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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 in 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 in 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 2 0 , 5 5 1 engineers, which total compares favorably with 
a figure of 2 1 , 2 2 9 reported by Professor Danner of the University of Illinois 
as of December 3 1 , 1955. The states also employed 2 5 , 9 1 1 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 3 0 , 8 7 9 
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 in 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 in the remaining regions just 
the reverse is true. 

It was also found that of the total engineers employed about 39 percent 
were neither registered nor graduates, while an additional 1 7 percent 
were registered but not graduates. Only one engineer out of five was both 
a civil engineering graduate and registered. 

• T H E T I T L E 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 (JL) for the year 1954 and by Lewis ( 2 ) for the year 1955, The 
latter article pointed up the need for better information as to the number of engineers 
and aids employed in each state, and in fact suggested that no one really knows ]ust 
how many engineers and aids are employed by the several state highway departments. 
This lack of knowledge is especially critical today in view of the current dearth of en­
gineers in 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, it 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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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
comings it IS believed that the present inventory of state highway engineering manpow­
er is about as accurate as can be obtained. 

NUMBER OF ENGINEERING E M P L O Y E E S 

Tables 1 and 2 present the results of the 1956 study of state highway department en­
gineering manpower in 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 in 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 in­
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, it 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 is obvious that additional technical talent should be obtained to modernize our 
highway plant, but finding and keeping such talent is 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 its engineer­
ing staff between January and October; three of these retired, but the rest went to pr i ­
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 is approx­
imately 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 is 
not included in Table 2 because only one figure was requested for consultants) is 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 is 
undoubtedly greater than that indicated. 

The data reported as to the number of engineers and aids employed by the state 
highway departments, however, is probably as good as can be obtained in 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 is known, and the 
total number of engineers is 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 Banner's data as of December 
31, 1955, compare favorably with the March 1, 1956, figures of this study m total, a l ­
though wide variations exist in individual states. New Mexico and Utah are two cases 
in point; in 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 

State 
March 1, 1956 July 1, 1956 

State 
Engineers Aids Total Engineers Aids Total 

Alabama 957 1,501 
Arizona ' 56 50U 560 60 679 739 
Arkansas 137 387 161 U05 566 
CeLLifornia - - - 3.717 1.672 5,389 
Colorado 329 U38 767 329 1*88 817 
Connecticut 713 235 914-8 - - -Delaware - - - Ilt5 183 228 
Florida 352 1.183 1.535 - - -Georgia 581 1,237 1,818 626 1,553 2,179 
Idaho 139 1*53 592 152 500 652 
I l l i n o i s l,05'^ 151 1,205 1,075 251 1,326 
Indiana 360 169 529 377 235 612 
Iowa 222 7Jv5 967 222 745 967 
Kansas 310 562 872 327 750 1,077 
Kentucky 577 58U 1,161 577 71*6 1,323 
Louisiana 305 92U 1.229 315 96U 1.279 
Maine 170 57 227 -Maryland 390 373 763 - - -Massachusetts 600 l,06h 1,66U 610 1,200 1,810 
Michigan U99 800 1.299 U98 1,000 1,1*98 
Minnesota 605 3̂5 l,2it0 605 650 1,255 
Mississippi 106 590 696 111* 590 701* 
Missouri 6U3 725 1,368 - - -Montana 20U 283 k&r 2U6 1*13 659 
Nebraska 241 225 k66 255 300 555 
Nevada - - - - - -New Hampshire 215 120 335 295 172 1*67 
New Jersey h23 77 502 U25 77 502 
New Mexico 520 568 5h 535 589 
New York - - - 1,328 875 2,203 
North Carolina kUB 608 1,056 U58 683 l , l l * l 
North Dakota 119 ^3 16U isk 200 321* 
Ohio 651 1,306 1,957 651 1,579 2,230 
Oklahoma IhO 568 708 155 607 762 
Oregon 509 278 787 585 333 918 
Pennsylvania 526 1,055 1.581 566 1,066 1.632 
Rhode Island 85 109 191* 85 111 196 
South Carolina 264 709 272 1*70 71*2 
South Dakota 8U 363 88 527 615 
Tennessee - - - - - -Texas 913 2,755 3,668 933 3,255 I*,i88 
Utah 55 99 15U 58 120 178 
Vermont 159 U6 205 178 91 269 
Virginia 3k7 765 1,112 350 879 1.229 
Washington S13 368 981 618 1*63 1,081 
Vfest Virginia 81 191 272 81 220 301 
Wisconsin 393 3̂ 9̂ i m 675 1,086 
Wyoming 93 165 258 98 185 283 

D i s t r i c t of Columbia 81 77 158 81 77 158 
Totals for States 
reporting ll*,81v2 22.633 37.1*75 18.7U9 27,1*81 1*6,230 
Estimated grand 

52,311* t o t a l s 20,551 25,911 It6,lt62 21,1*35 30,879 52,311* 



Table h. -State highway department engineering employees assigned to 
maintenance 

March 1, 1956 July 1, 1956 
State State 

Engineers Aids Total Engineers Aids Total 

Alabama 
Arizona - - - - - -Arkansas 28 - 28 37 - 37 
California - - - 71 - 71 
Colorado - - - - -Connecticut - - - - - -Delavare - - - 5 7 12 
Florida 33 - 33 - - -Georgia 27 5 32 27 5 32 
Idaho kz - U2 1*2 - 1*2 
I l l i n o i s 85 1 86 85 10 95 
Indiana 21 16 37 21 25 1*6 
Iowa 36 - 36 36 36 
Kansas 11 - 11 11 - 11 
Kentucky 30 - 30 30 - 30 
Louisiana k6 - k6 1*6 - 1*6 
Maine 2 - 2 - - -Maryland 26 - 26 - - -Massachusetts 53 37 90 53 37 90 
Michigan 17 - 17 17 - 17 
Minnesota 20 - 20 20 - 20 
Mississippi 10 51 10 1*1 51 
Missouri 36 - 36 - - -Montana 11 - 11 12 - 12 
Nebraska - - - - - -Nevada - - - - - -New Hanipshlre 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 8U 36 1*8 81* 
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 U - h U - 1* 
South Carolina 5U - 5k - 3h 
South Dakota 1 - 1 1 - 1 
Tennessee - - - - - -Texas 17 300 317 17 300 317 
Utah 7 6 13 7 6 13 
Vengont 23 1 2U 25 1 26 
Virginia - - - - - -Washington 9 - 9 9 - 9 
West Virginia 15 90 105 15 90 105 
Wisconsin 21 33 5U 21 50 71 
Wyoming 5 - 5 5 - 5 

D i s t r i c t of Columbia 2 _ 2 2 _ 2 
Totals for States 
reporting 86k. 616 1,1*80 991* 678 1.672 
Estimated grand 
totals 1,298 2,082 1,336 828 2,161* 



Tfetle 5. -Comparison of nvmter of engineers repoii^d employed 
•by State highway departments i n recent years 

Highway Research Board 
March 1, 1956 Can^bell- Infoimatlon 

from State Prof. Danner Schureman 
Infoimatlon 
from State 

State C i v i l 
graduate Total Dec. 31, 1955 1954 

1/ 
highway 

departments 
and/or engineers hi 1950 

registered 

Alabama 1403 lt03 665 
Arizona 53 56 53 59 504 
Arkansas 88 137 120 69 233 
California - - 3.451 3.388 2,462 
Colorado 15« 329 328 U 7 248 

526 Connecticut 156 713 1(02 163 
248 
526 

Delaware . . 70 67 52 
Florida ll*9 3 g 693 137 5140 
Georgia 185 524 329 993 
Idaho 104 139 130 63 75 
I l l i n o i s 8U2 1,054 1,002 1,131 857 
Indiana 350 360 368 316 312 
Iowa 222 222 33S 360 212 
Kansas 266 310 317 338 364 
Kentucky 21*5 577 617 252 1,047 
Louisiana 305 305 309 1̂ 284 
Maine 126 170 174 68 

165 
125 

Maryland 79 . 390 350 
68 

165 397 
Massachusetts _ 2/ (600) 702 742 877 
Michigan 294 499 601 407 W Minnesota 379 605 530 247 466 
Mississippi 87 106 111 111 ?59 
Missouri 380 643 702 470 491 
Montana 93 204 214 145 
Nebraska 125 239 245 230 
Nevada - - 89 76 65 
New Hismpshire 117 215 237 200 103 
New Jersey - 2/ (425) 420 479 551 
Hew Mexico 48 124 73 132 
Hew York . _ 1,377 1,839 1,856 
North Carolina l6l 448 437 284 2,726 
North Dakota 63 119 63 61 61 
Ohio 651 651 636 654 537 
Oklahoma 87 lllO 115 115 222 
Oregon i6i 509 495 452 656 
Pennsylvania 106 526 480 300 235 
Rhode Island 85 73 43 198 
South Carolina 117 264 241 230 200 
South Dakota 49 84 91 79 87 
Tennessee - 216 560 366 
Texas 913 913 922 875 1,904 
Utah 2/ (55) 175 78 176 
Vermont 81 159 158 153 50 
Virginia 134 347 360 376 500 
Washington 230 613 966 206 256 
West Virginia 81 81 226 76 399 
Wisconsin 262 393 398 422 328 
Wyoming 83 93 92 74 204 

D i s t r i c t of Columbia 36 81 92 48 114 
Totals for States 
reporting to 
Highway Besearch 

13.762 Board 8,100 13.762 - - -Totals Including 
24,862 estimates 11,419 20,551 21,229 17,791 24,862 

1/ Registered professional engineers or those qualified to register. 

2/ Not included i n totals for States reporting since Information as 
to gradmtes 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 in 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 in 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 it 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 is 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 
Pennsylvania, 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 V i r ­
ginia) 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 e:q)erience 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 in 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 in July it was from 11.32 in 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 



Table 6 .—Percentages of grxluate and registered c i v i l engineers 
among t o t a l c l a s a i r i e d engineers employed 

As of March 1, 1956 

Crculuate c i v i l engineers Registered c i v i l engineers 
State State 

Number l / Percentage Number 1/ Percentage 

Alabama 
Arizona 30 5 .̂6 53 94.6 
A.rkansas 52 38.0 78 56.9 
C a l i f o r n i a - - - -Colorado 38 i t o 1*2.6 
Connecticut 116 16.3 81 11.1* 
Delaware - - - -F l o r i d a l l U 32A 92 26.1 
Georgia 93 16.0 150 25.8 
Idaho 68 U8.9 69 1*9.6 
I l l i n o i s 639 60.6 509 1*8.3 
Indiana 350 97.2 270 75.0 
loua 130 58.6 201* 91.9 
Kansas 152 1*9.0 2U3 78.1* 
Kentucky 97 16.8 210 36.1* 
Louisiana 80 26.2 305 100.0 
Maine 96 56.5 93 51*.7 
Maryland U3 11.0 1*3 11.0 
Massachusetts - - - -Michigan 263 52.7 138 27.7 
Minnesota 233 38.5 31*2 56.5 
M i s s i s s i p p i 66 62.3 81 76.1* 
Missouri 2U3 37.8 261* 1*1.1 
Montana 29 1U.2 80 39.2 
Nebraska 55 22.8 97 to.2 
Nevada _ - - -Nev Haaipshire 95 65 30.2 
New Jersey - - - -New Mexico 5"*.2 1*8 100.0 
New York - - - -North Carolina 141 31.5 37 8.3 
North Dakota 39 32.8 52 1*3.7 
Ohio 390 59.9 597 91.7 
Oklahoma ^̂9 35.0 77 55.0 
Oregon 113 22.2 lol* 20.1* 
Pennsylvania 55 10.5 75 ll * . 3 
Rhode I s l a n d 18 21.2 28 32.9 
South Carolina 115 U3.6 25 9.5 
South Dakota U3 51.2 20 23.8 
Tennessee - - - -Texas 698 76.5 737 80.7 
Utah - . - -Vermont to.3 1*1* 27.7 
V i r g i n i a 72 20.7 87 25.1 
Washington 180 29.u 107 17.5 
West V i r g i n i a 32 39.5 81 100.0 
Wisconsin 212 53.9 120 30.5 
Wyoming 38 to.9 80 86.0 

D i s t r i c t of Columbia 32 39.5 10 12.3 
Totals for States 
reporting 5.399 39.2 5.936 1*3.1 
Estimated grcmd 
t o t a l s 7,9^2 38.6 7,761* 37.8 

1/ Columns one and three are not additive since 1*,287 engineers are 
both graduates and reg i s t e r e d . 
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Table 7 .—Ratio of aids to engineers Bmoag State 
highway department eiqployees 

Skble 8.- l i a t lo o f a i d a to engliMare among State hi^iway 
department engineering «B(ployeeB by region 

As o f March 1, 1956 

State March 1, 19̂ 6 July 1, 1956 

Alabama _ 1.76 
Arizona 9-00 11.32 
Arkansas 2.82 2.5s 
California - 0.45 
Colorado 1.33 I.I18 
Connecticut 0.33 -Delavare - 4.07 
Florida 3.36 -Georgia 8.13 2.48 
Idaho 3.26 3.29 
I l l l n o l B 0.l4 0.23 
Indiana 0.U7 0.62 
Iowa 3.3A 3.36 
Kansas 1.81 2.29 
Ifentucky 1.01 1.29 
Louisiana 3.03 3.06 
Maine 0.34 -Maryland 0.96 -Massachusetts 1.77 1.97 
MlchlRBUi 1.60 2.01 
Minnesota 1.05 1.07 
M i s s l s s l i ^ l 5.57 5.18 
Missouri 11.13 -Montana 1.39 1.68 
Nebraska 0.93 1.18 
Nevada - -New Hanipshlre 0.56 0.5B 
New Jersey 0.18 0.18 
New Mexico 10.83 9.91 
New York . 0.66 
North Carolina 1.36 1.49 
North Dakota 0.38 1.61 
Ohio 2.01 2.43 
Oklahcoa 4.06 3.92 
Oregon 0.55 0.57 
Pennsylvania 2.01 1.88 
Bhode Island 1.2B 1.31 
South Carolina 1.69 1.73 
South Dakota 4.32 5.99 
Tennessee - -Texas 3.02 3.49 
Utah 1.80 2.07 
Veimont 0.29 0.51 
VlrRinia 2.20 2.51 
Washington 0.60 0.75 
West Virginia 2.36 2.72 
Wisconsin 0.89 1.64 
Wycolng 1.77 1.89 

