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1956 Inventory of State Highway

Engineering Manpower
JAMES M. MONTGOMERY, Bureau of Public Roads

During the past few years several attempts have been made to obtain a
complete and accurate count of state highway department engineering man-
power. Previously reported data were in some cases inconsistent due to
variations 1n the classification methods among the states and also due to
different interpretations of the several questionnaire forms used. It was
apparent that an accurate tabulation of engineering employees was desir-
able as part of the over-all effort in connection with the present shortage
of engineers.

The present study indicates that previous reports have had a reasonably
accurate nationwide total for engineers, but the figures reported for indi-
vidual states vary widely 1n some instances from those reported in other
studies. In addition, the number of engineering aids employed has not been
reported previously. As of March 1956, according to the present study,
the states employed 20,551 engineers, which total compares favorably with
a figure of 21,229 reported by Professor Danner of the University of Illinois
as of December 31, 1955. The states also employed 25,911 engineering
aids, or a ratio of approximately 1.3 aids per engineer. As of July 1956,
the states estimated that they would employ 21,435 engineers and 30,879
aids, the ratio of aids to engineers increasing to more than 1.4. These
ratios are somewhat higher than that of one aid employed for each engineer
reported 1n a study of six selected states made in 1955. The regional pat-
tern for the ratio of engineering aids to engineers shows that in general
the New England, Mid-Atlantic, East North Central and Pacific regions
employ more engineers than aids, whereas 1n the remaining regions just
the reverse 1s true.

It was also found that of the total engineers employed about 39 percent
were neither registered nor graduates, while an additional 17 percent
were registered but not graduates. Only one engineer out of five was both
a civil engineering graduate and registered.

@THE TITLE of this paper could just as well be ""A Further Analysis of State Highway
Engineering Manpower," since the information presented supplements that reported by
Campbell and Schureman (1) for the year 1954 and by Lews (2) for the year 1955. The
latter article pointed up the need for better information as to the number of engineers
and aids employed 1n each state, and 1n fact suggested that no one really knows just
how many engineers and aids are employed by the several state highway departments.
This lack of knowledge 1s especially critical today 1n view of the current dearth of en-
gineers 1n the face of a greatly accelerated highway program.

To meet this deficiency the Highway Research Board prepared and distributed to
each state a form for the presentation of uniform information on the several categories
of engineers and engineering aids employed by the state highway departments. This
form reproduced as Appendix A, requested actual data as of March 1, 1956, and esti-
mated data as of July 1, 1956.

In most cases the states responded with complete information. In several cases,
however, it was necessary to make estimates either for the March or the July figures,
and in two cases where only totals were given, 1t was necessary to estimate the num-
ber of employees in the several categories which together comprise the totals. That
part of the information which is presented state-by-state in the tables shows only those
figures reported by each state. Estimates were made for the missing data, but are
reflected here only in national totals. The estimates made are based on those figures
which were reported by a state as well as the average change indicated by states re-
porting complete information. In addition, one state did not respond to the question-

1



Table 1 -- State highvay depsrtmant enginesring employees 1/
As of varch 1, 1956

Classified as engineers
Tivil enginears Otber snginesrs Classified as engineering aida . Equivalent
Both & Neither Both & sute | consdvent | Tolel
State
Both & tal te | Graduate | Regt Neithe: scnne’
vy sotal and Prored nor Total ..::m.,.. o civil | tored | gradeate Towal ing eaployed ::,,.u:‘
and only only registered Soar | registered | otber registered | engineer | engiveer | nor parevi eazloyses ¥
registered (Other than avil) | (In eivil registered L]
eivil) oiv. mﬂ) enginasr
Alabams - - - - - - - - - - - - - - - - -
Arisone x - 2 53 3 - - 3 56 - 1 1 493 o 560 - 560
Arkansas 2 10 » a3 4 3 42 ] 137 4 3 5 5 37 524 - 52
California - = - - - = - - - = - = - - = = =
Colorado N 18 %0 158 18 19 T3 ] 39 - - - 3 3.4 T 758
Connecticut Q 75 0 15 2 u 544 557 n3 - - - 235 9 %8 1,350 2,298
Delawvare - - - - - - - - - - - - - - - - -
Florida 57 3 2 198 20 - - - 1,183 8 1, -
Georgla } 35 % %g ] 13 375 #‘J el 1 3 H] 1,20 ['H?’. 1,% = 1,3?5—
Idaho 33 35 % 104 3 3 29 35 1» - - - 453 433 592 w4 592
Nlinoias 206 Jgg 203 &2 l‘i u1 01 211:_ 1,05 - - - i” iu 1,205 1.5325
ang = = = l_g = = = 3
Tova fﬁ 18 52 - - - - - - - 7_(3 % 9%; - 967
Kansas 129 23 124 266 n a 12 A4 310 - - 5 557 562 a2 23 895
l‘.:::“::n : 3 g 245 5 9 ne x 5717 - - u: 5!: 584 }.;61 _5(2 i.zu
- 2 ﬁ - - - - = - gi 2 J%
Iyiacd 3 » % ﬁ;g T 2 e Fed §§ - 1 - 372 % ﬁ 15 %
Massachusetts - l}; - Eﬂ— : 5 . - (600) - (10) - (1'%) ll.%) (i.:“) (450) (L:u)
M = - - - 1
T BN R IR R R L SR I IR R R RN A
Misscurs 127 16 xg 3% - Ry ﬁ 263 643 - : - Z:i ;r:; 1,38 a8 1,586
Nebrasia # £ f;} - iy —103 iﬁ" % - 1 z 2% 5 % 0 %
NHevads - - - - - - - - - - - - - - - - -
Nev Bampshire 43 52 2 n7 - s 9 9% (zu - - 22 98 Lz_g) ‘335) 25 ‘360)
o - - - - - - - - - - - . -
—foiur s = v a e = = = =g = % = i iz 2% =
New York - - - - - - - - - - - - - - - - -
North Carclina ;Z lili 2 121 - 12 zz 287 “s - - - 08 608 L.g - 1.02
—liorth Dakots 4 &;_Gﬁu = = - 2 1
Obio 3% 54, ﬁ Ef - - < - - = - 1.532 1.# 1,957 72 1,957
Cregem % » 2 wl 2 | & | | - : T m | | ™ € L
vante 2% 3 y ¢ 2 i o g_-ij 26 2 3 2 7 1,0 SR v 1
—ﬁiﬂm _"l'! - - - T "‘153_4 T = fglz—_'
South Carolina 23 92 2 u7 - u 1% 7 264 - 1 - bk 45 9 - 9
:o-n.h Dakota u 29 6 49 - 3 » 35 8 - - - 263 %3 &7 - W7
'sanesses - - - = = - - - - - - - - - - - -
Temas 522 178 a3 913 - - - - 93 - = - 2,755 %755 3,568 - 52658
Dtah - - - - - - - - (55) - - - - (%9) (254) - (154)
Vermont :’I 37 {z’ 8 IS 12 62 ] 159 - - - 7:6 46 205 28 233
Yirginte 25_ 47 124 = = 21 21 7 = 2 = 1,112 45 1,157
Vaahington 57 123 50 2% 3 2 ;';@ 3!%“ 3 - 3 - % % 981 -
West Virginia R - %9 [ - - - - a1 - - - 191 191 m 12 284
Wisconsin ol U2 50 262 16 27 88 13 293 - - - 349 a9 742 - 742
» 3 45 83 - - 10 10 93 - 10 4 1 165 258 - 258
nm.rm. of
6 26 4 - ) 8 = = = hed n 158 = 1
_oul" s % 42 45 | 158 8
States
clas rf‘:l’ 2,235 2,164 2,701 8,100 d 456 5,052 5,662 | 13,762 19 83 6 21,2 21,391 35,155 2,024 1719
- l-'u-%_' ’_"‘ _“A‘J‘_W
grand totals | 4,287 3,655 347 11,419 182 %5 8,005 9,132 | 20,551 19 107 63 25,722 25,911 46,462 | 2/2,476 48,938
Items shown in are not in fully totals

pvs D-uu ﬂ;mn reported by the seversl State highway depsrtments.
a complete classification was not given by the State.

Yy mmm- engineering aids in Kansas and Misscuri

3/ ldabo, Indiana, Ohio and Pennsylvania gave the number of firms employed rather than the equivalent engineering perscnnel.

No estimate has been made for these Statesa.




Table 2. -- State highway departmsnt engineering employees 1/

As of July 1, 1956

Claasified as enginsers
Classified an engineering aids
; Civil engineers Other exgineers Total
State Both & Graduste | Neltber Both & s;.-u
Both & graduate | TN} greduste Total graduate | Graduste | Regts- | Nelther ol | e
graduste | Creduste | Reglstersd | . and (°"1’ nor Total and civil | tered | graduate T
and only hd registared Omt.hx registered| other | 90giN0eTs | rou1atered) englneer | engineer nor engineer- | employees
registered (Other than In any eivil only only registered| 1% aids
civil) elvil} engineer
Alabam » 16 1 59 - - 485 485 544 - - - 957 957 1,501
Arisona 23 - 27 6 - - - - 60 - 15 1 663 619 739
Ac:lh;u- 50 N oéi 40 N ‘1!25 ]3 5 50 56 161 10 5 15 N z:lrg /ggg 566
ornia 488 2 » 231 1,55, |1 377 = - - o 1
Colarado 20 18 il% 1‘5'2 1€ 19 1% 171 339 = - - —"'m——"%”—v
Connecticut - - - - - - - - - - - - - -
Delavare 15 15 6 % - - 9 9 45 - - - 183 183 228
Florids - = = - - - - - - - - - u.z_’:a (1,28 -
Georgla 163) (46) 197) 208 - - - (418} 1) (&) 2) u, (1,553 12,179
Idaho (33) (48) (36) (17) - - - (35) ¢1 - - - {500) (500) (652)
Nlinols (306) (350) (203) (859) - - - (216)] (1,075) - - - (251) (251) (1,326)
Indians F15) - 7 10 = - 10 - - = 235 612
Tow. 72 = = - = - - = A5 745 967
Kansas (136) (33) (114) (283) - - - (44) (327) - - () (745) (750) (1,077)
Kentuciy (55) (34) (248) (237} - - - (340) (577) - - - (746) (740) (1,323)
- 25 25 = - = = 2 - - 14 1,299
Maine - - - - - - - - - - - - - - -
Maryland - - - - - - - - - - - - - - -
i 7 " (1) 4 N : ol T S - @ s e | G20 | (rde)
Hnnesots 45 = B — % = - = LR —
:llilliwl [ 13 21 9% 19 - 1 20 1 u 9 4 566 590 704
8B50Ur" - - - - - - - - - - - - - - -
tana _{21) a7 - - - - - - - 8 - {405) 6
::;"'.:.““ - - - - - - - = (255 - 2 = - i:ooi - 5553“'
Sov sanpanire (55) | e | s - : N TP &92; z : (28) (1) am | wen
ersey - - _ _ - - - - - _ - _ 1
Nev Mexico 29 - %5 54 - = - - - 35 - 500 535 5%
Few York 208 170 ULy 519 21 ” m 809 - 18 3 854 875 2,203
s i SR I N N - I R O R
- - - - - -
Ohio 3 54 51 - - - - 51 - - - 1,579 1,579 2,20
Oklahoms (43) {12) {40} (95; - - - (60} (155) {2) (5) - (600) {607) (762)
Oregon (72) (72) (58) 202 - - - (383) (585) - - - (332) (333) (918)
Penngylvenis = - - - = = - - 3) (4) {3) 1,0 1,066 1,6
Rhode Island T12) 8) [6%3] 134) - = = ED) = - - (ﬁ‘i}_ i) | t‘%’x
South Carolina (23) {98) (2) (123) - - - (149) (272) - (1) - (469} (470) (742)
South Dakota (14) (33) () (53) - - - (35) (83) - - - (527) (527) (615)
I&'!' - - - - - - - - - - - - - - -
Texns 522 T a3 933 - - - - 933 - - - 3,255 3,255 %188
Utah - - - - - - - - - - - (120) (220) {178)
th: (: ) (37) (g) iw) - - s 296) (178) - 3 - g?rll) 1(3319) l(gg")
Yirginia - - 13 1 = = g_%__
Washington (58) (124 150y 22 - - - { 8 - 16) - (457} (463) 1,08
WVest Virginis » - &9 8L - - - - - - - 220 220 301
Wisconsin (75) (150) (55) (280) - - - (1m) (411) - - - (675) (675) (1,086)
Wyoning 38 3 47 88 - - 10 10 - 16 4 165 185 292
District of Columdia (6) (26) (4) ) - - {45) 81) - - - - (77) (m _f1s8)
Totals for States
¥ 'aw tod 2,364 1,662 2,672 5,698 &2 4R 2,167 | 3,681 ] 9,379 21 100 4 14,284 14,446 23,825
Estimted grand
totals 4418 3,908 3,57% 11,900 180 983 8,372 | 9,535 | 21,435 7 150 82 0,620 20,879 52,314

v

Detall figures reported by the ssveral State highway departmsnts
fully classified totals sinos a gomplets classification was not given by the State

Items shown in parentheses are not included in
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naire at all and one other state could not supply any data, so that it was necessary to
make complete estimates for these states. In spite of these and perhaps other short-
comngs 1t 18 believed that the present inventory of state highway engineering manpow-
er 1s about as accurate as can be obtained.

NUMBER OF ENGINEERING EMPLOYEES

Tables 1 and 2 present the results of the 1956 study of state highway department en-
gmeering manpower 1in summary form. As shown in Table 1, the estimated total num-
ber of engineering employees as of March 1, 1956, was 46,462, consisting of 20,551
employees classified as engineers and 25,911 employees classified as engineering aids.
The ratio of aids to engineers was therefore 1.26.

According to Table 2, the corresponding estimated total number of engineering em-
ployees as of July 1, 1956, was 52,314, consisting of 21,435 engineers and 30,879 aids.
The increase 1n total engineering employees, then, was 12.6 percent; engineers and
aids increased 4.3 and 19.2 percent, respectively. The ratio of aids to engineers 1n-
creased to 1.44.

Table 3 presents summary information on engineers and aids employed. Although
the July figures show substantial increases over those of March, 1t must be remem-
bered that these can be attributed in large part to temporary employees hired for the
summer construction season only. Also, some of the increases estimated by the
states may reflect some wishful thinking. Several states did not estimate increases,
and one showed an estimated decrease, for the period indicated.

It 1s obvious that additional technical talent should be obtained to modernize our
highway plant, but finding and keeping such talent 1s another matter indeed. Several
states mentioned during the course of the study that they are losing engineers faster
than they are recruiting them. Maine, for example, lost 24 members of 1its engineer -
ing staff between January and October; three of these retired, but the rest went to pri-
vate industry. To replace them the state has been able to recruit only one engineering
aid (a college graduate just returned from service) and three high school graduates.
Similarly, New Hampshire lost more than 15 engineering employees during the early
part of 1956,

Table 4 shows the number of engineering employees assigned to maintenance work.
Some states did not complete this part of the form, but estimates have been made for
the missing information. The total of 1,298 engineers as of March 1, 1956 1s approx-
1mately 13 percent greater than the 1,151 reported by Campbell and Schureman for
1954. Total engineering employees assigned to maintenance as of March 1, 1956 was
2,082 as compared with 2,164 for July 1, 1956.

The information pertaining to consultants shown in Table 1 (similar information 1s
not included in Table 2 because only one figure was requested for consultants) 1s also
open to some question. Some of the states reported the number of consulting firms
retained rather than the equivalent engineering employees, and some did not report
this item at all. Accordingly, the engineering effort expended through consultants 1s
undoubtedly greater than that indicated.

The data reported as to the number of engineers and aids employed by the state
highway departments, however, 1s probably as good as can be obtained 1n view of the
widely varying employee classification plans of the several states. The total number
of engineering aids has not been reported in recent years, so far as 1s known, and the
total number of engineers 1s believed to be a better figure than has been available pre-
viously.

For purposes of comparison, and to emphasize the uncertainty which has existed
with respect to the number of engineers employed by state highway departments, Table
5 shows the number of engineers reported as employed by the state highway departments
in a number of previous studies. It should be noted that Danner's data as of December
31, 1955, compare favorably with the March 1, 1956, figures of this study 1in total, al-
though wide variations exist in individual states. New Mexico and Utah are two cases
1n point; 1n each case the figures reported to Danner are approximately three times as
large as those reported to the Highway Research Board only two months later.



