a variable quantity depending on the metal
and upon the form of the casting. Pattern-makers’ rules are

made 12}” standard to the foot and graduated proportionally ;
hence 1 in 96 may be assumed as an average allowance for
shrinkage. R

These allowances are all to be added to external dimen-
sions.

For example: suppose a casting be required suited to a
finished block 24”7 X 18" X 6”.
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Fia. 118. ALLOWANCES IN THE SIZE OF PATTERNS.

The pattern is to be molded flat side down. Sec Iig. 118.

Nothing need be added to a; and b, for draft, but cach is to
be increased by 45 of itself, for shrinkage, and cach face is
to have % of an inch for finish. The dimensions of the
base will then be: a; = 24 4 } + % + % = 24} inches, and
by =18 + 3§ + % + ¢ = 185 inches.

Similarly the thickness is to 1)0 o =0+&+5% + i =
The dimensions of the top are to be increased still more 101
draft. As the block is a half a foot thick, the allowance on
each side should be § of § = 3% incly, so that 3 of an inch more
is to l)e added to each dimension of the top, which is therefore

by = 24} X 187,".
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Thus we see that tho we want a plain rectangular block
24”7 X 18" X 6", the pattern is the frustum of a regular pyra-
mid, one base being 24} X 187", and the other 243" 4 1857,
and the thickness 6%. This example will suffice to show how
the main dimensions of the pattern are to differ from those
of the required piece when finished.

Very small details are often wholly covered up in the pattern.

The rapping of small patterns will frequently enlarge the
dimensions of a mold by 4% of an inch or more, so that pieces
less than about 6” in length really need np allowance for
shrinking, and hence the saying for such work: ¢ Rappage will
equal shrinkage.”

The wood used ‘for patterns should be straight grained and
thoroughly seasoned.

Hard woods are often used on fine and delicate patterns, but
pine is most used for general work.

It is best in arranging a pattern to have the grain of the
several pieces run parallel. Shrinking (in the pattern itself,
on account of drying) then takes place in the same direction on
each piece, and the pattern holds together. If the grains are
placed transversely, the tendency is fox the shrinking to tear
the joints apart, and to cause irregularities in surfaces that
ought to be free from them.

Thus, if in Fig. 119 the sloping sides be finished smooth at
first, after a time they will take the shape shown, the top piece

becoming narrower while the lower "( \‘
/({/ﬂf W=

one retains its length, an irregu-
Fi@. 119. EFFECT OF BURINKING.

larity that would destroy the draft.

In spite of waterproof varnish,
continued use loosens glue; hence ,
dependence must not be put on
glue; it should be supplemented with nails or screws. All
gluing should be done very neatly, leaving none on outside
surfaces. Wire nails now so generally used are by far the best
for pattern-work.

As a general thing even in small work it will be found better
to produce a given shape by building up rather than by cutting
out from the solid. To illustrate: Suppose a pattern waunted
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of the form shown in Fig. 120. It is possible by sufficient care
and skill to produce it from a solid block, but it would involve
working out the channel, keeping the sides and bottom true and
at the proper angles. Moreover, the finish with sand-paper
before and after varnishing would be difficult. On the other
hand, if a bevel be set*at the angle suitable for the draft, a
piece far the body and single pieces for the two ‘ribs may be
prepared with a plane. These pieces can be easily sand-papered
and varnished in detail with no internal corners to reach, and
when ready they may be put together with a few nails. With
a given degree of skill a much more accurate pattern will be
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Ki16. 120. BUILDING UP PATTERNS.

——

the result. The point of finishing parts in detail before nailing
up into shapes hard to secure in any other way is well worth
bearing in mind. | '

Patterns are necessarily exposed to dampness and should be
well protected against it. One of the best means is thorough
varnishing with shellac varnish. After the pattern is smoothly
finished, the first application of varnish raises the little filaments
that have been rubbed down. When dry these filaments are
brittle and the surface is rough: light sand-papering will break
off the fibers and prepare the surface for a second coat of
varnish. Four or five such coats are usually sufficient.’ It is
‘customary to use black varnish on the main parts of fine
patterns, and light varnish on the core-prints, which gives an
excellent appearance., The best light varnish is made by dis-
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solving gum shella¢ (orange or white) in grain aleohol, no
special proportions being required. For- black varnish, stir
lamp-black into the light varnish. A much cheaper varnish, is
made by using in the same way wood alcohol instead of grain
alcohol, for light color, but lamp-black causes this to curdle;
hence it is unfit for the black varnish.

From what has been shown under the head of molding, it
will be seen that it is desirable to have a pattern divide or sepa-
rate at the plane of “parting.” The parts are held in proper
relation to each other by two or more pins fitting in corre-
sponding holes. The pins should both be in the same part, and
in the one which should be molded in the cope. The pins should
fit snugly, but not bind in the least. They should be put in
square with the parting.plane, and be short with rounded ends.

Y N

27 parting

Fre. 121. SUBDIVISION OF A PATTERN.

The only general rule about deciding where to divide is that
it is desirable to have each part remain in its place until rapped
and drawn with the drawspike. Sometimes it is best to have
more than one separationr in the pattern even if there be but
one parting in the flask. This is the case where the pattern is,
deep and safe rapping is difficult. This is illustrated in Fig.
121, which shows a separation between the deep rib and the
broad top. The rib is to be rapped and drawn after the broad
part over it has been removed.

In the case of an external core, we make the ¢ print” and
core of the easiest shape to mold, according to the situation.
Core-prints must be long enough to ensure supports to the
weight of the core without crushing the sand. Core-prints
that go into the drag of a flask are made as straight as possible,
gince they hold and sustain the core during the closing of the
flask. Those that go in the cope should have a more decided
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taper to ensure proper closing, even if slightly out of line at
first. The pins and sockets of the flask itself should have a
perfectly easy but snug fit.

Cases sometimes occur in which it is desirable to have a
small projecting piece on a pattern at a place where, if attached
to the main portion of the pattern, it would render drawing
impossible. In many such cases the projection is made separate
and attached to the main part with pins or dove-tails, so that
the main part may be drawn first, and the projection. may then
be drawn horizontally into the hole left by the body of the
pattern. A pin may project into the sand and be drawn from
the sand after the ramming of sand has been partly done. This
is really forming a secondary parting, and it is evident that the
principle may be extended indefinitely.

Sharp corners on patterns should be avoided whenever it is
possible to do so. External angles should be rounded off, and
internal corners should be filled with a small, quarter-circle
outline, technically called a fillet. Strength of form and ease of
molding demand this.

When possible, fillets should be of solid wood, but in many
places wax is a very good substitute and is more easily applied.
The wax should be worked into fine rolls between two boards
which are slightly warmed. These rolls are laid along the cor-
ners to be filled, and forced evenly into their places by a round-
ended tool of iron or steel which has previously been warmed
just enough to make the wax yield readily to its touch. In a
similar way, accidental holes in the patterns may be filled.

Core-Bozxes.

From what has been said of, core-making, it will be understood
that a core-box ought to be made with a view to getting the
core out with the least strain on it. It is far best to remove
the box from the core, instead of the core from the box. This
rather obscure remark may best be understood by considering
the case of a rectangular core. If a box with a mere cover
were made, draft would be necessary to make it possible to get
the core out, and then with danger of breaking. Ilence the
box is made open at two opposite ends or sides, as shown i
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Fig. 122. The box is divided along the zig-zag line JJ, while
the upper and lpwer ends are open. The halves are clamped
together, and the box is placed on end on a flat piece of sheet
iron or tin, and then remains in that position while the core is
rammed. The box is then unclamped and the parts are drawn
apart, as shown by the arrows, leaving the core standing on
the plate. It may then be
carried to the baking-oven I 2
with small danger of break-
ing. This method of making
boxes should be applied to
all forms. Cylindrical cores
should be left standing on :
their ends. & -
Very often a core may be Fie. 122. Hom‘iz::'rézxi?cﬂon OoF Box
made in halves and pasted R
together. In such cases a half-box and the plate will suffice.
The building-up method should always be followed in making
core-boxes, from the difficulty of executing accurate hollow
forms, and for convenience in separating. The inner surfaces
of core-boxes should be protected with shellac varnish, as
described above for patterns.
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CHAPTER IV.
THE THIRD, OR SENIOR YEAR.

IKE other schools the Manual Training School suffers a
loss of students as the classes progress in their course ; but
unlike most it holds a majority to the end. Hence our divisions
will be smaller, but we shall still keep them three in number.!
I shall put the maximum in each division at twenty. It will be
observed that I make no provision for an instructor assistant to
the teacher of a division. In this respect I differ from excellent
educators. It is proper that I should give the reasons for my
preference. ‘

1. In the first place, the presence of an assistant in the care
of a single division involves indirect responsibility, which

" should always be avoided if possible. It is impossible to define
the respective duties of principal and assistant. To define them
clearly would be to subdivide the section.

2. The teacher who with an assistant has charge of a division
of thirty or forty boys is much less sure of his ground than
the teacher with twenty under his sole direction. He can not
know where they are, what they are doing, what difficulties
they are meeting, what difficulties they have met and overcome,
nor just what suggestion or help they need, when he has not
personally seen both their work and their working.

3. He who has given the class directions and personally
illustrated the method is the only person competent to criticise
those who attempt to follow those 'directions. An assistant
may come pretty nearihim, but there is always a sense of
uncertainty, and the opportunities for honest, but unfortunate,
differences of opinion are greatly increased.

! See page 11 1n regard to attendance.
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I grant that if a division is to scatter, and, like the brothers
Curatii, to string themselves out in Indian file over the whole
series of exercises, or over the whole range of practical work
which the shop may unwisely and prematurely undertake, —1I
grant that under such circumstances an assistant, or even
several assistants may be necessary. As the class scatters,
and becomes a sort of go-as-you-please, every-man-for-himself
collection of individuals, all of the characteristics of a school
disappear, and class-methods are at an end, and very few pupils
can be instructed in new work by one teacher. I was very
sorry to ‘observe this state of things in several otherwise excel-
lent European schools, and I learn that it is always character-
istic of the Swedish ¢ S15jd " schools. [See Chapter XIV.] The
aim appeared to be to get through with a particular series of
exercises as soon as possible. The rapid workers (not neces-
sarily the best) soon distanced their fellows, and worked on in
virtual independence. They completely lost the wholesome
effect of class comparison and criticism in which good and bad
points should be made prominent, and where what Dr. Harris
calls the “leverage of the class” should be utilized to its full
extent to stimulate individual intelligence.

So also if a shop takes orders and manufactures for the mar-
ket, there should be several assistants who are at the same time
workmen standing ready to do those parts which can not be
left to the uncertain hands of untrained lads.

I think that no competent teacher would wish to have an
assistant in teaching a division in algebra, or Latin, or English
composition, or drawing. If the division were too large for one
teacher, he would subdivide it and place the assistant in direct
charge of one part. Perhaps I have just Italicized the word
which explains the whole matter. If the person who lectures
and gives general ‘directions to a class is unable to properly’
supervise the practical working of the class, then certainly it is
better for him to have an assistant; and I would advise him to
take his place at the beunch, anvil or lathe, and acquire some
pnmztzve ideas.

The class program is arranged ag easily as before, there being
three teachers and three rooms (including the shop).
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DAILY PROGRAM.

Divis-

ous| 9—10. | 10—11. | 11—12. | 12-1 [1-2.| 2-3. 3—s.
i istory
. i and
I. Machine-Shop. Gig;,ne- L'te(’)f‘tme Science. Drawing.
! Modern
‘Language.
History g {
_and B :
1I. th.e(x;ture Geometry., Machine-Shop. Z |Drawing.| Science.
Modern 2
Language. =
History
_and
III. |Geometry. thef;ture Science. | Drawing. Machine-Shop.
Modern
Language. .

I have assumed that the teacher of drawing is also the teacher
of geometry. Of course this is not at all necessary, tho I think
it desirable. It is more than probable that the teacher of draw-
ing for another class would also be the teacher of drawing for
this class, there being a compensating change in either the
physical or mathematical teacher. This would of course obviate
the necessity of fitting up a drawing room for this class alone.
'As a .matter of fact, it is not easy to find competent drawing
teachers among teachers otherwise well educated. This de-
ficiency will disappear as graduates of manual training and the
higher technical schools become more numerous.!

The mathematics should include the usual books of element-
ary and solid geometry, and enough of plane trigonometry aund
logarithis to lead to a rational study of mensuration. Teachers
of mathematics should beware of trying to cover too much
ground. It is not how muech, but how well, ‘that determines the
character and value of one’s mathematical training. 1 have
noticed with regret that teaclers of secondary schools, particu-

1 In point of fact in she St. Louis School there are four divisions in the Junior,
four in the Mijddle, and three in the Seuior Class, eleven in all, furnishing sufti-
cient work for two teachers devoted exclusively to drawing. The two drawing
rooms are used exclusively as such.
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larly in the West, have been inclined to push their pupils pre-
maturely into the study of analytical geometry and even the
calculus. The inutility, nay the harmfulness of. such efforts
has been only too evident. At best. the pupils get only a very
shallow notion of those vast subjects, and no adequate concep-
tion of the uses to which they may be put; while on the other
hand, they often get the impression, that their understanding
of such subjects is about on a par with the attainments of a
well-taught mathematician, and that their inability to see any
practical use in such studies is sufficient proof that there is
no real practical need of such studies to practical men. No
result more fatal to high scholarship and successful engineering
could be found. A student knows his algebra only when he is
so familiar with its various operations and methods of application,
that it comes as naturally into his hands as an instrument of
investigation as does his arithmetic or the principles of physies.

It is the same with geometry, which is not so much a col-
lection of facts about geometrical figures and solids, as the
embodiment of methods of reasoning which are of the first
importance to every reasoner. Unless a student can readily
block out the steps in the argument without the conscious use
of a word, he can not be said to krow geometry. When a class
is hurried through the subject, not, as is often said, for the
purpose of becoming experts, but for the sake of the broad
culture that is supposed to result, it fails. Neither skill nor
-culture results; it is only a shallow conceit and a misappre-
hension of the whole matter. Such people are without the
training necessary to just appreciation of either sound learning
or high culture.

1 An eminent mathematician and professor of engineering recently told me
that while in a city high school he was put through a whole range of college
mathematics. As should have heen expected, he attained to no comprehension of
the subjects, and decided that he had no mathematical capacity. Of course he
hated mathematics with all bis heart. History however was lLis delight. Later
he wont to a higher institution, where the course was thoroygh, and again he went
over the whole course of pure and applied mathematics with a mind properly
matured. It was a revelationito him. Instead of having no mathematical ability,
he found he had abilities of a high order. He is clearly of the opinion that the
time spent in the high school on the higher mathematics (beyond geowmetry and
algebra) is worse than wasted.
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The science study of the Senior year should embrace practi-
cal and some theoretical chemistry, physiology, and some of
the principles of book-keeping. The comparative inutility of
chemistry without a working laboratory was long ago shown.
No laboratory work has been more thoroughly worked out than
that of chemistry. In nearly all European and English schools
of secondary grade, chemistry is admirably provided for. A
laboratory accommodating twenty pupils simultaneously is really
an essential feature of a manual trairing school. The details
of such a laboratory are easy to find.

Book-keeping is introduced, not for the purpose of making
book-keepers, but for showing how very simple book-keeping is
when its principles are clearly seen. There are countless good
ways of keeping books, adapted to a great, variety of conditions,
and all are perfectly intelligible to a well-taught ‘person, who
understands a few simple propositions. '

The language study may be quite varied in the different
sections of the class. Some will certainly want a year’s study
of French or German, in accordance with the requirements of
institutions of higher education to which many of the boys are
looking forward. Such boys should in common with all the
test of the class devote one day each week to the study and
practice of English composition. The students are now at the
age of seventeen or eighteen years, and are capable of appre-
ciating style, and of beginning to form styles for themselves.
Nothing but a persistent study of the styles of good writers,
and a conscious attempt to imitate them, will lead to the habit
of writing clearly, purely, and concisely.! The principles of
political economy treated in a very elementary way may here
be studied with great interest and profit.

The principles of civies should be quite fully considered in
connection with something like the following scheme. I doubt
very much the use of a class text-book on this subject. A good
teacher can easily lead his class into a very thoughtful study

1 A chapter of Buckle; a lecture of Tyndall; a poem of Longfellow’s: a letter
of Junijus; a play of Shakespere; a life from Smiles; will go far in showing what
really good English is. Above all, avoid the stilted style of Lrving’s West~
minster Abbey, and the extravaganzas of Carlyle and Ruskin,
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of the subject; and the joint preparation of a syllabus will
develop more interest and make a deeper impression than any
mere text-book, however skillfully written.

I suggest a course somewhat like this: —

1. A careful analysis of our scheme of government, national,
state, and municipal, with a general statement of the functions
of each.- If this statement is re-made and re-arranged and re-
illustrated with every new class, the teacher may be sure of a
lively and fresh interest. Fine distinctions and exact limits
must be omitted.

2. The necessary expenses of each of the governments, with a
detail of the institutions which must be supported by taxation.

3. The various methods of levying and collecting tazes in
actual use.

4. The duties of citizenship, such as, —

(a) The maintenance of individual 1nc1ependenee, by earning
one’s own living. -

(%) The contribution of one’s share by tazes to the necessary
expenses of government.

(¢) A prompt and active participation in all measures neces-
sary to secure the selection of faithful and competent public
servants to discharge the duties of legislation and government
i.e., to elect good legislators and officers.

(d) The cultivation of a proper public opinion in favor of
honesty, temperance, and the refinements of civilized life. -

(¢) The contribution of somethmg, small or, great, to the
common weal, beyond the duties in (a), (8), and (¢), whereby
the world may actually be the better for one’s having lived
in it.