D i s t r i c t of Columbia 0.95 0.95 

•Potals 1/ 1.26 1/ 1.44 

Region Number of 
engineers 

Number o f 
aids 

Ratio o f aids 
to 

engineers 

Nev Ibgland 1,942 1,631 0.81t 
Middle At l an t i c 2,224 1,819 0.82 
East North Central 2,957 2,775 0.94 
West North Centxal 2,22>» 3,300 l.ltS 
South At lan t ic 2,587 5,023 1.94 
East South Central 1,429 2,209 1.55 
West South Centxal 1,495 4,634 3.10 
Mountain 1,009 2,56a 2.54 
Pacif ic 4,684 1,958 0.42 

Itotal 20,551 25,911 1.26 

table 9.- Batio o f aids to engineers among State hlE^vay 
department englnsaring employees 1v region 

As o f July 1, 1956 

Region Number of 
engineers 

Number of 
aids 

Ratio o f aids 
to 

engineers 

Nev England 2,088 1,929 0.92 
Middle At l an t i c 2,319 2,018 0.87 
East North Centxal 3,012 3,lkO 1.24 
West North Central 2,291 4,053 1.77 
South At lan t ic 2,686 5,801 2.16 
East South Central l,'t69 2,597 1.77 
West South Central 1,564 5,231 3.34 
Mountain 1,036 3,042 2.80 
A i c l f l c 4,seo 2.1)68 0.50 

Total 21,435 30,879 1.44 

Includes estimates for States not 
reporting Infoxmatlon. 

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 in March and 1.61 in July, but South Dakota's was 4.32 m 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 in five states (Arkansas, Mississippi, New Mexico, Oklahoma, 
and Pennsylvania). 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. 



ERRATUM 
HRB BUTJETIN l6k 

Manpo^rer Potentials i n Highway Engineering 
* * * * 

I n the paper "I556 Inventory'of State Highway Engineering 
Manpower/' by Jaues A. Montgomery, Table T, page 10, the 
March 1, 195o, value for Missouri should be I . I 3 instead 
of 11.13 as shown. This change does not af f e c t the column 
t o t a l . 
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i t was f e l t that such a s u m m a r y was necessary as a bas is f o r f u r t h e r s tudies of m a n ­
power r equ i r emen t s i n connect ion w i t h the ever -expanding highway p r o g r a m . 

I t i s be l i eved that the data p resen ted s a t i s f y these r equ i r emen t s . A s a l ready noted, 
a f ew states d i d not f u r n i s h comple te i n f o r m a t i o n , so that some es t imates had to be 
made. A l s o , t he re may be c e r t a i n inconsis tencies o r inaccurac ies inherent i n the 
data because of the d i f f e r e n t c l a s s i f i c a t i o n plans i n use by the s e v e r a l s tates , the l ack 
of s tandard de f in i t i ons f o r engineers and a ids , and the complex i t i e s of the p r o f e s s i o n a l 
engineer ing r e g i s t r a t i o n laws i n the d i f f e r e n t states. Never the less , the p i c t u r e p o r ­
t r a y e d i s p robably as good a one as can be obtained i n v i e w of the ex i s t i ng d i f f i c u l t i e s . 

The analys is of the r a t i o of aids to engineers i s i n a sense beyond the scope of an 
inven to ry . I t was undertaken i n an e f f o r t to increase the value of the basic i n f o r m a ­
t i o n . The wide v a r i a t i o n s w h i c h ex i s t among the states cannot be expla ined at t h i s 
t i m e , but do suggest the need f o r add i t iona l de ta i l ed s tud ies , perhaps i n the i n d i v i d u a l 
s tates. They also f u r n i s h the states w i t h i n f o r m a t i o n w h i c h should be u s e f u l f o r c o m ­
pa ra t ive purposes . 

I t has been po in ted out that a r eg iona l p a t t e r n ex is t s w i t h respect to the r a t i o of 
aids to engineers , and the tenta t ive conclus ion of an e a r l i e r study that a combina t ion 
of aids and engineers i s the best i nd ica t ion of engineer ing e f f o r t has been c o n f i r m e d . 
Bo th o f these a r e s i g n i f i c a n t f i n d i n g s . W i t h the con t inu ing coopera t ion of the s ta tes , 
they can be f u r t h e r exp lo red to a poin t where i t can be de t e rmined whether o r not a 
p a r t i c u l a r state i s m a k i n g the best poss ib le use of i t s engineer ing manpower . 
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Appendix A 

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

SUMMARy OF iWGINEERING EMPLOYEES 

Please read accompanying instructions carefully before completing form. 

A. Employees Claaalflpd as Engineers; 3/1/56 
(Actual)*1 

7/1/56 
(Estimated)«2 

6. Of the employees c l a s s i f i e d as engineers (in item U above) 
a. How many are graduates Arom other branches 

of engineering, or other sciences ( ) . and 
how many of these are registered ( ) 

b. How many are doing design or other work requiring 
the estercise of independent engineering Judgment, 
i.e., are in "responsible charge", as opposed to 
high-grade inspecting, surveying, and similar 
work? ( ) 

B. Ebiployees Classified as Engineering Aids or Riuivalent: 
3/1/56 
(Actual) 

1. Both a c i v i l engineering graduate and registered 

2. C i v i l engineering graduate only 

3. Registered only 
U. Neither a c i v i l engineering graduate nor 

registered 
5 Qrand totals 

C. Remarks; 

D. Number of equivalent consulting engineers employed 

• ( ) 

( ) 

( ) 

( ) 

( ) 

Total 

1. Both a c i v i l engineering graduate and registered 
as a c i v i l engineer 

:Mtnce Total 
. Only 

Mtnce 
Only 

2. C i v i l engineering graduate only, but not 
registered !( ^ 

3. Registered only, (as a c i v i l engineer) 

Ut Neither a c i v i l engineering graduate nor 
registered as a c i v i l engineer. (These may 
be registered i n other branches.) 

7/1/56 
(Estli lated) 

*1. See instructions. 
*2, Show breakdown i f available otherwise total only. 
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INSSrEUCTIONS FOB SUMMARY OF ENGINEERING EMPLOYEES 
(include both permanent and temporary employees) 

Recent studies of state highway department employees havei because of 
non-uniformity i n the method of reporting used, made i t d i f f i c u l t to determine 
the number of employees ii i each of the various classes. I t i s the purpose of 
the attached form to obtain information based on a uniform system of c l a s s i f i ­
cation for the different categories of engineers and for sub-professional people 
as well. Actual data as of March 1, 1956 and estiinated data as of July 1, 1956 
are requested. 

Most States have graded cla s s i f i c a t i o n plans for engineering employees, 
i. e . . Engineer I , I I , I I I , IV, V, etc., or Junior aigineer. Assistant ikigineer, 
etc., and should report under the f i r s t major heading of the form a l l employees 
clas s i f i e d as engineers by such plans. In those States which do not have a 
graded cla s s i f i c a t i o n plan, job t i t l e s may be related to specific duties, i . e . 
junior engineer of f i n a l plans, senior Instrumentman, junior designer, senior 
designer, etc., and the job t i t l e s which are included i n the engineering cate­
gory w i l l be a matter of judgment. 

States i^ith graded cla s s i f i c a t i o n plans usually c l a s s i f y their sub-
professional employees as Ehgineering Aid I , I I , I I I , etc., or A, B, C, etc., 
and these should be reported under the second major heading of the form, 
"anployees c l a s s i f i e d as engineering aids or equivalent." For States without 
a graded cl a s s i f i c a t i o n plan, such t i t l e s as rodman, ohalnman, instrumentman, 
laboratory assistant, inspector, computer, draftsman, etc. shooild be included 
here. In any event, a l l technical employees should be included under one of 
the two major headings. 

Under each heading, provision i s made for indicating the professional 
qualifications of the employees included in the March 1 tabulation. The f i r s t 
l ine w i l l include those employees who are both c i v i l engineering graduates and 
also registered professional engineers, the second line those who are c i v i l 
engineering graduates but not registered engineers, the third line those Ubo 
are registered engineers but not c i v i l engineering graduates, and the fourth 
line those who are neither. I t i s realized that there w i l l be very few c i v i l 
engineering graduates or registered engineers among the engineering aids, but 
in some States the item nay be significant. 

Also, since in relating the number of engineering employees to program 
or capital-outlay amounts i t i s desirable to exclude those employees assigned 
to maintenance, provision has been made for showing such employees separately 
in each case. Thus, i f there are 653 employees in a particvilar 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 imder 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 i s feasible. 

Purpoae of Inventory; ( l ) 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 niMber of aides 
required in terms of those c l a s s i f i e d as engineers; (A) To determine the best 
u t i l i z a t i o n of engineers. 



A Study of Local Road Administration and 
Engineering Manpower 
W A Y N E H . SNOWDEN, Associa te Engineer 
Ins t i tu te of T ranspo r t a t i on and T r a f f i c Engineer ing 
U n i v e r s i t y of C a l i f o r n i a , Be rke l ey 

# T H E engineer ing manpower s i tua t ion has given impetus to studies centered on l o c a l 
road agencies, as i t has to p r a c t i c a l l y a l l aspects of engineer ing. As a r e su l t the gen 
e r a l nature of l o c a l studies, as c a r r i e d out i n C a l i f o r n i a were discussed U) at the 1956 { 
annual mee t ing of the Highway Reseai ch B o a r d . 

The shortage of engineers tends to concentrate such studies on immedia te means of 
inc reas ing a v a i l a b i l i t y and p r o d u c t i v i t y of the technica l w o r k i n g f o r c e . The increase of : 
p r o d u c t i v i t y , at least , i s a des i rab le l o n g - t e r m ob jec t ive . Never theless , r egard less of ] 
the c i r cums tances that give r i s e to these studies , the studies deal w i t h one o r m o r e 
phases of engineer ing a d m i n i s t r a t i o n and thus p rov ide oppor tuni ty f o r developing a bet ­
t e r unders tanding of road management, to which c u r r e n t manpower a v a i l a b i l i t y i s m o r e 
or less inc iden ta l . 

Studies of engineer ing manpower i n C a l i f o r n i a county road depar tments have been 
conducted w i t h these dual purposes of immedia te and l o n g - t e r m usefulness . T h i s paper i 
presents , s p e c i f i c a l l y , i n f o r m a t i o n about the numbers of t echn ica l personnel per un i t I 
of cons t ruc t ion and about jobs f i l l e d i n r e l a t i o n to sa la r i e s pa id i n C a l i f o r n i a county ' 
road depar tments . M o r e genera l ly , however, i t i s intended to deal w i t h some fea tu res 
of f i n d i n g and r e p o r t i n g f a c t s about l o c a l road a d m i n i s t r a t i o n , and to discuss some funda 
menta ls of the engineer ing manpower s i tua t ion which a re o f t en passed over , especia l ly 
i n the present a tmosphere of concent ra t ion on immed ia t e c o r r e c t i v e measures . 

Considerable i n f o r m a t i o n about engineer ing manpower i n C a l i f o r n i a county r o a d de­
par tments has been gathered by both the C a l i f o r n i a State D i v i s i o n of Highways and the 
Ins t i tu te of T r a n s p o r t a t i o n and T r a f f i c Engineer ing , U n i v e r s i t y of C a l i f o r m a . T h i s 
w o r k began i n 1955 and i s cont inuing. Mos t of the i n f o r m a t i o n i s of a s t a t i s t i c a l nature; 
that i s , i t concerns numbers of i nd iv idua l s , amounts of sa la ry , e t c . , r a the r than how 
ind iv idua l s behave o r what they say and th ink . Be ing of t h i s nature, i t avoids many of 
the p r o b l e m s i n psychology and semant ics that a re so c o m m o n and so p e r p l e x i n g to 
students of a d m i n i s t r a t i o n . 

T h i s i s not, however, to say that i t avoids a l l of them. And both because those that 
r e m a i n a re l i k e l y to be s l igh ted by inves t iga to r s who inc l ine to the engineer ing poin t of 
v iew, and because these r e m a i n i n g p r o b l e m s place spec ia l impor tance on how f i nd ings 
a re r epo r t ed , they a re r e f e r r e d to f i r s t . 

N A T U R E OF A D M I N I S T R A T I V E F A C T S 

A d m i n i s t r a t i v e f a c t s of the type here considered, however quant i ta t ive , are of a d i f ­
f e r e n t o r d e r than f a c t s of nature, however qua l i t a t ive . A d m i n i s t r a t i o n i s concerned 
w i t h o rgan iz ing and guiding human e f f o r t . The study of a d m i n i s t r a t i o n i s concerned 
w i t h evaluat ing, and p resumab ly in f luenc ing , th i s o rgan iz ing and guiding a c t i v i t y , wh ich 
IS i t s e l f a human e f f o r t . Some aspects of a d m i m s t r a t i o n can be n u m e r i c a l l y expressed. 
A county r o a d depar tment may have 15 au thor ized engineer ing pos i t i ons—someth ing that 
can be recorded , tabulated, added, and genera l ly handled as a number . Bu t the number 
conceals a h i s t o r y of l a w and cus tom, an env i ronment of human in tent ion , past and p r e s ­
ent, wh ich make i t what i t i s today and may make i t something else t o m o r r o w . I t i s by 
no means of the same c lass as a number represen t ing the densi ty of a s o i l . 

