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FUNCTIONS OF TECHNICAL SCIENCE IN
EDUCATION FOR BUSINESS AND THE
PROFESSIONS.*

“* X * fo write now the reforming of educa-
tion * * * one of the greatest and noblest designs
that can be thought on, and for the want whereof
this nation perishes. * * * ”—Milton, ¢ Tractate.

Tur most remarkable and impressive
movement of a period which has been well

* An address at the dedication of ‘ Engineering
Hall, Iowa State College, May 22, 1903.

named the ‘wonderful century’ was one
which, from early and feeble beginnings,
had been for generations slowly developing,
and in rate of motion accelerating, until
we to-day see it, in tremendous magnitude
and power, affecting every department of
human life. This movement causes pro-
gressive and cumulative changes in the
methods and the products of the labors of
the scholar and of the unskilled laborer,
of the professional and of the mechanie,
of the agriculturist and of the merchant;
it changes the views and the studies of the
historian, of the philosopher and the psy-
chologist, of the business man and of the
educator. It is the advance of the scientific
spirit and method into all the fields of hu-
man learning and exertion. Scientific
method is now dominant in all branches
of human life.

This great change commenced with the
earliest endeavors of thoughtful men to
acquire knowledge by direct appeal to na-
ture and experience. It acquired impetus
as the experimental method and the spirit
of research began sensibly to enrich our
stores of learning and to yield their fine
returns in the natural sciences. It assumed
its firm grasp upon men’s thought and
controlled their work when invention and
discovery and the upbuilding of new sci-
ences impressed upon the minds of all sorts
and conditions of men the fact that its
methods were the only direct and sure
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ways to achievement. Those methods are
simple and even axiomatiec in principle.

Science, sctentia, is knowledge, and its
significance became evident immediately it
was seen that such an idea is the opposite
of speculation, that the determination of a
fact and its exact identification by suitable
methods was the first step to further and
exact knowledge of phenomena, and that
this process and its result, the disecovery
of the laws governing facts in sequence,
are the antipodes of the ancient method of
primary appeal to the imagination, with
later endeavor to find evidence sustaining
the fairy tale thus evoked from the inner
consciousness.

‘Wherever work is to be accomplished,
the fact is the first requirement preliminary
to action, and the controlling law is next
to be disecovered, in order that it, and every
other agency of nature as well as of art,
may be directed to the furtherance of the
purpose held in view. The scientific
method is as fundamental in education as
in any other system of application of
energy to useful result. A scientific train-
ing is an essential, a fundamental, element
of all professional education, and sys-
tematic training, scientific training, is the
direct way toward profitable aecquisition
and most prompt and complete success.

The scientific method is not restricted to
the work of the distinctively so-called man
of science. There is a scientific method in
history, in the teaching of languages, in
theology or in philosophy, quite as definite
as in mathematies, chemistry or physiecs.
There is a scientific method of education
and of pedagogy. In all cases it simply
means the coordination of the two essen-
tials, knowledge, exact and definite, and
sound reasoning, the exact acquaintance of
the teacher with the fact to be taught, a dis-
tinet recognition and formulation of the
principles and laws behind the system of
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facts and phenomena, and systematization
of all contemporary knowledge of the sub-
jeet in such manner as to permit the pre-
sentation of all in concise form, in logical
order and in perfect symmetry. There is
even a ‘scientific method of advancement
of science’;* as of every other department
of human knowledge, even of the spiritual
in humanity itself. ’
The mission of science, therefore, in the
broadest sense, is the promotion of all
human knowledge and, through the exten-
sion of learning and of culture, to give
wisdom and to offer opportunity. for its
exercise.t Iis direet product is material
advance in the industrial system, providing
increasing comfort and leisure for the
people and, through this improvement in
the lives of men, giving opportunity for
the development of the intellect, the af-
fections and the soul. But its highest task,
though not a more essential element of
progress, is the promotion of the efficiency
of all our methods of preparing our youth
for the ‘future of their lives,” as Paley
says, ‘to perform justly, skilfully and mag-
nanimously, all the offices, both private and
publie, of peace and war,” as Milton puts
it in his specifications for,a ‘complete and
generous education.” In every department
such an education teaches first the faects,
then the principles and formulated law,
and next the system, and finally all prac-
ticable applications and illustrations and,
where physical manipulations are involved,
as in the laboratories, in the gymnasium,
in the military academy or in the applica-
tions of science in the industrial arts, the
utilization by the practitioner of the sys-

*¢The Scientific Method of Science Advance-
ment,” vice-president’s address, American Associa-
tion for the Advancement of Science, St. Louis
meeting, 1878, R. H. Thurston.

1 ¢ The Mission of Science,” vice-president’s ad-
dress, American Association for the Advancement
of Science, Philadelphia meeting, 1884, R. H.
Thurston.
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tem thus established. In abstract learning,
the principles and the methods of science,
as of philosophy, of history, grammar and
of philology, are practically applied in the
acquirement of further knowledge by the
educator and the investigator, and in se-
curing and in maintaining full possession
of that learning by the scholar.*

A ‘technical education’ must be defined
before it ean be intelligently discussed,
and in this discussion it will be under-
stood that by a technical education is meant
one that will most effectively prepare the
individual to become competent, after ex-
perience has had its ripening effect, ‘to
perform justly, skilfully and magnanim-
ously, all the offices’ appertaining to his
vocation. His business in life may be com-
merce or a profession, trade or transporta-
tion, education or theology; in each and
all, there is a certain essential foundation
of exact knowledge, a certain system of
principles assuring stability and character-
istic form, and another desirable but less
absolutely essential quantity of acecessory
and incidental information and general
education and ‘culture,” which is needed to
give the man that finish and perfection of
fitting for the intercourse of man with man
which, while not voeational or professional,
is none the less an element of real and
highest success.

