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In this paper the cui-ricula of approximately 30 junior colleges and tech­
nical institutes are analyzed to determine the types of educational pro­
grams being offered that would be of benefit to the prospective employ­
ees of a State highway department in a subprofessional or technician 
classification. Curricula are evaluated on the basis of courses included, 
course contents, and field and laboratory applications to actual practice. 

The advantages of junior college and technical institute training to 
the employee and to the highway department are discussed. The place 
of an employee with this training in the engineering organization of a 
State highway department for his initial assignment and his opportu­
nities for a career in highway engineering and eventual advancement 
from a subprofessional to a professional classification are explored. 

Finally, a recommended two-year terminal curriculum is developed 
for those persons who are specifically interested in going into highway 
engineering at the subprofessional level. 

• AT T H E 40th Annual Meeting of 
the Highway Research Board, the 
Committee on Education and Train­
ing of Highway Engineering Person­
nel discussed at some length the 
training and education the growing 
number of technical institutes in the 
United States were offering in the 
field of Civil Technology that would 
be of particular interest and benefit 
to the high school graduate who 
wished to prepare himself for a 
career in engineering in one of the 
State highway departments but did 
not feel that he could take a formal 
four-year course in Civil Engineer­
ing. Of those in attendance only a 
few had the vaguest idea of what was 
being offered at any schools other 
than possibly one in their own imme­
diate localities. It was decided that 

it would be of interest to the entire 
group for a survey to be made of all 
the known technical institutes in the 
United States and determine the 
over-all picture of their curriculum 
offerings as they related to highway 
engineering. 

This was a matter of keen interest 
to the author not only because of his 
responsibility for training engineer­
ing employees for the State Road 
Department of Florida but also be­
cause of his co-chairmanship of a 
State advisory committee for tech­
nical education for the Florida De­
partment of Education which is 
rapidly expanding the State junior 
college system and technical educa­
tion programs within the junior col­
leges. Subsequently, M. L . Archer, 
Kentucky Highway Department; R. 
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J . Paquette, Georgia Institute of 
Technology; and L . Csanyi, Iowa 
State College, volunteered their as­
sistance. Also, L . L . Smith, Assistant 
Research Engineer, State Road De­
partment of Florida, was pressed into 
service to assist in analyzing the in­
formation. 

The first step in making the sur­
vey was to secure a list of all tech­
nical institutes and junior colleges 
in the United States. This was ob­
tained from the Florida State De­
partment of Education with the co­
operation of the U. S. Department of 
Education. 

The list included 56 schools. A let­
ter was prepared asking each school 
to furnish a copy of its latest cata­
logue with course description, if it 
offered a curriculum in Civil Tech­
nology or closely related to Civil 
Technology. Thirty-eight schools 
complied with the request and sup­
plied the requested materials. Several 
others replied saying that their new 
catalogues would be out shortly and 
they would send one immediately, 
though they never did. Because the 
response was 66 percent, it was 
thought that this was sufficient to get 
a representative sampling and no 
follow-up was made for those who 
promised catalogues but did not send 
them. 

The distribution of schools by State 
was California, eight; Florida, six; 
Oregon, five; North Carolina, four; 
Wisconsin, three; New York and Col­
orado, two each; and North Dakota, 
Indiana, Pennsylvania, Massachu­
setts, Missouri, Mississippi, Georgia, 
and Michigan, one each. It was felt 
that this was good geographic dis­
tribution. 

Three of the 38 schools had a one-
year terminal curriculum and the 
other 35 offered a two-year terminal 
curriculum. 

The titles of the curricula varied 
among the schools. In 3 schools they 
were designated as Pre-Engineering; 
in 3, Engineering Aide; in 3, Engi­

neering Technology; in 4, Surveying 
Technology; in 8, Highway Tech­
nology; in 1, Construction Tech­
nology; and in 16, Civil Technology. 

In reviewing the curricula of these 
schools it must be borne in mind 
that the only information available 
was the catalogues. In these the 
course titles can be misleading and 
the course description so general that 
it is difficult to pinpoint what is act­
ually being taught. However, an at­
tempt was made to group the courses 
in general areas and the following 
discussion of the curricula is on the 
basis of this information. 