The re i s a tempta t ion , however, to a t t r ibu te to a d m i m s t r a t i v e numbers a s o r t of 
na tu ra l v a l i d i t y that they do not have and to ove r look the human connotations that they do. 
Espec ia l ly i s there a d i spos i t ion to r e g a r d an average of such numbers as a c q u i r i n g a 
v a l i d i t y not present i n the humbers f r o m which i t was d e r i v e d , much as i f human vagar ie 
were a r andom d i s t r i b u t i o n around some des i rab le mean. The p o s s i b i l i t y of these humai 
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connotations at taching to numbers developed m admin i s t r a t i ve studies should keep eve ry ­
one on guard against de f in i t e statements of c o r r e l a t i o n , wh ich , however i m p r e s s i v e i n 
mathemat ica l express ion , may r e s t on a re la t ionsh ip that, f u n c t i o n a l l y , i s tenuous or 

even non-exis tent . 

REPORTING OF A D M I N I S T R A T I V E FACTS 

A n even more impor t an t cons idera t ion may be the manner m which admin i s t r a t i ve 
studies become u s e f u l . The s o i l densi ty , a l ready selected f o r example, may be f e d 
in to s c i en t i f i c channels of communica t ion w i t h assurance that i t w i l l be dispassionately 
ex t rac ted and d i r e c t l y u t i l i z e d by anyone having need of i t . The r e su l t s of a d m i m s t r a -
t ive study, however, are p r i m a r i l y u se fu l to the admin i s t r a t ions they to some extent 
p o r t r a y , and they a re use fu l , not as independent fac t s on which to base a new design, 
but as guides by which the admin i s t r a t ions may a l t e r themselves . I n such a s i tua t ion 
i t IS un rea l i s t i c to expect a neu t ra l v i ew of admin i s t r a t i ve f ind ings by the v e r y i n d i ­
v iduals to whom the f ind ings may have some use. 

These general considera t ions a re especia l ly re levant to the study of l o c a l road ad­
m i n i s t r a t i o n . The l a r g e r an organiza t ion , the more i t assumes an abs t rac t pa t t e rn 
that can be v iewed without r e f e rence to ind iv idua l s . A la rge organ iza t ion o f ten can 
crea te the means of looking at i t s e l f ob jec t ive ly , and examine and c o r r e c t i t s sho r t ­
comings without p r o c l a i m i n g them to the publ ic at l a rge . County r o a d depar tments , 
however, are i n the m a i n so s m a l l that a co l l e c t i on of p a r t i c u l a r ind iv idua l s , r a the r 
than an abs t rac t pa t te rn , i s the explanat ion of i t s a d m i n i s t r a t i o n — a s i tua t ion that 
severe ly l i m i t s an organiza t ion ' s capacity f o r objec t ive s e l f - a p p r a i s a l . T h i s l i m i t a ­
t i o n , i n f ac t , IS one m a j o r reason f o r the co l l ec t ive study of county road a d m i n i s t r a ­
t ions by ex te rna l agencies. But ex te rna l study n o r m a l l y makes i n f o r m a t i o n avai lable 
to anyone who wishes to look at i t , and unless f i nd ings about l o c a l r o a d a d m i m s t r a t i o n 
a re presented w i t h considerable care they a re a l l too l i k e l y to be taken as r ep resen t ing 
a great deal m o r e than they ac tua l ly do, to become the vehic le f o r unfounded conc lu ­
sions about a p a r t i c u l a r agency, and i n genera l to do more h a r m than good. 

T h i s danger appl ies to the c o m p a r a t i v e l y s imp le m a t t e r of the engineer ing manpower 
s i tua t ion . To i l l u s t r a t e , there i s the actual case of a county w i t h a s ta f f of 48 engineers 
and another county w i t h a higher ra te of annual road cons t ruc t ion , but w i t h a s taf f of 
only 2 engineers . The f i r s t county r e p o r t s seve ra l pos i t ions vacant, over and above 
the 48. The second county r e p o r t s a l l two au thor ized pos i t ions f i l l e d . F r o m th i s b i t 
of i n f o r m a t i o n , one could d r aw va r ious and c o n f l i c t i n g conclusions about the manpower 
s i tua t ion , accord ing to the assumpt ion f r o m which he proceeded. M e r e l y to i d e n t i f y 
the agencies w i t h specia l r e f e rence to these numbers would be to place one o r both i n 
the pos i t i on of having to defend themselves against questions to which there a r e no r e a l 
answers so f a r . 

The d i f f i c u l t y here emphasized i s that there i s not a sound, o r even a roughly agreed 
upon basis f o r measur ing engineer ing manpower r equ i r emen t s . What i s the o p t i m u m 
number of engineers f o r doing a g iven k i n d and amount of r o a d w o r k ? What does the 
organ iza t ion stand to lose as i t depar ts one way o r the other f r o m th i s o p t i m u m number ? 
How IS the value m the roadway plant measured and up to what poin t i s t h i s value en­
hanced by addi t iona l engineer ing? 

The ob jec t ion m i g h t be r a i s e d that although spec i f i c answers cannot be g iven to the 
questions as stated, usable guides to manpower r equ i r emen t s can nevertheless be de­
r i v e d f r o m c u r r e n t p rac t i ce as a whole. A f t e r a l l , accord ing to t h i s ob jec t ion , the 
nat ion i s continuously engaged i n a t remendous amount of roadbu i ld ing , and th i s i s 
be ing accompl ished w i t h an ascer ta inable amount of engineer ing e f f o r t , whether o p t i ­
m u m or o therwise . Hence, i t can be sa id that so much cons t ruc t ion takes so much 
engineer ing and i n th is way engineer ing needs are expressed on a u n i t - o f - c o n s t r u c t i o n 
base. 

U s e f u l as th is may be f o r b road appra i sa l , i t does not solve the quest ion of how to 
r e p o r t f ind ings at the l o c a l l e v e l , as another example may indica te . Data obtained by 
the C a l i f o r n i a State D i v i s i o n of Highways show that C a l i f o r n i a county road depar tments , 
taken together , had on the job , per m i l l i o n d o l l a r s of cons t ruc t ion i n 1956, about 4 
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r e g i s t e r e d c i v i l engineers , 4 non - r eg i s t e r ed engineers , 14 assis tant and j u n i o r eng i ­
neers , and 10 engineer ing a ids . A c c o r d i n g to broad-based measures , t h i s m i g h t be 
cons idered enough. Ye t such o v e r - a l l appra i sa l would be nei ther consol ing nor u s e f u l 
to the l a rge number of C a l i f o r n i a counties that now have w o r k w a i t i n g f o r engineers 
and technicians that they a re unable to l u r e onto the p a y r o l l . Nor can i t be sa id that 
the b e t t e r - s t a f f e d counties do not need every engineer they have. 

As one cons iders the c u r i o s i t i e s of a d m i n i s t r a t i v e f a c t s , the ways i n which these 
f ac t s may be bent to c e r t a i n purposes, a n d — i n the c u r r e n t engineer ing manpower s i t u ­
a t ion—the dear th of i n f o r m a t i o n on some v e r y fundamenta l m a t t e r s , the quest ion of 
jus t what IS being found out, and why, i s brought into p rominence . 

CURRENT R E P O R T I N G I N C A L I F O R N I A 

As has been mentioned, the a t tempt i n C a l i f o r n i a has been to develop fundamenta l 
i n f o r m a t i o n at the same t i m e that f ac t s about the c u r r e n t s i tua t ion have been co l lec ted . 
In r e p o r t i n g f i n d i n g s , the a t tempt has been to challenge the t h i n k i n g of a l l concerned | 
w i t h l o c a l road a d m i n i s t r a t i o n , and to do so without exposing any agency to c r i t i c i s m ; 
which would c e r t a i n l y not be j u s t i f i e d on the basis of f ac t s now k n o w n — w i t h the pos ­
s ib le except ion of the f ac t that a good many county road depar tments a re o f f e r i n g sa la- | 
r i e s f a r below the going wage f o r the c lass of t echn ica l personnel they a re t r y i n g to 
a t t r ac t . 

I t I S , of course , imposs ib le to accommodate a l l the f o r e g o i n g cons idera t ions i n 
se lec t ing a given r e p o r t i n g method. In the C a l i f o r n i a w o r k , s t a t i s t i c a l r e f i n e m e n t has 
been s a c r i f i c e d , perhaps at the r i s k of c r i t i c i s m f o r g roup ing and averag ing numbers , 
i n o r d e r to present c e r t a i n p i c t u r e s of county r o a d a d m i r a s t r a t i o n i n a way tha t i t i s 
hoped w i l l be understandable and thought p r o v o k i n g to the mos t people concerned, and 
to do so without a rous ing i r r a t i o n a l c r i t i c i s m of the agencies r e p o r t e d on. 

Data so f a r ava i lab le p e r m i t two somewhat unre la ted s ta tements . One i s of the 
numbers of engineers i n C a l i f o r n i a county road depar tments per un i t of annual cons t ruc­
t i on . The other i s a c o m p a r i s o n of s a l a r i e s and engineer ing jobs open. Both are p r e ­
sented by groups of counties , the groups be ing made up of counties ranked accord ing 
to annual r a t e of r o a d cons t ruc t ion . The reasons f o r r e s o r t i n g to such grouping were 
seve ra l . I n the f i r s t p lace, C a l i f o r n i a count ies r u n th rough an 8 0 - t o - l range of s izes , 
i f s ize i s measured by annual r a t e of road cons t ruc t ion i n d o l l a r s . Size i s to some 
extent c o r r e l a t e d w i t h f a c t o r s such as degree of u rban iza t ion , populat ion, and popula­
t i o n densi ty , a l l of wh ich bear on the k i n d of r o a d sys tem w i t h which the county road 
depar tment i s concerned. Grouping by s ize should r e t a i n d i s t inc t ions associated w i t h ' 
s ize , w h i l e tending to average out other v a r i a t i o n s which , when counties are taken 
i n d i v i d u a l l y , f r e q u e n t l y obscure c e n t r a l tendencies of some impor t ance . Grouping 
also reduces the number of r e p o r t e d b i t s of i n f o r m a t i o n , and whi le t h i s may obscure 
some re l a t ionsh ips wh ich m i g h t be d i scerned i n the basic data, i t f a c i l i t a t e s qu ick 
general compar i sons w h i c h may v e r y w e l l be the most u se fu l , as w e l l as a l l that can 
be j u s t i f i e d on the bas i s of data so f a r ava i lab le . And f i n a l l y , g rouping e l imina tes 
s t r i c t county-by-county compar i son , thus f o r e s t a l l i n g conclusions about engineer ing 
i n a p a r t i c u l a r county which migh t be suggested by a m o r e deta i led presenta t ion , but 
which would ac tua l ly not be w a r r a n t e d wi thout evaluat ion of many f a c t o r s wh ich i n the 
present state of knowledge a re unstudied. 

C a l i f o r n i a ' s 57 count ies (excluding San F r a n c i s c o because i t i s a combined c i t y -
county) have been grouped as shown i n Table 1. T h i s grouping , which i s based on 
annual r a t e s of road cons t ruc t ion expressed i n round numbers , happi ly sets aside 
( in Group I) C a l i f o r n i a ' s two unusual ly l a rge oounties, w h i l e p roduc ing f o u r r e m a i n i n g 
groups of somewhat the same numbers of count ies . 

D I S T R I B U T I O N OF ENGINEERING PERSONNEL 

Numbers of engineer ing personne l engaged i n w o r k connected w i t h cons t ruc t ion (that 
i s , less the numbers equivalent to t i m e spent on maintenance, r i g h t - o f - w a y , and non-
engineer ing ac t i v i t i e s ) we re computed f o r each of these county groups . The r e s u l t s 
a re shown i n F i g u r e 1, which gives the numbers of engineers per m i l l i o n d o l l a r s of 
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T A B L E 1 

GROUPING OF C A U F O R N I A COUNTIES FOR STUDY OF ROAD A D M I N I S T R A T I O N 

Group 

M i l l i o n s of D o l l a r s of Road Cons t ruc t ion 
per Year^ 

Number of 
Counties i n 

Group 
Per County Group T o t a l 

I Over 2 11. 016 2 
n 1 to 2 11.344 9 
I I I % to 1 10.979 16 
I V % to % 5.192 14 
V Under ^ 2.168 16 

' A v e r a g e f o r f i s c a l years 1953-4 and 1954-5 as r e p o r t e d to the C a l i f o r n i a State 
C o m p t r o l l e r . 

j cons t ruc t ion f o r each county group. A t the same t i m e , the areas of the ba r s , p o r t r a y 
the d i s t r i b u t i o n of eng ineer ing personne l among the 57 counties . Al though the l a t t e r 
se rves to emphasize where engineer ing personnel a re located, and hence to a id i n 
evaluat ing county-by-county r e p o r t s of shortages, i t i s the numbers at w o r k per un i t 
of cons t ruc t ion that ca l l s a t tent ion to m o r e fundamenta l questions of engineer ing m a n -

I power u t i l i z a t i o n . 
! Why should the Group n counties (w i th annual cons t ruc t ion p r o g r a m s rang ing f r o m 
' $1 m i l l i o n to $2 m i l l i o n ) have on a uni t of cons t ruc t ion bas is less than o n e - t h i r d as 
i many engineers as the counties i n Group I , less than one-hal f as many as the counties 

i n Group V , and f o r that ma t t e r less than any other g roup? I m m e d i a t e l y one looks f o r 
reasons to exp la in away th i s seemingly odd s i tua t ion . The f i r s t f a c t i s that the two l a rge 
counties i n Group I a r e contending w i t h extensive u rban iza t ion and engaged i n m a j o r 
cons t ruc t i on of highways to accommodate heavy t r a f f i c . I t i s concluded that, d o l l a r 
f o r d o l l a r , they mus t have to put m o r e engineer ing t i m e than other counties in to such 
things as p r e l i m i n a r y planning, u t i l i t y r e loca t i on , and the design of compl i ca t ed s t r u c -

\ t u r e s . A look at the Group V counties (w i th annual cons t ruc t ion p r o g r a m s under 
$250, 000 per year) shows that each engineer i n th i s group counts h igh on a u n i t - o f -
cons t ruc t ion bas i s because the l eve l s of cons t ruc t ion a re l ow . But there i s s t i l l no 

i explanat ion f o r the ex t r eme v a r i a t i o n s here shown and f o r the steady t r e nd t o w a r d m o r e 
and m o r e engineers per un i t of cons t ruc t ion as p rog re s s i s made t o w a r d s m a l l e r county 
groups . Group I excepted. 

