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RESULTS VS .  IDEALS IN TECHNICAL 
EDUCATION ' 

RESULTSus. ideals; performance us. 
promises ; accomplishments vs. good reso-
lutions ; graduating classes us.college cata- 
logues and prospectuses-such is life ! 

This is a commemorative occasion; a 
twenty-fifth graduation; a proper time to 
look backward and revise educational e&i- 
mates. 

Chauncey Rose, the revered founder of 
Rose Polytechnic Institute, had very defi- 
nite ideals. His thought was of an educa- 
tion blending the industrial sciences with 
advanced academic and even crollegiate in- 
struction; the product to be, not scholars 
only, but men fitted for various mechan- 
ical, professional and industrial pursuits; 
and equipped with both intelligence and 
skill. 

The first president of Rose Polytechnic, 
the lamented Dr. Charles 0. Thompson, 
came here with verx practical ideal,  
worked out during fifteen years a t  what is 
now the Worcester Polytechnic Institute. 
He transplanted to Terre Haute the sys- 
tem by which adequate scholarship is 
joined to skill gained by manual training 
in shops and laboratories. The Russian 
system in llfoscow was contemporaneous; 
but there all manual operations of shop- 
work were for instruction only; material 
was consumed, but for the products there 
was no use or commercial value. Pro-
fessor Calvin 81. Woodward, in St. Louis, 
had also worked ten years on the manual 
training system, in which he aimed to 

l-k me6orial address on the occasion of the 
twenty-fifth graduation at Rose Polytechnic 
I~s t i tu te .  



teaclr tool-theory ancl nlechanical analysis 
apar t  from ordinary shop-practise-to 
conduct a secondary school with a liberal 
course of study in  mathematics, science 
ancl language. Rill the Worcester systein 
developeci by Thon~pson and EIjggins gave 
shop training under commercial condi-
tions; the saleable products hacl a widely 
recogni~ecl use and 17alue. 

I n  his indugural address, President 
Thompson clearly set Port11 the pilrpose 
and scope of an institute of technology. 
ITe clcfined the tern1 tc~chnology as the ap- 
plication of the sciences to industrial ends. 
I3e then deprecated the confusion of ideas 
~vhich ~voulil apply the term, technical 
education, to ally course of teaching which 
aim% a t  a directly practical result, as op- 
posed to the old academic idea of the "col- 
ley? education." R u t  when, as he said, a 
title is sought for those who enrage in  the 
higher occupatiolls or professions, tlie word 
technoloqist is fonnd to be too vague and 
awlinrard; hence such inen are terined 
engineers, and the business, engineering. 

We may note h e x  that the tern1 'Lengi- 
necrinp" lnay seen1 to lack breadth of 
n~eaning, suggesting chiefly mechanical 
clcvices, cngincs, machine sl~ops. etc. l3nl 
reference to the dictionary will set us 
right;  for the Grst defirrition (now obso- 
lete) of engine is "natural capacity," 
"ilbility, " "slrill" ; i ~ n d  the derivation is 
from the Latin i7zgeniwn wliieh is a com-
posite of in ancl the root o l  gigncre,  to 
produce. Ilerlce the original sense is very 
comprehensive, and the word, as used, quite 
appropriate. Tndeed, the late Gco. S. 
Morison, civil engineer, held that every 
engineering xvorlr is a tool for accompljsh- 
ing some specific purpose; tha t  engine is 
but another name for tool; that the busi- 
ness of an  engineer relates to tools; that 
a civil engineer rinist be capahle of desiga- 
ing as well as handling tools; that the high- 
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est dcvelopinent of tools is an  engine which 
mannfactwcs power; that we are in the 
early stages of a, new epoch, that of the 
manufacture of power; tliat civil engi-
neering in  its true mcaaing embr:lccs every 
special branch; that the true civil engineer 
innst be able to design as well as direct; 
and that, whether he be a railroad builder, 
a. skilful surveyor, a n~echanical engineer, 
or devoted to any other specialty, hc must 
be more than a skillul workman, he must 
be an  originator, a creator. 

I11 President T'hornpson's statement of 
the higlr purpose of Rose Polytechnic, he 
reeogni~ed this principle and crnphasized 
i t  by announcing that the young Inen who 
propose to be civil engineers ~vi l l  spcncl 
par t  of their practise-time in the rrlachjne 
shop. TEiis mas then an  unus~xal policy in  
the schools, lout i t  accorded with the earli- 
cst precedents of the profession. The first 
great civil engineers of the modern world, 
Pe~bronet in France and his contemporary, 
R~neaton in England, one hundred and fillty 
gears ago, developed ~na~.l<eclinventive 
power and sldll along mechanical lines. 
They clevised nncl adapted thei-r rude ausil- 
iary ~nacliines for construct ive purposes. 
Insteacl of stearn hoisting enginc~s, they 
hacl only Inan power and horse power. 
Snleaton constructed and operated pumps, 
water wheels, blowing engines and ~~rincl- 
mills, and i n ~ e n t e d  astrononlical and 
meteorological instruments. 

You may rerrleinber the familiar anec-
dote of Rennie who, when traveling, lost 
caste aniong his fellow pahsengers by rncnd- 
i ~ i g  the broken axle of a dis:~bleti stage- 
coach---but one offendcd con~parlioriwas 
astonished to find him a t  the breakfast 
table of a nobleman next day. 

To justify his ideals a t  that time, Presi- 
dent Thompsoa reported, as the results of 
fifteen years' trial of the system, that  more 
than 95 per  cent. of the gracluates a t  TTor- 
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cester were in occupations for which their 
training had specifically prepared them. 
The subsequent twenty-five years at  Rose 
Polytechnic show that eighty-six per cent. 
have been and are devoted to pursuits rel- 
evant to the training received here-in-
eluding electrical engineering and archi-
tecture, which have been added during the 
period. 

