FOREWORD

This bulletin presents one of a series of fact-finding studies
ineluded in a general investigation soncerned with “‘the ob-
jeets of engineering education and the fitness of the present-
day eurrieulum'’ which has been carried out during the yvears
1924 to 1929 inelusive by the Soeiety for the Promotion of
Engineering Eduecation under a grant of funds by the Car-
negie Corporation of New York. There is also included con-
siderable material on technical sehools giving more intensive
forms of training than the usual professional ecurses in engi-
neering, which was gathered for use in a special investigation
in that area.

Both investigations have been conducted under the general
direction of the Board of Imvestigation and Coordination
and under the immediate supervision of the Staff, as named
elsewhere.

The bulletins are published by the Soeiety through its
Board of Imvestigation and Coordination as the documenta-
tion of the investigations, but the responsibility for their
contents, for the opinions expressed and for the recommenda-
tions made rests in all eases on the authors and editors of the
particular material presented. The more general findings
auﬂ,geummendatinns of the Board, based upon a synthesis
of the several studies, are to be published separately.
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A COMPARATIVE STUDY OF ENGINEERING
EDUCATION IN THE UNITED STATES
AND IN EUROPE

By

W. E. Wickexpex, Director of Investigation,
Society for the Promotion of Engineering Edueation.

INTRODUCTION

Objects and Scope of the Study.—The centenary of tech-
nical edueation in Ameriea marks the present decade as a
timely occasion for an appraisal of results and a reconsidera-
tion of aims and methods. These have been the objects of an
extended investigation to which the engineering colleges, the
technical sehools, the industries, the professional societies of
engineers, the United States Bureau of Edueation and other
agencies have eontributed a group of important factnal and
interpretive studies. These unit studies necessarily have
dealt with limited aspects of the situation and were made
from particular points of view, many of them from within.
To round cut the data for an adequate appraisal there was an
obvions meed to survey the situation in a wider perspective
and from a more objective viewpoint. The spomsors of the
investigation felt that this need could best be met by a com-
parative study of engineering education in the United States
and in a group of leading European countries. As the study
progressed it became apparent that the edueation of engineers
as a professional group could not be dealt with effectively
_apa.rtfrumtheeduutiun of the higher and middle ranks of
industrial supervisors and technicians. The study was there-
fore extended to eover both the professional schools of engi-
Mﬁlinganﬂwhatmknmunthzmnﬁnemui Europe as the
““higher technmieal middle schools.”” This Bulletin presents
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2 COMPARATIVE STUDY OF ENGINEERING EDTCATION

both phases of the study. Only incidental reference is made
to the training of craftsmen and to pre-industrial training in
early adolescence. Secomdary education is dealt with in so
far as it supplies an essential foundation for higher technical
studies. In certain cases a schematie picture of the national
scheme of education is ineluded as an aid to orientation.
Terminclogy.—It is diffienlt to define the scope of the study
and to express its data and findings in terms having a common
acceptance. The term ‘‘enginsering education® is loosely
used in America and has no direet equivalent in the more pre-
cise terminology of continental Europe. The same term is
frequently used in England in a more special sense to denote
education for the machine indunstries, Thronghout continental
Europe “‘technical education’' is an inclusive term for the
training of all ranks of specialists in industrial and building
technology, architeeture, agrienlture, forestry amd, in Ger-
many at least, psyeho-technics as well. The comtinental sys-
tems may be divided into three quite distinet categories of
technical eduoeation, commonly ealled ““higher,” ““middle””
and “lower.”” Cur terms *‘professional’” and **vocatiomal’
fit the first and last reasonably well, and it is econvenient to
borrow the term “‘middle’ for the intermediate categzory,
which is less widely recognized in America. It should be
pointed cut, however, that the French word professionmel
is practically idenmtical in meaning with our word “woea-
tional.”" The term “‘techmical education’ has been given a
legal definition in Great Britain which excludes *‘ teaching the
practice of any trade or industry or employment.”” The term
*“technology”’ is commonly used abroad to denote the practical
arts of indostry rather than the underlying technical sciences.
Acknowledgments.—The data and observations which
form the basis of this study were gathered in part by per-
sonal visitation in 1925 and 1928 and in part from publiea-
tions and eorrespondence in the interim. So far as is known
subsequent changes have not altered the principal features of
the pictures here presented. The writer wishes to express his
gratitude to the public officials, officers of engineering socie-
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ties, educators, engineers and industrialists, far too numer-
gus for individual mention, without whose invaluable aid the
study could not have been accomplished. He is happy to
testify to the cordial interest of the engineers and educators
of Europe in the progress of Ameriean schools, which has been
heightened by the change of America’s position from an im-
pa:tertﬂanezpnrteruftechmiﬁalpm&umﬂ.ﬂm

There is little possibility of direet borrowing from educa-
tional systems which have grown cut of other economie and
enltarel conditions. 'The value of comparative studies, apart
from their aid to self-eriticism, arises largely from the gain
in mutnal acquaintance and understanding. Engineering
varies in function and practice from nation to nation and
the variety of national types is worth preserving as a spur to
progress. Its essential genius, however, is universal. As heirs
in common to all the arts and sciences engineers have a duty
to foster a generous spirit of emulation that may help to lift
international competition off a sordid plane. Until recent
years America has had the advantage of meeting competion
in science and technics largely on her own ground and her
own terms, by the simple process of assimilation. Europe has
gent us trained men, educational models, professional tradi-
tions and the fruits of her research and we have made them
our own. We have given in return, but not in equal measure.
Heneceforth we must balance this acecunt more evenly. While
we shall eontinue to welcome and to assimilate the engineer,
the technieian and the craftsman of European training, it is
plain that we should depend less on this source to fill gaps in
our scheme of techmical eduocation. The Ameriean engineer
shonld be able to meet the world’s best in any field on terms of
unquestioned equality, both in calture and in techmieal pro-
ficieney.

Technical Education and Economic 'Well-Being.—These
studies will fail of their larger purpese if they do not em-
phasize the importance of seeing the problem of technical
eduecation whole and of bringing some adequate initiative to
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bear upon it. Experienee seems to indicate that it is equally
possible to go wrong under a central bureaucracy or by de-
pending entirely on individual and loeal initiative. Franee
showed remarkable fertility and held undisputed leadership
in technical edueation up to 1850. Then followed forty years
of arrested development. The State held an educational
menopoly, but took no effective initiative; responsibility was
seattered among various bureans and ministries, each caring
for its special needs with little eomcern for the nation as a
whole; the schools were unduly coneentrated in Paris; and
nearly the whole effort was spent on the training of burean
ehiefs and directors of industries, while the subalterns were
almost wholly neglected. Loeal and private enterprise finally
came to the rescue, but cnly after the early supremacy in
technical education had been irretrievably lost, with disas-
trous effect on French industrial development.

Great Britain lost fifty vears of ber early lead over Ger-
many through ineffectual development of technical education.
Before 1880 virtually everything was left to private or local
enterprise; few perceived that a speeially selected and trained
personnel was needed to apply seience to industry efectively;
nearly a century of effort was eoncentrated on the ingidental
teaching of science to workingmen, largely inspired by wel-
fare motives—an admirable thing, in itself, but a wholly in-
edequate scheme of techmical education; meanwhile technical
education and research in the universities were almost stifled
by lack of support and the backward state of preparatory
education.

Nowhere else have technical education and research had so
large a share in shaping national destiny as in Germany.
Thrown ot of the academic institutions through the conserv-
atism of old-school edueators, teehmical edueation was taken
up and fostered by far-seeing statesmen bent on transforming
a group of baekward agricultural states into a dominant indus-
trial empire. New types of schools, industrial, seeondary and
professional, had w be ereated from the ground up. There
was an early pericd of confused effort, but after 1360 it was
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increasingly evident that while the states and industries were
supplying the greater part of the motive power, the technical
professions were guiding the movement out of eonfusion to
clearly visualized goals. Today, the chief guiding agency is
the Deutscher Ausschuss fiir Technisches Schulwesen, a cen-
tral representative committee which brings together the tech-
nical professions, industries and sehools for effective eollabora-
tion with the government ministries in the gunidance and
support of technical edueation in all its branches.

In the United States we have done parts of the task well,
but other parts we have scarcely done at all and no one has
seen the task whole. We began with a broad aim “‘to apply
seience to the eommon purposes of life,”” but there was an
early fixation of technical education in ome special form—a
professional diseipline for engineers. Omly this ome aspeet
of technical education has been adequately developed, and in
the effort to make it eomprehensive there has been an in-
evitable blurring of aims and eompromise of standards. Col-
leges, professional bodies and industries hawve not agreed upon
specifications. The spirit of technical edueation is individ-
nalistic, without an underlying eeonomic and social program
to balance the concern for the persomal development of the
student. Can this laissez-faire policy be trusted as an ade-
quate guide?! Not if the experience of more mature nations
under more severe economie pressure may be taken as a
eriterion. It is plain that we ean not look to a central gov-
ernment for a national poliey and program in technical edu-
eation. OQur national genius in snch matters works through
voluntary coordination. The next step is to prepare the way
for some central representative agemcy, such as that in Ger-
many, and to awaken the public to the vital part that am
adequate and well-proportioned scheme of technical edueation
and research plays in the general economic well-being.
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PART I. THE HISTORICAL DEVELOPMENT OF
ENGINEERING EDUCATION

There are significant differences of national thinking as to
what an engineer is, what are his functions in the social order
and how he may best be trained, which can be nnderstood only
in the light of their evolutionary development. The charaeter
of institutions, like that of persoms, is largely conditioned by
heredity and early nurture. Fifty years ago C. O. Thompson,
the first president of Rose Polytechnic Institute, observed
from his studies of the ensinéering schools of Europe that
thers had been little change in their essential features after
the first ten years of their existence. From that period on
their growth was essentially a maturing rather than a forma-
tive process, The present study tends to confirm this general
law of development.

National Conceptions of Engineering.—The word enginesr
embodies a Latin root gen which denotes highly creative at-
tributes. The direet line of derivation may be traced to
ingeninm—natural capacity, talent, capacity for invention—
and is closely linked with the words genius and ingenuily.
The continental languages preserve these root values rore
faithfully than the English, as in the French ingénieur, the
Spanish ingenierp, the Italian ingegnere and the German
ingenienr. All these languages cormmonly use some variant of
the word machine where the English employs the word engine.
By a trick of etymology the words engineer and engine have
become intimately linked inm English speech and thinking, so
that an engineer is instinetively thought of 2s one who builds,
applies or operates engines, leaving the conmotations of ere-
ative ingenuity of the Latin root somewhat obscured. This
circumstance has eolored British usage to a greater degree
than American. TIn the British sense the term engincering is
ecommonly applied to all machine building activities, and the
term engineer indiseriminately to men engaged in trades, in-
dustries and professional services. The engineer is pre-em-
inently a professional man of speecial scientific training in
continental Eunrope. British tradition regards the engimeer
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as a practieal builder who has acquired some mastery of the
seience underlying his art. The method of his scientific for-
mation is ineidental, but whatever its extent, he is expected “ o
go through the mill" of practical apprenticeship. The Amer-
jean eonception is less elearly defined, but is intermediate be-
tween the British and the continental types.

The Influence of Underlying Traditions.—In origin and
historieal development British engineering is closely linked
with handeraft and continental engineering with formal sei-
ence. Whereas scientifie inquiry, training for practical pro-
fessions and industrial pursuits were equally cut off during
their formative years from the dominant seats of learning in
England, the higher schools of the eontinent became the chief
sources of their nurture from the earliest years. These eir-
eumstances have directed the main streams of edueational
activity into widely divergent chanmels. Motives of indi-
vidual welfare and traditions which grew up around the
pioneers of the industrial revolution led Great Britain to
devote her major energies throughout the 19th century to
the teaching of sciemce to working men. The need of a spe-
cially selected and trained personmel to apply sciemce to
industry gained recognition slowly. The chief heritage of
the eentury is a magnificent system of local technical insti-
tutions, devoted prineipally to part-time and evening in-
struction for industrial employees. The place of technieal
pdueation and research in the British university system was
eomparatively small until the last years of the century; since
then its development has been greatly aceelerated.

The traditional link between engineering and craftsmanship
has led Great Britain to preserve in her system of technical
edueation an ideal of *‘vertical mobility’” which is almost
whally lacking in the sharply stratified schemes of the eontin-
ental ecountries. Franee was the first to perceive that the
effective applieation of the technical sciences requires a highty
selected and trained personmel and to provide a professional
diseipline for engineers in schools of the highest rank. France
was also first in providing a distinet type of edueation for
industrial sopervisors. Germany was conspienously first to
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grasp the potentialities of specialized research as the dynamie
of techmical progress; also the first to provide a universal
scheme of vocatiomal edueation for her vouth entering in-
dustry in their early vears.

Traditional influences have led to an unsymmetrieal growth
of teehnieal education in America. A century ago the pic-
neer phase of an effort to promote ““the application of seience
to the eommon purposes of life’’ was quickly transmuted into
the form of a professional discipline for engineers and as-
similated into the newly developing system of university
edueation. Coineident with the railroad there came a demand
for engineers versed in the scientific resources of their art.
The scattered group of military engineers and self-tanght
eivilians of the earlier period could seareely be ealled a pro-
fessional body. There was nothing to which the English
system of pupilage could attach itself and the engineering
school arose from simple necessity. The models borrowed
from Franee gave to American engineering edueation a
distinetly professional character and spirit. This early fixa-
tion has resulted in a one-sided growth ; techmical schools have
multiplied after the single pattern of the degrec-granting
college; the systematic training of craftsmen and teehnicians
and of supervisors of industrial production has been largely
neglected ; we have been tardy in ereating an effective group
of vocational schools; and the standards of professional ““en-
gineering education’” have been strained to accommodate forms
of training in specialized technoloey which seem elearly to
belong in some other category. European experience indi-
cates that progress to a better rounded system and to higher
standards of achievement may be expected only as we define
the functions and limit the aims of our schools more precisely
and in doing so divide the area of activity among schools of
different types and categories, working on different levels of
age, previous training and experience, scientific content and
specialization, using different educational methods, but all
striving to attain the highest degree of excellence,

g = §

e Y L L

,',."ll-‘}r.' Bty

[

COMPARATIVE STUDY OF ENGINEERING EDUCATION g9

A. Hisrorican DeEvELorMEXT, FrANCE

The Germinal Period.—The builders of antiquity and the
Renaissance were both architects and engioeers. The most
prilliant examplar of this earlier versatility was probably
Leonardo da Vinei. Art and science diverged into separate
fields of endeavor so gradually that no time and place can be
fixed for the birth of engineering in ifs m:ud:em sense. In all
probability the process took place in mediwval France, where
the eomstroction of roads, bridges and waterways was a royal
poncern from the days of Charlemagne. A royal Corps des
Ponfs ef Chanssées is known to have existed as early as the

" 15th century. Charles V (1364-1380) mentions mos ngéni-

eurs des ponts et chaussées in a royal nrdmamze. An episode
of the reign of Lounis XIV (1642-1715) makes it cleilr that the
engineering profession had begun to develop a conscionsness of
jts own. In his enthusiasm for monumental struectures the
Grand Monarch ecommissioned his favorite architect Mansart
to build a stone bridge at Moulins on the Allier. Mansart was
a master of masonry construction, but he knew nothing of hy-
draunlies and the erosive action of streams. His hn'clg? s00m
collapsed. The engineers of the peried capitalized this set-
back with a rare sense of publicity and let it be known

X ir eommand f eonstructio i-
m&;tmimm. more I:J:ti :nli moTe -ran:fd%
resourees, looking to solidity rather tham monumental decora-
tiom.**

Creation of the Ecole des Ponts et Chaussées.—Lonis XV
(1715-1754) undertook to repair the economic structure of
France, shattered by the extravagences of his predecessor.
His plans ealled for the construction of 2 vast system of na-
tional highways., The direction of the work wasentrustf.dtn
an engineer Perronnet who proved to be a man of exceptional
genins. Perronnet may be ecalled the father of modern eivil
engineering and was certainly the father of engineering edu-
ration. When summoned to Paris in 1747 to beeome chief en-
gineer of bridges and highways he was charged

“éwith the direetion spd supervision of surveyors and desipmers
of plans and maps of the roads and highways of the realm and
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of all those who are appointed and nominated to said work; and

to instroct the said desigpers in the sciences and practices peed-

ful to fulfiliing with competency the different oecupations relat-

img to the said bridges and highways. ™
Perronnet’s commission was the germ of the first engineering
school Hitherto engineers had prepared for the exercise of
their art by isolated and unorganized studies and the provin-
vial ecities where they were often stationed afforded them
searéely any means of professional improvement. The ma-
jority had little or no theoretical equipment—imitation and
routine were often their only guides. Perronnet found a ecm-
plete lack of uniformity in standards and practices, as well as
in the routines of field notes, reports and estimates. Foreed
bwv cirenmstances to organize a corps of drafismen bound by
common conventions and norms, Perronnet ingeniously trans-
formed this staff into a veritable school of student engineers.
In his orders of Dec. 11, 1747 he directed :

¥4 That these employees will be divided into three classes; the
first eomposed of under-inspectors or under-engineers; the see-
ond of employess called dléves; and the third of young men of

legs edweation who are admitted to work in the offiee as suxili-
arjes 1’

“IThat the emplovees of these three elasses oot otherwise em-
ployed will report to the affice of Perrcnnet dafly, Bundays and
halidays exeepted, from eight to noom and from two to eight '™

W That execeptional rewards will be givéen to the three most
proficient employess of each elass, who are to follow the courses
of professors of muthematics and architecture indieated by
Porrannet.”?

**That during the sunmer, tke employess are to be distributed
ampng the principal works in progress, to cxéemte maps and
plams""

While the school began to function in 1747 the name Ecole
des Ponts ef Chaussées was not officially bestowed nor the in-
stitution legally regularized wmtil 1775. In addition to the
external professors provided by Perronnet, he directed the em-
plovees of the highest elass to act as instructors of their
jumiors. ‘This scheme of “‘mutunal instroction’ continued in
force until 1799, Otherwise the scheol retains most of its
original characteristies to this day. It is still an appendage
of the ¢fficial Corps des Ponis ef Chaussées; the program of
studies remains three years in lemgth; the regular students
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rank as state employees; the professors are in part eminent
savants and in part leading engineers of the Corps; many of
the exercises are aectual engineering projects; and the sum-
mers are occupied by sfages at important works in progress.
This eriginal pattern has left its mark on all engineering edu-
cation in Franee.