I T h i s las t i s p a r t i c u l a r l y amazing , be -
' cause i t i s a c o m m o n assumpt ion, doubt-
, l ess reached because of the known cases 

of s m a l l counties w i t h v e r y m i n i m u m tech­
n i c a l s t a f f s , that there i s a consis tent de­
c l ine i n engineer ing a v a i l a b i l i t y as counties 
become s m a l l e r . I n C a l i f o r n i a , at least , 

I such an assumpt ion would also co r re spond 
w i t h need—need here be ing thought of i n 
t e r m s o f the k i n d of s t r u c t u r e s be ing e n g i ­
neered—as there i s a consis tent s h i f t i n 
road sys t em standards as the counties b t 
come s m a l l e r , the s m a l l e r counties ( in 
t e r m s of cons t ruc t i on d o l l a r s ) be ing so, 
not because they a re geographica l ly s m a l l , 
bu t because they a re mos t r u r a l and least 
developed. 

' Whatever the reasons f o r the pecu l i a r 
shape of F i g u r e 1, i t cannot be explained 
i n t e r m s e i the r of engineer ing t i m e put 
in to maintenance or of outside engineer ing 

• Eng Aids 
• Jr En^s 

10 ^ 30 4b 
Annual Construction, Millions of $ 

Figure 1. Distribution of engineering per­
sonnel among Cal i fornia 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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se rv i ce s p e r f o r m e d f o r the count ies . The f i r s t i s excluded f r o m F i g u r e 1, as a l ready I 
ment ioned. The second has been separate ly examined m r e p o r t s of C a l i f o r n i a counties] 
c o v e r i n g engineer ing se rv ices p e r f o r m e d f o r them by the State D i v i s i o n of Highways 
and by p r i v a t e f i r m s , and the t o t a l engineer ing accompl i shed i n t h i s way does not at 
a l l change the p i c t u r e . 

T A B L E 2 

P E R C E N T JOBS F I L L E D A N D SALARIES I N C A U F O R N I A C O U N T Y ROAD 
D E P A R T M E N T S 

County No. of No. of Percen t Percen t Average 
Group Pos i t ions Vacancies Vacancies F i l l e d Salary* 

(a) Senior Eng inee r ing Grades^ 

I 106 14 13 87 675 
I I 38 7 18 82 620 
n i 41 7 17 83 640 
I V 23 3 13 87 655 
V 19 3 16 84 580 

(b) Junior Eng inee r ing Grades ' 

I 133 18 14 86 500 
n 36 16 40 60 470 
m 70 17 24 76 450 
I V 11 4 36 64 438 
V 10 5 50 50 426 

(c) T e c h m c i a n Grades* 

I 410 32 8 92 431 
I I 124 4 3 97 402 
m 144 21 15 85 395 
I V 57 15 26 74 331 
V 46 7 15 85 378 

' P e r mon th . 2 261 pos i t ions . ' 320 pos i t i ons . *860 pos i t ions . 

A s F i g u r e 1 i s v iewed as a who le—as r ep resen t ing engineer ing i n a l a r g e aggregate I 
of county r o a d s y s t e m s — i t i s h a r d to escape the conc lus ion that, whatever the s h o r t - | 
comings i n v i s u a l i z a t i o n , one i s l ook ing at an unreasonable d i s t r i b u t i o n of engineer ing 
personnel . 

POSITION V A C A N C I E S A N D SALARIES 

A second ma t t e r examined on the same group bas is i n C a l r f o r m a has been the r e l a ­
t i o n between jobs open and s a l a r i e s . Here the r e l a t i o n of manpower to cons t ruc t ion 
l e v e l IS ignored . A u t h o r i z e d pos i t ions a re taken as the bas is , percent vacancies a re 
computed, and these percen t vacancies a re compared w i t h s a l a r i e s . The r e s u l t s a re 
g iven i n Tab le 2. 

The average sa l a ry f o r a g iven grade l e v e l i n a g iven county was taken as the pay­
r o l l f o r that l e v e l d iv ided by the number of i nd iv idua l s . F o r a county group, the av ­
erage sa l a ry as tabulated i s the unweighted, a r i t h m e t i c mean of the i n d i v i d u a l county 
averages. T h i s p rocess leaves someth ing to be des i r ed as a s t a t i s t i c a l p rocedure , 
and f u r t h e r , s t a r t i n g s a l a r y r a t h e r than average f o r the grade may be the m o r e de ­
c i s i v e in f luence i n f i l l i n g vacancies . T h e r e f o r e , i n f o r m a t i o n i s now be ing co l l ec ted 
on f i r s t - s t e p sa la r i e s f o r jobs f i l l e d and on sa l a r i e s be ing o f f e r e d f o r jobs not f i l l e d . 
So f a r , however , i t appears that al though th i s l a t t e r f o r m of r e p o r t i n g may serve to 
avo id c r i t i c i s m , and w i l l c e r t a i n l y reduce the absolute s ize of the stated sa la r i e s , i t 
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w i l l not s i g m f i c a n t l y a f f ec t the r e l a t i onsh ips here shown, because of the v e r y c lose 
c o r r e l a t i o n between a s t a r t i n g or step-one sa l a ry and the average ac tua l ly being pa id . 

The re l a t ionsh ip i s not c lear i n r a n k c o r r e l a t i o n s of percent jobs f i l l e d against s a l ­
a r y f o r counties taken as i n d i v i d u a l un i t s , p robably because of the considerable number 
of counties i n which there i s only one pos i t i on i n a g iven grade, w i t h the r e s u l t that the 
p o s i t i o n mus t appear as e i the r z e r o o r 100 pe rcen t f i l l e d . I n the grouped data, how­
ever , not only i s there a genera l sa la ry decl ine f r o m l a r g e to s m a l l count ies , as migh t 
be expected, but m o r e i m p o r t a n t l y there a re many cases i n which both s a l a r i e s and 
pos i t ions f i l l e d move w i t h o r c o n t r a r y to th i s genera l t r e n d . 

The impor tance of such a showing i s against two r a t h e r common points of v i ew . One 
IS that counties a re c o m m i t t e d to a c e r t a i n range of s a l a r i e s because of t h e i r s ize . The 
data show three cases where t h i s i s not t r u e even f o r counties taken as groups . The 
p r e v a i l i n g sa la r i e s f o r senior engineer ing pos i t ions i n Group H I counties a re h igher than 
those i n Group n, a l though the counties i n Group H I a re s m a l l e r , and the same appl ies 

I to Group I V i n c o m p a r i s o n to Group I I I . Sa lary v a r i a t i o n s among i n d i v i d u a l counties of 
s i m i l a r s ize cannot be seen i n the grouped data, but they a re s izeable and numerous , 

' o f f e r i n g f u r t h e r evidence that va r i ous sa l a ry l eve l s can be es tabl ished, however d i f f i ­
c u l t a change may seem i n any i n d i v i d u a l case. 

] The second o f t en -hea rd v i ew i s that s a l a ry o f f e r s no p a r t i c u l a r p r o m i s e of ho ld ing 
t engineer ing personne l i n s m a l l e r counties because the sa l a ry , even i f increased , would 

s t i l l be be low sa la r i e s o f f e r e d by l a r g e r agencies; i n other words , i t would s t i l l f a i l to 
meet the compe t i t i on . The data seem to deny th i s . I f Group I i s excluded where the 

I highest s a l a r i e s i n t h i s f i e l d are found, and a move i s made f r o m one to another of the 
r e m a i n i n g groups f o r each of the r e m a i n i n g job c l a s s i f i c a t i o n s , there a re nine s a l a ry 
changes to examine, i n v o l v i n g twelve cases of b e l o w - m a x i m u m sa l a r i e s , and m eight 
of these nine changes the sa l a r i e s and percent jobs f i l l e d move up o r down together . 
Perhaps the mos t de f in i t e i nd i ca t i on that even a r e l a t i v e l y s m a l l s a l a r y increase w i l l 

j keep technica l personnel on the job i s to be seen i n the status of Group I V counties i n 
c o m p a r i s o n w i t h the groups on e i ther s ide. I n the case of semor engineers , the Group 
I V sa l a r i e s a re higher than both the average sa l a r i e s i n the 16 somewhat l a r g e r coun-

| t i e s of Group in and the average sa l a r i e s i n the 16 somewhat s m a l l e r counties of Group 
V , and the percent jobs f i l l e d i s a lso h igher ; i n the case of j u n i o r engineers Group I V 
sa l a r i e s a re i n t e rmed ia t e and so a re pe rcen t jobs f i l l e d ; and i n the case of t echnic ian 
grades Group I V sa l a r i e s a re l o w e r and so a re percent jobs f i l l e d . 

STATUS QUO A N D F U R T H E R STUDY 

. Despi te the s t a t i s t i c a l shor tcomings a l ready a l luded to , i t i s f e l t that the data de-
' veloped so f a r should be p r o m p t l y r epo r t ed so they may help i n c o r r e c t i n g s a l a ry m -
\ equi t ies , espec ia l ly i n the case of i n d i v i d u a l counties where present sa l a r i e s a re f a r 
be low the p r e v a i l i n g mean f o r s i m i l a r job c l a s s i f i c a t i o n s m organ iza t ions of s i m i l a r 

J s ize . A t the same t i m e , m o r e de ta i led i n f o r m a t i o n i s being obtained on th i s funda ­
menta l to ma in t a in ing adequate s t a f f . 

! I n r e g a r d to the p r e v i o u s l y d iscussed d i s t r i b u t i o n of engineer ing manpower among 
I count ies , an a t tempt i s also be ing made to use the i n f o r m a t i o n so f a r obtained as a 

guide to f u r t h e r study along d e f i n i t e l y cons t ruc t ive l i ne s . Here the p roposa l i s not to 
a t tempt p r e m a t u r e in fe rences about o p t i m u m engineer ing s ta f f , but r a the r to look 
c lose ly at that s izeable group of s izeable counties (Group I I ) where the mos t w o r k i s 
be ing done w i t h the fewes t r e l a t i v e numbers of t echn ica l pe rsonne l . 

The spec i f i c i n f o r m a t i o n presented i n th i s paper may , of course , be pecu l i a r to 
C a l i f 0 1 nia . I t i s hoped, however , that the cons idera t ions r a i s e d by these f i nd ings and 
these methods of p resen ta t ion may s t imula t e a t tent ion to some neglected fundamenta ls 
of engineer ing manpower i n l o c a l r oad a d m i n i s t r a t i o n . 

R E F E R E N C E 

1. L o c a l Highway Eng inee r ing Manpower : A p p r a i s a l and A c t i o n , Wayne H . Snowden, 
Highway Research B o a r d B u l l e t i n 134, p . 25, (1956). 
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• E N R O L L M E N T S at engineer ing col leges f o r the mas te r and doctor degrees a re m a ­
t e r i a l l y g rea te r than they were p r i o r to W o r l d War H . The re are many indica t ions 
tha t these e n r o l l m e n t s w i l l continue to increase , both i n numbers as w e l l as i n p e r ­
centage of undergraduate en ro l lmen t . College admin i s t r a t i ons a re s t r e s s ing graduate 
w o r k ; i n d u s t r y i s pay ing an a t t r a c t i ve s t a r t i n g sa l a ry d i f f e r e n t i a l to ho lders of the 
mas te r and doctor degrees; and students themselves are r e a l i z i n g that the s tandard 
4-year c u r r i c u l u m does not give them the depth or spec ia l i za t ion of education they | 
de s i r e . 

The numbers of c i v i l eng ineer ing bachelor graduates who e n r o l l f o r graduate de- | 
grees and whether they undertake t h e i r f u r t h e r education m subject areas s p e c i f i c a l l y \ 
r e l a t ed to highway engineer ing a re i m p o r t a n t cons idera t ions to the employe r s of h i g h - ' 
way and b r idge engineers . I 

Repor ts of engineer ing e n r o l l m e n t and numbers of graduates that appear i n the 
Jou rna l of Eng inee r ing Educat ion and i n publ ica t ions of the U . S. O f f i c e of Educat ion ' 
genera l ly i t e m i z e by the m a j o r depar tments of engineer ing such as c e r a m i c , c i v i l , J 
e l e c t r i c a l , mechanica l , etc. Such r epo r t s a r e u s e f u l to employe r s of c i v i l engineers , ' 
bu t of even grea ter usefu lness w o u l d be r e p o r t s showing the subd iv i s ion of the graduate ' 
e n r o l l m e n t and degrees by m a j o r subject w i t h i n c i v i l engineer ing . B y m a i l ques t ion- , 
na i re of October 22, 1956, an a t t empt to gather such s t a t i s t i c s was undertaken. The 
i n f o r m a t i o n , together w i t h other ava i lab le i n f o r m a t i o n on e n r o l l m e n t and number of j 
degrees i s presented i n t h i s paper . 