The three schools offering a one-
year terminal curriculum were simi­
lar in that one required 32 semester 
hours credit for graduation, the sec­
ond 33 semester hours, and the third 
45 quarter hours, which is equivalent 
to 30 semester hours. In all three 
cases, none of the courses was in­
tended to be transferable for college 
credit. 

As to the title of the curriculum, 
one was called Civil Engineering Aide 
and the other two Highway Tech­
nology. 

A further look at the curricula 
showed that the school with the Engi­
neering Aide curriculum actually re­
quired more courses to be taken in 
the highway field than did either of 
those designated Highway Tech­
nology (Table 1). In the Engineering 
Aide curriculum 7 semester hours of 
highway engii.eering were required 
but none in the other two. In other 
subjects, the three schools have rela­
tively equivalent requirements ex­
cept the one with the Engineering 
Aide curriculum is low on its require­
ments in English and physics which 
allows the 7 hours of highway engi­
neering to be included without in­
creasing the over-all total of re­
quired number of hours. 

It can be concluded that all three 
of these schools had as their objec­
tives for these curricula very con­
centrated training for technicians in-
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T A B L E 1 
C U R R I C U L U M , O N E - Y E A R S C H O O L S 

E n g i n e e r i n g H i g h w a y H i g h w a y 
A i d e T e c h n o l o g y T e c h n o l o g y 

( s e m e s t e r ( q u a r t e r ( s e m e s t e r 
S u b j e c t s h r ) h r ) h r ) 

G e n e r a l e d u c a t i o n 3 0 4 
E n g l i s h 2 9 4 
A l g e b r a a n d 

t r i g o n o m e t r y 6 9 4 
P h y s i c s 2 8 6 
D r a w i n g 5 6 4 
P l a n e s u r v e y i n g 2 9 4 
R o u t e s u r v e y i n g 3 0 4 
H i g h w a y 

e n g i n e e r i n g 7 0 0 
T o p o g r a p h i c 

m a p p i n g 0 2 0 
T e s t i n g a n d 

i n s p e c t i o n 2 0 2 
C o n s t r u c t i o n 

m e t h o d s 0 1 1 

T o t a l 32 46 33 

terested in entering the highway 
engineering field in either surveying, 

roadway design, or possibly construc­
tion inspection. 

A detailed study of the curricula 
for the other 35 schools, all of which 
offer two-year terminal programs, 
reveals again that the title of the 
curriculum is not in keeping with the 
types of courses included. On the 
other hand, the curricula of all 35 
do have a number of features in com­
mon (Table 2). 

For example, 33 of the 35 schools 
include English as a requirement for 
a degree. The number of hours re­
quired in English varies from a maxi­
mum of 10 semester hours to a mini­
mum of 3 semester hours. One school 
which does not require any English 
requires 1 semester hour of report 
writing. Two schools require 6 hours 

T A B L E 2 
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of English plus 3 hours of report 
writing and one requires 10 semester 
hours of English plus 2 of report 
writing. The average amount of 
English required is 6 semester hours. 

In the field of mathematics, 7 of the 
35 schools offer a course entitled 
Technical Mathematics which in gen­
eral is a review of high school alge­
bra but also goes into college algebra 
and trigonometry. The number of 
semester hours required varies from 
a maximum of 9 to a minimum of 2, 
with 6 being the most common re­
quirement. 

Ten of the two-year schools re­
quire from 4 to 10 hours of a course 
called General College Mathematics, 
with 8 hours being the predominant 
requirement. This course is more ad­
vanced than the Technical Mathe­
matics course and has an introduc­
tion to calculus. 

In trigonometry, 17 schools require 
the almost unanimous 3 semester 
hours. One school does not require 
any trigonometry but requires it for 
admission. Sixteen other schools 
teach trigonometry through a course 
in either Technical Mathematics or 
General College Mathematics. 

Five schools require from 3 to 10 
semester hours of calculus. One 
school requires 3 semester hours of 
differential equations. 

The curricula for all schools re­
quiring calculus are made up entirely 
of courses that are acceptable for 
college credit or a large number of 
courses that are transferable for col­
lege credit. 

The total amount of mathematics 
required for a degree in the two-year 
schools surveyed varies from 3 to 20 
semester hours. The curricula that 
include calculus vary in their mathe­
matics requirements from 14 to 18 
semester hours. 

Thirty-three 2-year schools require 
physics for an associate degree. The 
number of hours required varies from 
3 to 15 semester hours. The median 
requirement is 8 semester hours. 