Table 3.--State highway department engineering personnel

March 1, 1956 July 1, 1956
State
Engineers Aids Total | Englineers Aids Total

Alabema - - - 5kl 957 | 1,501
Arizona 56 SoL 560 60 679 739
Arkansas 137 387 524 161 hos 566
California - - - 3,717 1,672 5,389
Colorado 329 438 8T 329 188 817
Connecticut 713 235 948 - - -
Delaware - - - [ 45 183 228
Floride 352 1,183 1,535 - - -
Georgila 581 1,237 1,818 626 1,553 2,179
Idasho 139 453 592 152 500 652
Illinois 1,05k 151 1,205 1,075 251 1,326
Indiana 360 169 529 377 235 612
Towa 222 745 967 222 T4s 967
Kansas 310 562 872 327 750 | 1,077
Kentucky 5T7 584 1,161 5TT Thé 1,323
Louisiana 305 92k 1,229 315 64 1,279
Maine 170 57 227 - - -
Maryland 390 373 763 - - -
Massachusetts 600 1,064 1,664 610 1,200 1,810
Michigan 499 800 1,299 498 1,000 1,498
Minnesota 605 635 1,240 605 650 1,255
Mississippi 106 590 696 11k 590 704
Missouri 643 725 1,368 - - -
Montans, 204 283 487 246 41 659
Nebraska 241 225 hee 255 300 555
Nevads - - - - - -
New Hampshire 215 120 335 295 172 LeT
New Jersey 425 17 502 425 T7 502
New Mexico 48 520 568 54 535 589
New York - - - 1,328 875 2,203
North Carolina 448 608 | 1,056 458 683 | 1,1
North Dakota 119 ] 164 124 200 32L
Ohio 651 1,306 1,957 651 1,579 2,230
Oklahoma 140 568 708 155 607 762
Oregon 509 278 707 585 333 918
Pennsylvania 526 1,055 1,581 566 1,066 1,632
Rhode Island 85 109 194 85 111 196
South Carolina 20+ khs 709 272 k70 The
South Dakota 84 363 Lyt 88 527 615
Tennessee - - - - - -
Texas 913 2,755 3,668 933 3,255 4,168
Utah 55 99 154 58 120 178
Vermont 159 k6 205 178 91 269
Virginia 347 765 1,112 350 879 1,229
Washington 613 368 981 618 463 1,081
West Virginie 81 191 272 81 220 301
Wisconsin 393 3kg The b 675 1,086
Wyoning 93 165 258 98 185 283
District of Columbie 81 T7 158 81 77 158

Totals for States

reporting 14,842 22,633 | 37,475 18,749 27,481 | 46,230

Estimated grand

totals 20,551 25,911 | 46,462 21,435 30,879 | 52,31k




Table L.--State highway department engineering employees assigned to

maintenance
March 1, 1956 July 1, 1956
State
Engineers | Aids | Total | Engineers | Aids | Total

Alsbama - - - -
Arizona - - - - - -
Arkansas 28 - 28 37 - 37
California - - - TL - 71
Colorado - - - - - -
Connecticut - - - - -
Delaware - - - 5 T 12
Florida 33 - 33 - - -
Georgia 27 5 32 27 5 32
Idaho ho - L2 L2 - b2
Illinois 85 1 8 85 10 95
Indiana 21 16 37 21 25 46
JTowa 36 - 36 36 - 36
Kansas 11 - 11 11 - 11
Kentucky 30 - 30 30 - 30
Louisiana 46 - 46 46 - L6
Maine 2 - 2 - - -
Maryland 26 - 26 - - -
Massachusetts 53 37 20 53 37 90
Michigan 17 - 17 17 - 17
Minnesota 20 - 20 20 - 20
Mississippi 10 43 51 10 151 51
Missouri 36 - 36 - - -
Montana 11 - 11 12 - 12
Nebraska - - - - - -
Nevada - - - -
New Hampshire 12 - 12 18 - 18
New Jersey 6 - 6 6 - 6
New Mexico 11 10 21 11 10 21
New York - - - 131 20 151
North Carolina 36 48 84 36 48 8h
North Dakota 6 - 6 6 - 6
Ohio 35 26 61 35 26 61
Oklahoma 11 - 11 11 - 11
Oregon 27 2 29 27 2 29
Pennsylvania 28 - 28 30 - 30
Rhode Island L - L L - L
South Cerolina 5k - 54 54 - 54
South Dakota 1 - 1 1 - 1
Tennessee - - - - - -
Texas 17 300 317 17 300 317
Utah T 6 13 T 6 13
Vermont 23 1 24 25 1 26
Virginie - - - - - -
Washington 9 - 9 9 - 9
West Virginiae 15 90 105 15 90 105
Wisconsin 21 33 sk 21 50 ol
Wyoming 5 - 5 5 - 5
District of Columbia 2 - 2 2 - 2

Totals for States

reporting 86k . 616 | 1,480 9ol 678 | 1,672

Estimated grand

totals 1,298 o8 | 2,082 1,336 828 | 2,164




Teble 5.--Comparison of number of engineers reported employed
by State highway departments in recent years

Highway Research Board

March 1, 1956 c Information
ampbell- ¢ State
Prof. Danner | Schureman
State Civil Dec. 31, 1955 1954 highway
graduate Total L/ departments
and/or engineers 1950
registered
Alsbama. - - 403 403 665
Arizona 53 56 53 59 sol
Arkansas 88 137 120 69 233
Californis. - - 3,451 3,388 2,h62
Colorado 158 329 328 147 248
Connecticut 156 T13 hoz 163 526
Delaware -k - 670 67 Eg
Florids 1 2 93 137 5
Georgla 15% 4% 524 329 993
Idaho 10k 139 130 63 5
Illinois 842 1,054 1,002 1,131 857
Indiana 350 360 368 316 312
Tova 222 222 338 360 212
Kansas 266 310 317 338 364
Kentucky 2l5 STT 617 252 1,047
Louisiana 305 305 392 276 284
Maine 126 170 17 68 125
Maryland 79 . 390 350 165 397
Massachusetts - 2/ (600) 702 Th2 8717
Michigan 294 () 601 4o 5%2
Minnesote 379 605 530 247
Mississippi 87 106 m 1 259
Missouri 380 %3, 705 hgo ko1
Montana 93 21 1k5
Nebraska 125 251 239 2h5 230
Nevada - - 89 76 65
New Hampshire 117 215 237 200 103
New Jersey - 2/ (h25) 420 479 551
New Mexico 18 258 73 132
New York - - 1,377 1,839 1,856
North Carolina 161 48 k37 284 2,726
North Dakota 63 11 63 61 61
Onio 651 651 636 654 537
Oklahoma 87 1bko 115 115 222
Oregon 161 509 4os5 452 656
Pennsylvania 106 526 480 300 235
Rhode Island 3k 85 73 3 1
South Carolina 117 264 2l 230 200
South Dakota 49 8k 91 79 87
Tenn - - 216 560 &
Texas 913 913 922 875 1,90
Utah - 2/ (55) 175 78 176
Vermont 81 159 158 153 50
Virginia 13k 347 360 376 500
Washington 230 613 966 206 256
West Virginia 81 81 226 76 399
Wisconsin 262 393 398 hoo 328
Wyoming 83 a3 92 ™ 204
District of Columbia 36 81 92 48 114
Totals for States
reporting to
Highway Research
Board 8,100 13,762 - - -
Totals including
estimetes 11,k19 20,551 21,229 17,791 2k, 862

y Registered professional engineers or those qualified to register.

g/ Not included in totals for States reporting since information as
to graduates or registered was not reported.



GRADUATE AND REGISTERED ENGINEERS

Referring again to Tables 1 and 2, of the 20,551 engineers employed as of March 1,
1956, approximately 21 percent were both civil engineering graduates and registered
civil engineers. An additional 17 percent were registered civil engineers but were not
civil engineering graduates, and another 18 percent were civil engineering graduates
but not registered civil engineers. Still another 5 percent were graduates of or regis-
tered in branches of engineering other than civil, so that approximately 39 percent of
all employees classified as engineers were neither registered engineers nor engineer-
ing graduates. A similar situation exists with respect to engineers employed as of
July 1, 1956, but since the July figures are based on estimates, they are probably of
less interest than the March figures.

Including those classified as engineers and also those classified as aids, 9,195 en-
gineering graduates were employed by the 48 state highway departments and the Dis-
trict of Columbia as of March 1, 1956. Of this total, 8,068 were civil engineering
graduates and 1,127 were engineering graduates in branches other than civil. In the
past it was the practice in many states to employ young graduate engineers as engineer-
ing aids during their initial assignments, and apparently about one-third of the states
still follow this procedure to some degree, as 126 of the engineering graduates em-
ployed were classified as aids.

Table 6 shows for each state the percentage of graduate and registered civil engi-
neers included 1n the total number of classified engineers employed. Only 38.6 percent
of the total classified engineers employed by all states are graduate civil engineers, and
only 37.8 percent are registered civil engineers; the percentages for individaul states
vary from 10.5 to 97.2 1n the case of graduate engineers and from 8.3 to 100 percent in
the case of registered engineers. The columns of Table 6 are non-additive, because
some engineers are both graduates and registered, but from Table 1 1t can be seen
that only 55.6 percent of all classified engineers employed are civil engineering grad-
uates and/or registered civil engineers; probably this 1s one of the most significant
findings of the present study.

There seems to be little relation between the percentage of civil engineering grad-
uates and either the amount of capital outlay or the geographical location of a particu-
lar state. Texas, for example, has one of the highest percentages of graduate civil
engineers, 76.5, whereas Pennsylvania has one of the lowest, 10.5; Ohio, adjacent to
Pennsylvama, shows a percentage of 59.9. Of the states with low capital outlays,
Maine, for example, has 56.5 percent graduate civil engineers, but Montana has only
14.2 percent. Similarly, there appears to be little relation between the percentage of
registered civil engineers and either the amount of capital outlay or geographical loca-
tion.

It is interesting to note that in three states (Louisiana, New Mexico, and West Vir-
gima) 100 percent of the employees classified as engineers are registered civil engi-
neers. In these same states the percentages of graduate civil engineers are 26.2, 54.2,
and 39.5, respectively. Several other states show more than 90 percent of their engi-
neer employees as registered, and probably require registration as a prerequisite to
classification as an engineer, except in the case of young graduate engineers without
the experience necessary for registration.

RATIO OF AIDS TO ENGINEERS

As stated previously, the ratio of aids to engineers for state highway department
engineering employees was 1,26 in March 1956 and 1.44 1n July. There were wide var-
iations among the states, as shown in Table 7. In March the variation was from 10.83
in New Mexico to 0.14 in Illinois, and 1n July it was from 11.32 1n Arizona to 0.18 in
New Jersey. Unfortunately there is no obvious explanation for these wide variations.

A regional pattern is apparent, however, as indicated by Tables 8 and 9. In March
the New England, Middle Atlantic, East North Central and Pacific regions each em-
ployed more engineers than aids, whereas in each of the other regions the reverse was
true. In July the same situation prevailed, except in the case of the East North Cen-
tral region, which then employed more aids than engineers although the ratio of aids to
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Table 6.--Percentages of graduate and registered civil engineers
among total classified engineers employed

As of March 1, 1956

Graduate civil engineers | Registered civil engineers
State
Number l./ Percentage Number y Percentage

Alabama - - - -
Arizona 30 5h.6 53 ol.6
Arkansas 52 38.0 8 56.9
California - - - -
Colorado 308 11.6 10 42.6
Connecticut 116 16.3 81 11.4%
Delaware - - - -
Florida 114 32.4 92 26.1
Georgia 93 16.0 150 25.8
Iaaho 68 48.9 69 k9.6
Tlliinois 639 60.6 509 L8.3
Indiana 350 97.2 270 75.0
Iowa 130 58.6 204 91.9
Kansas 152 49.0 243 8.k
Kentucky a7 16.8 210 36.4
Louisiana 80 26.2 305 100.0
Maine 9% 56.5 93 5h.7T
Maryland 43 11.0 43 11.0
Massachusetts - - - -
Michigan 263 52.7 138 27.7
Minnesots 233 38.5 342 56.5
Mississippi 66 62.3 81 6.4
Missouri 243 37.8 26L h.a
Montana 29 1.2 80 39.2
Nebraska 55 22.8 97 40,2
Nevada - - - -
New Hampshire 95 yy 2 65 30.2
New Jersey - - - -
New Mexico 26 54,2 48 100.0
New York - - - -
North Carolina SN 31.5 37 8.3
North Dakota 39 32.8 52 43.7
Ohio 390 59.9 597 9L.7
Oklahoma 49 35.0 7 55.0
Oregon 113 22.2 1ok 20.L
Pennsylvania 55 10.5 75 14.3
Rhode Island 18 21.2 28 32.9
South Carolina 115 43.6 25 9.5
South Dakota 43 51.2 20 23.8
Tennessee - - - -
Texas 698 6.5 737 80.7
Utah - - - -
Vermont 6h 4.3 N 27.7
Virginia T2 20.7 87 25.1
Washington 180 29.4 107 17.5
West Virginia 32 39.5 81 100.0
Wisconsin 212 53.9 120 30.5
Wyoming 38 0.9 8o 86.0
District of Columbie 32 39.5 10 12.3

Totals for States

reporting 5,399 39.2 5,936 43.1

Estimated grand

totals 7,942 38.6 7,76k 37.8

_1_./ Coluwmns one and three are not additive since h,287 englineers are
both graduates and registered.
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Table 7.--Ratio of aids to engineers among State
highway department employees

State March 1, 1956 | July 1, 1956
Alabama - 1.76
Arizona 9.00 11.32
Arkansas 2.82 2.52
California - 0.h45
Colorado 1.33 1.48
Connecticut 0.33 -
Delaware - k.07
Florida 3.36 -
Georgia 2.13 2.18"
Idaho 3.26 3.29
T1linois O.l];lb 0.23
Indiana 0.47 0.62
Towa 3.36 3.36
Kansas 1.81 2.29
Kentucky 1.01 1.29
Louisiana j.OE 3.06
Maine 0.3 -
Maryland 0.96 -
Massachusetts 1.77 1.97
Michigan 1.60 2.01
Minnesota 1.05 1.07
Mississippi 5.57 5.18
Missourl 11.13 -
Montana _1.39 1.68
Nebraska 0.93 1.18
Nevada - -
New Hampshire 0.56 0.58
New Jersey 0.18 0.18
Few Mexico 16.83 9.91
New York - 0.66
North Caroline 1.36 1.49
North Dakota 0.58 1.61
Ohio 2.01 2.43
Oklahoma %.06 3.92
Oregon 0.55 0.57
Pennsylvania 2.01 1.88
Rhode Island 1.28 1.31
South Carolina 1.69 1.73
South Dakota .32 5.99
Tennessee - -
Texas 3.02 3.49
Utah 1.80 2.07
Vermont 0.29 0.51
Virginia 2.20 2.51
Washington 0.60 0.75
West Virginia 2.36 2.72
Wisconsin 0.89 1.64
Wyoming 1.77 1.89
District of Columbia 0.95 0.95

Totals 1/ 1.26 1/ 1.4

1/ Includes estimates for States not
reporting information.

Table 8.- Ratio of aids to engineers among State highway
department engineering employees by region

As of March 1, 1956

Reglon Number of | Number of | Fatic of aids
enginesrs aids englneers
New En, 1,942 1,631 0,84
Middle Atlantic 2,224 1,819 0.82
East North Central 2,957 2,715 0.9%
West North Central 2,224 3,300 1,
South Atlantic 2,587 5,023 1.94%
Eegt South Central 1,429 2,209 1.55
West South Central 1,495 4,634 3.10
Mountain 1,009 2,562 2.54
Pacific 4, 684 1, 0.52
Total 20,551 25,911 1.26
Table 9.~ Ratio of aids to engineers among State highway

department engineering employees by region
As of July 1, 1956

Ratio of aide
Bogion | Memher of | Mumber or | B0,
g engineera
New England 2,088 1,929 0.92
Middle Atlantic 2,319 2,018 0.87
East North Central 3,012 3,740 1.2h
West North Central 2,291 4,052 1.77
South Atlantic 2,686 5,801 2.16
East South Central 1,469 2,597 1.77
West South Central 1,564 5,231 3.34
Mountain 1,086 3,042 2.80
Pacific 4,920 2,468 0,50
Total 21,435 30,879 1.44

engineers in this region was still below
the national average. The variations
among regions are not nearly so extreme
as those among states.

In the individual regions there were
some states which did not fall into the
pattern of their regions. In the West
North Central region, for example,
which in March employed 1.48 aids per
engineer and in July 1.77, North Dakota's

ratio was 0.38 1n March and 1.61 in July, but South Dakota's was 4.32 1n March and

5.99 in July.

In general, the highly populated regions employed more engineers than

aids, although some of the highly populated states within these regions employed more
aids than engineers.
It might be noted that the July ratios of aids to engineers showed slight decreases
over the March ratios 1n five states (Arkansas, Mississippi, New Mexico, Oklahoma,
and Pennsylvama). In Illinois, Vermont, and Wisconsin, however, the July ratios
were almost double those for March, and in North Dakota the July ratio was more than
four times that for March.

CONCLUSION

This 1956 inventory of engineering manpower was undertaken primarily to obtain an
accurate tabulation of the engineers and aids employed by the several state highway de-

partments.

In view of uncertainties which existed in connection with previous studies,
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it was felt that such a summary was necessary as a basis for further studies of man-
power requirements in connection with the ever-expanding highway program.

It is believed that the data presented satisfy these requirements. As already noted,
a few states did not furnish complete information, so that some estimates had to be
made. Also, there may be certain inconsistencies or inaccuracies inherent in the
data because of the different classification plans in use by the several states, the lack
of standard defimitions for engineers and aids, and the complexities of the professional
engineering registration laws 1n the different states. Nevertheless, the picture por-
trayed is probably as good a one as can be obtained 1n view of the existing difficulties.

The analysis of the ratio of aids to engineers is 1n a sense beyond the scope of an
inventory. It was undertaken 1n an effort to increase the value of the basic informa-
tion. The wide variations which exist among the states cannot be explained at this
time, but do suggest the need for additional detailed studies, perhaps in the individual
states. They also furnish the states with information which should be useful for com-
parative purposes.

It has been pointed out that a regional pattern exists with respect to the ratio of
aids to engineers, and the tentative conclusion of an earlier study that a combination
of aids and engineers is the best indication of engineering effort has been confirmed.
Both of these are significant findings. With the continuing cooperation of the states,
they can be further explored to a point where it can be determined whether or not a
 particular state is making the best possible use of its engineering manpower.
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Appendix A

Highway Research Board
2101 Constitution Avenue
Washington 25, D, C.

SUMMARY OF ENGINEERING EMFLOYEES

Please read accompenying instructions cerefully before completing form.

A. Employvees Clasgified as Fogineers: 3/1/56 7/1/56

(Actual)®)  (Estimated)¥2
Total:Mince Total:Mtace

: Only s Only
1. Both & civil engineering graduate and registered H :
as a civil engineer () s( )
2, Civil engineering graduate only, but not H :
registered () s )
3. Registered only, (as a civil engineer) s( ) ()
4s Nelther a civil engineering graduate nor : 3
registered as a civil engineer. (These may s 1
be registered in other branches.) () :( )
5 esesessssssessnscssese Crand totals 3( ) :( J
6, Of the employees classified as engineers (in item 4 above)
a, How many are graduates from other tranches
of engineering, or other sciences ( ), and
how many of these are registered C
b. How many are doing design or other work requiring
the exercise of independent engineering judgment,
i.e., are in 'responsible charge", as opposed to
high-grade inspecting, surveying, and similar
work? ( )
B. Employees Classified as Engineering Aids or Equivalent:
3/1/56 7/1/56
(Actual (Estimated)
1, Both a civil engineering graduate and registered () ()
2, Civil engineering graduate only ) ()
3 s
3. Registered only s ) s( )
4s Neither a civil engineering graduate nor : :
registered () ()
5. sosescesesessessseseRsR Grand totals .._L ) :( 41
C. Remarks:

D, Number of equivalent consulting engineers employed ()

¥l. See instructions,
¥2, Show breakdown if available - otherwise total only.




INSTRUCTIONS FOR SUMMARY OF ENGINEERING EMPLOYEES
(Include both permenent and temporary employees)

Recent studies of state highway depariment employees have, because of
non-uniformity in the method of reporting used, mede it difficult to determine
the number of employees in each of the various classes., It is the purpose of
the attached form to obtain information based on a uniform system of classifi-
cation for the different categories of engineers and for sub-professional people
as well, Actual deta as of March 1, 1956 and estimated data as of July 1, 1956
are requested,

Most States have graded classification plans for engineering employees,
i.e., Engineer I, II, III, IV, V, etc,, or Junior Engineer, Assistant Engineer,
etc., and should report under the first major heading of the form all employees
classified as engineers by such plans. In those States which do not have a
graded classification plan, job titles may be related to specific quties, i.e.
Junior engineer of final plans, senior instrumentman, junior designer, senior
designer, etc., and the job titles which are included in the engineering cate-
gory will be a matter of judgment,

States with graded classification plans usually classify their sub-
professional employees as Engineering Aid I, II, III, etc., or 4, B, C, ete.,
and these should be reported under the second msjor heading of the form,
"Employees classified as engineering aids or equivalent."” For States without
a graded classification plan, such titles as rodman, chainmen, instrumentmen,
laboratory assistent, inspector, computer, draftsman, etc., should be included
here, In any event, all technical employees should be included under one of
the two major headings.