If a teacher does no more than to discuss these points with
his class (a few other points might come in, tho I would be
careful not to attempt too much), say twice a week for ten
weeks, and at the end arrange and print a syllabus covering all
the ground gone over, and leave a copy in the hands of each
pupil, he would do a most useful work, and about all it is wise
to undertake in a school of secondary grade. The rest of the -
language allowance of time may be devoted to general history
and the study of Grecian mythology.



132 THE THIRD, OR SENIOR YEAR. [Chap. 1v.

DRAWING.

The drawing takes on this year a more finished shape. For
the first time in their course, the students are prepared to
appreciate and profit by a course of purely geometrical draw-
ing. The object of this is not to commit to memory solutions
of particular problems, or to dispense with - T-square and tri-
angles, but to get some adequate idea of instrumental accuracy,
and a ready command of methods of close approximation. The
teacher should, however, avoid giving, as exact, a method which
is after all only approximate. In an absolutely exact method,
the closer the method is followed, the more nearly exact will
be the result ; if the method be only approximate, the reverse
result is possible.

Line and brush shading of geometrical forms (spheres, cones,
cylinders, etc.), with the outlines of simple, easily formed shad-
ows, prepares for the drawing and shading of forms based on
the geometric, in architectural and machine drawing. A certain
amount of pen and ink sketching, first from copies (to get
command of the style) and then from objects, greatly increases
one’s ability to make a rapid, freehand drawing (projection or
“pictorial,” as may be best suited to the case). In this work
the student should aim at a faultless style of freehand sketch-
ing from actual examination and measurement. If possible
these sketches should be done well the first time, i.e. the student
should not make poor sketches with the expectation of copying
them “in style” at his leisure. The first sketches should be
as nearly perfect as possible; a second set made from them
would have little value except to show how the first should
have been made.

A finished, shaded drawing of some structure or working
machine with full details is intended to finish the course and to
embody nearly all that the student has learned in drawing. It
should include some tracing or drawing with ink on cloth.
The chief drawing should be of large size, and all the work
should be clean and exact. The lettering and border should
be carefully done, and in a style to suit the drawing. This
work completes the year. It may be objected that instead of
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making such an elaborate drawing the student should confine
himself to details in the usual unshaded style, as in practice
the finished drawing is rarely used. My answer is that one’s
school training should always go far beyond the demands of
ordinary practice in order to give that sense of mastership
which comes from an acquaintance with a larger field than that
in which work is actually done. One who has once finished a
drawing, has not only a high ideal, but he has acquired a cer-
tain judgment of what constitutes appropriateness in a drawing.
The only thing I would discourage in drawing is the practice
of methods which appear to be purely arbitrary, for which
no reasons are given, or which are so dependent on descrip-
tive geometry, as not to be within the reach of elementary
students. '

It will be noticed that nowhere do we aim specifically at
artistic culture. The students are not taught to prefer inac-
curacy to accuracy because one is made freehand, the other
with the aid of instruments. To be sure, the inaccurate draw-
ings may involve more skill than the accurate one, and no one
is more ready to appreciate that than our students, and in 'so
far as a drawing gives pleasure by containing evidence of skill,
they ate reasonably quick in their appreciation. A drawing
whose object is to give pleasure may do so in three ways: 1, by
being intrinsically true, harmonious, and graceful; and 2d,
by its display of skill in its approximations; and 3d, by a judi-
cious use of conventionalities.

I claim that the students who have completed the course I
have laid down have an admirable foundation for artistic study
should they care to cultivate it.

. THE THIRD-YEAR SHOP-WORK.

The shop arrangements for the third year are by far the
most elaborate and expensive of all the school apparatus, and
they will often be beyond the means of many institutions which
can readily furnish the wood-working shops. Moreover, the
equipment of the ¢Machine-Shop” will be likely to wvary
‘'widely from various causes. It will scarcely be possible to
maintain rigidly uniform and simultaneous exercises.
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An engraving of a portion of our machine-shop, taken from a
photograph, is shown in Fig. 128.

The kinds of tools which are regarded as typical in char-
acter are: —

The machinist’s vise, heavy and strong.

The machinist’s hammer, and cold chisel, and a set of three
files.!

The engine lathe, the speed lathe, the planer, the shaper, the
drill-press, an emery grinder, a grindstone, and a forge for
dressing and tempering tools.

There are various excellent patterns of tools, and there is
a great range of prices. The tools which our experience of
from four to eight years with several different kinds leads me
to commend are as follows, with an approximation to their
cost : —

Engine Lathe, 14 inch swing, 5 ft. bed, made by the
Putnam Machine Co. , Fitehburg, Mass. . . $250

Planer, 21”7 — 21" — 60", by same company . . . 400
Gooseneck Drill, 25-inch, by same corupany . . . 865

The Shaper . . . . . 350
Speed Lathe, with shoH: iron bed from . . . . 50 to 80
A Post Drill . . ! . . . . . . 40

The present equipment of the St. Louis school contains six-
teen engine lathes, six speed lathes,? two drills, one planer, one
shaper, two emery-grinders, two grindstones, a gas-forge, and
about a dozen vises.

The gas-forge being in use only occasionally, needs no flue.
The air-blast, which in the St. Louis school is furnished by a
Westinghouse brake apparatus, may be produced by a foot or
hand blower, or by a connection with the forging-shop blast.

THE G‘H.ARACTER OF THE TOOL INSTRUCTION.

The students have thus far had no experience with metals
beyond that gained in the forging-shop where heat was the

1 The cold chisels and perhaps the hammers may have been made during the
second yeur by the students themselves.

2 Two of these speed lathes have been made by the third-year clags during the
present year. The details are simple, and with care the boys have been able to
,produce some very good work.
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influence which rendered the stubborn metal tractable and
subservient to the hammer. Very little was attempted with-
out beat ; it was the universal solvent.

Now, however, the metals must be wrought cold. They are
to be cut with the chisel and file, to be planed, to be turned,
to be drilled,—in fact, they are to submit to processes very
similar to those in use in the wood-working shop; but the
tools are to be peculiar, and the methods altogether new to
the boys.

The steel tools must be strong, well-tempered, forged and
ground to specified shapes, and correctly adjusted. A failure
in any one of these respects is a complete failure.

In the following sketch of the functions of the different tools,
and the exercises by which those functions are taught, no
attempt is made at exhausting the subject. What I shall say
will be of value, not to the teacher who should be thoroughly
familiar with the theory and the use of every machine, but to
the students themselves and to parents and supervising officers
in giving a clue to the extent and variety of the exercises.

I shall take up the tools in a logical order, though it will
readily be seen that there may be great variety in practice.

Speed Lathes.

1. Speed lathes, or “hand ™ lathes, are used for: (a) Cen-
tering, (6). Hand-tooling, (¢) Polishing.

(@) Centering consists in pricking, drilling, and counter-
sinking holes in the ends of a cylindrical piece of metal so that
it may be firmly supported on the taper centers of the lathe.
If the piece is irregular, pricks are made by a punch as accu-
rately as possible, and then the piece is put into the lathe and
turned by band. If the adjustment is bad, the side too far
out is readily found by letting it rub a bit of chalk as it re-
volves. New pricks are then made till centers sufficiently exact
are found. The pricked holes are then drilled out by a # inch
drill to a depth of about three-eighths of an inch, the drill being
held by a chuck in the lathe, and the piece held by the hand
against the tail center. The holes are counter-sunk by a similar
method, the countersink having the same taper angle as the
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lathe centers. The holes are deep enough to escape the points
themselves.

Centered pieces when put in a lathe are driven by means of
a “dog.” A “dog” is a ring of metal large enough to fit over
the end of the centered piece, with a set-screw on one side by
means of which it grips it firmly, while on the other side it
has a bent arm which bends back into a face plate which is
screwed to the spindle. The face plate drives this arm (or
tail) of the dog, which in turn carries round the piece.

() Hand-tooling consists of shaping a piece in a lathe by
means of tools keld in the hands. It may have been partially
shaped by machine-held tools. The tools necessarily have long
handles, and are generally either files, the *“round-nose,” or the
“square-jawed ” tools. It is plain that a great variety of tools
may be used. Formerly a great deal of work was done by
hand-held tools. As a rule, spherical, and conoidal surfaces,
with free outlines, are turned by hand; cylinders and cones are
turned by machine-held tools. See exercises Nos. 2 and +.

(¢) Polishing is a process by which surfaces are made
bright and smooth, or by which they are given a ¢finish.” It
is usually done with loose emery powder and oil applied with
a fine stick held in the hands, or by emery cloth and oil, the
stick or the cloth being pressed stoutly against the rapidly
revolving plecej Engine Lathes.

Engine lathes differ from hand lathes in being larger and
stronger, by having ¢back-gears,” and generally by having
screw-cutting attachments. Through the courtesy of the Put-
nam Machine Co. of Fitchburg, Mass., I insert a cut of their
14-inch lathe as Fig. 124. When a piece of large radius is being
turned, it should turn very slowly and yet with force enough
to overcome the resistance of the cutting tool on its extreme
part. This double result is effected by means of the “back-
gear,” which is readily thrown in and out. By means of the
cone pulley and the back-gears, a great variety of speeds may
be obtained tho the counter shaft moves with uniform velocity.
The student should calculate the method of securing the proper
speeds '



138 THE THIRD, OR SENIOR YEAR. [Chap, IV,

The speed with which pieces should turn depends upon the
diameter of the part under the tool and the hardness of the
material. The cutting always produces heat, but this heat
should not be high enough to affect the temper of the cutting
tool. The usual speed for a cutting tool is from 17 to 19 ft. per
minute. A tool cutting steel and wrought iron should be well

Fre. 124. A 14-1NCH ENGINE LATHE.

oiled, while those cutting cast-iron may be dry. The reason is
that the chips of the former do not break, but bend and slide
along on the'end of the tool more or less, producing heat from
friction unless oiled. Cast-iron chips break off quickly, so that
oil is generally unnecessary. A “tap” cutting an internal
thread should always be.oiled no matter what the material, in
order to diminish the heat of friction. Instead of oil on an
external tool cutting iron or steel, soda water, or water alone
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is often used for lubrication (and smoother cuts) and for keep-
ing the tools cool. The size of a cut depends upon the hardness
of the piece, the speed of the lathe, the length and strength of
the tool. Experience is necessary to appreciate these matters.
 The principal tools used in a lathe are the *squaring-up”
tool, the *“diamond-point,” the *round-nose,” the *thread-cut-
ting ” tools, and the cutting-off or “parting > tool. The shapes.
of these tools are the result of years of practice and experi-
ment, and their characteristics should be carefully noted. The
students have already become familiar with their proportions,
while forging"them during the previous year. It is a good plan
to have a standard set of tools ground to definite dimensions by
the experts of a first-class shop, and to keep them for compari-
son only, while dressing and grinding the tools to be used in
the lathes.

The teacher will not attempt to explain the entire lathe
short of several lectures. Its various mechanisms are to be
shown and their uses illustrated. Cylinders, cones, shoulders,
right and left V-threaded screws, right and left square-threaded
screws illustrate the simplest exercises. The feed table may
generally be driven by a belt, but the cutting of a screw requires
gears that cannot slip. The class should be shown not only
how to use the directions attached to the lathe for cutting
certain numbers. of threads per inch, but they should under-
stand how to select the right gears independently, for any
humber of threads.

The uses of back-rests, center-rests, mandrels, face-plates and
chucks are to be shown in succession. The cutting of threads
in nuts and interior work requires special tools.

It will soon be evident that though the lathe may be an
instrument of great precision, good work will not be done
unless it is intelligently used. The cutting tool and the piece
to be cut must be mutually adjusted in perfect harmony with
the theory of the machine or the attempt to use it will be a
failure. '

No attempt should be made to exhaust the capacity of a
lathe. The expert will see that I have named but a small part
of its possible uses.
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The Planer.

The planer may come next. This tool is used for making
plane surfaces, for reducing to umiform thickness, for beveling
and for cutting slots or grooves. The theory of the planer is
easily presented and very interesting. The methods of adjust-
ing and clamping the work are most ingenious. The exercises
on the planer should involve several of its most important
adjustments. No change of speed is admissible on the planer.

The Shaper.

”

The shaper, or “jumper,” as it is often called, is a small
and rapid planer. The tools used are the same and their use
similar; there is however this difference: in the planer the tool
is stationary while the work moves; in the shaper the converse
is true. In each machine the return motion is more rapid than
the advance. The construction and use of the shaper are

readily learned. .
The Drill-Press.

The drill-press has a large range of work, and is easily under-
stood. I give a cut of this truly elegant tool in Fig. 125. Like
the lathe it has a combination of cone pulleys and back-gears
for regulating both speed and power. It has both hand and
power feed and a quick return of the spindle. The small tools
used in the drill-press are: drills, twist-drills, chucks, boring
bars, and cutters. The chief difficulty in using the drill con-
sists in properly supporting or clamping the piece to be drilled
or bored. A smaller post-drill may be thought sufficient for a
small shop.

After general lectures on the planer, shaper, and drill, single
students are put at each, and are closely watched and instructed
by the teacher personally. As soon as they are familiar with
their work, they are set to teach what they know to a new set
of boys. Later on these last boys become teachers of a third
set, and so on till each has become acquainted with the tools
and has executed the specified exercises; the supervision re-
quired from the teacher is thus reduced to a minimum. Mean-
while the lathes are kept in systemnatic use.
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In all machine-work the great practical difficulty lies not in
the proper adjustment of tools and of work for rigid material, but

R
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Fia. 125. “ GOOSE-NECE DRILL,” PUTNAM MACHINE COMPANY, FITCHBURG, MASS.

it arises from the springing of both tool and work when under
strain. No tool is so rigid as not to bend, and no piece can be
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so securely clamped or supported as not to yield when subjected
to pressure, and the yielding is greater for points farther from
the supports. Hence, pieces which should be long cylinders
are larger in the middle than at the ends; screws which easily
receive nuts at their ends, bind persistently farther down ; and
8o on in various ways. Again, iron and steel are not homoge-
neous; cast-iron in particular is full of inequalities. Hard spots
are found where the tool bends excessively. This may not be
visible to the eye, but it makes itself known in the case of snug
fits. The necessity of running the tool over the work a second
time for the purpose of removing the inequalities due to unequal
hardness becomes obvious in actual work. Good judgment in
dealing with these difficulties is the result of intelligent obser-
vation and continual practice. In no manual training school
can one expect much practice ; consequently the students cannot
be expected to have the skill which only practice can give. A,
great deal has been accomplished if the students have seen the
real nature of the difficulties, and the necessity of a wide expe-
rience in order to successfully meet them all. The necessity of
clearance in the care of every cutting tool is very great. In
the first place it saves unnecessary friction and heat, and in the
second it saves a great loss of power. The teacher will do well
to illustrate this important point by the use of tools of improper
shape, and so show “how not to dq it” by developing great
heat and heavy resistance.

Bench- Work.

. Bench-work consists in the use of hand-tools at the vise, and
mainly consists in ¢chipping ” and “filing.” Chipping is cut-
ting with a chisel, usually called a ¢ cold ” chisel, as it cuts cold
metal. Each student should have a chisel properly forged and
tempered by himself during the previous year. It is possible
that a hammer may have been made, but as a rule the machin-
ist’s hainmer is beyond the skill of a novice, and only good tools
should be used. Chipping is rather rough work, and very
moderate exercises should be given. The student should learn
the difference under the hammer between cast and wrought
iron, between soft and hard steel. He should know when the
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chisel may be used to advantage, and when not. Great skill in
striking should not be aimed at. Great care should however
be taken to have the chisel in good order and to show its proper
position for cutting. It is perfectly proper to use a thick,
leather glove on the left hand ; no useful end is accomplished
by injuring one’s hand by a wild blow of the hammer.

The chipping exercises may properly consist in taking off cor-
ners, in chamfering two adjacent edges, in cutting a slot, etec.

Filing, tho not hard work, requires great patience and atten-
tion to style. Each exercise given should be brief, and should
distinctly teach one thing. Filing may relate to quantity or to
quality. Special shapes may be required, or special surfaces.
Then there is a great variety of material. It is a great mistake
to spend a great deal of time in an attempt to do a very difficult
thing, such as making a set of absolutely plane surfaces, instead
of having a large range of simple exercises, many of which may
be executed on the same piece of material. - If the student
knows when each variety of file is to be used, and how to use
it fairly well, and when the file is in order and when not, when
to draw a temper before filing, and when to first chip or use a
drill or planer —he has learned what is far more valuable than
the experience in a probably futile attempt to make a pair of
swrface plates.

EXERCISES IN IRON-WORK.

The special exercises by means of which the uses of the vari-
ous tools are to be taught may vary greatly. The following
list is given, not because they are better than any others, but
because in our shop many of themn have well borne the tests of
several years’ experience. The stock in some of them admits
of use year after year, the dimensions required being changed,
until it becomes practically used up. Special reasons may lead
to modifications, but these exercises will serve well as a basis.
In the fittings of a wood-turning shop, face-plates are needed,
and they may very properly take the place of certain lathe
work in the machine-shop.
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No. 1. (Fig.126.) Plain cylinder. Stock, wrought-iron, one
inch round, 6} inches long. After it is turned in the engine
lathe, the piece is filed and polished in the speed lathe.

Fra. 126.

No. 2. (Fig. 127.) Taper piece. The stock may be found
in No. 1. The shoulders of the chambered part are to be kept
square, while the head end of the piece is to be turned spherical.

Turning the taper is one of the most llltBIEbtlllg operations
of the lathe.

Fia. 127.

