Six-State Classification Study of
Engineering Personnel

RALPH S. LEWIS, Bureau of Public Roads

A study made by the Highway Research Board late in 1954 indicated that the
number of engineers employed per million dollars of capital outlay varied
from 2,0 to 28, 2 in the several state highway departments, It was realized,
of course, that differences among the states in classifying and reporting en-
gineering personnel might account to a considerable extent for the varia-
tions, but the possibility that the variations might be indicative of relative
operating efficiency was also considered. In an effort to explain the varia-
tions, studies of engineering classification and related matters were con-
ducted during the summer and fall of 1955 in Mississippi, Nebraska, Ore-
gon, Vermont, Washington and Wisconsin.

It was found that classification prodecures and reporting methods definite-
ly affect the results reported by the earlier study. Two of the six states
studied, for example, had reported only registered engineers, while the
other four states had reported all personnel classified as engineers by civil
service or merit system provisions, regardless of professional qualifica-
tions. Only 31 percent of the personnel classified as engineers were regis-
tered, and only 35 percent were civil engineering graduates; 52 percent
were neither civil engineering graduates nor registered.

The six-state study also related the number of engineers employed to the
number of subprofessional employees, to program characteristics, and to
management practices and procedures. The resultant findings are not con-
clusive, because of the many intangibles involved and the relatively few
states included in the study. It is established, however, that the combina-
tion of engineers and engineering aids reduces considerably the extreme
variations in the number of engineering employees per million dollars of
capital outlay.

@ LATE 1n 1954 the Highway Research Board requested from all state highway depart-
ments information as to the number of professional engineers employed, the number of
engineering positions it would be necessary to create in order to handle the work then
being handled by consulting firms, and the number of additional engineers needed in or-
der to work at the highest level of effectiveness. The states reported a total of 18,034
engineers employed, consulting work equivalent to another 4, 192 engineering positions,
and a need for 3,990 additional engineers for fully effective work, *

Subsequent analysis indicated that the number of engineers reported per million dol-
lars of capital outlay varied from 2.0 to 28, 2 in the individual states. These wide vari-
ations were somewhat of a surprise, and their possible significance appeared to justify
further study, although it was realized that differences among the states in classifying
and reporting engineering personnel might account to a considerable extent for the vari-
ations.

There was also the possibility, however, that the variations might be indicative of
relative operating efficiency. If so, it seemed likely that those states with a low num-
ber of engineers per million dollars of capital outlay might furnish ideas for the utiliza-
tion of engineering manpower which would be of value to other states. In any event, no
conclusions could be reached without a much more detailed analysis.

Accordingly, it was decided to make detailed studies of engineering classification
and related matters in six selected states — Mississippi, Nebraska, Oregon, Vermont,
Washington and Wisconsin. In selecting these states, consideration was given to the
relative number of engineers per million dollars of work, geographic location, rural-
urban characteristics, total amount of program, amount of work done by consultants,

! See Highway Research Board Bulletin 106, "Manpower Needs in Highway Engineering,"
1955,

4

o oa

B R e



and number of additional engineers needed TABLE ILOY'E CER MILLION
for fully effective work. Information on N O AL DUILAT IN BI¥ SELECTED
the number of engineers employed per STATES s
million dollars of capital outlay for the Engineers employed Engieers
six states selected is presented in Table R B Toial’ zmmoﬂed
: ® r mialiion
1, on the basis of data reported in the 1954 Sgned exepswe D llars of
study ° State Total mamnte- mamte- Cap ltalb cap:talc
. . s N t 1.
That study, in asking for information nance  hance °“1:a” outlay

on the number of "professional'' engineers e
employedf defined a prof.essional fzngineer Mississippr 111 11 100 26.3 3.8
as a "registered professional engineer, or Nebraska 245 20 225 16.5 13,6

ips . " . s Oregon 452 26 426 40.1 10,6
one qualified to register.” Since this def- . ;on 153 25 128 52  24.6
inition was subject to interpretation by the Washngton 206 12 194 46,3 4,2