The Ecole des Mines.—The mineral industries were largely
neglested in France until the middle of the 18th century.
When miners or metallurgists were needed they were com-
monly gotten from Germany. Louis XIV songht to develap
the mineral resources of France as a means of revenue to the
State, At the suggestion of an ambitions mineralogist Sage,
the King anthorized the ereation of a public and gratunitous
school of mineralogy, assaying and metallurgy at the Paris
mint. ‘This was in 1778. A royal Bergekademie had already
besn established at Freiberg in Saxony in 1765. These two
schools had a dominant place in the early training of the min-
ing engineers of Europe and supplied models to the first min-
ing schools of America. When an official Corps des Ingémi-
eurs des Mines was ereated to foster and regulate the mineral
industries of France in 1783 the school at the mint became the
Eeole des Mines with a rile analagous to that of the Ecole des
Ponts et Choussées. The school passed through many vicissi-
tudes, both internal and external, and the Revolution found it
but feebly established. The Convention suppressed it in 1802
in order to create two schools in the mineral basins. The Re-
storation ereated an Feole des Minsurs at St. Etienne in 1816
and shortly thereafter restored the Ecole des Mines at Paris
in the sumptucus precinets of the Hotel Vendome, where it
remains teday. From that stage on its development was
notable. A bureau of tests for minerzl substanees, the fore-
runmer of industrial research laboratories in emgineering
sehools, was established in 1845.

The Ecole des Mines supplied much of the inspiration for
the School of Mines at Columbia, opened in 1864, through
which it has influenced all the mining schools of America. A
British mission which studied technical edueation on the con-
tinent in 1873 reported that it possessed ‘‘model laboratories
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and the most magnificent mineral collection in the world.™
The Eeole des Mines has held eonsistently to a lofty seientific
diseipline and has made no effort to simuolate industrial opera-
tions in its laboratories, holding that the art must be learned
where practiced. Practical trainine has been provided for by
placing the students as sfagigres in the mines during the long
vacations.

Ambitious Schemes of the Convention.—At the outbreak
of the Rewvolution the flourishing technical schools for the
military and civil functions of the State were threatened with
complete disorganization. The students were placed at the
disposal of the Minister of War and when their ranks were
replenished under the levelling influence of the Conveniion
the new pupils were found to be loyal republicans but other-
wise jomorant of the most elementary things of science and
mathematies. Lamblardie, Perronnet’s successor at Pontls ef
Chaussées, proposed to rectifv this sitmation by creating a
oreat eentral school for the recrnitment of all the technical
serviees of the State, with facilities for a thorough seientific
diseipline. He confided this idea to Monge, the dominant in-
fluence at the school of military engineering, who in turn se-
cured the approval of the Coovention. The law of 1794 cre-
ated an Eecole des Trovaur Publics to train engineers for all
the needs of the army, the publie services and private industry.
It was a time when men were thinking boldly and easily over-
looked elemental limitations. Monge at onee began to or-
ganize the new institution on an unprecedented sczle in the
vast premises of the Palais Bourbon. The course was to cover
three years and was to comprise both seientifie and techmical
studies. Each *‘promotion®” or annunal quota of entering stu-
dents was to number 400 and to be chosen by competitive ex-
amination from the elite of French wouth. The school day
was to extend from 8 to 2 and from 5 to B, with the exercises
carefully distribuied so as to sostain interest and avert fa-
tigne. Ten months of the year were to be given over to teach-
imgr, ome to examinations and one to vacation. To round out
a4 national seheme of seientifie and technical education, the
Convention also projected écoles cenfrales in all the provineial

.
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capitals. Neither plan suceeeded, yet neither was lost. The
Ecole des Trovaur Publics was replaced after a single year by
the Ecole Polytechnique, of a more limited character, and the
icoles cenirales proved to be too costly and to lack effective
bonds with the elementary education of the times. At a later
period, in 1820, the basic ideas were reineorporated in the
Ecole Centrale des Arts et Manufactures, from which a wide
influence radiated throughout Europe and America,

The Ecole Polytechnique.—The idea of a central school for
all the technical services of industry and the State was soon
abandoned. The specialized schools of application were re-
tained and a preparatory institution *“consecrated to a high
intellectual and seientific formation’’ was ereated as the souree
of their recruitment. The revolutionary period was one of
extraordinary scientific fecundity in France. The new Ecole
Polytechnigue drew to its staff a brilliant group of ereative
men and at onee became the most renowned center of scientifie
teaching in the world. The names of Lagrange and LaF'lace in
mathematies, Prony in mechanies, Monge and Hachette in de-
seriptive geometry and stereotomy, Delorme and Baltard in
architecture, Fourcroy, Vaugquelin, Berthollet, Chaptal and
Guyton de Mourveau in chemistry adorn its early anpals.
Monge was the dominating figure, His enthusiasm for de-
seriptive geometry has left its imprint on all engineering eurri-
enla to this day. He brought over from the Ecole de Génie
the method of admission by conceurs, a severe competitive ex-
amination based chiefly on mathematies, which still remains
the most distinctive feature of French technieal education.
The examiners were instroeted *“to seleet those who know the
best, rather than those who know the most.”” Napoleon gave
the school a military regime in 1804 and it has contributed
both direetly and through its graduates to the most brilliant
chapters in French military history. Sinee its foundation the
Polytechnigue has been the most eagerly sought after and the
most difficult of aeccess of all the schools of Franee and prob-
ably of the world, both because of the prestige of its teaching
and its virtual monopoly of access to many of the most coveted
state careers. Complaints against this monopoly began to be
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heard as early as 1796, but have availed little in the face of the
unusnal esprit de corps of the entremched alummni. Eeole
Polytechnigue is not strietly a techmical school, but it is dounbt-
ful if any other institution has had so wide an influence on
higher technical education. Striet limitation of pumbers
admission by concours, a closely preseribed curriculum with
a strong mathematical bias, an ardoons daily program and
a striet regime of work, frequent individual imterrogations,
ranking by detailed records of daily work as well as ex-
aminations, the teaching of the sciences by eminent savants
and of technical applications by active practitioners, mark all
the French schools of engineering to this day. Many of these
features were brought over by Thaver to West Point and by
Greene to Rensselaer, whenee their influence has spread
thronghout the United States. French example in creating
higher seientific and technical schools entirely distinet from
the universities has been followed by other continental coun-
tries with few exceptions. The plan of a distinet preparatory
stage of selentific studies, followed by a specialized stage of
technical application has strongly influenced all the technieal
sehools of middle Europe.

The Conservatoire des Arts et Metiers.—The latter part of
the 18th century was remarkable for the number and variety
of prototypes of scientifie education produced by France.
The Conservaefoire has the unique distinetion of combining
four of these in a single institution: (1) a museum of ap-
plied seienee, such as we are only now beginning to create in
Ameriea; (2} a public scientific and technieal library; (3) a
group of professorial chairs for gratuitous instruetion in ap-
plied seience: and (4) a group of public laboratories for tests
and research. The original conception is aseribed to the
philesopher Diescartes, but the Conservadoire itself grew out
of a collection gathered by Vaucanson which he kept open to
the public doring his lifetime and bequeathed to the natien at
hiz death in 1782. The Convention appointed a eommission
in 1794

‘g imventory and ecollect in smitable depots the books, imstro-
ments and other ohjects appropriate to poblic instruetion®™
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and institoted under the present name
+5 publie school mechamics, supplied with 2 rich eol-
fecticn of machines related to all sorts of arte and trades, to
sarve on one hamd for public demomstration and at the same
time to give life to the teaching of the professors.’’
The eollection grew rapidly and was installed in 1798 where
it is today, in the ancient buildings of the Abbey of 3t. Martin,
which have been repeatedly enlarged and transformed for this
purpose. The publie engineering leetures were instituted in
1819. The roster of the professors has always incloded names
of the highest eminence. One of the widest known, General
Morin, installed here before 1850 what seems certainly to have
been the first teaching laboratory of engineering.

The Ecoles d'Arts et Metiers.—France must also be cred-
jted with the original type of engineering school of the me-
chanie arts. The primary conception was due to the Due de
Rochefoucanld who founded an industrial school on his
domain at Idancourt in 1788 for the soms of the non-commis-
sioned officers of his regiment of cavalry., The school was
nationalized and transferred to Compiegne im 1799, Na-
poleon visited the school in 1803 and asked some of the older
boys what career they planned to follow. The answer of
tigpldier” displeased the futonre emperor, in 2 mood at the
moment for peaceful reforms, whereupon he addressed the
school thus:

“*The State goes to much expense to train these young men
and when their stndies are finished, with the exception of the
military fraining, they ars of little mee to the State. Nearly all
beeome a charge om their families when they omght to be help-

a

ing them. It will be =0 mo longer. 1 have just come from
wisit to the great faetories of the worthern provieces and Paris

our indastry—I intend to Sl it here.’’
A few days later the official gazette announeed :

‘*The instruetion at Compiegne will have its purpose to
tﬂhuﬁlﬁaﬂuﬁa:n:nndm;:tub:pi” i
and bestowed the name Ecole Nafiomale d’Aris et Metiers.
The school was moved a second time to more commodious

L]
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quarters at Chalons in 1806 and continued om the level of a
trade school until 1832, when the age limits of entrance were
fixed between 15 and 17 and a comcowrs of admission estab-
lished. The levels of entrance and instruction have been
further raised at imtervals with the advance of preliminary
education, but the early character of a school of mechanic arts
for the production side of industry has been consistently main.
tained. A seeond school of idenmtical type was established at
Angers in 1815, a third at Aix in 1843, Certain peliticians
sought to suppress the three schools in the budgetary erisis of
1850, but the industrialists came to their defense with such
vigor that their existenee has never sinee been threatened. At
that time they were the onlv technieal schools in France out-
side of Paris. Additional schools of Arfs et Mefiers were
ereated at Cluny in 1891, Lille in 1901 and Paris in 1912 and
there is a strong demand for still further additions Zrom eer-
tain provineial eenters. Their present character as schoels of
industrial production resembles the Worcester Polytechnic
Institute in its early years. but practieal shop training is even
more strongly stressed. In mo other country is this type of
traininge so definitely provided for.

Eccle Centrale des Arts et Manufactures.—Napoleon fos-
tered great public enterprises in France and raised the engi-
neering profession to a commanding prestige by his patronage,
but it eonsisted almost wholly of poblic funetionaries. When
the Napoleonic era came to an end in 1815 the industrial su-
premaey of England, gained through private initiative, stoed
out impressively. France turned to the promotion of private
industry, but there was no great eenter for the training of
civilian engineers. The granting of a royal charter to the
Institution of Civil Engineers in London in 1823 emphasized
the contrast between the strong position of eivilian engineers
in Grea: Britain and their weak position in France. These
influences led a group of Freneh scientists, Dumas, Ollivier
and Peclet, and an engineer Benoit, to join with a publie-
spirited capitalist Lavallee in creating a private school at
Paris in 1829 for the purpose of training eivil and mechanieal
engineers, heads of manufacturing establishments and teach-
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ers for technical schools. The prineipal ideas of the Ecole des
Travaus Publics and the éeoles cenfrales were resurrected and
embodied in a program somewhat less abstract than that of
Feole Polytechnique to which was added an eneyelopedie
treatment of industrial technology. The cardinal doctrine of
¢his unspecialized program was stated thus by one of the
founders:

4 The seiencs of industry is one and indivisible; every manu-
ﬁamuulmdﬂn!iaiuwjmmwi:tiniuuﬁntyur
remsin wmequal to its tasks "'

Feole Centrale achieved a brilliant prestige from the start
and students were soon drawn to it from a large part of the
oorld. Lavalles at first sustained the sehool from his private
fortune. The fees, amounting to 800 francs per vear, yielded
a eonsidersble profit. 'When Lavallee retired in 1857 he re-
fused the oifer of a private corporation of 1,000,000 franes for
his interest and donated the school to the State, asking enly
pemiunsfurhimselfandhis eolleagues and reserving to the
school its financial and educational antonomy. When Ecole
Centrale was installed in its present quarters in 1884 the ae-
comulated reserves provided $350,000 out of the total outlay
of £2,150,000. Ecole Centrale exercised a foremost influence
in the striking industrial progress of France in the middle
portion of the last century. The Société des Ingénieurs Civils
de France was formed around a nucleus of its graduates in
1848 and has always maintained a filial relation to the school.

As the pioneer school of industrial technology Eeole Cen-
trale exercised a formative influence on all engineering edu-
eation. The Rensselaer curriculum of 1849 * which became an
almost universal prototype in America was largely adapted
from the course of study at Cendrale:

* Bee p. 64
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Curzrrerioy oF Ecois Cexrmaie, Paers, 1850
ear [ Year IT Year IIT

Descriptive Geometry Deseriptive Geommetry Hydrostatles
Matbhemeiieal Annlysis  Mechanics Construction of Ma.
and Mechanics Mareriais of Comstrae- chizes
EE'“I:EI 1 I l:hm-:l.l E‘L&mi&?ﬂl‘n::ﬁlnﬂu
cs i 1= 3
Chemistey (General) Analytical Chemistry aod Organde Anal-
Bin ratory Chemistry of estrizl Fsiz
ene and Natoral Minerals Industrial Orgamie
Istory Applied 1o Geslogy Chemistry
Pobiic Works Mining
Drawiog Mamufacture of Iran - Architectare
=od Fornaces and Foend
Techno {Co . ries
textlle mat Techno (MHls, «alt
cuttiog of wood as=d making,
stooe, efe ) felting potterles,
eie)
Bailwars
The well marked sequences of this program will be ob-

served. Evidently the crowded engineering curricalum is not
altogether new. Prof. Greene of Rensselaer is said to have
been much impressed in 1849 by the close applieation of the
students with daily attendance from 8:30 to 5 and three or
four hours of additional work outside. Under the private
regime of the earlier years students were admitted by fairly
simple examinations but when the State took over the sehool
in 1837 it instituted a rigorous concours of admission similar
to that of Ecole Polyfechnigue, Before that time abount one-
third of the students had been non-Fremch, but the concours
discouraged the attendanee of foreigners which largely shifted
for the time to the vewly established Federal Polytechnie
School at Zurich. This period may be taken to mark the end
of the first great creative chapter in the history of higher
technical education.

New Sources of Initiative—The period from 1860 to 1890
was one of arrested development in French technieal educa-
tion, in striking contrast to the vigor of new growth in Ger-
many and America. The State had made technical educa-
tion its monopoly, but had subordinated it to its bureaueratic
system. The higher schools were appendages of varions bur-
eaus and ministries, with no source of unified responsi-
bility and initiative. The bureaus looked after their own
needs with little concern for those of the country as a whole.
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The grandes écoles at Paris eoneerned themselves only with
ring & limited corps d'élite of burean chiefs and diree-
tars of industry, while the training of the nmmerons subalterns
was largely neglected. Nothing had been dome for the prov-
inees in many decades, other than the creating of a small
mining school at St. Etienne in 1816 and the development of
the three early Ecoles d'Arts ef Metiers. By the time local
Wufiniﬁaﬁvewzﬂdbeemtedwasmmetheburﬂgn
the State had neglected, France had largely lost her early
place of international leadership. The first efforts toward
Jecentralization were made by eivie bodies; then by the pro-
vineial universities in eooperation with regional groups of
industries: and, more recently, by various professional and
ivate agencies.
Pnf;f:tian by Civic Bodies.—The initiative in creating schools
of engineering to aid provincial industries eame from civie
bodies in the ehief industrial eenters. The Ecole Centrale
of Lyons, established in 1837 under the patronage of the
Chamber of Commerce, the Imstitut Indusfriel du Nord,
founded in 1872 by the provinee of Nord and the eity of Lille,
and the Eeole d’Ingénicurs established in 1891 with the eo-
operation of the ity of Marseilles, did much to lessen -the
gap.- These institutions have maintained an intermediate
position between the stromgly industrial Ecoles d'Arts et
Metiers and the highly professional grandes écoles of Paris.
The University Institutes.—The chief reason, perhaps, for
the tardy development of engineering education in the prov-
inees may be found in the state of impotence to which the uni-
versities of France were reduced by Napeleon in 1802. For
nearly a century they remained mere aggregations of teaching
facnlties without administrative unity and initiative. The
reform of 1896 constituted them as trme educational orgam-
isms, capable of adapting themselves to a changing rather than
a static social order. One of the immediate results was the
establishment of a group of instifuts fechnigues. The facul-
ties of sciences at Naney and Grenoble took the leadership
in the mew movement. With the aid of regional groups of
industries they have built up in the last thirty years a flour-
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ishing group of technical schools. Their example has been
followed at Lovon, Toulouse, Marseills, Lille, Caen and other
provineial universities, with the result that the centralization
of the earlier period of bureancracy is rapidly being corrected.
Private Enterprises.—The failure of public initiative lefi
a large area open to private enterprise, espeeially in Paris,
The grandes écoles held to a restrictive policy which left many
important interests umserved. For example, there was no
provision in France before 1891 for the edueation of the
subalterns in the State administration of public works. It
pecurred to M. Léon Ewrolles, an engineer of the Corps des
Ponts ef Choussées who had interested himself in the training
of his subordinates, that there was a need of a school for this
purpose. He began modestly with four pupils and sent the
lessons by mail to a few other at a distance from Paris. As
the institution met a real need it developed rapidly, both as
a resident school and a school of eorrespondence and gradn-
ally extended its field to industrial pursnits as well as State
services, Lacture rooms were established in the heart of
Paris, where university teachers amd engineers in practies
eould serve as professors, and a school of practice was de-
veloped om an extensive traet in the suburb of Aremeil, thus
solving the aecute problems of space and accessibility. The
Ecols Spéciale des Travaur Publics, dw Batiment, ¢f de 'I'n-
dustrie has growno to be the largest and most diversified of the
technical schools of France, and the one most resembling an
American institution. Its work bhas graduvally been raised
to & level approximating that of the grondes éesles and it sur-
passes most of them in facilities for praetical instruction.