Under each heading, provision is made for indicating the professional
qualifications of the employees included in the March 1 tabulation. The first
line will include those employees who are both civil engineering graduates and
also registered professional engineers, the second line those who are civil
engineering graduates but not registered engineers, the third line those who
are registered engineers but not civil engineering graduates, and the fourth
line those who are neither, It is realized that there will be very few civil
engineering graduates or registered engineers among the engineering aids, but
in some States the item may be significant,

Also, since in relating the number of engineering employees to program
or capital-outlay amounts it is desirable to exclude those employees assigned
to maintenance, provision has been made for showing such employees separately
in each case, Thus, if there are 653 employees in a particular category, and
87 of these are assigned to maintenance, the entry would be __ 653 (87) .

Any necessary or desirable explanations of the data submitted can be
made under the "Remarks" heading, and continued on the back of the form. The
completed form should be forwarded to the Highway Research Board as soon after
March 1 as is feasible,

Purpose of Inventory: (1) Determination of engineering requirements for con-
struction and for maintenance; (2) To relate the requirements to an expanded
construction and maintenance program; (3) To determine the mumber of aides
required in terms of those classified as engineers; (4) To determine the best
utilization of engineers.



A Study of Local Road Administration and
Engineering Manpower

WAYNE H.SNOWDEN, Associate Engineer
Institute of Transportation and Traffic Engineering
University of California, Berkeley

@ THE engineering manpower situation has given impetus to studies centered on local
road agencies, as it has to practically all aspects of engineering, As a result the gen
eral nature of local studies, as carried out in California were discussed (l) at the 1956
annual meeting of the Highway Resea:ch Board. 1
<
|
|

The shortage of engineers tends to concentrate such studies on immediate means of
increasing availability and productivity of the technical working force. The increase of
productivity, at least, 1s a desirable long-term objective. Nevertheless, regardless of
the circumstances that give rise to these studies, the studies deal with one or more
vhases of engineering administration and thus provide opportunity for developing a bet-
ter understanding of road management, to which current manpower availability 1s more
or less incidental.

Studies of engineering manpower i1n California county road departments have been
conducted with these dual purposes of immediate and long-term usefulness. This paper
presents, specifically, information about the numbers of technical personnel per unit
of construction and about jobs filled 1n relation to salaries paid in California county
road departments. More generally, however, it 1s intended to deal with some features
of finding and reporting facts about local road administration, and to discuss some fund:
mentals of the engineering manpower situation which are often passed over, especially
in the present atmosphere of concentration on immediate corrective measures.

Considerable information about engineering manpower 1n Califorma county road de-
partments has been gathered by both the Califormia State Division of Highways and the
Institute of Transportation and Traffic Engineering, University of Califorma. This
work began in 1955 and is continuing. Most of the information is of a statistical nature;
that 1s, it concerns numbers of individuals, amounts of salary, etc., rather than how
individuals behave or what they say and think. Being of this nature, it avoids many of
the problems in psychology and semantics that are so common and so perplexing to
students of administration.

This is not, however, to say that it avoids all of them, And both because those that
remain are likely to be slighted by investigators who incline to the engineering point of
view, and because these remaining problems place special importance on how findings
are reported, they are referred to first.

NATURE OF ADMINISTRATIVE FACTS

Administrative facts of the type here considered, however quantitative, are of a dif-
ferent order than facts of nature, however qualitative. Admimstration 1s concerned
with organizing and guiding human effort. The study of administration 1s concerned
with evaluating, and presumably influencing, this orgamzing and guiding activity, which
18 itself a human effort. Some aspects of admimstration can be numerically expressed.
A county road department may have 15 authorized engineering positions—something that
can be recorded, tabulated, added, and generally handled as a number. But the number
conceals a history of law and custom, an environment of human intention, past and pres-
ent, which make it what it is today and may make 1t something else tomorrow. It is by
no means of the same class as a number representing the density of a soil.

There is a temptation, however, to attribute to admimstrative numbers a sort of
natural validity that they do not have and to overlook the human connotations that they do.
Especially 1s there a disposition to regard an average of such numbers as acquiring a
validity not present in the humbers from which it was derived, much as if human vagarie
were a random distribution around some desirable mean. The possibility of these huma

14
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connotations attaching to numbers developed in administrative studies should keep every-
one on guard against definite statements of correlation, which, however impressive 1n
mathematical expression, may rest on a relationship that, functionally, 1s tenuous or
even non-existent.

REPORTING OF ADMINISTRATIVE FACTS

An even more important consideration may be the manner in which administrative
studies become useful. The soil density, already selected for example, may be fed
into scientific channels of communication with assurance that 1t will be dispassionately
extracted and directly utilized by anyone having need of it. The results of admimstra-
tive study, however, are primarily useful to the administrations they to some extent
portray, and they are useful, not as independent facts on which to base a new design,
but as guides by which the adm1mstrat10ns may alter themselves. In such a situation
1t 18 unrealistic to expect a neutral view of admimstrative findings by the very indi-

t viduals to whom the findings may have some use.

These general considerations are especially relevant to the study of local road ad-
mimstration. The larger an orgamzation, the more 1t assumes an abstract pattern
that can be viewed without reference to individuals. A large organization often can
create the means of looking at 1tself objectively, and examine and correct 1ts short-

' comings without proclaiming them to the public at large. County road departments,
however, are in the main so small that a collection of particular individuals, rather
than an abstract pattern, 1s the explanation of its administration—a situation that
severely limits an orgamzation's capacity for objective self-appraisal. This limita-
tion, 1n fact, 1s one major reason for the collective study of county road administra-
tions by external agencies. But external study normally makes information available
- to anyone who wishes to look at it, and unless findings about local road admimstration
are presented with considerable care they are all too likely to be taken as representing
" a great deal more than they actually do, to become the vehicle for unfounded conclu-
sions about a particular agency, and in general to do more harm than good.
This danger applies to the comparatively simple matter of the engineering manpower
-~ situation. To 1llustrate, there 1s the actual case of a county with a staff of 48 engineers
" and another county with a higher rate of annual road construction, but with a staff of
only 2 engineers. The first county reports several positions vacant, over and above
" the 48. The second county reports all two authorized positions filled. From this bit
of information, one could draw various and conflicting conclusions about the manpower
 situation, according to the assumption from which he proceeded. Merely to identify
~ the agencies with special reference to these numbers would be to place one or both in
the position of having to defend themselves against questions to which there are no real
~answers so far.

The dafficulty here emphasized 1s that there is not a sound, or even a roughly agreed
upon basis for measuring engineering manpower requirements. What is the optimum
number of engineers for doing a given kind and amount of road work? What does the
organization stand to lose as it departs one way or the other from this optimum number ?
How 1s the value in the roadway plant measured and up to what point 1s this value en-
hanced by additional engineering?

The objection might be raised that although specific answers cannot be given to the
questions as stated, usable guides to manpower requirements can nevertheless be de-
rived from current practice as a whole. After all, according to this objection, the
nation is continuously engaged 1n a tremendous amount of roadbuilding, and this is
being accomplished with an ascertainable amount of engineering effort, whether opti-
mum or otherwise. Hence, it can be said that so much construction takes so much
engineering and 1n this way engineering needs are expressed on a unit-of-construction
base.

Useful as this may be for broad appraisal, it does not solve the question of how to
report findings at the local level, as another example may indicate. Data obtained by
the California State Division of nghways show that California county road departments,
taken together, had on the job, per million dollars of construction in 1956, about 4
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registered civil engineers, 4 non-registered engineers, 14 assistant and junior engi-
neers, and 10 engineering aids. According to broad-based measures, this might be
considered enough. Yet such over-all appraisal would be neither consoling nor useful
to the large number of Califorma counties that now have work waiting for engineers
and technicians that they are unable to lure onto the payroll. Nor can it be said that
the better-staffed counties do not need every engineer they have.

As one considers the curiosities of administrative facts, the ways in which these
facts may be bent to certain purposes, and—in the current engineering manpower situ-
ation——the dearth of information on some very fundamental matters, the question of
Just what 1s being found out, and why, 1s brought into prominence.

CURRENT REPORTING IN CALIFORNIA

As has been mentioned, the attempt 1n California has been to develop fundamental
information at the same time that facts about the current situation have been collected.
In reporting findings, the attempt has been to challenge the thinking of all concerned
with local road administration, and to do so without exposing any agency to criticism
which would certainly not be justified on the basis of facts now known-—with the pos-
sible exception of the fact that a good many county road departments are offering sala-
ries far below the going wage for the class of technical personnel they are trying to
attract,

It 1s, of course, 1mpossible to accommodate all the foregoing considerations 1n
selecting a given reporting method. In the California work, statistical refinement has ‘
been sacrificed, perhaps at the risk of criticism for grouping and averaging numbers,
in order to present certain pictures of county road admimstration in a way that it 1s
hoped will be understandable and thought provoking to the most people concerned, and
to do so without arousing irrational criticism of the agencies reported on.

Data so far available permit two somewhat unrelated statements. One 1s of the |
numbers of engineers 1n Califorma county road departments per unit of annual construc-
tion. The other 1s a comparison of salaries and engineering jobs open. Both are pre-
sented by groups of counties, the groups being made up of counties ranked according
to annual rate of road construction. The reasons for resorting to such grouping were
several. In the first place, California counties run through an 80-to-1 range of sizes,
if s1ze 18 measured by annual rate of road construction in dollars. Size is to some
extent correlated with factors such as degree of urbamization, population, and popula-
tion density, all of which bear on the kind of road system with which the county road
department i1s concerned. Grouping by size should retain distinctions associated with
s1ze, while tending to average out other variations which, when counties are taken
individually, frequently obscure central tendencies of some 1mportance. Grouping
also reduces the number of reported bits of information, and while this may obscure
some relationships which might be discerned 1n the basic data, 1t facilitates quick
general comparisons which may very well be the most useful, as well as all that can
be justified on the basis of data so far available. And finally, grouping eliminates
strict county-by-county comparison, thus forestalling conclusions about engineering
1n a particular county which might be suggested by a more detailed presentation, but
which would actually not be warranted without evaluation of many factors which in the
present state of knowledge are unstudied.

California's 57 counties (excluding San Francisco because 1t is a combined city-
county) have been grouped as shown 1n Table 1. This grouping, which 1s based on
annual rates of road construction expressed in round numbers, happily sets aside
(in Group I) California's two unusually large counties, while producing four remaining
groups of somewhat the same numbers of counties.

DISTRIBUTION OF ENGINEERING PERSONNEL

Numbers of engineering personnel engaged in work connected with construction (that
1s, less the numbers equivalent to time spent on maintenance, right-of-way, and non-
engineering activities) were computed for each of these county groups. The results
are shown 1n Figure 1, which gives the numbers of engineers per million dollars of
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TABLE 1

GROUPING OF CALIFORNIA COUNTIES FOR STUDY OF ROAD ADMINISTRATION

Millhions of Dollars of Road Construction Number of

per Year! Counties 1n

Group Group

Per County Group Total

1 Over 2 11,016 2

I 1to2 11. 344 9

I Jato 1 10.979 16

v Yato 12 5,192 14

\' Under Y4 2.168 16

! Average for fiscal years 1953-4 and 1954-5 as reported to the Califorma State
Comptroller.

s
 construction for each county group. At the same time, the areas of the bars, portray
‘the distribution of engineering personnel among the 57 counties. Although the latter
;serves to emphasize where engineering personnel are located, and hence to aid 1n
evaluating county-by-county reports of shortages, 1t 1s the numbers at work per unit

f of construction that calls attention to more fundamental questions of engineering man-
 power utilization.

~ Why should the Group II counties (with annual construction programs ranging from
’ $1 million to $2 mallion) have on a unit of construction basis less than one-third as
many engineers as the counties in Group I, less than one-half as many as the counties
in Group V, and for that matter less than any other group? Immediately one looks for
reasons to explain away this seemingly odd situation. The first fact is that the two large
counties 1n Group I are contending with extensive urbamzation and engaged in major
construction of highways to accommodate heavy traffic. It 1s concluded that, dollar

for dollar, they must have to put more engineering time than other counties into such
‘things as preliminary planmng, utility relocation, and the design of complicated struc-
 tures. A look at the Group V counties (with annual construction programs under

' $250, 000 per year) shows that each engineer 1n this group counts high on a unit-of-
construction basis because the levels of construction are low, But there 1s still no
explanation for the extreme variations here shown and for the steady trend toward more
‘'and more engineers per unit of construction as progress 1s made toward smaller county
groups, Group I excepted.

| This last 1s particularly amazing, be-
cause 1t is a common assumption, doubt-
 less reached because of the known cases

3

_I —

A O £ng Ards
of small counties with very minimum tech- 40 O o Engs ]
nical staffs, that there 1s a consistent de- m
. ngineers

cline 1n engineering availability as counties

‘become smaller. In Califormia, at least,

' such an assumption would also correspond
with need—need here being thought of 1n
terms of the kind of structures being engi-
neered—as there is a consistent shift 1n

'road system standards as the counties be
come smaller, the smaller counties (in

‘terms of construction dollars) being so, o

[
)

3

3

No of Men per Milion § of Construction

50

‘not because they are geographically small,
but because they are most rural and least
developed.

' Whatever the reasons for the peculiar
shape of Figure 1, 1t cannot be explained

'in terms either of engineering time put
into maintenance or of outside engineering

Annual Construction, Millions of §

Figure 1. Distribution of engineering per-
sonnel among Californmia county road de-
partments-counties arranged in five groups
ranked according to annual rate of road
construction, Areas in the diagram are
proportional to numbers of individuals.
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services performed for the counties. The first is excluded from Figure 1, as already
mentioned. The second has been separately examined in reports of California countie
covermg engineering services performed for them by the State Division of Highways
and by private firms, and the total engineering accomplished in this way does not at
all change the picture.

TABLE 2
PERCENT JOBS FILLED AND SALARIES IN CALIFORNIA COUNTY ROAD
DEPARTMENTS
County No. of No. of Percent Percent Average
Group Positions Vacancies Vacancies Filled Salary?

(a) Senior Engineering Grades®

I 106 14 13 87 675
I 38 7 18 82 620
I 41 7 17 83 640
v 23 3 13 87 655
v 19 3 16 84 580
(b) Junior Engineering Grades?® :
I 133 18 14 86 500 “
i 36 16 40 60 470
I 70 17 24 76 450
11 4 36 64 438
10 5 50 50 426
(c) Techmeian Grades®
I 410 32 8 92 431
I 124 4 3 97 402 |
m 144 21 15 85 395
v 57 15 26 74 331
v 46 7 15 85 378 |
! Per month. ?261 positions. 3320 positions. 4860 positions. |

As Figure 1 is viewed as a whole—as representing engineering in a large aggregatel
of county road systems—it 18 hard to escape the conclusion that, whatever the short- |
comings 1n visualization, one is looking at an unreasonable distribution of engineering
personnel. ‘
POSITION VACANCIES AND SALARIES

|

A second matter examined on the same group basis in Califorma has been the rela- {
tion between jobs open and salaries. Here the relation of manpower to construction
level 1s ignored. Authorized positions are taken as the basis, percent vacancies are
computed, and these percent vacancies are compared with salaries. The results are |
given in Table 2.

The average salary for a given grade level in a given county was taken as the pay-
roll for that level divaded by the number of individuals. For a county group, the av-
erage salary as tabulated is the unweighted, arithmetic mean of the individual county
averages. This process leaves something to be desired as a statistical procedure,
and further, starting salary rather than average for the grade may be the more de- |
cisive influence in filling vacancies. Therefore, information 1s now being collected
on first-step salaries for jobs filled and on salaries being offered for jobs not filled.
So far, however, it appears that although this latter form of reporting may serve to
avoid criticism, and will certainly reduce the absolute size of the stated salaries, it
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will not sigmificantly affect the relationships here shown, because of the very close
correlation between a starting or step-one salary and the average actually being paid.

The relationship 1s not clear 1n rank correlations of percent jobs filled against sal-
ary for counties taken as individual units, probably because of the considerable number
of counties 1 which there 1s only one position in a given grade, with the result that the
position must appear as either zero or 100 percent filled. In the grouped data, how-
ever, not only 1s there a general salary decline from large to small counties, as might
be expected but more importantly there are many cases in which both salaries and
positions filled move with or contrary to this general trend.

The 1mportance of such a showing 1s against two rather common points of view. One
1S that counties are committed to a certain range of salaries because of their size. The
data show three cases where this 1s not true even for counties taken as groups. The
prevailing salaries for senior engineering positions 1n Group III counties are higher than

those 1n Group II, although the counties in Group II are smaller, and the same applies
 to Group IV 1n comparison to Group III.  Salary variations among 1ndividual counties of
similar size cannot be seen 1n the grouped data, but they are sizeable and numerous,
 offering further evidence that various salary levels can be established, however diffi-
cult a change may seem 1in any i1ndividual case.
The second often-heard view 1s that salary offers no particular promise of holding

' engineering personnel 1n smaller counties because the salary, even if increased, would
- st1ll be below salaries offered by larger agencies; 1n other words, 1t would still fail to
'meet the competition. The data seem to deny this. If Group I 1s excluded where the
 highest salaries 1n this field are found, and a move is made from one to another of the
remaining groups for each of the remaining Job classifications, there are nine salary
changes to examine, 1nvolving twelve cases of below-maximum salaries, and in eight
of these nine changes the salaries and percent jobs filled move up or down together.
Perhaps the most definite indication that even a relatively small salary increase will
}keep technical personnel on the job 1s to be seen 1n the status of Group IV counties in
comparison with the groups on either side. In the case of semor engineers, the Group
"IV salaries are higher than both the average salaries 1n the 16 somewhat larger coun-
’t1es of Group IT and the average salaries in the 16 somewhat smaller counties of Group
'V, and the percent jobs filled is also higher; in the case of jumor engineers Group IV
salarles are intermediate and so are percent jobs filled; and 1n the case of technician
grades Group IV salaries are lower and so are percent jobs filled.