Chemistry is required by 12 schools 
with 3 to 10 semester hours being 
required for an associate degree. In 
general, those requiring 8 to 10 se­
mester hours have curricula com­
posed of courses the majority of 
which are transferable for college 
credit. 

Approximately 50 percent of the 
35 two-year curricula surveyed are 
made up of courses that are trans­
ferable for college credit. By curric­
ula titles, one is called Engineering 
Aide, one Engineering Technician, 
three Pre-Engineering, three Survey­
ing Technology, one Construction 
Technology, and the balance Civil 
Technology. 

Engineering drawing is required 
in all the schools surveyed, and 15 
of the two-year schools require de­
scriptive geometry. Fourteen schools 
require a course in structural draw­
ing. Combining engineering draw­
ing, descriptive geometry, and struc­
tural drawing, the total amount of 
drawing required at all schools varies 
from 2 to 14 semester hours. The 
median is 8 semester hours. 

Thirty-two schools require from 3 
to 21 semester hours of plane survey­
ing and 23 require from 2 to 6 se­
mester hours of route surveying. The 
median is approximately 6 semester 
hours of combined plane and route 
surveying. In many instances both 
are taught under the course title of 
Plane Surveying. 

Geodetic surveying is taught in 3 
two-year schools and photogram-
metry in 4. Topographic surveying 
is required in 17 schools. 

The total of semester hours of com­
bined surveying courses required in 
all two-year schools varies from 3 to 
23. The maximum of 23 hours is in 
a curriculum entitled Surveying 
Technology and the other three 
schools surveyed with the same cur­
riculum title require 20, 16, and 18 
semester hours. On the other hand, 
one curriculum designated as Civil 
Technology requires 21 semester 
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hours and one in Highway Tech­
nology requires 24 hours. 

Sixteen schools teach highway 
engineering. No two courses ap­
peared to be the same. They varied 
from highway construction, highway 
surveying, highway drafting, to traf­
fic engineering. One was devoted to 
drainage, and several were primarily 
route surveying. 

Approximately 50 percent of the 
schools with curricula in Civil Tech­
nology had requirements in highway 
engineering, and 3 of the 7 with 
curricula designated as Highway 
Technology had no requirement in 
highway engineering as a designated 
course. 

Six schools required instruction in 
geology, 6 soil mechanics, 13 fluid 
mechanics or hydraulics, 3 water sup­
ply and sewage, 5 shops, 14 proper­
ties of materials, 7 testing and inspec­
tion procedures, and 7 construction 
methods. 

Seventeen of the two-year schools 
require a course in statics, 15 require 
strength of materials, 2 require dy­
namics, and 8 require engineering 
mechanics. Because there is an over­
lapping of subject matter taught un­
der these titles in most of the schools 
it would be more realistic to analyze 
the offerings of the three courses as 
one group and designate it as Engi­
neering Mechanics. 

On this basis, 27 of the 35 schools 
offer either single or a combination 
of courses in the field of engineering 
mechanics. On the basis of semester 
hours required, they vary from 3 to 
12, with 6 being the possible median. 

In the field of structural design 6 
schools require courses in structural 
analysis, 7 in steel and timber de­
sign, 7 in reinforced concrete design, 
and 6 in plane concrete design. 

Again, grouping these courses 
under a general title of Structural De­
sign, 15 of the 35 schools have offer­
ings in this area with the require­
ment ranging from 2 quarter hours 
to 21 semester hours with actually 

no real median being common to the 
majority of schools. 

This discussion has purposely 
omitted the nontechnical or cultural 
courses. Most schools require vary­
ing amounts of these and they in­
clude physical education, health and 
hygiene, history, humanities, econom­
ics, American institutions, etc. 

Before closing, it probably would be 
of interest to point out that the total 
number of hours on a semester basis 
required for a degree from the two-
year colleges varies from a minimum 
of 60 to a maximum of 82. In some 
cases physical education is included in 
the totals and in others it is excluded. 
The school requiring 82 semester 
hours is on a quarter system and the 
total of quarter hours is 124. To 
complete the requirements for a de­
gree in Highway Technology at this 
school in six quarters a student must 
complete 22 hours per quarter for two 
quarters and 211/̂  hours in another 
quarter, and these totals do not in­
clude physical education. This is a 
difficult schedule for any student. In 
fact, a student completing this curric­
ulum would have two-thirds of the 
technical course hours normally re­
quired for a four-year college degree. 