A half dozen other schools, specialized on electrical and
mechanical engineering, have grown up on private initiative
in Paris in the last twenty years.

The Modern Schools of Specialization.—The latest chapter
in the development of Freneh technical edueation is especially
worthy of consideration. It began with the founding of the
Ecole Supéricure d Electricité at Paris in 1894 by the Sociéfd
Francaise des Electriciens as an adjunet o its central testing
laboratory. The projeet owes much to the initiative of
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aseart and is probably the first and most important eduea-
gmal i.usﬁtﬂtiml; to be sustained by a professional society of
engineers. With the aid of funds subscribed by the eleetrical
industries, the school has recently completed a n?wkand ad-
mirable plant. It provides an advanced and specialired pro-
gram of a single year for men who have already completed a
ral technieal education smeh as that of Ecole Cenirale.
This type of program, whieh is known in Franee as a cours de
pgrfe.l;tiamenr or an année complementoire is mow being
ted in other special schools, eunspi{:uuux_}r in the E_;n!e
Supérigure d’Aerongutique et de Construchion chhu-mq?e
which is devoted to the aeronautic and automotive industries
and is attended prineipally by araduates of Centrale and ..;-L:-ls
gf Metiers. This school, founded in lﬂ'ﬂg'ﬂntha?emnal in-
iﬁaﬁwdﬂenerﬂnmhs,hassinuhe&nremgnmﬂhythe
State as a school of application for graduates of Ecole Poly-
sechnigue destined to the State services and hasbeen plaeed
on a semi-publie basis. The most recent addition to the
graduate schools of specialization is one devoted io Euun‘dry
practice, in connection with the Paris Ecole d’Arts el Hejusm
Retrospect.—It may help us to estimate the _pmft{und infin-
ence of France in the formative period of engineering a:dma—
tion to ehoose the years 1750, 1800 and 1850 for a series of
retrospective views. At the first of these dates France a.’loqe
had a recognized profession of engineers and a school for their
recruitment and training, created within the hands of the pro-
fessiom itself. In 1800 the engineering profession was first
emerginginEnglandandmidsearcelj'be said to e_::mt i the
United States. There was then no school of applied science
in the English-speaking world. Germany was a su.ttereﬂ.
group of agricultural states, possessing two small mining mﬂ_u-
emies and a feeble school for surveyors and l:rmlden_;. :E.t this
period France had two fourishing schools of appimg.nun for
eivilian engineers and two others for military funehunﬁ; she
had ereated the most notable seientific school of the period to
assure the recruitment and intellectual culture of a corps
d'élite of enginesrs and had engaged her most illustrious scien-
tists in their training; she bad created the first great musesum
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of seience and engineering ; and she had formed in embryo the
original group of schools of mechanie arts.

In 18500 Paris was still the world’s leading center of engi-
neering edueation. Great Britain c¢ould boast but thres
struggling centers of engineering instruction, each with a
single professorial chair. The United States had but ome
established school of eivil engingering, recently reorganized
under French example, and three other schools of applied sei-
ence in rudimentary stages of development. Germany was in
the early stages of her great industrial advance with eight rap-
idly developing polvtechnic schools, three mining academies,
and numerous techmical schools of lower rank. Switzerland
had not yet established her Federal Polytechnic Sehool, but
had excellent eantonal schools of middle rank. France had
strengthened her position in the half eentury by creating a
renowned school of manufactures, by establishing a group of
professorships, notable evening courses and a laboratery of
engineering at the Paris musewm, and had raised her three
schools of mechanie arts to an advanced level.

In 1850 the period of French ascendancy was drawing to its
elose. The brilliant originality of the revolutiomary period
had burned itself out. France was entering upon a phase of
stable population and internally balanced economie life
There was little population pressure to urge her people toward
industrial penetration in outside markets, There was a period
of instability in government which checked publie initiative
and discouraged private enterprise. The disaster of 1871
stripped France of some of her most fmportant mineral and
industrial resources and seriously impaired the natiomal
optimism. While the French engineering schools maintained
unimpaired their high intellectual traditions, they fell behind
first the Swiss Polytechnie School and later the rapidly ad-
vaneing schools of Germany and Ameriea in enrollment, ma-
terial equipment and financial resources. The competitive
scheme of admission diverted the rising stream of foreign stu-
dents first to Switzerland and later to Germany. Being
wholly dissociated from the universities and dominated by
burean chiefs and practitioners, the dominant French schools
failed in large measure to develop as primery eenters of ere-
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ative effort. Meanwhile the immense growth of research in
the hands of professional teachers and investigators mt]:ue
German hochschulen steadily overshadowed the more brilliant
but less ereative teaching of Franee. Public i.niﬁati'i'el under
bureauneratie influence failed to foresee and to pm@e f1nr
the developing needs of the country., Loeal and private in-
itiative finally undertook to close the gaps. In the mean-
time French technical education passed from its eaﬂ}*ph?se
of universal inflzence into a self-contained phase, effective
for France, but of secondary significance beyond her borders.

B. Grear Brrrany

Two Paths of Development.—British technieal edu{.-atit?l
has evolved along two divergent paths, quite umlik? in t!:_e:r
origins and their guiding philosophies. One had its begin-

in a welfare movement for workingmen and the me-
glected youth of the gities; it aimed to create, in Huxzley's
phrase, “‘an educational ladder reaching from the gutter to
the university’’ through part-time and eveming instroetion
for industrial workers. The second path grew out of the
pursuit of sciemee in the more progressive institutions of
higher learning; its ideals have been those of research ra_t.her
than immediate welfare, and its goal the ereating of a direct
link between ereative seienee and practical industry. Both
paths have ramified and intereonnections have he&n_ ereated
in recent years, and there is gradually evolving a fairly bal-
anced and intesrated national system. )

Traditions Giﬂvﬁngnutuimemdnmhlm—
Industry, higher learning, seiemtific inquiry and training
for the professions grew up apart in England and the tra-
ditional barriers are not yet wholly obliterated. British in-
dustry was the outgrowth of invention and individual enicer-
prise. In its origins it owed little to formal scientific in:qmr;n
Its pioneers were workingmen, trained by apprenticeship -ami
self-tanght in rudimentary sciemce. Newecomen Wwas an lron
monger, Brindley a mill-wright, Arkwright a barber; Cromp-
ton and Hargreaves were weavers, Smeaton and Watt instru-
ment-makers. Telford, a dominating figure in the early years
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of civil engineering, began work as a stone mason. Stephen-
som, the father of the locomotive, was an illiterate fireman who
learned to read in an evening school in order to eratify his
scientific and mechanical euriesity. A deep-rooted tradition
grew up around these names. One reads, for example, of
““the school of Stephemson.’”” It was assumed that a sueces-
sion wounld rise from the ranks of artisans throngh sheer na-
tive ahility, helped on by such science as an evening sehool
eould teach. The earliest efforts in technical education were
prompted by welfare motives. The idea of ereating a distinet
professional group to specialize on the application of stience
to industry remained largely alien to much of British thought
until the clesing decades of the last century, when it was im-
possible longer to ignore the result of the professionalizing of
seientifie research and application in Germany and other rival
countries.

English science down to 1850 was not only eut off from di-
rect contact with industry, but was equally cut off from the
chief centers of learming. The brilliant work of Rayleigh,
Davy and Faraday at the Royal Institution ecasts a deep
shadow over the older English universities of the same period.
Higher learning was largely in clerieal hands and a monopoly
of the leisured elasses, with little direct connection with the
more active professions. Between university and industry
there was an open gulf. Oxford and Cambridge preserved the
medizeval plan of a congeries of residential eollezes, admirably
suited to literary culture but ill adapted without a strong cen-
tral body to seientifie inquiry and professiomal diseiplines.
The Seottish universities, like these of continental Europe,
were organized by faculties rather than colleges and were far
in advance of the English universities in secientific effort and
professional teaching. The modern universities of England
which have shown marked hospitality to pure and applied
seience and to other professional diseiplines in the past half
century owe much to Seottish inspiration and example.

Before the advent of the modern professional school the tra-
ditional form of training for a profession in England was that
of individnal pupilage. A group of old laws from the times
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of Elizabeth which preseribed an apprenticeship of seven
years as the sole mode of entrance to trades and professions
was repealed in 1814, ‘This act threw open all but a few eall-
ings at the very time when engineering was emerging from the
hand-craft stage. The mew profession was born under the
individualistic star of the industrial revolution. The rise of
the industrial system had opened up vast areas of enterprise
to middle and lower class groups long exeloded from the tra-
ditional privileges of rank and title, These newly found op-
portunities to rise were jealously guarded. Industry was eon-
eeived as a private calling and engineering an open profession
tuhekeptasfmeaspnssilﬂe from state rezulation and the old
system of social caste.

Pupilage—The newly formed profession of civil (ie eivil-
ian) engineers became a self-regulating body rather than one
restricted by law. The leading engineers of this early period
were themselves products of the old system of indenture and
aceepted pupilage as the recognized form of professional train-
ing. It would not have cccurred to them to set up a school
for engineers. The Institution of Civil Engineers, founded in
1818 and chartered in 1828, was conceived by its founders to
be an agency of mutual education to supplement the limita-
tions of the scheme of pupilage. Only three of its first ten
presidents had the advantage of university training and they
were of Scottish birth and traditions. An official account of
the founding of the Institution states *

#¢Tt was toward the end of the year 1817 that a few gentle-
men, then beginming life, impressed by what they themselves
felt were the difficmlties voung men had to cootend with in
gaining the knowledge requisite for the diversified practice of
engineering, resolved to form themeelves into & society. "

The original by-laws of the Institution explicitly aceepted
thearﬂanuiwnhghypnpﬂageh?prwiﬁngthaia?d&m-
ber

“¢shall have been regularly educated as & Civil Enginesr, aseord-
ing to the wsual routing of popilage’’
and by enrolling as (Graduates those
* Trans. Inst. O. E., Vol 1 (1836), Intreduction,
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“*who shall not have beenm less tham two years in the office or
works of an enginesr.'’

Apprenticeship to a trade commonly bezan at the age of 14
and continued to the majority. Pupilage was a more individ-
ual relationship which began at about 17 after a fair general
education of the grammar school type. The principal re-
eeived a premium of from £100 to £500, according to his repu-
tation and influence, and paid no eompensation for any serv-
ice rendered by the pupil. In return he agreed to instruct
the pupil in the arts of design and econstruetion, to provide op-
portuniiies for observation and experience and to use his pro-
fessipnal influence to give the pupil a favorable start at the
end of his period of indenture. Pupilage at its best was a
fairly effective initiation to the art, but it had characteristic
hazards from which abuses not infrequently arcse. The prin-
cipal was often preoccupied and turned his pupils over to a
subordinate, whose teaching was likely to be routine and imita-
tive; there was a temptation to take more pupils than could
be given getive employment for the sake of profit; the pupil
ran the chanee of idleness in periods of slack work; and he was
tempted to adopt the view that exact science had only am
ineidental relation to engineering. In many cases the result
was little more than an acquired store of empirical standards,
formmule and dimensions. In time the Institution of Civil En-
gineers recognized the meed of some guarantee of adequate
scientific attainments and intreduced its system of entramece
examinations in 1897,

With the growth of large scale industry and its attendant
specialization pupilage gradually declined. Vestiges of the
premium system remain to the present day. Powerful hands
have sought from time to time to give the system a death blow.
Prof. Sylvanus Thomson characterized the premium-pupil sys-
tem as *‘the worst ememy of technical edoeation” and *‘the
carse of British engineering.”” In a vigorous editorial in Ewn-
gineering H. 'W. Maw scored the system as *‘a plan drawn up
with the object of keeping out men who have brains but not
money.’” While pupilage has almost wholly disappeared as
@ primary form of training, apprenticeship as coordinate with
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tie schooling bids fair to remain a permanent insti-
cution. The early schools of engineering made no pretense
of displacing pupilage—their training was avowedly auxiliary.
The obstacle against which they had to contend was not so
mueh the pupilage system as an attitude of distrust toward
seientific methods. The pioneer professors, even men of the
caliber of Rankine and Fleeming Jenkyn, were sometimes re-
ferred to in mild eontempt as “ hypothetical engm:e;ers:”
The Voice of the Profession.—From its iut_mliatmn m_lSlEi
the Institution of Civil Engineers has mmtfed B domu:ufnt
influence on the professional training of engineers. Bnt—mh
policy is to leave such matters to the nrgamze_:d pmim
rather than the law and the professional institution, by virtue
of its charter, acts as a guasi-legal body. The first nnta!:ll‘e
British utterance on the edueation of engineers was the presi-
dential address of Sir John Fowler in 1666, which took fairly
advaneed ground for the times:

a Civil Engineer for a iod of four or five years'
g:::ﬂfgu.nrh m;ly'baplmdinp:nmechg.nicalmhhﬂp,nrllﬂ
whn&tmnmnimg:ﬂtuﬂﬂrﬂua.-uifthqmn
tngntuﬂ;eunirerﬁtf,itiuindigpenﬂbleﬁat:ﬂpnhmmyj
professional work, such as practical knowledge of mechanies,
mmmmmmmmmmmahmﬂ
ha&fucqhumit-mmrm:heuyuudthqh
submit to the drudgery of leerming them after his retum
ﬁmaﬂarwrmnnin:ﬁtywmu,thmﬂtbagzuiur

~three. 77

#__ . With respeet to the special preparation of young mea
hﬂlmﬂm:geunffumﬂuddg!ﬂmmuﬂuﬂ:hemgm
mﬂbstgmprﬁatgzhmhnﬁmmwh:fn%ﬂm
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charaeter of this speeial preparation in theoretical branches is
oot considersd to be quite equal to that of Franee or Germamy,
. . . In practical branches we are admittedly superior. Let me
be guarded against the possibility of being understood to sug-
mest that this theoretieal pquality ought to be obisined by any
sacrifce whatever of our undoabtedly great practical knowl-
edge; indeed, on the comtrary, I think that the attention to the
greater gpportunities whieh youzmg engineers in this eountry
enjey by reason of the number and character of oar own publie
works, tham is ohtainable in cther coustries, should be eon-
stantly encouraged to the utmest possible extent, and that our
superiority as practical engineers sbould ever be maintzined.'’

Sir John Fowler’s address led the Institution to make an
extended inquiry and report on The Education and Status of
Civil Engineers in the United Kingdom and in Foreign Coun-
tries, to which further reference is made on page 35. In 1895
Sir Benjamin Baker recalled the above passages in his own
presidential address and added:

iSines that time so much has been dome that, with the aid of
pablie institutions, training of the kind indieated by Sir John
Fowler has been brought within reach of every working man’s
SOTL. Iimjthhlgmmmmﬂnatuhﬂiﬂﬂnthemi}i&t,ﬂ
must therefore ba of the nature of a warning, thot technieal
edueation is of little value wnless secempanied by the practical
experiznee, sound judgmest and bold imitiative, whish, rather
than bock knowledpe, characterized the famoas members of this
Institution in the past.*

In 1903 the Tnstitution in codperation with eight other tech-
nieal and professional soeietics appointed a eonsultative com-
mittes to consider and report on the whole subject of engineer-
ing education under the chairmanship of Sir William White.
This committes dealt with the problem in its broadest dimen-
sions, including the codrdination of preparatory edueation,
training in offices, workshops and factories, universities and
other higher technical institutioms. The report was a miles
stome, in that it placed the sanetion of the profession clearly
behind the system of higher education in engineering includ-
ing post-graduate study and research. It was largely influ-
ential in fixing the norm of present-day engineering education
in Great Britain, especially in universities, and is more fully
dealt with in a later section of this study.

The Beginning of Popular Technical Education.—No other
country rivals Great Britain in public facilities for the tech-
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pical education of industrial workers. The origins of the
movement supply the key to its ideals and spirit. The oldest
sehool of applied science in the English-speaking world is the
present Royval Technieal College of Glasgow, which traces its
origin to a bequest made in 1796 by John Anderson, leaving
z11 his means

:};mmiﬁe, gtﬂ:&gﬂbﬂ ﬂfmm;:hnﬂ and the mprm-mu;:,

Uﬁmﬂtfu
which was to be open to all elasses and to both sexes. Amder-
son, as Professor of Natural Philosophy in the University of
Glasgow, had organized classes in industrial sciemce desizned
to attract employers and workmen as well as stndents, James
Watt was his instroment maker and it was he who placed a
model of Neweomen's engine in Watt’s hands for repair, with
results which all the world kmows. Watt gained the better
part of his edncation through his intimate association with
Anderson and the latter was probably influenced by the later
achievements of his protege in his plan to ereate a eenter for
popular scientifie education.

An early professor in Anderson’s College, Dr. George Birk-
beck, organized a special class for the grotuifous instruction of
the operntives of Glasgow in mechonical and chemical phi-
losophy in the belief that men should be taught the principles
of the arts they proctice. The italicized expressions aceu-
rately epitomize the dominant aims and ideals in British tech-
nical education for mearly & century. Birkbeck later settled
in London and interested himself in a society of workingmen
for mutnal improvement which became the model for Mechan-
ics Imstitutes throughout the United Kingdom. The move-
ment flourished with vigor for a time, but had passed into a
decline by 1850. The aims in view were sound, bot the diffi-
culties were litile understood. The general state of elemen-
tary education was deplorably low. Secondary edueation was
in private hands and largely limited to the leisured classes.
Workmen were unprepared for seientific studies and the meth-
ods of imparting education for definite trades were still un-
known. The movement was not without permament fruit,

-
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however, for it laid the foundations of a number of important
technieal colleges, notably at Glasgow, Manchester, Halifax,
Huddersfield, Liverpool and Eeighley.