5 : : Wisconsin 422 34 388 33.4 11.6
states, it was decided that one of the pri- Toso 1 L4 1ens a1
mary concerns of the new studies should Totals 1L, ' . -
be the professional qualifications of em- aAs repo:}eg ln?nthe R‘)lsj-'i;t-ﬁy. 4 1954
ployees classified by the states as engi- o uread O e R e S renanon.

neers. Also, it was decided to extend the
studies to include engineering aids, as well as engineers, and to relate the number of
engineers and engineering aids employed to both program characteristics and manage-
ment practices and procedures. Such studies were conducted in each of the selected
states during the summer and early fall of 1955,

CLASSIFICATION PLANS OF THE SEVERAL STATES

Since these studies are concerned primarily with classification, it is desirable at
this point to comment briefly on the classification plans of the states included in the
studies. The highway departments of Oregon, Vermont, Washington and Wisconsin all
operate under formal civil service systems and have classification plans of the graded
type, i.e., Engineer I, I, III, IV, V, etc., and Engineering Aid I, II, I, etc. or A, B,
C, etc. The Nebraska Department of Roads and Irrigation has for years maintained an
informal merit system for its technical employees, and also has a graded classification
plan. In Mississippi, on the other hand, job titles are related to specific duties, 1.e.,
junior engineer of final plans, senior instrumentman, junior draftsman, rodman, etc.,
and are difficult to correlate with the several classes of a graded classification plan.

Moreover, even in the five states with graded classification plans, correlation is not
a simple matter. There are several reasons for this, In the first place, a graded
classification plan, in addition to engineers and engineering aids, usually includes sev-
eral miscellaneous classes, such as draftsman, radio technician, traffic recorder, and
on occasion even laborer, which can be included in either the engineer or engineering
aid categories, and sometimes in both. Also, the duties performed by an Engineer I in
some states are preformed by high-grade engineering aids in other states. Finally,
although in most states a civil engineering graduate can be hired as an Engineer I, in
other states he must be hired as an engineering aid and cannot be classified as an engi-
neer until certain service requirements have been met.

The matter of registration is a confusing one, too. Some states require that engi-
neers in a particular classification or salary scale be registered, but others require
registration only in connection with certain duties. Also, some states require regis-
tration for particular grades, while others require only eligibility for registration. In
Wisconsin, for example, an Engineer IV must be eligible for registration, while an En-
gineer V or higher must be registered. In Oregon, classification as a Civil Engineer
IV or higher requires registration. Washington likes to have registration at the Assoc-
iate Engineer level, and requires it at the Senior and higher levels. In Mississippi,
only field engineers at the project level and higher are required to be registered.

All of this discussion indicates, of course, that there are wide differences in the
qualifications of the engineers classified as such by the several states. It also suggests
that there may be some variation among the states in the relation of classification to
duties. Both are important matters in determining the number of engineers employed
by the state highway departments, but because of time limitations it was impossible to
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conduct the interviews necessary to determine the relationship of classification to duties.
The number of civil engineering graduates and registered professional engineers included
among the classified engineers in each state was tabulated, however.

Although the 1954 study reported engineers employed, those equivalent to consulting
work, and additional engineers desired, the six-state studies are concerned only with
engineers employed, because of the intangibles involved in studying the other two cate-
gories. Also, while the 1954 study reported engineers by function to which assigned,

i. e. , construction, design, maintenance, etc., this functional distribution is not car-
ried forward here because of the relatively few engineers assigned to other than a few
major functions. In computing the number of engineers employed per million dollars
of capital outlay, however, those assigned to maintenance are omitted in all cases, be-
cause their efforts do not affect the capital-outlay accomplishment.

It should also be pointed out that in most cases the number of engineers employed in
a particular state does not change much from year to year, nor at different times during
a given year. Neither does the number of engineering aids change much from year to
year, although this number may change substantially at different seasons of the year.
Program amounts in a particular state, however, may vary widely from year to year,
with a corresponding pronounced effect on the number of engineering employees per
million dollars of capital outlay.