Proceeding to consider the circumstances
which determine the form and extent of
the technical education of the citizen, the
relation of such education to the whole
system of preparation by special training
for life’s special work, it is first necessary
to agree upon a definition of the terms
technics, technical, technological.

" Greek, from which the terms originally
come, in the primary and the broadest
sense regards these terms as relating to

* ¢ The Miltonian Teaching.’ An address delivered
at Pratt Institute, Brooklyn, December 11, 1894.
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the arts, both esthetic and industrial,-and
the technique of the artist, of the musician,
of the watchmaker and of the steam-engine
builder, in each case, infers special talent
or special acts appropriate particularly to
the art. Technical education, therefore,
is a system of instruction devoted to the
development of a knowledge of an art, as,
for example, taught in a school of musie,
of law or medicine, of engineering, of
theology, or of any industrial department.

Huxley says: Technical education ‘means
that sort of education which is specially
adapted to -the needs of men whose busi-
ness in life it is to pursue some kind of
handicraft’; but this definition is obviously
narrow. Technical education is admitted
to include engineering, for example, which
demands a most extensive and most in-
tense preparation, and involves as large an
amount of learning, especially in both pure
and applied science, as any other vocation
—as much as is demanded in the other
schools of the ‘learned professions,” once
distinetively so called. The technical edu-
cations include all the educations which fit
the man for ‘the sequel of his life,” as a
member. of a working community. But
any business career is chosen as a means
to an end, and that end should always b2
the attainment of a competence to insure
comfort in old age, and meantime a com-
fortable life from .youth to age, and the
privilege of seizing all opportunities for
moral and intellectual growth and for be-
coming of some use in the world. The
business education must, therefore, be ac-
companied by a general education such as
will do most to fit the scholar for. his place
in the social world, and to take advantage
of those opportunities which come to all
energetic men and women in a country
such as ours.

Fortunately, these requirements do not
usually conflict or result in inefficiency of
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either branch of work. The opportunities
which are opened to the average citizen,
or. to genius, even, in this country, apart
from those of the vocation, may be usually
seized by any one having the requisite in-
telligence, ambition and vigor, if possessed
of a good common-school education. If
such a person needs more, his common-
school training will have set him at the
beginning of the path, at least, and will

have fitted him to move forward, not as-

easily and rapidly as if under expert in-
struction, but, as experience has shown in
many cases, so as to attain the object of
the ambition of the moment. Fortunately,
also, whatever the ultimate aim, the begin-
nings of education must be those which
supply the tools with which to construct
a career. The education of the primary,
and, in large part, of the secondary, school
is a preparation for the whole sequence of
life, whatever that sequence may become.
The arts of reading, writing and compu-
tation underlie all arts and all vocations
and professions. The languages are the
entrance ways to all the literatures. All
persons, whatever their aims, must begin
by learning the curriculum of the primary
school and must usually go on through that
of the secondary school. This is, neces-
sarily, all of the nature of education, as dis-
tinguished from technical training. Tech-
nical science can not be taught effectively,
even where essential to the plans and the
future of the individual, until a consider-
able amount of general knowledge has been
acquired and the beginnings, at least, of a
liberal education supplied. The beginnings
being thus acquired, the ambitious man or
woman will find ways of supplementing it;
the unambitious will forget what has been
already gained.

The place for the beginnings in the
teaching of technical science, applied sci-
ence, science in its applications to business,
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is evidently at the point where the scholar
commences his formal preparation for a
business life. Yet it is generally the fact
that something should be done in this diree-
tion in advance of the actual beginning of
the business-school work. There is a cer-
tain amount of scientific instruction and
something of technical, or applied, science
needed by all; whether the future is to be
a life of scholarly leisure or one of strenu- .
ous endeavor in whatever. department of

industry. Such sciences are, for example,

physies and chemistry. These should be

taught in the general course, irrespective

of the plans of the scholar for the future

of his life. Certain sciences, also—botany,

for example—have interest for all and are

essential parts of the education of the man

whose vocation is to be that of the scholar,

as well. as of the technical training of the

naturalist. These classes of subjects are,

or should be, taught as electives when the

curriculum becomes easy of enlargement

in that manner, after the pressure for

necessary primary instruction has been re-

lieved. Thus, through all the earlier

stages of the education of the citizen, the

curriculum is mainly a fixed one, given

form by necessity. Time must be devoted

to those studies which the child first and

most needs as preliminary to all the later

education and life. As these are acquired,

opportunity gradually reveals itself for the

introduction of special and elective courses

to be distributed to the pupils in compli-
ance with the demands of their prospeec-
tive business lives.

