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Changing Perspectives on Transportatlon

Engineering Education
Allen R, Cook, Charles E. Barb, Jr', and Leonard B' West' Jr'

Theroleoftheun¡vefs¡ty,andespeciallyofcivilengineeringprograms,
¡n the education of transportation professionals is assessed in a discus-

sion that focuses on paratransit training needs' A survey of 1 10 univer-

.it, ,"*"ttntut¡ues of th" Transportation Research Board ¡ndicated that

;;;"i;;;;¡, t¡r"ation is lagsing behind in addressing the broader issues

;i';;;;i;;Ñi.'lt *ut atto-täun¿ in the survev that most transportation

i""riiùt are small (50 percent have one or two people) but that most

;ï;;;;;Jr;tt;iog'ur''t. Paratransit mav be a harbinser of trends to-

wardashort-term'servlce-oflentedapproachtotfansportationdevelop-
-ãni iu people who lack or do not néed the traditional transportation

ä".q¡i..i¡lgl"¿ planning skills. Case'study analysis of five leadins' ex-

å"ii""""¿ ót.ttänsit orianizations disclosed that ind¡viduals with

äiö;tir;;ittiilt 
"nä 

a mot¡vation to ¡nnovate were kev factors.in

itra *"""tt of local paratrans¡t systems' A set of paratrans¡t curriculum

mil¡'J;1h;i 
"ãni¡it, 

or five caóe-studv documents and.supporting

äoìurn"nt, (a case-study overview, a set of selected readings' a para-

;r#;;;;.t guide, ánd a curriculum guide) is described' These

.ãiår¡alt are intõnded for use by faculty, students, and professionals

ini"i"rttA ¡n paratransit, can be used in a var¡ety of course formats

är-¡" ri"¿."it alone, and are intended to address some of the educa-

.¡""åfï"ãJt in the pâratransit field while presenting the broader

J¡rtrtiã"i of it. Ëinally, a brief commentary on educat¡onal issues

is presented.

The role of the university curriculum, and civil engi-

ttee.lng programs in particular, in the education of

transpóriation professionals is discussed in this paper

relative to one of several changing dimensions in the

field. Transportation engineering programs evolved

inltiutty frorn mandates in railroad and later predomi-

""ntfy 
írr highway facilities planning and co¡struction'

ittis entaifða the long-range planning and development
of transpo"tation systems for a growing-nation' In the

p".t à""ä¿", however, new dimensions.ha.ve appeared

itrrt **y dominate the field of transportation develop-

ment irrcoming years' Three dimensions of particular
interest are thã implications of paratransit develop-

-.nt, ttu implications for transportation development

wheíavailabli resources are finite or declining, and

itrÀ imptications for transportation development if
capanlã individuals are not as attracted to the field as

initte past. Paratransit development is the focus of

Itti" p"p"", but it has relevance to the other dimensions

as well,
Þaratransit systems-carpools and vanpools, dial-

a-ride services, and jitney operations-represent new

directions in transportation planning' Fundamental to

iüis evotution is the change in viewpoint of the transpor-
i"iiott ptotutsional from one of looking on transportation
as facilities-roads and vehicles-to be planned, de-

veloped, and managed to looking on transportation as

-"uirití services tã be planned, developed, and managed'

À" w""î. Q) tras commented on another aspect of this

evolution,

During the mid-1970s transportat¡on plannershave retreated to a posi-

t¡on oî rn.huru"teristic moäesty from which they are taking stock of

*tut ttus happened during the last two decades and are preparing to

iorruf.t. näw approachei for the "post-automobile era'" Grandiose

piàpor.l, for sleei< tube trains and monorails are hardly heard any

i""í""ì"4 ¡"ìr,eir place have emerged a host of "paratransit svstems"

i;;i;i"¿ jitneys, dial-a-ride svstems, vanpools, and other simple trans-

pori ¡nnóíut¡ont which are certainly ungiamorous by the standards of

the 1950s.

