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shwvay Ergineering Bducation)

Any critical period in which production, inclusive of the prob-
lems of distributiecn and transportation, becomes the paramount issue,
awakens the public to the importance of the engineer's work, and
directs its atiertion to the recessiiy for a greater supply of nmen
trained in the various phases of the engineering prefessien. Just now
the interest of the public must extend further. It must examine irto
the condition in which the education inmstitutions now find themselives,
for the purpose of providing proper supperi funds and enlarged facili=-
ties. There must be a recognition of the fact that in the past these
institutions have exerted profound influence to advarce engineerirg
knowledge, and that there is now a demand for a greater number of
technically trained men each year than these institutions can possibly
prepare. There musi be further recognition of the fact that a much
cloger correlation of the interests of ithose responsible for the ir- .
struction of engincers in the planning of sngireering courses, and thoze
wiho demand ard will absorb the services of the men as they leave the
ing Auut ng, 1¢ not only desirable but highly necessary. In this
. cann,ctl 1 1t is exlightenirg to follow the development of engineering
A courses in ﬂmerican colleges axnd universities., So many of our ex-
& . periences occur in cycles thet such a study mey be regarded as fore-
2 casting the immediate future of enng ering educat;on, and from this
} V10u—301nt the history of this development rightfully lends encourage=
ment and forms & stable foundation for an optimistic spirit in this
conférence ir its consideretion of the problem of supplying trained
men $o fill the demand for the Tield of nighway development. _
Uncoubtedly, some of the conditicns which engineering educatgrs
are now f{acing are the gravest within the period of their connection
, with educationel instituticns. True, alse, is the lack of a sufficieni.
" number of trained men in all of the different branches of the profes-
sion, and in all of its differeni grades. 35till, these are public R
que stions, and in the past it has always seemed to require grave igsuss
Yo direct the attention of the American -people toward the causes and. -
to stimulate their activity in remOVing +hese causes and providing the
proper relief. 8o we may have faith that satisfactory progress will be
made in overceming the adverse conditiowns which exist teday if preper,g
attention is given thess matters by those in a position to give ths
public correct information. -
The first technrnical school, Rensselaer Polytechvlc Instituie,
was founded in 1824, This was ihe only school of its kind Tor mearly
& guarter of a century, until 1847, when Harvard established the _
Lawrence Scientific School, and Yaole the Sheffield Scientific Schoole
The University of Michigan alsc established the same year & courss
in ¢ivil engineering. Until the Civil Wer fhere were no other schools
of this character. In 18£2, however, Congress enmcted the Meorrill
Land Grant Act providing, through grarts of public lands, for the epn~
dovment of schocls te teach agriculture and the mechanic ariss This o
Act immediately stimulated the Vstaalvsnnant of technlcal schools, antd
froem a total of four in 1880 4he number irncreased o 70 ny 18%2 and to
85 by 1880. There are now 128 instifutions “rov1&1ﬂg engingering
courses, 46 of which are land ﬁ?’l? cellezes cperating under the pro-
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visions of the Morrill Land Grind Act. In addidion to these thers ars
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43 other institutions thet give some emgineering instructions

In the S=year peried 1911-1215, 1t is estimated that 17000
engineers graduated, an average rate of 3400 per year. During the
previous decade the average number praduated per year was approxi-
mateiy 2100 The increase in the nurber of graduates per year during
the present period will not be so appareni until the graduation of the
classes which are in their freshman year now. Just what this increase
7111 be is extromely difficult to estimate because of the high percent=
age of students who dropped out of college between their freshman and
senior years. Based on past experience of some of the leading engi-
neering schools this total is estimated at net more than 5500. It must
be ;eMpaJeled that even this number of engineering graduates will not
be evallable until 1923, that the nusber is likely +to be much smaller
for this year and the two years following, and that these men will be
claimed by all phases of engineering and particularly by the industries.