The Science and Art Movement.—A fortunate combination
of inventive genius, business enterprise, natural resources and
isolation from continental wars had given Britain a flying start
of half a century in the race for the economic supremacy of
Europe. This early success had bred a high sense of indus-
trial superiority and a strong eonfidence in the sufficiency of
practical, trial-and-error methods. The International Exhi-
bition of 1851 at London revealed the fairly startling degree
of progress being made by eontinental rivals, which was at
cnee attributed to their more effective organization of scientifi
research and edacation. A ery of alarm arose. It was as-
gerted that Britain “*would lose her stremgth and pride"" un-
less prompt measures were taken to meet the erisis. The
Prince Consort, German by birth and training, proposed that
the profits of the Exhibition, amounting to £156,000, be in-
ereased by a parliamentary grant of £150,000 and used to cre-
ate agencies ** for the instruction of those engaged in the prose-
cution of arts and manufactures,”” ineluding a great center of
education in applied science at South Kensington.

Hitherto edueation in all its branches had been regarded in
England as a field for private, denominational and loeal in-
itiative. There was no national system of elementary and
secondary schools and the universities were self-governing
groups of eollsges on independent foundations. Publie aid
to eduecation took the form of grants in aid of private or local
institutions. As there was no national educational authonty
a Seience and Art Department was ereated under the Board
of Trade in 1853 to direet the new effort. However, the foree
of tradition still prevailed. The plan for a great central
imstitution was set aside and a scheme of money grants was
instituted to encourage teachers amd schools everywhere in
the holding of classes in elementary seienee and applied art.

The “‘eapitation grants’’ were based on the number of
passes in a group of “‘science and art examinations.”” While
the result was not wholly good, due to the eramming process

'|}r'|'r .
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8 scheme encouraged, the plan was opportune and
:Eﬁcjlﬁerexﬂimﬂe the evening elasses for workingmen at a
time when voluntary eﬁortinthel[echaniﬁ'!nsﬁtmm on
the wane. The pumber of schools receiving grants rose

v from 9 in 1860 to 2672 in 1895. In the latter year
190,000 students were examined and the grants amounted I‘“
£160,000. The Science and Art Department was merged in
the newly established Education Department in 1857, htEt eon-
tinued to exereise its original funetion until 1900, whe:t it was
replaced by the present Board of Edueation. At that time the
.o soheme of publie education, elementary, semndarj' and
technical, was handed over to loeal education authorities under
national inspeetion and with divided national and loeal sup-

pngﬁ.gin of the London Polytechnics.—An imp:rrl‘:ant group
of technical schools in London, known as Polvtechnics, are the
fruit of a welfare movement of interesting origins. Im 1865
Mr. Quintin Hogg, quite single-handed, began a wnrk‘for the
religions and soeial welfare of neglected street boys in Lon-
dom. Thegruwthnfthismkledhimtnmquirelmger
quaﬁenwhiahha&fomeﬂrheenmaﬂasammma%da
genter for popular lectures on applied science. Hogg r_etal."llEd
the original name of the premises, The Polytechnic Institution,
and borrowed some of its associations, building up an eduea-
tiomal and welfare institution of extraordinary effectiveness on
which from first to last he spent over £100,000. A problem
arose in the 70’s coneerning the disposition of the unexpended
charitable funds which had aceumulated from the endowments
of certain parishes in the old City, depopulated through the
eneroachments of business, The Royal Commission appointed
to deal with the problem, headed by Mr. (later Bir) James
Bryee, visited Mr. Hogz's Polytechnic and was greatly im-
pressed by its activities. They recommended that the surplus
c]mritj'funﬁshemdtnenlargemePnlytauhniuanﬂtubuﬂﬂ
seven others on a similar plan for the edueation and welfare
of the poorer inhabitants of the entire metropolitan area.
These institutions have since passed under the direction of

: ~ the London County Council.
3
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The City and Guilds of London Institute.—The medisval
guilds, organized for the self-government of industry and

trade, regulated the training of apprentices until the advent '

of the factory system broke down the more persomel relations
of the ancient regime. The guilds or livery companies of
London had built up great endowments, pringipally for edu-
cational purposes and have continued to exist as semi-publie
trusts after their original functions had entirely disappeared.
There are still seventy-six of thess companies and seven are
especially powerful organizations. The Seience and Art
grants did not inelude the teaching of technologieal branches.
The Society of Arts instituted a scheme of examinations in
technology, as a supplement to the Seience and Art examina-
tions, but made no grants in aid. By 1875 the severe limi-
tatioms of these examinations and grants as a supplement to
the remaining vestiges of the apprenticeship system had be-
come & source of serious concern. A tide of agitation arcse
for a more efective scheme of technical education. Huxley
and Sylvanus Thomson took up the issue, protesting agaimst
taxing the rate-payers as long as the hivery eompanies held
vast educational endowments. The movement led 1o the
organization of The City and Guilds of London Institute which
began work in 1879 under a four-fold scheme of activity:

1. A system of techunological examinations and grants-in-aid
to supplement the work of the Seience and Art Department.
(Examinations and certificates are still maintained on a wide
scale, but grants were discontinued in 1391}

2 The establishment and maintenanee of a technical school
at Finsbury and a school of applied art at South Kensington.

3. Grants in aid of engiveering education at University
College 2nd King’s College, London.

4 The establishment at South Kensington of a central in-
stitution to give technical educatiom of the mest advaneed
eharacter, for the training of engineers, industrial managers
and teachers. (The City and Guilds Engineering College,
now a constituent part of the Imperial College of Seience
and Technology.)
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Tiis act has been acelaimed as the most forward-looking

© ¢ any in the entire history of British technical education. It

-

 broke down the old theory of private responsibility and placed
it on a guasi-public body. It extended reeognition and finan-

. gial aid to the teaching of technology as well as sciemce. It
" prepared the way for the ereation of the great eentral scien-
b tific and technical institution foreseen thirty years before by
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the Prinee Consort. The total of the donations and expen-

. ditures of the Imstitute up to the end of 1924 exceeded the

sum of £1,200,000.
The schoo! at Finsbury began its work in 1879. It was
' directed by able men, Sir Philip Magnus and Prof. Sylvanus
Thomson among them, and exercised a formative influence
technical institutions thromghout Great Britain.
Day elasses were provided for persons of beoth sewes who
wished to prepare for intermediate posts in industry or for
entrange to the central school at South Kensington. Eve-
ping elasses were organized for apprentices, -artisans and
 foremen in five divisions: mechanical engineering, eleetrical
engineering, technical chemistry, applied art and trade sub-
jeets. At the outbreak of the recent war finaneial limita-
tions led the City and Guilds Institute to transfer the imsti-
totion to the London County Council which maintained it
until 1926 when it was elosed on the plea of post-war economy.
Origins of the Local Technical Institutions.—A serious
trade depression extending from 1884 to 1886 rekindled the
fear of foreign competition. Again thers was a widespread
alarm over the inadequacy of British technieal edueation. A
Royal Commission of Inquiry prepared the way for a series
of parliamentary acts which empowered the County Couneils
to ereate and maintain local technieal schools and to appoint
boards of ““local educational authorities’” to direct them.

- The Act of 1889 gave the term fechnical edwcation a legal

interpretation :

_ ‘“The expression fechmicol educetion shall mean imstrostion
in the principles of science and art appliesble to industries and
m@a‘}pgﬁuﬁuufspedalm:‘g i

speeific industries or employments. It shall not include teach-
ing the practice of amy trade or imdustry or employment.”’
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The Act of 1890 handed over to the local anthorities large
sums from the customs and excise duties, known as *whisky
money”’ to aid in the founding and maintenance of techniea]
schools, Many old institutions, the outgrowth of mechanies
institutes, scienee and art elasses and aided classes in tech-

e : are certainly the most distinetive British
= -‘:‘ mﬂun:m?ﬁedumn in applied seiemee. The histur?cal
= ‘s of thess sehools must be sought in a welfare motive.
& asley ance described the British ideal of technical education
I s (he spt phrase “‘cspacity.catehing machinery.” On an-
nology, were thereupon taken over by the loeal authorities, - qther occasion he spoke g bmj:ﬁt?n?
New institutions sprang up rapidly. B tional ladder reaching from the gntter to timb &5 far :;
While ample fonds were now available, there were still B jich any child in the thrﬁ hngdomsthr:aj' e i
lions in the way. Elementary edueation had heen made eom- " his capacity will take hum. e 0. her: G
pulsory, under public regulation, as late as 1876; the school . {jons in this ideal mnre_clum_f? reﬂli‘-ﬂﬁ e
leaving age for the great majority was about 12 or 13; thers B The Gruw‘lih of University Eﬂ-g‘aL‘Ifll!’-‘l'ﬂ'lhgmr long and per-
was no national system of secondary education and a wide preceding sections are barely able m'stilgfftinﬂiﬁdual welfare
gap existed between popular and higher education: and the ‘sistently Great Brr?ampursnaﬂthﬂﬁ : ind thie .
funds provided by the techmical education acts could not he in technical education and sought to hnnﬁ;—; mﬂ?*ﬂf g
used to round out deficiencies on the literary side of ednea. ' tilizing power of science through the m&“;ﬁn:l e
tion. The inevitable resnlt was that most of the activity § ~  ratherthan haad::».” Italsn:i:lgg_f&ﬂs*:hﬂ:! . ﬁm_dﬁm“mm
resulting from the acts gravitated to the level of junior or ¢ between ““technical” and “‘wmiversity = n:lumui i sl
post-primary technical day schools and evening technical S local and intimately associated with regional oy i
classes of junior or seeondary grade. A few of the cities, " the other non-local a.nd‘dns:el:i’ relased t‘;_ mtr:-i(-,ulatiun il
notably Glasgow and Manchester, built up teehmical colleges - Between the two there 15 also the gap ﬂh ma o 1% 105
which offered day instruction of the university standard as " the degres but this has been appreciably lessen

— . ; - o . L] " “matiomal
well as work of a more popular grade and which later became & ereation of ;1 sai'-“atﬂl_ldﬂf national certificates’”” and
afiiliated with neighboring universities as faculties of tech- £ diplomas’ for non-degree courses. o
nology. " s S The effort to create a system of higher mgm?;mgt:iﬂ:
The Education Act of 1900 established a national Board of . tiom in university colleges f“:ld ﬁm mﬁﬁ*&n s
Education and handed over to the local authorities the opera- = gmﬂmgs in 1840 dunrm to the us:iad ik tm’tiuns -
tion of the entire scheme of public edueation. Since that time professicnal ‘body Jeaiuuslrf g‘zaleadm e coateln s T
secondary education of an academic type has been greatly e P"}Gf-lﬂ-l trammg Many '°“;m i v all night”
extended, leaving to the local technical schools the field of = Toic diseipline than that o e s ;‘““Iu ot
post-primary day education alomg industrial lines amd the = on which they themselves been E asteslins

. not infrequently viewed seience with mild eontempt as some-
" thing remote and abstract. The premise that leaders are
" born and not made led to the inference that they would fight
" their way to the top with little aid and encouragement. The
. underpinning essential to professional schools of engineering
" was largely lacking. Nearly fifty years were lost through
' delay in creating a national system of secondary education

field of part-time and evening instruetion in applied seience,
art and technology. Through the Aet of 1900 fifty years of
effort to create a system of popular teehnical education came
to Jarger fruition in a eomprehensive system of national edu-
eation. The local technical institutions, now numbering more
than two hundred in England and Wales, as well as twenty-
one in Scotland, constitute the apex of the local scheme of
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with an efficient modern side. Oxford and Cambridge fol.
lowed rather than led; physical seience bhad searcely a foot.
held in their precinets before 1850 and there was no provision
for experimental study and research before 1870. The Scot-
tish universities were of great service to applied scienee, ag
the names of Rankine, Jenkyn and Kelvin will suggest. The
moedern nniversities of England, which grew out of an older
group of university colleges and have probably dome more
than any other agency fo destroy the monopoly of eclassieal
learning in English education, date their history from 1830
and their rapid development from 1900, At the latter date
there were only 345 third year and 52 fourth year students
of engineering in the whole of Great Britain and many of
them had entered at the age of 15, Sinee 1900 the gap which
long separated England from her meighbors, in matters of
higher edueation, has been nearly if not wholly elosed.

The first of the university colleges was established under
the name of the “*University of London®® in 1827, It was a
proprietary institution without a charter. Its fees were low
and no religious restrietions were imposed, the aim being to
make a high standard of education available to students ent
off from the older universities. There was a storm of criti-
eism against this **zodless institution®” and a rival known as
King's College was soon erected under Church auspices. These
two colleges early became eenters of aetive seientific inguiry.
and were the first to introduce the teaching of engineering.
Both established chairs of eivil engineering in or about 1840
and there are evidences of still earlier teaching under other
names. The ehair of eivil engineering at the University of
Glasgow also dates from 1840, A Royal College of Chemistry
was ereated in London on a private fonndation in 1845. Im
response to mumerous memorials from the mining industry a
Government Sehool of Mines was established in London under
the Board of Trade in 1851 and was installed in the Jermyno
Strest Museum. Two wvears later the School of Mines and
the College of Chemistry were merged under the direction of

37
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£ newly created Seienee and Art Department. The U;IIi—
® itz of Edinburgh established its ehair of eivil engincering

made nnpageESufthehiquhTiuth;:
: statos of eivil engineers in 1868 and 1863.
| e andmgaleﬂ how far continental Europe and the
had cutstripped Great Britain in the develop-
of professional sehools. PBritain could show in all but
* seve mntersnfeng;inaeﬁnghutmeﬁnn.aﬂsma]lm_&strfau-
| Sling, five having but s single teacher for all the engincering
Les There were meagre laboratories for the physical
ing laboratories of any sort. Umi-
- ersity College, London, probably the first institution to in-
" iroduce 2 complete engineering course and a reccrgntzeﬂ leader
< 1870, may be taken as an example of the period. There was
~ 3 single professor of engineering, entrance was permltted at
" the ape of 15, there was no entrance examination and the
" oorollment mumbered around fifty; the tuition fees for the
" three years’ mmamnnntaﬂtumnrethanﬂﬁ;thuev_ru
" no engineering laboratory; and the curriculum of the period

~ ' Mention has been

Higuirs per Week
Year I | Year IT | Year TI1

- Arithmstic and pure mathematies. ... .. ... [ 6 3

- Applied mathematics. . 3 4
= Applied mechanies. .. oovnivnmnrnnssanannas k]
e Physies. ..o rana 3 ] .
CCheedetry. Ll 5

(Clemistry hhborstory. L
‘ﬁ?ﬂm 3 .
Afncline drawing and QRN . 1 ononvenns 6 & Gord
Surveying. . 1
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These simple annals represent forty years of stroggle
against odds of indifference and meglect, yet the period was
Numined by some netable personalities—Vignoles at Tni-
versity College, Wheatstone at King's, Huxley and Playfair at
the Sehool of Mines, Rankine at Glaseow and the many-sided
Fleeming Jenkyn at Edinburgh.

The Tum of the Tide—From 1530 on the fortunes of the
university schools of engineering were in the ascendant. The
City .and Guilds of London Institute was the first publie
agency to take engineering education under its fostering care,
It assisted University and King's eolleges with money grants
and established under its own auspices the City and Guilds
Engineering College at South 'Kensington, adjoining the
Royal School of Mines and the Royal College of Seience,
With the opening of City and Guilds College in 1884 Eng-
land possessed for the first time an ensemble for teaching
and research in technical seience eomparable to the many great
sehools of continental Europe and America. The Prince
Consort’s vision of 1851 did not reach its full ¢onsummation
until 1207, when the three schools at South Kensington were
federated into the Imperial College of Science and Technology,

often referred to at that period as the British Charlottenburg. 3

The tribute to the famous institution at Berlin is well deserved,
for it is plain that the foree which stirred England to action
was German example and competition.

A second event of 1880 to mark the turn of the tide was
the chartering of the first of the “*modern’ or “‘urban’’ Eng-
lish umniversities, Vietoria at Manchester. This was an out-
erowth of Owens Collere, established in 1831 to teach

*feueh branches of learning snd seience as were then and might
thereafter usually be taught in Englich universities.'®
Owens was a maker of precedents for the university eolleges
which arose in the ehief provincial eities and later were erected
into universities. These institutions owe more to the example
of the Seottish universities than to Oxford and Cambridge.

They were crganized by facolties and departments rather than

residential colleges and welcomed the physical and technieal
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5 seienees from their earliest years. Their serviee to engineer-
- ing education, in giving it the prestige of a place in the uni-
& ersity system, can searcely be overestimated. )
. The Period of Rapid Growth.—The example of Vietoria
" jshered in a period of university expansion of almost unparal-
* lcled rapidity which swept engineering education forward
" xith the tide. University College, Liverpool, was ineorpor-
" _ted into Victoria University in 1884, followed three years
" jater by Yorkshire College of Leeds. Mason College, Bir_mmg-
" ham, founded in 1880, was chartered as the University of
" Birmingham in 1900 and came forward rapidly as one of
' the chief university centers of engineering activity. Vietoria
- was separated into three distinet universities at Manchester,
L Liverpool and Leeds in 1903 and 1904. Firth College at
S Sheffield, founded in 1879, became a umiversity college in 1897
" and the chief nuclens of the University of Sheffield which was
_¢hartered in 1905. Sheffield has long been prominent as a
©center for the teaching of ferrous metallurgy. The University
" of London was created by federating University and King’s
" eolleges in 1536, In 1850 a new charter was given and ean-
g didates were admitted to degrees from affiliated colleges in
" various parts of the country. In 1900 it was reconstituted in
© its modern form as a federal group of teaching institutions
" with engineering departments at University College, Eing’s
" (College, East London College and the Imperial College of
*  Ssience and Technology. The University of London eon-
| tinpes to act as a eentral examining and degree-granting
*  ageney for a comsiderable group of other university colleges,
& polytechnics and local institutions. Bristol ineorporated the
" Merchant Venturers’ College (1885) as its faculty of engi-
" neering when it received a university charter in 1909, Read-
" ing became the latest accession to the umiversity group in
. 1926, University colleges at Nottingham (1881), Southamp-
- tom (1902), Exeter (1922) and of still more reeemt origin at
¢ Leicester and Hull, all pressing to the goal of unmiversity
. status, indicate the momentum of the present effort to make
" higher education in both its liberal and professional aspects
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as widely accessible in England as it has long been in Spot.
land, France, Germany and America. In the winning of this
fight the early schools of engineering had no inconsiderable
share.