But a world-wide view of the ever-ex-
panding field of technical education shows 
some coniplesity; there is discordance of 
~eesults and ideals; criticism is abroad. 
The president of a leading Ainerican nni- 
versity12 where science is the leading in- 
terest, has recently recognized a prevalent 
doubt whether scientific studies have the 
same educational value as the classical cur- 
ricnlum; whether they confer the saine 
depth and breadth of intellectual power; 
~vhetlier the outloolr~ they give is as wide, 
or the life as large, as that founded on the 
old college training. Cecil Rhodes, an 
Oxford man, a phenomenal inan of affairs, 
and would-be empire builder, gave his 
answer by founding the Rliodes Scholar- 
ships. However, to say the least, such 
criticis~n is quite premature. The ancient 
order of education was a growth of cen-
turies; the new is scarcely half a century 
olcl. Tlle inlrnense body of lmo-cvledge, with 
it;s ~ ~ s e f u l  applications developed by scien- 
tific inquiry during the past two centuries, 
has but little relation to tlie ancient learn- 
ing based on literatnre, rhetoric and art. 
The old syste~n proclaced and still pro- 
duces too nlnch ineffective culture. 

I t  is almost beyond belief that two dis- 
tinguished professors in great universities 
have openly declared that increase in the 
utility of studies makes them of less value 
in educating men; and that "The practical 
aini of a general  education is such train- 
jng as shall enable a man to devote his 

a President Remsen, of Johns Hopkins. 

faculties to matters which of themselves 
do not interest him." One of oar honored 
leaders has termed this "superb foolish-
ness. " The modern scientific training aims 
at  efficiency. If there are defects, the 
remedy is not in going back to the old, 
but in maliing one reinforce the other; and 
in finding a right acljustment of all the 
coinplex terms involved. 

Perhaps it was a sense of thc growing 
coinplexity of the situation, and a need of 
some agency of adjustment, that led to the 
formation of the Society for the Proma- 
tion of Engineering Education in 1893. 
This is the first and, so Ear, the only so-
ciety of its kind in the world-a national 
congress of the teachers of engineering. 
The clioice of its title raised the old qaes- 
tion, of education versus training. Warn-
ing mas urged against the danger of put- 
ting too much emphasis upon mere training 
to the neglect of the broader education. 
Furthermore, was the purpose of the so-
ciety more truly expressed by the word 
iech?tical or by the adjective engi?zeering? 
I t  was decidcd that engineering includes 
technical, in describing the professional 
endo-cvrnent of the man; and that educa- 
tion includes training, as the whole in- 
cludes the parts-without putting too 
much stress upon mere drill and manual 
dexterity. Dr. Calvin 11. Woodward, of 
St. J~ouis, has well said that the watch- 
word of engineering education is service. 
I t  is to be in itself essentially serviceable. 

The idea of serxice underlies evcry detail of it, 
and tha t  service is  objf>etivc, a l t r ~ i b t i c ;  and 
tlicrein i t  differs froni t ha t  older education whose 
supreme object is  "cll~ture." . . . Vi'e all know 
that there is  more than one aut,nne to culture; 
in point of fact there are  many avenues, and we 
l~urpohe t o  c l ,~ imfor tlre aceomplislr~d engineer 
his r ight to full and equal inembership in  the 
increasing hrothcrhootl of culturc. 

Indeed, the term profession, as a voca- 
tion, signifies the application of special 
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knowledge and aliill Sor the use and benefit 
of others, and not for mel-cly personal ad- 
vantage. So that a so-called professional 
man ~v11ose sole aim is selfish gain is dis- 
creditecl. Flencc the farnou.s inaxiiri of 
Smeaton i.eveals the true professional in- 
stinct of the engineer. l l e  said: "The 
abilities of thc individual are a de?)t .\chic11 
he owes to Ilre common stock of public 
happiness. '' 

Right here we ilia y observe that the most 
practical product of culture for the engi- 
neer is literary ability. From the time of 
Smeaton's report on the Edystone light- 
house to the latcst papers and articles in 
our technical pltblications, tlre writil-rgs of 
engineers lose nothing, but son~etimes gain 
by comparison with other literature of like 
Irind. Instead of crc3ations of sentiment 
and fancy thc~ enqiriecr deals with plain 
facts arid procedure; linows exactly what 
he wants to say; and is only concerned to 
express himself with brevity and effective- 
ness. TIis sub.ject-matter almost naturally 
leads him to adopt t h ~  prime qualities of 
style. He may be classed with other 
scientists who, in the words of another, 
< < have caught with reinarkably close ear 
the accents of the English tongue." 

Doubtlem this ability niust be cultivated ; 
young grarluates do riot often have it, for 
they lack the first essential, that is, having 
something worth while to say. Rut thcy 
nray, and ought to have the preliminary 
training derived from preparation of re-
quired reports on special topics, and the 
graduating thesis. And many older engi- 
neers might have more influence and bet- 
ter professional standing by judicious 
speech and writing. They hesitate to 
"spealr out in meeting," when i t  is their 
duty to inforin the community on clues-
tions of engineering in relation to public 
affairs. The late MI*. Eads tvas a forceful 
wrjter and speaker ; otherwise hcl never 

would have persuaded Congress to anthor- 
ize the construction of the Mississippi 
(South Pass) jetties against the opposi-
tion of those who advocated the ship canal. 

Deficiency in tltis particular has pre-
vented capable ant1 worthy engineers from 
gaining proper recognition. So long as 
the majority of engineers are content to 
Lake the attitude and play the part merely 
of the "hired man," so long will capital- 
ists, lawyers and politicians "run the 
business7' and dictate terms to those who, 
by their special Imo~vledge and sliill, are 
elltitled a t  least to equal voice in the 
council, and often to direction of affairs. 

The society or congress referred to has 
appointed cornxnilt~es of investigation 
which have made extended inquiries and 
rendered reports ;vital qncstions of general 
policy and methods have been discussed; 
and much attention given to details of 
courses and subjects of instr~~ction.A 
w r y  brief statenlent of some of their 
findings will make the present situation 
more apparent, and elucidate our theme. 