The four general branches of engineering, - civil, mechanical,
mining and elecirical, ~ have developed a large number of specialized
phases, training in which is offersd the student at the different col=
leges. As illustrative of this tendency, instruction is given in the
following, as well as many other, fields of engineering: - chemical,
sanitary, metallurgical, railroad, marine, cement, slectro~chemical,
textile, automobile, aeronautical, ceramic, highway, agriculiural and
engineering adrinisiration. One of ihe bsst known schoole offere ab
least fifteen specizlized courses. _

It will be noted that the greater number of these specialized
courses have z direct relationship to¢ the industries, and in this fact
apparently lies the crux of the prescnt situation as far as the fubture
supply of highway ergineers for the public service is concerneds -

A5 was true after the Civil Jar, so now a great demand has coms -
suddenly for large numbers of technically irained men, and it must be
remembered ihat the aigh school graduvate is, under the plan of educa-
tion generally fellowed, four ysars distani from his aveilability to.
meet the demands. Incdusiry of all classes has been so tremerdously "
stinulated by the demand for increased industrial production, and so
well supported by increased prices, that ihe possibilities for advance-
ment in the industrial engineering fields e¢ffersd the young man when
cheoosing his college course are alluring. Every organization is watur-~
&lly seliish in its desires to sscure the best men,. and the industries:“*
should not be accused of a greater degree of selfishness than other -
organizations whe require men techrically trained, but industry has
been mors alert in offerirg a teupting field than the public and semi=
public organizations such as 1hs railroads, Federal and - S5tate governn-
mental epgaﬁne:era.nfv deparfzerts, and like orgarizations.

It seems well within the province of this conference, tnerefore,'
which is interested in the reletiocnship of the engineer to.the highway
progran, and the supplying of tedhmnically trained men to meest the pres-
ent and incrsasing demands in this fisld, %o take account of thé widerns
ing field of opportunity offered the man who inierds to follow some
ergineering profession, to plan ihe proper wethods by which a just and
suf ficient proporticn of young men may be constantly drawn ivto the .
highway field, and to consider modificaiion of present methods or. ads?r
tion of new methods to make the evgireering student or graduate more =
quickly useful and more immediatsly available for responsible 3@9lﬁlﬁﬁq»-




Enlargement of Highway Progroma

It is rnot wnecessary to analyze the causes for the enlargemernt
of the highway proesram, I3 i1s sufficient for the DUrpOsSes of this
conference Lo point sut that the present sertiment for hnahgaj improve= "
ment is founded upow the sure basis of a dirscet interest ir highway
improvemert on the part of a very considerabtle percentage of our en=
+tire population, and that percentage is increasirg rapidly. This
kas been brouvgltabout, as is well known, by the rapid increase in
+he use of the passerger car and the more recent freight-carrying motor
truck., The expenditures for highway improvement are inecressing at a
reuarkable rate, as shown by the Tollowing schedule,

Total Expenditures {or Roads by Years
in the United States
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Year Totel

1916 207z, 634,413
1217 27%,915,332
1918 286,098,192
1919 {estimated) 303, 670,105
1220 (estimated available for 783,000,000

R
expe;diﬁure)

‘The {iremerdous increase from the total estimated expenditure
in 121% of spproximetely 303 mlllions of dollars to ihe estimated amow t
availabie Tor the present year of more than 600 millions is in itself-
indictative of the widering Tield of opportunity for ihe technically -
treined engineer or the young man who is seeking to choose a pro-
fession offering wide opportuniiy. It is, of course, cerizin that the
sxpendiiures tni vear will fall far under the estimated funds avallable,
due to the ecunomic handicaps which have besn placed upon production -
of highways through the lack of railway transportation, material sup-
plieg, contractors' crganizations and laber, as well as the developing . .
linitetions of credit. This expenditure, becauss of ithese handicaps, -
may equal no more than fifty per cent of the amounts appropriated er
authorized by the public; yelt, even so, the supply of engineers neces~
sary fo carry out this program averages this ysar, from esiimates fure. .’
nishad by the State highway depa tmerts of thirty-six States,. fwenty-.
three per cer? less then the State reguirements, which undoubiedly. .
means thet the more locel Su&clVlSlOﬁn, such as counties, touns and’
cities, will show a considerably greater percentage of deficiemcy in = -
the engineerivng forces reason ably required, because the larger engi~ -
neering organizations, ircluding the industries, have racruxted many.
men from thess sources. ' :