STATUS QUO AND FURTHER STUDY

} Despite the statistical shortcomings already alluded to, 1t 1s felt that the data de-
veloped so far should be promptly reported so they may help 1n correcting salary in-
 equities, especially in the case of individual counties where present salaries are far
below the prevailing mean for simlar job classifications in organizations of similar
size. At the same time, more detailed information 1s being obtained on this funda-
mental to maintaining adequate staff.
; In regard to the previously discussed distribution of engineering manpower among
; ccunties, an attempt 1s also being made to use the information so far obtained as a
guide to further study along definitely constructive lines. Here the proposal 1s not to
‘attempt premature inferences about optimum engineering staff, but rather to look
"closely at that sizeable group of sizeable counties (Group II) where the most work 1s
' being done with the fewest relative numbers of technical personnel.
The specific information presented in this paper may, of course, be peculiar to
Califorma. It 1s hoped, however, that the considerations raised by these findings and
" these methods of presentation may stimulate attention to some neglected fundamentals
of engineering manpower 1n local road admimstration.
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Graduate Degrees in Highway Engineering as

Related to Other Majors in Civil Engineering

ROBLEY WINFREY, Chief, Personnel and Training
U. S. Bureau of Public Roads

@ENROLLMENTS at engineering colleges for the master and doctor degrees are ma-
terially greater than they were prior to World War II. There are many indications
that these enrollments will continue to 1ncrease, both in numbers as well as 1n per-
centage of undergraduate enrollment. College administrations are stressing graduate
work; industry 1s paying an attractive starting salary differential to holders of the 1
master and doctor degrees; and students themselves are realizing that the standard
4-year curriculum does not give them the depth or specialization of education they
desire.

The numbers of civil engineering bachelor graduates who enroll for graduate de-
grees and whether they undertake their further education in subject areas specifically
related to highway engineering are important considerations to the employers of high-
way and bridge engineers.

Reports of engineering enrollment and numbers of graduates that appear in the
Journal of Engineering Education and 1n publications of the U.S, Office of Education
generally 1temize by the major departments of engineering such as ceramic, cavil,
electrical, mechamcal, etc. Such reports are useful to employers of civil engineers,
but of even greater usefulness would be reports showing the subdivision of the graduate
enrollment and degrees by major subject within civil engineering. By mail question-
naire of October 22, 1956, an attempt to gather such statistics was undertaken. The
information, together with other available information on enrollment and number of ‘
degrees is presented in this paper.

Before presenting the statistical tables on enrollments and degrees it 1s well to |
mention that numerical information on college enrollments, numbers of degrees con- ‘
ferred, and curricula offered is most difficult to collect. Further, once collected the
information may be at difference with other reports. Contributing to these discrepan-
cies are differences in the reporting dates, sources of information, and interpretations
of what is wanted by those supplying the information. College enrollments change each |
day of the school year. Many special and unclassified students enroll for short periods
or long periods. Degrees are conferred on graduating groups 1n official ceremonies
two to five times a year and to individuals at other times. Specific curricula are of-
fered 1n the catalog but draw no students or no student graduates 1n a specific curric-
ulum 1n a given year. Because of these differences, the reader is cautioned not to be
concerned with apparent discrepancies found 1n the tables (Table 4, for instance) pre-
sented.

1
|
|
|
J
4

ENROLLMENTS AND NUMBERS OF GRADUATES

The number of institutions enrolling students 1n undergraduate, master, and doctor
programs is given 1n Table 1 for the years of 1950 to 1956. For the graduate degrees,
not all of the institutions offering graduate degrees graduate students each year. There-
fore, the number of schools graduating masters or doctors 1n a given year may be less |
than the number of schools offering work leading to such degrees and also less than
the number of schools enrolling students for these degrees. In 1956, out of 37 schools
enrolling students in a doctors program, only 20 conferred such degree.

Of recent years the number of colleges accredited in c1vil engineering by the Eng-
neering Council for Professional Development (Table 2) has been about 80 percent of
all schools granting the bachelor degree 1n civil engineering. These schools, however,
conferred about 90 percent of the total number of first degrees. |

Table 2 shows that the peak of post-war bachelor degrees came 1n the 1949-50 |
school year with 7, 772 degrees awarded. The number then decreased to a low of

{
i
1
|
1
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TABLE 1

NUMBER OF COLLEGES AND UNIVERSITIES ENROLLING STUDENTS IN
CIVIL ENGINEERING BY DEGREE - FALL 1956'

Fall of Schools with Civil Engineeringenrollment by degree
B. S. M. S. PhD.

1956 168 93 37
1955 167 95 35
1954 166 98 36
1953 169 90 32
1952 161 90 28
1951 159 88 30
1950 153 90 30

! Includes building engineering and construction, and transportation engineering.

TABLE 2
NUMBER OF DEGREES IN CIVIL ENGINEERING

Number of Schools and BS Degrees Number Number

Accredited Not Accredited Total M.S. PhD.
Year Schools Degrees Schools Degrees Schools Degrees Degrees Degrees
1955-56 130 3,825 38 402 168 4,227 822 59
1954-55 129 3,492 32 350 161 3,868 683 29
1953-54 129 3, 532 32 424 161 3, 955° 560 43
1952-53 131 3,375 27 358 158 4, 400 560 32
1951-52 131 4,868 27 486 158 5, 354 571 43
1950-51 130 6, 450 25 616 155 7,060 658 51
1949-50 125 7,265 21 507 146 7,772 709 32
1948-49 - - - - - 6, 400 743 34
1947-48 - - - - - 3,2M 897 53
1946-47 - - - - - 3, 658 555 26
1945-46 - - - - - 900 1,486 17
1944-45 - - - - - 644 49 10
1943-44 - - - - - 1,479 -— --
1942-43 - - - - - 1,758 100 14
1941-42 - - - - - eeee- -—-- --
1940-41 - - - - - 1,430 239 26
1939-40 - - - - - me=e- 300 9
1938-39 - - - - - mmea- --- --
1937-38 - - - - - 1,572 -— -

3,868 1n 1954-55. College enrollments and numbers of graduations are now increas-
ing primarily because of increase in the birth rate following the depression period in
the 1930's. The heavy birth rate of the post-war period starting in 1946 will be a
strong factor in reaching new highs 1n civil engineering bachelor degrees by 19%0.
The peak of the number of master degrees came in 1945-46 with 1, 486, which re-
flects the unusually large number of graduates who returned to college immediately
after World War II for graduate work. A secondary peak of 897 was reached 1n 1947-
48. From 1948 to 1951 the master degrees were about 10 percent of the bachelors.
For the past three years, however, this percentage has averaged about 16 percent.
From other sources there 1s indication that the number of bachelor graduates who
return for graduate work 1s still on the increase. Prospective employers of civil
engineering graduates, then, need to realize that roughly 15 percent of the bachelor
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TABLE 3

CLASSIFICATION OF STUDENTS ENROLLED FOR GRADUATE WORK IN
CIVIL ENGINEERING - FALL 1956

(Summary of Tables 4 and 5)

Percentage Enrolled 1n Subject Major

Civil Engineering

Subject Major M. S. Candidates PhD. Candidates
|
1. Structures 47, 22 36.75 {
2. Soils 10. 53 14,13
3. Highways 9.76 4,95 1
4, Sanitation 9.13 15.20
5. Hydraulics 8.04 13.43 ‘
6. General 4.79 .35 |
7. Engineering Mechanics 3.13 8.48
8. Mumcipal 2,11 e 1
9. Irrigation 1.91 2,47
10. Construction 1.  aee- |
11. Materials .83 1. 06 l
12, Surveying .38 .35 |
13. Fluid Mechanics .32 2.83
Total 100. 00 100. 00 1
Questionnaire study: |
Number of schools reporting 75 32
Number of graduate students ‘
reported 1, 567 283 ‘
Preliminary Report, U.S. Office ‘
of Education: ‘
Number of schools enrolling
graduate students 93 37 |
Number of graduate students 1
enrolled 2,314 259 ‘

graduates are not available for employment for another year or two after their first
degree. Further, when they are available with graduate degrees, higher salaries will
be 1n order and a higher level of specialized assignments will be expected. 4

The doctors degrees 1950-51 to 1955-56 averaged slightly less than 1 percent of the
bachelors degrees and about 7 percent of the masters. With the 1ncreased weight the |
college administrations are giving doctors degrees as a qualification for a teaching
position, 1t may be expected that the number of degrees at the doctors level will 1n- ‘
crease somewhat. ‘

Usable returns were received from 75 schools reporting enrollments of master de-
gree students and 32 schools enrolling doctor degree students 1n the fall of 1956. The
possible total number of schools was 93 for the master and 37 for the doctor degrees. i
Total enrollment (Table 6) 1n the fall of 1956 was 2, 314 for the master degree and 259
for the doctors degree. The questionnaire returns included 1, 567 master degree stu-
dents and 283 doctors candidates, or a percentage of 68 and 109, respectively, of the
total enrollments 1n all schools.

In Table 3 1s summarized by percentage the enrollments in the separate majors
within c1vil engineering as obtained by questionnaire. Structural engineering 1s by
far the leader with 47, 22 percent at the masters level and 36. 75 percent at the doctor
Soils and highways are second and third, respectively, in the masters and third and
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TABLE 4

NUMBER OF MS CANDIDATES IN THE VARIOUS CIVIL ENGINEERING
SPECIALTIES - FALL 10856

Enrollment Reported from HRB Questionnaire Stud,
]
3 gl %ol le| 2] 2
Enrollment |Totall E % 5 3l = H ";' ‘é. g E d E a
State Institution reported by ‘g ] B] 8| 8| & 28 2 &l g § gles
U S Office 2l = ‘§ g1 2| £ E! 2l 5l E HE Y
Ed MEIHE BRI HEEIEID

1123 s s5]el7 [alafofus]az] 1s

Ala Alabama Poly 8 1o T 1T 2 21 -3 - - - - - -
Umiv Alabama 5 6 4 - 2 - - - - - - - -

Ariz Unwv Arizona 3 1 1 - = - e - - e - - - - -
Ark Umv Arkansas 2 2 - - - 1 - 1 - - - - - -
Callf  Calforma Tech 15 8 3 1 - 1 10 - - - - - -
Stanford 60 50 21 - 1 - 6 § - - - 1T - - -

Umv Calforma 35 73 35 1 20 13 2 - - - 2 - - - -

Colo Colorado A and M 6 4 - - - - - 6 - - 28 - - - -
Umiv Colorado kg 3328 - - -10 - - - - - - - -

Umv Denver 3 3 3 - - e - - -

Conn Yale 18 17 10 - e = - 7T - - - - - -
Dela Univ Delaware 4 8 8 - - - - - - < - - - - -
Fla Umiv Florida 8 11 3 1 2 1 - - 4 - - - - - -
Ga Georgia Tech 25 88 12 8 2 8 5 - - @8 - - - - -
Idaho Unv Idaho 1 1 - - & - - - - = - = - - -
m Illinois Inst Tech 47 22 16 1 - 4 - - - 1* - - - - -
Northwestern 43 21 10 6 - 4 - - 1 - - - - -

Univ lilinois 107 11 01 8 7 5 4 - - - - - 1 -

Ind Notre Dame 5 3 8 - - - - - -4 - - - - - -
Purdue 60 7 17 333 8 2 - - - - - T - -

Iowa Towa St Coll 26 34 7 18 1 - - - 1 - - - - -
St Univ Iowa 6 2 3 - - 318 - - - - - - . -

Kan Kansas State Coll T 5 2 - 2 - - - - - - - 1 -
Umv Kansas 30 8 8 - - - -1 - - - - -

Ky Univ Kentucky 18 1811 1 6 - - - - - - - - - -
La Tulane 18 18 18 - - - - - - - - - - -

Matne Umv Maine 3 2 - 1 - 1 - - = - - - - -

Md Johns Hopkins 10 3 1 - - - - - - - - - - 2
Umv Maryland 4 4 2 - 1 - - - - - 1 - -

Mass Harvard 10 21 3 7T - 10 - - - 1 - - - - .
Mass Inst Tech 57 61 18 13 4 - 11 13 - - - - - 2 -
Northeastern 67 1 10 - - 1 - - - - - - - - -

Untv Massachusetts ] 4 4 - - - - - . - - - - - -

Mich Michigan M and T 4 5 2 - - - - - - 3 - - - - .
Michigan State Umv 17 2 5 3 8 5 - - - - - 4 - - -

Umv Mich 54 54 30 3 5 5 3 5 - - -3 - - -

Wayne Umv 29 2 18 - - 1 - 7 - 1 -1 - - -

Minn Univ Minnesota 3 50 24 4 3 7 12 - - - - - - - -
Miss Mississippl St Coll 2 3 2 - - 1 - - - = - - - -
Mo Missour1 Mines 17 18 2 7 2 1 - - - -2 3 - -
Wash Univ (St L) 8 10 10 e - - -

Mont Montana 8t Coll 4 1 1 - - - - e e - e - - - -
Neb Unty of Nebraska - 11 - - - - - - - - - - -
NJ Rutgers 2 5 1 1 - - - - - - - e -
Stevens 4 8 2 - - - - 4 - . - - - 2

N Mex New Mewuco A and M 6 8 2 - Tt - 5 - - - - - - -
Univ N Mexico 15 0 - - - - - 10 - - - - -

NY Clarhson - 1 - 1 - - - - - = - = - - -
Columbia 100 183115 48 1* - 12 - 8 - - - - - 1

Cornell 17 26 13 1 6 1 3 2 - - - - - - -
Rensselaer 25 24 18 6 - - - - - - - - - - e

Syracuse 2 4 2 1 1 - - - - - = = - - =

NC North Carolina 8t Coll 16 17 5 2 3 § - - 2 - - - - -
N Dak Unly North Dakota 8 8 5 - - 8 - - - - - - - -
Ohio Case 31 19 12 - - 4 - - 1 2" - - - - -
Ohio 8t Univ 18 19 6 4 8 1 - - - -1 - - -

Okla Oklahoma A and M 17 20 11 - 8 - 1 - - - - - - - -
Ore Oregon State 7 7 2 - 1 2 2 - - - = - - - -
Pa Bucknell 2 2 - - - - 1 1 - - =« = - - -
Drexel 217 3 15 6 3 - - - 6 - - - - - -

Pa State Umv 9 1 4 - - 6 1 - - - - - - - .

Univ Pittsburgh 28 26 12 7 - - T - - - - - - - -

RI Umv Rhode Island 3 2 2 - - - e - - e e - - - .
8 Dak South Dakota St Coll 3 3 - - 2 1 - - - - - - -
Tenn Unv Tennessee 12 14 8 - 2 3 1 5 - - - - - - -
Texas Univ Houston 14 18 8 6 - - - 4 - - - - - - -
Unmv Texas 217 13 5 2 2 - - - - - - - -

Utah Utah St Ag Coll 2 6 - - - 5 - - - . - T - -
Va Umv of Virgima 3 3 1 1 - - e - = - 1 - -
Virginia Poly 15 15 9 - 4 - 1 - 1 - - - - -

Wash Unyv Washington 50 3 20 5 5 6 3 - - - - - - - -
‘Washington St Coll 2 2 - -« - 1 1 - - - - = - - -

Wisc Univ Wasconsin 56 71 14 - 7 15 6 - 15 13 - - - 1 -
Wyo Univ Wyoming 9 8 4 - - - 3 - - - -1 - - -
DC Catholic Univ 17 g 8 - - - - - 1 - = - - - =
Total 1,600 1,567 740 186 153 143 126 75 48 33 3029 13 5 5

! Candidates for M S 1n Water Power and Supply
2 Candidates for M § 1n City Planmng
® Candidate for M 8 in Transportation

23
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TABLE 5
NUMBER OF PhD CANDIDATES ENROLLED IN THE VARIOUS CIVIL ENGINEERING SPECIALTIES
FALL 1956
Enrollment Reported from HRB Questionnaire Study
=
& <]
n =18 Eul. || & @ 73 §
Enrollment |[Totall g % ER RN § :E; g £ § G E g
State Institution reported by E E -»‘2 Zlsls 5 E B1a E’ 2128
U. S. Office A IR H EH EL A ER R EE
Ed. alialg|ld|g|o|asS|S)la|o|E | A==
1 12 )3 )14 ]5]6]7 |8 }9 j10 j11j12] 13 i
Calf Calforna Tech 2 2 - 1 - 1 - - - - =« - = - -
Stanford 7 9 6 - - - 3 - - - - - - - -
Univ Calif 16 20 6 - 6 2 - - - 1 - - - -
Colo Colorado A and M - 6 - - - - - - - - 8 - - - -
Univ Colorado 1 3 3 - - - - - - < 4 4 . - -
Conn Yale 6 6 2 - - - - - 4 - - - - - -
Fla Univ Florida 4 5 2 - - 3 - - - - - - - - - |
Towa Towa St Coll 13 14 4 - 2 - - - - - - - - -
St Unmtv Iowa 3 3 - - - 210 1 - - - - - - -
ni Iilino1s Inst Tech 6 3 2 1 - - -« -« - « < - - -
Northwestern 8 14 5 6 - 2 - - - - - - - -1
Univ Iliinois 38 42 30 5 1 2 4 - - - - - - - -
Ind Purdue 16 18 4 5 4 2 . - - - - .- 3 - -
Md Johns Hopkins 4 5 2 - - - - 4 4 - - - - - 3
Mass Harvard 4 9 - 4 - T - - - - - - - - ‘
Mass Inst Tech 23 23 11 3 1 - 8 - - - - < - - - ‘
Mich Michigan State - 4 2 1 1 - - - - - - - - - -
YUmv Mich 15 15 18 - - 2 - - - - - - - - - }
Minn Univ Minnesota 5 3 4 1 - 3 5 - - - - - - - - |
Mo Washington Univ (St L) 1 1 1 - - e e e e e - - - ‘
NJ Stevens Inst - 2 - - - - - . 4. . 2 ‘
NY Columbia 13 8 - 2 - - - - 14 - - - - - 2 |
Cornell 7 5 2 - - 1 1 - - - - - - 1 - ‘
Rensselaer 2 T - - - 1 - - - - - .« - - - 1
Ohio Ohio State Umv 2 1T - 1 - - - - - - - - - - -
Okla Oklahoma A and M 1 2 2 - - - - -4 -4 4 a4 - - - -
Ore Oregon State 1 1 - - - 1 - - - - - - = - -
Pa Pennsylvama State 2 2 - - 1 1 - - - - - - - - - {
Texas Umv Texas 4 2 - - - 2 - - -4 - - - - - - ‘
Va Virginia Poly 1 3 - 1 - 2 - - - - - - - - - |
Wash Univ Washington 2 2 1 1 - - - - «4 - - <4 - - 4
Wisc Umv Wisconsin 13 18 2 - 1 6 4 - 6 - - - - - - ‘
Total 220 283 10440 14 43 38 1 24 0 7 O 3 1 8

sixth in the doctors listing. Because soils engineering is closely related to highway }
engineering, the combination of the two would provide a total percentage of 20. 29 ‘
masters and 19. 08 doctors of all civil engineering graduate majors available for the
highway field. Many of the structural majors would also be available for highway
bridge engineering. Over-all, whether the graduate degree candidate elects to remain
1n educational pursuits or to enter the noneducation field, the highway industry has a 1
good opportunity to obtain a fair share of those who are awarded graduate degrees. i
Tables 4 and 5 present the data summarized in Table 3, institution by institution, ‘
for the 75 which returned the questionnaire. These tables indicate the high degree of
specialization of graduate enrollment. Many of the schools have their one or two ‘
majors which attract most of their graduate students. For instance, at the University |
of Califorma, 68 out of 73 master degree students are majoring 1n structures, highways,,
|
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TABLE 6