Generally, then, the findings of the six-state study are relative, rather than absolute
or final. The fact that only six states are included is itself a limiting factor. For any
particular state, the information reported here might have been widely different a year
ago, or might change radically during the course of the next year. Whether the six
states selected for study are representative of the other states is not known. Neverthe-
less, it is believed that the studies contribute materially to the over-all engineering
manpower problem, if only because of the questions they raise.

ENGINEERS — PROFESSIONAL AND OTHERWISE

Turning now to the findings of the study, Table 2 shows the number and qualifications
of highway department employees classified as engineers in each of the six states se-
lected for further study. The *classification' concept used here is of course different
from the "professional engineer" concept of the 1954 study, and is quite revealing. It
is first noted that the difference between the 2, 114 total engineers of Table 2 and the
1,589 total of Table 1 is accounted for largely by two states, Mississippi and Washing-
ton, After some discussion with the appropriate state personnel, it was discovered that
for the 1954 study Mississippi had reported only registered engineers, while Washington
had reported only engineers of the associate or higher grades, omitting the junior and
assistant grades. Each of the other states had reported all engineers classified as such,

TABLE 2

NUMBER AND QUALIFICATIONS OF STATE HIGHWAY DEPARTMENT EMPLOYEES
CLASSIFIED AS ENGINEERS IN SIX SELECTED STATES

Both Neither Total Total
C.E. C.E. employees regis-
graduate C.E. Registered graduate classified Total tered
State and graduate only nor as C.E. engi-
registered only registered engineers graduates neers

Noo. % No. % No. % No. % No. % No. % No. %

Mississippi 82 38 4 2 34 16 96 44 216 100 86 40 116 54
Nebraska 28 12 25 11 71 30 111 47 235 100 53 23 99 42
Oregon 63 13 77 16 39 8 302 63 481 100 140 29 102 21
Vermont 32 21 33 22 20 13 67 44 152 100 65 43 52 34
Washington 63 10 124 20 56 9 384 61 627 100 187 30 119 19
Wisconsin 115 29 98 24 55 13 135 34 403 100 213 53 170 42

Totals 383 18 361 17 2"5 13 1,095 52 2,114 100 744 35 658 31
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TABLE 3

NUMBER OF EMPLOYEES CLASSIFIED AS ENGINEERS? PER MILLION DOLLARS
OF CAPITAL OUTLAY, ACCORDING TO QUALIFICATIONS, IN SIX SELECTED

STATES
Both Neither
C.E. C.E. Total Total
graduate C.E. graduate employees regis-
State and graduate Regis- nor classified Total tered
regis- only tered regis- as C.E. engi-
tered only tered engineers graduates neers
Mississippi 3.0 0.2 1.3 3.6 8.1 3.2 4,3
Nebraska 1.5 1.4 3.8 6. 2 12,9 . 5.3
Oregon 1.3 1.9 0.8 7.1 11.1 3.2 2.1
Vermont 6.0 6.3 3.8 12.9 29.0 12.3 9.8
Washington 1.3 2.7 1.1 8.3 13.4 4,0 2.4
Wisconsin 3.3 2.9 L2 3.8 11,2 6.2 4.5
Totals 2.2 2.1 1.4 6.3 12.0 4.3 3.6

4 Excluding those assigned to maintenance,

regardless of their professional qualifications or grades.

Thus, the reported total of 18,034 engineers employed by all state highway depart-
ments may be either high or low, depending on what is wanted. If the ratio which exists
between Tables 1 and 2 is applied to all states, the figure becomes approximately 24,000
on a classification basis. If, on the other hand, the "'professional engineer" concept is
adhered to, the 18,034 figure is probably much too high; its actual amount will depend
on how the term '"professional engineer" is defined.

This matter of definition is obviously an important one. Referring again to Table 2,
it is noted that 52 percent of the employees classified as engineers are neither civil en-
gineering graduates nor registered professional engineers, the percentage varying from
34 to 63 in individual states. Also, only 35 percent of such employees are civil engineer-
ing graduates, and only 31 percent are registered professional engineers; only 18 per-
cent are both civil engineering graduates and also registered professional engineers.