At the beginning of this latter period,
the place of technical education and of the
teaching of technical science comes into
view. As the pupil becomes older and his
plans for life more definite, the extent and
character of the technical science to be
taught him become more obvious and more
completely known. But the desirable
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course is now to transfer him to the school
of his trade, or to that which most nearly
supplies its place, where expert instruction
in every department may contribute with
maximum efficiency to the proposed end.
If the ‘business’ to be pursued is commer-
cial, it would seem that the youth should
remain in the academic schools just as
long as time and money and natural ca-
pacity permit, and then he should take up
the work of the business or. the commercial
school. The sciences taught, meantime, in
the academic publiec schools should evi-
dently usually be those which may fairly
be assigned to a general course, as being
valuable to all citizens. Specialization
implied by technical science should be de-
ferred as long as practicable.

When the vocation or the profession is
finally chosen, the pupil will demand prep-
aration for the technical or the professional
school and, where the demand is sufficiently
large to justify it, special arrangements, if
necessary, should be made for meeting its
requirements. This may mean the estab-
lishment of electives for pupils preparing
for the academic college, the law-school or
the school of engineering. It may mean
some substitution of scientific for the usual
educational courses where the latter may
be safely thus displaced. Those require-
ments determine the nature and extent of
the scientific and of the technical instruc-
tion to be introduced. 'Where the pupil
is to go directly into business and his pre-
cise line of work is not settled, or where
it is evident that he is of that class, large
in this country, liable to pass from one
vocation to another, the technical sciences
of the curriculum should be, in general,
the mathematies and the sciences of physies
and, particularly, of chemistry. The con-
stant endeavor of our school boards and
committees to crowd the whole pantology
of an extensive liberal education into a
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common-school system can never succeed,
and the attempt only embarrasses and
renders inefficient the work actually
squeezed in. If the school is large enough,
as often in the cities, it may be practicable
to arrange a system of electives, as is done
in the colleges, wherever it appears that a
sufficient number may be classed together
to compensate the specialist to be employed
as teacher. In smaller schools this course
is usually impracticable.

Education for a vocation being the lead-
ing object of any school, its curriculum
properly " involves mainly those subjects
which contribute especially and directly
to, and are essential to, its purpose. Gen-
eral education has no place, as such, here,
and the student should clearly understand
that his education, in the ordinary sense
of the term, should be obtained, and as
fully and liberally as practicable, else-
where, and usually previously to taking
up the scholastic apprenticeéship. The cur-
riculum of the school should include the
essential studies, the sciences and the tech-
nical information regarding materials and
produects, processes and apparatus, which
contribute to accurate and efficient work
and to ‘economical production. There is
always a certain sequence which is entirely
logical and which settles all questions of
order in taking up the various subjects,
and this problem is usually non-existent
in the technical school. Thus the mathe-
matics must be taken in a fixed order; the
applied science must follow the study of
the pure science; and physical and chem-
ical and mechanical work must be given
after the mathematics have been more or
less completely mastered; for, in the tech-
nical- school, these sciences are quantitative
and involve mathematical processes. In
this assignment there is no question of the
place of these sciences in the work, as the
object to be attained fixes all requirements.
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The sciences are all, ultimately and
necessarily, taught as applied sciences.
There is no time, and no needless expendi-
ture can be made, for the acquisition of
abstract knowledge when so much is to be
learned which is to be utilized directly.
It is thus essential to complete success that
the teacher be entirely familiar, as an ex-
pert, with the applied science. Experience
shows that, in the engineering colleges and
schools, thoroughly satisfactory work in
the sciences is best insured by the selection,
as teachers, of talented and interested sci-
entific men who have given sufficient time
to the business for which it is proposed to
fit the student to become practically fa-
miliar with it and with its applications of
his science. The pure sciences are as
necessarily also best taught by experts, and
this means those who have specialized in
the sciences commonly taught in the acad-
emic departments of our schools and col-
leges. In fact, the rule that teaching
should not be permitted to amateurs, in
any branch, least of all in technical de-
partments, should be made universal.

The curriculum should be as obviously
constructed by experts in the business to
which the school acts as feeder. Omnly the
expert in the business can say what
branches of instruction properly constitute
the technical plan of instruction. The de-
termination of the character and extent of
the technical work in turn settles the ques-
tion, What sciences and what general in-
struction must be supplied as a basis for
the technical work? The form of the
whole scheme of instruction being thus
completely fixed, the details should be as-
signed to specialists, so far as practicable;
each to be familiar as an expert with the
work demanded of him.

Every business, even purely commercial,
involves some connection with the pro-
ducing industries, and the commercial man
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should evidently, in each case, have suffi-
cient familiarity with the industry to be
able to buy and sell intelligently and to
discuss details involving financial interests
with his correspondent.