1. Erbtraizce Requir'enzeq?ts mere Sorinu-
later1 by a committee which made the ideal 
too high. Tn mathe~natics, they included 
much of what is l~nown ax higher algebra, 
aclvanced trigoaonietry, and facility in use 
of logarithms; also a wide range of phys- 
ics and chemistry and extensive work in 
inoclern languages. Here was manifest the 
influence of the extreme dictation of the 
colleges and universities to the secondary 
schools. The protest of the latter has be- 
come very loud, both in teachers' conven-
tions and in current periodicals. Studies 
that belong in college, perhaps to the ex- 
tent of half a year of time, are crowded 
back ilpon the big11 schooLs and academies, 
which can not propel-ly do the work, both 
herause of inadequate teaching force and 
imniatnrity of many of the scholars. A 
writer in a leading magazine for May has 
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charged the higher institutions with ruin- 
ing the high schools by diverting their 
strength and chief endeavors froin the 
many pupils who can not go to college to  
the few who can. IIe says the people, who 
build and maintain these schools at  great 
expense, are being cheated out of their 
proper return by not getting the educa- 
tion best adapted to their needs. A few 
years ago, the speaker saw an examination 
paper for admission to our foremost uni- 
versity, requiring solution of a problem in 
organic chemistry, which the instructors at  
one academy said would be a hard nut for 
them, and would require considerable time 
and some laboratory work for a proper 
answer. Within two weeks a pertinent 
criticism, widely circulated, is to the effect 
that the nloney for public education 
should be more wisely spent; that a more 
consistent system should be built up from 
the primary grades to the high school ; and 
that the school authorities should then 
say to the universities: "Adapt your re- 
quirements to our best boys and girls." 

2. The question of specialization and 
too much diversity of degrees has received 
earnest attention. A connnittee reported 
that, in 1904, no less than 85 different 
kinds of engineering degrees were offered, 
22 for post-graduate work and 63 for 
undergraduate. Among these were bache- 
lor of arts in five branches, bachelor of 
engineering in four branches, plain bache- 
lor in nine branches, bachelor of philosophy 
in five branches, bachelor of science in 
twenty-eight lines, including textile in-
dustry, sanitary and doinestic science and 
naval architecture; railway, architectural, 
municipal and sanitary engineering; four 
doctors and four masters of different des- 
ignations; seven masters of science in dif- 
ferent lines of engineering, and nineteen 
others, including practical chemist, master 
of mechanic arts, irrigation engineer, n~a -  

rine engineer, chemical engineer, architect, 
civil engineer in architecture, architectu-
ral engineer, etc. Only t~velve of the post- 
graduate degrees and only 47 of the under- 
graduate degrees were conferred-that is, 
about two thirds of all those offered. I t  
would perhaps be unkind and inconsider- 
ate to describe this as absurd variety; i t  
certainly indicates hopeless diversity, not 
to say confusion of ideals. The writer has 
elsewhere urged that the titles master and 
doctor in engineering are superfluous, and 
that it is a mistake to depart froin the 
simplicity and dignity of the titles: civil 
engineer, mechanical engineer, mining 
engineer, architect, chen~ist, or, if you 
please, consulting chemist, electrical engi- 
neer and, possibly, one or two more. 

Thousands of graduates from engineer- 
ing schools during fifty years have proved 
that men with thorough knowledge of the 
fundamentals find occupation in all 
branches of engineering, irrespective of the 
kind of degree. Yes, loolxing back a cen- 
tury, to the first forty yeair; of the U. S. 
Military Academy, we find about fifty men 
(trained to be military engineers) becom- 
ing chief or resident engineers on the canals 
and railways built in  that period. Among 
these was Major Whistler who built the 
railroad from St. Petersburg to Moscow, 
400 miles, for the IZussian government. 
Why then give men such distinctive and 
wordy labels, as though the school had cast 
them into molds, or already projected 
them with correct aim at definite targets? 

3. On the question of Gq-nduution Xe- 
qzbi~ements the president of one of our 
older engineering schools protested strongly 
nqainst the tendency to "the crowding of 
the curriculum" ; another apninst too 
111nch attempt to anticipate for one who is 
yct a student, and whose future can not 
bc dictated by overdoing between narrow 
limits. The committee on this vital topic 



worked out a conse~iaus of actual schedules 
which allowed 7,450 to 8,100 "hours'' for 
27 subjects, including language, mathe-
matics, the physical sciences and seven 
differentiated liqes of engineering. From 
this they preparecl an essential curriculum, 
grouping preparato1.y studies ancl engi-
neering snbjects into four parallel columns. 
respectively, for civil, n~echaaical, mining 
and electrical engineers. This v7as for the 
usual four year course. But if require-
~nents  fov admissio~l are lowered to the ex- 
teat of half a year, as just suggested, some 
four-year courses, as now arranged, must 
be curtailed at v a r i o ~ ~ s  points. 

IIence many raise the point that four 
years is quite insufficient to fulfil a broad 
enough program of culture studies and the 
ideal requirements for graduation. Con-
sequently a gros~ing interest in the five- 
year or six-year curr icul~~m. The experi- 
ence of the speaker for niore than thirty 
years has been with a two-year pro, <Tram 
of studies and practise exclrisively in the 
line of civil engineering-but preceded at 
first by four years of preparatory work in 
college, which, during the last fifteen 
years, has been reduced to three years of 
collegiate work in langnage and science, 
ilaclucling two gears of graphics. The five- 
year course is about as long as the young 
majn of average financial resources can 
undertalre: and too long for many, who 
then resort to an intermectiate year of 
actual practise, which alaays brings more 
than financial return to the student, in 
better appreciation of his studies. This 
question is still under discussion. Pro-
fes3ol. Perry, of London. has said recently, 
in corre2pondence : "Xay I suggest that 
yon Aimericans are trying to do too nlucli 
at college. You are trying to tencll eveyy-
t l ~ i ~ l g  I t  seems at an engineering college. 
to n1e that a college ought to teach a Inan 
how to go on edzicniing iliirzsel]' after he 
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leaves college, . . . If this is the ail11 of a 
college, then a five or six year course is 
all too long." But  the University of 
AIichigan has recently announced a six-
year course ~ i t l z  three degrees in sequence : 
bachelor of science, bachelor of en;' oineer-
inp and inaster of engineering. 