The Older Universities—The Scottish universities have
traditionally preserved the union of liberal and professional
education and were among the first to provide for the teaching
of engineering. Durham instituted the teaching of civil and
mining engineering in 1837, but the movement was short lived
and it was not until 1871 that an enduring work was begun
at Armstrong College at Newcastle, under the joint auspiees
of the University and the North of England Institute of Min-
ing and Mechanical Engineers. Cambridge began to turn a
friendly eye toward mechanical seience soon after the physical
sciences had been firmly established under Clerk Maxwell
Under the leadership of Prof. James Stuart workshops were
installed and lectures on applied mechanics instituted in the
B0's. Sir Alfred Ewing, Stuart’s successor, was instrumental
in placing engineering on a substantial foundation at Cam-
bridge through the ereation of an honours tripos in mechanieal
seience in 1890 and the installation of an extensive labora-
tory. From that time on engineering gained rapidly at Cam-
bridge; the enrollment had risen to 250 hy 1913 and has sinee
nearly doubled, making it the largest of the university schools
of technical seience. Oxford came into the field late and on a
very modest scale, A chair of engineering science was es-
tablished in 1909 and a laboratory erected in 1913, since which

time Oxford has enrolled an average of about thirty students
of engineering.

The Higher Technical Institutions—The forees which
were making for university expansion were at the same time
transforming a group of local technieal institutions into higher
sthools of engineering. The Glaspow and West of Scotland
Technical College was created out of Anderson’s College and
two other institutions in 1386; nine years later it oceupied
a magnificent plant erected by popular subseription; in 1912
the King bestowed its present name, the Royal Technical

£3

3 moﬁaﬂaﬂ out a similar relationship te the U]J.'I:‘FEI‘SI.t"j‘
~ ¢ Edinburgh and Robert Gordon College to the University
© of Aberdeen. Under the technical education acts of the late
. g0's the eity of Manchester developed an old school uf_sauer}n-
~ dary rank which traced its origin to the Mechanics Institution
© _f 1624 into a great Municipal College of Technology. The
. gity sent &

CUMPARATIVE STUDY OF ENGINEERING EDUCATION 41

College; ear later it became affiliated with the Uni-
l w‘f as a faculty of techmology. Heriot-Watt

mission of inquiry to the chief continental eenters
ufmcbnicﬂledmﬂnnanﬂiﬂlﬂ'ﬂﬂ&:&te&uﬂeofthemmt

-4 extensive educational plants in Great Britain. ) Three years
- later the College became affiliated with Vietoria Ht.u'lr'eml.]f
- a5 a faeulty of technology, at the same time reta_.‘mmg its fume-
& fiong as a local techniesl imstitution. These instamces were
~ part of a widespread movement throngh which the edueational

ladder from the gutter to the umiversity, of which Huxley

. spnkeimpimﬂlyinthe?ﬂ’ahashmeatlastamality.

Dominant Infivences in the Last Fifty Years—In the brief

E scope of this study it is not possible to unravel fully the eom-

forees at work in the transition of the last fifty years
]:;1:11;3 few outstanding strands can be traced. T!m? boldest
of these was the persistent fear of industrial competition from
abroad. From 1850 on every wave of popular concern over
technical education ean be identified with a trade depression
or some disguieting challenge from Frmch, German or Amer
jean industry to Britain’s traditional faith in he:: m?e_ntlve
oenins, practical skill and business sagacity. This attitade
was pever more active than it is to-day. The war and tlm!
post-war depression have created & mew attitude toward sei-
ence. Stanley Baldwin bas struck the keynote of the mn:mﬂ?t
in his declaration ““the future rests with the nation which is
most successful in harnessing seience to industry.”

The story of British technical edueation is ome of move-
ments, nsually groping their way by trial am:’L‘en.:ﬁrtrathar
than one of dominant leadership by men and _msutuum as
in Franee and Germany. There is one individual, at least,

. whose leadership deserves a special tribute—Dr. H. W. Maw,
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senior editor of Engineering from 1870 to 1924, whose pen was
seldom silent on the problems of engineering education. Be.
ginning with the first issue that came from his desk Maw cam.
paigned incessantly for a sound educational policy, analyzing
the special problems of technical education at a time when
these were little understood, urging the need of a sound under.
pinning of elementary and secondary edueation, pointing to
the inadequacy of “broadeasting elementary scientifie infor-
mation'’ throngh the Science and Art elasses, holding up as
a challenge the best that was being done in other eountries,
and reiterating eonstantly the necessity for creating a few
engineering schools of the highest scientific rank. Only one
brief fragment can be given to illustrate the force of Maw's
editorial style:
"Weamsp-endiugmnlhuamilﬁma}'ﬂ:mtnftha

ntandummtuhmmmhhgamﬂhqm&ﬂi:

ig wasted T&etﬁ:hingu!ymgmhaﬁmandnlhmtht

elements of seience and handerafy, though mot without value,

is of little advantage in meeting the competition of

#nd America. It is equivalens po teaching private soldiers
the prineiples of strategy,”*

Maw did his work through his leading editorials, of which
be devoted an average of more than five a Year for over fiftesm
¥year to educational subjects, the maximum rising to ten in
1837—a record unapproached in the history of engineering
Journalism.

Great influence was wislded by a series of educational mis-
sions abroad. Onece awakened from her complacency, Eng-
land sought to know and use the best that had been created
in other lands. One of the most interesting of these missions
was sent to America in 1902 at the personal expense of Mr.
A. Mosely. The mission was prompted by Mr. Mosely’s ob-
servation of the work of a group of American mining enginsers
in South Afriea to whose technical kill, resourcefulness and
business sagacity *‘the primary suecess and subseguent pros-
perity of these mining centers was due.'’ The mission was
charged to consider:
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ot of individnality in primary schools:
TT:: ﬁﬂﬂ intellectual effeets of the wide distribu-
tionofseemdaryeducaﬁm;andl ‘ ,
The effect of specific instruction given (o) in business
; methods and (B) in applied seience.
3 mission emphasized particularly the greater
mﬂgemﬁihﬂiwif higher education in &.menea
2 The breaking of the monopely of secondary and aniversity
" education lomg held by the lm.t:umﬂ classes was memndls
=3 important to engineering eduneation. 'I'hel e_untrastmg recm'ds
' of England and Germeny reveal in a striking way the indis-
~  pensable role of & system of seeomdary education which is
| accessible to all social elasses and offers equal resources for
. :dmﬁﬂe and literary culture in the upbuilding of h::g'!ler
" engineering edueation. As long as such & system was lankll';:g
in England, the university schools Df. engineering strugg
* against hopeless odds; since its creation, their development
| has been notable, but the delay cost nearly fifty years. )
e A final lesson from the record of Bntam_ stands ?ut wit!
k- special boldness—there is nothing more perilous to {ndustr;r
" than the dissociation of technieal edueation from high and
" isinterested scientific research, a defect long tolerated but
" now happily corrected. While the universities and local tech-
& nical schools have not become whelly di!i'erentmt:eﬂ in fnnn‘
~tion and probably should not be, in principle and merF:namg_g
- in practice the former tend to unite teehmaa% ﬁﬂuc:.’fticrl:l wi
- fundamental research and the latter with the Immna‘d;ata ne-eds
of industry through the medium of part-t‘me_nmtrunhon.
-~ An effective balanee between the two is ﬂ‘meﬁyplﬂdr
- worked out, but the situation is rich in its possibilities.
C. TEE GERMAN STATES
- Technical Education and Statecraft.—The resurgence of
" the German states after the defeat and dismemberment of the
- Napoleonie era was the historical miracle of the 19th century.
“Awzkening fully for the first time sinee the middle ages, Ger-
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toward the future with a resclute realism. This break with
the past gave & great impetus to new forms of education ang
scientifie endeavor. Far-seeing statesmen began deliberately
to rebuild the old agricultural states into the modern indus-
trial empire. There is probably no other region, great or
small, in which technical education and research have had
so large a share in shaping national destiny. Witness the
testimony of the eminent Fremch sociclogist, Charles Gide:
fFIt 3a technical edecation, potiently pursued, comsciestioesly
assimilated, which bas been for Germany an arm more power-
fu] than the spirit of enterprise of the Eoglish and the artistie
feoling of the French. She owes to it ker admirahle commercial
and industris]l advamee.”?

The initial impetus came largely from state sources early
im the last eentury. The states had important monopolies
and industrial interests of their own—~forests, mines, commu-
nications and manufactures of military material—and stood
in need of trained technicians for their development and of-
fieers for their administration. The industrial supremacy of
Great Britain was a soures of bitterness. Manufactures which
had been set up under the *‘ continental system"’ of Wapoleon
were not standing up in eompetition with England and Bel-
ginm. TIndustry was everywhere in low esteem among the
higher eclasses, state employment everywhere desired. The
national heritage of matural resources was relatively meagre.
Capital for the expansion of industry was searce ; as the states
could not ereate it, they turped to the ereation of skill and
intellizence as the remedy for the eeonomie ills of the moment
and the guarantes of future securify.

The Roots of Technical Education.—The tramsition from
the traditional system of apprenticeship to modern forms of
technical edmeation began under diffienlties in Germany, but
was nltimately carried throwgh with unexampled thorongh-
ness. Late in the 18th eentury there were tentative efforts to
give technical edueation a place in the umiversities, by intro-
ducing the teaching of chemiecal and mechanical technology
dressed up in the Latin name “‘cameralia.”® In 1773 Prof.
Eberhard leetured on applied mathematies at Halle, but his
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'_"arls to secure a recognized place in the eurriculom for this
1 kindred subjects met with refusal. Heidelberg and G&t-
mﬂmmdgtenM?eb&glmmsmtaahmcal branches
seience at about the same period.
As soon as the issue was clearly defined, however, the rul-
» geademic party refused to admit the technical sciences,
rarding them as wholly alien to their eherished ideals and
. ditions of disinterested learning. The result was a sharp
savape between academic and technical education. The
masium and the university stood together as a closed sys-
" torn and an entire group of new institutions had to be bmilt
__——. o completely from the ground. The early technieal schools
haﬂ no choiee but to superpose their programs on the volk-
~ schulem of the commom people and were therefore scarcely
S more than trade schools. To ereate a group of technical
schools equal in all respects to the universities was the work
a eentury and would have been impossible without the erea-
n of a modern fype of secondary school as a eounterpart
.the classical gympasiom. The rise of the fechnizche hoch-
shulen and the cberreslschulen was essentially a single move-
mnt. The two made common cause and achieved a eommon
3 _'-_' jumph. No historical situation shows more elearly the in-
timate dependence of higher technical eduecation on a sound
s;mpatheﬁemhmanfseennﬂmadmﬁmnﬂmi:is
> - retardation of half a eentury which resulted in Great
*  Britain from the lack of such an uwnderpinning.
- The First Technical Schools.—Hsaving been cast out by the
‘academic powers that were, technical edueation was nurtured
\ in its infaney by officers of state. Prince Xaver of Saxomy
+ founded a royal bergakademie for the teaching of mining and
T 1meta.11mgj' at Frul:erg in 1765. Intended primarily for the
aining of state mining functionaries, the bergakodemis re-
1 & small and provineial institution for a long period.
indirect influence was great. It deviated from the wumi-
sities in combining theoretical teaching with practical work
laboratories, inspection of mine working, journevs of ob-
vation and actual woerk in technical callings, procedures
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later adopted and greatly developed in the fechnische hoch-
schulen. The prineiple of lehr- und lern-freiheii—the free-
dom of the teacher to teach and that of the student to study
what ke chooses—which is so jealously guarded in all higher in-
stitutions in Germany was here observed from the beginning,
It was introdueed into the universities by von Humboldt,
who became zequainted with it as a student at Freiberg, o iversity of origins and and extendtin
_Tuwarrl_the middle of the last century Freiberg gamaﬂ an - ;S;; (2) nwﬁﬁg;sm;tf:ﬁm teade scbiui]:;nf
internatiomal FEnOwIL andwas largely atten&e:& by tnrulaagnm sw purposes to polytechnies of wide scope and :
In 1799 Frederick William I1I of Prussia established a o nal rank, extending to 1875; and (3) a period of develop-
royal bauakademie at Berlin for i+ on a university plane extending to the present, but
*fihe th:;_ﬁtﬁld ﬁgﬁﬂﬂ_mmﬂg ﬂfjfﬂli;zlr ﬁfﬁlg 3 2hly marked by the official bestowal of full university
stases, to which training foreigners Eu :-I:': a&:grlitr.ed, i.nEsa far erogatives in 1900. To trace the evelution of each of the
s this ean be done withoat prejudics to native pupils.”’ “Sresent eleven techmieal universities would be beyond our
While the aims of the bouakedemiz were ambitious it was ae- ‘present purposes. The story may be epitomized by outlining
tually a school of elementary character. Students were per-  growth of the two which probably had the largest infiuence
mitted to enter at the age of 14 with only a eommon school shaping the common norm of today. Karlsruhe had the
education. There was a course of study for surveyors of three cater renown and formative influence in the two earlier
semesters and one for conmstructors of five. It is worthy of iods, but Charlottenburg came to have a commanding po-
note that the traditional hospitality to foreign students which ion in the later stage, after Berlin became the seat of im-
has eontributed so much to the remown of the German engi- perial influence.
neering schools was foreshadowed in the original plan of the Karlsruhe.—Agitation in the state of Baden for the estab-
bauakodemis. aent of a polytechnic school began to gather force as early
The states of the old Austrian empire made beginnings in 1808. The leader of the movement was Nebenius, liberal
technical education at about the same period. In 1801 the tesman and economist, who re-drafted the econstitution of
len, built its railways, revised its scheme of taxation, re-

state of Bohemia commissioned Count von Gerstmer to draw s S :
up & plan for a polytechnic sehool in Prague, under the influ- nized its education and was largely influential in ereating
eustoms union. Nebemins was familiar with the great

ence of French example. The sehool was opened in 1806 ; like x

the building school at Berlin it admitted students at the age hnieal schools of Paris and sought to create in Baden a

of 14 with common arithmetical preparation. The Poly- 00l of more general scope which would train leaders for

technie Institute of Vienna, established in 1815, had & pre- dustry as well as officials for the state services. The poly-
hmie sehool at Earlsruhe, the first of its kind in Germany,

paratory section or realschule of two years which could be '
entered at the age of 13 and a higher technical seetion with a s ereated in 1825 by combining an older state school of
three-vear course. The later development of these schools vil construetion with a private industrial sehool.

has closely paralleled that of the schools in Germany proper.
The Rise of the Technical Universities—The rise of &
group of institutions from the level of trade schools om the

orline of elementary education to a powerful and homo-
2eous group of universities, together with the inseparable
mﬁﬂjngufmodemmﬂary sehools, has been acelaimed
s the greatest achievement in edueational organizatiom in

; Germany of the 19th cemtury. Three distinet periods may
discerned in this evelution; (1) a trade school period

ent types were needed for the training of artisamns and
Instead the effort was made to make the same
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program meet both needs by merely varying the length of the
course of studies. Nebenins soon grasped the need of a sep-
aration. He urged the creation of distinet schools, one aimi
at much skill with a modicum of scientific knowledge (fach-
schule) and the other at a high scientific diseipline with lesg
dexterity (hochschule). In 1833 Nebenius reorganized Karls.
robe on the latter pattern, which he felt must preeede the
former in its development. This point marks the eleavage
between the higher, middle and lower techmical schools of
Germany. From 1833 on Earlsrohe was essentially a pro-
fessional school with an internal organization resembling the
universities. The faculty was a self-governing body, choosing
its own rector annually, The Prussian schools did not attain
a like degree of autonomy until near the middle of the century,

The eurriculum of Karlsruhe in 1833 was advanced for sg
early & period. There was a preparatory realschule of two
¥ears which conld be entered at the age of 13; then followed
a general scientific section of two vears on the lines of the
Ecole Polytechmnigue of Paris; and there was a final stage of
application with separate sections for architects (6 semes-
ters), for eivil engineers (4 semesters) and foresters (4 semes-
ters). A later reorganization in 1863 foreshadowed In some
detail the present norm of a techmiezl university., The real
schule was dropped and admission was based on a realschule
eertificate, with a minimum age of 17; the general scientifie
section of two years was retained; and the professiomal see-
tions were enlarged to include architecture, ¢ivil engineering,
building construetion, chemistry, mechanical engineering, for-
estry, commerce and postal serviees, The revised currienls
began and ended on much the same levels as thoss of the better
engineering schools in America at the present. The title of
hochschule, which serves as an inclusive term for all institu-
tions of university rank and character in Germany, was not
adopted until 1885,

Charlottenburg.—The original nuclens of the present tech-
nieal university at Charlottenburg was the bonakademis at
Berlin, founded im 1799. The first definite movement in
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. csia to promote the growth mtum:h tll_ru}l_gh'tech;
e - i to have e on the initiative o
& ;‘;ﬁiﬁmm Beuth, who established in 1822
 Berlin a fechnische schule which soon developed into a
nplementary institution to the older Eluuuk_ademis. It,was
first & simple trade school which pupils might enter {hmei
' the elementary school at the age of 14. The rise of its
_dards was reflected in snecessive changes of mame to
S werbe-institut in 1827 and gewerbe-akademie in 1866,
" Benth reorganized both the bauskademie and T.h_e _gaweri-e—
' in 1849, raising the minimum age of admission to 17
-. the additionsl requirement of a realschule wrliﬁm_ate,
e eourses of study were placed on a thorough and pr_actic.al
& asis and given an engineering character. It was at ﬂns‘ time
" that the principle of lehr- und lern-freikeit was first intro-
" duoed into the polytechnic sehools. The course of study at
& ihe bowakademie of 1850 eonsisted of three years in common
" for civil engineers and architects, followed by one year of
| specialization. The curriculum of the gewerbeanstitul cov-
& ired three years and there was an additional r&qa:tiremtut of
" 2 year of industrial experience. The instruetion in the first
" two years was devoted to higher mathematies, physies, ehe_m-
" istry, drawing, mechanies, mechanism, metallurgy and maechine
& comstruction; while the final year was divided into separate
\ sections for chemistry and mechanical engineering, in order
" {0 give the students a more detailed introduetion to industrial
¢ applieations.
. The vietory over Franee in 1871 with its attendant conguest
5 Alsace-Lorraine, the unification of the German Empire and
the vigorous economic policies of Bismarek gave an immense
" impetus to the industrial expansion of Prussia which was
" quickly reflected in the growth of the technical schools. As
| the two schools in Berlin had begun to overlap appreciably, the
¢ State combined them into a polytechnic school in 1876 om the
lines of Karlsruhe and the Swiss Polytechnie School at Zurich.
ee years later the title and status of hochschule was be-
making the institution a university in all except name

o

= LW e
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polytechnie in 1847 and a hochschule in 1880, The
:fa Bavaria founded & central polytechnic sshool in
ieh in 1323, but the school was hroken up io 1827 into
one remaining at Munich, one being placed at Nurem-
and the third at Augsburg. The Munich school eon-
d as a sehool of architecture nntil 1868, when it was
red to the status of a polyvtechnie, Itwasremgnize& as
pehechule a few years later, while the schmls at Nurem-
g and Angsburg continued as technical middle sehools of
higher class. The Collegium Carolinum at Branswick,
ed by the Abbot Jerusalem in 1745 and one of the firse
‘the German secomdary schools to have a technical division,
modernized into a polytechnic in 1835 and advaneed to
ochschule in 1877. Aachen was ereated as a fully devel-
d hochschule in 1870, after which there was a lapse until
ssia established new technical universities at Danzig in
(1304 and at Breslan in 1910 to serve its eastern regions.
" Dominant Influences.—The influence of French example is

and the right to award degrees. Prussia now set itself ¢,
house the uniteq institution, the largest of its type in Ger. |
many, on a seale of unexampled magnificence. A ETOup of
buildings was erected in the suburh of Ghnriuttenhurg at ap
outlay of $2,500,000 and was dedicated in 1884 by the Ep.
peror William 1 in person, with the most impressive sizng of
imperial favor. This event reacted strongly on the Prestige of