CIVIL ENGINEERING ENROLLMENTS AND DEGREES IN THE UNITED STATES
AND OUTLYING PARTS, BY LEVEL AND BY INSTITUTION 1956

U. S. Department of Health, Education, and Welfare - Office of Education

S T e e TR e T et

Enrollment Degrees

Institution Fall 1956 _ 1955-56
B.S. M.S.2 PhD. B.S. M.S. PhD.
Civil - Grand Total 28, 312 2,314 259 4,227 822 59
Alabama 469 13 - 64 1 -
! Ala Poly 314 8 - 40 - -
Y Ala Umv 155 5 - 24 - -
Arizona 223 3 - 16 3 -
'Ariz Univ 223 3 - 16 3 -
Arkansas 166 2 - 19 3 -
'Ark Unv 166 2 - 19 3 -
Cahforma 1,222 255 25 255 115 4
'Calif Tech 20 15 2 11 20 1
Coll of the Pacif 40 - - 2 - -
Fresno St Coll 110 - - 9 - -
Loyola Univ 32 - - 5 - -
San Jose St Coll 91 - - 16 - -
! Santa Clara 92 - - 20 - -
! Stanford 131 60 7 36 31 -
!Univ Calif 381 35 16 106 34 3
! Univ So Calif 325 145 - 50 30 -
Colorado 619 86 89 10 1
'Colo A and M 91 6 18 - -
Colo Coll 4 - - 3 - -
! Colo Umv 469 i 1 50 10 1
! Univ Denver 55 3 1 18 - -
Connecticut 96 28 6 34 9 -
! Conn Univ 48 10 - 19 3 -
!yale 48 18 6 15 6 -
- Delaware 73 4 - 15 5 -
! Univ Dela 73 4 - 15 5 -
Florida 394 8 4 66 6 -
'Univ Fla 133 8 4 38 6 -
Univ Miama 261 - - 28 - -
Georgla 417 25 1 73 11 -
' Ga Tech 417 25 1 73 11 -
Idaho 149 1 - 25 - -
!1daho Univ 149 1 - 25 - -
linois 1, 099 198 52 149 110 10
Bradley 148 1 - 12 - -
111 Inst Tech 141 47 6 22 5 -
! Northwestern 84 43 8 14 16 -
1 Umv 726 107 38 101 89 10

 Indiana 1,236 65 16 270 36

Evansville 7 - - - - -
Ind Tech 286 - - 47 - -
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Table 6 continued

Enrollment Degrees
Institution Fall 1956 1955-56
B.S M. S. PhD. B.S M.S. PhD.
Indiana (continued)
! Notre Dame 175 5 - 33 1 - |
! Purdue 416 60 16 109 35 5
! Rose Poly 39 - - 14 - -
Tr1-State Coll 210 - - 57 - -
Valparaiso 103 - - 10 - -
Iowa 500 32 16 72 28 2
* Towa St Coll 370 26 13 59 28 2
! St Univ Iowa 130 6 3 13 - -
Kansas 533 317 - 49 3
! Kansas St Coll 265 7 - 30 1 -
Mun Univ Wichita 101 - - 2 - -

! Univ Kansas 167 30 - 17 2 -
Kentucky 580 37 - 69 11 -
! Univ Ky 548 18 - 59 10 -

! Univ Lousville 32 19 - 10 1 -

Louisiana 385 48 - 56 2 -
! La Poly 133 - - 10 - -
!La St Univ 117 29 - 22 2 -
'S W La Inst 66 - - 7 - -
! Tulane 69 19 - 17 - -
Maine 119 3 - 25 2 -
!Maine Umiv 119 3 - 25 2 -
Maryland 361 14 4 55 8 2
! Johns Hopkins 137 10 4 25 6 2
' Univ Md 224 4 - 30 2 -
Massachusetts 854 143 27 174 63 3
Bradford Durfee 31 - - 4 - -
Harvard - 10 4 - 12 -
! Mass Inst Tech 173 57 23 52 39 3
Merrimack Coll 54 - - 6 - -
! Unmiv Mass 96 9 - 17 - -
! Northeastern 335 67 - 59 12 -
! Tufts Univ 71 - - 26 - -
! Worcester 94 - - 10 - -
Michigan 1, 485 104 15 179 73 6
Detroit Inst 69 - - 7 - -
! Detroit Unv 182 - - 30 - -
Lawrence Inst 147 - - 5 - -
'Mich M and T 384 4 - 48 1 -
! Mich St Umiv 300 17 - 40 8 -
! Mich Univ 238 54 15 37 62 6
! Wayne Umv 165 29 - 12 2 -
Minnesota 359 31 5 39 23 6
! Univ Minn 359 31 5 39 23 6
Mississippi 442 3 - 40 3 -
1 Miss St Coll 362 2 - 29 3 -
! Univ Miss 80 1 - 11 - -



e e

27

Table 6 continued

Enrollment Degrees
Institution Fall 1956 1955-56
B.S M.S. PhD. B.S M.S. PhD

Missouril 890 42 4 100 1T -
! Mo Mines 427 17 - 44 2 -
! Unmiv of Mo 292 17 3 34 7 -

St Louis Univ 54 - - 4 - -
! Wash Univ (St L) 117 8 1 18 2 -

Montana 154 4 - 19 1 -
! Mont St Coll 154 4 - 19 1 -

Nebraska 170 - - 37 1 -
! Univ of Neb 170 - - 37 1 -

Nevada 142 2 - 15 1 -
! Univ of Nev 142 2 - 15 1 -

New Hampshire 180 - - 15 - -
! Dartmouth 51 - - 4 - -
'Umv NH 129 - - 11 - -

New Jersey 325 75 - 79 29 -
! Newark 246 56 - 51 15 -
! Princeton 42 13 - 14 12 -
! Rutgers 37 2 - 14 2 -

Stevens - 4 - - - -

New Mexaco 213 21 - 34 1 -
!New Mex A and M 127 6 - 10 1 -
! Univ N Mex 86 15 - 24 - -

' New York 2, 699 428 36 450 113 3
! Brooklyn Poly 367 140 - 57 20 -
'City Collof N Y 696 78 - 84 10 -
! Clarkson 196 - - 30 - -
! Columbia 68 100 13 17 34
! Cooper Union 100 - - 19 - -
! Cornell 281 17 - 41 12 -
! Manhattan Coll 37 - - 77 - -
'N Y Univ 227 66 13 35 19 1
! Rensselaer 242 25 2 70 15 1

Syracuse 86 2 1 11 3 -
! Union Coll 59 - - 9 -

North Carolina 694 16 - 83 6 -
!Duke Univ 76 - - 25 - -
!N C State Coll 618 16 - 58 6 -

North Dakota 241 8 - 45 4 -
!N Dak Ag Coll 155 - - 30 - -
! Univ N Dak 86 8 - 15 4 -

Ohio 1,150 47 2 165 1 -

Antioch 10 - - 2 - -
! Case 123 31 - 30 - -
! Fenn Coll 47 - - 19 - -
! Ohio Northern 82 - - 7 - -
! Ohio State Unmiv 250 16 29 -
! Ohio Univ 118 - - 24 -
! Univ Akron 20 - - 3 - -
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Table 6 continued

Enroliment Degrees
Fall 1956 1955-56
B.S M.S. PhD. B.S. M. S. PhD.
Ohio (continued)
! Umv Cincinnata 150 - - 21 - -
! Univ Dayton 124 - - 10 - -
! Univ Toledo 91 - - 10 - -
Youngstown 135 - - 10 - -
Oklahoma 320 30 1 25 10 -
'Okla A and M 172 17 1 11 4 -
! Umiv Okla 148 13 - 14 6 -
Oregon 158 7 1 24 2 1
! Ore State 158 7 1 24 2 1
Pennsylvania 1,751 181 21 321 44 9
! Bucknell 109 2 - 20 1 -
! Carnegle 238 31 3 41 - 3
! Drexel 270 27 - 49 2 -
! Lafayette 101 - - 18 - -
! Lehigh 111 39 13 34 18 5
Pa Mil College 47 - - 13 - -
! Pa State Umv 442 9 2 68 8 -
! Swarthmore 12 - - 5 - -
! Univ Penn 73 45 3 13 10 1
! Univ Pittsburgh 237 28 - 27 5 -
! Villanova 111 - - 33 - -
Rhode Island 95 3 - 23 - -
!Brown 5 - - 6 - -
'Univ R1 90 3 - 17 - -
South Carolina 675 - - 101 2 -
! Citadel 308 - - 42 - -
! Clemson 200 - - 36 2 -
S C State Coll 6 - - 2 - -
' Univ 8 C 161 - - 21 - -
South Dakota 186 3 - 41 - -
'S Dak Mines 122 - - 20 - -
'S Dak St Coll 64 3 - 21 - -
Tennessee 528 12 - 64 -
Tenn Ag and Ind 7 - - 5 -
Tenn Poly 104 - - 5 - -
! Univ Tenn 188 12 - 24 -
! Vanderbilt 159 - - 30 -
Texas 1, 588 140 6 192 35
Lamar St Tech 136 - - 8 - -
Prairie View 14 - - 3 - -
! Rice Inst 33 - - 7 - -
! Southern Meth 115 63 - 9 1 -
'Tex A and M 329 36 2 86 21
! Tex Tech 205 - - 27 - -
Tex Western 145 - - 10 - -
Univ Houston 253 14 - (f 2 -
! Univ Texas 356 27 4 35 11 1
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Table 6 continued

Enrollment Degrees
Fall 1956 1955-56
B.S. M. S. PhD. B.S. M.S. PhD.

Utah 569 3 - 59 2 -
Brigham Young 184 - - 4 - -

' Umv Utah 138 1 - 18 2 -

' Utah St Ag Coll 247 2 - 37 - -
Vermont 216 - - 24 - -
! Norwich 117 - - 15 - -

! Umiv Vermont 99 - - 9 - -
Virginia 8179 18 1 117 5 -
'Univ of Va 121 3 - 18 1 -

! Va Mulitary Inst 305 - - 65 - -
!Va Poly 453 15 1 34 4 -
Washington 603 52 2 93 9 -
Gonzaga 70 - - 5 - -

St Martins 26 - - 5 - -
Seattle 68 - - 10 - -

! Unmiv Wash 225 50 2 51 7 -
Walla Walla 20 - - - - -

' Wash St Coll 194 2 - 22 2 -
West Virginia 122 - - 11 1 -
'W Va Umv 122 - - 11 1 -
Wisconsin 835 56 13 96 11 4
! Marquette 195 - - 34 - -

! Unmiv Wisc 495 56 13 50 11 4
Wisc Inst Tech 148 - - 12 - -
Wyoming 155 9 - 26 4 -
! Univ Wyo 155 9 - 26 4 -
Dist of Columbia 292 17 - 26 3 -
Catholic Univ 74 17 - 14 3 -

! Geo Wash Umiv 107 - - 7 - -

! Howard Unmiv 111 - - 5 - -

! Alaska - U of 91 - - 4 - -
'Hawan - U of 425 - - 46 - -
Puerto Rico - U of 187 - - 59 - -

! Undergraduate curriculum accredited by the Engineers' Council for Professional
Development,
% Includes Pre-doctoral (professional) degree.

or sanitation. At the Umversity of Illinois, 91 out of 111 masters candidates arg major-
ing in structures. At the State Umversity of Iowa, 10 of 13 doctors are majoring in
hydraulics. University of Michigan has 13 out of 15 doctors in structural engineering.

There were reported 32 schools enrolling students for masters degrees in highway
engineering and 7 schools for the doctors degrees. Of the 32 schools only 11 enrolled
5 or more students for the masters degree. Of the total 153 students, 33 are enrolled
at Purdue Umversity and 20 at the Umiversity of California.

There are 11 schools out of 36 enrolling 5 or more students for the masters degree
1n soils. These 11 schools account for 123 out of the total of 166 students. Columbia
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University enrolled 48, Iowa State College 18, and Massachusetts Institute of Tech-
nology 13.

At the doctors level only two schools, University of California and Purdue Umversity,

have an enrollment in highways of more than one student. In soils, Iowa State College,
Northwestern University, Umiversity of Illinois, and Purdue University are the only
schools enrolling 5 or more candidates for the doctors degree.

The civil engineering enrollments, fall of 1956, by institution and the number of de-
grees awarded in the 1955-56 school year are gaven in Table 6. These statistics are
from reports of the U.S. Office of Education, As pointed out earhier there are differ-
ences in Table 6 and the information reported from the questionnaire study. Table 6
is useful 1n comparing graduate enrollment 1n civil engineering with undergraduate en-
rollment. Also, Table 6 affords opportunity to study the enrollment and numbers of
graduates in civil engineering in each of the 168 schools offering civil engineering.

SUMMARY

This study of the number of graduate students in civil engineering indicates that a
reasonable percentage are majoring 1n highway engineering. Although not a complete
coverage and a study whose accuracy 1s questionable in spots, this study does indicate
that about 10 percent of the civil engineering graduate students at the masters level
and 5 percent at the doctors level are majoring in highway engineering. For the 1955-
56 school year these percentages would indicate that about 80 master degrees and 3
doctor degrees were awarded with majors in highway engineering.

In soils engineering, the percentages are about 10 and 14, which would produce for
the 1955-56 school year about 80 graduates with masters degrees and 9 with the doctors
degree.

With the trend upward 1n civil engineering enrollments at all class levels, there
will be available increasing numbers of civil engineering graduates for entry into
highway work.



Turnover and Factors in the Retention of
Highway Engineering Personnel

ELLIS DANNER, Professor of Highway Engineering
University of Illinois

@IN DEVELOPING its program of research, the Highway Research Board Committee
on Education and Training of Highway Engineering Personnel found that the education
and training problems were complicated by the apparently high rate of turnover of
engineering personnel in the highway departments. The effectiveness of education and
training programs in the highway field would be greatly reduced if a considerable num-
ber of the persons developed by these programs were lost to other engineering fields.
Some definite information on the extent of turnover of engineering personnel seemed
desirable as a starting point.

The verification of a high rate of turnover in the face of a greatly expanded highway
program emphasized the need for immediate study of the causes of turnover so that
corrective measures might be initiated. To meet the engineering manpower require-
ments for the national highway program it is equally, if not more important, to retain
the experienced personnel already in the highway departments than it is to recruit ad-
ditional engineering staff. The real problem 1s to obtain the true reasons for engi-
neers leaving the highway departments and not merely assumed or commonly stated
reasons. If highway departments are to take effective action to make highway engi-
neering a reasonably attractive career, they must have factual information on the fav-
orable and unfavorable factors affecting highway engineering employment or time and
effort will be wasted. A pilot study was initiated to see how this factual information
could be obtained.

TURNOVER OF ENGINEERING PERSONNEL IN 1955

To get specific data on the turnover situation for 1955, a questionnaire was de-
veloped (See Appendix A) and sent to the 48 state highway departments and the District
of Columbia. The data obtained are given in Table 1.

Engineering losses for 1955 were approximately 10 percent of the entire engineering
staffs of the state highway departments at the end of the year. Total additions of en-
gineering personnel were somewhat greater than the losses, but a large number of
these were promotions from preprofessional grades and therefore were not additions
to total available staff. The number of new personnel hired in the preprofessional
grades was not 1ncluded 1n the data. Considerably fewer new engineering personnel
were hired than were lost, although the states desired to increase their engineering
staffs by an average of about 20 percent for 1956. This 1956 estimate was based on
needs for the normal 1956 program and did not include additional requirements for the
expanded National Highway Program, which became a reality in 1956. Indications are
that most of the state highway departments employed all of the engineering personnel
that they could attract in 1955, theretore, 1t appears unlikely that they could fill their
estimated requirements for 1956, because of relatively little increase in the available
supply or 1n their ability to attract engineers from other employers.

The total of 1, 760 for those departing on leave (mostly military leave) and those
resigning was made up mostly of younger engineers. This number 1s only slightly less
than the. total (1, 843) of new engineering personnel hired and those returning from
leave. A real training problem exists when the highway departments in an expanding
program lose almost as many experienced engineers each year (not counting the nor-
mal losses from death, retirement, and dismissal) as they add new and inexperienced
personnel. Furthermore, the increased manpower needs of the expanded highway pro-
gram are still to be met.

Serious and concerted attention to the problem of making ighway engineering a more
attractive career 1n all of the highway departments to reduce losses seems justified.