It would seem that, in the individual

" case, only the student himself can say pre-

cisely what kind and approximately what
extent of scientific and technical instrue-
tion is required by him. The technical
school should be prepared to meet the de-
mands of as large a variety of business
interests as practicable, after sufficient ex-
perience has been had to permit decision.
Probably some knowledge of mathematies,
chemistry and physies will prove useful
to all. Those intending to go into lines of
business connected with the iron and steel
industries will demand some instruction in
the chemistry of metallurgy; those expect-
ing to deal in products of the machine-
making arts will need instruction in ap-
plied mechanics and machine-design ; those
about to enter upon commercial work re-
lating to transportation will need some
knowledge of the principles of conduct of
shipment and construction of invoices.
The whole case, so far as relates to cur-
riculum building, may be put in a few
words, thus: The practitioner in the voca-
tion, professional or other, for which edu-
cational apprenticeship is to be provided,
should decide what sort and how much
technical instruction is needed at entrance
into that branch of industry. This sched-
ule of required work should be assigned
to experts in each of its divisions, to those
who have practical and expert knowledge
of the business. The requirements being
thus ascertained, the next step is to pro-
vide for such studies and such tuition as
are needed to prepare the student for be-
ginning the prescribed studies. These be-
ing introduced, the next lower stratum of
subjects is laid out as introductory to the
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preceding, and this process is continued
until a curriculum is constructed which,
leading up out of the common schools,
terminates at its superior limit at that
point at which the diploma of the technical
school or college becomes a sufficient guar-
antee of satisfactory preparation to enter.
the business and to perfect the professional
education by the regular practice of the
vocation chosen.

The final form and extent of this cur-
riculum must necessarily be determined by
experience, and the preliminary outline
must be acecepted as provisional. The cur-
riculum will be subject to constant change,
amplification and improvement in detail,
as time and the forward progress of the
profession or the business permits or com-
pels, and thus the adjustment of the work
to the requirements becomes more and more
perfect. Ultimately, the practitioner will
find that the institution is doing all that
can be fairly asked of it, and the novice
entering into business will find himself as
well outfitted as is possible in the time and
at the expense permissible, and the youth
proposing to take up the line of work in
view will find his progress out of the com-
mon school, into the business school or
college, and out of the latter into business,
a smooth and continuous and clearly de-
fined movement. Once in business,. thus
prepared, his suceess will depend upon his
own talent, industry, tact and judgment.

This development of our system of gen-
eral education, is the great work of our
day and generation. The wisdom of our
statesmen as well as of our educators is
to be tested, and is being measured by the
promptness and effectiveness with which
they adapt their own ideas, and fit the edu-
cational system, to the requirements of a
modern industrial organization. When
they stolidly follow the ways of the an-
cients, modern life flows past them. Mod-
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ern educations illustrate the wisdom, the
learning, the knowledge and the culture
of later centuries. The wonderful gains
of the nineteenth century, particularly, are
being supplemented by those who have the
wisdom of great statesmen, the learning
of modern times, the knowledge which seci-
ence supplies and the culture which comes
of a symmetrical education in all the arts,
the sciences, the literatures and the phi-
losophies of our own time, so far as it has
been permitted to incorporate them into
school and college curriculums. The ex-
traordinary work of the German empire
had its origin, in fact, with statesmen who,
without being themselves familiar with the
scientific curriculum, were wise enough
to understand its fundamental importance
and to know its place in the modern edu-
cations and the social system.

The nineteenth century has been called
the wonderful century; but the world has,
since the commencement of the seventeenth
century, at least, been progressing with
swift acceleration, and each century has
been wonderful and each more wonderful
than the last, to the contemporary looker-
on. The twentieth century is probably to
be more wonderful than the nineteenth,
not perhaps in the fact of its seeing the
inauguration of a new era in science and
the arts, that is a wonder, unique and
probably without precedent or later rival;
but it will no doubt bring its share of new
wonders and of new achievement, opening
new realms of nature, utilizing new forces
and energies, and availing itself of the old
in new and unanticipated and marvelous
ways. New elements and new compounds
are to be discovered having more remark-
able and more useful properties than the
old; new methods of manifestation of that
protean power which we call energy will
be observed and utilized in forwarding the
tasks of the engineer and strange and mys-
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terious phenomena now puzzling all phi-
losophers, ‘natural’ or other, will find in-
terpretation and application to good works
for the benefit of mankind.

In all this the young men now coming
into their opportunities, and their success-
ors of the next generations, will have their
part and find their opportunity. The
progress of the world is still an accelera-
tion, and the gain and the opportunity
acquire magnitude as a rapidly increasing
function of the elapsing time. The work
of the educator assumes constantly higher
value and greater importance and com-
mands more respect and larger distinction.
The place of the engineer in the world,
lofty as it has been in earlier days, when
Archimedes and Leonardo and Watt and
Fulton and Morse pointed the way to ad-
vancement through the union of the sci-
ences and the arts, and high as it is to-day,
when its apprentices are coming forward
with the learning of the centuries at-their.
command and the skill of the modern
mechanic and inventor and the productive
power of all modern machinery at their
will; it must grow with the advances of
the new industrial world until it shall be-
come one which oldworld, old-time, kings
may well, and in vain, aspire to hold.
The engineer must be the general of the
industrial army and in his hands be held
the fortunes of nations. Those who to-day
witness the foundation or the dedication
of a noble structure, appropriated to the
work of contributing to the education and
the professional training and apprentice-
ship of the young engineer, are witnesses
of an évent contributing to the highest
welfare of the race. Those so fortunate as
to be of the generation entering upon this
work with the commencement of the new
century have the splendid privilege of
taking just as large a part in the growing
opportunity of the engineer and his army
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as their wisdom, talent, ambition and en-
ergy -may permit them to assume. The
man, to-day, who has the wit to recognize
opportunity and the skill and ability to
take advantage of it may fairly expect to
go as far and to rise as high as he may
choose—always provided he maintaing him-
self in a condition of mental and moral
and physical efficiency. For he must make
himself a part of the great machine and
keep time with its march, and maintain
what I am accustomed to call ‘maximum
commercial efficiency.’