Prerogatives of g university, ineluding the right 10 award the
degrees of dip-.’am-ingenisarr, doktor-ingenieur and doktor
honsris  cousa. The King of Wurttemburg at Stuttgart
quickly followed the imperial example and within a short
riod all the nin istd technische hochsehule in- § G v
,_p,;ﬁd with sj;?fa:;;ﬁng TN LI . ent in the earlier years of German technical education,
The Rise of Other Hochschulen.—Under similar influenges | a distinet pational type "Egd g ?‘Ef:hm th"’inp"hm;
and in like stages o those which prevailed in Baden ang chnie schools underk the lea eh P o e uruhem o
Prussia, the other German states built up their teehmiea] ddle period. The g realschule I-'flli di 'Pt of
universities from diverse origins into the highly homosensons s of entrance, while the emergence s ;“‘“‘mg'"“.‘u’nﬂ
type of today. Hesse laid the foundations at Darmstadt in hm;almmhm}s tended to emphasize the professi
a realschule in 15292 and advanced its rank suceessively to a = TP echnics. i
higher industrial sehool in 1836, 5 polytechnie school in 1364 & The pioncer work of German “”lm_ , *‘Ith"mughd‘“?fi
and a hochschule in 1877, 4 gewerbe-schule on the lines of = Ed':'““:ﬂ the universities, strongly influenced the
the Eeole d'Arts ef Metiers at Chalons was established at : _ 5 hi
Dresden in 1528 and was reorganized into a polytechnic in 4 2t Giessen in 1524 beeame a fountain h:;d ok tﬂf th;w::
1851. It was given the rank of hochschule in 1871 and the - % Smﬂm?* wg;re :q.ttractali fro ]nsl ;:m o
state of Saxony installed it in a eostly plant in 1875, which "orld aud Liebig’s influence on i
marked the beginning of a period of competition between the
German states in the material development of thess sthools.

ted in many of the university centers, The progress of
& chemical industries as slow during the first half of the
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of Metallurgy at Aachen,
the Erupp interests. Tt was largely throush
sure that Prussia was led to establish the
hochsehulen at Danzig and Breslan.
Relations with the Universities.—The rise of the
hochschulen apart from the universities proper
praised and deplored. Viewed in historical

cumstance. Had there been time for a
the new discipline
would have found ifs
Germany began late and the mareh of events was too swift
for institutions bound by eonservative traditions. Enginser.
ing had to fight its way up from handeraft, held in low esteem

by the privileged elasses. Tt had to win recognition as a

profession against a strong spirit of guild exclusiveness nur-
tured in the gymnasinm and university, which held a monop-
oly of entranee to all higher professional and state careers.
Most of the universities were situated in the small provineis]
towns, while the polvtechnies arose in the capital cities under
the direct nurture of the states. To German thinking a eonn-
try college is no place for an engineering school. The uni-
versities enjoyed an automomy which made it diffienlt for
state officials to use them for such specific ends as the train-
ing of technieal functionaries and the assistance of industry.
University traditions exalted “‘pure’’ or abstract learning as
something far above matters of practical interest and largely
disregarded the interrelations of subjects, so important in the
effective training of an engineer.

The advance from the status of a polyfechnibum to that of
a hochschule had a symbalie significance which it is diffieult
for an American, aceustomed to apply the term “‘nniversity™
indiscriminately to a Harvard, a city Y. M. C. A. and a cor-
respendence school, to appreciate. The term hochsehule in
its modern sense is inclusive of all institutions having equal
rank with the universities, It applies to institutions pre-
paring for the recogmized professions and appending to the

representing a gift of $400,000 frey.
industrial preg.
two most recent

technische
has been both

perspective i
appears as an almost inevitable result of tradition and cir.

slow assimilation of
it seems probsble that technical edueation
Place in the university s¥stem, buot
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i r than that of comnmerce. It car-
rigid ?f:ﬂnmueaunnr :;t:temal organization and the pnzed
ipwy lehr- und lern-freiheit. It implies admission by
e 'ﬁ eertificate of the secondary schools. F&r.frnm
m!tl:;ﬂﬁ' it fizes the status of the professors in the
= offcials.
4 Pmi;:eifclﬁ;:fyﬂ;?twm the u.niversitiiis and koch-
-.; : :fntad as a spur to both groups. ) The_ ﬁm for recog-
e of complete equality with the universities led T_Jle p‘uﬂ:y-
'L.m' attern their organization after the um':m:srha
= g]nselj"ﬁ 9 Pth nature of their work would permit; it be-
puwarfulas unifying and standardizing influenece; it Ted
 hosls to make a elose alliance with the profession and
;ﬂustries; and it led them to make comumon cause with
realschulen. A strong party in the technical schools stood
smalgamation with the universities; an equal group stmd
r complete separation, with the recﬂgmﬁnn of equal p;lﬂ-
s. The right to award the title of engineer end the_ uu:;
e became the pivotal issue. The Swiss Pulmchm{c}:
‘Zurich had the former privilege long before any of the ]3::
: school. When young engineers and chemists worked e
& “herr dokfer’ from a university they were 0ﬂ£n made
& acately aware of an inferior statns. Without the right to
‘eonfer the doctorate there was little chance for the gemeral
ntifie departments of the hachckﬂlﬁu to at'fz:aet advaneed
dents and to prepare men for teaching positions.
The issue hetweanthepartroim.algamﬁhunandthesepﬂ:;
sts was especially aente in the 90°s, but was settled for
by the Emperor William IT in person when, at the cen-
nnial eelebration at Charlottenburg in 1899, ke oﬂi_mall?
owed the privilege of granting the degrees of dq;lqa_r:];
enienr, doktor-ingeniewr and doktor honoris cousa. WY
following words he silenced all controversy: .
o S e S i St 50

. - = each of them
tuuuandnuthuempeﬁummnlh!.mt allﬂ-hu

b skould
o every member of them for his own part words
- justice to the elaims of life and seience, mindfol of the
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‘Neither be like to the other, Yut each be like to the highest, 3 a8 ent of shop teaching. It is worthy of note that

gﬂz is this to be done? Let each be complete in him.- - mber of (German professors of engineering T'i']].l) msp;lﬂl-&i

In the republican Germany of today the issue of umification erican schools s i mrfsﬂﬁmgnmﬁéfp;;v 19,;]

has arisen anew and it is not improbable that the next decade | of the shop mﬂ;u;;n t':.:ee ATE iJ:; length, but at

may see the creation of one or more universities with faeultieg p of the ““r_nwh ha laeeﬂy the uniform basis
of technical seience. time practically all were p e

Changes of the Last Fifty Years.—The nature of the curri. frar Fears. T . . .

cula of 1833, 1850 and 1863 has been indicated in the seetions. o technical universities have offered an increasingly “d”

2 : 3 £ tion in recent vears outside of strictly seien
devoted to Karlsruhe and Charlottenburg. After 1870 the ge of instrue There has been 1m0 attezypt to en-
outreach for university privileges tended to draw the pro. and technical ﬁE]'dﬁ of ﬂ:e iversities, but II'}&!:]I'E]I‘ to
grams of the several institutions toward 4 common norm. The sch on the _f?netluns ; . m:ui fomia ot -the. Miwhazs-
desire to facilitate the misration of students from one sehon] en the 11:&1]1]11.3 T mhmgal{pmﬁef;l d soeial studies
to another acted in the same direction. With the advanee of : side, especially in the realm of political an '
preparatory education in the ober-realschule to a level of A5 one eminent rektor put the case: .
equality with the gymnosium the technical sehools Jaid aside § B edinical saoation dsignel et X ekaicist From
their narrower disciplinary methods of teaching and adopted " the eivic Hifs by which he is surrvunded and would alienate him
the freer methods of the universities, but subjects were taught - f\ from the ideal interests of society.™
in a less abstract manner and with far greater interconnection. _ is now a growing tendeney to introduce the teaching of
Project teaching which threw the student on his own respon- pdustrial organization and management, incloding the new
sibility came to be especially emphasized in the technical fivision of psychotechnies.
eourses of the higher years. Laboratory teaching in engineer. i expansion of reseaveh activities has been especially
ing subjects was introduced into most of the German schools od sinee the right to confer the doctorate was granted
at a relatively late period, although there were extensive me- 1900. The German technieal university of the present is
chanical laboratories at Munich as early as 1870. American - more than a teaching institution—it is the major ereative
example had a powerful influence in the development of teach- : of the nation for the advancement of all technical sei-
ing laboratories, through the report of a commission which - ‘and srts. The high importance of this role in the na-
visited leading schools in the United States after the Congress life is well epitomized by the motto of ome of Ger-
of Engineering in eonnection with the Columbian Exposition -'s great techmical societies, ““Die Technik ist Deut-
of 1893. Previous to this time most of the schools had only ands wirtschafiliches Schicksal’’—technical science is Ger-
private research lahoratories which had been installed on the r's economic destiny.
initiative of individual professors. Charlottenbure  alone
spent 900,000 in installing teachimg laboratories between . D). SWITZERLAND
1893 and 1897. Internal instruction in shop practice had been Swiss comstitution of 1849, which was designed to
given in many of the hochschulen before 1900 in order to athen the Confederation after a severe economic erisis,
tompensate in some measure for the lack of industrial experi-
ence by the students. Reference has already been made to
the initiative of the Verein Deutscher Ingenieure in securing

it the right to establish a Federal Pﬂlyteie!:nie Sechool
d a umiversity. Hitherto all publie rﬁpnnsihﬂn:_ir _fﬂr edn-
i had been vested in the several cantoms. Thriving tech-
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nical schools of a praetical character had been built up under
cantonal auspiees. A special sehool for industry, publis &
works, building and the arts was founded privately in 1853
by five professors in Lausanne on a plan resembling the Eggle |
Cenfrale of Paris. About twenty years later it was taken §
over by the Canton of Vaud and became the present Ecolg |
d'Ingénienrs of the University of Lausanne, serving prinei. |
pally the French speaking area,

The founding of the Federal Polytechnic School may be |

aseribed to the feeling that only the highest grade of seiep-
tific direction would enable Switzerland, a country of erowded
population but largely devoid of raw materials, to maintain
its industrial position in the presence of its larger and more
generously endowed neighbors. The School was established
at Zurich in 1854. The city supplied it with an admirabls
building and with much of its original equipment, while the
Confederation made an annual subvention of 250,000 franes °
toward its operating expenses. This was a large sum for the
times. The Polytechnic had mo hampering traditions and
was free to profit by the experience of the earlier schools of  tem.
France and Germany. By leaving all preparatory and voea- | " The leaders of the early years were not: statesmen nor
tional edueation to the cantonal schools, it was able to place | e practitioners, but scientists and educators. In their
its whole program on a professional plane egual to any uni- s engineering education acquired its traditional freedom
versity. Furthermore it had the right, not then possessed by outside regulation. The consequences of the early fixa-
any German institution, to eonfer the professional diploma o of technieal edueation as a professional &iselplm? o .thE
of engineer. The Polytechnic brought together a staff of iversity level have not been wholly good. Engineering
notable gualifications and soom attraeted students from all ges have been multiplied in America as in no utherrlanﬂ,
parts of the world. Without doubt it exercised a strong in. ibut other types of technical schools have bm!afgdy eglipaed.
fluence on the early development of engineering education in ‘The training of artisans, foremen and technicians, and pos-
Italy and on the later evolution of the hochschulen of Ger- sibly of the higher officers of industrisl production as weall;
many and Austria, been megleeted in favor of the training of professional
ers. A democratie desire to give ““all of the boys a
e 10 get to the top’” has resulted in indefiniteness of aim
failure to make a rational division of the funections of
hnical edueation among different types of schools. Meas-
'h}r an international scale the chief virtue of ﬁmﬁﬂ&‘iﬂn
ering education is probably its accessibility, its chief
et vague objectives and uncertain standards.

- of creating any formal discipline for the profession
I,,'.. . » the aim was rather ‘‘to give farmers and
.I .: suun?; a seientific edncation as would enable them
become skillful in their professions.” Renssela_er ha_li
& _.lv begun its pioneer work as a school of practical sei-
s when the advent of the railroad opened a new chapter
the history of American engineering. The enginesrs of
.5 sarlier decades, a seattered group of land SUFVEyOTs, build-
I of roads, canals and bridges, and practical construetors
“nachinery, had been largely self-taught. With the rail-
3 came a demand for engineers with a greater mastery of
seientifie resourees of the art. There was no foundation
a scheme of training by pupilage, as in England, and the
= cerine school arose by simple necessity. Models were
rrowed France, where higher technical education was
hly developed, and the effort to apply science to the tom-
purposes of life passed rapidly into the sp.?eial form of
rofessional discipline for engineers. This in turn was
- assimilated into the newly developing university sys-

E, Tee Usiten STaTES
Origins and Characteristics.—Engineering edueation in the
United States is the cutgrowth of a popular movement early
in the last ecentury to promote ‘“the application of seience to
the common purposes of life.”” There was no thought in the
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or Eforts—The earliest American effort to create a
.ufpmtieal seienee was made in 1821 by E. H. Gardi-
3 »d & group of fellow townsmen of Gardiner, Maine, Aid

The Period of Germination.—The War of Independenpe
threw the mew-born American states back on their own eeq.
nomie and intellectoal resources. It was a pioneer age, wh g . s
men prized versatility above specialized training and praeiiq:. -" E{;'m e | etati JegRiiune i GHADIaRINE T¥hi
resonreefulness above the refinements of science. Inventiops er Liye . o ,
multiplied and industries developed in the hands of ingeniogs F ;ﬁﬂ:"gfm’f& &m i mﬁ;ﬁ e
mechanies. A handful of emgineers trained abroad and -
few self-taught Americans execmted the simple public works.
A little coterie of intellectuals who had come under French
influence, Franklin and Jefferson among them, wvisioned the:
possibilities of science and labored for its advancement, byt otion. In 1824 Hale reported to the backers:
the established colleges of the day held fast to the exclusive . e e ehed in -
classical traditions brought over in the early colonial period . fmmmfﬁwmm civil architecture, and in chem

or eplisted the aid of a young Bowdoin tutor, Benjamin
who had turned from theology to science and who threw
into the work of organizing the school with missionary
The school was opened in 1822 with a two year course

from Cambridge and Oxford. Efforts for the praetical use ;ﬂp
and advancement of seience came largely from popular sourees, .'s addresses in quest of financial support show plainly
from groups of merchants and meehanies who formed insti- foreshadowed the modern schools of technology. TUn-
iwies, founded libraries and offered premiums for inventions ately the times were not ripe. Legislative aid was with-
and for improvements of process or design. and the school faded out. Hale went to Dartmouth
A glance at the educational conditioms of 1800 will show how was largely influential in laying foundations for its later
impossible it was for applied science to become rooted in the | in the Chandler Seientific School.
existing educational system. A bare half dozen of the twenty- | S This effort at Gardiner was not an isolated event. Stephen
one colleges had made any provision whatever for the teaching » Rensselaer of Albany, land owner, capitalist and leader
of the physieal sciences and that against the open hostility public affairs, took steps in 1823 to establish a school at
of the ruling academic party. There was no extended system ¥
of secondary education and the scattered Latin and grammar
sehools were entirely dominated by the classicists. Profes- |
sional sehools of law, medicine and divinity were just begin- 1
ning to displace the more casual training by pupilage. A
system of university edueation, in its modern comprehensive 3
sense, did not exist. Tradition left virtnally the entire field
of education to private, sectarian or local initiative. 'To make
science an effective aid to production a new type of school and
anew type of teacher were needed. While colleges and public
anthorities remained deaf to the rising chorns of demand for
practical scientifie information, it remained for men of af-
fairs to take an effective initiative,

B o purpese of imstrueting perscms who may choose to

o1 apply th:mstlrﬁ in the i.p?iiﬁl!i-ﬂfnf selence to the common

& porposes of life. My prineipal objeet is to qualify teachers for

imstructing the soms and danghters of farmers and mechanics,

by leetnres or otherwise, in themappﬁﬂﬁnr of g:pu:rTndl:l

b themistry, phi and natu history to agriealture, -

i mestie mﬁ - El;mi and masufaetures.’’

genius behind this proposal was Ames Eaton whom Rens-

had employed to make eertain surveys and by wh‘m

ntifie capacity amd practical sagaeity he was deeply im-

d. Asa lawyer, eivil engineer, geologist, 'hnta.ufst, chem-

d edueational pioneer, Eaton combined a Baeonlan versa-

'y In science with a Yankee’s capacity for practical afairs.
r the direction of Eaton the Remsselaer School, as it was






64 COMPARATIVE STUDY OF ENGINEERING EDUCATION OMPARATIVE STUDY OF ENGINEERING EDUCATION 65

A comparison of the Rensselaer eurriculum of 1850, as showy
below with that of Ecols Centrale of the same period, as showy
on pace 16, indieates that Greene borrowed more from the
form than the content. The distingunishing feature was ths
parallel sequences of humanistic studies, mathematies, physi.
eal seiences and technieal subjects which have marked Ameyi.
can engineering currieula to this day. Experience soom
showed that the new curriculum of three years was in advance §
of the prevailing preparatory education. To elose this gap a
““preparatory division' of one year was then provided, but §
the distinetion of name gradually disappeared, leaving the
integrated four-year program which has since become the §
widely aceepted morm.