In fact, paratransit innovations have proved to be far

from simple to implement, and this is one of the chal-

i;;t"t for transportation educators' There are other

challenges as well'- -ift. "professional implications of paratransit are dis-

cussed in this paper' starting with the results of a sur-
vev of 110 univeisity representatives of the Transpor-
tation Research Board on the present state of transpor-
iãiiãt ã¿-""tion, including paratransit, in the United

Éitt".. This is followed by observations deri.ved from
Ii*-.""" studies of leading paratransit organizations
an¿ a discussion of an extensive set of curriculum
materiats developed for university instruction in para-

transit. The paper concludes with a commentary and a

¡"iáil"ui"* oi óur efforts to design a transportation
ãurriculum to address some of the above dimensions

and concerns.

SURVEY OF TRANSPORTATION RESEARCH

BOARD UNIVE RSITY REPRESENTATIVE S

This survey was conducted for purposes of.providing a

guide to the development of curriculum materials on

iaratransit and foi assessing their likely impact on

instruction. A questionnairé was developed and mailed

ã" Ñoué*¡"" t, 1977, to the 160 university representa-

tiuã. a""ign"teâ uy the Transportation Research Board
(fne). A follow-up mailing was sent to TRB represen-

tatives who had not responded by November 22' MaiI-
g."-" were sent to 25 representatives wlro-still had

iãt tesponaed by Decembèr 1' A total of 110 question-,

""i""t 
iu"tu returned, ?0 percent of the total number of

representatives.

Respondents

There were a total of 110 responses trom North American

"åif.gut 
and universities, 106 from the United States:

""J 
¿"t"o- Canada. Seventy-two percent of all TRB uni-

;;;"it; rãprã sentative s \¡rere in civil engineering depart-

ments, ,.tã th" response rate was highest from engineer-

ing f"óolty membeis. In response to the question' How

wã"lã i;; characterize your þredominant professional

iri.ráJrz, transportation planning was most frequently

ãiiãd. Tú" ."spãttsu to this question is given below

(note that multiple interests were cited by some respon-

dents ):

Predominant
Professi onal
I nterest

interest
Other

Response

Transportation Planning 52 47

Trafïic engineering 37 34

Hi ghway and transPortation
fãcilitiàs design 32 29

Other transPortation
15 14
10 I

Eighty-one percent of the responding schools offer
g"uãuät" degreìs in their transportation programs' and

Ëz pe"cettt ðffer doctorates' The average number of

puopfe on the transportation faculty in the departments
ãt ine university representatives is 3'1' Half of the
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departments contain only one or
tribution of faculty size is given

Attitudes Toward Paratransit
ffi
Table 1 tabulates responses to the question, How
important is paratransit education for the following
student categories ? The respondents rated the impor-
tance of paratransit education on a scale from 1 (not
at all important) to 5 (very important). Among the
TRB university representatives, paratransit education
is seen as more important for graduate and under-
graduate students. It was considered most important
for graduate students in transportation and students in
urban planning and least important for undergraduate
civil engineering students and students in business ad-
ministration. The view that paratransit instruction is
more appropriate at the graduate level conflicts with
the views of Grecco and Satterly (2, p. 119), among
others, who have indicated a needJn the transit indus-
try for college-trained managers with bachelor's
degrees.

In response to the question, How important is instruc-
tion in the following aspects of paratransit?, all of the
indicated aspects of paratransit service were considered
moderately important (see Table 2). Some'¡hat more
importance was attached to instruction in the modal types
and their service characteristics and to implementation
issues, Bimodal distributions of responses to implemen-
tation issues and the category that includes policy, regu-
lations, labor, and insurance may indicate a recognition
by substantial numbers of respondents of the importance
of these broader aspects to service development.