Perhaps, in this day and generation,
nothing can more effectively contribute to
the weal of the nation than the institution
of efficient means of promotion of the work
of the engineer and of his profession. As
chief of the industrial army of producers
of permanent wealth, his wisdorh, his
knowledge, his culture and his professional
efficiency, as derived by the application of
talent and wisdom to the improvement of
the apparatus and the methods of produc-
tion, constitute the primary elements of
material progress and, through material
gain, of the advancement of the nation and
of the race.

The progress of the state in all direc-
tions is largely influenced by the states-
manship .of the people of the state, through
the legislation of the representatives of the
people in investing available capital in the
cultivation of the applied sciences and the
encouragement of the universality, the con-
tinuity and the efficiency of the industrial
system. A people which is thus made in
maximum degree industrious, skilful, fruit-
ful, through the exercise of every talent
in the most diversified employments, and
capable of thus making the industries in
highest degree effective in supplying all
the needs of the most enlightened com-
munity, attains most promptly and com-
pletely the highest position in the scale of
civilization.



JUNE 19, 1903.]

This end can only be secured by sys-
tematic and thorough education, not only
in the departments of culture, but also of
economic production, including, it should
be understood, apprenticeship in the pro-
fessions and the trades. In no department
is this more essential than in engineering,
where the sciences of mathematies, of phys-
ics and chemistry and of coenstruction find
their most important uses, and where a
perfected economic system must find its
directing minds.

This is also quite as true where the in-
terests of the agricultural classes are in-
volved. This intimate relation of engineer-
ing and agriculture comes of two prinecipal
requirements. First: The energies and
the skill and the talents of the people
should be so applied in agriculture that
the energy of that industry shall be in
minimum proportion given to that form
of production which directs its powers to-
ward the provision of articles for necessary
but, nevertheless, in an economic sense,
wasteful expenditure. The products of
agriculture are intended to be destroyed,
and the less this production of ephemeral
forms of product compels a diversion
into the work of providing the needed
food-products, the larger the proportion
of the producing power of the nation to
be directed toward the production of per-
.manent forms of wealth. Secondly: The
more efficient this thus increased propor-
tion of the producing power of a people
can be made, the larger the accumulation
and the more rapid the growth of wealth
in the community, in its most permanent
forms.

Already agriculture is a branch of me-
chanical engineering.

The responsibility of the state arises out
of its duty to promote the welfare of the
people of the state. This duty as respects
the common school, the free publie school,
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has long been admitted; it is now coming
to be seen that higher education to-day is
quite as necessary to the highest interests
of the state, and even to its industrial
progress, as was secondary education when
the latter was inaugurated as a funda-
mental purpose of statecraft, a primary
object of legislation. Of these two divi-
sions of this great task of the state, Ger-
many exhibits the finest example of the
higher, the United States, of all nations,
the. most admirable example of the lower.
But the higher, and especially the tech-
nical, education of all competent to profit
by it effectively, is now recognized as an
essential which only the state can supply
fully, continuously and without distinction

of class of citizen.

The state, therefore, inaugurated this
work with the enactment by the national
legislature of the Land Grant Bill of Sen-
ator Morrill, although at the time the na-
tion was engaged in a struggle for life and
the civil war was in its most uncertain
stage. The several states, following this
initiative of the general government, have
since assumed their duty, usually in a lib-
eral and enterprising and patriotic spirit,
sometimes with apparent reluctance and
occasionally evading it largely. In this
matter the western states have been usually
more statesmanlike than the eastern and
fine buildings and noble institutions of
learning have marked their progress. In
the older states there are larger numbers
of colleges already established, often long
established and firmly founded by private
grants and individual generosity, and there
has been less apparent necessity of action
by the state, although the essential differ-
ence between higher education for the av-
erage citizen and that desired by the man
of leisure or a member of a so-called
‘learned’ profession is coming to be seen
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and provided for even amongst the most
conservative of the older colleges.

In some states.the work of the state is
carried on by private contributions, in
large part, directed, nevertheless, toward
the education of the people for life. It is,
however, well understood that the work is
essential to the progress of the country, and
that, on the whole, it is not safe or wise to
leave it to the sporadic and fitful care of
private benevolence; the duties of the
state should never be entrusted to enter-
prises which are of necessity usually men-
dicant and unequal to their work as are
the colleges generally. The latter are al-
ways poor and always more or less ineffi-
cient from that cause and they are always
necessarily mendicant, receiving their ac-
cessions of income irregularly and com-
monly least freely when most in need.
This work must ultimately be mainly ecar-

ried on by the state to insure thorough"

efficiency and most rapid advancement of
the industries and of the people. There
will always be ample opportunity for pri-
vate means to flow into this form of invest-
ment for special purposes; but the state
must make it certain that the forward
movement of civilization and the advance-
ment of the nation is not permitted to
halt because of any lack of provision for
education of the coming captains of in-
dustry or any defect in efficiency of the
means thereto. Every man of genius,
whatever. his circumstances, will be assured
of the privilege of gaining that essential
training and learning which only can make
his genius of value to the world. It is the
state which must provide these ‘freaks of
nature,’ as Huxley called them, these Watts
and Faradays and Davys, each genius, ac-
cording to the great man of science, ‘cheap
at an hundred thousand pounds.” That
nation will go furthest and fare best which
produces and utilizes most fully the largest
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number of these ‘freaks of nature.” Our
country has, perhaps, produced most freely
and utilized most fully; but the time has
come when even the man of genius, whether
in science or in industry, miust, to make
his talent effective, know what the world
has acquired of learning, and must be
trained usefully and effectively to apply
that learning by means of the most perfect
of all known apparatus and methods.
That nation which fails thus to utilize its
men of ability will inevitably fall behind,
and its people taste of the bitter bread of
poverty. '