Arid IIarvard Cniversity, ~ ~ i t h i n  fewa 
weelis. has c~asccl to debate the question by 
separating her engineering school entirely 
from the collegiate or ~mdergraduate 
courses and making it clistinctly a gradu-
ate school. Harvard thus tardily recog- 
nizes engineering as a profession, on an 
ecyuality with law, medicine and theology. 
The fact of such equality has long been 
evident enough. The practicians in the 
art of engineering have long levied tribute 
from xidely diverse fields of scientific in- 
c1ui1-y. They have profited from the labors 
of the ~natl~ematicians since the days of 
the Bernouiilis and Descartes; only they 
have discarded mathematical al~stractions 
and made nlathelnatics available as a work-
ing tool. The engineers have directed the 
researches of chemists, metallurgists ant1 
biologists to useful ends in the operation 
of water-worlm, ~vorlrs of sanitation, rail- 
mali-ing, etc. They have made cheniieal 
and bacteriological laboratories a necessary 
adjunct in various ~vorlrs. A civil engi- 
neer vindicated the veracity of Heroclotus 
(discredited by some scholars) by making 
actual surrey of and identifying the mar- 
gin of the (so-called mythical) lake 3lceris, 
and revealing to the modern world the vast 
irrigation system of ancient Egypt;  thus 
showing how the British administration of 
to-day has singular analogy to the policy 
of Prime Minister Joseph in the control of 
the irrigation by the governllzent. A civil 
engineer of to-day rescued the nianuscript 
of Frolitinus frorn neglect by the scholars, 
and introcll-iced that capable ancl pains- 
taking water-commissioner of ancient Rome 



to the acquaintance of his confrbres, 
younger by nineteen centuries. This vo-
cation, ~ ~ h i c h  derives both ittierestthus 
and culture with utility from so wide a 
range of science, archeology and classic 
literature, is this anything less than a 
profession ? 

Many other subjects have received the 
serious and constant attention of the so- 
ciety in the endeavor to establish practi- 
cable ideals; among them are: Instruction 
by non-resident lecturers and abuse of the 
methocl by lectures ; disproportion between 
laboratory or shop-work and class-room 
instruction; mixing of preparatory sub-
jects and those of the proper engineering 
program ; waste of time by too much vaca- 
tion; more worli with the individual di- 
rectly, rather than so much with the class 
as a whole; instruction in the biography 
and history of the profession; research 
laboratories and investigational work by 
engineering schools; engineering juris-
prudence; of philosophy to engi- 
neering instruction; training for leader-
ship; ought instructors to engage in pro- 
fessional worltB and many other topics re- 
lating to details of class-worlr, text-books, 
methods, etc. 

The mere mention of so many and such 
diverse questions of common interest shows 
the scope of our theme, bnt only in part. 
The relations of engineering schools to 
polytechnic industrial education are 
worthy of passing notice. The U. S. Com-
missioner of Eclucation reported in 1907 
more than 100 state universities, state 
colleges, institutions of technology, ete., 
having an attendance of 33,000 male stu- 
dents classified as studying technology, 
applied science and engineering. This in- 
cludes some state colleges of agricultural 
and mechanic arts which might be tcrmed 
semi-professional schools, as well as some 
of the technical institutes. Some are yet 

in their infancy ; resources, clientele and 
other conditions are widely different. One 
has been inaugurated in an adjoining state 
within a month. These and the trade 
schools or secondary schools which dis-
tinctly give tr.cci?zi?zg for particular occu-
pations are generally fulfilling their pur- 
pose, by opening the doors of opportunity 
to many who otherwise would have no 
hopeful outlook. 

The late Professor J. B. Johnson called 
attention to the monotechnic schools of 
Germany which are supported by the state 
or by the municipalities, and have fine 
buildings and coinplete equip~nent of every 
appliance needed lo prosecute each its ap- 
propriate industry; also to the hundreds 
of slxcial schools, supported by trades and 
associations, whicli have abolished ap-
prenticeship, and have thoroughly applied 
science to give exact training; with the re-
sult that the superiority of Germany in 
commerce, based on the growth of her great 
industries, has been achieved almost in a 
generation. The three years of study in 
the monotechnic schools follow two years 
in secondary scientific schools (i.e., to in- 
clude sophomore year in our grading), so 
that the five years produce scientifically 
trained d i rec to~sof indzcstrial eszterphses. 
Again, the comniercial colleges of France, 
Belgium and Germany are training men 
clualified by their special education to in- 
vade every quarter of the globe as coin-
inercial agents and builders of industries. 

I n  the United States, the recent Nelson 
arncndlncnt to the Iforrill Acts of 1862 
aiid 1890 gives increased iiational aid for 
the extension and belterment of the work 
of the state colleges of agriculture and the 
mechanic arts. Several of the states are 
also giving increased aid, and the state of 
Illinois has talren the unprecedented action 
of appropriating $50,000 for the graduate 
department of its university. The latest 



movement of a national scope was pre-
sented in the Davis Bill before the house 
committee on agriculture of the sixtieth 
congress. This proposed, among other 
things, to provide an appropriation for 
agricultural and industrial instruction in 
scco~zdnrzjschools. I t  is open to question 
whether the general government is not al- 
ready overburdened by its generous an-
nuities to the state colleges, and whether 
the action now proposed does not more 
properly belong to the states themselves; 
whether i t  is not too much national inter- 
ference in state education. This brief 
survey of abnriclant and diverse opportu- 
nities for various education presents an ap- 
parently ideal situation ; manual training 
and "domestic engineering" for immedi- 
ate inciustrial use, through grades of the 
semi-professional to the highest lype of 
techizology. Yet many point to the results 
as entirely disappointing. 