No. 3. (Fig.128.) Right- and’ left-handed screw. Stock
same as Nos. Land 2.* The central groove is cut aud the ends
are turned down before the threads are cut. There are ten

PR

Fie. 128.

V-threads to the inch. It must be borne in mind that all the

cutting-tools except the files and drills are made and kept in
order by the students themselves..
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No. 4. (Fig. 129.) Finished handle. Stock 13", round
iron, 4§” long. The handle is approximately formed and the
thread is cut in the engine lathe. In the speed lathe, by the use
of hand tools, the free outline of the handle is obtained, and then

Tre. 129,

the main portion is given a high polish. The thread is of the
standard description, so that the handle might replace one on
the lathe itself.

No. 5.* (Fig. 130.) Bolts and nuts. The stock consists of
blank bolts and nuts with an excess of %" of material on every
side. Each student makes three of these bolts and three of a
slightly smaller size. Every surface is to be well finished.
The threads in the nuts are cut with a tap, and the three nuts
are put in a common mandrel and planed to the required
hexagonal form in the “shaper.” Ervors in the final dimen-

RS IRENES
|

F1c. 130.

sions—and of course there will always be errors—are con-
sidered in the marking of the exercise.

No. 6. (Fig. 131) Parallel piece. This involves planing,
drilling, chipping, and filing. Stock, cast-iron, a rough block.
This is planed down very closely to exterior dimensions. The
outline of the central hole or slot is traced, and holes are drilled
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within the line, and the core is taken out by the broach. The
interior is then chipped out and filed. The planer, the drill-
press, and vise are employed in this exercise. The aim in filing
is to produce plane faces
to the slot, parallel to
the sides and ends of
the piece. All the faces
exterior as well as in-
terior are to be finished
by hand. The exercise
is very difficult. Only
fair results are to be
required. The skill of
an experienced workman
‘ is not to be expected.
No. 7. (Fig. 132.) Similar to a valve seat. Planing, chip-
ping, and filing. This exercise involves some of the preceding,
with more difficulties in adjusting the piece in the planer. The
- piece is used several
years in succession.
Each year the dimen-
sions of the slots are
increased, while the
exterior dimensions are
diminished. All the
surfaces worked are to
be left true and pol-
ished. The stock to
‘begin with was a rough
iron casting, about
eight inches long..
No. 8. Chipping off
rivets. See Fig. 82
among the .forging ex-
ercises. Last year the
student put in these
six rivets to the best of his ability; he is now to learn how and
with what labor they may be cut out and the plates sent back
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to the forging-shop to be reriveted. With care the drilled
holes may be left uninjured, and the plates may be used over
and over again for sev-
eral years.

No. 9. The dog. See
Fig. 90 among the for-
ging exercises. The main
shank is now to be cen-
tered, the head dressed,
drilled, tapped, and fur-
nished with a steel set-
screw with a hardened
point. The dog will then
be available for use in the
lathe. If the supply of
dogs is ample, a new ex-
ercise in drilling may be
substituted.

No. 10. The pin and
flanged nut. Fig. 133
gives two views of the
pin, and a section of the
flanged nut. The mate-
rial is all cast-iron. The
exercise contains a great
variety of points, and calls
into use,many tools and
processes. Both threads
are cut on the lathe, and
all surfaces are to be fin-
ished. It is obvious that
the pin may be used a Fia. 133,
second .time, with less, .
dimensions; the flanged nut may be used with a larger pin.

No. 11. Shaft couplings. Fig. 184 shows how two pieces
of shafting may be coupled together, and how flanged collars
and pulleys may be fitted to the same. All except the pieces
of shafting are shown in section, and four kinds of fitting are
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illustrated. The combined piece is finally finished in the lathe
as a unit. The disks are usually about five inches in diameter,
and the whole length is about
fourteen inches. The flanges are
of cast-iron, while the shafting is
wrought-iron. Each of the “fits”
has a method peculiar to itself,
and gives opportunity for valuable
experience.

In marking the results of this
work the teacher should deter-
mine his scale as he goes over
and explains the work before the
class, and this scale should be
fully known and understood by
the class. Moreover, the work
should be passed upon at every
stage.. A poor job of lathe-work
should not be covered or con-
cealed under a long job of filing
in the speed lathe; nor should
one error in dimensions be. can-
celed by another. The methods

Fie. 184 by which a result is reached
should be marked as well as the concrete result itself.

!

Projects.

When these exercises are finished, a variety of combination
pieces may be executed by the members of a class jointly or-
separately. These projects should be carefully matured, detail
drawings of all the parts should be made, often patterns should
be made for cast-ivon work. Jack-screws, speed lathes, electrical
apparatus, and small engines furnish abundant and interesting
work on which to combine the exercises into particular shapes.
There is great danger, however, of undertaking too much.

I strongly advise against undertaking work so large that
much of it has to be done outside in commercial shops. The
tools I have described and used are small when compared with
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those in actual use in large establishments; and I suggest that
the class be taken to see large and heavy work done as soon
as they have had experience in light and easy work.

My readers will of course observe that I have not tried to
make a factory out of our school-shop. No defence of my
course ought to be necessary, but there are so many people
who think that the moment we put the theory and use of
tools into a school curriculum, we must abandon approved edu-
cational methods and transform the institution into a manufac-
tory, that I have elsewhere discussed this point at some length.
I must refer my readers to that discussion in subsequent
chapters. They may be sure that this discussion forms no part
of the school proper. '
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CHAPTER. V.
THE RECORD AND TESTIMONY OF GRADUATES.

N Chapter VIIL I shall give in detail the “ Fruits of Manual

Training,” partly a priori, and partly as seen by one actually

in charge of a manual training school. I now propose to give

the results as shown by the roster and testimony of our
graduates.

I am well aware that I am undertaking a dangerous task.
In the first place, it is difficult, if not impossible, to tell what is
and what is not the result of our training. In the second place,
the testimony of graduates is liable to be biased in favor of the
course they took, on the principle that one should speak well
of the bridge that brought him over, even if it is a very poor
bridge. This difficulty I must share with others; and as my
graduates are not more prejudiced than the graduates of other
schools, their testimony must not be unduly discredited. In
the third place, the time is all too short for full results to
appear. I can not point to a long list of worthies who date the
beginnings of honorable careers with their training here. Our
oldest graduates left us less than four years ago. But I am
willing to trust the future. Such testimony as I can give is
submitted with confidence and a desire to be both frank and
fair.

The -following circulax letter will explain’ how I went about
my investigation : —

ManNvaL TraINiNG Scrroon, 8r. Louis, July 24, 1886,

Drar Sir,—1In a book soon to be published, I desire to give as fully as
possible the statistics of the graduates of the Manual Training School for
the purpose of showing (so far as such things can be shown at this time)

the results of the training afforded by the school. No names will be used
in my analysis of these statistics, so 1 hope you will write with the utmost
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frankness. I wish to get at the TrRuTH both when it makes against our
school and when it makes for it. If I quote from your letter I shall not
give your name, though your classmates may be able to infer it.

I wish to know: —

1. Your address and the precise nature of your present or prospective
occupation; and if employed, how you are classed on your employer’s books.

2. If employed, your present (or recent) wages per month or year.

3. How your position and pay compare with those of other young men of
your age in the same or similar establishments.

4. What you now think of your training at this school; its good points,
its deficiences, its advantages, and its disadvantages.

5. Under what circumstances would you, or your parents, or your em-,
ployer advise a young man to come to this school.

6. What your employer or immediate superior thinks of the result of
your school training; as to general intelligence; habits of prowmptness and
precision; as to skill of any kind; as to ability to understand what is new,
and to do as you are directed; as to your ability to bear responsibility, and
to direct othels as to your ingenuity; as to your defects and failings; as to
your manners and general habits. Would he be dlsposed or not to give the
preference to a graduate of this school, were he in 'want of a new clerk,
assistant, draughtsman or apprentice workman, from eighteen to twenty
years of age. ‘

I suggest that you answer the first five questions yourself in a carefully
written letter to me, and that you then placé this circular in the hands of
that one who can best reply to questions 5 and 6.

Wishing you the highest success, I remain your friend,
C. M. WOODWARD,

Director.

I shall first give as fully as I can the present occupations of
my students; this will show their positions in society. Sec-
ondly, I shall give the average monthly wages of those who are
earning money. Thirdly, I shall give extracts from the letters
T have received in, response to my circular. And here let me
add, that in all this I evidently put my best foot foremost.
The unsuccessful graduates are not likely to answer my letter,
and though it would be manifestly unfair to assume that those
who have not responded have nothing favorable to report, it
is unquestidnably true that those who have mnot written me
would make on the average a poorer showing than that given
below. + How is it with the records of graduates of other

schools ?
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THE OCCUPATIONS OF GRADUATES.

Class of 1883.

Henry H. Bauer, Farmer, Dorchester, Ill.

John Boyle, Jr., B.E.} Fifth-year student in Mining Engineering, Wash-
ington University.

John L. Bryan, Head Turner in Pipe Works, Washington, Mo.

Alex. W. Buchanan, Student in Mechanical Engineering, Cornell University.

Peyton T. Carr, Clerk, Officé of Insurance Comimissioner.

Edward E. Davidson, Partner in Real Estate Business, St. Paul, Minn.

Cornelius V. De Jong, Machinist.

Harry Deitrich, Machinist, Draughtsman, Patternmaker, etc., Brass Foun-
dry, St. Louis.

William S. Dodd, Collector, Laclede Gas Works, St. Louis.

Henry F. Dose, Student, University of Illinois.

Wm. J. Downton, Architect’s Office. '

Theo. Gluck, Senior Class in Mining Engineering, Washington University.

S. D. Hayden, Clerk in Southeastern Railway thce

Robert L. Hyatt, Farmer, St Louis County.

Counrad S. Ittner, Jr., Bricklayer.

Win. B. Ittner, Student in Architecture, Cornell Umvemmy

Albert L. Johnson, Senior Class, Civil Engineering, Washington University.

‘Wni Love, Assistant Engineer, Missouri Pacific Railway.

Harry W. Lytance.

Robert H. MeMath, B.E., with Adolphus Meier & Co., St. Louis.

Otto L. Mersman, Merchant, St. Louis.

Wm. G. Nixon, Clerk, Supply Departinent, Iron Mountain Railway.

Everett G. Phillips, Engineer and Shoemalker, St. Louis.

Wm. K. Roth, Grocer, St. Louis.

Justus W. Schmidt, Draughtsman, Architect’s Office.

Greenfield Sluder, Medical Student.

Jules C. Smith, Machinist.

Herbert Taylor, Salesman, Simmons Hardware Co.

John P. Thul, Senior Class, Dynamic Engineering, Washington University.

John F. Vallg, Clerk in Comumission House.

Class of 188}.

Grant Beebe, Senior Class, Dynamic Engineering, Washington University.
A. Theo. Bruegel, Senior Class, Mechanical Engineering, Lehigh University.
Geo. R. Carothers, Principal Technical School, Cincinnati, Ohio.

Walter R. Coles, Clerk, with John Coles & Co.

1 The degree of B.E., Bachelor of Engineering, is at presont given at the
end of the fourth year of the Engineering Coursus in Washington University.
Since this chapter was prepared for the press, Mr. Boyle has taken the full pro-
fessional degree of “ Mining Engineer.”
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Clande N. Comstock, Senior Class, Civil Engineering, Columbia College, N.Y.

Geo. D. Eaton, Assistant, High School, Marine, 11l

Alfred C. Einstein, Stenographer, St. Louis & San Francisco Railway.

Hamilton R. Gamble, Clerk wholesale Drug-store.

Charles D. Grayson, Practical Mailer, St. Louis.

Geo. N. Hinchman, Jr., Draughtsinan in Office of Patent-Lawyer.

Erpest C. Klipstein, Draughtsman, Real Estate Office.

Charles A. Langdon, Clerk.

James L. Marks, Machinist, Shops Mo. Pac. Ry., St. Louis.

Constant Mathey, Salesman with Mermod, Jaccard & Co.

Alexander D. Mermod, Ranchman, Poncha Park, Col.

Ralph H. Miller, Superintendent, Toledo Manual Training School, Toledo, O.

George S. Mills, Teacher of Drawing, Toledo Manual Training School.

William O’Keefe, Shipping Clerk of Machinery.

Otto H. Olfe, Draughtsman and Superintendent, with W. E. Bent, Archi-
tect, St. Louis.

Harry M. Pflager, Head Draughtsman, Pullman Car Works, St. Louis.

John H. Pope, Senior Class in Civil Engineering, Washington University.

Edward L. Pretorious, Clerk Business Department Westliche Post, St. Louis.

Wmn. F. Richards, Clerk in Office of Vandalia Railroad.

Harry C. Scott, Clerk in Railroad Office.

Percy 8. Silver, Manufacturer, Lexington, Mo.

Charles F. Springer, Merchant, Chicago.

H. Reed Stanford, Senior Class, Civil Engineering, Washington University.

Homer Wise, Foreman, Collier Lead and Oil Works, St. Louis.

Edmund H. Wuerpel, Student of Drawing and Architecture.

Harry B. Wyeth Junior Class, Michigan University.

Class of 1885.

Wm. F. Barnes, Teacher Manual Training School Eau Claire, Wis.
Hatcher Bates, Farmer, Mo.

A. M. Bumann, Teacher Manual Training, Omaha High School, Neb.
King Charles Barton, Assistant, Smelting and Refining Works, Omaha, Neb.
Judson S. Bemis, with Bemis Brothers Bag Co.

Edgar L. Brother, Teacher Manual Training, Swathmore College, Penn.
Thomas W. Booth, St. Louis, Law Student.

Albert H. Buck, Draughtsman, American Brake Co., St. Louis.

Edward H. Chapman, Farmer.

Frederick A. Chouteau, Teacher Manual Training, Swathmore College, Penn.
Gep. W. Danforth, Cadet U. S. Naval Academy, Annapolis.

H. G. Ellis, Assayer, Gunnison, Col.

Arthur Feickert, Baker, Belleville, Il

Charles O. Fischer, Office of Civil Engineer.

Wm. F. Hopper, Apprentice, Stove and Machine Pattern-making, St. Louis.
Clarence H. Howard, General Foreman, Motive Power, Mo. Pac. Ry.
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H. F. S. Kleinschmidt, in charge of Manual Training School, Denver
University, Denver, Col.

Albert Koberle, Student, Junior Class, Washington University.

Wm. P. Laing, Machinist, St. Louis.

Edward L. Lange, Clerk, Hardware Store.

Ernest E. Lazar, Machinist, Baldridge Type Writing Co.

Louis D. Lawnin, Clerk, N. O. Nelson Manufacturing Co.

Edward II. Lebens, Student, Junior Class, Washington University.

John J. Lichter, Jr., Student, Junior Class, Washington University.

Wm. Alex. Magee, Practical Electrician.

Frank W. Morse, Foreman, Wabash Repair Shops, St. Louis.

Frank E. Nulsen, with Missouri Malleable Iron Foundry Co, St. Louis.

Geo. R. Olshausen, Student, Junior Class, Washington University.

Charles M. Parker, Student, Junior Class, Troy Polytechnie Institute.

Frank E. Reel.

Louis C. Rohlfing, Medical Student.

Edward H. Rottman, Stenographer in Hardware Store.

Jawmes L. Sloss, Student.

Edward Smith, Lumber Business.

Geo. M. Stedman, General Foreman, Machine andFoundrmeki,Aul ora, Ind.

J. Harrison Steedman, Student, Junior Class, Washington University.

Hamilton W. Stone, Bookkeeper and Draughtsman, Ileating and Venti-
lating Co., St. Louis.

Wm. T. Treadway, Machinist, Mo. Pac. Shops, St. Louis.

Harry L. Whitman, in business with his father.

Charles H. Wright, Teacher of Manual Training, Denver, Col.

SuMMARY OF OCCUPATIONS.

STupENTS (engineering, law, and medicine) . . . . 25
CLERKS (in banks, railway offices, manufactories, etc) . . . 23
Tracuers (generally of manual training) . . . R 10
DravGnTsMEN (with architects, manufa,chuels, ctc) . . . 9
MacmiNisTs . . . . . . . . . 6
ARrTISANS (pattern-maker, bricklayer, shoemaker [thh power ma-
chine], molder, and electrician) . . . . . . . b
Farmers and RANCIMEN .« . . . . . . . 5
Business Mex . . . . . . 4
ForeMmEN (of railway shops and lead a.nd 011 wo1ks) . . . . 4
ExciNeers? (nechanical and civil) . . . . . . . 2
MANUFACTURERS . . . . . . . . . . 2
Baker . . . . . . . o« . . . . 1
UNKNOWN . . . e . . e . . 2

1 The swall number of engineers is due to the fact that the additional study
and training necessary for an accomplished civil, mining, or mechanical engi-
neer, extends over four or five more years, and there has not been time to complete
such courses.
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GRADUATES OF THE CHICAGO MANUAL TRAINING SCHOOL.

I take the liberty of adding to this list an extract from the
recently issued catalogue of the Chicago Manual Training
School. It shows, as well as do the records just given, how
sharp an appetite for severe study a student has on leaving a

manual training school.

Graduates, 1886.

NAME.
Morrtz WirLiam BoeuM,
StuarT DuxLEVY BovyNTON,
Gary NatuayN CALKINS,
ArraN MoNTGOMERY CLEMENT,
CHARLES Locke ETHERIDGE,
WiLLiam HeENRY FAURNEY,
Samuer Doueras Frooo,
Artour Dewey IlaLy,
Puivip HARrRVEY, “
CnarLes WirLiams Hawkes,
CoArLEs GiLBERT HAWLEY,
Joux PorTER HEYWOOD,
HarrLey SEymour IlIBBARD,
SamueL Epwarp HitT,
ELBrIDGE Byron KriTs,
Hexry 'WiLLiam KLARE,
RoBerT Arvax LACKEY,
JoserH DixoN Lrwis,
James STuarT McDowNALD, Jr.,
CuarLes MESSER,
Wirrtam Otrs Mooy,
OVINGTON Ross,
ALBERT SCHEIBLE,
HerMAN SCHIFFLIN,
Emin HENRY SEEMANN,
Hexry HeiLemaxy Warr,
Oriver JornsoN WESTCOTT,

OCCUPATION.

with Crane Bros. Elevator Co.
Teacher of Drawing, Evening High School.