Extersion of Engineering Contrel of Expenditures.
While the greatly increased sums {er highway iaprsvsmeﬁt'ara:j"

indicative of the greater field for engineers, the ircreasing impor-
tance of the enginesr in relation tp +the hlvrway 1rpvnvameft program is



prozrest which hos beern wade recently:

rorhap: illustrated by the
in bring xpancitures uador ergineering cortrol. The fol-
lowing W& rapid nrosress vhich is being made in this
directlor.
Year Undar Contrel Stats Locally but Per cent under
hishwoy Teph. r.ot under S.HW.D.  Hwye Depts Comirol
1915 $74,495,550,29 £198,138, 559 27
1017 28,19%,332,11 181,736,000 35
1918 117,285,267.82 168,812,925 41
1518 132,670,100% 180,000,000 45
1920 633,000, CO0N* 150,000,000 81
*Estimated
“FEstimated available

TIf, through thcecenouic linditsiions before noted, the expendi-
tures for 1920 are limited to no more than 50% of the funds available
through Stote Federal souvrces, ant the local expenditures ore main~
tained at the csiinate the wroportion of funds spert under
enginecrirg control we more than sixty per cent of the fetal
funds. tendency to place =1l expenditures under engi-
neering cortrel is, hew much more correctly shown by the 767 than:
by any smaller percents This tendency is xeeping pace with the
plortn'*v =he demand Tor improved niighways, and the Tinancial support:
for this nurnose. Tha fact of the growth of engineering control is-
Further emphasized by the large mileage of highways bulli cvach year,
aver during the past three years while highway construction has been
50 seriougly curtalled. The estliates for highways of all dypes S
vilt under engireering conivrol is shown in the 1ellow1ng_scaedule§' e
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Total Mileages Built by Stote Highwoy
Departmorts Under Engineering

Control
Yoar Total - ' Péf'cénﬁTof
To Duke Total ¥ 1leage
_ of Yation® -
1916 16,160 937 2.8%
1017 11,896 80,933 3,29
1218 11,924 2,877 3.7%
There is a total of approxiastely 211,000 miles of higivays.
on the State systems which have Lee . ¢hosen for improvement under
State direction, or mpproximetely % oi *he total mileaze of the’

natiorn. The Siate systemevary xrom 1 4o 1’% of the total milesge -
of the several Siates. PpthDS the most indicative Tigure as nozﬁt"'
ing the war to the future vm}ortzroeo; the Stete and Federal depart-
ments is shiown by the ircreose inm the mileage of highways maliwbrined

under erngineering contrel cs shon by the folloving schedulo,



Total liiles Maintazined by Stete Highway Depts

Per cent Totel

Year Mileage of Mlleage
of Nation
1316 ' 75,311 3.0%
1917 181,391 7.3%
1918 203,555 8.1%

From this evidence it is apparent, then, thal the field for engi-
rigers in highway improiement is rapidly widening because of the demands -
Tor nighway imnrovement followed by the appropriation of large sums
for $his purpose, and that the prevailing tendency of the times is to
bring the comstruction and maintsnance of highway improvements under
engincering jurisdiciion., Already scme of the State highiay depart=-
ments are plonning Tor the definite essumption of engineering coniroel
of roads which are of no more than local imporiance in the States Im
other words, we are progressing rapicly from a highly decentralized
control of highwawvs fo definitely organizsd systems of engineering con~ =
trol of all the nighways from ths most importent to these serving only
cowmunities. oom this Tact follovs this guestion, whose reﬂpon51b111£".
shall it be to Jirect the atiention of voung men toward this field and
irnduce them 1o #ollow highwey enginecring as & profession when so many
other splendid opportunitiss are open?