Only a few days ago m-as heard a scath- 
ing indictment of the state universities by 
a prominent manufacturer ancl large em-
ployer of labor in onr great inter-ocean 
metropolis. EIe advised the slates to go 
out of the "higher education biwiness and 
send the boys back to their lionies to help 
support the family, instead of being a 
heavy expense. " IIe is reported as saying : 
"Instead of teaching young nien t,o seek 
labor they cause thcm t,o despise it, and thc 
students leave the schools with the feeling 
that they are too good to woi-IT, and smart 
enough to lnalie their living by their wits. '' 

This is an extreme view of a so-called 
"self-made" and self-educat,ed man. Now 
your true self-made niar, is not to be de- 
scribed by the jibe of the cynic, as "one 
who quit work wlien half done and then 
began to brag of the job." Rat11e-r. are 
they men of hard sense who have achieved 
wealth and influenrc in spite of depriva- 
tions; and they conlpel a respectful hear-
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ing. If we ask this hostile critic for speci- 
fications he niight reply: The schools and 
colleges do not teach good manners; they 
do not enforce sufficient discipline; the 
~noral suasion theory is so pushed that 
leathers aye often deprived of the power 
of discipline; the worst scholars become 
insolent; that the school life, with its arti- 
ficial conditions, is so far removed from 
the matter-of-fact ~vorld that scholars are 
not prepared to grapple with the problems 
of self-support; that many acquire bad 
habits and learn to be estravagant rather 
than thrifty; and that, considering the 
many -\rho have gained wealth and influ- 
ence -cvitliout early acl\~antages, the results 
froin the lavish facilities of to-day are out 
of proportion to the cost. 

Professor Johnson. in arguing for a 
higher and better industrial education, 
compared the Gerrnan system with the 
great diversity of endeavol" in American 
education as follot~rs : 

The comnlon schools give no special prepara.tion 
for any kind of clnploymeilt; t l i ~  nranlial training 
a c l ~ o o l ~  ourlikewise fit for not l~ing in pnrticu1;rr; 
ei~ginecring schools fit for very unrrow lint% of 
professional crnploymcnt, anil conimouly educate 
lnen awn,y fronl the  industrial pursui t ,~  latlrcr 
than towards thel-11; and, as for our so-called 
conrn~ercia.l colleges, what do they teach bcyond 
arithmetic, book-keeping, stenography and type-
writing? Wherc i.11en does the specific scientific 
training for the manufacturing and cc~iimereial 
indusi , r ic~come i n ?  I submit tltat i t  does not 
come in a t  al l ;  tha t  our I:~cl.oricis anit busiilcss 
lionscs arc  largely m a n u ~ c d  by men of littlc: or no 
scientific training, wlio have 1cw.rned tlieir crafts 
in thc traditiona.1 \,pay: wlio are, howr-cl~er, of a n  
inventive ttnrn of ntind and ~1~110rend thc trade 
journals. They are a, great credit t o  the system 
tliat has produced them, a.nd many of thcm have 
become self-educated into a n  excellent state of 
elT~ciency; but as  a. class thcy are  far  from the 
ideal diredors of such business, and vcrp far  in- 
deed frurn tlie standard already achieved in Cer- 
many. Their success can in most cases be attr ib- 
uted t o  t,lie c s t r ao rd ina~y  cortdit,iona ofiered by n 
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new and rapidly developing country rather than 
to any superior ability on their part.s 

The president of another eastern uni-
versity has been quoted as saying: "Men 
go to college now for association and senti- 
ment. It is a four-years' playground." 
There may be some reference here to the 
obtrusive intercollegiate contests. On the 
unpublished college calendar the usi~al 
sequence is: football, basketball, dramatic 
performances, glee-club exhibitions, spring 
tractmeets for athletics, "junior promen-
ade" and various festivities, baseball, 
boat-racing and, lately, in the north, polo. 
This "traveling show business," in the 
name of institutions which stand for the 
highest learning and culture, has the con- 
comitants of notorious betting and the ex- 
penditure of thousands of dollars in the 
traveling expenses of the loyal college 
"cheering squads. " Thus the advantages 
of sports, allowable in moderation, are lost 
in wild extremes; thus these distractions 
from the legitimate work are constant 
throughout the year; thus some seem to re- 
gard this as their chief interest and make 
a business of play. We have the authentic 
reminiscence of a graduate of a leading 
New England university, who remarked at 
a class reunion: "We would have had a 
really glorious time here, if it hadn't been 
for those studies." This is no joke. I n  
another college a professor found, on in-
vestigation, that the extraneous activities, 
such as society matters, college papers, and 
the various sports and recreations, most of 
them quite proper and even helpful in 
their place, might easily absorb all of the 
time, so as to entirely exclude the real 
work of the college. 

However, we recognize a minority of 
students who hold aloof from this, in good 
degree, attend to their proper business, 

8Proc. Soc. for Promotion of Eng. Education, 
Vol. VI., p. 27. 

and save the scholarship of the institution. 
Blessed is the man who has no money for 
such dissipation; he is not as poor as he 
thinks he is. It is noteworthy, also, that 
students of technology are much less af- 
fected by this evil; possibly from the ma- 
jority of technical institutes i t  is entirely 
absent; and the speaker may add that all 
who come under his jurisdiction have to 
renounce any connection with that sort of 
thing. 

This looks like a strong case for the 
critics of higher education. But  their 
view is so near sighted that they see only 
the flaws; their method would be that of 
the Turk; their cure the guillotine, their 
doctor the executioner. They overlook the 
fact that some of the most generous con-
tributors to the cause of higher education 
have been and are of those who laclred its 
advantages and know its value. More-
over they fail to notice that this regrettable 
degeneration of college ideals is more espe- 
cially among those who, if they have a 
definite aim, will say i t  is "general cul-
ture," or the uplift of what they term 
"college life." The representatives of 
technical education, on their own behalf, 
do not need to enter a plea of "not guilty," 
for they can show that schools of technol- 
ogy have saved and will save the situation, 
in large measure. Do they not supply 
definite aims and a vital interest in what 
they are doing 9 The practise in laboratory 
and shop brings both mental and manual 
capabilities into harmonious cooperation. 
When a man has been out all day or even 
half a day in field practise, and has his 
notes to put  in shape and check, he has 
little inclination to go out to blow horns or 
make bonfires. 

The president of Cornell University, 
only day before yesterday, practically took 
the same ground in replying to the ad- 
verse criticism. 