Mass. Institute of Technology.
with Clement, Bane, & Co., Mnfrs.
Sibley College, Cornell University.
Chicago College of Pharmacy.
Mass. Institute of Technology.
with 8t. Nicholas Toy Mnfg. Co.

with Crane Bros. Elevator Co.

Sibley College, Cornell University.
Mass. Institute of Techuology.

with W. L. B. Jenuney, Architect.
Sibley College, Cornell University.
Beloit College.

Reedy Elevator Works.

with Wm. Sooy Smith & Co.,Civil Engrs.
with N. K. Fairbank & Co., Mnfrs,
Asg’t Sup’t MeDonald-Lawson Mfg. Co.

with George P. Ross, Mnfr.

School of Mech. Eng , Purdue Univ.
with Fraser & Chalmers, Muirs.

with Frederick Seemann, Mnfr,

Hyde Park High School.

with A. Gottlieb & Co., Civil Engineers.
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MONTHLY WAGES,I OR THE PRACTICAL MEASUREMENT OF

THEIR BREAD-WINNING AND HOME-MAKING POWER.
A

Class of 1883.

Twenty-two out of twenty-nine are in business, or have been
earning regular wages. The average rate of such wages
according to all the answers I have received is SIXTY-EIGHT
DOLLARS A MONTH.

Cluss of 1884.

The number known to me to be earning regular wages is

twelve. The average rate of their wages is SEVENTY-EIGHT

DOLLARS A MONTH.
Class of 1885.

Fourteen out of the thirty-nine of this class have been earn-
ing money at the average rate of SEVENTY DOLLARS PER MONTH.

The average ages of the three classes in July, 1886, was
twenty-one, twenty, and nineteen years respectively.

EXTRACTS FROM LETTERS.

I must quote sparingly from my long file of interesting let-
ters. For convenience I will number them as I take them up.
Before reading the extracts, please re-read the circular.

No. 1 is engaged in mechanical work.

. “Too high an estimate can not be placed upon the value of the method,
exactness, and confidence which the student acquires by studying and care-
fully working out step by step the progressive course of study and practice.
. - . My parents, my employers, and I would all join in advising a young
man under all circumstances to attend a manual training school.”

1 ‘Prof. Ripper of Sheffield, England, thus speaks of the experience of one who
‘evidently was a pupil in his manual training school. ‘A gentleman recently
sent his son to a steel works in Sheffield on trial for a month. He had not been
there long when his master set him to make a working drawing, from a sketch,
for a steel casting. Tlie hoy had been taught machine drawing at school, and to
his employer's astonishment, the drawing made was not only just what was
wanrted, but, as the manufacturer said, it was much superior to the drawings he
had been in the habit of getting. "This, of course, increased the value of the boy's
labor at once, thanks to the instruction he received at school. And yet how few
schools there are which send their pupils forth equipped in any such way.
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No. 2 is himself, tho still very young, a foreman of a large
system of railway shops. I quote not what he says of himself,
but what he says of other boys in his employ.

“As an employer, I will say for several of the Manual Training School
boys I have working for me, that they will in one year accomplish as much as
the ordinary boy (who has not received the training the Manual Training
School gives) will in three. For example, I have two boys working side by
side, one from the school, and the other an uneducated boy; the former has
been working here nine months, while the latter has been here over three
years ; and to-day the boy from school will do better, cleaner, neater, quicker
work by far than the other Loy. One boy learns the trade by imitation,
while the other learns it by reason and study. The boy from the school is
more precise and neat about his work, grasps a new idea more readily, looks
upon new features of the business with greater intelligence, and is better
able to direct others and to bear responsibilities. He has better command
of language and can impart to others the ideas he wishes them to obtain.
‘When a difficult point arises, the school boy will labor with it until he con-
quers it, while the other boy will study a while, then give it up. Were I to
need a clerk, apprentice, or draughtsman, I would and do give the Manual
Training School boys the preference, because I get much better results with
less trouble.” :

No. 2 is a teacher of manual training.

“T believe that the course in your school, as it was when I was there, and
as 1 suppose it is now, was more than what it claimed to be, and accom-
plished all its aims, as far as T can see. I know that it opened up more !
than one path for a future for me, in congenial pursuits where all was blank
before.”

No. 4. This is evidently a ¢ cow-boy ” of the better sort, and
he *writes from his ranch in Poncha Park.

“T have not regretted going to the Manual Training School, for it is help-
ing me a good deal. The knowledge I derived in the blackswith shop has
stood me in good stead, for on the ranch we do all our own iron-work as
well as wood-work. We have a blacksmith shop and do all our horse-shoe-
ing, though we did not learn to shoe horses at the Manual Training School.
I would advise any boy wlio does not intend taking a classical education to
go to the Manual Training School. I think my parents would answer the
same way. As to my employer, I don't suppose he gives it a thought one
way or the other. Out here every one thinks and talks of nothing but cattle.”

No. 5 finds use for his training, tho not a mechanic.

- “Every day I am required to put into use some of the knowledge or
methods learned in the shops, and I think I should be utlerly at sea with-
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out that training. The third year, both in the schoolroom and the shops,
is of course by far the most valuable, and is the culmination toward which
the rest of the course tends. You can not too strongly urge upon students
the necessity of the graduating year.”

No. 6. A student of the class of '84, now at Lehigh Univer-
sity, writes that during the Sophowmore year the only difference
between the course in civil and that in mechanical engineer-
ing lay in the study of “surveying” by the former, and the
study of the “steam engine” by the latter. He took survey-
ing as an ‘“extra,” and the steam engine as a “regular,” and
was the only student in a class of eighty-one who did so. At
the end of the year his general standing was twelf*h in a total
of 131 Sophomores, and ke stood first in both surveying and steam
enyine. He attributes his success to his excellent preparation.

No. 7. Designer and head draugbtsman, Pullman car-shops,
St. Louis. T greatly prize his suggestions.

“The advantages of the school are inestimable. . . . T receive a higher rate
of wages than other boys in the same establishment. I would recommend
that more attention be paid [at school] to pen-shading of concave and convex,
and ogee surfaces, and also to sections and details of all kinds, so that oue
of your graduates may go into any shop and read any working drawing;
also, that they receive a few lessous in perspective.”

No. 81is from a graduate of one year ago.

“I have a Dbetter position now than young men that have been in the
same shops for three years, and I receive more pay.”

No. 9is from a graduate twenty years old, who is a stenog-
rapher in the office of a railway company.

“] cousider my training at the Manual Training School as being indis-
pensable to myself, and do not see how a young man of a mechanical,
mercantile, literary, or even any professional turn of mind, ecan consider hig
education ¢ompleted, or be satisfied with it, witliout having had at least a
taste of manual training. . . . In every-day life, it makes no difference
what the profession or occupation of one may be, something will turn up,
where the training, such as- [ received at the Manual Training School, will
become essential to the success, advancement, and improvement of a young
man.”

No. 10 is from a young man in the Junior class in dynamic
engineering. Of his vacation work he says: —
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“During last summer I received $2.50 per day when [ was drawing and
$2.00 when I worked at the Exposition. At the latter place I was learning
to put up pipe-work.”

One of the most valuable results of manual training he thinks
is:—

“The habit of systematic work; I mean the habit of laying a definite plan
before starting upon a piece of work or action.”

The mother of No. 10 and of a graduate in the last class
writes, speaking of a third son who did not take the Manual
Training School course: I now think that it would have been
to his advantage to have taken the course in the Manual.”

No. 11 shows that tho we have no leather work in the school
our training is not lost on a shoemaker of the modern sort.

“I am running a petroleum engine and a heel-trimming machine at a
shoe factory. . . . I receive $18.00 per week. . . . I consider the training I
received at the Manual Training School almost indispensable; in fact, it is
what gave me my present situation.”

No. 12 is a young man who learned all that was to be learned
in the printer’s trade and then went into the counting-room of
a daily newspaper. His father, the editor and proprietor, thus
writes : —

T assure you with great pleasure, that I would send as many boys to
your school as I could possibly control in that respect. Judging from expe-
rience I feel satisfied the training there lenefits thein not only in point of
general intelligence, but as to promptness, skill, and all other particular
points alluded to in your circular, equally as well.”

No. 18 is from another Junior student in c¢ivil engineering.
He thus speaks of his vacation work and of his preparation for
the university : — ‘

“ At present, rather than be idle, I am engaged running an engine on a
derrick boat at 15 cents per hour. I tend to both the boiler and the engine,
aud have sole charge with the exception of a foreman who looks in about
once a day. During the past vacation and holidays, when there was any
work, I was employed by an architect to line and fill in plans and elevations,
receiving $2.50 per day. : . . As a preparatory school for the university, the
course has one disadvantage in my opinion, and that is, it is too thorough
and comprehensive for the Freshman year, thereby lessening the pleasure
and enjoyment of its studies, while it is not advanced enough for the
Sophomore clags.”
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His employer thus writes of him :—

“ A young and energetic boy has worked in my office during vacation
and holidays, and his knowledge and quick perception in mechanism and
drawing are wonderful. Practical knowledge is the road to success.”

No. 14 says: —

“] am employed as rodman on the White River Branch Extension of the
Missouri Pacific Railroad. My wages are $45.00 per mouth, and I do not
know as my manual training school education places me on any better
footing than other young men, except as it may have taught me to swing an
axe. This is a heavily wooded country, and on construction there are a
good many stakes to make and drive. I think very highly of my manual
training school training. 1t has given me an iusight into mauy things
I never would have thought of or investigated. The only disadvantage I
have found is, that when you tell people that you are a graduate, they im-
agine you are a competent mechanie, and are disappointed when you iuform
them of the facts.

“Iwould advise any young man to go to the school, who was going to
study any branch of engineering, or who wanted to be a mechanie. I think
it would be a fine thing for him, if he expected to rise in his trade.”

No. 15 is a successful teacher of manual training. His
salary the present year is $1,060. He thus writes : —

I think my training at your school is the best I could have received, as
the combination of work is such that I have received an insight into the
most prominent trades; and it has placed me in a position to judge intelli-
gently what trade I would like to follow for a livelihood. It has made me
self-reliant, and I feel that I could easily learn any trade, if I should go at
it in the systematic order that we followed in our school-work ”

He then proceeds to criticise our drawing, and adds : —

“My plan for drawing would be to have it more closely connected with
the shop-work, and to have each scholar learn the fundawmental rules of
drawing, and not have the teacher do so much work for the students.”

My readers may be sure that I attach great weight to this
suggestion, though there is little occasion for such eriticisn
now. Of this young man the city school superintendent writes
as follows : —

“T do not hesitate to pronounce Mr. B. manly, intelligent, prompt, pre-

cise, skillful in his work, comupetent fo direct it, winning the confidence of
his employers, and the respect of his pupils. Ile hag far surpassed our
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expectations. . . . I have believed that the manly qualities which Mr. B.
seems to possess in an eminent degree have been greatly strengthened by
the course of training he received in your school.”

No. 16 is a boy who is employed in a brass shop and foundry.
His experience is a capital illustration of the general value of
our training.

¢The principal part of my work is the making of wood and brass pat-
terns and core-boxes, and keeping them in order; I also do the greater part
of the drawing for the shop; but I am by no means limited to these, as, for
the last three or four days of each month, I am called to help get work out,
and to help Mr. Jones figure, ete. I have also done a little tool-work, such
as turning, milling, hardening, and tempering cock-reamers, and taps. I
alsq have made a few cutters for a mouitor lathe. 1 usually get the work that
18 out of the ordinary line. . . . Since writing the above I have asked my
employer his opinion [of the school training]. Iis auswer is almost the
same as mine, with the addition that the instruction received so broadens
the mind, that a student’s selection of an occupation is apt to be more intel-
ligent. He says if he wanted an assistant, draughtsman, or an apprentice
he would most emphatically select one from the Training School.”

No. 17, who is engaged in building, heating, ete., says: —

“ My prospects, present and future, are favorable, with a good bank
account and no debts. I never enjoyed a school more, or felt more improved
by one. I think the ¢ Training School’ helped me in many ways. Before
I went there, I took no interest in improvements, such as buildings, machin-
ery, locks, drawings, etc.; but now every thing of that kind interests me.”

No. 18 is manly and kind. T see in what he says a criticism
of the right sort, and I am willing that my readers should see
it too.

“ As to my general training at the school I can gay nothing less, so far as
I am now able to see, than that it is proving to be of inestimable value,
not only in familiar subjects, but in subjects radically new. Its advantages
are in being perfectly general, and fitting for alinost any occupation. I have
thus far been unable to see any disadvantages. What I consider of great
importance is the matter of every-day English composition; and though I
do not deem our graduates deficient in this respect, yet I think that addi-
tional work might be done in that direction, to great advantage. Letters
from 1ny classmates urge me to make this remark.”

No. 19 is from a student taking a literary course in a uni-
versity, preliminary to the study of law. He says:—
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“I find myself greatly retarded by my ignorance of the classics, espe-
cially Latin, which was not taught in the school when my class graduated.”

Latin is now taught two years of the course. He adds:—

«“When I entered I was rather weak, and my head was in advance of my
body. The work at the school developed my body, and gave to iny mind a
clearer and more practical view of things. If a person intends taking an
engineering course, I should advise him to go through the Manual Training
School by all means. To a person intending to go into business, I think the
training secured by the combination of mental and manual labor is almost
invaluable. I have a brother who intends to go into business, and I expect
him to apply for admission to the school this fall.”

No. 20 is still a student of engineering.

“In reply to your circular of the twenty-fifth, I wish to say, that the
instructions which I received at the Manual Training School have been of
great benefit to me, inasmuch as I amn able to judge of the quality of work
which I see, as well as to do some work myself. I have never worked steadily
for any one man, for the reason that there has always been work euough
about the house and in the neighborhood to keep me busy during vacation.

“My work all along has been of the nature of odd jobs at carpentering.
Tn this way I have been able to earn, on an average, $2.00 a day for every
day that I worked. '

“The instructions in drawing combined with the work in the machine-
shop enabled e, by the time I had finished the course, to understand the
general construetion of such machinery as I saw, and at the same time to
form some idea of the way in which those parts which are hidden from view
niight be constructed. To one who desires to learn a profession in which
coustruction is an imnportant feature, such a course would be very beneficial;
for by knowing the different methods by which an article can be made, it
seems to me that he will be enabled to so do his designing as to avoid all
unnecessary complications, and consequently have his designs worked easily
and cheaply.” '

No. 21 made the dynamo that lights his house.

“ My training at the Manual has given me a foundation from which to
work. I have now a very nice shop in good running order; I have a four-
horse power engine (which I built myself), and two lathes and a grindstone,
running alnost every day, while mysélf and brothers work in ‘the shop. I
think that every, boy, no matter what calling he intends to pursue, should
have some such training as we got at the Manual.”

This young man adds, that unfortunately

“The average boy when he graduates from the Manual has far“qoo good an
opinion of his abilities. The public also very often overestimates the



Chap. V.]  FIRST BRICKLAYER, THEN ARCHITECT. 163

amount of training which one gets there. They think that he is a finished
mechanie.”

I have no doubt such is the case. As to the conceit, I am
not sure that oux graduates are much better off than graduates
of other schools. We try to cultivate modesty, and to show
the boys the vast amount of their ignorance.

As to the estimate strangers place upon our work, that will
right itself in time.

No. 22 is a student of architecture at Cornell University.
He says: —

“ After leaving the Training School I went to work at the bricklaying
trade. I had meed at it during vacation, while attending the Training
School. It took me altogether about two years to learn my trade, the
regular apprenticeship being four years. I attribute the aptness with which
I learned my trade to the excellent training received at the Manual Training
School. During my last year at the trade I received full wages, $4.50 per day.

“I think the course of study at the Manual Training School a splendid
thing; and I would advise every young man, no matter what his occupation
in after life may be, to avail himself of the opportunity of such an education,
if it is in his power. It enables one to better understand the doings and
workings of our scientific world, and at the same time, it brings with it an
appreciation of good workmanship and skill in the use of tools.”

No. 23 was a farmer’s boy; now he is teaching shop-work and
drawing.

«J think that I have an insight into the care, use, and abuse of tools and
wachinery, so that I could or would be more likely to get a position in a
shop, or begin business for myself. Most of my knowledge of tools I got
there at school, for I had touched not even a jack-plane before I went there.
A good point is, that it gives a broader education, and malkes a true feeling
for houest labor and good workinanship wherever you see it.”

His father adds i

“ A farmer’s boy, after going through that school, can mend and make
many things that would have to be taken to a machine-shop, or can ses
what is the watter with a machine that is out of order. Nowadays a
farmer must have a good understanding of tools and machinery, we have to
use so wuch of them. If I was going to hire a man, I would sooner have a
graduate of the Manual Training School.”

No. 24 is evidently well pleased with his 1‘)1'uspect-s.

“My position and pay rank far above those of other young men in similar
business.”
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No. 25. This young man is an Illinois farmer.