That state which most and best avails
itself of the opportunity to establish in-
stitutions of higher learning for the proe
motion, particularly, of the industries,
through education for their leading posi-
tions of those men of ability, who will
invariably seek their opportunities, wili
find its investment a handsomely paying
one. One such man recently saved to the
state of New York a million dollars by a
single scientific investigation, and every
young man leaving the engineering school
has his value doubled at the start, and often
multiplied many times later, by the train-
ing thus provided by the state. The in-
vestment is one which pays the state better
than any possible purely commercial one
can, and the future is far more advantaged
than the present and the public at large
is profited many-fold by the ability, natural
genius trained by scientific method, which
is thus gained for its industrial system.

It is not sufficient, however, that the
education offered shall be the best possible
of its kind; it is essential for its full util-
ization, that it shall be given by those who
are experts, each in his own branch, and,
still further, that each of these experts
shall be in constant and intimate touch
with all the contemporary, and especially
the local, industries of the state. Highest
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efficiency can not be attained and most
prosperous conditions reached by the state
unless all the industries are closely and
helpfully knit together, and unless every
individual in each promotes to the best of
his ability the work of each and every
other. The state college or. university has
for its particular opportunity and its espe-
cial duty this promotion of the mutual
helpfulness of the various departments of
industry. Its representation at conven-
tions, its provision of valuable information
and its keeping the leaders in the indus-
tries well informed of the progress of sci-
ence and of the arts in directions having
interest and importance to them; its scien-
tific researches and attempted discoveries,
or its revelations of facts and phenomena
having importance in the industries; its
finding of the right men for special and
important places in which peculiar talent
and special training are needed; perhaps
more than all, its introduction of new arts
and industries and new methods of util-
ization of natural resources: each and all
may advance the best interests of the state
inconceivably, and all costs become insig-
nificant in comparison with the benefits
derived. This has been true in the past;
it will be still more impressively true in
the future. ‘It is only the state, however,
which ean properly carry on this great
work and do full justice to the people
and to the opportunity.

As between the state and the state col-
lege, the obligation is mutual; the college,
as the creature of the state, owes to the
people composing the state its highest and
best work, and always primarily in the in-
terests of the mass of the people and the
fundamental industries of the state. The
state, on the other hand, owes a duty to
the college and, through it, to the people,
again : this is the maintenance of the col-
lege constantly at the highest possible state
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of efficiency and fruitfulness by providing
it with men and material and suitable ac-
commodations of every sort in such manner
that no one member of the staff shall find
his usefulness decreased by reason. of de-
ficient space, equipment or opportunity to
do good work for the state and for the
learner.

In meeting these mutual obligations, ex-
perience would seem to indicate that it is
the state rather than the college which fails
of either interest, ambition, earnestness or
conscientious compliance with duty. It is
oftenest the state which fails to see the
opportunity to promote the best interests
of the people and to take advantage of
that opportunity.

In the hundred or more engineering
schools of the United States are about fif-
teen thousand students, of whom about
fifteen hundred pass out into business each
year. The growth of these schools has
been five hundred per cent. in the last
generation, although comparatively few
of the splendid private contributions to
education of these years have been placed
here, where most needed. A few large
schools send out the greater part of these
young engineers; one third sending out
half and more.

A list of one thousand has been pre-
pared for me, tabulated. The average
period since ‘graduation’ is about seven
years. Of these, so far as reported, one
third are holding positions of independent
responsibility; one eighth are managers
and superintendents of works; ten per
cent. are teaching in the professional
schools, and twice or thrice as many are
wanted. Ten per cent. are designing en-
gineers, planning the machinery of the
workshops, the manufacturing establish-
ments, the railroads, and the fleets of the
country. Several are editors; one fourth
are manufacturers; many are presidents
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and vice-presidents of corporations; others
are treasurers, and the balance are distrib-
uted throughout the whole system of in-
dustries of the country. One half of these
men are not above an average of 25 or 28
years of age, and ninety-five per cent. are
not above 35 or 37. Practically all retain
their connection with their profession.
They commonly realize and fully appre-
ciate their advantages, educationally.

One writes, for example, ‘The great
value of the training given me and espe-
cially by the college is brought home to
me foreibly many times every day and I
prize that training more than all the wealth
of the land.’

The severe pruning out of men unsuited
to the profession has given these profes-
sional schools of engineering the reputa-
tion of producing the best-trained of all
professional men.