B e f o r e p re sen t ing the s t a t i s t i c a l tables on e n r o l l m e n t s and degrees i t i s w e l l t o < 
ment ion that n u m e r i c a l i n f o r m a t i o n on col lege en ro l lmen t s , numbers of degrees con- J 
f e r r e d , and c u r r i c u l a o f f e r e d i s mos t d i f f i c u l t to co l l ec t . F u r t h e r , once co l l ec ted the ' 
i n f o r m a t i o n may be at d i f f e r e n c e w i t h other r e p o r t s . Con t r i bu t ing to these d i sc repan­
cies a re d i f f e r e n c e s i n the r e p o r t i n g dates, sources of i n f o r m a t i o n , and i n t e rp re t a t i ons ' 
of what i s wanted by those supply ing the i n f o r m a t i o n . College en ro l lmen t s change each 
day of the school yea r . Many spec ia l and u n c l a s s i f i e d students e n r o l l f o r sho r t pe r iods 
o r long pe r iods . Degrees a re c o n f e r r e d on graduat ing groups i n o f f i c i a l ce remonies 
two to f i v e t imes a year and to i nd iv idua l s at other t i m e s . Specif ic c u r r i c u l a a re o f ­
f e r e d i n the ca ta log bu t d r a w no students o r no student graduates i n a spec i f i c c u r r i c ­
u l u m i n a g iven yea r . Because of these d i f f e r e n c e s , the reader i s caut ioned not to be * 
concerned w i t h apparent d iscrepancies found i n the tables (Table 4, f o r instance) p r e ­
sented. { 

E N R O L L M E N T S A N D N U M B E R S OF GRADUATES ! 

The number of i n s t i t u t i ons e n r o l l i n g students i n undergraduate , mas te r , and doctor ' 
p r o g r a m s i s g iven i n Tab le 1 f o r the years of 1950 to 1956. F o r the graduate degrees, ' 
not a l l of the i n s t i t u t i ons o f f e r i n g graduate degrees graduate students each year . The re ­
f o r e , the number of schools graduat ing mas t e r s o r doc to r s i n a g iven yea r may be less I 
than the number of schools o f f e r i n g w o r k leading to such degrees and also less than 
the number of schools e n r o l l i n g students f o r these degrees. I n 1956, out of 37 schools 
e n r o l l i n g students i n a doc to rs p r o g r a m , only 20 c o n f e r r e d such degree. j 

Of r ecen t yea r s the number of col leges accred i ted i n c i v i l engineer ing by the E n g i ­
nee r ing Counc i l f o r P r o f e s s i o n a l Development (Table 2) has been about 80 percent of 
a l l schools g ran t ing the bachelor degree m c i v i l engineer ing . These schools , however, 
c o n f e r r e d about 90 percent of the t o t a l number of f i r s t degrees. | 

Table 2 shows that the peak of pos t -war bachelor degrees came i n the 1949-50 i 
school yea r w i t h 7, 772 degrees awarded. The number then decreased to a l ow of 

20 
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T A B L E 1 

N U M B E R OF C O L L E G E S A N D UNIVERSITIES E N R O L L I N G STUDENTS I N 
C I V I L E N G I N E E R I N G B Y DEGREE - F A L L 1956^ 

F a l l of Schools w i t h C i v i l Eng inee r ing e n r o l l m e n t by degree 

B . S . M . S . PhD. 

1956 
1955 
1954 
1953 
1952 
1951 
1950 

168 
167 
166 
169 
161 
159 
153 

93 
95 
98 
90 
90 
88 
90 

37 
35 
36 
32 
28 
30 
30 

Includes bu i ld ing engineer ing and cons t ruc t ion , and t r a n s p o r t a t i o n engineer ing . 

T A B L E 2 

N U M B E R O F DEGREES I N C I V I L E N G I N E E R I N G 

Number of Schools and BS Degrees 
A c c r e d i t e d Not A c c r e d i t e d T o t a l 

Y ea r Schools Degrees Schools Degrees Schools Degrees 

Number Number 
M . S. PhD. 

Degrees Degrees 

56 130 3,825 38 402 168 4, 227 822 59 
55 129 3,492 32 350 161 3,868 683 29 
54 129 3, 532 32 424 161 3, 955- 560 43 
53 131 3,375 27 358 158 4, 400 560 32 
52 131 4,868 27 486 158 5,354 571 43 
51 130 6,450 25 616 155 7,060 658 51 
50 125 7,265 21 507 146 7,772 709 32 
49 _ _ - - - 6, 400 743 34 
48 _ _ - - 3 ,271 897 53 
47 _ _ - - - 3,658 555 26 
46 _ _ - - - 900 1,486 17 
45 - _ - - - 644 49 10 
44 _ - - - 1,479 — --
43 - - - - - 1,758 100 14 

42 
41 I _ 1,430 239 26 
40 _ - - - - 300 9 
39 _ - - - - — --
38 - - - - - 1,572 --

3,868 i n 1954-55. College en ro l lmen t s and numbers of graduat ions are now i n c r e a s ­
i n g p r i m a r i l y because of increase i n the b i r t h r a t e f o l l o w i n g the depress ion p e r i o d i n 
the 1930's. The heavy b i r t h ra te of the pos t -war p e r i o d s t a r t i n g i n 1946 w i l l be a 
s t rong f a c t o r i n r each ing new highs m c i v i l engineer ing bachelor degrees by 19f 0. 

The peak of the number of mas te r degrees came i n 1945-46 w i t h 1,486, wh ich r e ­
f l e c t s the unusual ly l a rge number of graduates who r e t u r n e d to col lege i m m e d i a t e l y 
a f t e r W o r l d War I I f o r graduate w o r k . A secondary peak of 897 was reached i n 1947-
48. F r o m 1948 to 1951 the mas te r degrees were about 10 percen t of the bache lors . 
F o r the past three years , however , t h i s percentage has averaged about 16 percent . 
F r o m other sources there i s i nd ica t ion that the number of bachelor graduates who 
r e t u r n f o r graduate w o r k i s s t i l l on the increase . P rospec t ive employe r s of c i v i l 
engineer ing graduates, then, need to r e a l i z e that rough ly 15 percent of the bachelor 
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T A B L E 3 

C L A S S I F I C A T I O N O F STUDENTS E N R O L L E D FOR G R A D U A T E WORK I N 
C I V I L E N G I N E E R I N G - F A L L 1956 

(Summary of Tab les 4 and 5) 

C i v i l Eng inee r ing 
Percentage E n r o l l e d i n Subject M a j o r 

Subject M a j o r M . S. Candidates PhD. Candidates 

1. S t ruc tures 47. 22 36 .75 
2. Soi ls 10. 53 14.13 
3. Highways 9. 76 4 .95 

4. Sanitat ion 9.13 15. 20 
5. H y d r a u l i c s 8. 04 13.43 
6. Genera l 4. 79 . 3 5 

7. Eng inee r ing Mechanics 3.13 8.48 
8. M u n i c i p a l 2 . 1 1 
9. I r r i g a t i o n 1.91 2. 47 

10. Cons t ruc t ion 1.85 
11 . M a t e r i a l s .83 1.06 
12. Surveying .38 . 3 5 

13. F l u i d Mechanics . 3 2 2.83 

T o t a l 100. 00 100. 00 

Quest ionnaire s tudy: 
Number of schools r e p o r t i n g 75 
Number of graduate students 

r e p o r t e d 1,567 

P r e l i m i n a r y Repor t , U . S. O f f i c e 
of Educat ion: 

Number of schools e n r o l l i n g 
graduate students 93 

Number of graduate students 
e n r o l l e d 2 ,314 

32 

283 

37 

259 

graduates a re not avai lable f o r employment f o r another year o r two a f t e r t he i r f i r s t 
degree. F u r t h e r , when they a re avai lable w i t h graduate degrees, higher sa la r i e s w i l l ] 
be i n o r d e r and a higher l e v e l of spec ia l ized ass ignments w i l l be expected. i 

The doc to rs degrees 1950-51 to 1955-56 averaged s l i g h t l y less than 1 percent of th<i 
bachelors degrees and about 7 percent of the mas t e r s . W i t h the inc reased weight the ( 
col lege a d m i n i s t r a t i o n s a re g i v i ng doc tors degrees as a q u a l i f i c a t i o n f o r a teaching j 
pos i t i on , i t may be expected that the number of degrees at the doc tors l e v e l w i l l i n ­
crease somewhat. I 

Usable r e t u r n s were r ece ived f r o m 75 schools r e p o r t i n g en ro l lmen t s of mas te r d e ­
gree students and 32 schools e n r o l l i n g doctor degree students i n the f a l l of 1956. The 
poss ible t o t a l number of schools was 93 f o r the mas te r and 37 f o r the doctor degrees . ' 
T o t a l e n r o l l m e n t (Table 6) i n the f a l l of 1956 was 2, 314 f o r the mas te r degree and 259' 
f o r the doc tors degree. The quest ionnaire r e t u r n s inc luded 1, 567 mas te r degree stu-i 
dents and 283 doc to rs candidates, o r a percentage of 68 and 109, r e spec t ive ly , of the , 
t o t a l en ro l lmen t s i n a l l schools . 

In Tab le 3 i s s u m m a r i z e d by percentage the en ro l lmen t s i n the separate m a j o r s 
w i t h i n c i v i l engineer ing as obtained by ques t ionnai re . S t r u c t u r a l eng ineer ing i s by 
f a r the leader w i t h 47. 22 percent at the m a s t e r s l e v e l and 36. 75 percent at the doctors 
Soils and highways a re second and t h i r d , r e spec t ive ly , m the mas te r s and t h i r d and 
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TABLE 4 
NUMBER OF MS CAMDIDATES DI THE VARIOUS CIVIL EHOINEERING 

Enrollment Reported f rom HRI i Questionnaire Study 

State Institution 
Enrollment 
reported by 
U S Office 

Ed 
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1 M
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ls
 

1 
Su

rv
ey

in
g 

1 F
lu

id
 

1 
M

ec
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ni
cs

 

1 2 3 4 5 6 7 8 9 10 11 12 13 
AU 

Ariz 
Ark 
CalU 

Conn 
Dela 
Fla 
Ga 

Alabama Poly 
Untv Alabama 
Univ Arizona 
Umv Arkansas 
California Tech 
Stanford 
Univ California 
Colorado A and H 
Univ Colorado 
Umv Denver 
Yale 
Univ Delaware 
Umv Florida 
Georgia Tech 
Umv Idaho 

15 
60 

18 
4 
S 

I I I Illinois Inst Tech 
Northwestern 
Univ Ulmois 

47 
43 

107 

Ind Notre Dame 
Purdue 

5 
60 

Iowa Iowa St Coll 
St Univ Iowa 

26 
6 

Kan Kansas State CoU 
Univ Kansas 

7 
30 

Ky Univ Kentucky 18 

La Tulane 19 

Maine Umv Maine 3 

Md Johns Hopkins 
Univ Maryland 

10 
4 

Mass Harvard 
Mass Inst Tech 
Northeastern 
Umv Massachusetts 

10 
57 
67 
9 

Mich Michigan M and T 
Michigan State Umv 
Univ MiLh 
Wayne Umv 

4 
17 
S4 
29 

Minn Umv Minnesota 31 

MlbS Mississippi St Coll 2 

Mo Missouri Mines 
Wash Umv (St U 

17 
8 

Mont Montana St Coll 4 

Nob Umv of Nebraska -
N J Rutgers 

Stevens 
2 
4 

N Mex New Mexico A and M 
Univ N Mexico 

6 
IS 

N Y Clarkson 
Columbia 
Cornell 
Rensselaer 
Syracuse 

100 
17 
25 
2 

NC North Carolina St Coll 16 
NDak Univ North Dakota 8 
Ohio Case 

Ohio St Umv 
31 
16 

Okla Oklahoma A and M 17 

Ore Oregon State 7 

Pa Bucknell 
Drexel 
Pa State Umv 
Univ Pittsburgh 

2 
27 
9 

28 

R I Umv Rhode Island 3 

SDak South Dakota St Coll 3 

Tenn Umv Tennessee 12 

Texas Univ Houston 
Umv Texas 

14 
27 

Utah Utah St Ag Coll 2 

Va Umv of Virginia 
Virginia Poly 

3 
15 

Wash Umv Washington 
Washington St Coll 

50 
2 

Wise Univ Wisconsin 56 

Wyo Univ Wyoming 9 

D C Catholic Umv 17 

Total 1,509 

3 
21 
3S 

1 -
20 13 

22 
21 

111 

3 33 
18 7 

5 
20 
54 
28 
SO 
3 

18 
10 

18 13 4 - 11 13 

5 3 5 
1 - 7 
7 12 -

115 
1 

48 1" 
13 1 6 
18 6 
2 1 1 
5 2 3 
5 

11 _ _ 
8 4 4 

11 - 8 
2 - 1 

IS 6 3 
4 - -

12 7 
2 

5 5 6 3 
- - 1 1 

7 15 6 - 15 13 
. . 3 . . -

9 
1,567 740 166 153 143 126 75 49 33 30 29 13 5 

' Candidates for M S in Water Power and Supply 
'Candidates for M S in City Phimiing 
' Candidate for M S in Transportation 
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TABLE 5 

NUMBER OF PhD CANDIDATES ENROLLED IN THE VARIOUS CIVIL ENGINEERING SPECIALTIES 
FALL 1956 

State Institution 
Enrollment 
reported by 
U. S. Office 

Ed. 

Enrollment Reported f rom HRB Questionnaire Study 

State Institution 
Enrollment 
reported by 
U. S. Office 

Ed. 