“J am married, and have a little boy; and if he lives, and I can afford it,
he shall go through the euntire course of the Manual Training School. By
this you may infer what my ideas are as to the advantage of manual train-
ing over commercial or common high schools. I have been putting my
money into stock and farming implements, although I have good reason to
believe that I make as much or more money than my neighbors, some of
whom are old and experienced farmers; not that I raise better crops or
work harder; but that I have saved and am saving a good many dollars
which they give to carpenters, blacksmiths, or wagon-malkers, for repair-
work, which I do myself, with the skill I obtained while at school. As soon
as I move, I expect to fix me a blacksmith and carpenter shop, and increase
my present incomplete set of tools, with which I expect to do all of my own
and part of my neighbors’ repair-work, which will be a great saving in
money and time.”

No. 26 is with a gas company. He began at the bottom.

“ My wages are $66.66% per month, $800.00 per year. I consider my train-
ing at the school of the greatest benefit to me, as I think that my knowledge
of tools, besides my learning in the three R's, was what helped me to get my
place as inspector. I used what knowledge I had of tools to the advantage
of the company, especially that of blacksmithing; but my machine-work
and carpentry come in handy now and then. If I had not given satisfaction
down-stairs, I would never have been up-stairs.”

No. 27 is making himself valuable to the lawyers. '

“In December, 1885, I cominenced in the drawing room at $5.00 a week.
I worked hard to make myself valuable, and in two mnonths and a half I re-
ceived $6.20, and very soon after that $7.25 per week. In May, 1886, I was
offered a situation with my present employers as draughtsman at $50.00 a
" mouth, and after due consideration L accepted the same. When I informed '
.. my former employers of my intentions, they wanted to know if I would
remain with them at $30.00 a month; but I had accepted this place, so I
had to refuse. My work with this firn is making all the plats for certifi-
cates, examinations, and abstyacts of land-titles, as well as entering in our
plat-books all the subdivisions and additions recorded in the court-house.

“T can not well compare myself or iy salary with any one in the office,
since | am by many years the youngest in the office, and most of our clerks
are lawyers. Should I ever be fortunate enough to have a son, and be able
to send him there, he shall certainly go to the Manual Training School.”

I could quote much more fully and from many more, but
these must suffice. The attendance in our school of younger
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brothers and friends of graduates is the best commentary on
our work. ‘

It is possible that some one may think, after seeing for himself
some of the fruits of manual training, that I have overstated
their value; that I have colored my picture too highly. But
I have tried to be fair. Often have people, who have read my
reports or heard my addresses, said to me, after actually seeing
the school at work, “It is much better and larger and finer
than T expected.” I am thus led to believe that I am not in
the habit of exaggerating.

A word more. About half the boys who attend the school
get less than the whole course. For a great variety of reasons
they drop out. A much larger per cent of such boys become
mechanics than of the graduates. I have had many excellent
reports from and concerning them. But I have not kept the
reports on file. )

Since writing the above, I have received a letter, which is
good enough to cause me to open the case once more. I give
all but the formal beginning and end of the letter. The writer
was a graduate in the year 1883. His record .was that of a
good, careful student, not brilliant, but on the contrary so slow
as to cause him at times to appear dull. He entered this pipe-
factory soon after leaving school; and one of the first things I
‘heard about him was, that he had invented and made a new tool,
by which he had been able to outstrip the old hands who had
been turning for years. ‘

No. 28. He now says:—

“ My work is that of turning all kinds of faney and common parts of the
corn-cob pipe, and I am classed on my employer’s books as head turner.’
My present or recent wages per month are from $60.00 to $90.00, depending
on the kind of work given me; while other turners draw from $40.00 to
$65.00 per month. I hold the best position in the house, next to the fore-
man, and average about $10.00 or $20.00 a month more than men of my
age in the establishment.

“ My training at the Manual Training School has been of great benefit to
me many times, and in many places. T have made drawings for machines,
designs [for pipes], patterns, tools, and machines of different kinds. Other
positions have been offered me, but as I have a mother and three sisters to
care for, I preferred to stay in Washington [Mo.].
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“Mr. K—, one of the managers, told me the other day, they expected to
make me foreman after Jan. 1, 1887; a very good position, paying from
$125.00 to $150.00 per month.

“ I would advise any young man to attend the Manual Training School, if
he wishes to be constantly employed and make good wages. If he wants to
be an engineer, let him attend that school before entering the polytechnic.

“ Enclosed please find Messrs. H. T. & Co.’s answer to question six.”

The letter from the firm, addressed to him, is entire as fol-
lows: —

Dear Sir, — With pleasure we answer question six of circular submitted
to us by you.

Your position you owe to your training at the Manual Training School.
Our oft-repeated consultation regarding new shapes or styles of goods would
show that your “ability to understand what is new ” was duly appreciated by
this firm.

Yes, if all the graduates of the Manual Training School showed such
intelligence, promptness, and precision as we found in you, we would cer-
tainly give such graduates a preference.

Respectfully yours,
[Signed] H. T. & Co.

Will some one complain that these young men have no high
ideals? that they do not quote classic examples of. patriotism
and devotion to lofty aims and high arts? Will it be asserted
that their ideas of life are unpoetic, materialistic, limited to good
wages and methods of “ getting on” in the world? If so, T
shall say in reply, I am willing to trust the future for evi-
dence of right and noble living. My confidence would be less,
if they talked more about it.

I claim (and this is what this chapter is written for) that
these young men are well fitted to exhibit in their lives the
fruits of a good beginning in education.

What are these fruits? A writer in the Century for June,
1887, gives them thus:— '

«To think; to reason; to feel nobly; to see the relations of things; to
put the ages together in their grand progress; to trace causes; to prophésy
results ; to discern the sources of power; to find true beginnings instead of
unknowable causes; to perceive the moral as governing the intellectual, and

1 T. T. MUNGER, on Education and Social Progress.
A}
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both as dominating the material; to discern the lines along which humanity
is moving, and distinguish them from the eddies of the day, —such is the
end of education.”

The statement suits me as well as it can him, tho he is per-
haps thinking of ancient history more than I am. I am thinking
of the present and its demands; of these young men as future
leaders, workers, advisers, and promoters of good society and
good citizenship and good government; and I do not hesitate
to trust them.

The art of feeling nobly cometh not with observation. As a
star is often Dbest seen when we are not looking full at it, so
a high standard in lofty matters is often best reached through
high standards in ordinary matters.

Finally, I protest against that false logic which contends on
the one hand, that, because the old system of education ad-
mitted no utilitarian motives, all its fruits must be noble; and
on the other, that, because the new education recognizes utlhty
as a legitimate end, all its fruits must be ignoble.
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CHAPTER VI

WHAT OTHERS WHO HAVE SEEN IT SAY OF THE
RESULTS OF MANUAL TRAINING.

HE author is aware that he is not writing for those who

are familiar with the working of a manual training school.
He knows, also, that the success of his school has often been
attributed to exceptionally good material in ‘the pupils, to
superior teachers, and to the ¢ contagious enthusiasm ” of its
director. Its failure under other conditions has often been
predicted. It would be strange, indeed, if, when other schools
exhibit so many failures, it too did not occasionally fail.

The St. Louis Manual Training School was organized as
such. It had had no experience as an ordinary academy. It
does not have two records which can be compared. Let me
then turn to other witnesses, to other schools, and to other
teachers for testimony as to the effect of manual training when
incorporated with high schools, and under the charge of other
teachers and directors. I do not quote from theorizers; I
quote from observers, and I take them quite at random.

The first I cut from the Journal of Education of March
81, 1887, in its report of the superintendents’ convention in
Washington, D.C., during the same month. The italics are
mine. '

«H. W. Compton, superintendent of schools of Toledo, O., entered
upon the diseussion extemporaneously. He outlined what is being done in
the city of Toledo in manual training, and bore testimony to the enthusiasm
and earnestness of the pupils receiving instruction in manual training. The
boys have done their shop-work and daily mental school-work generally
with eminent success. The departments are all well sustained, especially
that of domestic economy. Manual training has increased the atlendance, in
the high school of Toledo fully one-third. It is an invaluable factor in the
public schools of Toledo to promote industry. Pupils love the work; it
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cures idleness, dignifies and exalts labor as well as thought-power. It
stimulates habits of observation and investigdtion.”

Under date of March 381, 1887, the superintendent of manual
training in the Toledo High School, Mr. R. H. Miller, writes

me : —

“Our girls are doing splendid work ; their mechanical drawing is neater
and if any thing better than that of the boys. . . . We find that the work
done by our girls (from drawings) in carpentry and wood-carving assists them
wonderfully in drawing, and gives them a degree of contidence that those
who simply draw do not get.”

I have repeatedly said, that drawing without shop-work loses
half its value; and so shop-work without drawing is educa-
tionally inferior. Mr. Miller continues: —

“It is expected that the manual-training pupils [i.e. those high-school
pupils who elect manual training] will carry off all the honors next June.
The interest of the pupils seems to steadily increage as they get deeper into
the work, and handle more complicated machinery. Our boys seem to think
it their duty to make life a_burden to any one who speaks a disrespectful
word regarding the Manual Training School. The most severe punishment
we can inflict upon a pupil is to require him to sit in the high school, and
study during his shop and drawing hours. We watch the pupils closely,
and when one falls a little low in his average we cut off his manual work
for a few days, or until he redeems himself; this seldom fails to bring him
to the required standard in short order.”

The German teacher of the Toledo school wrote me last
year that the manual work had had such a stimulating effect
upon the pupils, that he could easily tell, from the high quality
of their work in German, which of his class took manual
training.

Prof. J. M. Ordway, speaking of the observed influence of
manual training in the Tulane High School, New Orleans,
says :—

“But even with the present imperfect development, the indications are,
that it tends to awaken and keep up the interest of pupils in all the school
exercises; for by it they acquire juster ideas of the relation between books
and actual things. They see that the school is a place for real, earnest
work. They gain the habit of close attention to whatever is to be done.

They learn to be patient and exact in the performance of tasks. They find
that they have power to do something of themselves, and hence are likely
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to acquire a manly self-reliance. They do not lose time which ought to be
devoted to intellectual studies; for it is found, that, without over-exertion,
they accomplish quite as much in these studies as they did before hand-work
was introduced. They gain by alternating hand-work with pure brain-work,
and thus resting without being idle. The surplus activity of youth, which
is too prone to vent itself in mischief, is allowed to find scope in useful and
pleasant employment.”

Prof. Kuno Franke of Harvard University recently wrote as
follows in a letter to a German paper : —

“ Since the days of Rousseau, the effort to educate the rising generation
in a more harmonious way than is possible in a school which aims only at
the acquisition of mere scholarship has never been abandoned. The empha-
sis which the followers of Basedow laid upon the gain of wuseful knowledge;
the thought of Pestalozzi, that the first step in education consists in the
schooling of the will, while mental discipline must be treated as something
secondary; Father John’s gymnastics; Froebel’s successful attempt to de-
velop reason through the cultivation of the senses; and, finally, the meas-
ures which have led to the establishment and growth of the polytechnic
school, —all these manifestations are still only symptoms of the one funda-
mental idea, that education must be directed, not to know, but to be able to
do, not to words, but to deeds.

« It appears to me that nowhere yet has this idea reached such a methodicat
expression as in the Mynual Training School of St. Louis : which, unlike our
German trade schools (in which only one craft or occupation is taught to
artisans), appeals to the whole community, and aims at general pedagogical
objects.

“ At a recent visit to St. Louis, I convinced myself personally of the
flourishing condition of the institution. In the turning division to which I
was first led, the instruction had just begun. The teacher manufactured
a wooden cylinder hefore the eclass, giving at the same time the necesswry
explanation of the proportions of the object to be made, and the inethods of
handling the tools. The pupils were encouraged to ask for further informa-
tion by willing answers. Then the pupils began work, each at a scparate
lathe. . . . Subsequently I witnessed the English instruction. The class
was just reading As You Like It. The pupils interpreted the context
and language in a thoroughly scientific wanner. . . . T was sorry to find,
on returning to the shop, that the closing hour had come; and I could see
little 1nore than a gay group of lads, with faces and hands soiled at the
forge, with singing and jokes, washing and prepaving for lunch. Still I
could enjoy the impression of health and vigor which every thing posscssed
which I saw in the institution.?

1 In the face of this testimony of an actual ohserver, a recent remark by
the editor of The Illinois Teucher, in his issue for April, 1887, reads strangely
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“The majority of the graduates turn naturally to the technical occupa-
tions; but not a few, and their number is constantly increasing, go into
the law, medicine, philology, or natural science. And it does not seemn
improbable to me that just these will draw special profit from the education
gained here. Perhaps nowhere is there greater danger of losing the founda~
tion of clear observation and sound reasoning than where the objects of
investigation are either themselves of an intellectual natyre, or are only
congceived of in a frame of hypothesis. It is just this danger which, above
all, this school aims to avoid. He who has learned to use his hands system-
atically has now a clearer conception between thought and fact, between
theory and practice ; and this clearer knowledge will enable him to form
more correct judgments in those two great spheres of observation, the real
and the ideal, than is possible for one whose power of observation has been
cultivated exclusively in ideal things.”

I commend these observations and reflections of Prof. Franke
to the thoughtful consideration of my readers.

A visitor, who writes over the name of Mortimer Warren,
says : —

“ The difference between the ordinary, stupid, dirty mechanic’s apprentice
and one of these intelligent, handy, clean, gentlemanly lads is as that
between night and day.”

. Mr. L. E. Holden of Cleveland, O., thus wrote in the ¢ Cleve-
land Herald:” —

“1 have been particularly impressed by my recent visit to Washington
University in St. Louis, and especially with the department of nanual
training. I caniot go through with all the details of the shops and work-
rooms, but I will give one lesson to which 1 listened, that you ay see how
great an improvement in the practical arts this manual training has over the
ordinary schoolroom. [He then describes the lesson in “molding.”] I
was particularly impressed with the attention which every boy guve. Passing
on to another room, a higher class were putting together a steim engine,
every part of' which had been made by the boys themselves.

“ Now it must uot be thought that these boys were neglecting their
studies, or rather their books, for they were not. They were giving very
close attention to the same class of studies as are pursued in ordinary [high]

. epough. He says, in substance, that it is quite possible that, for a time, it may be
found practicable to employ a boy’s time for play in some sort of *“ useful ” work;
but that in the end it will be seen that ¢ all work and no play makes Jack a dull
boy.” Evidently he thinks a manual training school a ‘‘dull” school as com-
pared with the old style. Of course he has never visited s manual school, and
he has no proper conception of its bright, happy, stimulating atmosphere.
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schools, and from personal observation I am convinced that they are as far
advanced at the same age as boys in our graded schools who are learning
nothing except what they get from books.

«“ . . . Now, then, let us see which class of boys would go out into the
world at the age of eighteen or twenty years with the best prospects for life
and good-citizenship. No one can doubt that the boy who is most practi-
cally trained wauld have by far the better chance for life. If we review the
lives of the leading men of our country, in business, in profession, and in
statesmanship, is it not strictly true that a very large majority have been
boys who in early life learned to work with their hands; who had virtually
the advantage of a manual training, which gave them superior advantages
in physical force, in a knowledge of practical things; in short, in all that
goes to the making up of a stanch manhood ?”

Col. Augustus Jacobson of Chicago, who has been a frequent
visitor to the St. Louis school,! writes thus to a Cleveland
papev:— ‘

“ The parent who sees a manual training school in operation sees solved
before his eyes the problem how his boy may be sure to make a good living
in the world. . . . To the extent of the number of the graduates of the
Manual Training School, the nation is sure of intelligent and valuable
citizens. When these boys enter active life they will not need to wait for
¢something to turn up,’ because they will be able to turn up something
for themselves. If all our boys were so trained, we need give ourselves 1o
anxiety for the future.” ‘

In the preface of his admirable book on “Manual Train-
ing,”2 Mr. Ham of Chicago says:— ‘

“In 1880 my attention was drawn to the manual training department
of the Washington University of St. Louis. In that school I found the
realization of Bacon’s aphorism, ¢ Education is the cultivation of a just and
legitimate familiarity betwixt the mind and things.” I made an exhaustive
study of the methods of the St. Louis school, and reached the conclusion
that thtf-philosopher’s stone in education had been discovered.”

ro. .

Some allowance must be made for the enthusiasm of a stu-
dent, but too much can scarcely be said of Mr. Ham’s ecfficient
service in making manual training known to the people “of
Chicago.

1 Col. Jacohson was the first to call attention of Chieago to our school, and to
resolve that Chicago should have a similar one. Tho he found a score of able
assistants in the enterprise, it is not too much to say that Augustus Jacobson was
the father of the Chicago Manual Training School.

2 Manual Training, by Charles H. Ham. Harper Brothers. 1886.
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Henry M. James, Eéq.,'the superintendent of the schools of
Omaha, Neb., where manual training has been introduced as an
elective course in the high school, says, in his last report: —

¢ The course has been optional, those taking it doing the same academic
work as the rest of the school. Arranged in classes of twenty each, they
have spent one and one-half hours daily in the shop under the care of a
competent instructor, learning light carpentry and how to use and take care
of tools. The teacher has been enthusiastic, and the interest of the boys has
been lively and well sustained.

# It is evident that manual training schools can not be conducted without
considerable expense, but for this year our shop has not cost more than some
of the regular studies of .the high school. It seems evident, also, that a
department of this kind has a tendency to hold boys in school at a time
when there is a strong inclination to leave and go into business. Our high
school and eighth grade have felt this [inclination to leave], and suffered
from it as much as any school in the land; yet of the seventy-nine boys
who took manual training last year, seventy-five remained in school to the
close of the year. This is a remarkable fact in the history of the Omaha
schools.” ‘

Speaking of his recent visit to the Philadelphia Manual
Training School, the accomplished editor of the Journal of
Education, Dr. A. E. Winship of Boston, says: —

“In neatness, in discipline, in perfection of executlon, in balancmg and
blending activities, the school leaves little to be desired. The work is so
systematie, its results so definite, its effect upon the mind, hand, and character
86 marked, that all objectors will do well to visit this institution, and take
the time to study its working before making up their verdict.”