If an engineer is defined as a civil engineering graduate and/or a registered profes-
sional engineer, only 48 percent of those employees now classified as engineers could
qualify, according to Table 2. Is this a reasonable definition, or does it do an injustice
to the other 52 percent of the employees? Should these employees continue to be classi-
fied as engineers, or should they be reclassified and placed in high-grade engineering-
aid classifications, which may not even exist at present? Granted, some of them may
eventually attain registration, but are we interested in potential or in present qualifica-
tions ?

In any event, Table 2 presents some of the most important findings of the six-state
study. It indicates that the engineers reported by the states in the 1954 study were not
reported on a uniform basis, and therefore raises a question as to the significance of
any previously reported figure for the total number of engineers employed by the state
highway departments. Also, by pointing out variations in the qualifications of employees
classified as engineers, it demonstrates the need for a more exact definition of the term
"engineer" and suggests a definition which might be usable, i.e., a civil engineering
degree and/or registration. Possibly this definition should be broadened to include the
small number of mechanical, electrical and other engineers engaged in state highway
work.

Now, what about the number of engineers employed per million dollars of capital out-
lay, on the basis of the information reported in the six-state study? Table 3 presents
these figures, according to the qualifications of the employees classified as engineers.
This table was prepared by using the information presented in Table 2, but excluding
employees assigned to maintenance, with the capital outlays shown in Table 1. The last



8

column of Table 1, then, is based on the 1954 study, while Table 3 is based on the later
six-state study.

According to Table 3, the total number of employees classified as engineers per mil-
lion dollars of capital outlay varies from 8, 1 in Mississippi to 29.0 in Vermont. This
is still a wide range, although not so extreme as that indicated by Table 1. The princi-
pal differences are in the cases of Mississipp: and Washington, and are due to the sub-
stantially higher number of engineers reported for those states in Table 2, Again re-
ferring to Table 3, it should be noted that for the four states other than Mississippi and
Vermont the total number of engineers per million dollars of capital outlay varies only
from 11.1 to 13,4

Similar variations exist for each of the several categories of engineers included in
Table 3. For those who are both civil engineering graduates and registered, for exam-
ple, therange isfrom 1. 3 to 6, 0; for all civil engineering graduates, the range is from
2.9 to 12,3, Although these ranges for the separate categories are less extreme on an
absolute basis than is the range for total engineering employees, they are in most cases
more extreme on a percentage basis. In all cases the upper extreme 1s represented by
the figure for Vermont.

Since these rather wide variations still exist, after the figures reported by the sev-
eral states have been put on a comparable basis, it is necessary to look further for an
explanation. The next point of inquiry, then, is the number of engineering aids em-
ployed by the several state highway departments. Does the number of such aids vary
directly, or inversely, with the number of engineers? If the latter, there is a possible
explanation for the variations which exist with respect to the number of engineers em-
ployed per million dollars of capital outlay.

RELATION OF ENGINEERING AIDS TO ENGINEERS

There is no particular problem with respect to definition in connection with engineer-
ing aids, because the number of civil engineering graduates and/or registered engineers
classified as engineering aids is insignificant. There is a problem of nomenclature,
however, as to whether those employees who complement the engineers shall be called
engineering aids, sub-professional employees, technicians, or something else. Since
there is no obvious answer, they are called engineering aids here.

Table 4 shows the total number of engineering aids employed and the number em-
ployed per engineer employed for each of the states included in the six-state study. Itisno-
ted first, thatthe total number of engineering aids employed in all six states (2,099) is approx-
1mately the same as the number of engineers employed (2,114), so that the ratio of engineering
aidsto engineersis 1.0. Incidentally, this ratio canbe compared with a published over-all
ratio of one technician to 2. 5 engineers for

all fields of engineering and for all types TABLE 4
of engineering endeavor.
In the individual states, however, the TOTAL NUMBER OF ENGINEERING

ratio of engineering aids to engineers var- AIDS EMPLOYED AND NUMBER OF
ies from 0. 2 in Vermont to 2, 1 in Missis- ENGINEERING AIDS EMPLOYED PER

sippi. The significant fact here is that the ENGINEER EMPLOYED IN SIX

low ratio exists in the state with the high- SELECTED STATES

est number of engineers per million dol- R . .