31
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TABLE 1
SUMMARY OF DATA FROM STATES ON TURNOVER OF HIGHWAY ENGINEERING PERSONNEL FOR
PERIOD JANUARY 1 THROUGH DECEMBER 31, 1955
(Total Number of States Reporting and D C - 49)
State New HEP Returming Promoted from Total Ad- Deaths or D Departed Total Net Gun + or Total HEP Desated Addi-
Hired from Leave Preprofession- cdaitions Retired  or Sepa- on Leave Lusses Net Loss ~ Dec 31, tonal HEP
al Grades rated e . 1955 for 1956
Alabama 67 5 14 86 2 0 37 36 75 +11 403 60
Arizona 5 0 6 11 2 ] 0 5 7 + 4 53 17 {
Arkansas 7 0 5 12 1 1 2 2 8 + 6 120 100
Cahforma 4186 42 235 693 39 63 62 285 449 +244 3451 410 [
Colorado 16 [} 26 42 12 1 1 25 +17 328 50
Connecticut 21 1 23 45 8 0 4 14 28 +18 402 ] ‘
Delaware 0 0 0 0 0 0 0 0 0 0 70 15
Florida 30 5 15 50 5 0 10 20 36 +16 693 50 “
Georgia 31 2 n 104 3 1 3 11 18 +86 524 160
Idaho 20 0 8 23 3 2 4 29 38 -10 130 20 ‘
Iilinois 145 21 5 171 20 3 51 141 215 -44 1002 400 !
Ind1ana % 2 0 ki 1 ] 17 26 44 +33 368 172 ‘
Iowa 30 3 0 a3 4 0 15 0 19 +14 336 50
Kansas 9 0 0 9 2 0 10 18 30 -21 317 98 ‘
Kentucky 16 1 6 23 3 0 8 50 59 -36 617 100
Louisiana 50 0 S 55 3 2 4 11 20 +35 308 109
Maine 15 3 3 21 2 0 11 9 22 -1 174 21
Maryland 4 1 0 5 2 ] 2 20 24 -19 350 30 i
Massachusetts 26 1 20 47 12 0 3 35 50 -3 702 110
Michigan 38 15 0 53 T 0 28 41 74 -21 601 174
Minnesota 21 1 65 87 15 [} 13 35 63 +24 530 50
M1881881pp1 7 3 1] 10 [] 0 1 13 14 -4 111 47
Missourt n 1 8 8 15 2 1 34 58 +20 702 40
Montana 12 3 8 21 0 0 2 5 7 +14 214 26
Nebraska 17 2 22 41 4 3 2 17 26 +15 239 40
Nevada 3 0 0 3 [ 0 1 1 2 +1 89 20
New Hampshire 16 ] 8 24 4 0 0 9 13 +11 237 79
New Jersey 16 ] 5 21 9 0 2 21 32 -11 420 140
New Mexico 15 2 12 29 2 1 2 10 15 +14 124 35 ‘
New York 14 5 97 118 41 0 10 72 128 -7 1377 850
North Carolina 17 1 14 32 4 2 2 30 38 -8 437 50
North Dakola 3 0 3 6 0 1 2 2 S + 1 63 20
Ohio 99 é 32 137 12 0 46 18 8 +681 836 200
Oklahoma 3 [} 2 5 2 ] 0 T 9 -4 115 50
Oregon 33 8 38 ki) 8 3 8 48 63 +24 495 50
Pennsylvama 5 0 9 14 3 10 0 0 13 +1 480 130
Rhode Island 4 [} 0 4 1 0 0 0 1 +3 73 87
South Carolina 13 0 0 13 3 1 1 16 21 -8 241 80
South Dakota 15 0 2 17 1 0 0 2 3 +14 91 15
Tennessee 30 6 18 54 5 [} 5 18 34 +20 218 50
Texas 93 10 0 103 4 2 34 57 7 +6 922 100
Utah 8 ) 11 22 3 1 0 10 14 +8 175 25
Vermont 12 [} 7 19 1 0 0 12 13 +6 158 57
Virgima 9 5 20 34 2 1] 7T 17 28 +8 360 60
Washington 48 4 32 84 7 17 2 38 54 +30 966 [
West Virgima 19 0 8 27 2 3 1] 49 54 -27 226 100
‘Wisconsin 38 2 1 41 [} 1] 11 29 48 -5 398 |
Wyoming 11 2 10 23 4 0 1 10 15 +8 92 28
st of Columbia 1 ] 10 17 [} 0 1 2 3 +14 92 30
Totals 1,680 163 881 2,724 289 115 428 1,334 2,164 +560 21,229 4,465'

} Estimate based on needs for the normal 1856 program and does not tnclude requirements for an expanded
National Highway Program which has since become a reality

Unfavorable employment conditions 1n any of the highway departments become generally
known and make more difficult the problem of attracting and retaining engineering per-
sonnel :n other highway departments. Thus, the efforts should be directed toward im-
proving engineering employment conditions in all highway departments up to at least
certain minimum desirable standards.

PROCEDURE FOR STUDYING FACTORS IN RETENTION OF
ENGINEERING PERSONNEL

Any highway department that wishes to change its orgamzation and administration
to improve 1ts engineering career opportunities needs specific information on what
engineering employees consider as important favorable and unfavorable employment
conditions. A proper remedy can't be prescribed unless the correct diagnosis 1s made.
How can the factual information be obtained ?

Several state highway departments have a policy of interviewing each person who
submits a resignation, as to his reasons for leaving. As a part of this Committee
study some persons who have left highway departments have been questioned about
this procedure and 1t appears likely that only partially complete and sometimes in-
correct information may be obtained when a senior person 1n the highway department
conducts such an interview. Many engineers, when they have decided to leave, don't
wish to make an 1ssue of their reasons for leaving; they don't wish to offend someone,
or they may not have clearly in their own minds the specific combination of factors
which caused them to make their decision. They give a reason which comes first to
mind——1t may or may not be the primary reason, and usually 1t 1s only one of several
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real reasons. Dependable information from persons not planning to resign, at least
immedately, 1s even more difficult to obtain.

While this conclusion 1s not verified by specific studies, there seems to be general
agreement that true and complete information can best be obtained from the engineer-
ing personnel concerned by someone outside the highway department who has their
confidence. Staff members of the engineering colleges 1n a state may know personally
a number of the engineers 1n the highway department and may be able to conduct an ef-
fective study. In any case the information given must be treated with confidence and
the person giving it must be assured that what he says will not be associated with him
personally in the study or otherwise.

After some personal interviews indicated that both present and former highway en-
gineers have developed either a favorable or unfavorable attitude toward highway em-
ployment as a composite feeling, usually without any particular analysis of the reasons,
some help in determining specific reasons was needed. It was decided to try a com-
prehensive questionnaire which would first establish factual information about highway
employment from the point of view of the particular engineer, and would then give him
a guide for selecting the favorable and unfavorable factors in order of their importance.

" The questionnaire used and the letter of transmittal are shown as Appendix B. It was
realized that the questionnaire was quite lengthy and would require considerable time

to complete. It would be useless if a reasonable number of engineers could not be suf-
ficiently made aware of its importance to be willing to fill it out accurately and com-
pletely.

For the pilot study 136 questionnaires were mailed out, 68 to engineers still em-
ployed by highway departments, and 68 to engineers no longer employed. This was
done on a paired basis, that 1s, for each engineer selected at random who had formerly
worted for a highway department, a present employee was selected who had started to
work with that highway department at approximately the same time and in the same sub-
division of the department. With only a few exceptions none of those selected had
started to work for the highway departments more than 10 years ago. Former em-
ployees returned 21 questionnaires, of which 15 were complete and 6 were incomplete
or were recelved too late to be 1included here. Present employees returned 40 ques-
tionnaires, of which 37 were complete. No followup to the original letter of transmit-
tal urging the return of the questionnaires has been sent out as yet. Inadequate for-
warding addresses for former employees reduced the percentage of those returns. It
18 believed that with suitable followup letters a sufficiently high percentage of return of
these questionnaires can be obtained to justify their use in spite of the length.

Only a partial analysis has been made of the data obtained to date. The most effect-
ive procedure for tabulating, classifying, and interpreting the great amount of data
made available by these completed questionnaires is yet to be studied. Some business
machine method may provide the most effective means of processing the data to its ful-
lest utilization. Hand methods of tabulation and analysis were used to obtain the infor-
mation presented 1n this report covering the 15 complete questionnaires from engineers
no longer employed and 37 questionnaires from engineers still employed.

SUMMARY OF EMPLOYMENT EVALUATION DATA

1. The average length of highway department employment by those no longer em-
ployed was 3 years.

2. The average monthly salary increase at the time of changing employment by
those no longer employed by the highway department was $65.

3. The present average monthly salary of those no longer employed 1s $624, whereas
the present monthly salary of those still employed 1s $555.

4. The favorable and unfavorable employment factors for both those no longer em-
ployed and those still employed by the highway department are shown in Tables 2, 3, 4,
and 5. The score shown was computed as a composite value after assigming a value of
10 to the most important of the ten factors as marked by each engineer, and 1 to the
least important, with proper scale values between these two. The score indicates
something of the relative 1mportance of the factors listed.
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TABLE 2

FAVORABLE EMPLOYMENT FACTORS LISTED BY THOSE NO LONGER

EMPLOYED BY THE HIGHWAY DEPARTMENT

1. Reasonable assurance of continued employment even 1n depression.

2. Interesting and enjoyable work.

3. Steady future highway development and the corresponding demand for engi-
neering services offer a high degree of security of employment 1n the high-
way engineering field.

4. Good bosses or supervisors, well-trained, know their job and how to
handle people.

5. Doing type of work on which the engineer makes important decisions and
does i1ndependent work.

6. Expanded highway program and prospective retirements indicate good
opportumties for advancement for some years to come.

7. Associates friendly and helpful.

8. Good opportunity to learn and gain valuable experience in my field of
interests.

9. The technical and engineering staff below a few top level positions are
free from transfer or removal for political considerations.

10, Liked the community and people in the area.

11. Salary levels satisfactory for starting and for the first few years of
engineering work.

12, Challenging and stimulating work most of the time.

13. Work of the highway department essential to national economy, feel that
total accomplishment 1s important.

14. Satisfactory sick leave and compensation policies 1n effect.

15. Amount of paid vacation allowed per year satisfactory.

TABLE 3

Score
59
55
39

31
30
27

27
27

25

22
21

20
20

20
18

FAVORABLE EMPLOYMENT FACTORS LISTED BY THOSE STILL EMPLOYED

—

O W O DN

6
1.

14
15.

BY THE HIGHWAY DEPARTMENT!

. (3) Steady future highway development and the corresponding demand for

engineering services offer a high degree of security of employment 1in the
highway engineering field,
(2) Interesting and enjoyable work.

. (1) Reasonable assurance of continued employment even 1n depression.

Retirement plan including deductions and benefits satisfactory.

. (6) Expanded highway program and prospective retirements indicate good

opportunities for advancement for some years to come.

. (12) Challenging and stimulating work most of the time.

(13) Work of the highway department essential to national economy; feel
that total accomplishment 1s important.

.(10) Liked the community and people 1n the area.

Progress 1n increased responsibility reasonably regular and certain.
Promotions generally made from lower engineering grades and not from
outside the highway department.

Wide choice of employment and employers 1n the highway field.
Good working hours.
Adequate housing available 1n assigned area.

(7) Associates friendly and helpful.

(15) Amount of paid vacations allowed per year satisfactory.

! Numbers 1n parentheses indicate corresponding position of the same item 1n

Table 2.

Score

136
113
102
100
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TABLE 4

UNFAVORABLE EMPLOYMENT FACTORS LISTED BY THOSE NO LONGER
EMPLOYED BY THE HIGHWAY DEPARTMENT

Score

1. The chances of getting up to a reasonably comfortable living salary in bi
later years are too slim to make a career with the highway department
attractive,

2. Engineering salary scale 1n general too low as compared with private 49
1industry and other opportunities.

3. Salary progress too slow, either adjustments not given often enough or 36
the amount of adjustments too small.

4, Too much political interference 1n general with the work and operations of 34
the highway department.

5. Undesirable and unnecessary changes 1n highway department policies 24
occur with changes 1n administration.

6. Rate of advancement very slow and discouraging after first few years of 21
employment.

7. No pay given for overtime work. 21

8. Services used below the level of professional engineering talent. 21

9. No recognition or consideration given for overtime work. 20

10. Other employees dissatisfied and disgruntled with the highway department, 20

continued talk of all the things that are wrong.

11. Members of the legislative group responsible for laws and regulations of 19
the highway department show little respect or consideration for the techni-
cal and engineering staff.

12, Chief engineer removed and replaced with changes 1n administration. 19

13. Salary levels too low for older engineers 1n technical work not classified 18
as supervisory or administrative in nature.

14. Not assigned to duties that I was informed I would have. 17

15. No distinction made between good and poor work and hence no encourage- 17

ment to do good work.
TABLE 5

UNFAVORABLE EMPLOYMENT FACTORS LISTED BY THOSE STILL EMPLOYED
BY THE HIGHWAY DEPARTMENT

Score

1.(2) Engineering salary scale 1n general too low as compared with private 121
industry and other opportumties.

2. Economic remuneration not in line with the responsibility of the work. 117

3.(6) Rate of advancement very slow and discouraging after first few years 95
of employment.

4. (1) The chances of getting up to a reasonably comfortable living salary in 90
later years are too slim to make a career with the highway department
attractive.

5. (3) Salary progress too slow, either adjustments not given often enough or 81
the amount of adjustment too small.

6. Too much consideration given to years of service and not enough to quali- 78
fications and ability 1n making selections for promotion.

7. (7) No pay given for overtime work. i

8. Only a relatively few administrative positions offer any desirable future. 62

9.(9) No recognition or consideration for overtime work. 57

10. Very seldom am I informed about personnel actions affecting me until 57
they have become effective.

11. Financial reward not adequate for education and training required. 56

12.(13) Salary levels too low for older engineers in technical work not 53
classified as supervisory or admimstrative in nature.

13. Away from home too much. 48

14, (8) Services used below the level of professional engineering talent. 36

15.(4) Too much political interference in general with the work and operation 34

of the highway department.

! Numbers 1n parentheses indicate corresponding position of the same 1tem in Table 4.



5. Questions N-14, N-15, and N-16 were designed to find out the attitude of those
still employed toward continuing employment with the highway department. These
were marked as true statements by the following numbers of men still employed:

36 1
|
|
i

6. The average over-all ratings given the highway department as a prospective
career organization in item S are (a) by those no longer employed, 5.7; (b) by those
still employed, 6. 4. ]

7. For the question in item T as to whether the engineer thought that the highway
department could be made into an excellent prospect as a career organization, 43 '
answered yes, 6 answered no, and 3 did not answer.

N-14 (Satisfied) 14

N-15 (Dissatisfied, but no decision to move) 9 i

N-15 and N-16 7

N-16 (Dissatisfied and looking for another job) 4 |

None of the three 3 1
|

CONCLUSIONS OF THIS PRELIMINARY STUDY

1. The rate of turnover of highway engineering personnel 1s sufficiently high to
justify coordinated and intensive study aimed at making highway departments more at-
tractive career orgamzations.

2. The employment evaluation studies based on a questionnaire method and con-
ducted by personnel outside the highway departments are practical and will give useful
information for evaluating employment conditions and prescribing corrective measures.

3. This research should be continued, with several additional highway departments
participating 1n parallel studies to develop effective procedures and to check the find-
ings of this preliminary study.

4. Indications from the preliminary study are that salary levels in the highway de-
partments, particularly for the higher grades, are not sufficiently high relative to
other fields, to offer attractive career opportunities to young engineers, and this 1s a
major factor to engineers in considering highway employment. However, a number of
other factors influence the decision of engineers to leave highway employment and it 1s
usually the effect of the combination of factors that results in the final decision for a
change.



37

APPENDIX A
QUESTIONNAIRE TO STATE HIGHWAY DEPARTMENTS

Data on Turnover of Highway Engineering Personnel - 1955

(Note: The information given below should include only the highway or civil engineering
personnel 1n the professional grades, that is, the personnel in highway or civil engi-
neering positions that require graduation from an engineering college or equivalent
engineering training and experience. Whether or not the persons are registered or
licensed under state laws as professional engineers is not to be considered in your
tabulation. Do not include preprofessional or subprofessional personnel, that is, rod-
men, engineering aides, draftsmen, laboratory technicians, etc. who hold positions
not requiring education and experience equivalent to the requirements for the profes-
sional grades. (See paper No. 761 of the American Society of Civil Engineers, August,
1955, for listing of requirements of professional grades of engineering position). No
doubt most of you have some other professional engineering classifications such as
chemical, electrical, mechanical, and landscape engineers, but as this number 1s
relatively small do not include these persons 1in your report.

Name and address

of organization

(Please give data for the period January 1 through December 31, 1955)

1. ADDITIONS TO HIGHWAY ENGINEERING PERSONNEL:

a. New personnel hired during the year

b. Personnel returning from military or other leave

c¢. Personnel promoted from preprofessional grades
d. Total additions

2. LOSSES OF HIGHWAY ENGINEERING PERSONNEL:
a. Personnel deaths or retirements

Personnel dismissed or separated for cause

Personnel going on military or other leave

Personnel resigning to go into other work

I S L

Total losses

Net gain Net Loss

4. Total number of highway engineering personnel on duty
with your organization as of December 31, 1955

5. Estimated number of additional highway engineering person-
nel that you would like to have 1n your orgamzation for 1956
1f you could employ them

Name of person making report
Date Title

(Mail to. Highway Research Board
Committee on Education and Training of Highway Engineering Personnel
201 Civil Engineering Hall
Umversity of Illinois
Urbana, Illinois




38

APPENDIX B
QUESTIONNAIRE TO INDIVIDUALS

To: Selected Engineering Employees and Former Employees of the
Highway Department.

Dear Sir: |

With the approval by Congress of the Federal-Aid Highway Act of 1956 we are
entering upon a long-range highway development program of immense proportions.
The planning, design, construction, and maintenance of these highways will challenge
our engineering capabilities to the limit.

In general, highway departments are understaffed for this enlarged program be-
cause of their inability to retain sufficient engineers in career positions. How can
highway departments attract and hold the engineering personnel that they will need
for years to come? The Highway Research Board is conducting a study aimed at pro-
viding some of the answers to this question. This study is being undertaken in several
states.

Apparently changes must be made in the orgamzation and operation of highway de-
partments if they are to offer real career opportunities. What are these necessary
changes? Only substantial factual information can be helpful in determining what these
changes should be and 1n persuading the administrative authorities to make these change
And only you people who have worked or are still working in the highway department
can provide this factual information.

Will you be willing to contribute to this study by filling out the three parts of the
enclosed questionnaire and returning them to me? It will take some time and careful
thought on your part to be sure of the correct answers and only the correct and truth-
ful answers will be of any value. I hope that you have sufficient interest 1n professional
engineering development to give us the data that i1s needed. I assure you that your
answers will be handled in a confidential manner and will not be associated with you 1n
any way.

May I depend upon you to help by filling out and returning the enclosed items to me
within the next week or two?
Very sincerely,

Encls.
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Study of Factors in Retention of Highway Engineering Personnel

Identification Data

Highway Department:

Date

} PART 1
|
|
i

1. Name Confidential File No.

2. Present mailing address

3. Business telephone number

4, Present employer

Signature

(Please return completed Parts I, II, and III in the enclosed stamped and
addressed envelope to

Parts 11 and 111 will be kept and used sepa-
rately irom Part I, will be identified by confidential file number only, and
will not in any way be associated with your name 1n any of the studies and
reports. Only the addressee above will have access to this identification
data in Part I or will have any opportunity of associating Parts II and III
with your name and that will be done only for the purpose of checking and
verifying the return of this report. Access to Part I will also be limited
to the addressee to prevent any possibility of identification from personal
data shown therein.)

I hereby certify that the material returned by you will be treated in a confidential
manner to prevent the data furnmished from being associated in any way with you or
your name by anyone except the undersigned.

Date

Name and Title
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Study of Factors in Retention of Highway Engineering Personnel

PART 1I
Confidential Personal Data

Highway Department:

Confidential File No. Date

1. Business of your present employer

2. Your present position and duties

3. Present monthly salary or income from above employment:

Total $ Regular monthly salary $ Average monthly overtime
pay $ Average monthly expenses or other allowances $ Aver-
age monthly bonus or share in profits § Average monthly commis-
sion $

Year of graduation from high school

Home town and state at time of entering college

B.S degree.
Branch of engineering Major or option, if any
Institution Date received

7. M.S. degree:
Major field of study
Institution Date received

8. Employment by Highway Department-

a. How hired- (1) I personal interview, by whom?

(2) Contact through friend?