In response to the question, What is the appropriate
course format for paratransit training ?, 60 percent of
the respondents felt that the topic should be included as
part of a transportation planning lecture course, and 43
percent felt that it should be the subject of a separate
seminar or special-topics course. Only 21 percent felt
that it should be a separate Iecture course.

Twenty-four of the 110 university representatives
reported little or no interest in paratransit education.
Some major universities simply did not find it to be a
topic that is of importance to their. academic programs
or of local community j.nterest. One professor at a
large, urban, eastern university made the following
comment:

Paratransit ¡s one of the components of urban transportation. ln large
cities it ¡s much less important than standard transit. We are treating
it accordingly; transit and traffic engineering design and planning all
get more attention.

A professor of business administration commented
that paratransit "is not really of academic interest" but
training is provided as "a part of our se¡vice to the
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state in providing local technical assistance."

State of Instruction

In response to the question, Please describe para-
transit education in your department, 37 of 110 respon-
dents (34 percent) indicated that they knew of no para-
transit instruction at their institution. Most of the re-
ported instruction was in existing lecture courses and
graduate seminars. In 85 percent of the courses, less
than 20 percent of the course content was devoted to
paratransit, and most instruction was limited to descrip-
tions of mode types and service characteristics.

Most of the college and university programs that
have substantial activity in paratransit are in civil
engineering and management. However, significant
programs were discovered in nontraditional programs
at small schools. For example, in the Department of
Safety at Central Missouri State University, paratransit
topics are integrated in a number of transportation-
safety courses in programs designed for graduate stu-
dents seeking employment in transportation-safety
education and in the insurance industry.

Observations

Recognizing that the selection of TRB university repre-
sentatives as the recipients of the questionnaire does
not ensure that all university faculty interests and atti-
tudes have been represented, we make the following
observations on the survey results:

1. Although most transportation faculties are small
(50 percent have only one or two members in transpor-
tation), B1 percent of the responding institutions offer
graduate work.

2. Paratransit instruction is viewed as most impor-
tant for graduate students in transportation and students
in urban planning and less important for undergraduate
civil engineering students. The TRB university repre-
sentatives from some major universities that are en-
gaged in transportation training do not consider the
subject academically important for their students,

3. The educators demonstrated little awareness of a
need to equip people with the skills needed to implement
and manage paratransit services. They tended to see
paratransit instruction as least important for students
of business administration (or they had no opinion).
Similarly, there was little evidence that the educators
recognized the full dimensions of the human-services
aspects of paratransit service, The questionnaire
tended to support the previously discussed hypothesis
that most transportation faculty focused their training
on facilities development and planning and were not
aware of the concerns of paratransit practitioners.

4. We are unaware of previous surveys of TRB
university representatives. They appear to be an over-
looked resource for guidelines in the analysis and de-
velopment of transportation curricula.

PARATRANSIT CASE STUDIES

From 197? to 1979, Cook and Barb developed a series
of training materials to assist college and university
instructors in paratransit education (3-7). These
materials included five case-study dlcuments of lead-
ing, experienced agencies that encompassed much of the
present scope of paratransit activity, This included
agencies active in the promotion of commuter work-trip
ride sharing, in coordinating and providing paratransit
services for human service agencies, and in providing
rural transportation.

two people.
below:

The dis-

Number on Transportat¡on
Faculty in Department
of Respondent

I nstituti ons

1

2
J
4
F

6
7
o

>9

Number Percent

25
25
16
15
o
3
1

1

8

100

24
24
15
14

b
3
1

1

-Z
95Total
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Table 1. Response to quest¡on, How important ¡s paratransit education

for the following student categories?