I t  is a platitude that the example of the 
technical schools has rev~~lutionized the 
programs of the older colleges within a 
generation; and that their .;tudents are 
pronlpted to strenuous endeawr. such as is 
un17sixaI anlong students in the general 
courses. Indeed, one college president has 
con~lnonly said to young Inen about to 
enter the engineering courses that the>- axe 
expected to clo about a third more ~vorl* 
than the other students, 

Kevertheless, as we have already noticcd, 
there is much questioning of results in and 
anlong the engineering schools, and doubt- 
less room for improvement. Each institu- 
tion has its peculiar situation and its o~vn 
problem. The indivicluality, determined 
by past history, traditions, resources, 
eql~ipment, specific aims, personnel of the 
instructors and accluirecl momentnm, must 
persist. TT-e can not entirely harmonize 
ideals or secnre unifornlity in results. 
But all schools and their teachers niay 
share in ceytain practicable ideals and 
some possible results sv-hich me nlay tern1 
charcicferistics of the best technical eclnca- 
tion. 

In  this aspect of onr subject we nlay 
premise a broader definition, to wit: 
Tecl~~iicci ledlbcafion i s  a cozlrse of i t is fruc-  
t i o n  (inclzcdiny stcitable trni?zi?~gju'l~iclt 
will best ps'epare n .inan f o  adjztsf ?zi??zself 
t o  his  f zcf ure opport~c?t i f icsi n  tecltnical 
ptirs.uits. Csually the man can not choose 
as he would; only a few find ideal oppor- 
tunities after graduation. Nost men do 
not find thenlselves until they face the re- 
sponsibilities of their vocation. IIence the 
unmisdonl of trying to make choices (or 
elect) too closely within the jurisdiction 
of the school. There shoald be, above all, 
a readiness to face the tqicissitudes of 
ch oicc afterwarcls. 

A first and indispensable characteristic 
is tkorolcgJt?less. "Whatever is ~vorth do- 
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ixg at all is ~vorth cloiny in ell." If SOD 

ssx this is an ncin~itted rnasim of life in 
any hr~sinesq, we reply that i t  is sys tc i t l -
ulica7Zy violatecl in the v711ole range of 
-4rnerican eclu.cation, from the botiol11 UP. 

There is a wofnl lacli. of sanity in over-
cloinq thi. schooling all along the line, and 
too little thoroughness a n y ~ ~ h e r e .  

T7-r de~elop this characteristic by living 
up to certain principles of action. An~otlg 
these we specify ( a )  : A 7nalz ~ ~ z z t s tcheck 
h i s  work, Here is a marked contrast t o  
some literary training. I t  is not e n o n ~ h  
for the Inan to szcppose results to be right, 
when he hands tllenl i n ;  he n~us tk?tozcl 
that they are righi. I n  lerrliag, he must 
close ou his benches within the allowed 
limit of error; in other surveys, he 111ust 
close his circuits; in the shop, every piece 
of his work must pass the tests of the 
gauges. In  the draughting room, every 
computation nlxlst be proved by himself or 
another, and every drawing verified hy 
mnethocls which he call apply for himself, 
so tliat he can confidently i n ~ i t e  any scru- 
tiny. 8nch training maires the man sure of 
himself, and develops the sense of personal 
responsibility. This is so elertlentary as al- 
most to need no statement, vet righ.1 here 
has been much complaint from the prac- 
tieians. They say that in the attempt to 
cover too much ground, the schools do not 
teach the men to do their wor6 well; that 
the gomlp graduate lllalies nlany mistakes : 
t!lat he does not ch~cli his results; that hc 
does not Beep a neat note book. or have 
care enough to take sufficiently conlpiete 
notes; that he is not sure of himself in 71se 
of instruments, and can not be trusted to 
go aheacl ~vithout supervision. There is no 
cxcuse for this; such f~rudanlerital train- 
ing is the business of the school; whatever 
else is done. this must not be left undone. 

,Ls a case in point, a yomng man, out of 
college for an intermediate year of prac-
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tise, rvas orcicred to run a line of levels. 
ITe declined to use the instrnlnent given 
him, saying that he had tried to adjust it 
and found an inherent defect which would 
vitiate his worli; and, as i t  was a line 125 
miles long in a bad country, he conlcl not be 
responsible for. correct results. He was 
commended for his discretion, given a bet- 
ter instrument, completed the taslc, ancl be- 
fore the end of the year was made assistant 
engineer with an office in a railroad center. 
You will say that this is only ordinary cau- 
tion. True ; but many fail a t  such a point. 
Others had heedlessly used that instru-
ment without proving it, probably on the 
assumption that a level is a level, and must 
do the work in some way. Again, a young 
graduate on the reclamation service was 
marked for enforced vacation, when the 
contractors had failed and worlc was cur- 
tailed. But  his chief said, "No, I want to 
keep him; somehorv he always gets results 
and has them right !" 

As tending to thoroughness also we may 
state as p.incip10 ( 6 ) : "Do not have too 
many irons in the fire a t  once." For  the 
average man in a professional coarse, about 
two subjects followed collaterally are 
enough to engage all of his interest and en- 
thusiasm. This cloes not rule out one other 
for culture or relaxation, but that should 
be according to his own preference and at 
odd times. Any o v e r b ~ ~ d e n  tends to pro- 
duce distraction and mental worry, which 
impair the average accomplishment. Dis-
persion of the stream in an alluvial chan- 
nel makes shoal water, concentration 
makes deep water. 

Worliing on this principle of concentra- 
tion along two 1int.s sec-ures better covz-
ti?lzcity and more szlslni>led ivterest in a 
given subject; also i t  makes more feasible 
the policy of incli2:icZuaZ inst~uctioqz, by not 
restricting the sessions in class-room or 
laboratory to a set period of minutes or 

hours. Tlie speaker has used for many 
years the half-day as a unit period, 
whether the assigninents are for recitation, 
field-work or laboratory. 

In  tliis principle also is included the ne- 
cessity of jucliciously excluding all non-es- 
scntials. The body of engineering litera- 
ture is now so over~vhelming in its quantity 
and range that the most diligent student 
can only get a glimpse of i t ;  but he can 
learn to use the indexes and make his own 
card catalogue, through required reports 
on assigned topics; also how to unlock the 
storellouse ;how to make his knowledge and 
elementary skill efftvtive in emergencies. 