After nearly a year’s observation of the work and influence
of the Toledo Manual Training School, Superintendent Dowd,
now of Toronto, says: —

“It is certainly true that the training of a manual training school lets in o
Slod of light upon a thousand things but imperfectly understood before.”
? ‘

Mr. E. R. Boyer of Central Illinois, a successful teacher and
superintendent of several years’ experience, recently spent two
months in a manual training school, studying its methods, and
acqumng a practical knowledge of its drawing and shop-work.
He gives the following statement of his observation of the
character and influence of its work: —



174 THE RESULTS OF MANUAL TRAINING.  [Chap VL

“In no schoolroom have I ever seen more respectful, courteous, and gen-
tlemanly deportment by the boys than I met in the shops of the manual
training school. Whether at the work-bench, forge, lathe, or at their books,
the boys are prompt, attentive, and industrious; ready to make an honest
effort and eager to excel. In the shops, system, order, and thoroughness
characterize the work. No hap-hazard use of tools and materials is allowed ;
the boy, while learning the use of certain tools, and acquiring skill with the
same, is also held accountable to the instructor for the immediate product of
his labor and material.

« It seems to me that this school tends to foster a due appreciation of the
dignity of intelliyent labor, and leads the boy to recoguize, appreciate, and
respect, skill and efficiency in the mechanical occupations; and that the
school is accomplishing in a very large measure its chief purpose, —that of
developing simultaneously the intellectual and physical powers of the boys
under its charge.”

The prospectus of the Cleveland Manual Training School,
opened in 1886, says: —

“In February, 1885, a small carpenter shop was started in a barn situated
on Kennard Street, near Euclid Avenue, for the benefit of some boys, then
pupils in the Central High School.

“Through the diligence and enthusiasm of those boys, the little school
and the value of manual training was brought to the notice of some of the
business men of this city.”

The Cleveland school was organized by Mr. Newton M.
Anderson, who is still in charge of it in its new, well-appointed
quarters, in immediate connection with the high school.

After several years of the ndost intimate knowledge of the
work of the Mechanic Art School connected with the Massa-
chusetts Institute of Technology of Boston, Prof. J. D. Runkle
comes to these conclusions: —

“ While the training of the mental faculties must always be the first and
distinet aim of all education, still this training is most effective when all the
senses are most fully brought into play as factors in the general process.

“We believe that hand instruction, no matter of what kind, if adapted to
the age of the pupil, and properly conducted, can be made disciplinary, and
a valuable adjunct to the purely literary studies.”

Mr. James A. Page of Boston, pr1nc1pal of the Dw1ght Gram-
mar School, in which manual training was tried in 1882, thus
reports : —
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¢« From the beginning to the close the school went on with unbroken and
successful regularity. The teacher was promptly on hand, the order was
good, the pupils interested. It was delightful to see the eager desire mani-
fested everywhere in the room to do the day’s work well. There was no
‘absence, no tardiness. . . . I consider that the results go far to prove that
manual training is so great a relief to the iteration of school-work that it is
a positive benefit, rather than a detriment, to the course of the other
studies. . . . I have a conviction that this instruction is surely in the line
of the teaching that is to be. . . . There are high authorities who believe
that there can be no thoroughly clear, vigorous, and enlightened brain with-
out the cultivated hand.”

Prof. Ripper, superintendent of what is practically a manual
training school in Sheffield, Eng., thus modestly speaks of the
result of his observations upon the effect of manual training.
When he says that such and such things will result, it should
be remembered that he speaks from a -definite knowledge of
what %as been effected under his own eyes. I quote from a
recent address: —

« Hitherto we have been endeavoring to train the intelligence of the chil-
dren by attempting an early development of the power of abstract reasoning,
and by cramming their little minds with unintelligible facts; the object
being often, not so much to educate, as to pass a certain number at the
annual examination. The contrast between such a system for young chil-
dren, and the more natural system of drawing out the intelligence through
the exercise of the hand and the eye, as in the kindergarten method, is suf-
ficient to make one wonder that we have been content to plod on in the old
method so long.

“But in what way will manual training improve this condition of things?
In this way. It will provide the connecting link between the theory of the
school and the practice of the workshops, between books and tools, and
between abstract rules and phrases and the reality of things. It will teach
the dignity of labor by example rather than by precept. It will help to
form industrious, useful habits early in life, and give a taste for doing use-
ful work with the hands, which thousands never acquire. It will be a vala-
able relief from the sedentary, inactive life of the school, and so counteract
the present tendency to develop a race of dyspeptic, pale-faced children,
whose goal is passing examinations, and whose ambition is to be somebody’s
hookkeeper. It will cultivate a respect for the worker, and an appreciation
of the worth of his work, by direct personal contact with it, whereby it will
be discovered how much there is to learn in order to acquire the power
possessed by the skilled handicraftsman. In addition to this, it will provide
the boys with a positive power to work in wood and metals with more or
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less precision, which will be a valuable aid to many a lad who is destined
afterwards to be thrown on his own resources in our large towns and cities,
or in some of our far-off colonies.”

Mr. John F. Moss was associated with Prof. Ripper in charge
of the Sheffield school. Speaking at the London Conference in
1884, of the effect of combined manual and mental training,
he said : —

“Those who are thus trained will start in the world with a very distinct
advantage, with grander conceptions of the dignity of labor, fuller apprecia-
tion of the duties of citizenship, and brighter prospects of useful careers
than could possibly be theirs without such aid.”

Mz. E. M. Dixon, the principal of Allan Glen’s Institution,
which is really a manual training school at Glasgow, Scotland,!
says, after an experience of several years: —

“Qur experience seems to have proved that lads of fifteen or sixteen can
acquire in two years, during which they spend not more than one-half day
weekly in the workshop, at least as much manual skill as is usually acquired -
by lads in the first two years of an ordinary apprenticeship.”

Again he says: —

“ Qur experience being, that a systematic course of instruction in drawing,
combined with suilable workshop exercises, is, in almost every case, capable of
turning out a lad at sixteen years of age able to interpret and execute tech-
nical drawings of even considerable complication, it is desirable that practi-
cal men should know the fact as widely as possible, and also the means
whereby it may be realized. . I believe, that, in the case of many pupils
in whom the faculty of abstract thought is bu’o moderately developed, and
by whom the theoretical subjects of instruction are consequently apt to be
somewhat feebly grasped, the experiences of the workshop are, or may be,
all-important in the way of throwing light upon results that the pupil fails
to trace as deductions from more remote principles, but which he can, of
course, accept as facts of direct experience. I am not sure, that, even to the
most subiile-minded, the manifold experience that a moderate ammount of
systeratic workshop practice supplies may not have a very beneficial effect
in the way of securiug perfect confidence in much of the theoretical instruc-
tion received in the lecture room.” — Report of International Conference on
Education at London, 1884, vol. ii.

In this last paragraph, Mr. Dixon covers the whole ground.

1 T visited this school in April, 1885, and was delighted to find both teachers
and pupils enthusiastically engaged on an admirable program.

\
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Prof. R. H. Thurston, director of Sibley College, Cornell
University, says: —

“It is marvelous to see how rapidly boys acquire the power of skillfully
using tools. . . . I believe that nineteen boys out of twenty do possess
more or less of the mechanic’s tastes and powers; and that the other one out
of the twenty will be so benefited, and his usefulness to himself and the
world so increased, by shop instruction, that he will do well to secure it.
But in the work of life a man must do that for which he is best fitted, and
he can not hope to succeed in competition with the world if he attempts to
make a livelihood and to carry on a business for which he is not fitted.
The turtle may be an admirable diver, but he can not hope to succeed in the
race with the hare — if the hare attends to his business.”

In the last chapter, I quoted from a letter of Mr. Ralph H.
Miller, the superintendent of the Scott Manual Training School,
which forms the complement of the Toledo high school. He
was No. 8 on my list. Since he wrote, the school-year has
closed, and in the Tbledo Blade I find some comments which
are appropriate to this discugsion. Speaking of the graduating
students, the Blade says: — .

“One remarkable fact is that so many who won honors were students in
the Manual Training School. It demonstrates that the manual training
department of the Toledo high school is all that is claimed for it. Another
fact which proves the efficacy of the manual training is that so many boys
remained in the class. More boys graduated this year than ever before in
the history of the school.” ,

The roll shows eighteen boys and twenty girls. Among the
“honor ” pupils are mentioned two young ladies whose choice
of occupation is somewhat unusual, and plainly the consequence
of their manual training.

% Miss Jessie Platt has been a pupil in the Manual Training School for
three years, and averaged the highest in her class for the high school course
for three years, and has not been absent or tardy for five years. She will
devote her attention in the future to architecture.

¢ Miss Minnie Hales has taken the manual training course for three years,
and will hereafter devote her attention to architectural drawing. She will
take a post-graduate course in the manual training school next year. . .

“The interest taken by parents in the work of tHeir children is best shown
in the attendance this afternoon. The inspection is one series of surprises.
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The advancement made by the pupils, as they work from one grade to
another, is so well shown, and so easily seen, that fathers and mothers can

scarcely believe it.”

To the question: does not the intellectual work suffer if time
is taken for industrial work in school, Miss May Mackintosh, a
teacher experienced in manual work, replies: —

«The answer is emphatically No! Children, especially young children,
can not force their attention to keep to oue subjeet for long together, —
the actual time vavy'ng with the children and the personal influence of the
teacher, — aud it is hurtful to them, physically, mentally, and morally, to be
abliged to take part in any lesson after this period of fatigue is reached, —
intellectually, because they form the habit of inattention and self-defence;
morally, because they are obliged to pretend attention; and physically,
in their poor little restless bodies, that need so much movement for their
healthy development. Then what a blessed relief is some piece of work
for the hands, and how fresh the interest and attention for the following
studies. Tt is the most economic arrangement, even if the claims of intel-
lectual education are considered as paramount.” — Education.

Prof. Felix Adler, who has now had eight years of experi-
ence in the conduct of a manual training school for the grades
from the kindergarten to the high school, says in & recent
report: — .

“How does it come to pass that those two organs, the eye and the hand,
which are the preferred messengers for carrying put the intentions of mind,
should receive so little discipline? . . . Who will deny that the future phy-
sician, the experimenter in every department of science, and indeed every
one to whom a deft hand and keen powers of observation are important,
will find such a preparatory discipline in early youth an inestimable advan-
tage? . . . While the pupil is shaping the typical objects which the in-
structor proposes to him as a task, while he pores silently, persistently,
and lovingly over these objects, reaching success by dint of gradual approxi-
ruation, he is at the same time shaping his own character, and a tendency
of mind is created from which will eventually result the loftiest and purest
morality.” .

But perhaps the most striking testimony comes from Eng-
land. The report of the Royal Commissioners, already referred
to, had called attention to the conditions of technical success
in America and elsewhere, and the character of our manual
training was fully given by Mr. William Mather, who repre-
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sented the Commission in the examination of American schools.
It was my privilege to contribute a paper on * Manual Train-
ing Schools ” to the International Conference on Education at
London in 1884, and by special invitation to read an address
on “ Manual Training in General Education” at a conference
at Manchester in April, 1885. As a result of three public
discussions of the subject, during which the details of the
St. Louis school were fully given, the Board of Managers of
the Manchester Technical School converted it both in name
and in fact into a manual training school. In all discussions
touching this subject, William Mather, Esq., was prominent ;
and having entered Parliament the following year, as the
mewmber from Salford, he voiced the public interest in the new
education by giving formal public notice of the following
.motion: —

« That in the opinion of this House, in view of the increasing competi-
tion of foreign nations with our manufactories both at home and abroad, it
is necessary to extend our national system of education in order to bring
the teaching of the natural sciences, manual training, and technical instrue-
tion within the reach of the working classes of this country.”

The vice-president of the Council of Education, the Right
Honorable Sir Lyon Playfair, in bringing his estimates before
the House for the annual grant for public education, said that
Myr. Mather’s motion had his cordial approval, and he looked
forward to the time when this comprehensive proposal would
receive the sanction of Parliament.

A day was set when Mr. Mather should fully discuss his
motion before the House; but, unfortunately, before that day
arrived, the Liberal Government was overthrown and Parlia-
ment was dissolved. |

'‘But interest in the subject is on the increase, and beyond
question great progress will soon be made. I learn from Mr.
Mather, that one form taken by the Jubilee celebrations consists
in promoting the establishment of manual training schools. I
look with confidence to an early modification of the ¢ Code”

which shall recognize systematic manual training as legltnnate
educational work.
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The English movement, as well as the American movement,
as has been truly said by my enthusiastic and versatile friend,
Rev. E. P. Powell of Utica, N.Y., is not so much an evolution,
as a revolution, in public education.

And now comes the announcement at the last moment (June
1, 1887) that the London School Board, on motion of the Rev.
Charles Lawrence, has resolved by thirty-one votes to six, *that
in the opinion of this Board it is necessary to introduce into
schools some regular system of manual training.”
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CHAPTER VII.

THE COMPLEMENTARY NATURE OF MANUAL
TRAINING.1

WITH his gentle lance Emerson pricked many a bubble ;

and, though collapse did not always follow immediately,

the wound was always fatal. In 1844, in his essay on New

England reformers, he charged popular education with a want of

truth and nature. He complained that an education to things

was not given. Said he, “ We are students of words; we are

shut up in schools and colleges and recitation rooms for ten or
fifteen years, and come out at last with a bag of wind, a memory

of words, and do not know a thing. We can not use our hands

or our legs or our eyes or our arms.” And again, speaking of

the exclusive devotion of the schools to Latin, Greek, and

mathematics, “which, by a wonderful drowsiness of usage,” had

been ¢ stereotyped education, as the manner of men is,” he says,

“In a hundred high schools and colleges this warfare against

common-sense still goeson. . . . Is it not absurb that the whole .
liberal talent of this country should be directed in its best

years on studies that lead to nothing?”2

1 An address delivered at Saratoga, N.Y., on Thursday, July 13, 1882, before a
joint meeting of the National Teachers’ Association, and the American Institute
of Instruction. -

2 “The College [Harvard] fitted us for this active, bustling, hard-hitting, many-

' tongned world, caring nothing for authority and little for the past, but full of its
living thought and living issues, in dealing with which there was no wan who
did not stand in pressing and. constant need of every possible preparation as
respects knowledge and exactitude and thoroughness, —the poor olq college pre-
pared us to play our parts in this world by compelling us, directly and indirectly,
to devote the best part of our school lives fo acquiring a confessedly superficial
knowledge 6f two dead languages ! '’ — CHARLES FRANCIS ADAMS, JR., 4 College
Fetich, 1883. ,

Similarly Mr. George S. Merriam, a graduate of Yale, speaks of the time spent
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This is, perhaps, too severe, but we must admit that Emerson
anticipated and greatly aided a reform which has been gather-
ing strength for a whole generation. Hence it is to-day scarcely
necessary that I should present arguments in favor of manual
education. The great tidal-wave of conviction is sweeping over
our whole land, and the attitude and aspect of men are greatly
changed from what they were ten years ago. What I said in
1878 in a public address in favor of technical education was
held to be rank heresy. I fear it would be regarded as rather
commonplace to-day. The progressive spirit of the age has
actually penetrated our thick hides, and we are trying to keep
step with the universe.

To be sure, we still call ourselves reformers, and we shall
continue to battle for the new and true till our banners are the
only ones flying. But the day of surrender is near at hand.
One by one the outposts have fallen into our hands,.and only
a few citadels remain. An armistice has been asked for; and,
if we can only arrange satisfactorily the terms of an honorable
capitulation, the enemy is willing to march out and join our
ranks.

In every community the demands of technical education have.
been discussed, and in every instance when the old system has
been subjected to the tests which good sense applies to business,
it has been found wanting.

And yet let me not pass with only words of criticism. Let
us recognize the inestimable value of American public educa-

0

in the study of words: “ Up to the day when I took my diploma, there had been, I
may say, nothing in my education that required me to use my eyes, or any of my
senses or perceptions, for any purpose save to read the printed page. I had heen
taught no knowledge, and no meauns of acquiring knowledge, except from books. Of
knowledge at first hand, I had learned alsolutely nothing. . . . The whole babit
of personal observation of the phenomena and processes of the material world
was left out of our education entirely. That omission for myself I unspcakably
lamert. History and literature I can to some extent pick up as I go along; hut I
shall never get that intelligent, sympathetic, working knowledge of my physical
environment for which the aptitude and instinct might have heen easily gainad
when I was fourteen or sixteen. . . . I was given, indeed, some of the keys to the
liches of literature, but of things I never learned the alphabet. I acquired no use
of my perceptions save with my eyes to read the printed page, and with my ears
to hear my instructor’s voice.” — Address to Yule dlumni in 1883, as quoted by Mr.
Adams.
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tion. With all its faults, it is our best inheritance. Let us be
just, yea generous if need be, to the bridge that has brought us
over. Let us say, “God speed your work!” to those who are
battling for education in States black with illiteracy, and let. us
commend the splendid work done by earnest men and women
on all sides. But the faults— we must not be blind to them.
If the old education has been good, we can make the new
better.
. DEFECTIVE EDUCATION.

Is, then, I ask—is the education we give as broad and round
and full as it ought to be? Is the time of tutelage most wisely
spent? Do the results we secure justify the means and methods
we use? Is the relation between education and morality as
close as it should be? I think-to these questions we must
seriously answer, No! There is a lack of harmony between
the schoolhouse and the busy world that surrounds it. Some
have even claimed that we are wrong in supposing that educa-
tion always diminishes crime. Let us see if there is any truth
in their position.