Supplying the Demand for Trained Men.

Up to the present time little or no ati tertion has bsen glven hy
the public or semi=public organizations which need large nwumbers of engd:-
neers toward directing young men-ivto their respective fields. Appar~
ently the sugply has been egual 4o the demard, arnd 1itile concerw has
been felt., This fact is now changed. The best illustration is the
status of railroad engineering, {rom which studewts and graduiies have
turred with decision. I+ is reported that one well known special rail-
vay engineering course has & toial of four students, all foreigners. )

But consider the case of the educational imstitwtions, which we
are calling upon to trein prgireerw. Under war conditions the ieachlng
staifs were badly disorganized. Last year there was a tremendous ir= =
flux of new students, and the approprzaﬁ*ons have ‘in general been far
less than the erlarged reeds. Salary budgets have noi been revised te
meet the competition of indusirial ergireering organizations, with the
conseguent loss of very many of ike besi qualified prefessors and instrua-

tors,

The instructor who, during pre-war tlme, has taught 2 SﬁECl&ilZ&d:u
Course in some particular phase of engiveering such as highway engineer=
ing, is called upon to go into general fe: achirg, or to spread his gciivis
~ties over a far greater number of studerts than he can possibiy'give=
proper atiention. Educational inSu;uatlons have recessarily given up
their buildirg programs in order to hold their teaching staffs together,
while the additional room is so seriously needed. Our institubions
ars suffering from an unforeseer expansion which they carnot capitalize, .
to provide Tunds, as in the case of Lue industries, and & condition has
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resulted which the nublic must undevsiand and provide for, Th?t ouxr
GdUC&thL¢l institutiors cannot be ucglacted is a fundamental cresd
n the greater part of our citizenship; but the present conditions

“”ﬁt be understood arnd ziven the proper publicity. It may be re- .
marked in passing that this gernorzl condition is ot peculiar to the
institutions of higher education, but extends all down through the
wihole educational systen. |

n Tt hes been notsd that inroads have been wmade upon the supply
0T ergirneers by inmdustries, but it should be added that the State high--
way departients have resnorded much more suickly than has the Foderal
Goverrment or the managemert of the educatiorel institutions or the
railroads, to the recessity of irercased compensation to the engireerss
Tne Reclagsification Commission which was appointed to make a study of
cgndltlons within the Federal Gover ment end make salary rec ormendas
tions for all Federal employces, ha¥e classified the engineering ser--
vice of the Goverrment irnto seven divisions, ~ five of professiomal
and two of lower grades., The following schedule shous the couparison. .
of salaries in the Buresu of Public Roods in 1919 as compared srith -
those in various States and thosc recommended by the leclass 1f+catlons
Commission, grouped under thsse several divisions. -

Bureau of Public Roads Compernsation Recommendsd -
“oth Office and Field Yarious States¥ by
Rank ‘Exclusive of Borus Beclassification Reclassifica-
e ._._._ ____DBasis " tion :
\'f__}.}q Ave. 4 HMasie B 1“.9 A‘L’qu ?ké.}t- HMin. Ave. }%1“’-‘
Sexior 84500 #4500 84500 85000 89150, i10y000 Semm-farimdon
Engiﬁeer 2500 34l 4000 2820 4300 5,000 4140 4590 bO&y
ssociate 2280 2655 3240 2300 4100 6,000 3240 3540 3847+
onvszan+ 1580 2121 3000 210G 2635 3,300 2400 2700 3CH0
Junior 350 ;537 2100 900 1835 = 3,060.1800 1980 21’“
Civili Exnginser ' : f**=;, :
Aigd 720 856 1080 80O 1043 2,080 1200 1500 1875
Junior Zngincer ' ' -
Aid 480 767 1080 480 915 1,500 840 1020 1800
Copyist 540 760 1080 wew 1200 =e= 1080 1170 1261