We have noticed how largely the engi- 
neering profession utilizes the results of a 
wide range of scientific investigation. 
This gives apparent complexity; hence the 
division into the several recognized 
branches. Yet it is no contradiction to as- 
sert that a second c7~a1-cccteristicof engi-
neering education is the domination of a 
colnparatively few controlling principles 
and methods. 

If the members of the graduating class 
will take a retrospect of their entire four- 
years' course they may be surprised to find 
how much it can be boiled down to a not 
very large res id~~um of f undaniental prin- 
ciples and data. I n  the applications of 
matbcinatics the really important subjects 
of engineering employ chiefly the more 
simple rules, methods ancl formulz of 
arithmetic, algebra, geometry (including 
the analytical), trigonometry and calculus. 
The more intricate formula? and the higher 
theorenis are not extensively used even in 
~nechanics of materials, theory of framed 
structures ancl hydraulics. The interesting 
applications of the theory of the higher 
plane curves in mechanism and machine 
design are almost the poetry of mathe-
matics. The entire science and method of 
the graphic statics is plain application of 
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snch siinple mechanics as the "polygon of 
forccs" and theorems of monieuts; and 
these again are elementary propositions of 
geometry concerning parallclograms and 
laws of similar triangles. 

Engineering iilstrllction in all the lead- 
ing iilstitutions is usually differentiated 
into parallel courses only after the first, 
second or lhird half year, because they all 
stand on this comrnon sr~bstrncture of cor-
rect theory deduced Prom mathematical 
and physical laws. In the usual subjects 
or branches. such as concrete construction, 
bridges, buildings and arches, municipal 
e~lgii~eering (including pavements and 
streets, sewerage aiid sanitation, water-
supply, etc.) , thermodynamics and heat- 
engines, electrical engineering, etc., each 
includes a body of special data and detail 
which may be studied by the student in 
some essential points, but can only be fully 
appreciated as applied when he becomes a 
practitioner. The speaker ~rould urge that 
io the atternpt to spread over so wide a 
range we may get too far. away from our 
base; he ~vould impress upon tile student 
tlle ultimate unity and simplicity of the 
science and &,of engineering i11 tlie large. 

A hydr-aulic engineer of large practise in 
mill constri~ction aiid power developrnent 
says he is constantly reviewing his meehan- 
ics and other ftlndamental thcory, so as to 
haye always at  illstant co~nmand the PI-in- 
ciples which must be his guide to safe 
practise. Another, a successful inventor 
and mechanical engineer, says it has been 
his hahit to read from one to two honrs 
daily in plxysics, chemistry and electro-
technics, that be ?nay Beep posted, and 
work correctly in his laboratory. His fine 
library indicates scholarship and cultnre. 

Enough said. TVc leare it to the student 
to take some simple principles like the 
theorems of moments, the law of the para- 
bola or the principle of hydrostatic prcs- 

sure, and trace them in their various appli- 
cations througliout the range of engineer- 
ing practise. For. example, the simple 
principle of hydrostatic pressure so beauti- 
fully applied in the operation of bear-trap 
dams and autoinatic lock-gates-as on the 
Chicago drainage canal. The chief of the 
U. S. Engineer Corps lzas invented abont 
fifteen fornls of such dams and gates, some 
of which have been adopted with great 
success. The practicians are ever urging 
us to stick to the main principles and not 
attempt too rn~lch detail. 

Other cl~aracteristics of the broad tech- 
nical ed~leation might be speciiierl, but we 
must pass on to consirler what, by reason- 
able expectation, should be the character-
istics o f  the  student ,  the  gradqcate, the  
product. 

If we ask the officials of the schools, they 
nrolrld dor~btless bc nearly unanimous in 
claiming a rather good article. (Sonle 
years ago the recent graduates of a college 
of mechanical engineering were uecom-
mended to the U. S. government as eom- 
pctent to step in at  once and operate the 
engines of the war vessels.) If we ask the 
yoilnp men themselves how they rate them- 
selves -- ? ITere General TTorace Porter's 
advice to the cadets is apropos: Nevrr 
11r:tlcr.-rate ynurself in action, nor over-rate 
yonrself in a report. 

"&Ten are horn as ignorant as they ever 
vTcrc17'; but, looking back forty years, we 
see vastly increased facilities for the earnest 
student of to-day: spacions and conveilient 
Imjldings, ~vell-equipped shops and labora- 
tories and expansion of class-~vorli and 
practise-courses. Also, in many institu-
tions, thc henefit of the advanced policy by 
~?;llicb leading instructors are or have been 
practising engineers. Yet the conditions 
of the school must eTTer he artificial, at least 
in part, since t h ~ y  can not snpply the aei~te 
sense of responsibility which goads s man 
on the m~orlwi under an exacting chief. 
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What then are the practicable char-
acteristics' which we can specify for our 
graduate ? 

1%may be a competent instrument man 
in all ordinary surveying operations, fitted 
to become a surveyor after due experience. 

IIe may be a careful and accurate drafts- 
man immediately available in the office, but 
not content to remain a mere draftsman 
many years. 

If he is an exceptional man, with the 
right personal equation, he may be an ac- 
ceptable inspector on works, but this usu- 
ally requires some previous experience with 
men and affairs. 

As a possible assistant to a city engineer 
he may have to Act in either or all of these 
capacities during the first season. 

FIe may be competent to take subordinate 
responsibilities as mechanical or electrical 
engineer or foreman. 

In  railroad work he must usually begin 
low down, but he is qualified to win rapid 
promotion. 

Whether in these or other openings, if he 
is wise, he will consider himself only a be- 
ginner, an humble learner, ready to take 
lessons from foremen and laborers, on prac- 
tical details. .He will avoid manifesting 
self-conceit, and "restmilz his little knowl- 
edge" until i t  is wanted; else he may get a 
snub from his chiel which he will remem- 
ber for a lifetime. 