On receiving his degree of Civil Engineer in 1853,
decided to loeate in Chicago. He stopped off guite
1y on his way west to have a look at the University of
Eerioan. A newly appointed professor of eivil engineering
% to appear and the aunthorities were in a quandary.
was asked to stand by for a few days as a stop-gap and
.mained seventeen years. Brown was also early in the
3. One of its first engineering graduates, R. H. Thurston,
- 1859, later became a dominant figure in mechanical en-
- ing through his teaching at Stevens and Corpell and
e many rescarches and publications.

tooard and Yale both took steps to ereate schools of ap-
seience in 1847. Through the influence of Prof. Eben
orsford, a Rensselaer graduate who had worked with

Rexsserass Cremicrrva 1% Ot Exemverendg, 1849-1850

. Year I Tear I1 Tear 1 r at Giessen, Abbott Lawrenee was Ie@l to establish the
ERuee ., DRaes oo nce Selenti Bchool ut Harrard Kl git of 850,000
T o, TR et Ineuies st B e aoos by o Tist It serms that Taw-
Guneral phyuies General physics graphical m&'}, : merican college by a living dﬂ_nur. t seems : :
Sarveying Soctoty yndnatrisl physics had clearly in view the establishment of an engineering

Y. His letter of instruction enjoined that

Topegraphicsl and hy- The three prastical bramches to which a selemtiSie
e L cdneation is %o be applied are: lst, engiseering; 2d, mining in

& i extended semse, ineluding metallergy; 34, the fmvestion and

—manufecturing of machimery. "'

]

Geodo
ing cal,

Exenry
structores,
bridges,  hydraaie

L ‘was a long period before Lawrence’s purposes were ade-

tely realized at Harvard. Aggasiz the naturalist and
ford the chemist became the first professors of the mew
3l ‘Their interests lay in other directions and the ecol-
as a whole was openly hostile to technical studies. The
engineer was graduated in 1854 and there were few
s before 1860. In the first forty-five years of its history
Lawrence® Scientific School graduated but 155 engineers
l. Tt was not until 1892 that the teaching of engineering
developed with vigor at Harvard. Harvard's tardiness
realiring Lawrenee’s intentions appears to have been a
ajor factor contributing to the establishment of the Mas-
etts Institute of Teehnology on an independent founda-

Assimilation by the Universities.—The example set by
Rensselaer was soon followed by other institutions. Unien
College introduced the teaching of eivil engineering in its
seientific department in 1845. Dartmouth established the
Chandler Secientifie School in 1851, intended by its benefactor |
““to be a school of the industrial vocatioms.”” The University
of Michigan, the pioneer among the state universities of the §
nearer and farther West, bezan instruction in engineering in
1852, Michkigan owes much to the foundations laid by DeVol-
son 'Wood, a former country school master who had worked his -
way through Rensselaer by teaching in the preparatory divi- |
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B sitotions. In the space of a single deeade, from
t0 1312. the n'mber of EI.'IEIIl&EI’iJﬂt- ing schools inereased
<ix to seventy, a rate of expansion withont parallel,
jers in the Period of Expansion—It was a fortunate
tanoe that this period was ushered in by the establish-
- of three notable institutions which helped to supply
and models for the many others soon to follow, The

hnsetts Institute of Technolegy was largely the crea-
of William Barton Rogers, an educator and geologist of

ho secured the backing of a group of influential citi-
‘of Boston and the finaneial aid of the State im a broadly
ved plan

"uﬁepurp-wufinﬂitntinganﬂmsjmﬁniggnmtyof
u{;,smmui arts and a sehool of industrial seience, and

* mding geserally by suitable means the advancemvent, develop-
& men and practieal

Applied seience at Yale owes much to the early inspirg:
tion of Prof. Benjamin Silliman, who began his long ang}
froitful career in 1801. Two chairs of applied chemistry
were established in 1847 as the puclens of a department of]
“Philosophy and Arts”’ directed by Prof. John P. Norton$
The chair of mathematics and eivil engineering was created!
in 1852 and the chair of metallurgy shortly after. In 135¢
a three-year course in civil engineering was in operation ands
a course in mechanical engineering—the first in Ameries
existed on paper. The seientific school was severely handi-8
eapped by lack of funds and by the avowed hostility of “thes
college proper.” Its prosperity inereased rapidly after 1860,3
when Joseph E. Sheffield eame forward to give it a home, an
endowment of £100,000 and the name Sheffield Scientifie
Behool. -

The Turning Point.—The period leading up to 1860 ha
been cne of difficult pioneering. Practical men—Frankling
Jefferson, Gardiner, van Rensselaer, Lawrence, Chandler.
Sheffield—grasped the economic possibilities of seience and
technies while the great body of educators remained hestile
or aloof. How often ““the children of this world are wisers
in their generation than the children of light'"! There could
be no large development until the monopely of classical learn-3
ing was broken, nor could this come until the early conceptions
of the pature and objeets of eduecation and of its relations
to the state had been profoundly altered. By 1560, thanks to
the work of Horace Mann and other pioneers, foundations3
had been laid for 2 comprehensive system of public education
on advanced lines. The Morrill Land Grant Act of 1862
was symbolie of this deep change of public attitude. Moz
rill’s first bill had been vetoed in 1857 through the oppositiony
of the states’ rights party, but the Congress of 1562 was &
northern body, pledged to the cause of farmers and mechanies,
and ready to put the resources of the Federal government be-
hind the popular movement ‘‘for the application of scieness
to the common purposes of life’” which had been gathering
momemtum from the days of Gardiner and van Rensselaer:
The impetus of the Morril Act was felt by private as well 28

application of seiemee in commection with
agricnlture, m aeture and commeree.’”
Qoeiety of Arts, intended for the popular diffnsion of
ge knowledge, began its work in 1862. The opening
sehool of industrial science was delayed by the war
1865. The museum yet remains to be established. The
“Teehnology ' was proposed by one of the original back-
. Jacob Bigelow, to mark the distinetion of purpose
the pursnit of seience as a form of **polite learning."’
Institute has been the broadest in its seope of any of
American schools of applied science, embracing architec-
e, biclogy, chemistry, physies, geology and naval con-
rnction in addition to the several branches of engineering.
size and seope it has resembled the great techmieal uni-
es of Germany more closely than any other American
tion. One of its potable contributions to the early
mstory of engineering education was the introduction of in-
al laboratory instruetiom in the physical scienees.
iron and ecoal industries of the middle states and metal
z in the West began to develop rapidly about 1850. The
industries were mainly dependent on Europe for
seientific training and the Bergakademie at Freiberg
unted many Americans among its students for several dee-
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The gemius of the American schools has been more adaptive
than ereative, but in two respects at least they have exercised
a conspicuons leadership—the introduction of individual meth-
ods of laboratory instruetion and the provision of distinetive
training in the economie and management phases of engineer-
ing.

In no other country have the engineering schools been so
free from outside domination.” They owe little to stateeraft
other than the provision of means for their extension and
support. They owe little to the organized engineering pro-
fession except the benefits of occeasional eritieism of their
aims and methods. They owe little to the industries except
an ever-widening field of employment for their graduates.
To a striking degree, these sehools have been left to work out
their own destiny and to fend for themselves, This has been
the source of both strength and weakness. There has been
eomplete freedom for educational experimentation and inmo-
vation which, when exereised, has justified itself abundantly
through a number of major advances. On the other hand the
leaving of all initiative to individual institations, with no eo-
nrdinaﬁnnufpuliay,hasmuhedinfaﬂmmmrkma
well-rounded mnational system of technical edueation in fts
several natural divisions.

The engineering school has remained largely a thing apart,
a seat of individoal effort and of individunal diseipline, and
bas not achieved in America as in Germany a large place in the
strategy of social progress. Is this its destiny? No dombt
the engineering school will long remain primarily a teaching
institution and a place of research for inquiring minds; en-
lightened and inspired individuals will be its most precious
gift to society; but it is searcely conceivable in an essentially
techmological civilization that the school of techniesl seipnee
should be content to remain almost wholly a transmitting
medium, with only a minor share in the creation of knowledge
and with little or no share in the shaping of soeial institutions.
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PART V. THE AMERICAN SCENE

This final section is an attempt to view, and in some measure
appraise, the higher technical education of the United States
in a spirit of detachment, by eomparison and contrast with the
European systems which have heen briefly deseribed.

A National System Without Plan—The higher forms of
technical education have developed sporadically in the United
States and without an underlying plan. In the absence of any
federal authority or any central control of technieal edueation
by the states, each institution has developed with complete
freedom. It is surprising, therefore, to find so little variety
of types of instruetion and of levels of entrance and com-
pletion among the one hundred fifty eolleges of engineer-
ing, and so few substantial technieal schools of any other type.
Tradition, the influence of early models and imitative growth
evidently may impose even greater uniformity than bureau-
eratic anthority. The aim of the original technieal schools
“‘to promote the application of science to the common pur-
poses of life'’ was ecomprehensive but vague, and was quickly
transformed into more preeise but limited terms when the
advent of the railroad ereated a specific need for engineers
with a seientific iraining. The new discipline, formed on
French models, was quickly assimilated by the collegiate sys-
tem as an alternative to the older discipline in liberal arts.
This transpired in a formative era of our national edueational
system when a simple but artificial order was being standard-
1zed—the elementary school, the seeondary school, and the
college. Technical education fitted into only one of these com-
partments, the college. There it grew vigorously, but the total
result has been most one-sided.

Moreover, one dominant type tended to overpower all others,
Repeated attempts to ereate and maintain other forms of tech-
nical schools, with briefer, more practical and more flexible
programs, have ended in most cases in final absorption into
the college group. Being neither primary sehools, secondary
schools nor colleges, these less eonventional technical schools
seemed to have no place in the national system. Their grad-
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mates had no eredentials of wide acceptance, and no profes-
sional or educational bodies of wide influence extended recog-
nition or encouragement. Immigration supplied a steady
stream of skilled labor and of trained technicians. As long as
America provided means whereby her native youth might be
trained for the recognized engineering professions she was
content.

The Directive Forces.—The guiding forees have come al-
most wholly from within the system itself. The early pioneers
were educators and scientists who visioned the potentialities
of applied scienee, rather than statesmen bent on economie
reform or practitioners seeking to train subordinates. They
did Ameriean education an inestimable service by breaking
the monopoly of classieal learning, introducing more concrete
forms of instruction and direeting it to economie ends. The
State has had little formative influence; the Morrill Act pro-
vided means for a vast extension of teehnical education, but
did little in itself to create a type. The technical professions
and industries have been eonsumers and erities rather than
responsible gmides. The traditions of the engineering pro-
fession have been individualistie, its definitions Ioose and its
code of gualifications based solely om ability to perform.
These conditions have reacted strongly on technieal edu-
ecation, but in a negative manner. It has been left to grope
its way apd fend for itself, in marked contrast to the technieal
edueation of France, Great Britain, and Central Europe.

The Central Aims.—Technical education abroad is essen-
tially national in plan and in outlook; it is definitely tied in
with the economic system ; and is eontrolled by publie authori-
ties and the organized professions. American technical edn-
cation is individualistic in its aims and ideals; its primary
concern is with the welfare of the student, its secondary aim
to reeruit a group of professional callings: in consequence
it is at best only semi-selective and semi-professional. Ameri-
can engineering colleges have less preeise aims and funetions
than similar institutions abroad. They can not fit men into
pre-determined molds nor form them to conventional profes-
sional patterns; the ideal must be one of personal adaptability
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—in some measure the ability to go anywhere and do anything,
not always with ultra-expertness, but sufficiently well for prac-
tical purposes. They ean not, if they would, put aside their
task of personal guidance and social adjustment, their eoncern
with the entire life plan of the student as an individual, for
which little need exists in the highly stabilized socisties
abroad. The chief danger, however, seems to lie in the 0ppo-
site direction, that a benevolent paternalism may be overdone
and the compromise between the ideals of social adjustment
and those of a selective professional discipline may result in
the techmical professions being outranked intellectually both
at home and abroad.

Quantity Production and Intellectual Standards.—The
burden of quantity production for the ordinary technical,
supervisory and eommercial needs of industry weighs heavily
on the American engineering colleges. Efforts to ereate hizhly
selective schools of distinetly superior seientific standards
have fared badly as a rule. No institution is so cutstanding
that the suceess of such an effort conld be taken for granted,
as long as the public mind differentiates the engineering
schools chiefly by the excellence of their plants and the size
of their enrcllments, rather than the eminence of their teach-
ers, the scientifie quality of their instruction or the merits of
their research. The distinetion which is universally made
abroad between preparation for the practical direetion of in-
dustry and for its intellectual leadership, has not been recog-
nized—Ameriea has neither Aris et Metiérs nor Ecole Poly-
technigue. Ome result has been that the production side of
industry has been seriously underrecroited; another that in
the constructive industries America has been dependent for
the highest forms of analytical and design ability on men
trained abroad. Technical research has depended in large
measure on men of Enropean training or upon men trained in
pure science, These conditions are gradually being eorrected,
but American engineering is still far from being self-sufficient
on its higher intellectual levels.

It may be remarked that American technical snperiority in
the realm of mass production and automatie proecesses has
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been achieved almost wholly within industry itself and owes
little direetly, or perhaps even indirectly, to the schools of
enginesring.

Preparatory Education.—The demand for edueational
privilege and the problem of assimilating a population of
heterogeneous origins have been so insistent that the entire
educational system has been expanded with little regard to
the availability of a gualified teaching foree. The pressure
has been aeute in secondary education and its effects have been
severely felt in the colleges. It is a safe generalization that
the standard of intelleetual and eultural qualifications among
secondary teachers abroad is quite equal to the average found
in our higher institutions. Considering that secondary edunea-
tion abroad is a selective proeess, definitely pointing to intel-
lectual pursuits, eovers a period of six to nine years, is or-
ganized on a much more intimate scale, and involves much
greater continuity of subjeet matter, it is not surprising that
the levels of intelleetual achievement are decidedly saperior
to our own. OQur publie secondary schools diselaim a pre-
dominantly intellectual purpoese, and are prececupied with
exploratory processes and soeial gnidance aetivities, intended
to fit young people into spheres of life quite unlike those in
which they were born and reared.

It is probably too much to ask that our preparatory ednea-
tion shall reach the levels of intellectual efficiency of the
highly selective systems of Europe, but it seems clear that the
present levels of achievement at the age of twenty or twenty-
one eould be reached at eighteen or nineteen by young persons
of superior endowments without saerifice of youthful vitality
or zest. A study of European experience lends strong sapport
to the conclusion that the most effective means to & broader
scientific and humanistic edueation for engineers, which every
one agrees is needed, is through more effective secondary edu-
eation and more selective admission, rather than delayed en-
trance into technical studies and pursuits. World wide expe-
rience and the clearly expressed judgment of the engineering
profession indicate that the age level betwesn sixteen and nine-
teen is a normal period for beginning technical edueation, and
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that from twenty-one to twenty-three for entrance into praeti-
eal pursuits. The present guality of our mathematical and
scientific preparation is so low that it constitutes the greatest
handicap of our engineering colleges in comparison with simi-
lar institntions abroad.

Curriculum.—Conservatives who hold to an orderly dis-
eipline in technical edueation may find assurance in the faet
that Europe has diseovered no effective substitute, even where
the greatest antonomy prevails in purely academic studies.
Radical departures from the organie unity of a enrriculom
which begins with the mathematical, physical and natural
sciences and proceeds from the basic technical sciences to their
engineering applications, such as a eompletely indunetive case
system, a sequence of job assignments or a complete submerg-
ing of the general sciences into the technieal branches, are
still to be regarded as experiments, postulated on educational
theory rather than experience. Europe has not yet developed
a phobia for preparatory studies on the theory that all eduea-
tion must grow out of immediate life experience. Considered
purely as a formal educational strueture the American curricn.
lum will stand comparison with any abroad. It is distinetly
broader than the English or Seottish examples, but the merit
s more apparent than real when the limitations of our see-
ondary education are comsidered and allowanee is made for
thoroughness of mastery and coordination of the basie seiences.
1t is far more elastie than the French scheme of courses with
specialized objectives, as it should be eonsidering the later
career choiees of American youth. It is more closely knit
together than the German programs with their vast prolifera-
tion of specialized applications.

There can be little criticism of the sequence of studies, ex-
cept that mechanies is introduced so late in mMany Ccases as
seriously to hamper and restriet the development of the engi-
neering subjeets. So eertainly is the place of mechanies the
key to time economy, that it would seem worth while to re-
study completely the sequence of topies in mathematios and
the relation of mechanies to general physies with a view to
its earlier inmtroduction. Time allotments to mathematies,

17
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physies and chemistry are probably as large and the present
treatment as eneyelopaedie as ean be justified for the average
student, but higher standards of mastery of the comparatively
few key prineiples are imperative all along the line, and pro-
vision should be made for more extended study of the general
seienees by seleeted superior students. The latter end might
appropriately be seeured through advanced elective eourses,
adapted in comtent and pace to superior students, which may
be elected as substitutes for eourses in technical applications.

The limited study of engineering on its construective side—
in which we lag far behind the continental schools—is prob-
ably regrettable but inevitable. We can not afford the time,
too few of our students are preparing with certainty for de-
sign work, our processes of fabrication are unsuited to *‘cus-
tom built®" stroctures, and very few of our colleges have, or
perhaps ean have, fully qualified teachers. No solution of
this problem is in sight but to make this phase of an engineer’s
education part of the professional movitiate, either by some
cooperative plan between employers and selected graduate
sehools or by systematie training within industry. Here the
electrical indunstries have pointed the way for the benefit of
all.