Score Response (no. of
respondents choosing
rating)

Student Cateßory

No
Opinion

3

early decision to recruit experienced managers rather
tharrstudents and fâculty of the University of Tennessee,

which was responsible for the demonstration grant that
resulted in the Knoxville Commuter Pool, was cited as

a key factor in the commuter pool's success (9, p' 9)'

3, In keeping with the earlier comment on transpor-
tation as a mobility service rather than a facility' it
was evident in the case studies that the clients for para-
transit services were recognized as individuals with
individual needs. Dial-a-Bat's "manager of mobility"
was more than a service manager; she knew her cus-
tomers and was sensitive to their needs and problems'
In Knoxville, efforts were under way in 19?B to develop
a micro-computer-based commuter information sys-
tem that would keep track of individual clients' To cite
another example, the Cape Cod, Massachusetts' Re-
gional Transit Authority used "rider identification
fasses" in evaluating the effectiveness of service and

in marketing their paratransit services (10).

4. The management of a paratransit operation re-
quires a formidable array of management skills and

Considerable knowledge of federal funding programs
and opportunities, local regulations, vehicle technology'
and aããounting. In part, this arises from the small
scale of most operations (unless a paratransit agency

is fortunate enough to be supported by a patron agency

that has a knowledgeable staff, as in the case of DiaI-
a-Bat, which relied on Brockton Area Transit to re-
solve insurance, labor' and other problems). With
regard to Section 14? (Federal-Aid Highway Act of
t9i3) rural bus demonstration proiects, Burkhardt (11)

has commented:

There is more than iust a little whimsy to the thought that one should

t"t" ãtl tÁ" 
"un¿idaies 

for director of a rural transportation pro¡ect

iã the largest lake nearby and hire the one who can walk all the way

u.rort. f"f-l. director (or manager, or whatever this person's title)

should possess the most extraordinary talents one can buy' because

ru"Á oi af-l* success or failure of your proiect hinges on the efforts

of this one individual'

Unfortunately, Burkhardt also noted that project direc-
tors were "often grossly underpaid'"

5. Finally, it was recognized that all of these

case studies were, to a considerable extent, personal

accomplishments of people who were willing-to sur-
mountìhe obstacles to the implementation of para-
transit services.

PARATRANSIT CURRICULUM
MATERIALS

The paratransit curriculum materials developed by

Cook and Barb 8-?, 12-t5) are intended for an audience

that includes faclþ and graduate students in transpor-
tation, urban and regional planning, social service
planning, and publicãdministration; federal, state, and

io"ul gãúu"nmãnt staff engaged in transportation and

hurnañ-services planning; and others interested in the

development of paratransit services'
'tre felt that the most effective means for presenting

the broader dimensions of paratransit was through the

case-study approach' Each case study was structured
by using tire iollowing analysis framev¡ork:

1. Service overview covers the local mandates, the

target markets, and the service characteristics' Ser-

vicõ characteristics include paratransit modes, service
configurations, incentives to patrons to use the services'
and productivity measures.

2'. Service ptanning and barrier resolution describes
the planning and implementation process' Since para-

Mean

Graduate students in
transportation

Urban plannlng
Public adnìinistratioÌr
Social work
Business administrâtion
Undergracluate civil

engineers

33 32 21 10

19 31 26 14

14 16 26 13

10 1? 23 14

292321

4 3.54
7 3.22
B 3.09
I 2.54

20 2.40

1t
16
34

40

B

Table 2. Response to question' How important is instruct¡on in the

following aspects of paratransit serv¡ce?

Score ResÞonse (no. oi
respondeDts choosi¡Ìg
rrting)

Meâìr
No
OÞinioDAspect

X,lode types alìd serfice
characteristics

IÌììpleDrentation issues
Demand modeliug for
parrtrarsit

PoIic\'. reÍ$latiolìs.
Iabor. insurance

Social servicc

3.89 5

3.?1 11

3.43 7

3.3I 1't
3.29 I

A previous paper on these case studjes .(!) focused
on teôhnology fransfer from the federal-policy level to
the Ievel oféffective local implementation and concluded

that there were three key prerequisites: (a) the pres-
ence of an effective local mandate for paratransit de-

velopment (typicatly the alleviation of traffic congestion
and iinancial savings for local government agencies
and private citizeni), (b) the presence of ar enthusiastic
and ãffective "patron" who is willing to take the initiative
to get paratransit services in operation, an{ (c) staff
tnal have entrepreneurial skills and the motivation to
manage and operate these services.