lars of capital outlay, Vermont, while the Engineering  Engineering

high ratio exists in the state with the low- alds aids per

est number of engineers per million dol- State employed engineer

lars of capital outlay, Mississippi. Ap- employed

parently, then, there is some sort of an Mississippi 459 2.1

inverse relation between engineering aids Nebraska 237 1.0

and engineers. Oregon 394 0.8
This relation is demonstrated further Vermont 27 0.2

by Table 5, which shows the number of Washington 376 0.6

Wisconsin 606 LE

2 N
Engineering News-Record, November 24
1955, p. 164, ’ > Totals 2,099
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TABLE 5 engineers and engineering aids employed
NUMBER OF ENGINEERS AND E“G‘Ngmg,{g,ﬁf per million dollars of capital outlay, Col-
EMPLOYED PER MILLION DOLLARS OF . . .
OUTLAY IN SIX SELECTED STATES umn 1 of this table is taken d.1rect1y from
- o Table 3. Column 2 was obtained by com-
Engineering employees per million . _
state dollars of capital outlay bining data from Tables 4 and 1; no cor
Engineers Engineerng aids Total rection was made for mam'tenan'ce er‘nploy-
Mississippt 3.1 17.5 2.6 ees, because very few engineering aids are
Nebraska 12,9 14.4 :3'3 engaged in maintenance activites. Column
e o g 3e2 3 is simply the sum of columns 1 and 2.
Washington 13.4 8.1 2L.5 It 1s evident from Table 5 that combining
Wisconsin 11,2 18.1 29,3

engineers and engineering aids reduces
considerably the extreme variations in the
number of engineering employees per million dollars of capital outlay. For engineers,
the high figure is 358 percent of the low figure; for engineering aids, the high figure is
348 percent of the low. When the two are combined, however, the high figure is only
164 percent of the low figure.

It has been mentioned previously that program or capital outlay amounts may vary
widely from year to year in a particular state, and in some states the number of engi-
neering aids employed increases greatly during the construction season. In Nebraska,
for example, the 1953 capital outlay was only $9.9 million, as compared with the 1954
figure of $16. 5 million reported in Table 1. In Wisconsin, the number of engineering
aids employed practically doubles during the summer months, Thus, the ratios estab-
lished above cannot be considered as final or conclusive in any one instance, but do in-
dicate a definite inverse relation between engineering aids and engineers.

This 1nverse relation explains at least partially the wide variations among the states
with respect to the number of engineering employees per million dollars of capital out-
lay. Since the states use engineers and engineering aids in different proportions, a
combanation of the two is the best indication of engineering effort for a particular state.
As shown above, when states are compared on this combination basis, some of the ex-
treme variations are eliminated.

It remains, then, to relate the number of engineers and engineering aids employed
to both program characteristics and to management practices and procedures. Perhaps
this analysis will explain further the variations among the states as to number of engi-
neering employees per million dollars of capital outlay. In any event, it would be un-
realistic to expect that these variations could be explained away entirely.

Totals 12.0 12.5 24.5

PROGRAM CHARACTERISTICS

In relating the number of engineering employees to program characteristics, perhaps
the most obvious characteristic to be considered is that of program amount. Other
characteristics which can be analyzed include the relative amounts of rural and urban
work, the relative amounts of ""surfacing only' and all other work, and the average length
of projects in each of the several work categories.

Table 6 shows the relative rankings of the six states selected for study with respect
to program amounts and number of engineering employees. The rankings indicated in
the first column are based on the program amounts reported in Table 1, while those in
the remaining columns are based on data in Tables 2, 3, 4 and 5. Although not apparent
at first glance, certain relations between program amounts and number of engineering
employees are evident after some study of Table 6.