Total 

S
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M
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1 2 3 4 5 6 7 8 9 10 11 12 13 
Calif California Tech 2 2 

Stanford 7 9 
Univ Calif 16 20 

Colo Colorado A and M 6 
Univ Colorado 1 3 

Conn Yale 6 6 
Fla Umv Florida 4 5 
Iowa Iowa St Coll 13 14 

St Umv Iowa 3 13 
m Illinois Inst Tech 6 3 

Northwestern 8 14 
Univ Illinois 38 42 

Ind Purdue 16 18 
Md Johns Hopkins 4 5 
Mass Harvard 4 9 

Mass Inst Tech 23 23 
Hich Michigan State - 4 

Umv Mich 15 15 
Minn Univ Minnesota 5 13 
Mo Washington Umv (St L) 1 1 
N J Stevens Inst - 2 
N Y Columbia 13 18 

Cornell 7 5 
Rensselaer 2 1 

Ohio Ohio State Umv 2 1 
Okla Oklahoma A and M 1 2 
Ore Oregon State 1 1 
Pa Pennsylvama State 2 2 
Texas Umv Texas 4 2 
Va Virginia Poly 1 3 
Wash Umv Washington 2 2 
Wise Umv Wisconsin 13 19 

Total 220 283 

6 
6 

3 
2 
2 
4 

2 
5 

30 
4 
2 

11 
2 

13 
4 

1 

10 1 

14 

1 1 - . . 

2 - 1 6 4 

104 40 14 43 38 

6 
24 

Sixth i n the doc tors l i s t i n g . Because so i l s engineer ing i s c lose ly r e l a t e d to highway \ 
engineer ing , the combina t ion of the two would p rov ide a t o t a l percentage of 20. 29 i 
m a s t e r s and 19. 08 doc to rs of a l l c i v i l engineer ing graduate m a j o r s avai lable f o r the 
highway f i e l d . Many of the s t r u c t u r a l m a j o r s would also be avai lable f o r highway 
b r idge engineer ing . O v e r - a l l , whether the graduate degree candidate e lects to r e m a i n 
i n educat ional p u r s u i t s or to enter the noneducation f i e l d , the highway indus t ry has a 
good oppor tun i ty to obta in a f a i r share of those who are awarded graduate degrees. ' 

Tables 4 and 5 p resen t the data s u m m a r i z e d i n Table 3, i n s t i t u t i o n by i n s t i t u t i o n , 
f o r the 75 wh ich r e t u r n e d the ques t ionnai re . These tables indicate the high degree of i 
spec ia l i za t ion of graduate en ro l lmen t . Many of the schools have the i r one o r two I 
m a j o r s w h i c h a t t r a c t mos t of t h e i r graduate students. F o r instance, at the U n i v e r s i t y | 
of C a l i f o r n i a , 68 out of 73 mas te r degree students a re m a j o r i n g i n s t r u c t u r e s , highways, , 
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T A B L E 6 

C I V I L E N G I N E E R I N G E N R O L L M E N T S A N D DEGREES I N T H E U N I T E D STATES 
A N D O U T L Y I N G P A R T S , B Y L E V E L A N D B Y I N S T I T U T I O N 1956 

U . S. Depa r tmen t of Heal th , Educat ion, and W e l f a r e - O f f i c e of Educat ion 

E n r o l l m e n t Degrees 
In s t i t u t i on F a l l 1956 1955-56 In s t i t u t i on 

B . S . M . S .2 PhD. B . S . M . S. PhD. 

C i v i l - Grand T o t a l 28,312 2,314 259 4, 227 822 59 

A l a b a m a 469 13 64 1 
' A l a Po ly 314 8 - 40 - -
* A l a U n i v 155 5 - 24 - -

A r i z o n a 223 3 _ 16 3 _ 

* A r i z Univ 223 3 - 16 3 -
Arkansas 166 2 _ 19 3 _ 

* A r k U m v 166 2 - 19 3 -
C a l i f o r n i a 1,222 255 25 255 115 4 

* Ca l i f Tech 20 15 2 11 20 1 
C o l l of the Pac i f 40 - - 2 - -
Fresno St C o l l 110 - - 9 - -
Loyo la U n i v 32 - - 5 - -
San Jose St C o l l 91 - - 16 - -

' Santa C l a r a 92 - - 20 - _ 

^ S tanford 131 60 7 36 31 -
' Un iv Ca l i f 381 35 16 106 34 3 
* U n i v So C a l i f 325 145 - 50 30 -

Colorado 619 86 1 89 10 1 
* Colo A and M 91 6 - 18 _ _ 

Colo C o l l 4 - - 3 - _ 

^ Colo U n i v 469 77 1 50 10 1 
* U n i v Denver 55 3 1 18 - -

Connecticut 96 28 6 34 9 _ 

' Conn Univ 48 10 - 19 3 -
' Y a l e 48 18 6 15 6 -

Delaware 73 4 _ 15 5 
' Un iv De la 73 4 - 15 5 -

F l o r i d a 394 8 4 66 6 _ 

' Un iv F l a 133 8 4 38 6 -
Univ M i a m i 261 - - 28 - -

Georgia 417 25 1 73 11 -
' Ga Tech 417 25 1 73 11 -

Idaho 149 1 _ 25 _ _ 

' I d a h o Univ 149 1 - 25 - -
I l l i n o i s 1,099 198 52 149 110 10 

B r a d l e y 148 1 - 12 - -
* I I I Ins t T e c h 141 47 6 22 5 -
' N o r t h w e s t e r n 84 43 8 14 16 -
' I I I U n i v 726 107 38 101 89 10 

Indiana 1,236 65 16 270 36 5 
Evansv i l l e 7 - - - - -
Ind Tech 286 _ - 47 - -
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Table 6 continued 

I n s t i t u t i o n 
E n r o l l m e n t 

F a l l 1956 
Degrees 
1955-56 I n s t i t u t i o n 

B . S . M . S. PhD. B . S . M . S. PhD. 

Indiana (continued) 
33 ' N o t r e Dame 175 5 - 33 1 -

' Purdue 416 60 16 109 35 5 
' Rose Po ly 39 - - 14 - -

T r i - S t a t e C o l l 210 - - 57 - -
Valpa ra i so 103 - - 10 - -

Iowa 500 32 16 72 28 2 
' Iowa St C o l l 370 26 13 59 28 2 
' St Un iv Iowa 130 6 3 13 - -

Kansas 533 37 - 49 3 -
' Kansas St C o l l 265 7 - 30 1 -

M u n U n i v W i c h i t a 101 - - 2 - -
' Un iv Kansas 167 30 - 17 2 -

Kentucky 
' Un iv K y 

580 37 - 69 11 -Kentucky 
' Un iv K y 548 18 - 59 10 -
' Un iv L o u i s v i l l e 32 19 - 10 1 -

Louis iana 385 48 - 56 2 -
' L a P o l y 133 - - 10 - -
' L a St U n i v 117 29 - 22 2 -
' S W L a Inst 66 - - 7 - -
' Tulane 69 19 - 17 - -

Maine 119 3 - 25 2 -
' Maine U n i v 119 3 - 25 2 -

M a r y l a n d 
' Johns Hopkins 

361 14 4 55 8 2 M a r y l a n d 
' Johns Hopkins 137 10 4 25 6 2 
' Un iv M d 224 4 - 30 2 -

Massachuset ts 854 143 27 174 63 3 
B r a d f o r d D u r f e e 31 - - 4 - -
H a r v a r d - 10 4 - 12 -

' Mass Ins t Tech 173 57 23 52 39 3 
M e r r i m a c k C o l l 54 - - 6 - -

' Un iv Mass 96 9 - 17 - -
' Nor theas t e rn 335 67 - 59 12 -
' T u f t s U n i v 71 - - 26 - -
' Worces t e r 94 - - 10 - -

M i c h i g a n 1,485 104 15 179 73 6 
D e t r o i t Ins t 69 - - 7 - -

' D e t r o i t Un iv 182 - - 30 - -
Lawrence Inst 147 - - 5 - -

' M i c h M and T 384 4 - 48 1 -
' M i c h St U n i v 300 17 - 40 8 -
' M i c h U n i v 238 54 15 37 62 6 
'Wayne Univ 165 29 - 12 2 -

Minnesota 359 31 5 39 23 6 
' Univ M i n n 359 31 5 39 23 6 

M i s s i s s i p p i 442 3 - 40 3 -
' M i s s St C o l l 362 2 - 29 3 -
' Un iv M i s s 80 1 - 11 - -
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Table 6 continued 

Institution 
Enrollment Degrees 
Fall 1956 1955-56 

B.S. M. S. PhD, B.S. M.S. PhD. 
890 42 4 100 11 
427 17 - 44 2 
292 17 3 34 7 

54 - - 4 -
117 8 1 18 2 
154 4 _ 19 1 
154 4 - 19 1 
170 - _ 37 1 
170 - - 37 1 
142 2 _ 15 1 
142 2 - 15 1 
180 _ _ 15 _ _ 

51 - - 4 _ 

129 - - 11 -
325 75 - 79 29 
246 56 - 51 15 
42 13 - 14 12 
37 2 - 14 2 
- 4 - - -

213 21 34 1 
127 6 - 10 1 
86 15 - 24 -

2, 699 428 36 450 113 3 
367 140 - 57 20 
696 78 - 84 10 
196 - - 30 _ 

68 100 13 17 34 1 
100 - - 19 _ 

281 17 - 41 12 
377 - - 77 _ 

227 66 13 35 19 1 
242 25 2 70 15 1 
86 2 1 11 3 
59 - - 9 -

694 16 _ 83 6 
76 - - 25 -

618 16 - 58 6 
241 8 _ 45 4 
155 - - 30 _ 

86 8 - 15 4 
1,150 47 2 165 1 

10 - - 2 
123 31 - 30 -
47 - - 19 -
82 - - 7 -

250 16 2 29 1 
118 - - 24 -
20 - - 3 -

' Missouri 
^ ' Mo Mines 

' Univ of Mo 
St Louis Univ 

' * Wash Univ (St L) 
Montana 

* Mont St Coll 
Nebraska 

• * Univ of Neb 
Nevada 

[ * Univ of Nev 
New Hampshire 

* Dartmouth 
' Umv N H 

I New Jersey 
I * Newark 
I * Princeton 

^ Rutgers 
Stevens 

New Mexico 
I * New Mex A and M 

* Univ N Mex 
New York 

* Brooklyn Poly 
. ' City Coll of N Y 
1 ' Clarkson 
' ' Columbia 
' ' Cooper Union 
) ' Cornell 

* Manhattan Coll 
' N Y Univ 
* Rensselaer 
Syracuse 

* Union Coll 
, North Carolina 

*Duke Univ 
' N C State Coll 

North Dakota 
*NDak Ag Coll 
* Univ N Dak 

' Ohio 
Antioch 

'Case 
' Fenn Coll 
'• Ohio Northern 

' ' Ohio State Univ 
' Ohio Univ 
* Univ Akron 
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Table 6 continued 
Enrollment Degrees 
Fall 1956 1955-56 

B.S. M. S. PhD, B.S. M. S. PhD. 

Ohio (continued) 
21 ^ Univ Cincinnati 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 -
^ Univ Okla 148 13 - 14 6 -

Oregon 
^ Ore State 

158 7 1 24 2 1 Oregon 
^ Ore State 158 7 1 24 2 1 

Pennsylvania 
^ Bucknell 

1,751 181 21 321 44 9 Pennsylvania 
^ Bucknell 109 2 - 20 1 -
' Carnegie 238 31 3 41 - 3 
' Drexel 270 27 - 49 2 -
' Lafayette 
^ Lehigh 

101 - - 18 - -' Lafayette 
^ Lehigh 111 39 13 34 18 5 
Pa Mil College 47 - - 13 - -

* Pa State Univ 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 R I 90 3 - 17 - -

South Carolina 675 - - 101 2 -
' Citadel 308 - - 42 - -
' Clemson 200 - - 36 2 -
S C State Coll 6 - - 2 - -

^ Univ S C 161 - - 21 - -
South Dakota 186 3 - 41 - -

' S Dak Mines 122 - - 20 - -
' S Dak St Coll 64 3 - 21 - -

Tennessee 528 12 - 64 1 -
Tenn Ag and Ind 77 - - 5 - -
Tenn Poly 104 - - 5 - -

' Univ Tenn 188 12 - 24 1 -
' Vanderbilt 159 - - 30 - -

Texas 1, 586 140 6 192 35 3 
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 2 
* Tex Tech 205 - - 27 - -
Tex Western 145 - - 10 - -
Univ Houston 253 14 - 7 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 
' Univ Utah 

184 - - 4 - -Brigham Young 
' Univ Utah 138 1 _ 18 2 _ 

' Utah St Ag Coll 247 2 - 37 - -
Vermont 216 _ 24 _ _ 

' Norwich 117 - _ 15 _ _ 

* Univ Vermont 99 - - 9 - -
Virginia 

' Univ of Va 
879 18 1 117 5 _ Virginia 

' Univ of Va 121 3 - 18 1 _ 

' Va Military 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 - _ 

' Univ Wash 225 50 2 51 7 _ 

Walla Walla 20 - - - _ _ 

' Wash St Coll 194 2 - 22 2 -
West Virginia 122 - - 11 1 

' W Va Univ 122 - - 11 1 -
Wisconsin 835 56 13 96 11 4 

' Marquette 195 - - 34 - -
' Univ Wise 495 56 13 50 11 4 
Wise Inst Tech 148 - - 12 - -

Wyoming 
' Univ Wyo 

155 9 - 26 4 _ Wyoming 
' Univ Wyo 155 9 - 26 4 -

Dist of Columbia 292 17 _ 26 3 _ 

Catholic Univ 74 17 _ 14 3 _ 

' Geo Wash Univ 107 - - 7 _ _ 

' Howard Univ 111 - - 5 - -
* Alaska - U of 91 - - 4 - -
* Hawaii - 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 University of Illinois, 91 out of 111 masters candidates arp major­
ing in structures. At the State University 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 degi'ees. 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 University and 20 at the University of California. 