More perhaps than in any other profes-
sion is it true that the practitioner, to be
successful—which means to be in highest
degree useful to the state—must possess a
peeuliai‘ mental and intellectual make-up.
He must unite—at least this is coming to
be true very generally if not universally
—he must unite that strength of character
which every leader must possess, with good
sense, such as all men commanding the
. respect of their neighbors must exhibit,
with integrity such as no man can advance
without, with thorough professional educa-
tion and training such as is always essen-
tial to professional success. It is further
true that the intellectual training of the
engineer, for example, furnishes as large
opportunity and as great capacity for pure-
ly intellectual enjoyment as can possibly
any ordinary purely ‘cultural’ education.
Nevertheless, the preparation of the en-
gineer for greatest fulness of life demands
cultural study and an extent of learning
far broader and deeper than the solely pro-
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fessional. He, like all other men, must
for highest results make himself a liberally
educated man and must attain wisdom as
well as culture, learning as well as tech-
nical knowledge, if he is to meet men
on a common and lofty ground. It is not
enough that he shall make of himself a
most efficient machine; he must make of
himself a gentleman and a scholar as well
as a professional.

The outlook for the young man going
out into business of whatever sort from a
course of study which has comprehended
the elements of a good, sound, English
education, college courses which have given
him some familiarity with the contem-
porary literatures and access to the lan-
guages in which the thoughts of the masters
in his field are immortalized and the prac-
tice of his art is exemplified, and from a
technical training, a professional appren-
ticeship, which has built up for him foun-
dations, firm and stable, upon which to
raise the structure of his later professional
career: the outlook for such a man, if him-
self well fitted by talent, character and
experience to profit by his advantages and
opportunities, is now more promising than
ever before in the history of the world.
The tremendous aggregations of industrial
enterprises now coming into form can only
be handled by men of more than ordinary
capacity, wisdom and experience and only
the complete union of the learning of the
schools, the judgment gained by experience
and the intimate knowledge of the business
acquired by the practice of the profession
or the vocation, all conspiring with perfect
union of the science with the art, will here-
after give highest efficiency in positions of
responsibility. The army of industry is
now organized and must be officered. Its
grades are coming to be as distinetly recog-
nized and established as those of the mili-
tary or the naval organization, and the
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kind of man needed for each grade is as
distinetly defined. Every competent man
will gravitate to his place; for the head of
the army and the chiefs of staff are eagerly
looking for that rare and precious char-
acter for each position as vacated by the
falling out of the incumbent of the moment
by retirement or. death.

Of the calls which I have received for
such men from the ‘captains of industry,’
45 per cent. are for positions worth $750
to $1,000, 15 per cent. at $1,200, 20 per
cent. at $1,500, 15 per cent. at $2,000, 5
per cent. at $2,500, and in many cases from
two to ten men are sought. The needs are
greatest in the highest positions and where
men capable of carrying large responsi-
bility and having exceptional executive
capacity find their place. One man who
did not take his diploma for some years
after a business call had withdrawn him
from his earlier studies is now a vice-presi-
dent of one of the largest corporations in
‘the United States; another, only about ten
years out of college, has become the presi-
dent of several important corporations ag-
gregating several millions in capital and
as a whole extraordinarily profitable,
‘mainly through his ability, good judgment
.and business efficiency.

One of the best gauges of the value of
‘these men when well suited to their pro-
fessions is found in the fact that, when
these alumni of the engineering college
are asked if they desire to change their
present positions, they almost invariably
reply that they are well satisfied. Asked
at what salary a change would be consid-
ered, ten per cent. of these giving definite
figures proposed $1,000, 30 per -cent.
$1,500, 30 per cent. $2,000, 10 per cent.
$2,500, and 5 per cent. in each grade
$4,000, $5,000 and $6,000. The ablest men
in highest positions usually declined to
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consider a change of employers or of em-
ployment.

The young engineer, just from college,
if he has profited by his opportunities
usually gets on slowly at first and very
rapidly later. The man who refused
$1,500 a year to accept fifty cents a day,
where his opportunities were greater for
learning his business, now receives—six
years out of college—$3,500; the- usual
figures are $60 to $75 a month when em-
ployed: rather than taught in the great
manufacturing organizations. Salaries a
little later range from $1,000 to $3,000
and sometimes $5,000 and $6,000. The
average asked by men willing to change
their fields of work as reported a year or
two ago was about $2,000 for men seven
years out of college. One young man
dropped out of college to secure an op-
portunity to become familiar with an im-
portant industry, the chance coming un-
expectedly. He returned to take his de-
gree, three or four years later, with a con-
tract for four years, at $6,500 a year, in
his pocket.

Many become inventors in their chosen
fields and accumulate fortunes rapidly.
Others enter great enterprises and build
up the cotton manufactures of the south;
direct the great departments of the electri-
cal industries; revolutionize the methods
of produection of pig iron; produce a tool-
steel capable of multiplying the work of
machine tools; invent a steam-engine gov-
ernor and take in royalties of thousands
a month; systematize a gas industry, gain-
ing a fortune while financially benefiting
the stockholders and the gas-consuming
public; multiply the rate of transmission
of intelligence across the ocean, beneath or
above its surface; utilize the electrical
energies in light and power transmission
by new methods; organize new systems and
new industrial establishments. All who
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thus contribute to the welfare of the people
are very sure to secure a handsome commis-
sion and scores of these men of the new
generation are thus helping others while
helping themselves. The conduct of the
industries of the country is constantly
more and more falling into the hands of

the systematically trained and technically

learned man.