The most direct relation is that between program amounts and total number of engi-
neers; Washington, Oregon, Wisconsin and Vermont rank 1, 2, 3 and 6, respectively,
in each case, while Mississippi and Nebraska rank 4 and 5 in one case and 5 and 4 in the
other. Similar, but less direct, relations exist between program amounts and total
number of engineering aids and between program amounts and total number of engineers
and engineering aids combined. These relations are not surprising, of course, since it
is only reasonable that the number of engineering employees should increase with the
size of the program.

As to relations between program amounts and number of engineering employees per
million dollars of capital outlay, none is clearly evident from Table 6. Apparently,
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TABLE 6

RELATIVE RANK OF SIX SELECTED STATES AS TO TOTAL PROGRAM AMOUNT
AND NUMBER OF ENGINEERING EMPLOYEES®?2

Number of engineers

Number of Number of and
engineers engineering aids engineering aids
Per Per Per
Total million million million
State program dollars of dollars of dollars of
amount Total capital Total capital Total capital
outlay outlay outlay
Mississippi 4 5 6 2 2 4 4
Nebraska 5 4 3 5 3 5 3
Oregon 2 2 5 3 4 3 6
Vermont 6 6 1 6 6 6 1
Washington 1 1 2 4 5 2 5
Wisconsin 3 3 4 1 1 1 2

4 The highest amount or ratio is ranked 1 in each case, the next highest 2, etc.

though, if any relations do exist, they are inverse relations, and this too is as it should
be. It is logical that the number of engineering employees per million dollars of work
should decrease, at least to some extent, with an increase in the amount of work,

The relations between total number of engineering employees and number per million
dollars of capital outlay, as indicated by Table 6, are quite surprising. For engineers
alone and for engineers and engineering aids combined, these relations are not very
positive; if they exist at all, they appear to be inverse. In the case of engineering aids,
however, a direct and quite positive relation exists; no obvious explanation for this dif-
ference suggests itself, but again the complexity of the ratios for the number of engi-
neering employees per million dollars of capital outlay i1s emphasized.

In any event, Table 6 establishes a direct relation between program amounts and
number of engineering employees. As indicated above, this relation is not unexpected,
and in fact almost has to exist, since '"no relation,' or an inverse relation, would be
entirely illogical. The other relations indicated by Table 6, if they exist at all, are not
very positive, and probably are not significant.

Table 7 presents information on the relative amounts of rural and urban work and of
"surfacing only" and all other construction work performed by the states. The program
amounts on which this table is based are different from those indicated in Table 1 and
ranked in Table 6, and in some cases the period covered is other than the 1954 calendar
year. In all cases the program selected was one which could be conveniently analyzed
by the state concerned, and in most cases the analysis is based on contracts awarded.

The theory here is, of course, that states doing a high percentage of urban work or
a low percentage of "surfacing only” work will require more engineers than other states,
on the assumption that urban projects and projects involving work other than surfacing
or resurfacing only require more engineering effort. Whether this theory can be dem-
onstrated depends on a comparison of Table 7 with Tables 2, 3, 4 and 5.

The rural percentage of total program costs varies from 75 in Washington to 89 in
Mississippi, for example, according to Table 7, so that the corresponding urban per-
centage varies from 25 in Washington to 11 in Mississippi. Theoretically, then, Wash-
ington should be using more and Mississippi fewer engineers than any other state in-
cluded 1n the study. Table 5 indicates that Mississippi in fact uses fewer engineers per
million dollars of capital outlay than any other state included in the study, and that Wash-
ington uses more than any other state except Vermont.

A comparison of the other data presented in Table 7 with the information presented
in earlier tables reveals no additional relations. In fact, such a comparison raises
some questions about the direct relation which appears to exist between the urban per-

o e
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TABLE 7
CHARACTERISTICS OF PROGRAM COSTS AND MILEAGES IN SIX SELECTED
STATES
Percentage Percentage of
of program program mileages
Rural Rural costs involving mnvolving work
percentage percentage work other other than
State of total of total than surfacing surfacing or
program program or resurfacing resurfacing
costs mileages only only
Mississippi 89 98 79 68
Nebraska 82 99 76 49
Oregon 88 94 85 73
Vermont 87 94 100 100
Washington 75 97 % 54
Wisconsin 80 96 8 59
Totals 82 97 82 60

centage of total program costs and the number of engineers employed per million dol-
lars of capital outlay. Washington, for example, does the greatest amount of urban
work on a percentage cost basis, but also does the greatest amount of surfacing or re-
surfacing work on the same basis. Generally, it would appear that program costs are
a more valid indication of engineering effort than is program mileage, regardless of
type of work.