You know how often a life is a failure from defective educa-
tion. Too often do we see young people, who might have been
educated to eminent usefulness, cast —

¢ unfinished"
Into this breathing world, scarce half made up.”

I bave seen poor lawyers, who, under a proper system of
training, would have made excellent mechanics, and not a few
of highly‘educated, able-bodied men, actually begging for the
price of a day’s board. I recall one man in particular who was,
able to speak several languages, but because no one would
employ him as & linguist he must needs beg, for he knew not
how to work. Now, when a man’s education has been misdi-
"rected, and he is thrown upon‘the world, shackled by out-grown
theories, bewildered by false lights, and altogether unprepared
for the work which perhaps he was born to do, and when in his
extremity he resorts to knavery and violence and fraud to secure
what he knows not how to get by fair means, those who directed
or should have directed his education can not be held blameless.
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The moral influence of occupation is very great. A sphere
of labor congenial and absorbing, that fully occupies one’s
thoughts and energies, is a strong safeguard of morality. If
you would keep men out of mischief, keep them busy with
agreeable work or harmless play. The balance of employ-
ments'is fixed by our state of society and the grade of our
civilization. Now, if indiscriminately we educate all our youth
away from certain occupations and into certain others, as is
very clearly the case, some, employments will be crowded and
consequently degraded : in others, the choicest positions will be
filled by foreigners; and the lowest posts, wherein labor is
without dignity, must perforce be filled by those who have
neither taste nor fitness for their work. The result is broils,
plots, and social disorder.

Thirty years ago an eloquent Frenchman (Frederic Bastmt)
charged the one-sided education of his countrymen with being
an actual danger to society. He argued that the “stranded
graduates,” ag he called those who, unable to navigate the
rough waters of practical life, had been tossed high and dry
on the reefs along the shore, “filled with a sense that the
country which had encouraged them to devote their best years
to classic studies owed them a living, or a means of living,
would become the leaders of mobs., and officers at the barri-
cades.”

MORE LIGHT.

"When the shadow of death was drawn over the great Goethe,
he uttered his last wish for “more light.” We must echo his
cry, if we would prepare our American system of education
for a more glorious destiny. We treat our children too much
as the unskilled gardener treats his plants. He puts them by
a window and pours over them a flood of light and life-giving
rays. Instinctively they turn out towards the source of their
strength. They put forth their leaves and budding promises;
and, as we look at them from the outside, we mark their flour-
ishing aspect, and rejoice. But, if we look at the other side,
we shall find them neglected, deficient, and deformed. What
they want is more light —light on the other side. Were the
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sun always in the east, our trees would all grow like those on
the edge of the forest, one-sided.

So in education, we must open new windows, or rather we
must level with the ground all artificial barriers, and let every
luminous characteristic of modern life shine in upon our school-
rooms. We must pay less heed to what the world was two or
three hundred years ago, and regard with greater respect what
the world is to-day. Before we devote ourselves exclusively
to the arts of expression, we must cultivate all the faculties
and encourage the growth of thoughts worthy of expression.

!

THE ARTS OF EXPRESSION.

Dr. Youmans recently said (Popular Seience Monthly, May,
1882): —

% The human mind is no longer to be cultivated merely by the forms or
arts of expression. The husks and shells of expression have had sufficient
attention; we have now to deal with the living kernel of truth. . . . Under
the old ideal of culture, a man may still be grossly ignorant of the things
most interesting and now most important to know. . . . Modern knowledge
is the highest and most perfected form of knowledge, and it is no longer
possible to maintain that it is not also the best knowledge for that cultiva-
tion of mind and character which is the proper (i.e., the highest) object of
education.”

I desire, for a moment, to direct your attention to the arts
of expression. Next in rank to the ability to think deeply and
clearly is the power of giving clear and full expression to our
thoughts. This last can be 'done in various ways. As this
brings me squarely upon a subject I wish to impress strongly
upon you, I will illustrate it by a somewhat elaborate example.

A gentleman recently called upon me for my opinion con-
cerning a certainautomatic brake for freight-cars. The device
was new to me, but it lay pretty clearly defined in the mind of
my visitor. It was not original with him, but for the purposes
of my illustration it might have been. Before I could pass
judgment, the device must lie as clearly in my mind as it
did in his, perhaps more clearly : so he set out to express his
thought. He was what we call well-educated, being a gradu-
ate of the oldest university in the land, and was well versed



186 ITS COMPLEMENTARY NATURE. [Ohap. VI

in the conventionalities of spoken and written languages. Ac-
cordingly he proceeded to utter a succession of sounds. His
lips opened and shut with great rapidity, and without intermis-
sion a series of sounds fell upon my ears. The sounds I heard
were quite familiar to me, as I had been listening to them in
one order and another for over forty years; and as they had
always been associated in my mind with certain concrete things,
and the relations of such things to each other, certain thoughts
about those things began to take shape in my mind.

Of course, the sounds I heard had not the smallest likeness
to the things called up by them in my mind. To an Italian
peasant, or to Archimedes of Syracuse, they would have been
as unintelligible as the chattering of a magpie. They were
purely arbitrary or conventional ; yet much of our education
had been devoted to their mastery. Nevertheless, as a meas
for expressing thought, they were in the present case quite
inadequate. The ideas aroused in my mind were confused and
fragmentary, and altogether unsatisfactory. Had my friend
resorted to writing a description of the invention, in either
English, French, German, Latin, or Greek, using in every case
a set of purely conventional symbols (to represent other sets
of conventional sounds) which we had Dboth spent years in
getting some knowledge of, he would have succeeded little
better. Whether speaking or writing, much of his thought he
could not clothe in words. He therefore abandoned the wholly
conventional, or verbal, art of expression, and turned to the
pictorial.

But here he soon confessed that his education was deficient.
He had never studied the art of representing objects having
three dimensions ou a surface having but two, and hence he
was ignorant of the methods he ought to adopt to express by
drawings the objects he was thinking of. However, I caught
more of his meaning from some crude attempts at sketehing
than I did from all his talk. A few lines were luminous, yct
they left far too much for me to supply by my imagination ;
hence my visitor withdrew, and sent me a full set of what we
called *working drawings,” made by the inventor, who was a
draughtsman.
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These drawings, tho a sort of ocular resemblance to the
things signified, were still half conventional, and required on
my part a certain amount of training to enable me fully to
understand them. This, fortunately, I had received; and,
through the art of expression embodied in them, I gained a
tolerably clear idea of the thought of the inventor. With
scarce a written or spoken word, they expressed that thought
far more clearly and fully than any merely verbal description
could do; they showed the relations of parts which were
beyond the reach of words.

But my friend was not content to stop there. The drawings
had been but partially intelligible to him, with their «plans,
elevations, and sections;” and, judging me by himself, he be-
lieved that a third art of expression would out-value both the
others. He therefore invited me to call at a shop and examine
a specimen of the device itself, produced by a skilled mechanie.
The real article, which is the mechanic’s art of expression,
proved to be an improvement even upon the thought of the
inventor. The latter had not been a mechanic, and he had
made the sort of mistakes that draughtsmen who are not fair -
mechanics always make. Certain parts of the design it had
been practically impossible to construct, as they involved shapes
that could not be molded by ordinary means. A nut had
been placed where it was next to impossible to turn it; and
certain parts which were to be of cast-iron had been given such
dimensions that the castings would have snapped in pieces
while cooling. These errors had been corrected by the me-
chanic, and the perfected thought lay fully expressed before
me. - :
In this illustration we have three greatly different methods

of expressing essentially the same thought. Each constitutes
a distinct language, and each is absolutely essential to modern
civilization. §

You will note how a crude thought often takes practical
.shape in the hands of the draughtsman and the mechanic.

“Drawing,” says Prof. Sylvanus P. Thompson, “is the very
soul of true technical education, and of exact and intelligent
workmanship.” Those who have tested this cantell how many
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marvels of ingenuity, as lovely as a chateau en Espagne, have
vanished in the presence of “ plans and elevations ;™ and how
many beautifully drawn designs have been mercilessly con-
demned as impracticable by judges versed in the laws of
construction and the strength of materials.

Much more could be said upon the arts of expression, their
relative importance and proper cultivation. You will readily
think, as did Lessing in his Laocodn, of poetry, painting, and
sculpture. You will recall how lofty thoughts have in all ages
found expression in architectural forms; and yet throughout all
the history of architecture the laws of mechanics as then under-
stood, and the properties of the materials used, have determined
the different styles. In our own age we are trying to express
ourselves in iron and steel, and to cast off the fetters of an
age of marble and granite.

In a recent address Mr. Charles H. Ham of Chicago said,
that, by putting thought into seventy-five cents’ worth of ore,
it is converted into pallet-arbors worth twenty-five handred
thousand dollars. He continues: ¢ Skilled labor is embodied
thought —thought that houses, feeds, and clothes mankind.
The nation that applies to labor the most thought, the most
intelligence (i.e., that best expresses its thought in concrete
form), will rise highest in the scale of civilization, will gain
most in wealth, will most surely survive the shocks of time,
will live longest in history.”

But some ome will say, as to methods of expression, “ One
art is enough for me; make me master of one, and I will care
for no second.” I answer, you are thinking of an impossibility.
If a mechanic is only a mechanie, he is never a master, even of
his own art. He is crippled at every turn; he is limited in
expregsing himself to what he can make. He is without that
powerful ally, drawing, the short-hand of the imagination ; and
in the presence of thoughts that baffle concrete expression he is
dumb. Valuable machines even are sometimes purely imaginary.
Clerk Maxwell, in his “ Theory of Heat,” says, * For the pur-
poses of scientific illustration we shall describe the working of
an engine of a species entirely imaginary, —one which it is
impossible to construct, but very easy to undenstand,” referring
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to Carnot’s engine. In like manner, if one would command
confidence as a draughtsman, he must be a mechanic as well.
And finally, if I am a student of words alone, and if I go not
beyond my dictionaries, I shall never guess their meaning. A
large proportion of our emphatic words are technical; they
belonged originally to some craft, and none but a craftsman
knows their exact meaning. President Eliot of Harvard once
said that the highest education was that which gave one the
fullest and most accurate use of his mother tongue. I would
modify the statement, and claim that the highest and most
liberal education is that, which, beside cultivating most fully
the powers of thought, gives one full command of all the arts
of expression.

I need not remark that many, perhaps most, thoughts do not
admit of concrete, nor even of pictorial, expression,—as, for
example, all abstractions; hence, they suffer setiously from want
of clearness. If you have a clear thought on abstract matters,
you can never be sure you have expressed it clearly.

- The thought must precede its expression by any method, and
in the cultivation of the thinking mind the concrete should pre-
cede the abstract. Give children clear and accurate thoughts
of real things, of the material world we live in, of real plants
and animals, of the laws of materials, of qualities and then of
quantities, before you venture on the field of abstractions.
Before you cultivate the high arts, make sure of the low ones:
without them as a foundation, no superstructure of fine art
can safely ‘be built. As Emerson says (in Man, the Reformer),
“ We must have a basis for our higher accomplishments, our
delicate entertainments of poetry and philosophy, in the work
of our hands. We must have an antagonisin in the tough
world for all the variety of our spiritual faculties, or they will
not be born.”

A habit of clear thinking once formed will never leave us,
however abstract our investigations become; while a habit of
stopping short with ill-defined results, of resting content with
obscure and half-grown mental imnages, of accepting a mental
attitude of fogginess, has a stultifying effect which seriously
dwarfs the mind. This is a most important subject, but I have
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place for but a few words of exhortation. Give children clear
thoughts, and begin with the concrete. When the mind is too
weary or too sick to clear up obscurities, it is time to seek rest
and recreation and fresh air. Beware of straining the powers
of attention by too much schooling; beware of overtaxing the
mind by too many and too difficult subjects; and especially
beware of poisuning the blood and debilitating the brain by bad
air. The fruit of any and all these evils is mental as well as
physical decrepitude.

THE AIMS OF EDUCATION.

But to return. I claim for these forms of expression, which
I have taken pains to distinguish, more nearly equal care and
consideration in the elementary education of every child. Teach
language and literature and mathematics with a view to make
each child a master of the art of verbal expression. Teacl
mechanical and free drawings with the conventions of shade
and color, and aim at a mastery of the art of pictorial expres-
sion. And, lastly, teach the cunning fingers the wonderful
power and use of tools, and aim at nothing less than a mastery
of the fundamental mechanical processes. To do all these
things while the mind is gaining strength and clearness and
material for thought, is the function of a manual training
school.

PREJUDICES TO BE OVERCOME. -

The traditions are heavily against us, but the i:r’a.ditious of
the fathers must yield to the new dispensations As was to
have been expected, the strongest prejudices against this reform
exist in old educational centers.

As Prest. Walker of the New York Board of Education
frankly admitted at the laying of the corner-stone of Prof.
Felix Adler’s splendid institution, “ The Workingman’s School
and Free Kindergarten,” the methods and aims proposed by
the advocates of manual training schools are a criticism upon the
methods and aims of the established system, and nothing is
more natural than' for it to resent the criticism and discourage
reform.
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No man has done more —nay, no man has done as much—to
introduce the manual feature into American education as Prof.
John D. Runkle of Boston; and yet the School of Mechanic Arts
established by him in connection with the Massachusetts Insti-
tute of Technology has, after an existence of several years, been
apparently almost frozen out in the biting atmosphere of that
highly esthetic city.! I doubt if one could find on American
soil a more unpromising field for a manual training school than
beneath the lofty elms of Cambridge and New Haven.

LUXURIES IN EDUCATION.

There are luxuries in education, as in food and dress and
equipage ; and in wealthy communities the luxuries command
the chief attention. At the English universities of Oxford and
Cambridge, a large proportion of the students expect to be
gentlemen of leisure. The idea of giving heed to the demands
of skilled labor, of preparing for lives of activity and usefulness;
the idea of earning one’s daily bread, and of supporting one’s
family, — scarcely enters their heads. Either they inherit
livings, or they seek to get livings through the Church, or they
enter the army with commissions purchased by kind friends
who wish to get them out of the way, or they go into law and
politics. It is B# wonder that such men devote themselves
largely to the luxuries of education, Sanscrit, Latin hexameters,
Italian; in a word, to ‘“polite ” learning. In such an atmo-
sphere as that, how incongruous is the plea of mine for an edu-
cation to things; for a training of the hand and eye as well as
the intellect to lives of useful employment! Yet half the col-
Jeges in the United States ape the English universities, and half
the high schools ape the colleges.

The result of all this has been a certain false sestheticism
which turns away from the materialism of our new notions.
The highly cultivated would soar away into purer air and nobler
spheres. There is a feeling, more or less clearly expressed, that
the material world is gross and unrefined; that soiled hands

1 This was said five years ago. I am most happy to say that such criticism is
no longer possible.
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are a reproach; that the garb of a mechanic necessarily clothes
a person of sordid tastes and low desires. As Dr. Eliot of
St. Louis has expressed it: It is thought to be a sad descent
for a university whose aim should be the highest education to
stoop to the recognition of hand-crafts of the mechanic.”

MANUAL EDUCATION.

Perhaps no better general statement of the new creed has
been made than that of Stephen A. Walker, in a speech already
referred to. He put it for us thus: “Education of the hand
and the eye should go along with, pari passu, the education of
the mind. We believe in making good workmen as well as in
making educated intellects. We think these are things that
can be done at the same time, and our proposition is that
they can be doue better together than separately.” :

As I said in the beginning, this proposition is meeting with
general favor among" the people. I have pointed out the
sources of some of the opposition; it remains for me to
touch upon the two objections which I surmise are about the
only ones in the minds of my hearers. You ask first, “Is
your proposition practicable?” You doubt the feasibility of
uniting in a real school such incongruous elements as arith-
metic and carpentry, history and blacksmithing. You fear
either that the shop-work will demoralize the school, or that
the shop-work will never rise above the cflgmty of a mere
pastime.

Now, I claim not only that what I propose can be done, but
that it has been done in St. Louis, and perhaps elsewhere as
well. |

ORGANIZATION OF A MANUAL TRAINING SCHOOL.

Prof. Thompsén, in his valuable essay on the apprenticeship
schools of France, classifies French technical schools under four
heads : —

1. The school in the workshop or factory.

2. The workshop in the school.

3. The school and the shop side by side.

4. The half-time schools.
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In the first class the school is subordinate to the factory;
the boys or girls learn a particular trade, and every thing in the
school as well as in the shop is designed to meet the wants of
those expecting to enter the particular trade. For obvious
reasons there can be no general adoption of such a combination
in this country. Prof. Thompson gives his verdict in favor of
the school and the shop side by side, though there is much to
recommend the second plan.

No one of the French plans exactly suits me. I prefer to
incorporate manual with intellectual education, and include
both under the name school. We don’t have what you call
school in the morning, and shop in the afternoon; nor do we
spend the forenoons with tools, and devote a few evening hours
to study and recitation: our school program combines the old
and the new in just proportion.

There is no confusion, no sense of incongruity. The boys
go as soberly to shop as to recitation ; though I ought to add
that almost without exception they delight in the use of tools,
and it is no small punishment to be kept from the shop for
some neglected lesson.

The Manual Training School of St. Louis differs from all
other technical schools with which I am acquainted. It much
resembles the Boston School of Mechanic Arts; though it differs
from it in admitting boys at fourteen instead of fifteen years
of age, in having a three years’ course instead of two, and in
having a full and independent equipment of study and reci-
tation rooms as well as shops. I gladly avail myself of this
occasion to publicly acknowledge our indebtedness to the able
reports and papers published by ex-President Runkle on the
Russian system of tool instruction, and the organization and
work of his school.