(3) Correspondence contact only?
b. Date of starting work
c. Monthly salary at time of starting work $
d. Bureau or district to which assigned when starting work
e. Position classification and duties now if still employed or just before resigna-
tion if no longer employed

f. Present monthly salary and expenses if still employed by the Highway Depart-
ment or Just before resignation if no longer employed. Total $

Regular monthly salary $ Average monthly expenses or other allow-
ances $

8. Bureau or district to which assigned now if still employed or just before
resignation if no longer employed

h. Effective date of resignation if no longer employed

1. Amount of temporary employment with the Highway Department before gradu-
ation (summers, vacations, etc.) Total in months

J. At the time of accepting employment how long did you expect to stay with the
Highway Department ?

9. Employment immediately after leaving the Highway Department.
a. Business of new employer
b. Monthly salary or income when starting new employment:
Total § Regular monthly salary $ Average monthly overtime
pay $ Average monthly expenses or other allowances $
Average monthly bonus or share in profits $ Average monthly commis-
swons $
c. Other benefits received with new employment
d. Are you presently working for the same employer that hired you immediately
after leaving the Highway Department ?
e. Did you actively seek new employment or did the opportunity come to you un-
solicited ?

10, Additional comments about personal data:
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PART II
Confidential Employment Evaluation Data

Highway Department:
' Confidential File No. Date

Please place the proper marks 1n Columns (1), (2), and (3) 1n accordance with the

| instructions below:

Column (1):

Evaluation of attitudes and conditions affecting employment with the
highway department.

a. Mark in the brackets 1in Column (1) for each numbered statement
listed on the following sheets whether, according to your personal
knowledge, experience, best judgment, and feelings, each statement
1s True (T), False (F), Unknown (U), or Not Applicable (N) as far as
you are concerned.

Column (2): Favorable factors for employment with the highway department.

Column (3):
Notes: 1.
2.

a. After marking all items in Column (1), go through the entire list of
statements and select the ten conditions that you consider most favor-
able and important to employment as an engineer with the highway de-
partment (they may be either true or false statements as worded, as
long as the actual conditions existing are favorable). Mark those ten
conditions in the appropriate brackets in Column (2) with a (1) for the
condition that you consider the most important favorable condition
(having the greatest influence on your staying with the highway de-
partment) and rating the others (2), (3), (4), etc., in order of im-
portance down to (10) for the one of the selected ten favorable con-
ditions that you consider of the least importance.

b. In addition to the above ten rated favorable factors, mark inColumn
(2) wath an (F) any other favorable conditions which you think important
enough to have some 1nfluence on your decision about a career with the
highway department.

Unfavorable factors for employment with the highway department.

a. Go through the entire list of statements again and select the ten con-
ditions that you consider most unfavorable and important to employment
as an engineer with the highway department (they may be either true or
false statements as worded, as long as the actual conditions existing
are unfavorable). Mark these ten conditions in the appropriate brackets
in Column (3) with a (1) for the condition that you consider the most im-
portant unfavorable condition (having the greatest influence on your leav-
ing the highway department) and rating the others (2), (3), (4), etc., in
order of importance down to (10) for the one of the selected ten unfavor-
able conditions that you consider of the least importance.

b. In addition to the above ten rated unfavorable factors mark in Column
(3) with a (U) any other unfavorable conditions which you think important
enough to have some influence on your decision about a career with the
highway department.

In marking Column (1) you will find some statements that have essentially
the same meaning as other statements in the list with a different wording
or you will find some statements that mean just the opposite of other
statements 1n the list. Please mark each statement individually on 1its
own merits as 1t 18 stated and do not be concerned about the apparent
duplication in statements. Answer each i1tem on the basis of average or
normal conditions and not for the exceptional case.

Please complete both Columns (2) and (3) regardless of whether you are
still employed by the highway department or have resigned and accepted
other employment.
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All answers given should reflect your own personal views and those of
your family and should not be the ideas of other engineers or associates
except as those 1deas have molded your own opinions.

Ll el
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20.

Noohwnrew

®

10.
11.
12.
13.

14,

Employment Evaluation Statements

Assignment and characteristics of work
Not assigned to duties that I was informed I would have.
People hired for engineering jobs and assigned to duties for which
they are not qualified.
Consideration given to likes and abilities in assigning to duties.
Work too standardized and little opportunity to use new ideas.
Prefer technical to non-technmical or administrative work if respon-
sibility and pay are commensurate.
Interesting and enjoyable work.
Dislike for the kind of work assigned to me.
Training and ability effectively utilized generally.
Challenging and stimulating work most of the time.
Appointment or promotion to a position based on merit and qualifi-
cations.
Services used below the level of professional engineering talent.
Special or advanced education and training encouraged and effectively
used.
Boredom with too much routine work,
Assigned an aim or work goal for each job that was understood.
Not enough variety in type of work assigned over a period of time.
Progress in increased responsibility reasonably regular and certain.
Doing type of work on which the engineer makes important decisions
and does independent work.
Moved around to different types of work too much and not given the
opportunity of staying with a particular job.
No distinction made between good and poor work and hence no incen-
tive or encouragement to do good work.
Not the type of work available that I would want to do for very
many years.

Working conditions

General geographical location of the work not desirable.

Disliked the immediate local area where assigned.

Satisfactory office conditions, space, lighting, etc.

Too much overtime work required.

Paid for overtime work,

Working under pressure too much of the time.

Adequate supporting help, clerical, stenographic, etc., provided
for work.

Punching a time clock or an equivalent check on working hours
required.

Too much work and not enough engineering staff to permit doing a
good job.

Assigned a Job and given considerable freedom in time and manner
of getting the job done.

Too little higher level long-range planning resulting in too much
uncertainty about what is to be done from day to day.

Good working hours.

General attitude prevails that the important thing 1s to get a job
done with little apparent interest in being sure that 1t 1s a good
engineering job.

No recognition or consideration for overtime work.
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Pleasant surroundings and atmosphere for work.
Co-workers who are well known and have influence.

Living conditions

Adequate housing available in assigned area.

Away from home too much.

Good shopping facilities easy to reach.

Few recreational facilities available within a reasonable distance.
Good schools in the community for the children,

Required either to move too often or to live away from the family
during the week.

Liked the community and the people in the area.

Living too expensive 1n assigned area.

Direct compensation

Financial reward adequate for education and training required.
Economic remuneration not in line with the responsibility of the work.
Adjustments in salary reasonably regular and certain,

Unfair discrimination in making salary adjustments.

Provision not made for salary differentials adjusted to cost of living
for different areas of the department territory.

Salary progress too slow, either adjustments not given often enough
or the amount of adjustment too small.

Salary levels satisfactory for starting and for the first few years of
engineering work.

Salary levels adequate for higher level administrative positions.
Salary levels too low for older engineers in technical work not
classified as supervisory or administrative in nature.

Engineering salary scale in general too low as compared with private
industry and other opportunities.

No pay given for overtime work.

Regular pay increases given on a merit rating basis.

The chances of getting up to a reasonably comfortable living salary
in later years are too slim to make a career with the highway de-
partment attractive.

Salaries are not sufficiently far out of line to make them a principal
deciding factor regarding a career with the highway department,

Special reimbursements and benefits

SRk wNEH

Amount of paid vacation allowed per year satisfactory.

Not allowed expenses for trips to technical conferences and meetings.
Satisfactory sick leave and compensation policies in effect.
Allowances for travel and other expenses away from home not adequate.
Vacation time can be accumulated from year to year.

No group hospitalization or insurance plan.

Retirement plan including deductions and benefits satisfactory.

Car mileage allowance for private cars inadequate.

No consideration for length of service 1n vacation plan.

Adequate number of highway department-owned cars are provided for
engineer use on difficult jobs or for lengthy travel.

Educational and development opportunities

Training program for newly employed engineers effective.

Not given opportunity to attend technical meetings and conferences.
Assignments rotated to give broad experience and over-all view of
the department's work.

Not encouraged to study, improve, and develop.

Encouraged to work on technical society committees.

Co-workers from whom one can learn much.
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11.

13.
14.

Lack of opportunity for professional level training and experience.
Given opportunity to exchange technical information with engineers
in other organizations.

Training program was not what I was lead to expect.

Good opportunity to learn and gain valuable experience in my field
of interests.

Very little in the way of department educational programs provided.
No planned opportunity for advanced or additional study at educa-
tional institutions.

Encouraged to take extension courses.

No planned program of training and experience in preparation for
the next higher positions for which I might be considered.

Opportunities and procedures for advancement

Only a relatively few administrative positions offer any desirable
future.

Not enough opportunity and renumeration for technical engineering
work,

Procedure for evaluating ability and making promotions 1s well
planned and fair.

Rate of advancement very slow and discouraging after first few years
of employment.

Too much consideration is given to years of service and not enough
to qualifications and ability in making selections for promotion,
Promotions generally made from lower engineering grades and not
from outside the highway department.

Expanded highway program and prospective retirements indicate
good opportunities for advancement for some years to come.

Characteristics of direct supervision

Good bosses or supervisors, well-trained, know their job and how
to handle people.

Supervisor expected too much of me beyond my education and ex-
perience.

My progress reviewed regularly and guidance and help given.
Supervisory personnel lacked training and ability 1n supervision.
No particular interest in my welfare and success.

Didn't know generally where I stood with the boss.

Given too much close supervision.

Supervisor didn't try to teach me the Job or give me an opportunity
to learn.

Supervisor tolerant of errors or mistakes, considerate and helpful.
Given opportunity to make important decisions.

Not informed of personal progress and deficiencies.

Given recogmtion by my supervisor for the work that I did.
Supervisor had poor personal attitude and made life unpleasant.
Given opportumty of working independently and on my own 1nitiative.
Given guidance and counsel along personal as well as professional
lines.

Professional status and recognition

Treated as part of the management team.

Inadequate recognition of achievements for the department.

Not given time to participate in outside professional activities.
Registration as a professional engineer not required except for a
few top level positions.

Treated, respected, and recognmzed as professional men.

Apparent lack of appreciation by top management of the value of the
engineering work,
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Prospects for professional development good.

Engineers and non-professional employees treated the same.
Recognition and citations given for engineers doing outstanding
professional work.

Political influences

No political endorsement or sponsor required to get an engineering
job.

Too much political interference in general with the work and opera-
tions of the highway department.

The technical and engineering staff below a few top level positions
are free from transfer or removal for political considerations.

All higher level positions filled on a political basis and subject to
change with changes in administration.

All highway department employees, technical and non-technical, are
employed on a career basis, are trained to do their jobs well, and
are removed only for inefficiency or misconduct.

Political appointments of incompetent or unnecessary persons are
made 1n the highway department.

No political contributions are required from the technical and en-
gineering staff.

Undesirable and unnecessary changes in highway department policies
occur with changes in administration,

All technical and engineering staff employed and removed on a merit
basis only, free of political patronage procedures and implications.

Too much political influence brought to bear on engineering decisions.

No pressure on engineers to actively work in political campaigns.

Chief engineer removed and replaced with changes in administration,

Security of employment

Wide choice of employment and employers in the highway field.
Reasonable assurance of continued empioyment even in depression.
Lack of stability of employment, not continuous work.

Capricious removal from the job, demotion, or transfer, occurs too
often.

Steady future highway development and the corresponding demand for
engineering services offer a high degree of security of employment
1n the highway engineering field.

Human relations

Didn't like the way my boss treated me.

Associates friendly and helpful.

Irritated by some of the administrative staff who reviewed my work.
Enjoyed the people with whom I worked.

Didn't care for the official contacts that I had to make with the public.
Got along well and liked working with the contractor's organization on
the job.

Didn't get cooperation from the persons who worked under me.

Personnel management

Proper methods of rating and evaluating performance used.

No provision for handling grievances or complaints.
Non-discrimination 1n personnel actions; fair treatment given all
around.

Little or no apparent concern about or attention to personnel problems.
Position classification system well developed and adequate for tech-
nical and engineering jobs of the different levels of responsibility.

No training for supervision and admimistration.
Not enough delegation of authority to heads of major subdivisions to
act on personnel matters.
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15,
16.

17.
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Personnel actions handled promptly and fairly.

Performance rating system used is unfair and produces considerable |
dissatisfaction.

Effective methods of evaluating jobs and establishing salaries for
different positions provided.

Inadequate personnel organization provided.

Employee associations and activities encouraged.

Personnel policies and actions too standardized and restricted.

A personnel advisory committee appointed and active in study and
recommendations for personnel improvements.

Sufficient staff provided at all levels to handle personnel problems.
No merit rating system in effect.

Adequate personnel management plans and policies provided.

Work of the mghway department essential to national economy; feel
that total accomplishment is important.

Other employees dissatisfied and disgruntled with the highway depart-
ment; continued talk of all the things that are wrong.

Good public relations section that keeps the public properly informed
on the work of the department and the engineering methods used to ‘
provide good highways. :
No interest taken in my personal problems. |
Given a feeling of fair treatment in relation to others. |
Highway department not respected by the general public.

Made to feel that I am important {o the highway department.

Older supervisory employees have attitude of indifference and dis-
satisfaction with the department.

Given a feeling that the job is important and worth doing.

General feeling among employees and outsiders that the highway de-
partment is a poor organization for which to work. |
Made to feel a real pride in the department and the things that 1t does.
Appreciation shown for extra effort and good work.

Highway department organized and managed efficiently to stimulate pride.
Satisfied with present work with highway department and am not 1n- |
terested 1n other employment.

Am not satisfied with vresent employment with highway department,
but haven't yet had sufficient urge to cause me to go elsewhere.

Am not satisfied with present employment with highway department

and intend to take another job when I find something to my liking.
Members of the legislative group responsible for laws and regula-

tion of the highway department show little respect or consideration

for the technical and engineering staff.

General morale {
|
|

Communications

Established plans and procedures 1n effect for keeping employees

informed on what is going on and planned for the highway department,
Not kept informed on objectives of the department.

Given free opportunity to make suggestions to improve employment
conditions.

Hear too many things indirectly about the highway department that

I would much prefer to hear directly from my boss.

Am encouraged to submit suggestions that will make a better engi-
neering job.

Very seldomamI informed about personnel actions affecting me un-
til they have become effective.

Communications from top level administrations are inadequate to de-
velop close engineering-administration relations and a sense of
teamwork.
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Organization and general administration of the mghway department
Organization of the highway department adequate for efficient oper-
ation,

Need a public relations section in the department.

Need to hire or train many more engineering technicians as support-
ing help for the engineering staff.

Decisions made at too high a level; not enough delegation of authority
for efficient operation.

Engineering manpower is effectively utilized.

Too much delay in getting important decisions made.

Strong and effective leadership provided at the several administra-
tive levels.

Much time and effort wasted by changes in decisions and assignments
of work.

Outside or other influences

Offered a big salary outside that I could not refuse.

Wife dissatisfied with moving, housing, my absence from home, type
of work I did, associates and their families, living conditions.
Offered position elsewhere with opportunity greater than anything
possible 1n the highway department.

Preferred to work nearer home.

Received other important benefits in new job not available to me 1n
the highway department.

Preferred to work at a particular location.

Additional comments (Add here any other remarks about employment
with the highway department not covered by previous statements that
will be helpful in the evaluation. )

Over-all rating of highway department

In considering your lifetime engineering career, how would you rate
the highway department as a prospective organization in which to
develop that career ? Please mark your rating with an X in the ap-
propriate brackets below, marking (10) if you consider the highway
department an excellent and desirable prospect, (1) if you consider
it a very poor and undesirable prospect, or the appropriate number
in between according to your judgment of the career prospects.

O O O O O O O O O ()
1 2 3 4 5 6 7 8 9 10

Very Poor Excellent

T.

If you have marked any number other than (10) in S above, please
answer yes or no to the following:

From your experience do you think that is practical and possible to
make the necessary changes in the highway department required to
make 1t an excellent prospect for career employment ?




Increasing Productivity of Engineers
Through the Use of Electronic Computers

L. R. SCHUREMAN, Highway Engineer
Bureau of Public Roads

@IN A symposium at the 35th (1956) Annual Meeting of the Highway Research Board,
the potentialities of the electronic computer as a means of 1increasing engineering pro-
ductivity were stressed.®

At that time, exploratory work in the Arizona Highway Department, the California
Division of Highways, and the Bureau of Public Roads had just begun to produce tangi-
ble results. In Arizona, a method had been developed and adopted for the computation
of centerline grades on a Univac 120 punched-card electronic computer as the imtial
step 1n the mechanization of earthwork computation. In California, methods had been
developed and adopted for performing survey computations and earthwork computations
on an IBM 604 electronic calculating punch. (Subsequently an IBM 650 electronic com-

puter was installed and these methods were adapted to 1t.) The Bureau of Public Roads,

in collaboration with the Computer Division, Bendix Aviation Corp., had developed a

method for computing earthwork quantities on a Bendix G-15 electronic computer. This

method was demonstrated at the ARBA convention at Miam1 Beach 1n January 1956.

From these 1nitial applications, highway engineers have been quick to recognize the
possibilities in electromic computers and during the past year interest has grown tre-
mendously. Regional conferences of officials and engineers of the state highway depart-
ments, the Bureau of Public Roads, computer manufacturers, consulting firms, and
contractors' organizations were held 1n Chicago, Albany, and Atlanta. At these con-
ferences, electronic computers and their application to highway engineering operations
were explained, demonstrated, and discussed.

Engineers in the state highway departments and in the Bureau of Public Roads have
been and are devoting much time and effort to further exploration and a number of ad-
ditional applications have been developed or are 1n process of development. This paper
1s essentially a report on these applications and other aspects of computer use.

THE ELECTRONIC COMPUTER

The type of electronic computer best suited to highway engineering work, and the
one which has been used 1n all of the applications developed thus far, 1s the general-
purpose digital computer. As 1ts name implies, the digital computer works with digits
or numbers. The other type of electronic computer 1s the analogue computer, in which
quantities or physical conditions such as pressure, temperature, or flow are repre-
sented by analogous electrical quantities,

The electronic digital computer 1s simply a computing machine which can add, sub-
tract, multiply, and divide. However, 1n addition, 1t can follow a predetermined con-
tinuous sequence of operations without human intervention; it can compare two numbers
and follow either of two courses of action, depending on which number 1s the larger;
and 1t can store numbers in its "memory" for use as needed in the computation. These
characteristics, together with its fantastic speed of operation, make the electronic
digaital computer an extremely valuable device for the solution of problems involving
large masses of data or large numbers of mathematical operations. The desk calcu-
lator can complete, as an average, about four or five arithmetic operations per minute,
but a medium-sized electronic computer can complete many thousands of such opera-
tions 1n a minute. It can do this 24 hours a day, month after month, with an average
down-time of only about 10 percent.

! "Increasing Productivity in Engineering" L. R. Schureman, Highway Research Board
Bulletin 134, p. 62, (1956).

48
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To use the computer for the solution of a problem, it is necessary to feed into it a

prepared detailed instruction series that governs its sequence of operations in solving
[ the problem. This is called a program. Depending on the complexity of the problem,
the preparation of the program may take weeks or months. However, 2nce completed
and checked, the program, expressed in coded form on tape or cards, or wired on
control panels, can be placed in the computer in a very short time. It can be used
over and over, year after year, whenever that particular kind of problem 1s to be
solved. As many programs as desired may be developed for the same computer, so
that 1t may be used at 9:00 a. m. for earthwork computation, at 9:30 a. m. to produce
a payroll, at 11:00 a. m. for a structural design problem, and so on.