*?A-ZSSi’ Hisey Ka¥. s Dela, v‘!Ct, Miche, Pae, Cdlo; Texe, .'IO\TEI-,_"I:L:L.,.-:
il"d-' ,x-Jo, Ghlo, hand 14: Sb&'t“‘;v : : -

From these it will be mobsg that in the fourteen typical States .
having well orgenized highway depariments, the salaries are higher thar
those recommended by the Reclass ificetion Gommission, and very much.
higher than ithose how paid by the Burean of Pubilc Roads. But even
this schedule is lewer than the recommendations of the American Asso-
ciation of Enginesrs or the Engingering Cowncil. The recommernat10ns5r
of this Association are shown in ihe fo’lowlﬂg schedule: ' B
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Compensation
Rank Mina Maxe
Senior ' 35,000 - 515,000
Engineer 4,000 « 10,000
Associate 3,600 - 5,000
Assistart 2,400 =~ 4,000
Junior 1,800 -~ 2,400
Engr. Ald Draftsman 1,800 = 5,400
Jr. Engr, Aid, 1,200 - 1,500
Cowyist 1, BOO - 24400

From this evidence it is clecar that in order to interest young
men in highwav sngingering, and in order ito secure and retain the
cngineering staffs recessary to provide proper training in the educe=
tional institutions in this profession, the salaries now paid to.
cngineers nmust bo very meicerially inereaseds

As 1ri1cat1ng +he nunber of ongineers that are now ergaged An .
highway work, therc is a total of 312 emploved by the Bureau of Publlc;
Roads at the ?ashington headquarturs and in tho Tield. Thlrty-31x
States report the followirg iotels:

Number employed by State highway departments o .393¢9
Funmber with county highwey cergarnizations 1809
Number with citv organizalions : 1200
Highvioy engireers outside of ahove classes - 519

These tetals are divided irte classes as folleust.

Those above Division Engirser or simlilar grade ' 381 .
Division Engircers or similar grade 903
Resident Engirneers or similar grade - 1995
Crade helow Pesidert Enginecr _ . 3952
Unclassified u B o 66

it is not presused thet these figures arc absolutely carrect, )
but thoy are indicative of the large number of cngineers that sre need=
ed ir the highway fieild. The addiiionmal which will be required for the
rexy decade ars cstimated to average from 9 to 12 per conmt per year,
but it is morc than probable thet ‘his percentage is far shor"L ‘of dhe
actual percentage that will be reguireds _ SR
Responsibility of Zngineerin g urrhnlvatAQns, ' o s

It can hardly be cxpected that young mor in sufficient numbers
will enter the [ield of highway engineering unless they have knowledge
of the ficld zhead,; ner is it foir to lcave tne col‘cge" unaided to
develop these men as fast as they will be required. There is a _arge
duty in both these I"e‘spBC'bS rhich must be asgwumed b v the ergineering.
organizations vho wicgh 10 ure these Teén. Refeorence is made partlcu-
larly to the Federil Zurcau of Public Roads, 3he State highway depari
ments, and similuar organizalioms. Furthermere, ocur ideals of engi-
neering ecucation were brouzht into 4his country from abreoad, and the
teaching of appliocd scionce hos in &Gﬁ??ul been founded upon the’ !
that the student sheould first learn the theory and later the apnliﬂ&—_f

tione Undoubtedly, a carvass of the exscubivas in charge of the. hzgh




way errﬁnlzatlonu of tocay will brirg out the fact that they have fewes
prob?emv of theory and design to meet than of preductien organ;zatlon
and ouporv151on.