Frãm an eãucational perspective, particularly with
regard to the traditional orientation of civil engineering
anã t.un"pottation faculties toward facilities planning
and design, the following observations resulted from
these case- studY exPeriences:

1. Paratransit represents a "process of innova-
tion", described above in terms of technology transfer'
As an innovative concept it is occasionally resisted by

existing institutions-e, g., conventional transit authori-
ties, state departments of transportation, and metro-
poliian planning organizations. Efforts to incorporate
itru Kttoiuille Commuter Pool within the city govern-
ment eventually failed, in part because some opponents

felt that the commuter pool was in competition with the

local transit authority. In the case of BrocKon,
Massachusetts, Dial-a-Bat, local human-services
agencies needed to be "sold" on the concept of transpor-
tition coordination by Brockton Area Transit'

2. Virtually all of the key personnel in the five para-
transit agencies studied had backgrounds in fields other
than traniportation engineering or planning' Two urban
planners were largely responsible for the-Seattle-King
-County 

Commuter Pool, and experienced businessmen
develóped and managed the Knoxville Commuter Pool
and thô services of North Carolina's Choanoke Area
Development Association (9, p. S), In Knoxville, the

39 31 24 i
37 18 28 10

18 33 34 11

25 19 24 16

l5 26 37 19

4
6

7

I
4
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transit was an innovative concept in the 1970s, barrier-
resolution activities (regulatory, insurance, and labor)
were essential parts of the planning process.

3. Organization e>çlores the staffing and manage-
ment aspects of the local case study.

4, Operations and record keeping describes the
information resources required for planning, operations,
and marketing of paratransit service.

Each case-study document includes introductory back-
ground information on the local setting and concludes
with a commentary on the significance and transferability
of the local experience, The overvíew (12) introduces
each case study and provides backgrouncl-nformation
on each of the above dimensions in support of the case-
study discussions.

The curriculum materials include Selected Readings
in Paratransit (13), an annotated collection of 32 signifi-
cant articles and reports published between 1965 and
1979. The Paratransit Resource Guide (14) is struc-
tured to provide the reader with sources of information,
(including personal contacts) on paratransit development
at the federal, state, and local levels, with emphasis
on federal agencies and national information resources.
This guide includes definitions of paratransit, pertinent
federal policies, annotated introductory overview litera-
ture, other information resources (e.g., the Transpor-
tation Research Information Service and the National
Technical Information Service), legislation, federal
agencies with personal contacts, professional organi-
zations and other associations interested in paratransit
development, consulting firms and research otganiza-
tions, foreign sources of information, and a para-
transit educator resource list.

The Paratransit Curriculum Guide (15) provides
curriculum suggestions for instructors that address a
variety of student audiences in different course formats.
It also organizes the material by topic area for the
convenience of students who are studying the subject on
their own. Finally, the curriculum guide includes an
annotated set of seventy-two 35-mm slides that provide
background material on the case studies.

In summary, these curriculum materials are an at-
tempt to educate students in the broader dimensions of
paratransit and provide them with the means for ef-
ficiently gaining, and keeping up to date on, knowledge
in this fast-evolving field. Limited teaching experience
with these materials has demonstrated the effectiveness
of the case-study approach. Students have used them
as models for researching local transportation prob-
Iems and institutions. Finally, the Paratransit Resource
Guide (1!) has increased the ability of the graduate stu-
dent to understand the paratransit field and get involved
in related research activities.