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

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

The civil engineering enrollments, fal l of 1956, by institution and the number of de­
grees awarded in the 1955-56 school year are given in Table 6. These statistics are 
from reports of the U. S. Office of Education, As pointed out earlier there are differ­
ences in Table 6 and the information reported from the questionnaire study. Table 6 
is useful in comparing graduate enrollment in 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 in highway engineering. Although not a complete 
coverage and a study whose accuracy is 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 degree^ 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 in civil engineering enrollments at all class levels, there 
wil l 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 is 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 wil l 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 included in 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, thereiore, it appears unlikely that they could f i l l their 
estimated requirements for 1956, because of relatively little increase in the available 
supply or m 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 is 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 st i l l to be met. 

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

31 
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SUMMARY OF DATA FROM STATES ON TURNOVER OF HIGHWAY ENGINEERING PERSONNEL FOR 
PERIOD JANUARY 1 THROUGH DECEMBER 31, 19S5 

(Total Numbci of SUtes Reporting and D C - 49) 

Stole New HEP Returning Promoted from Total Ad­ Deaths or Dismissec Departed Resigned Total Net Gun + or Total HEP Desitcd Add 
Hired f rom Leave Preprofession- ditions Retired or Sepa­ on Leave Losses Net Loss - Dec 31, tional HEP 

al Grades rated 1955 lor 19S6 
Alabama 67 5 14 86 2 0 37 36 75 - f l l 403 60 
Arizona S 0 6 11 2 0 0 S 7 -f 4 S3 17 
Arkansas 7 0 S 12 1 1 2 2 6 -f 6 120 lOO 
California 416 42 23S 693 39 63 62 285 449 +244 3451 410 
Colorado 16 0 26 42 12 1 1 11 25 +17 328 50 
Connecticut 21 1 23 45 8 0 4 14 26 +19 402 0 
Delaware 0 0 0 0 0 0 0 0 0 0 70 15 
Florida 30 5 IS 50 5 0 10 20 35 +15 693 50 
Georgia 31 2 71 104 3 1 3 11 18 +86 524 160 
I^ho 20 0 8 28 3 2 4 29 38 -10 130 20 
Illinois 145 21 S 171 20 3 51 141 215 -44 1002 400 
Indiana 75 2 0 77 1 0 17 26 44 +33 368 172 
Iowa 30 3 0 33 4 0 15 0 19 + 14 336 SO 
Kansas 9 0 0 9 2 0 10 18 30 -21 317 98 
Kentucky 16 1 6 23 3 0 6 50 59 -36 617 100 
Louisiana SO 0 S 55 3 2 4 11 20 +35 309 109 
Maine 15 3 3 21 2 0 11 9 22 - 1 174 21 
Maryland 4 1 0 5 2 0 2 20 24 -19 350 30 
Massachusetts 26 1 20 47 12 0 3 35 50 - 3 702 110 
Michigan 38 15 0 53 7 0 26 41 74 -21 601 174 
Minnesoto 21 1 65 87 15 u 13 35 63 +24 S30 SO 
Mississippi 7 3 0 IC 0 0 1 13 14 - 4 111 47 
Missouri 71 1 6 78 15 2 7 34 58 +20 702 40 
Montana 12 3 6 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 0 1 1 2 + 1 89 20 
New Hampshire 16 0 8 24 4 0 0 9 13 +11 237 79 
New Jersey 16 0 S 21 9 0 2 21 32 -11 420 140 
New Mexico IS 2 12 29 2 1 2 10 IS + 14 124 35 
New York 14 5 97 116 41 0 10 72 123 - 7 1377 650 
North Carolina 17 1 14 32 4 2 2 30 38 - 6 437 50 
North Dakota 3 0 3 6 0 1 2 2 S + 1 63 20 
Ohio 99 6 32 137 12 0 46 18 76 +61 636 200 
Oklahoma 3 0 2 5 2 0 0 7 9 - 4 115 50 
Oregon 33 8 36 77 8 3 6 46 S3 +24 495 50 
Pennsylvania 5 0 9 14 3 10 0 0 13 + 1 480 130 
Rhode Island 4 0 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 IS 0 2 17 1 0 0 2 3 +14 91 15 
Tennessee 30 6 18 54 5 6 5 18 34 +20 216 SO 
Texas 93 10 0 103 4 2 34 57 97 + 6 922 100 
Utah 8 0 1) 22 3 1 0 10 14 + 8 175 23 
Vermont 12 0 7 19 1 0 0 12 13 + 6 158 57 
Virgima 9 5 20 34 2 0 7 17 26 + 8 360 60 
Washington 48 4 32 84 7 7 2 38 54 +30 966 0 
West Virginia 19 0 3 27 2 3 0 49 54 -27 226 100 
Wisconsin 38 2 1 41 6 0 11 29 46 - 5 398 60 
Wyoming 11 2 10 23 4 0 1 10 15 + 8 92 28 
Oist of Columbia 7 0 10 17 0 0 1 2 3 +14 ii 30 

Totals 1,680 163 881 2, 724 289 115 426 1,334 2,164 + 560 21,229 4,465' 

' Estimate based on needs for the normal 1956 program and does not include requirements for an expanded 
National Highway Program which has since become a reality 

Unfavorable employment conditions in any of the highway departments become generally 
known and make more difficult the problem of attracting and retaining engineering per­
sonnel m 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 organization and administration 
to improve its 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 is 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 it appears likely that only partially complete and sometimes in­
correct information may be obtained when a senior person in the highway department 
conducts such an interview. Many engineers, when they have decided to leave, don't 
wish to make an issue 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—it may or may not be the primary reason, and usually it is only one of several 
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real reasons. Dependable information from persons not planning to resign, at least 
immediately, is even more difficult to obtain. 

While this conclusion is 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 in a state may know personally 
a number of the engineers in 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 wil l 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 m 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 f i l l it out accurately and com­
pletely. 

For the pilot study 136 questionnaires were mailed out, 68 to engineers stil l em­
ployed by highway departments, and 68 to engineers no longer employed. This was 
done on a paired basis, that is, for each engineer selected at random who had formerly 
worked 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 received too late to be included 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 
I S 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 fu l ­
lest utilization. Hand methods of tabulation and analysis were used to obtain the infor­
mation presented in 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 is $624, whereas 

the present monthly salary of those sti l l employed is $555. 
4. The favorable and unfavorable employment factors for both those no longer em­

ployed and those st i l l employed by the highway department are shown m Tables 2, 3, 4, 
and 5. The score shown was computed as a composite value after assigning 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 importance of the factors listed. 
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TABLE 2 
FAVORABLE EMPLOYMENT FACTORS USTED BY THOSE NO LONGER 

EMPLOYED BY THE HIGHWAY DEPARTMENT 
Score 

1. Reasonable assurance of continued employment even in depression. 59 
2. Interesting and enjoyable work. 55 
3. Steady future highway development and the corresponding demand for engi- 39 

neering services offer a high degree of security of employment in the high­
way engineering field. 

4. Good bosses or supervisors, well-trained, know their job and how to 31 
handle people. 

5. Doing type of work on which the engineer makes important decisions and 30 
does independent work. 

6. Expanded highway program and prospective retirements indicate good 27 
opportunities for advancement for some years to come. 

7. Associates friendly and helpful. 27 
8. Good opportunity to learn and gain valuable experience in my field of 27 

interests. 
9. The technical and engineering staff below a few top level positions are 25 

free from transfer or removal for political considerations. 
10. Liked the community and people in the area. 22 
11. Salary levels satisfactory for starting and for the first few years of 21 

engineering work, 
1^, Challenging and stimulating work most of the time, 20 
13. Work of the highway department essential to national economy, feel that 20 

total accomplishment is important. 
14. Satisfactory sick leave and compensation policies in effect. 20 
15. Amount of paid vacation allowed per year satisfactory. 18 

TABLE 3 
FAVORABLE EMPLOYMENT FACTORS USTED BY THOSE STILL EMPLOYED 

BY THE HIGHWAY DEPARTMENT* 
Score 

1, (3) Steady future highway development and the corresponding demand for 162 
engineering services offer a high degree of security of employment in the 
highway engineering field, 

2, (2) Interesting and enjoyable work, 136 
3, (1) Reasonable assurance of continued employment even in depression, 113 
4, Retirement plan including deductions and benefits satisfactory. 102 
5, (6) Expanded highway program and prospective retirements indicate good 100 

opportunities for advancement for some years to come, 
6, (12) Challenging and stimulating work most of the time, 87 
7, (13) Work of the highway department essential to national economy; feel 62 

that total accomplishment is important, 
8, (10) Liked the community and people in the area. 52 
9, Progress in increased responsibility reasonably regular and certain. 50 
10, Promotions generally made from lower engineering grades and not from 49 

outside the highway department, 
11, Wide choice of employment and employers in the highway field, 44 
12, Good working hours, 40 
13, Adequate housing available in assigned area. 38 
14, (7) Associates friendly and helpful. 35 
15, (15) Amount of paid vacations allowed per year satisfactory. 35 
* Numbers in parentheses indicate corresponding position of the same item in 

Table 2. 
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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 W 
later years are too slim to make a career with the highway department 
attractive. 

2. Engineering salary scale in general too low as compared with private 49 
industry 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 in general with the work and operations of 34 
the highway department. 

5. Undesirable and unnecessary changes in highway department policies 24 
occur with changes in 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 in administration. 19 
13. Salary levels too low for older engineers in technical work not classified 18 

as supervisory or administrative m 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 in general too low as compared with private 121 

industry and other opportunities. 
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 in making selections for promotion. 

7. (7) No pay given for overtime work. 77 
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 techmcal work not 53 

classified as supervisory or administrative 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 in parentheses indicate corresponding position of the same item in Table 4. 
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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 stil l employed: 

N-14 (Satisfied) 14 
N-15 (Dissatisfied, but no decision to move) 9 
N-15 and N-16 7 
N-16 (Dissatisfied and looking for another job) 4 
None of the three 3 

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 m 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. 

CONCLUSIONS OF THIS PRELIMINARY STUDY 
1. The rate of turnover of highway engineering personnel is sufficiently high to 

justify coordinated and intensive study aimed at making highway departments more at­
tractive career organizations. 

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

3. This research should be continued, with several additional highway departments 
participating in 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 is 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 is 
usually the effect of the combination of factors that results in the final decision for a 
change. 
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APPENDDt 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 in 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 is 
relatively small do not include these persons in 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 
b. Personnel dismissed or separated for cause 
c. Personnel going on military or other leave 
d. Personnel resigning to go into other work 
e. Total losses 

3. 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 in your organization for 1956 
if 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 
University of Illinois 
Urbana, Illinois 
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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. i 
The planning, design, construction, and maintenance of these highways wil l 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 wil l 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 in persuading the administrative authorities to make these change 
And only you people who have worked or are st i l l working in the highway department 
can provide this factual information. 

Will you be willing to contribute to this study by fi l l ing 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 wil l be of any value. I hope that you have sufficient interest in professional 
engineering development to give us the data that is needed. I assure you that your 
answers wil l be handled in a confidential manner and will not be associated with you m 
any way. 

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

Very sincerely. 

Ends. 
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Study of Factors in Retention of Highway Engineering Personnel 

PART I 
Identification Data 

Highway Department: 

Date 

1. Name Confidential File No. 

2. Present mailing address 

3. Business telephone number 

4. Present employer 

Signature 

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

. Parts I I and I I I wil l be kept and used sepa­
rately from Part I , will be identified by confidential file number only, and 
will not in any way be associated with your name in any of the studies and 
reports. Only the addressee above wil l have access to this identification 
data in Part I or will have any opportunity of associating Parts I I and HI 
with your name and that wil l be done only for the purpose of checking and 
verifying the return of this report. Access to Part H 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 wil l be treated in a confidential 
manner to prevent the data furnished 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 II 
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 $ 

4, 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) If 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 $ 
g. 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 m profits $ Average monthly commis­
sions $ 
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 m 
Confidential Employment Evaluation Data 

Highway Department: 
Confidential File No. D̂ate 
Please place the proper marks in Columns (1), (2), and (3) in accordance with the 
instructions below: 
Column (1): Evaluation of attitudes and conditions affecting employment with the 

highway department. 
a. Mark in the brackets in Column (1) for each numbered statement 
listed on the following sheets whether, according to your personal 
knowledge, experience, best judgment, and feelings, each statement 
I S 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. 
SL. 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 in Column 
(2) with an (F) any other favorable conditions which you think important 
enough to have some influence on your decision about a career with the 
highway department. 

Column (3): 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. 

Notes: 1, In marking Column (1) you wil l 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 in the list. Please mark each statement individually on its 
own merits as it is stated and do not be concerned about the apparent 
duplication in statements. Answer each item on the basis of average or 
normal conditions and not for the exceptional case. 

2. 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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(1) (2) (3) 

( ) ( ) ( ) 14. 

Al l 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 ideas have molded your own opinions. 

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 opportumty to use new ideas. 
Prefer technical to non-technical or administrative work it 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 is to get a job 
done with little apparent interest in being sure that it is a good 
engineering job. 

No recognition or consideration for overtime work. 

A. 
1. 
2. 

3. 
4. 
5. 

6. 
7. 
8. 
9. 

10. 

11. 
12. 

13. 
14. 
15. 
16. 
17. 

18. 

19. 

20. 

B. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 

9. 

10. 

11. 

12. 
13. 
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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 m 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 f i rs t 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. 

E. Special reimbursements and benefits 
( ) ( ) ( ) 1. Amount of paid vacation allowed per year satisfactory. 
( ) ( ) ( ) 2. Not allowed expenses for trips to technical conferences and meetings. 
( ) ( ) ( ) 3. Satisfactory sick leave and compensation policies in effect. 
( ) ( ) ( ) 4. Allowances for travel and other expenses away from home not adequate. 
( ) ( ) ( ) 5. Vacation time can be accumulated from year to year. 
( ) ( ) ( ) 6. No group hospitalization or insurance plan. 
( ) ( ) ( ) Retirement plan including deductions and benefits satisfactory. 
( ) ( ) ( ) 8. Car mileage allowance for private cars inadequate. 
( ) ( ) ( ) 9. No consideration for length of service in vacation plan. 
( ) ( ) ( ) 10. 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. 