The final program characteristic to be analyzed is that of project length. Table 8
presents information as to the average length of construction projects for both "surfac-
ing only' and other projects, and for rural and urban projects. Although these data are
interesting, no relations between project length and number of engineering employees
are evident. Hence, since the data are self-explanatory, there is no need to discuss
them here.

With respect to program characteristics in general, then, there appears to be a di-
rect and quite definite relation between program amount and total number of engineering
employees, whether engineers alone, engineering aids alone, or both together are con-
sidered. Also, there appearstobe a direct relationbetween the urbanpercentage of total
program costs and the number of engineers employed per million dollars of capital outlay,
but a corresponding relation does not seem to exist in connection with engineering aids or en-
gineers and engineering aids together. Other relations either do not exist or are not apparent,
possibly because of the relatively few states included in the study, but also because certain
intangibles, such as climate, terrain, soil characteristics, etc., cannot be evaluated.

MANAGEMENT PRACTICES AND PROCEDURES

Since this is primarily a classification study, and because time was somewhat limited,
a full-scale analysis of management practices and procedures was not attempted. Nev-
ertheless, some attention was given to

management practices and procedures in TABLE 8
each state studied, and their possible ef- AVERAGE LENGTH OF CONSTRUCTION PROJECTS IN
fects on engineering manpower require- SIX SELECTED STATES
ments were noted and discussed with state Avg. length ;mn miles  Avg, length 1 mules
personnel. Incidentally, it might be men! of of all other
tioned that classification is itself a man- State surfacing projects only construction projects
agement practice. Rural Urban Rural Urban
Of the six state highway departments in- Neprsser®" b 13 i A
cluded in the study, all but one are directed Oregon 2.8 14 15 L2
by commissions. In Mississippi, OTegon  yamwston 112 o3 29 s
and Vermont these commissions are 3- Wisconsin 5.0 0.6 4.3 L1
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member part-time bodies, while in Wash- Totals 8.




12

ington the commission is a 5-member part-time body. In Wisconsin the commission is
also a 3-member body, but serves on a full-time basis. The Nebraska Bureau of High-
ways is directed by a single executive, the state engineer. Probably the type of direct-
ing organization has little effect on engineering manpower requirements in these six
states.

In Oregon and in Washington one individual serves both as chief administrative offi-
cer and also as chief engineering officer. In each of the other four states, the chief ad-
ministrative officer and the chief engineering officer are separate individuals. The
commission chairman serves as chief administrative officer in Wisconsin, and in Ne-
braska the state engineer serves as chief administrative officer, but in none of the other
states does a member of the directing organization serve as either chief administrative
or chief engineering officer. Again it seems that these differences have little effect on
engineering manpower.

With respect to structural organization below the directing level, there are of course
differences in the individual states, but all have field districts or divisions responsible
to some extent for both construction and maintenance activities. All are decentralized
to some degree, and all have the usual complement of central-office bureaus. In spite
of this over-all similarity in structure, there are differences in operating methods
which are significant in connection with a study of engineering manpower requirements.

In Mississippi, for example, which employs few engineers but many engineering aids
per million dollars of capital outlay, operations are decentralized to a considerable ex-
tent. Location surveys are made by field district personnel, and the project engineer
lays a tentative grade on the project plan, which is used by the central office road design
people, if possible. Relatively inexpensive designs can be used because of the relative-
ly light traffic in the state; and short cuts are used in the design process itself. Stan-
dard plans are used for over 90 percent of all bridges, and bridge construction and
maintenance are done by the regular construction and maintenance forces. Difficulty is
experienced in hiring the higher grades of engineering personnel, but the lower grades
are more readily available.