CONCLUSIONS AND RE COMMENDATIONS

Paratransit development relates to the other dimensions
of transportation development noted at the beginning of
this paper. The promotion of commuter-work-trip
ride sharing is an effort to conserve finite resources,
in this case gasoline. In all areas of surface transpor-
tation service, funding is an increasingly finite resouïce,
This constraint is inherent in transportation system
management (TSM)-"mat{ing efficient use of existing
transportation resources and providing for the move-
ment of people in an efficient manner" (]!, p. 42 9?B).
Such activities often include paratransit proposals,

The increasing complexity of the tasks that confront
transportation professionals seem to be coming at a
time when such careers are not particularly attractive
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to engineers and planners. Salaries are not competi-
tive with those in other fields, and the tasks may not
seem rewarding as a professional career. The case
studies did indicate that persons with a variety of back-
grounds could be successful in the paratransit field.

The concerned transportation educator, it seems,
must address the following aspects and issues:

1, Certain evolving trends need to be studied for
their relevance to transportation education. The train-
ing implications for people who are on the management
staff of transportation services need particular considera-
tion. Should training efforts be directed to undergraduate
or graduate students and in what disciplines? Should
emphasis be placed on postgraduate training and short
courses be addressed to practicing professionals ?
If most transportation faculties are small and dispersed,
how are specialized local training needs (e. g., those
for paratransit managers) to be met?

2. An even broader analysis is needed, one that
starts with an historical analysis of the evolution of
transportation enginee ring education and continue s .,vith
an evaluation of where we are today, where we should
be, and where we are heading. Many professional trans-
portation planners are unfamiliar with the paratransit
planning process, the options available, and the prin-
cipal issues and concerns. Past training, particularly
for those with an engineering rather than a planning back-
ground, may make it difficult for some professionals to
effectively contribute to the process. However, it is
often the professional transportation planner who is
called on to plan or evaluate the potential for the develop-
ment of paratransit service. Wachs Q), noting the sig-
nificance of the appearance of paratransit solutions on
the transportation scene and recounting present diffi-
culties with conventional long-range planning, decries
the present inability of planners to formulate planning
methodologies and development strategies compatible
with the times. Gakenheimer and Meyer (17), for
example, note conflicts between long- rang-planners
and the TSM perspective of short-range, operational
planning. Cutler and Knapp (]!, p. 1), commenting on
the problems involved in coordinating human-serviie-
agency transportation, imply that transportation planners
might have limited perspectives: "Transportation
planners view coordination as the defining and rede-
fining of routes and schedules." A program for re-
training transportation professionals might deserve
serious consideration.

3. There may be a need to retrain faculty as well,
Part of the problem may be present faculty members
who are trained in the now-obsolete tradition of long-
range transportation facilities planning, which empha-
sizes the systems approach and sophisticated demand
models based on past trends that are unlikely to con-
tinue in the future. The paratransit curriculum ma-
terials discussed in this paper are addressed to faculty
as well as students. In view of the limited ability of
most small transportation programs to offer much in-
struction in paratransit, these materials are also de-
signed for self-study.

At the University of Oklahoma, we have come to
recognize three tracks for graduate-level transporta-
tion education:

1, Transportation engineering, with emphasis on
traff ic enginee ring and maintenance m anagement ;2. Transportation planning, to prepare graduate
students for staff positions at the municipal, state,
and national levels; and
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3. Transportation management, to prepare students
for managemènt positions in urban and regional transit
authorities or service agencies'

The second and third tracks would be open to stu-
dents who have a background in a nonengineering field
such as urban planning. We are also promoting training
programs in traffic engineering that are suitable for
the local personnel responsible for this work in prac-
tice.