A graduate of a two-year technical 
education program such as those just 
discussed who plans to go into high­
way work should have a well-rounded 
subprofessional knowledge of high­
way engineering. He should be able 
with a minimum of instruction at the 
very beginning to direct the work of 
a surveying party either on location 
or construction under the general 
supervision of a professional engi­
neer. (Here a professional engineer 
is considered an engineer who by 
experience and education is qualified 
to direct the work of several engineer­
ing subordinates, is in charge of an 
engineering project of a rather com­
plex nature either on construction or 
design, and may or may not be a 
registered professional engineer.) He 
should be able to handle assignments 



20 ECONOMICS, F I N A N C E AND ADMINISTRATION 

in a drafting room (either on road­
way or on structural design) or in a 
materials testing laboratory, and as 
an inspector on construction direct­
ing the work of one or more subordi­
nates and under the general supervi­
sion of a professional engineer. 

The principal objective of such a 
program should be to teach the stu­
dent why he does certain things in 
the way he does them, the possible 
causes and effects of errors, as well 
as ways of correcting them, and to a 
lesser degree the skill and eflficiency 
with which he should be able to carry 
out his assignments. Skills and effi­
ciency are developed in actual prac­
tice and cannot be taught in a two-
year curriculum. If a man is given 
the academic background to under­
stand the fundamental principles in­
volved in the engineering assign­
ments he will get in practice, he will 
develop proficiency through on-the-
job practice. 

If the prospective employee is to 
have a well-rounded training for 
these subprofessional assignments, he 
must have instruction in the follow­
ing subjects: 

1. Plane surveying. 
2. Route surveying. 
3. Algebra. 
4. Analytic geometry. 
5. Trigonometry. 
6. Drawing. 
7. Descriptive geometry. 
8. Physics. 
9. Engineering mechanics. 
10. Strength of materials. 
11. Properties of materials. 
12. Elementary soil mechanics. 
13. Highway engineering. 
14. Structural drawing. 

These are all fundamental courses 
on which the technician can build his 
knowledge by actual practice and 
further study. In addition, such 
courses as economics, history, and 
humanities will add to his mental 
training and over-all knowledge. 

English is a must if a technician 
has any ambition at all. He must be 
able to organize his thoughts, write 
using correct grammar, and also com­
municate verbally. In addition, ade­
quate training in English will add 
to his ability to read and properly 
interpret specifications, written in­
structions, and other documents. 
There is nothing more discouraging 
than to have a technically trained 
employee who cannot effectively com­
municate with his superiors either 
verbally or in writing. 

From the student's standpoint it 
is highly desirable for the basic 
courses, at least, mathematics, sur­
veying, physics, English and possi­
bly engineering mechanics, to be 
taught at the college level so that 
they can be used for college credit if 
desired. The author has known sev­
eral highway employees who have 
graduated from a technical institute 
and then decided to go to an accred­
ited four-year engineering college 
where none of their technical insti­
tute credits were acceptable. There 
are others who would have liked to 
have gone to a four-year college but 
could not afford the six to seven 
years it would have required, count­
ing the two years they had already 
spent on a two-year curriculum for 
which they could not get credit in a 
four-year college. 

A curriculum meeting the stated 
requirements would at least be simi­
lar to the one in Table 3. A person 
having completed this curriculum 
would be qualified for a position gen­
erally classified in most highway de­
partments as an Engineering Aide 
I I I . He ought to feel equally at home 
on an initial assignment to materials 
testing and inspection, drafting and 
computations either in roadway de­
sign or structural design; construc­
tion inspection; office computations on 
construction; or surveying either on 
construction or location. 