In the development of a computer program, the problem first must be carefully de-
fined and analyzed. It is then broken down into its component parts and these parts
are further broken down into elementary mathematical operations, all arranged in
proper sequence for the solution of the problem. This sequence, expressed in the
form of a flow chart or a precise step-by-step written procedure, is then translated
- 1nto "machine language" so that the program can be used by the computer. It is then

carefully checked on test problems and released for use.

In an engineering problem, the engineer's knowledge, accumulated through years of
study and experience, is embodied in the program. Once the program is completed
and released, this knowledge is thereafter applied automatically, thus relieving the
engineer of repetitive analysis and routine computation. In this way, the engineer and
the computer form a team in which the capabilities of each are used to best advantage.

| The knowledge, 1magination and judgment of the engineer used in devising a design
proposal for a specific project must, of course, remain with the engineer—it cannot
be mechanized. The value of the electronic computer lies in its use in the analysis
and evaluation of the design proposal or of alternate design proposals. It cannot re-

~ place the engineer, but 1t can serve effectively in increasing his productivity.

APPLICATIONS OF THE ELECTRONIC COMPUTER IN HIGHWAY ENGINEERING

At present electronic computers are being used for survey computations; for the
computation of centerline grades; for earthwork computations, both at the design stage
and for final payment; for both geometric and structural design computations for
bridges; for traffic studies, including the development of trip desire charts, and the
assignment of traffic to a proposed new route or system of routes; and for a number of
less complex operations.

More then 20 states are either using electronic computers on highway engineering
- work or are awaiting delivery of them. Others are considering installations. Some
states, and the Bureau of Public Roads, are using computer facilities at service
bureaus, universities or other agencies. In addition, a number of consultants either
have computers or are using computer facilities commercially available.

The computers being used in the states or on order include the Bendix G-15, the
IBM 604, the IBM 650, and the Umvac 120. The Bendix computer uses punched tape,
 the others use punched cards. Other computers of comparable capabilities are avail-

able and may also enter the field.

Survey Computations

In the Califormia Division of Highways, survey computations involving an average of
more than 2, 000 courses per day are now being performed on the electronic computer,
covering location, interchange and bridge design and layout, and right-of-way takings.
The computations include the determination of unknown lengths and/or bearings, error
of closure, traverse adjustments, coordinates, and areas for closed traverses, and
are performed in a central computing unit which serves both the headquarters office

and the eleven district offices. Survey data from district offices are processed and

 mailed back to the districts, usually on the same day as received. The time required
for the computer method, including the preparation of input data, 1s about 20 percent
of the time required using manual methods. The cost is about 40 percent of the cost
by manual methods.
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Similar programs have been developed and adopted by the Texas Highway Depart-
ment and the Nebraska Department of Roads and Irrigation.

The Bureau of Public Roads 1s developing a program for location traverses which
will compute bearings and coordinates starting from any point of known coordinates,
using measured course lengths and deflection angles.

The Oregon Highway Department 1s using electro-mechamcal punched-card equip-
ment for survey computations, with plans for converting to an electronic computer in
the near future.

Grade Computations

In the Arizona Highway Department, the program developed for the computation of
centerline grades, previously mentioned, 1s being used 1n day-to-day operations. The
grades are computed 1n a continuous process through vertical curves and station equa-
tions. The time required for the computer method, including the preparation of input
data, 1s about 25 percent of the time required using manual methods.

The Lowsiana Highway Department and the Ohio Highway Department have com-
pleted similar programs, and the Illinois Division of Highways has included grade
computation 1in 1its program for the computation of earthwork quantities.

The Texas Highway Department 1s investigating the feasibility of developing a pro-
gram for determining the most economical grade line for a given profile and given
basic design criteria.

Earthwork Computations

Earthwork quantities are presently being computed on electromic computers 1n
Arizona, Califorma, Texas, Washington, and the Bureau of Public Roads, both for
use 1n the design stage and for final payment. The time required for the computer
methods, including the preparation of input data, ranges from 5 to 10 percent of the
time required using manual methods. Data on relative costs are being developed;
however, rough estimates indicate that the cost by computer methods is from 20 to
25 percent of the cost by manual methods.

For earthwork quantities at the design stage, the input includes the cross-section
data, centerline grades, and design template data, with provision for superelevation,
curve widening, and varying side slopes. The computer produces a tabulation of the
cut and fill volumes at each station and the difference between them adjusted for shrink-
age or swell, the cumulative volumes of cut and of fill, mass diagram ordinates, and
slope stake coordinates.

For the computation of earthwork quantities from staked cross-sections, the pro-
cedure is similar except that slope stake data are not included in the computer output.
When final sections are used, the computer input consists of the original and the final
cross-section data.

A number of other states, including Illinois, Louisiana, Massachusetts, Michigan,
Missouri, Nebraska, New Mexico, New York, and Ohio, are 1in the process of develop-
1ng computer programs for earthwork computation.

In Oregon and Montana, electro-mechanical punched-card equipment is being used
for the computation of final payment earthwork quantities. Conversion to electronic
computers is expected to be made in the near future.

Structural Design

Outstanding in the area of structural design is the work being done by the American
Bridge Division, United States Steel Corporation, which 1s using an electronic com-
puter as standard procedure in computing dimensions, stresses and deflections for
various types of structures. The structures involved include continuous girder bridges
with up to five spans; arches; rigid frames; cantilever and suspension bridges; and
various types of trusses up to 80 panels in length. It 18 reported that the use of the
electronic computer saves about 75 percent of the cost of equivalent calculations per-
formed manually, with an even greater saving in designers' time. In one instance, a
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set of 20 equations with 20 unknowns, involving wind stresses in a suspension bridge,
was solved on the electronic computer in about 10 minutes.

The Georgia Highway Department has completed and tested a computer program for
geometric computations for multispan skewed bridges on curves alignment, on either a
grade or a vertical curve, and with bents either parallel or not parallel. The beams
are placed on chords of concentric arcs. The computer produces chord distances be-
tween intersections of the concentric arcs with bent cap centerlines, distances between
the concentric arcs measured along the centerline of each bent cap, centerline grade
elevations, rate of slope for each beam, and middle ordinates of the concentric arcs
at the midpoint of each span. Programs are in process of development for the struc-
tural analysis of rigid-frame bents subjected to varying dead, live and wind loads, and
of continuous reinforced concrete spans with variable moment of inertia. Georgia is
also developing a program for the design of composite simple spans.

In the Arizona Highway Department, a program for the computation of dead load de-
flections for continuous beam bridges has been completed and a program for the design
of retaining walls and bridge abutments is being developed.

In the California Division of Highways, a program for curved, multispan bridges
similar to the one developed in Georgia has been completed. Programs have also been
completed for the design of composite beams, and for the computation and tabulation of
bridge reinforcement steel quantities. In addition, California is in the process of de-
veloping a program for the analysis of rectangular columns subjected to biaxial bending.

In the Washington Department of Highways, a program is being developed for the
analysis of five-span continuous reinforced concrete beam bridges, which can also be
used for lesser numbers of spans.

The Bureau of Public Roads has nearly completed a program for the analysis of
continuous steel beam bridges of three to five equal or unequal spans.

Photogrammetry

In the area of photogrammetry, the California Division of Highways 1s in the process
of developing a program for checking aerial contour maps using Church's four-point
analytical method. When completed and tested, if found satisfactory, this program
should eliminate a great deal of field checking. .

In the Ohio Highway Department, a method and a program are being developed for
the computation of earthwork quantities using cross-section data taken directly from
aerial photographs in a Kelsh plotter. Preliminary estimates for evaluating alternate
alignments, as well as more precise estimates for plan quantities, are covered. An
auxiliary device is used with the plotter to measure horizontal distances with the same
degree of precision possible in the measurement of vertical distances.

The three coordinates of each point on the cross-section are automatically punched
into cards for use as electronic computer input. A second device is being investigated
by which these punched cards, together with design data cards, are used to direct the
movement of a point of light on an oscilloscope, thus delineating the cross-section and
the design template at each station. By using an open shutter microfilm camera, the
cross-section with the template superimposed on it is recorded on microfilm for use
by the designer. Based on the designer's analysis, the design data cards are revised
and used with the cross-section cards as computer input data for the earthwork com-
putation. New microfilm recordings are made and occasional sections are enlarged,
reproduced, and made a part of the contract plans. In addition, the tabulation of earth-
work quantities produced by the computer, and an automatic plotting of the mass dia-
gram, are reproduced photographically and included in the contract plans.

Traffic Studies

For a number of years punched-card processing and tabulating equipment has been
used 1n the analysis of the large masses of data involved in highway planning studies.
The electronic computer provides a means of further facilitating and greatly expediting
the handling of these data and of increasing the quality of route planning through more
thorough analyses than are feasible with conventional punched-card equipment. Ina
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|
number of states, procedures and programs are being developed for converting parts |
of these studies to analysis on electronic computers. 1

Electronic computers are already being used in urban studies in the analysis of ‘
origin and destination survey data, including the development of trip desire charts, the
prediction of future traffic distribution, the assignment of traffic to a proposed new 1
route or system of routes, and the computation of benefit-cost ratios. |

In the Detroit Metropolitan Area Transportation Study, usinganIBM 604 electronic cal-
culating punch, a total of 23, 500 zone-to-zone movements were assigned to a network
of expressways and connecting arterials totaling 370 miles 1n length 1n less than three
weeks, 1ncluding all coding, card punching, processing, and tabulating of assigned
volumes.

In the Washington (D. C.) Metropolitan Study, a Univac 1s being used to project 1948
origin and destination survey data to 1955, to compare the results with data obtained
in a second origin and destination survey made in 1955-6, to prepare projections of
urban travel for the years 1965 and 1980, and to apply the projected traffic distribution |
to the planning of an adequate highway and mass transportation system. |

In the Chicago Area Transportation Study, a Datatron electronic computer 1s being
used. Considerable experimental work 1s being done there 1n developing new and 1m-
proved methods using the computer. In one method being developed, trips are traced
in succession on a cathode ray tube and recorded on photographic film, thus automati-
cally producing trip desire densities. The dathode ray tube-computer combination 1s
also being used 1n fitting regression curves to plotted points. In the assignment of
traffic on the computer, a '"feedback' device 1s being used to provide automatically for
the effects of overloads.

Basic experimental work 1s being done on the use of electronic computers 1n simu-
lating traffic flow, principally at the Institute of Transportation and Traffic of the
University of California, at the University of Michigan, and at Brown University.

In the Bureau of Public Roads an IBM 705 electronic computer is being used to com-
pare various methods of predicting future traffic distribution to determine which method
is the most satisfactory and also the number of iterations required for reasonable ac-
curacy. Origin and destination surveys made 1n 1948 and 1n 1955 are being used 1n
developing the comparisons. With a total of about 30, 000 zone-to-zone movements
using six modes of travel, this study could not be attempted by manual methods.

In a nationwide traffic study being undertaken in the Bureau of Public Roads, origin
and destination surveys from a number of metropolitan areas are being used to obtain
trip desire data for county-to-county movement somewhat comparable to zone-to-zone
movement 1n a metropolitan area study. This 1s a multiple correlation problem involv-
1ng population, distance between areas, automobile registrations, income, recreational
facilities, and other factors, which could not possibly be undertaken without the help of
an electronic computer.

Hydrology and Hydraulics

The use of electronic computers in the solution of hydrologic and hydraulic problems
1nvolved 1n highway engineering 1s being explored 1n the Bureau of Public Roads. One
type of problem being investigated involves multiple correlation of hydrologic data in
estimating peak rates of runoff for selected frequencies from watersheds in the same
physiographic area for use in the hydraulic design of highway structures.

A second type of problem adaptable to solution on electronic computers involves
the determination of backwater produced by a given bridge, taking into account stream
contraction, type of abutment, effect of piers, eccentricity of the bridge with respect
to the flood plain, and skew. This problem occurs 1n determining the waterway open-
ing required for floods of various frequencies within a given limiting amount of back-
water. It can also be applied to the determination of the most economical hydraulic
design for a given site, taking into consideration first cost, costs arising from flood
damage (including scour), flooding of adjacent lands and effects on approaches, and
disruption of traffic.
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Other Applications

In the Texas Highway Department, a program has been developed and adopted for
extending, analyzing and tabulating bid data at contract lettings. A similar procedure
1n the Washington Department of Highways 1s being converted from electro-mechanical
equipment to the electronic computer.

In the Arizona Highway Department, a program for sieve analysis of soils has been
developed.

In the Bureau of Public Roads, programs have been developed and adopted for com-
puting the acreage of clearing and grubbing, and for the computation of borrow pit
excavation. .

A program for computing borrow pit excavation has also been developed at the
Massachusetts Institute of Technology for the Massachusetts Department of Public Works.

Electronic computers are to be used on the new AASHO Road Test to process and
analyze the tremendous mass of data developed during the course of the test. With the
millions of pieces of data involved, 1t 1S estimated that 1t would take 10 to 15 years
after completion of the test to analyze the data and prepare the final report if the elec-
tronic data processing equipment were not used. In this application, datafrom elec-
tronic detecting devices will be recorded 1n a form which can be used as direct com-
puter 1nput, or i1n some cases 1n a form which can be electronically converted to an
acceptable 1nput form to further expedite the processing of the test data.

These applications of the electronic computer to highway engineering are either 1n
use or in process of development. Some of the other areas which suggest themselves
as possibilities for electronic computation include sufficiency ratings, accident analy-
ses, parking studies, and various problems susceptible to analysis by statistical methods.

From the applications cites, 1t 1S evident that rapid progress 1s being made. The
highway profession can justly feel proud of these accomplishments. It also 1s evident
that the electronic computer 1s a valuable device for research and exploration, as well
as for day-to-day operations.

ORGANIZATION AND PERSONNEL

The field 1s too new and 1s developing too rapidly for well-defined patterns in orgam-
zation and personnel to have become established.

With respect to organization, however, the present tendency is to use a single inte-
grated data processing and computing unit located 1n the highway department headquarters
office. This kind of orgamizational arrangement 1s most flexible and provides a cen-
tralized processing, computing, and tabulating service for all types of engineering
problems, and for accounting and related operations as well.

With respect to personnel, minimum requirements include an operator for the com-
puter and operators for auxiliary equipment, together with directing personnel. A
maintenance technician 1s not essential, as service can be obtained for a monthly charge.
If the machine 1s 1nstalled on a rental basis, which 1s the usual arrangement, service
1s furmished by the manufacturer.

Responsibility for over-all operation, including the development of applications to
engineering problems, should be assigned to an experienced engineer, trained in the
use of the computer, including programming. This 1s the usual practice. In addition,
1t 1s usual practice to train a selected group of engineers, who are specialists in loca-
tion, design, structures, planning, and other technical areas, in computer programming
to enable them to assist 1n the development of programs 1in their specialized fields as
part of their assigned duties. A number of states have found 1t advantageous to employ
a mathematician, or to assign a statistician already on the staff, to assist the computer
development engineer. A person trained in either of these disciplines can be of con-
siderable help 1n analyzing problems, 1n formulating solutions, and in developing both
the procedural and coded programs in the most efficient form.

CORRELATION OF PROGRAM DEVELOPMENT

With a number of states working on the development of computer applications tohigh-
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way engineering operations, there is need for correlation to mimmize duplication and 1
otherwise to gain maximum advantage from the efforts expended. The Bureau of Public
Roads is developing a plan for the collection and distribution of information on program‘
development and allied subjects on a continuing basis. Plans are also under way for ‘

the development of a library of programs so that those developed in one state can be |
made available to all the other states. 1

THE FUTURE

Although the general tendency has been to follow established conventional procedures
the work in Ohio and the work in Chicago are impressive examples of what can be done
with the computer 1n developing entirely new methods. As further progress 1s made,
it seems logical to expect further departures from existing methods, leading to more '
exhaustive analyses and more refined design. In Canada, a program has been develope(‘
for the structural design of a beam bridge deck which takes into account the interaction
of forces on longitudinal and transverse members through the use of matrices derived
from correlated deflection equations for all members of the deck acting as a grid. Al-
though this kind of analysis would be prohibitive in cost and time if done manually, it 1s
reported to be entirely practicable using an electronic computer. A similar method of
analysis 1s being used in England in the structural analysis of rigid building frames on
electronic computers. |

With respect to computer capabilities, it seems obvious that there will be continued
improvement. Memory capacity 18 being enlarged, storage access time 1s being re-
duced, input and output speeds are being increased, character reading devices are
being perfected, and other improvements are 1n the making. In addition, there is a
definite trend toward transistorization, which will result in reduced space, weight and
power requirements, With respect to programming, more and more library routines
will of course be developed, and 1t 1s quite possible that coding ultimately will become
entirely a computer function.

The progress made thus far in applying electronic computers to highway engineering
work is indicative of possible future progress. Each successful development leads to
another, and computer possibilities would seem to be limited only by vision and in-
genuity in adapting them to the needs.
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HE NATIONAL ACADEMY OF SCIENCES—NATIONAL RESEARCH COUN-

CIL is a private, nonprofit organization of scientists, dedicated to the

furtherance of science and to its use for the general welfare. The
ACADEMY itself was established in 1863 under a congressional charter
signed by President Lincoln. Empowered to provide for all activities ap-
propriate to academies of science, it was also required by 1its charter to
act as an adviser to the federal government in scientific matters. This
provision accounts for the close ties that have always existed between the
ACADEMY and the government, although the ACADEMY is not a govern-
mental agency.

The NATIONAL RESEARCH COUNCIL was established by the ACADEMY
n 1916, at the request of President Wilson, to enable scientists generally
to associate their efforts with those of the limited membership of the
ACADEMY in service to the nation, to society, and to science at home and
abroad. Members of the NATIONAL RESEARCH COUNCIL receive their
appointments from the president of the ACADEMY. They include representa-
tives nominated by the major scientific and technical societies, repre-
sentatives of the federal government, and a number of members at large.
In addition, several thousand scientists and engineers take part in the
activities of the research council through membership on its various boards
and committees.

Receiving funds from both public and private sources, by contribution,
grant, or contract, the ACADEMY and its RESEARCH COUNCIL thus work
to stimulate research and its applications, to survey the broad possibilities
of science, to promote effective utilization of the scientific and technical
resources of the country, to serve the government, and to further the
general interests of science.

The HIGHWAY RESEARCH BOARD was organized November 11, 1920,
as an agency of the Division of Engineering and Industrial Research, one
of the eight functional divisions of the NATIONAL RESEARCH COUNCIL.
The BOARD is a cooperative organization of the highway technologists of
America operating under the auspices of the ACADEMY-COUNCIL and with
the support of the several highway departments, the Bureau of Public
Roads, and many other organizations interested in the development of
highway transportation. The purposes of the BOARD are to encourage
research and to provide a national clearinghouse and correlation service
for research activities and information on highway administration and
technology.






