1956 Inventory of State Highway

Engineering Manpower
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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-
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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.

REFERENCES

1. Campbell, M. Earl and Schureman, L.R., "Engineering Personnel Needs for
Highway Departments." Highway Research Board Bulletin 106 (1955).
| 2. Lews, R.S., "A Six-State Classification Study of Engineering Personnel.”
Public Roads, Vol. 29, No. 2 (June 1956).
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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.