Young men, such as our best professional
schools of engineering are now turning
out, are greatly needed and the need is
recognized by employers. The demand has
been for some years past greater than the
supply. A generation ago it was next to
impossible to induce the average manager
of an industrial establishment to admit
the college man within his doors. To-day
the same class of men is sought by all, and
the larger and the more important the in-
terests involved, the more anxious are the
officers of the organization to find men
trained in the professional school, com-
bining secience with practical knowledge,
and prepared to face and to solve the tre-
mendous problems now constantly arising.
I have a deep file of letters calling for such
men; there is practically none unem-
ployed, unless on the sick-list. All the
professional engineering schools are thus
situated. Turning out a thousand or more
annually, the whole output is absorbed by
the great industries and immediately upon
leaving the doors of the college. If suited
to the profession, success is assured ; other-
wise, failure is just as certain.

The prizes to be won, like those in all
other professions, are large; there is
always room at the top; the earnings at
first are usually small in cash, large in
valuable experience ; opportunities come in
increasing number if the man is the right
man for the higher place; more men are
needed than can be found to take the
higher positions of responsibility and of
commensurate compensation. The wise
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young professional seeks opportunity for
profitable experience without much regard
to compensation. I have known a man to
refuse a good salary and to accept fifty
cents a day, where he saw an oppor-
tunity to secure practical experience and
training such as, in his estimation, was
what he most needed. His spirit was that
of Agassiz, who, when asked why he re-
fused an important and lucrative business
position, is said to have replied: ‘I can not
afford to give my time to money-making.’
Both had their rewards, each in his own
way, in that form of professional success
which was the highest ambition of each.
Many young college men are to-day work-
ing for the great railroad companies, for
the electrical companies and for industrial
enterprises of all kinds, accepting insig-
nificant pecuniary reward for the time, in
order that, by securing that special ex-
perience and expert knowledge needed to
supplement their special education, they
may prepare themselves for positions of
honor, of responsibility and of financial
value. Here ‘the last shall be first.’

It is of little consequence what line of
work the young man enters, provided it be
that for which he is individually well
fitted by nature and training. In mechan-
ical and electrical engineering, in ship-
building and in the railway system, in-
mining or in public works, great opportu-
nities are all the time, and more and more
frequently, offering. It matters little what
line the man selects, provided he is nat-
urally fitted to do the work, by talent and
by inclination, and that he acquires
promptly the needed professional training
and a later experience. If able and reli-
able and loyal fo his employers, he is far
more likely to be promoted faster than is
desirable than to remain unrecognized in
any important organization. His early
years should be devoted to securing pro-
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fessional knowledge and practical experi-
ence, efficieney in his business and ability
to deal with other men. Opportunity, re-
sponsibility and financial returns will come
later, once he reaches the age at which
older men holding such positions begin to
drop out. If suited to the work he will
find his place. :

Meantime, the work of the world is fall-
ing into the hands of these able, expert,
experienced and efficient men of the new
generation in rapidly inecreasing propor-
tion, and the professionally trained en-
gineer now finds himself wanted wherever
learning, ability and experience are essen-
tial to the success of a great enterprise.

In this great work the student for whom
all these sacrifices.are made has his part,
and his duty is quite as imperative in the
utilization of these opportunities as is that
of the state to provide them. His first
privilege and duty is that of playing his
part conscientiously and well. If unable
to do the work well that is set before him
he should retire to make place for a more
competent candidate for opportunity; if
found lacking in conscientiousness, he
should be retired.

Stradivarius, whose violins to-day will
fetch large sums, though they cost but
little two centuries ago, in answer to a
charge that he worked only for pelf, re-
plied:

“ Who draws a line and satisfies his soul,

Making it crooked where it should be straight?

An idiot with an oyster shell may draw

His lines along the sand, all wavering,

Fixing no point or pathway to a point,

An idiot one remove may choose his line,

Straggle and be content; but, God be praised,

Antonio Stradivari has an eye

That winces at false work and loves the true,

With hand and arm that play upon the tool,

As willingly as any singing bird

Sets him to sing his morning roundelay,

Because he likes to sing and likes the song.”
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The spirit of Stradivarius is that which
underlies all suecess, and not only should

_the protégé of the state illustrate this spirit

as justifying his adoption by the staté; but
he should understand that the interest and
pride and ambition of Stradivarius are
essentials of his own later advancement.
Thoroughness in college work is no less
essential and fundamental an element of
success with the individual than is the sue-
cess of the outgoing army of alumni vital
to the progress of the country and the
growth of the state in all that makes suec-
cess for the people, or that makes life worth
living for the dweller in their midst. Given
this spirit of wholesome and cheerful am-

" bition and the atmosphere which it en-

genders, and the world will be the better
and the brighter each day.

Our own progress as a nation depends
upon the wisdom and foresight, the patriot-
ism and courage and persistence of our own
educators and statesmen and industrial
leaders. With wise statesmanship, our
own nation may become the leader of the
world and dur country may always move
onward in the van of modern progress. At
the moment, what is most needed is the
awakening of our legislative and executive
officials to the duties and the opportunities
of the times. It is the fossilized educator
and the ignorant and unpatriotic politician,
and the demagogue who aspires to lead
‘labor,” and the educated man with his
head in the clouds, who are the most seri-
ous obstacles to the progress of education,
and to that of the nation toward higher
and better things. These classes being
either enlightened and purified, or extin-
guished, we may trust the American
people to take full advantage of their op-
portunities and to hold a foremost place
in the peaceful rivalry of the nations.
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