The question arises as to what the 
future would have to offer a person 
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T A B L E 3 

R E C O M M E N D E D C U R R I C U L U M 

S e m e s t e r O n e H o u r s S e m e s t e r T w o H o u r s 

( a ) F i E S T Y E A R 

E n g l i s h 3 E n g l i s h 3 
A l g e b r a 3 T r i g o n o m e t r y 3 
A m e r i c a n g o v e r n m e n t 3 P h y s i c s 4 
E n g i n e e r i n g d r a w i n g 3 D e s c r i p t i v e g e o m e t r y 3 
C h e m i s t r y 4 E c o n o m i c s 3 

T o t a l 16 17 

(b) S E C O N D Y E A R 

R e p o r t w r i t i n g 3 S o i l m e c h a n i c s 3 
A n a l y t i c g e o m e t r y 4 R o u t e s u r v e y i n g 3 
P h y s i c s 4 S t r e n g t h of m a t e r i a l s 4 
P l a n e s u r v e y i n g 3 H i g h w a y e n g i n e e r i n g 3 
E n g i n e e r i n g m e c h a n i c s 3 s t r u c t u r a l d r a w i n g 2 

P r o p e r t i e s o f m a t e r i a l s 2 

T o t a l 17 17 

in a highway department with this 
type of training. Under present class­
ification systems in some highway 
departments, he would be stymied 
after two or three years. In others, 
he could advance to possibly a resi­
dent engineer position on construc­
tion or a district materials engineer 
position and may be a squad leader's 
position in a drafting room in a rea­
sonable time. 

The growth of the number of 
schools offering a two-year terminal 
curriculum in Civil Technology or its 
equivalent is rapid, and it would be 
to the advantage of all highway de­
partments to establish career ladders 
for technicians (separate and dis­
tinct from those for the engineer) 
that would lead to a position requir­
ing registration as a professional 
engineer. At this point a technician 
should be able to attain an engineer 
title on the assumption that as a reg­
istered professional engineer it is 
immaterial whether his background 
includes a degree from a four-year 
accredited engineering college or a 
two-year accredited technical insti­
tute or junior college. 

As a technician advances up the 
technician career ladder he would re­

ceive compensation in some instances 
comparable to an engineer classifica­
tion. However, as a general rule he 
would be a specialist—his adminis­
trative responsibilities would not be 
as great as those of a person in a 
financially comparable engineer posi­
tion but his responsibility for the 
technical adequacy of this work would 
be equivalent to or even greater than 
that of the engineer. 

If the suggested model curriculum 
for a two-year program is compared 
with the 35 programs surveyed, only 
21 offer courses in structural drawing 
or some type of structural design that 
undoubtedly includes structural 
drawing. Therefore, on this score 14 
would not comply with the model 
curriculum, and in line with the phi­
losophy expressed in this paper these 
schools are not particularly concerned 
with training technicians who might 
be interested in working in the struc­
tural design section of a highway 
department. 

Twenty-nine schools do not offer 
soil mechanics as a separate course, 
although some may have a minimum 
amount of instruction in this sub­
ject included in some other course. 
Twenty-one do not offer a course 
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designated as Properties of Mate­
rials. It appeared that the training 
of technicians for materials and test­
ing is not a primary objective of a 
majority of the schools surveyed, but 
here again, some of the subject mat­
ter normally taught under this title 
may be included in another course or 
other courses. Construction methods 
is not included in 28 curricula. 

Turning now to what might be 
termed the basic courses in Civil 
Engineering, three junior colleges, all 
in Florida, do not include surveying 
in their curriculum. One which has a 
program in surveying technology 
does not offer any course in mathe­
matics. Eight do not offer instruc­
tion in engineering mechanics. One 
school does not require any English 
or report writing. 

From this survey it must be con­
cluded that approximately 20 of the 
35 two-year curricula are designated 
to train technicians who are inter­
ested in going into either highway 
construction, roadway design, mate­
rials testing and inspection, or struc­
tural design. The use of the word 
"approximately" is necessary because 

the survey is based on course titles 
and catalogue descriptions which are 
inadequate for a detailed analysis. 
Approximately 26 have curricula 
designed to train a person for a tech­
nician's position in a highway depart­
ment either on construction, loca­
tion, or roadway design. 

Unfortunately, the number of grad­
uates estimated for each of the cur­
ricula annually was not available for 
this study. However, it can be seen 
that the technical institutes and jun­
ior colleges are a source of supply for 
technicians which are badly needed 
by most highway departments. The 
number of schools and the number 
of students are both increasing 
rapidly so that there will apparently 
by a substantial supply of academi­
cally trained technicians for highway 
work in the not too distant future. 
As this day approaches some high­
way departments may be able to cur­
tail or terminate some of the train­
ing that they are now having to do 
with their own personnel. Also, it will 
relieve the professional engineers of 
some of their routine tasks and make 
them truly professional engineers. 