It is the duly of these cxecutives to lay before th heada of
the educationel irstitutions the necessity {or broader tralnlng of - _
highvay enginecrs along the lines of the cconomics of highvay eﬂglneer—';
ing as well as in some of the humsrities. Every highway department
comes closely in contact with the public and has need of men whe not
orly understand the problems underlying the administration of nzghway
organizations and of highwey developmert, but who can present these
matiers 00uv1401“gly to the public, without whose favorable support
the work of the highway organization carnot be successfuls The lack
of engineers who possess this training has been onc of the most serxqusf
handicaps to the highway organization. -

Fortunate1y, nany highway departmenis have already played an _
active part in the developmert of highwey engineerirg as a professlen._ﬁ_
To Dean Shuler of the Lawrence Scientific College of Harvard University,
may be credited a very large share in the early teaching and stimula- o
tion of real erngirveering as applied to highway construction and. maintes -
nance. The influence of ihe Laessachusetis Highway Commission, of which
he was one of the first members, has had a very considerable influence
in the devecloepment of highway eagineering to the position which it occu-
pies today. This fact sesms indicative of the responsibilities which -
devolve vpor ire highway dcpartweﬁt of ether States in the fulures
There must te a close coordination and cooperation between the hlghway
organizations and the educatioral irstitutions, much cleser than has
prevailed in the past. As conereie examples of the possibilities for
advancement which are inherent in such a relationship are the followxng"
suggestions. Y

First, if the college semesters can be so arranged thai students-x;
in the various years of the college courses can be placed in appropr1ataﬁ
positions for ihe summer work with the highway organizations. By - e
advancement, from year to year, t¢ positions of greater responszbllzty,:'
they not only are better prepared to meet the problems which are now
paramount rith highway executives becauss of their kn owledge of the -
organization in all of the differewt classes, but they will morec surelv
connect up their theory with its practical applicationsse Thus, both 't
highway departments ard the educational institubions ;111 functﬁon :
better in producing capable engivesrs. '

Second, such = relatlonshlp will awaken from the start am i
terest of the student in highway enginsering which will preVEﬂt his
dropping out in his undergraduvaie years or turning to other courses; .

Third, & close contact of the teaching staff with the hlghray o=
garizatiens will prove of great mutual benefit. ' _

Fourth, the engineering organizations should asstme respgﬂsmf
bilities for lectures and other services in the class rooem that ihe
students may bve constantly brought in connection with the'ac+ive'wark;

Fifih, ihe research work which is of the ubtmost Importance and
necessary to every engineering organization, should be closely caﬁﬁled
writh the work aleng similar lines of ithe ‘educational institutiongs”

Finally, in “the production of highway engineers, there is notii
more valuable than the short courses conducted comuzslly whlch should be:
a product of the educaiioral institutions angd ihe highwe V'arganzzailﬁnse o
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I+ is dmpossible so-cram juto four years of a studsnt™s life all of -
the <ec hnﬂca1 information that he will nesd, Ii is probable that
there is too much of an zitempt tovard this end now, and that the
more hlﬁﬂly specialized Jubv ¢ts should be left for post graduate
study. The snort cours should by wll means be develeopsd, and could -
well be made o pard of *hb year's work for the nighway engineering . _
Grgaﬂizaﬁiohs te attend at lecst a short peried of instruciion annual-
1y, L

These shori courses should be of two general classes, firsi,

these for the jnstruction of grzduste engineers for the purposa'of
koeping them cevatantly in touch with the rapid develepments in the
ficld of hinhway ongineering and for the purpose of preparing them

for highly specialized technical werk, especially along resecarch limsss
and second, these for the instruction along wore popular lines for :
the berefit of pudlic officials or those occupying positions of lcsber
teechnical impo'tunce in the organization. Practically all. hlgthY _
crganizations work through or with public officials vhe are nol ﬁech—-'-

rically traiped, and whe may be impatient of techricel limitations |
and thegretiecal nicetiss. Ths short course along more popular lines -
of fers tho sirsst way t¢ connect in a harmonious relationship the

theoretical und practical minds. The t31*:,at success which has been
attained b many shert courses of this latter character has ancented
their iwpot oG as a mecrs of brinzing highway departments, public

offlclaLn. centrastors and throush taem the public in gensral, imte
tleser coopcratinn, vhich is the bny to the sclution of the most
difficult problems of highway adiministrations