All European schools of the same grade are more or less
devoted to particular trades, excepting the school at Komatau,
Bohemia, and perhaps other similar schools, where the shop-
work is three times as much per day as with us, and where
book-learning is crowded between very narrow limits.

In like manner, all other technical schools in this country are
either devoted to single trades, or they are of a higher grade.
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To those who do not cave for the details, I will say that our
course of study runs through three years.in five parallel lines.

First, A course in pure mathematics.

Second, A course in science and applied mathematics.

Third, A course in language and literature.

Fourth, A course in penmanship and drawing.

Fifth, A course in tool-work in woods and metals.

Our school is not managed on the assumption that every boy
who goes through it will be a mechanic, or that he will be a
manufacturer. They will doubtless find their way into all the
professions. We strive to help them find their true callings,
and we prejudice them against none.! I have no sort of doubt,
however, that the grand result will be that many who otherwise
would eke out a scanty subsistence as clerks, book-keepers,
salesmen, poor lawyers, murderous doctors, whining preachers,
abandoned penny-a-liners, or hardened *school-keepers ” will be
led, through the instrumentality of our school, to positions of
honor and comfort as mechanics, engineers, or manufacturers.

NO ARTICLES MADE FOR SALE.

For the purpose of discountenancing certain grave popular
fallacies in this country, I will add a word, even at the risk of
repeating what I have said elsewhere, as to our plan of shop
management. We do not manufacture articles for sale, nor do
we pretend to fully teach partictlar trades.

1 ¥n June, 1881, I wrote as follows to the Chicago Tribune: * We do not expect
that all will develop into fine mechanics just because all are required to take the
regular course of shop-work; neither do we expect that all will develop into fine
mathematicians just because all study algebra: nor that all will acquire a fault-
less English style just because we lay unusual stress upon English composition
and literature. The purpose of the school is to develop, to educate, as well as to
train; to bring out into clear relief those very aptitudes which ought to control
the destiny of the hoy. What we complain of in ordinary schools is that they
are one-sided, — that they draw. (or drive) away from mechanical pursuits withous
regard to fitness. Many of our pupils will go forward through the higher courses
in letters or engineering. No check is to be placed upon them. An increasing
number will unquestionably be drawn to practical mechanics of some kind or
degree. If everyone makes a wise choice, I shall be satisfied. I am anxious only
for them to choose aright. If the school (which aims impartially to be a mental
and moral and manual training school) should serve no other end but that of
enabling a parent to decide what to do with his son, it would still be worth all
it cost.”
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A shop which manufactures for the market, and expects a
revenue from the sale of its products, is necessarily confined
to salable work, and a systematic and progressive series of exer-
cises is practically impossible. If the shop is managed in the
interest of the student, he is allowed to leave a step or a process
the moment he has fairly learned it; if it is managed with a
view to an income (and the school will be counted a failure if
its income is wanting), the boys will be kept at what they can
do best, and new lessons will be few and. far between. In such -
a shop the pupils will suffer too much the evils of a modern
apprenticeship.

“ The common apprentice is a drudge set to execute all kinds of miscel-
laneous jobs. There is no systematic gradation in the difficulty of the
exercises given him; more than half his hours are purely wasted, and the
other half are spent on work unsuited to his capacity. What wonder that
four, five, or six years make of him a bad, unintelligent, unskillful machine!”
— Pror. SyLvaxus THOMPSON.

A very bright boy of seventeen years had expected last fall
to enter a pattern-shop in St. Louis as an apprentice, but was
disappointed, there being no vacancy in the number of appren-
tices allowed. He therefore’came to the Manual Training
School, and during the year made excellent progress, not only
in carpentry and wood-turning, but in drawing, mathematics,
and physics. When he showed me some of his handiwork at
the end of the year, I asked him if he would have made
equal progress as an apprentice? ¢ No,” said he, ¢I should
have spent most of the first year sweeping out offices and run-~
ning errands.”? '

1 '
SELP-SUPPORTING SCHOOLS.

I fancy there is no more pernicious fallacy than this of mak-
ing a 'school self-supporting by manufacturing for the market.
Suppose you attempt to maintain one of those popular humbugs,
a commercial college, on that theory; or to run a full medical
school, without endowment, on the self-supporting plan (the

1 Sinc‘e the above was written, a gentleman told me of his father’s experience
when learning the trade of & tanner, in Philadelphia, many years ago. He lived
in the family of his employer, gnd during the first six months he tended the baby.
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students would probably write prescriptions cheap, and cut off
legs for half-priee); or to manage a public school of oratory
and English composition on the strength of an income derived
from contributions to newspapers and magazines, and from
orations made and delivered to order! Nothing could be more
absurd, and yet the cases are closely parallel. No, do not be
beguiled by the seductive promise of an income from the shop.
Admit from the first the well-established fact, that a good
school for thorough education on whatever subject costs money,
both for its foundation and its support.

Closely connected is the matter of teaching particular trades,
to which the lads shall be strictly confined. Such a course
may work well in monarchies, where the groove in which one
is to run is cut out for him before he is born; but it is un-
suited to the soil and atmosphere of America. A single trade
is educationally very narrow, while their number is legion.
“The arts are few, the trades are many,” says Mr. Runkle.
The arts underlie all trades: therefore, let us teach the arts as
impartially and thoroughly as possible, and then it is but a
step toa trade.

BUT A STEP TO A TRADE.

And this brings me to a very important point. Admitting
that with a suitable outfit of tools, shops, etc., a program such
as I have described can be carried out, you ask, * Qui bono ?
What, after all, is the manual. training acquired at school
good for? Has the mind been nourished through the fingers’
ends? Has the hand gained any enduring skill? Iy it really
but a step from the door of the manual training school to
the shop of the craftsman ?”

Experience answers all these questions satisfactorily, and
adds that there is scarcely a calling in society that is not edified
by manual training. Roussean once remarked that “to know
how to use one’s fingers gave a superiority in every condition
in life.” I recently made systematic inquiry among the parents
of my boys, as to the effect of the one or two year’s training in
our school. Their reports on the points now under considera-
tion are both interesting and encouraging. They write : —
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“ Gerald takes great interest in fixing up things generally.”

¢ Charles fixed my sewing-iachiue.”

*George has made many little matters of household utility,
and seems to delight in it.”

“We go to Henry to have chairs mended, shelves put up,
ete., and he does excellent work. He made a fine set of screen
frames.”

“The mechanical faculty was quite small in John’s case, and
it has been developed to a remarkable extent.”

“Leo does all the jobs around the lhouse;’
nearly a hundred pupils. '

Aguain, the parents testify to an increased interest in practical
affairs, in shops and machinery, and in such books and periodi-
cals as the Scientific American. Beyond question, there is
a certain intellectual balance, a good mechanical judgment, a
sort of level-headedness in practical matters, consequent upon
this sort of training, that in value far outweighs special prod-
ucts. Said Rousseau, in his Emilius, a hundred and twenty
years ago: “If, instead of keeping a boy poring over books, I
employ him in a workshop, his hands will be busied to the
improvement of his understanding; he will become a philoso-
pher while he thinks himself only an artisan.”

As to enduring skill, I will let you judge for yourselves.
The blacksmithing has occupied the second-year class .about
two hundred hours,—ten a week. Each man had his forge
and set of tools, and each executed substantially the same set
of pieces. Here is a partial set of the work done. .The pieces
are numbered in the order in which they were done. They
were first wrought in cold lead, while the order of the steps
and the details of form were studied, and then they were exe-
cuted in hot iron. |

One of our engineering students, who had had about one
hundred and twenty hours in the blacksmith’s shop, and an
equal time in the machine-shop, writes to thank me especially
for insisting upon his shop-practice. ~Without it he would
have had to decline a fine position, which with it he filled
satisfactorjly.

As our school has seen but two years, I cannot appeal to its

?

and so on for
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graduates to answer the question: How far is it from our door
to positions as journeymen mechanics? Hence, I avail myself
of the testimony of Mr. Thomas Foley, instructor of forging,
vise-work, and machine-tool work in the Boston Mechanic Art
School. He had himself served an apprenticeship of seven
years, and after several years at his trade had given instruction
for five years. We must consider him a competent judge. In
his report to Prof. Runkle, and contributed by the latter to the
recent report of the Secretary of the Massachusetts Board of
Education, Mr. Foley says: « The system of apprenticeship of
the present day, as a general rule, amounts to very little for the
apprentice, considering the time he must devote to the learning
of his trade. He is kept upon such work as will most profit his
employer, who thus protects himself. . . . Now, it appears like
throwing away two or three years of one’s life to attain a
knowledge of any business that can be acquired in the short
space of twelve or thirteen days by a proper course of instruc-
tion. [I take it that by twelve days he means a hundred and
twenty hours distributed over about forty days.] The dex-
terity which comes from practice can be reached as quickly
after the twelve days’ instruction as after the two or more
years spent as an apprentice under the adverse circumstances
,mentioned above.”

Mr. Foley secures the best results from lessons only three
hours long. He adds: “ The time is just sufficient to create a
vigorous interest without tiring; it also leaves a more lasting
impression than by taxing the physical powers for a longer
period. We have tried four howrs a day, but find that a larger
amount of work, and of better quality, can be produced in the
three-hour lessons.” ,

I consider this testimony of Mr. Foley very conclusive. It
effectually disposes of the claim, so often put forward by prac-
tical men, that no boy can learn a trade properly without going
to the shop at seven o’clock in the morning and making his day
of ten hours, “man-fashion;” and that dirt and drudgery, and
hard knocks, and seasons of intense weariness and disgust
gven, are essential to the education of a good mechanic.
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THE COST.

It remains for me to touch upon the second important ques-
tion you all have in your minds, namely, that of the cost. You
are practical men and women, and you wish now to sit down
and count the cost.

We set out in St. Louis to have the best of everything. We
bought the best tools, and put in the best furniture. We have
.plenty of room and light and pure air. We aim to have good
teachers and all necessary appliances. Our capacity is about
two hundred and forty boys, in three classes of one hundred,
eighty, and sixty, in the first year, second year, third year
classes respectively.

Our building complete cost about . . . . . $33,000
Our tools and school furniture . . . . 16,000
If we add the cost of the lot (150 x 106} feet) . . 14,400

‘We have as the total cost of our plant . . . 863,400

The building is of brick, three stories high, and very sub-
stantial.

Where land is cheap, and less or lighter machinery is used,
less money would suffice; but let no one deceive himself by
supposing that the reform proposed is to be at once a money-

saving one. Such a school costs money, but it is a grand in-

vestmept. Said one of our benefactors to me not ten days ago,
«I feel better satisfied with the money I have put into the
Manual Training School than with any other money I have
invested in St. Louis.”

The same objection, the cost, applies to chemical and physical
laboratories of colleges; and one of the main reasons why so
many so-called colleges in the Western States devote their

‘tattention almost exclusively to classics, mathematics, and his-
tory is that they are too poor to properly cultivate chemistry,
physies, and practical mechanies.

As to the cost of instruction, the shop is about as expensive
per hour as the recitation and drawing rooms. Good mechanics,
fairly educated, who are at the same’time endowed with the



200 ITS COMPLEMENTARY NATURE. [Chap. VIL

divine gift of teaching, are rare. We have a first-class machin-
ist and an expert blacksmith, and pay each twelve hundred
dollars per year. The size of our divisions is generally limited
to twenty members; in drawing, we shall occasionally *double
u .7’

pIncidlen’cals—wood, iron, paper, etc., and the wear and tear
of tools—amounted last year to about seven dollars per head.
The total cost of supplies and instruction in all the depart-
ments of the school, and all incidentals, next year is estimated
to be seventy-five dollars per pupil.

How then, say you, can this costly reform be accomplished ?
The public schools have no funds to spare ; salaries are still too
low, and the demand for extensions outruns the supply. As
Col. Jacobson of Chicago has said, ¢« The alternative before you
is more and better education at greater expense; or a still greater
amount of money wasted on soldiers and policemen, destruction
of property, and stoppage of social machinery. The money
which the training would cost will be spent in any event. It
would have been money in the pocket of Pittsburg if she could
have caught her rioters of July, 1877, at an early period of
their career, and trained them at any expense just a little beyond
the point at which men are likely to burn things promiscu-
ously. Itis wiser and better and cheaper to spend our money
in training good citizens, than in shooting bad ones.”

HOW TO GO TO WORK.

There are two ways of going to work: —

First, Cut down somewhat, if necessary, the curriculum of
higher studies, and incorporate a manual department with your
high school. The investment will pay, and the means for
further growth will soon be found.

Second, Mature your plans, and lay them before your wealthy
public-spirited men. Almost for the first time in America, we
are harvesting a splendid crpp of millionaires. They abound
in every city. They know that boundless wealth left to sons
and heirs is often a curse, rarely a blessing, and they would
fain put it to the noblest uses. In England such wealth would
naturally go to the establishment of noble families, or the pur-
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chase of grand estates which should be transmitted unimpaired
to the oldest sons through successive generations.

Our American peerage shall consist of those who devote the
gains of an honorable career to the establishment of institutions
for the better education of generations that shall come after
them. Let others follow the example of Cornell and Vander-
bilt, Stevens of Hoboken, Girard of Philadelphia, Johns Hop-
kins of Baltimore, Case of Cleveland, Rose of Terre Haute, the
Commercial Club of Chicago, and Gottlieb Conzelman, Samuel
Cupples, Edwin Harrison, and Ralph Sellew of St. Louis.
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CHAPTER VIIL

THE FRUITS OF MANUAL TRAINING.!

THE object of this paper is to consider directly the fruits of
manual training. By mannal training I do not mean
merely the training of the hand and arm. If a school should
attempt the very narrow task of teaching onmly the manual
details of a particular trade or trades, it would, as Felix Adler
says, violate the rights of the children. It would be doing the
very thing I have always protested against. That, or very
nearly that, is what is done in the great majority of European
trade-schools. They have no place in our American system
of education.

The word “manual ” must, for the present, be the best word
to distinguish that peculiar system of liberal education which
recognizes the manual as well as the intellectual. I advocate
manual training for all children as an element in general educa-
tion. I care little what tools are used, so long as proper habits
(morals) are formed, and provided the windows of the mind are
kept open toward the world of things and forces, physical as
well as spiritual.

. We do not wish or propose to neglect or underrate literary

and scientific culture ; we strive to include all the elements in
just proportion. When the manual elements which are essen-
tial to a liberal education are universally accepted and incor-
porated into Americap schools, the word “manual » may very
properly be dropped.

I use the word “liberal” in its strict sense of “free.” No
education can be “free ” which leaves the child no choice, or

1 From an address before the National Teachers’ Association at Saratoga,
July, 1883.
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which gives a bias against any honorable occupation; which
walls up the avenues of approach to any vocation requiring
intelligence and skill. A truly liberal education educates
equally for all spheres of usefulness; it furnishes the broad
foundation on which to build the superstructure of a happy;
useful, and successful life. To be sure, this claim has been
made for the old education, but the claim is not allowed:
The new education has the missing features all supplied. The
old education was like a two-legged stool, it lacked stability;
the new education stands squarely on three legs, and it is
steady on the roughest ground.

I claim as the fruits of manual training, when combined, as

it always should be, with generous mental and moral training,
the following: —
- 1. Larger classes of boys in the grammar and high schools ;
2. Better intellectual development; 8. A more wholesome
moral education; +. Sounder judgments of men and things,
and of living issues; 5. Better choice of occupations; 6. A
higher degree of material success, individual and social; 7.
The elevation of many of the occupations from the realm of
brute, unintelligent labor, to positions requiring and rewarding
cultivation and skill ; 8. The solution of “labor” problems. I
shall touch briefly on each of these points.

1. Bovys WILL STAY IN SCHOOL LONGER THAN THEY DO
xow. Every one knows how classes of boys diminish as they
approach and pass through the high school. The deserters
scale the walls and break for the shelter of active life. The
drill is unattractive, and, so far as they can see, of comparatively
little value. There is a wide conviction of the inutility of
schooling for' the great mass of children beyond the primary
grades, and this conviction is not limited to any class or grade
of intelligence. Wage-workers we must have, and the gradu-
.ates of the higher grades are not expected to be wage-workers.
According to the report of the president of the Chicago School
Board, about one and; one-eighth per cent of the boys in the,
public schools are in the high schools. From his figures it
appears, that, if every boy in the Chicago public schools should
extend his schooling through a high school, the four classes
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of the high school would contain some nine thousand boys; in
point of fact, they have about four hundred.

Superintendent Hinsdale of Cleveland says, “Of one hun-
dred and eight pupils (boys and girls) entering the primary
school, sixty complete the primary, twenty finish the grammar,
four are found in the second class of the high, and one graduates
from the high school.” In St. Louis the average age at which
pupils withdraw from the public schools is thirteen and a half
years. Now, I doubt if any reflecting person would consider it
an unmixed good if every boy in the city should go through
the high school as it is at present conducted. Under the
circumstances supposed, all would probably admit that some
change in the character of the instruction would be necessary.

From the observed influence of manual training upon boys,
and indirectly upon the parents, I am led to claim, that, when
the last year of the grammar and the high schools includes
manual training, they will meet a much wider demand; that
the education théy afford will be really more valuable; and,
consequently, that the attendance of boys will be more than
doubled. Add the manual elements, with their freshness and
variety, their delightful shop exercises, their healthy intellectual
and moral atmosphere, and the living reality of their work, and
the boys will stay in school. Such a result would be an unmixed
good. I have seen boys doing well in a manual training school
who could not have been forced to attend an ordinary school.
If the city of Boston shall carry out this year, as I hope it
will, Superintendent Seaver’s plan for a public manual training
school for three hundred boys, there will be, in my judgment,
one thousand applications for admission