Specialization.—The author is no advoeate of a common
eurriculum for all engineers, but believes that differentiation
on broad lines which parallel the major divisions of the tech-
mical professions is both expedient and sound. All Eurcpean
experience supports this view. The multiplicity of curricula
and degrees reported by the T. S. Burean of Edueation is less
alarming when one recognizes that seventy per cent of all
engineering students are in three major ecorrienla and 83.5
per cent definitely within the areas of the five prineipal pro-
fessional branches. The German plan of holding to a few
major ‘‘facuities’’ and providing group optioms in the final
years, some specialized and others broadly theoretieal, seems
wise and sound. The French plan of specialization by schools
seems to imply a purely teaching aim. Certainly it has not
engendered research throngh what has been ealled **the mutual
feeundation of the sciences,””
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Teaching Processes.—In nothing does the essential juve-
nility of our higher edueation reveal itself so fully as in the
text-book, daily assignment, reeitation, written quiz, piece-
meal grading system of instruction, and in cur eager effort
to compensate for the stndent’s defective mastery of the proe-
esses of learning by one and another pedagogic devies. In the
effort to make up for deficiencies of preparation, the indefinite
aims of students, the lack of socizl and economic urges to edu-
cational achievement, as well as the absence of imtellectual
traditions in society and of standards of scientific competency
in the technical professioms, the engineering eolleges of
America have felt compelled to resort to a driving proeess.
The student has less freedom and meore routine than his
European confrere. He probably does not werk any harder,
but he works under a different regime and under different
urges. He is not an independent spirit strivine for a large
but distant geal and imposing on himself the diseipline needed
to attain it, he is too often a harried quantity producer trying
to keep abreast of his quota of daily and weekly tasks.

The author is convinced that education based on systematie
exeention of eomcrete tasks, interspersed with direet exposi-
tory teaching, discussion and reflection, has merit—one has
only to spend a day at a French Eeole d’Aris ef Mefiérs or a
German bougewerkschule—but it belongs in a school defi-
mitely organized to that end, working on an all-day program.
The actusl methods of onr engineering colleres, while less
efficiently organized because not so elearly wisnalized, do not
work badly with indusirious students of rather medicere
ability. There is plenty of European testimony to the effeet
that we accomplish more with our average students than any
other system. The superior stodent, whose oricinality and
imagination are too often sacrificed to mere industrionsness,
is not so well served. Sweeping statements are always par-
tially untrue, and exceptions to these observations are numer-
ous, but the auwthor is convineed that they are breadly true,
The root of the problem is in the teacher, too often overloaded
and only half prepared for much that he is expected to teach,
who perpetuates the system of which he is the produet and too
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often knows or imagines no other. We are not, as a rule, ef-
fective lecturers and have made little study of the art of giv-
ing instruetion to large gromps. Our students expect to be
taugrht, rather than to learn independently with the guidance
and coordination that an able lecturer can sapply.

Our experimental and practical teaching is today probably
as effective as any in the world. This statement may be guali-
fied, however, by the comment that much of the time spent on
shop practice eould probably be spent to far greater edumca-
tional advantage, that many schools are still teaching far more
surveying than is warranted for all but a few eivil engineers,
that teo mueh laboratory teaching is of little more than manip-
nlative value, and that the scientific analysis of experimental
results leaves much to be desired. Cur leadership, it must be
owned, tends to be quantitative, rather than qualitative, and
is due in large measure to our far richer eguipment. One who
examines the laboratory reports of a fourth year man in say
electrical engineering at Stoekholm, Delft, Berlin or Zurich,
s00n realizes that our students spend much industry in manip-
ulating, observing, descriptive writing and compiling, but
little on the critical analysis of the project.

Training in Management—From the days of Taylor on
American leadership in applyine engineering methods to im-
duostrial organization and proeess has been unguestioned.
In eomsequence our technical education reflects a wider spread
of engineering activity than is eommon abroad, especially on
the management side. The nnity and freedom of our higher
educational system have made it easier to introduce the eco-
nomie sciences into technical education than in the eompart-
mental systems abroad. Ome must eredit the French, however,
with special suceess in training engineers in the art of com-
mand due, it is elaimed, to a combination of rigorous selection,
high intelleetnal formation, professional teaching by eminent
practitioners, industrial sfages, an officer’s training with tha
army, and—far from least—the confidemce and solidarity
bred of being a Polyfechnicien,

Our eurricnla in industrial engiveering and management
are attracting wide attention abroad. Only oceasionally,
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however, does one meet an attempt to work out the problem
thromgh a separate professional department or currienlum,
as at Manehester. The Germans, who are now partienlarly
active, are giving considerable place to both teaching and re-
search in management matters under their regular technieal
faculties. Many of the same problems are met on both sides.
Qualified teachers with responsible experience in management
are hard to find and the revamped economist, psychologist or
statistician is mo nearer to the engineering ideal there than
here. Teaching materials are not yet effectively organized,
since management is still from being a mature and orderly
seience and the verdiet of experience is yet to be had on the
value of teaching its few gemeralized principles—many of
them sublimated eommon sense—and its many detailed ex-
pedients. Higher edueation for business is not going any too
well abroad and is far from being the rival of technical eduea-

© tion that it is in the United States. Technieal edueators

abroad are no clearer than we on how far to go and what
methods to use in orienting the engineering student to execn-
tive and personnel problems. The Germans seem clear on
one point at least, that research on the problems of selection
for industrial vocations and on the laws governing the ef-
ficiency of human work, especially when coordinated with
mechanical processes, properly belongs to the techmical mmi-
versities and requires the collaboration of engineers and psy-
chologists. From their insistence that such research must
ecome first and teaching follow we might learn a wholesome
lessom.

Technical Research.—It is a fair generalization that in
matters of techmical research onr institutions are far in ad-
vanee of those of France and other Latin eountries, on a par
with Great Britain, and definitely behind Central Europe.
Parity with Great Britain, however, is not an oceasion for
boasting, when the vastly greater seale of omr university or-
ganization is eonsidered. It is only im the last two or three
deeades that researeh has been regarded as more than an
incident in the work of our engineering colleges. Our back-
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ward state, despite relatively heavy expenditures, is probably
an inevitable phase of early effort. There are still relatively
few men of high research ecapabilities in our professorial
chairs; induostry has requisitioned many of the most fertile
for her own fast growing research establishment; and until
quite recently there has been far sreater incentive to text-
book writing and to incidental practiee than to research. Re-
seareh personnel can not be improvised ; that of the German
institutions is the product of a century of eultivation and
selection, backed up by a powerful tradition. With the full-
est allowanees for the diffienlties of pioneering, one can mot
say that the matter of research has been handled by the engi-
neering colleges in a highly statesmanlike manmer. It was
only rarely that the growing need was anticipated. Industry,
meanwhile, having discovered the potency of research as a
competitive weapon and a publicity asset, has become defi-
nitely committed to research on its own aeccount. The policy
of the colleges has been a seattering ome, growing out of
friendly rivalries between individuals and institutions, and
less effectnal than the more concentrated effort abroad. Has
it been better to bring a large area under some degree of eul-
tivation, or shonld we have attempted to work a few selected
plots intensively? Only time can tell. At any rate, the op-
portunity to make the engineering colleges the chief centers
of technical research seems to have passed. The Germans,
whose life depends on maintaining technical pre-eminence,
have little fear of the competition of our universities, but
that of our industrial research laboratories is giving them
SeTious coneern,

It would seem that the development in our engineering
colleges of a strong spirit of inguiry and ereative effort is of
mueh more fundamental importanee than changes in the form,
content or length of our eurricula. Good students largely
educate themselves if environmental inflnences are favorable.
We need to be delivered from too much faith in edueational
routine. Pure scientific research is an indispensable adjunet
to technical research, but not a substitute. One has only to
eonsider the present situation in physics where interest is
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centered almost exclusively on sab-atomie phenoma, while the
molecular phenomena on which much of engineering depends
are almost wholly neglected.

Status of Engineering Teachers.—This is a delicate gues-
tion, but one to be faced frankly. It is a safe generalization
that the engineering professor occupies a place of higher pres-
tige and influence in each of the ten European eountries which
the author visited than in the United States. In the ag-
gregate our faculties inelude a considerable group of engi-
neers of the highest ability and distinetion. Wide observa-
tion abroad leads almost inevitably to two basie eonclusions,
(1) that a large proportion of American teachers of Engi-
neering are attempting with great industry and devotion a
task for which they are inadequately prepared either by
scientific training, professional experience or broad personal
culture; and (2) that the technieal profeszions and indus-
tries of America have not attached great importamce to
placing and keeping men of the highest fertility at the chief
sources of their recruitment. It is dificult, of course, to
uphold standards among teachers which are mueh above those
prevailing in the profession at large unless the major posts
are invested with high prestige, wide freedom and reasonable
affluence. Here Germany has sueceeded in large measure,
while we have scarcely envisaged the problem. Apparently
we are due for a radieal change in our thinking., American
industry, as a whole, has been pitehed to only 2 moderate
scientific level but is now advaneing rapidly. In the com-
petition with industry for ereative seientifie ability teaching
has steadily lost ground for nearly twenty years. Ednea-
tional exesutives are making greater efforts to cope with the
situation, but are hampered by limited funds and by the
bangover of a tradition that teaching may safely be left to
men of great personal devotion but of comparatively routine
ability.

It is impossible to raise the level of the entire body at once.
It would be almost invaluable, however, if ten or a dozen in-
stitutions eould immediately be put in an outstanding position
so far as salaries and gualifications of persommnel are eom-
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cerned. The present rise of scientific standards was not anti-
cipated in the training of many teachers in middle life who,
under our conditions of temure, will remain in front line posi-
tions for many vears to come. The immediate problem is to
increase the amount and raise the level of post-graduate
training in our dozen best qualified institutions: to send
selected men abroad for work in special fields where we are
backward—uide the Freeman fellows in hydraulie construe-
tion; to induce industry to send selected and tested young
men from their technical staffs back to the graduate schools:
to keep our most promising men free from the deadening
influence of routine and to stimulate them to scientific erea-
tion rather than pot-boiling; and to pay them well enough
to remove the temptation to enter industry for the sake of
reasonable comfort and recognition.

On the other hand, American teachers of engineering merit
a glowing tribute for their zeal in the study and improvement
of the teaching process. Here the burden of world leadership
clearly rests upom them, partly because of the handicaps of
preparation and preliminary selection under which they labor,
but more largely because American education, more than that
of any other country, centers in the individual welfare of
the stndent.

Student Life.—Wide observation at home and abroad con-
firms the belief that there are values worth preserving in the
multifarions activities of oor student life. The extreme
mobility of our social system makes it essential that our vouth
shall have opportumity for self-diseovery and personal ex-
periment outside of the academic sphere. The large propor-
tion of our engineering graduates who ultimately hold busi-
ness and executive responsibilities is probably due in no small
measure to interests discovered and abilities tried through
student activities. The problem whieh confronts us is wholly
one of proportion. The author believes it to be most unwise
to load engineering undergraduates so heavily with routine
and detail that a nmormal, healthy partieipation in activities
is denied the average man. In these matters we have little
to learn from France, Germany or elsewhere on the continent
of Europe.
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The English system of sport, however, is far more whole-
some than our high-powered competitive athleties. Ameriea
is the paradise of the self-supporting student; the attitude
abroad is unfavorable to diverting so large a measure of
energy from the main objectives of education. As intellect-
ual competition grows keener in our industrial life we may
have to consider whether it would not be greater economy to
provide much more generously for °° loans of honor™ and for
the payment of eollege fees by deferred installments or to
extend much more widely the cooperative plan, than to de-
pend so much upon ecasunal earning power.

Integration of Academic and Practical Training.—But for
the eooperative plan our record on this score would not be
particularly ereditable. In theory our technical professions
uphold the prineiple that practieal training is the indispensa-
ble part of an engineer’s edueation ; in practice, their attitude
toward it is distinetly casmal, leaving it to the individual to
work ont as best he can. The British and Germans particn-
larly insist that practical training shall have form and
substance as well as the seholastic carriculum, With the excep-
tion of a few conspienons concerns in the electrical and chemi-
cal industries, our employers have followed the practice of
training men for their specific needs rather than as a part of
a broad professional edueation, The anthor has eome to be-
lieve that the schools must take a more active and positive
hand in the matter. Where the cooperative plan does mot
seem practicable or desirable—and this will probably remain
true of a majority of our institutions—it is now time to con-
sider how a required period of practice, under specifications
which eover the character as well as the amount, may be
made prerequisite for graduation.

The responsibility of the professional organizations for
setting up proper eodes of gualifieations, to serve as guides
to both scientific and practical training, needs constant urg-
img. It is a somree of weakness to our techmical education
that the schools, the professional bodies and the industries are
not in elear agreement on the aims to. be sought and the
specifications to be met. It would be possible, of course, to
go to the opposite extreme and fit technical edueation into a
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strait-jacket; another possibility, searcely more attraective,
wold be to reduee all technieal edueation fo a process of
training for specific jobs, The present danger in the col-
leges is all on the other side, that of a vague comprehensive-
ness, while the practical training in industry is too often sub-
ordinated to immediate objectives. TUntil the eolleges have a
clearer understanding of the forther training which their
graduates are to receive from emplovers, they will be in no
position to deal intelligently with the amount and kind of
training in engineering applications to be included in the
basic eollege program.

The More Intensive Forms of Higher Education.—
Here our record affords the sharpest contrast with that of
Europe. It is impossible to claim that oor present concen-
tration of effort in degree-oranting colleges represents an in-
tellizent handling of the situation. This subject is dealt with
in extended form in another report, The author therefore
limits the present discussion to the bare statement of his eon-
vietiom that we should erect & second educational ladder, ex-
tending through the post-secondary age levels, more strongly
criented to the higher practical pursuits of industry, intended
primarily for those who have been or are eollaterally engaged
in active industrial pursuits, and suvited to the vast momber
of promising youne men who are not primarily book-minded
but lemd themseives better to more direct, praetical and in-
ductive methods of learning, such as one often finds ex-
emplified in industry. These schools sheuld, for the most
part, give briefer and more practical programs than the eol-
leges, base their admissions on direct evidence of ability and
interest and only incidentally on formal scholastie eredentials,
and base their instruetion as far as practicable on direct
analyses of wocational usage. Suitable eredentials for these
educational programs, possibly similar to the National Di-
plomas and Certificates in Great Britain, should be developed
nnder national auspiees. The programs of these schools may
well be of three general types: (1) engineering courses of
fairly broad aims which parallel the umiversity courses im
more intensive fashion, but with their own distinetive teach-
ing materials and methods; (2) courses in the techmology of
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specific industries, such as textile manufaeturing, printing,
building econstruction, foundry practice and the like, which
probably will never be largely covered in the university
scheme ; and (3) courses of preparation for specific technical
fonetions, such as power plant or building superintendence,
quantity surveying, textile designing, and the like. Euro-
pean experience, confirmed by all the available Ameriean
data, indicates that schools of this character are the normal
source of recruitment for many higher posts in the operating
as distinet from the planning side of industry. The po-
tential field in America for schools of these types is apparently
donble, or even treble, that of the professional schools of
engineering,

Conclusion.—Cme who essays to compare forms of eduea-
tiom with which he has long been familiar with other national
forms which he mmst approach across barriers of traditiom
and often of langnage, uwnder well intentioned but uneon-
seiously biased guides, is under constant danger of setting tha
worst of his own nation against the best in the schemes of
others. It is too mueh to hope that this diffienlty has been
fally overcome in the present study. We must nmot forget
that we are training American yonth for American life, at
an age level where problems of personal adjustment are maost
acute, These problems are greatly accemtuated by the free-
dom of onr sorial order and bulk far larger in our educational
scheme than in any other. Our teachers must gnide as well
as instroet, our students must experiment with life as well
as with mechanisms. Our colleges must supply incentives
from within which abroad are largely supplied through
economic pressure from withont. In shert, our technical
edocation will avail little if it is not thoromghly human as
well as seientifie.

Mor can we forget that Ameriea has left behind her an era
of eponomic isolation. We must live inereasingly in realms
of world competition, where our rivals will strive to their
utmost to offset our favorable positiom with respeet to raw
materials and rich home markets through the intemsity of
their seientific efforts. We can and will, as special needs
arise, continme to import specially traimed techmical per-
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sonmel : we dare not, however, beeome dependent on any ex-
ternal sources. Part, at least, of our technieal education
must be lifted to higher seientifie levels.

To set before the engineering colleges some uniform, idea-
lized seheme of eurriculum and press for its universal adop-
tion would work against progress. The problem of the
curriculum is secondary and is preceded by other problems
__definition of aim, seleetion of function, rational choice of
edueational process, building up an environment of creative
activity, supplying incentives for superior achievement, and
most of all, developing and maintaining a body of motable
teachers.

The immediate need in our technical education is a ra-
tional diversifieation, to advance a limited part of it to defi-
nitely higher seientific and professional levels, to provide far
move generous training for the higher practical pursuits of
industry, and to strike a better balance between dominantly
technical and dominantly managerial programs, The erux
of the problem is to unite a higher eoncern for individual
development with both a higher intellectual standard and a
higher practical gtandard of technical preparation, ends
achieved abroad through selective processes whieh reach to
the very foundations of the social strueture, The author is
convineed that we will not solve this dilemma through a single,
comprehensive type of sehool, nor by a compromise type of
program. Our schools need more elearly visualized aims and
programs, and a willingness to accept different but equally
worthy functions in the social order,

A well proportioned national system of technieal edueation
will not grow up spontaneously. The entive situation needs
to be visualized, a consistent but duly flexible policy formu-
lated and an effective guiding and promotional effort sns-
tained. These are joint responsibilities of educators, the
organized technieal professions and industry. In the absence
of any national edueational authority, we should strive to
build up a joint representative ageney of the various groups
coneerned—schools, colleges, professional soeieties, industries
—and put to the test American capacity for gelf-government
through group cooperation.
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