( ) ( ) ( ) 15. 
( ) ( ) ( ) 16. 

C. 
( ) ( ) ( ) 1. 
( ) ( ) ( ) 2. 
( ) ( ) ( ) 3. 
( ) ( ) ( ) 4. 
( ) ( ) ( ) 5. 
( ) ( ) ( ) 6. 

( ) ( ) ( ) 7. 
( ) ( ) ( ) 8. 

D. 
( ) ( ) ( ) 1. 
( ) ( ) ( ) 2. 
( ) ( ) ( ) 3. 
( ) ( ) ( ) 4. 
( ) ( ) ( ) 5. 

( ) ( ) ( ) 6. 

( ) ( ) ( ) 7. 

( ) ( ) ( ) 8. 
( ) ( ) ( ) 9. 

( ) ( ) ( ) 10. 

( ) ( ) ( ) 11. 
( ) ( ) ( ) 12. 
( ) ( ) ( ) 13. 

( ) ( ) ( ) 14. 

F. 
( ) ( ) ( ) 1. 
( ) ( ) ( ) 2. 
( ) ( ) ( ) 3. 

( ) ( ) ( ) 4. 
( ) ( ) ( ) 5. 
( ) ( ) ( ) 6. 
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( ) ( ) ( ) 7. 
( ) ( ) ( ) 8. 

( ) ( ) ( ) 9. 
( ) { ) ( ) 10. 

( ) ( ) ( ) 11. 
( ) ( ) ( ) 12. 

( ) ( ) ( ) 13. 
( ) ( ) ( ) 14. 

G. 
( ) ( ) ( ) 1. 

( ) ( ) ( ) 2. 

( ) ( ) ( ) 3. 

( ) ( ) ( ) 4. 

( ) ( ) ( ) 5. 

( ) ( ) ( ) 6. 

( ) ( ) ( ) 7. 

H. 
( ) ( ) ( ) 1. 

( ) ( ) ( ) 2. 

( ) ( ) ( ) 3. 
( ) ( ) ( ) 4. 
( ) ( ) ( ) 5. 
( ) ( ) ( ) 6. 
( ) ( ) ( ) 7. 
( ) ( ) ( ) 8. 

( ) ( ) ( ) 9. 
( ) ( ) ( ) 10. 
( ) ( ) ( ) 11. 
( ) ( ) ( ) 12. 
( ) ( ) ( ) 13. 
( ) ( ) ( ) 14. 
( ) ( ) ( ) 15. 

I . 
( ) ( ) ( ) 1. 
( ) ( ) ( ) 2. 
( ) ( ) ( ) 3. 
( ) ( ) ( ) 4. 

( ) ( ) ( ) 5. 
( ) ( ) ( ) 6. 

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 is well 
planned and fair. 

Rate of advancement very slow and discouraging after f i rs t 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 in 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 recognition by my supervisor for the work that I did. 
Supervisor had poor personal attitude and made life unpleasant. 
Given opportunity of working independently and on my own initiative. 
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 recognized as professional men. 
Apparent lack of appreciation by top management of the value of the 
engineering work. 
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) ( ) ( ) 7. Prospects for professional development good. 
) ( ) ( ) 8. Engineers and non-professional employees treated the same. 
) ( ) ( ) 9. Recognition and citations given for engineers doing outstanding 

professional work. 
J. Political influences 

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

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

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

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

) ( ) ( ) 5. 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. 

) ( ) ( ) 6. Political appointments of incompetent or unnecessary persons are 
made in the highway department. 

) ( ) ( ) 7. No political contributions are required from the technical and en­
gineering staff. 

) ( ) ( ) 8. Undesirable and unnecessary changes in highway department policies 
occur with changes m administration. 

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

) ( ) ( ) 10. Too much political influence brought to bear on engineering decisions. 
) ( ) ( ) 11. No pressure on engineers to actively work in political campaigns. 
) ( ) ( ) 12. Chief engineer removed and replaced with changes in administration. 

K. Security of employment 
( ) ( ) 1. Wide choice of employment and employers in the highway field. 
( ) ( ) 2. Reasonable assurance of continued employment even m depression. 
( ) ( ) 3. Lack of stability of employment, not continuous work. 
( ) ( ) 4. Capricious removal from the job, demotion, or transfer, occurs too 

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

engineering services offer a high degree of security of employment 
in the highway engineering field. 

L. Human relations 
( ) ( ) 1. Didn't like the way my boss treated me. 
( ) ( ) 2. Associates friendly and helpful. 
( ) ( ) 3. Irritated by some of the administrative staff who reviewed my work. 
( ) ( ) 4. Enjoyed the people with whom I worked. 
( ) ( ) 5. Didn't care for the official contacts that I had to make with the public. 
( ) ( ) 6. Got along well and liked working with the contractor's organization on 

the job. 
) ( ) ( ) 7. Didn't get cooperation from the persons who worked under me. 

M. Personnel management 
) ( ) ( ) 1. Proper methods of rating and evaluating performance used. 
) ( ) ( ) 2. No provision for handling grievances or complaints. 
) ( ) ( ) 3. Non-discrimination in personnel actions; fair treatment given all 

around. 
) ( ) ( ) 4. Little or no apparent concern about or attention to personnel problems. 
) ( ) ( ) 5. Position classification system well developed and adequate for tech­

nical and engineering jobs of the different levels of responsibility. 
) ( ) ( ) 6. No training for supervision and administration. 
) ( ) ( ) 7. Not enough delegation of authority to heads of major subdivisions to 

act on personnel matters. 
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{ ) { ) ( ) 8. Personnel" actions handled promptly and fairly. 
( ) ( ) ( ) 9. Performance rating system used is unfair and produces considerable 

dissatisfaction. 
( ) ( ) ( ) 10. Effective methods of evaluating jobs and establishing salaries for 

different positions provided. 
( ) ( ) ( ) 11. Inadequate personnel organization provided. 
( ) ( ) ( ) 12. Employee associations and activities encouraged. 
( ) ( ) ( ) 13. Personnel policies and actions too standardized and restricted, 
( ) ( ) ( ) 14. A personnel advisory committee appointed and active in study and 

recommendations for personnel improvements. 
( ) ( ) ( ) 15. Sufficient staff provided at all levels to handle personnel problems. 
( ) ( ) ( ) 16. No merit rating system in effect. 
( ) ( ) ( ) 17. Adequate personnel management plans and policies provided. 

N. General morale 
( ) ( ) ( ) 1. Work of the highway department essential to national economy; feel 

that total accomplishment is important. 
( ) ( ) ( ) 2. Other employees dissatisfied and disgruntled with the highway depart­

ment; continued talk of all the things that are wrong, 
( ) ( ) ( ) 3, 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, 

( ) ( ) ( ) 4. No interest taken in my personal problems. 
( ) ( ) ( ) 5. Given a feeling of fair treatment in relation to others. 
( ) ( ) ( ) 6. Highway department not respected by the general public. 
( ) ( ) ( ) 7. Made to feel that I am important to the highway department. 
( ) ( ) ( ) 8, Older supervisory employees have attitude of indifference and dis­

satisfaction with the department, 
( ) ( ) ( ) 9. Given a feeling that the job is important and worth doing. 
( ) ( ) ( ) 10. General feeling among employees and outsiders that the highway de­

partment is a poor organization for which to work. 
( ) ( ) ( ) 11. Made to feel a real pride in the department and the things that it does. 
( ) ( ) ( ) 12. Appreciation shown for extra effort and good work. 
( ) ( ) ( ) 13. Highway department organized and managed efficiently to stimulate pride. 
( ) { ) ( ) 14. Satisfied with present work with highway department and am not in­

terested in other employment. 
( ) ( ) ( ) 15, Am not satisfied with present employment with highway department, 

but haven't yet had sufficient urge to cause me to go elsewhere. 
( ) ( ) ( ) 16. Am not satisfied with present employment with highway department 

and intend to take another job when I find something to my liking. 
( ) ( ) ( ) 17. 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. 

O. Communic ations 
( ) ( ) ( ) 1. Established plans and procedures in effect for keeping employees 

informed on what is going on and planned for the highway department. 
( ) ( ) ( ) 2. Not kept informed on objectives of the department, 
( ) ( ) ( ) 3. Given free opportunity to make suggestions to improve employment 

conditions. 
( ) ( ) ( ) 4. Hear too many things indirectly about the highway department that 

I would much prefer to hear directly from my boss. 
( ) ( ) ( ) 5. Am encouraged to submit suggestions that will make a better engi­

neering job. 
( ) ( ) ( ) 6. Very seldom am I informed aboi't personnel actions affecting me un­

t i l they have become effective. 
( ) ( ) ( ) 7. Communications from top level administrations are inadequate to de­

velop close engineering-administration relations and a sense of 
teamwork. 
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( ) ( ) ( ) 
P. 
1. 

2. 
3. 

4. 

5. 
6. 
7. 

Q. 
1. 
2. 

( ) ( ) ( ) 6. 
R. 

Organization and general administration of the highway 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 in the highway department. 

Preferred to work nearer home. 
Received other important benefits in new job not available to me m 
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 
wil l be helpful in the evaluation.) 

S. 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. 

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) 
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 it 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 increasing 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 initial 
step m 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 i t . ) 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 ARB A convention at Miami Beach in January 1956. 

From these initial applications, highway engineers have been quick to recognize the 
possibilities in electronic 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 in 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 in process of development. This paper 
IS 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 m all of the applications developed thus far, is the general-
purpose digital computer. As its name implies, the digital computer works with digits 
or numbers. The other type of electronic computer is 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 is simply a computing machine which can add, sub­
tract, multiply, and divide. However, m addition, it 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 is the larger; 
and it 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 
digital 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 in 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). 
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To use the computer for the solution of a problem, i t is necessary to feed into i t 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, once 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 is to be 
solved. As many programs as desired may be developed for the same computer, so 
that i t 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 firs t 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 
into "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, imagination 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 it 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 Univac 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 California 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, is about 20 percent 
of the time required using manual methods. The cost is about 40 percent of the cost 
by manual methods. 



50 

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 is 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 is using electro-mechanical punched-card equip­
ment for survey computations, with plans for converting to an electronic computer in 
the near future. 

I 

Grade Computations 
In the Arizona Highway Department, the program developed for the computation of 

centerline grades, previously mentioned, is being used in day-to-day operations. The 
grades are computed in a continuous process through vertical curves and station equa­
tions. The time required for the computer method, including the preparation of input 
data, IS about 25 percent of the time required using manual methods. 

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

The Texas Highway Department is 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 electronic computers in 

Arizona, California, Texas, Washington, and the Bureau of Public Roads, both for 
use in 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 f i l l volumes at each station and the difference between them adjusted for shrink­
age or swell, the cumulative volumes of cut and of f i l l , 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 in the process of develop­
ing 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 is 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 is 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. 

Photo grammetry 
In the area of photogrammetry, the California Division of Highways is 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 in 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. In a 
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number of states, procedures and programs are being developed for converting parts 
of these studies to analysis on electronic computers. 

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 
route or system of routes, and the computation of benefit-cost ratios. 

In the Detroit Metropolitan Area Transportation Study, using an IBM 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 in length in less than three ; 
weeks, including all coding, card punching, processing, and tabulating of assigned i 
volumes. | 

In the Washington (D. C.) Metropolitan Study, a Univac is 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. i 

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

Basic experimental work is being done on the use of electronic computers in 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 in 1948 and in 1955 are being used in 
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 i 
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 in a metropolitan area study. This is a multiple correlation problem involv­
ing 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 

involved in highway engineering is being explored in 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 in 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 f i rs t 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 
in the Washington Department of Highways is 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, it is estimated that it 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, data from elec­
tronic detecting devices wil l be recorded in a form which can be used as direct com­
puter input, or in some cases in a form which can be electronically converted to an 
acceptable input form to further expedite the processing of the test data. 

These applications of the electronic computer to highway engineering are either in 
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, it is evident that rapid progress is being made. The 
highway profession can justly feel proud of these accomplishments. It also is evident 
that the electronic computer is a valuable device for research and exploration, as well 
as for day-to-day operations. 

ORGANIZATION AND PERSONNEL 
The field is too new and is developing too rapidly for well-defined patterns in organi­

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 in the highway department headquarters 
office. This kind of organizational arrangement is 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 is not essential, as service can be obtained for a monthly charge. 
If the machine is installed on a rental basis, which is the usual arrangement, service 
is furnished by the manufacturer. 

Responsibility for over-all operation, including the development of applications to 
engineering problems, should be assigned to an experienced engineer, trained m the 
use of the computer, including programming. This is the usual practice. In addition, 
it is 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 in the development of programs in their specialized fields as 
part of their assigned duties. A number of states have found it 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 m analyzing problems, in 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 to high-
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way engineering operations, there is need for correlation to minimize duplication and 
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. 

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 in developing entirely new methods. As further progress is 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 developei 
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. A l - | 
though this kind of analysis would be prohibitive in cost and time if done manually, i t is 
reported to be entirely practicable using an electronic computer. A similar method of 
analysis is being used in England in the structural analysis of rigid building frames on 
electronic computers. 

With respect to computer capabilities, i t seems obvious that there wil l be continued • 
improvement. Memory capacity is being enlarged, storage access time is being re- j 
duced, input and output speeds are being increased, character reading devices are 
being perfected, and other improvements are in the making. In addition, there is a < 
definite trend toward transistorization, which wil l result in reduced space, weight and , 
power requirements. With respect to programming, more and more library routines 
wil l of course be developed, and it is quite possible that coding ultimately wil l 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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THE 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 w êlfare. 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 its 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 
in 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. 