I t  is another platitude that many tech- 
nical graduates find their way into other 
pursuits for which their studies have in- 
directly fitted them-such as contracting, 
executive positions, scientific agriculture, 
etc.; otherwise the number of institutioi~s 
and graduates would be excessive. We may 
say, then, that adaptation often is and 
always should be a distinguishing charac- 
teristic of the competent graduate. At  
times ~vhen opportunities are not ready to 
hand, he ought to know how to "size up" 
the situation and go to work to make one. 

EIe may have to conduct a campaign, by 
interviewing, public speaking and writing, 
to educate possible clients or the public, as 
to the value or necessity of some public 
improvement or private enterprise. For 
the engineer always labors under the odium 
of one who spends other people's money. 
TTappy is he if he is where such matters 
are decided upon their merits. Too often 
he will be opposed by political influence or 
private spite. He needs sound judgment, 
tact and determination to disarm opposi- 
tion and push his work wisely. 

Some months ago a graduate of eight 
years' standing wrote to the speaker that 
he was manager of water-works, etc., in a 
certain town in a state south of the Ohio; 
that he had made the surveys and esti- 
mates, organized the company, sold the 
stock, built a 25-million-gallon reservoir, 
with pumping station and electric lighting 
station as an adjunct, and had a $50,000 
plant "running finely." 

Our term "characteristic" indicates the 
most important quality of all-ckaracter. 
Some cynic has said that education is but a 
varnish or polish; "you silver scour a 
pewter dish, i t  will be pewter still." This 
half-truth is so far  true that our human 
result must depend largely upon the ante- 
cedent conditions of inherited traits or dis- 
position, and family training of the stu- 
dent. The constant action and reaction 
between student and instructors during 
four or five years has directed and con-
trolled the professional growth. Given the 
right moral qualities in the man, there has 
been corresponding growth in character, 
producing integrity-wholeness. The na- 
ture and methods of engineering studies 
and practise promote this. In  these threat- 
ening times of extravagance and corrup- 
tion incorruptible honesty in purpose and 
action is urgently needed. If our graduate 
has courage to resist the tempter, even 
thouql~ he may lose present gain, he will 
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surely be in dexrland when men "find him 
out. " If he has enough of the love of God 
lle will have enough of the fear of God to 
p u t  down the fear of man. Ji;inploycrs in- 
quiring for graduates often say: "We 
don't care so much for great attainments 
or brilliant clualities; but we must have 
nien \vhom we can absolutely trust." 

In  brief, the CI-owning characteristic is 
ui~qualified tr~rstworthiness. 

The level-beaded graduate will not be 
niisled by the familiar talk about "roorn at 
the top"; if he applies the theory of proba- 
bilities to himself he will correct that fal- 
lacy quickly. I"ew have their worl;s Bnomn 
and seen of all men: most of us are "un- 
praisecl wncl lmsnng." But he will c21e1sish 
the noble discontent which will ever spur 
hiin to high endeavor, and not per~nit hiin 
to cease iron1 being a "growing man." 

I'Lose Polytcchr~ic Institutc~, t h r ~ n g h  its 
:~ble prcsiclent ant1 superior facully, is 
wrorlring out thc high ideals of its found(xr. 
It is showing its students that technical 
educ'ation is not the mere appropriation of 
a mass of inforrliation concerning theories, 
111ctho(Is and results; but rather the selec- 
t h n  of essential principles and data, and 
the coorclinatjon of these into a, secluence 
of available knowledge. It reveals the ac- 
cnmnlations of ltno~vledge and tcarahes how 
and xv1iere to find what the man x~rants to 
ltnow. Its practical instruction emphasizes 
and clirlclles correct theory, and lrlakes not 
a present but a possible expert. I t  plants 
the ger~ms, arouses the appetite, supl~lies 
the working principles, and teaches men to 
"think it out" for themselves; each gradu- 
ate is a good deal of a scientist arld some- 
thing of an artisan, prepared to learn 
soinetllillg about eveq7thing7 and, if he 
lives long enoaqh, to learn eveqrthing about 
something. 

r (i21e greater results of the operations of 
nature's forces are accomplished by noise- 

less action, as with solar energy and many 
nlolecular transformations. James \.Y,ztt, 
whose labors gave to the world all the po-
tentialities of the steam engine. is said to 
have ~vorked ever in quietness and content- 
ment of spirit. This higl~ei-instittction. 
this noble i?tsli.un~eszduZity i?z the lciizgdom 
of God, in the c~ujetness of effectual work- 
ing, has already sent forth an army of 
alumni. As another squad of well-drilled 
rec~uits  goes forth to join the ranks (per- 
haps the spirit of the founder in some way 
ol~srrvant) the "order of the day" dis-
played by alrlla nlater is: Every man is ex- 
pected to render full measure of duty and 
service, in doing the ~vorld's worlr in the 
fear of God. 

~ ~ I ? E x . T~ r , ~ T c ~ r l < ~  
Danriirou~rr Co~.r,l:ca 

ILV'I'&'~?LVA~'~OV-I!,idLYCII4h'G'li: 01'NTIJDEVTS 

AN influential committee has been formed 
in Great Britain to prornote international es-
change of students betq-ern the universities of 
Great Britain, Canacla and the United States. 
T,orcl strathcona is president of ilic corn-
nlittec and among the vice-lrrebidents are 
Lord C-~~rzon, chancellor of the University of 
Oxford; Mr. Balfour, cliancellor of the Uni- 
versity of Edinburgh; the prime minister, the 
lord chancellor and other distinguished men, 
including a large representation of professors 
from the British universitie,. Comrnittees 
l~ave  not hccn yet organized in the United 
States and Canada, hilt lcading educators have 
promised their czoopcrntion. 

I t  is proposed to establis2i two students' 
traveling bureaus, one in New Yorlc and one in 
I,ondon; an An~erican serretary (resident 
in New Yorlr) ancl a British secretary (resi-
dent in I.orldon), both of wllorn sllall be col- 
lege meu appoinlcd lo afford every facility to 
any grath~ale or nndernraduatc of any uni- 
versity wlio ~visl~es to visit the TJriited States, 

Carlad~i or tlic TJnited Jiingdoril for the pur- 

pose of obtsininq an insight into the student, 

national and ind1lstri:ll life of those countries. 