In Nebraska, where the number of engineering employees per million dollars of work
is just slightly above the average for the six states included in the study, location is a
central-office function. Also, design has been a centralized function, but recently some
design has been decentralized to the field, and eventually the field will probably design
everything except structures. All construction work, including FAS work, is done to
the same standards and specifications, and probably more inspecting is done than in
most states. Also, the state has done most of the engineering on FAS jobs. With re-
spect to personnel, detailers are more critical than designers.

Oregon and Washington are alike in many ways, but present a marked contrast with
respect to operating procedures. In Oregon, operations are largely on a centralized
basis, and the field organization is somewhat rigid. In Washington, on the other hand,
operations are decentralized to a considerable degree, and the field organization is
quite flexible, Nevertheless, each state has relatively few engineering employees per
million dollars of capital outlay, and their records in this respect are the best of any of
the six states studied, as is indicated by Table 5.

Vermont employs more engineers and fewer engineering aids per million dollars of
capital outlay than any of the other states included in the study, and there is no obvious
explanation for the particularly high number of engineers employed. Probably a com-
bination of factors, including an extreme climate, a difficult terrain, and a small pro-
gram amount, is responsible. State highway operations are more centralized than in
most other states, but the field districts do a considerable amount of engineering on
state-aid work which is not reflected in the program amount. Also, many employees
classed as engineers do work which is done by engineering aids in other states, although
this is because of the classification system, rather than in spite of it, Incidentally, the
state reports that because of this new classification system the shortage of engineers is
no longer a problem.

Wisconsin uses relatively few engineers, but more engineering aids than any other
state studied, per million dollars of capital outlay. The state gives more time and at-
tention to management practices and procedures than most other states, and its organi-
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zation plan is one of decentralization with centralized controls. Planning is emphasized,
and engineers are being used more and more in supervisory capacities rather than for
operations. A trained corps of engineering aids or technicians is being developed, and
these non-engineers are being substituted for engineers wherever possible. Expanded
programs are being handled without any appreciable increase in the number of engineer-
ing employees.

It appears from what has been said that in any particular state there are some man-
agement practices which promote over-all efficiency and the efficient use of engineering
personnel, and others which perhaps tend to be wasteful of personnel. Also, it might
be noted that a procedure which promotes over-all efficiency may at the same time be
somewhat wasteful of personnel. In any event, it is extremely difficult to correlate the
ratio of engineering employees to capital outlays with particular management practices
and procecdures, and perhaps this ratio is determined primarily by other factors.

Wisconsin, for example, has emphasized the use of engineering aids, and its ratio
of engineering aids to capital outlays is high. Vermont has adopted a classification plan
which makes it possible for employees with only a practical background to attain rela-
tively high-grade engineering classifications without taking examinations, and has the
highest ratio of engineers to capital outlays of any state studied. Washington has ac-
complished the increased work resulting from a bond program without a proportionate
increase in engineering personnel, while Oregon increased its engineering forces by
only 40 percent over a 5-year period to handle a bond program which doubled the con-
struction program. Probably, then, a major factor in the efficient use of engineering
personnel is the necessity to get along with what is available.

CONCLUSION

This study of engineering-employee classification in six selected states was under-
taken to explain wide variations in the number of engineering employees per million dol-
lars of capital outlay in the individual states, as reported in a previous study. Some of
the variations have been explained satisfactorily, and some have not, but in any event
the compiexity of the situation has been demonstrated. It appears that the variations
are influenced by a number of factors, and that some of these lend themselves to analy-
sis, while others do not. Whether or not the ratio of engineering employees to capital
outlays is a valid indication of over-all operating efficiency remains a moot question.

The really significant finding of the study, however, is that nobody really knows how
many engineers and engineering aids are employed by the several state highway depart-
ments. Much has been written about the current shortage of engineers, and of the states'
needs and requirements in connection therewith, but certainly an accurate tabulation of
present engineering employees is prerequisite to a solution of the problem. Probably,
under the circumstances, a new and more definitive over-all study is desirable, so that
data for all states can be reported on a uniform basis,