In conclusion, the new programs at the University
of Oklahoma do not address all of the needs and con-
cerns involved in transportation professional training'
nor can this program solve the problem of the unattrae-
tiveness of many positions in urban and state transpor-
tation organizations, But if the program can succeed in
attracting higher-caliber students to the transportation
field, refardless of their undergraduate background, it
is believéd that a significant contribution to the pro-
fession will have been made.
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United States: Programs for the 1980s

and Beyond
Edwin P. Patton, C, John LangleY,

Reviving Railroad Education in the

Jr., and Michael S, Bronzini

The results of a survey on the modern educational needs of the railroad

industry, conducted with more than 90 senior'level members of the rail'
road ind ustry. government agencies, suppl iers, consultants, assoc¡ations,

and universiiiei, are discussed. The consensus view is that the industry's

educational needs can best be met by a combinat¡on of focused and prac-

tical seminars and short courses for present and prospective profesional

employees, support for enrichment of the railroad content of un¡vers¡ty

course'offerings ¡n transportation, a university railroad research program,
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and support of fellowships. The railroads are having little difficulty in
attracting talented people, but these new employees typically have no
spec¡al¡zed railroad knowledge, and th¡s adversely affects lob expecta-
tions, career motivation. and employee retention. Railroads actively
recruit the small number of new graduates who have tra¡ning in the
rail field. The other segments of the industry have greater recruiting
problems and correspondingly greater needs for improved educat¡on
programs. lt ¡s mncluded that the recommendd university programs
will have an immediate and positive ¡mpact on railroad job recruiting and
will help to strengthen innovation ¡n the ra¡lroad industry.

As the railroad industry enters the 1980s, events are
occurring that are primarily outside its control and that
promise to affect it significantly. One is the movement
to deregulate, in an economic sense, all surface freight
transportation agencies. The other is the energy short-
age, as a result of which the relatively fuel-efficient rail
roads may have the opportunity to regain former traffic
and to attract new traffic if they can satisfactorily meet
the service demands of shippers,

Despite what appears to be an improving financial
climate for the railroad industry, interested observers
such as government regulators, planners, shippers,
academicians, consultants, and investors question the
capability of railroad management to take advantage of
the new opportunities available to it. Sources for the
development of future railroad management have at-
tracted the attention of those related to the industry.
The question is asked, Are currently used management
sources adequate for the coming decade?

In response, the University of Tennessee, under a con-
tract with the Federal Railroad Administration (FRA),
has conducted a study of railroad educational needs (1)
with the following specific objectives: (a) to determine
the extent of the need for future qualified managers and
engineers in this country's railroad industry, (b) to de-
termine whether existing educational programs can meet
this need, and (c) to recommend programs for resolving
any deficiencies.

The study, which was carried out during December
19?B and the 1979 calendar year, concluded that the
modern educatíonal needs of the railroad industry can
best be met by a combination of focused and practical
seminars and short courses for both present and entering
professional employees, by support for enrichment of
the railroad content of university transportation courses,
by a university railroad research program, and by fel-
lowship support.

METHODOLOGY, RESEARCH PLAN,
AND PROCEDURE

Primary research sources for the study reported in this
paper were (a) interviews with members of the railroad
industry, state governments, colleges and universities,
industry associations, consulting firms, and various
other agencies and (b) solicited materials on railroad
in-house and outside educational programs offered and,/
or supported by the carriers.

Interviews

Because of the exploratory, somewhat open-ended nature
of this study, the researchers decided at the start that
interviews should constitute the primary study resource.
Interviews were held with more than 90 individuals
representing some 35 companies, associations, and
educational institutions.

Interviews were held both individually and with groups,
whichever the interviewer felt would be most effective.
Generally, the purpose of the interview was to determine
what the individual or individuals perceived to be the
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rail industry's present and future management needs in
operations, engineering, and marketing and the degree
of difficulty that would be involved in successfully meet-
ing these needs.

The selection of railroads and of individuals within
companies to interview depended primarily on the degree
to which the researchers were personally acquainted
with managers of the carriers. In choosing individuals,
a careful attempt was made to include managers who
worked with or were responsible for recently hired em-
ployees being trained for future management responsi-
bilities-not the persons who actually carried out the
hiring. As a result, fewer than 15 percent of those in-
terviewed were involved directly in personnel and re-
lated activities.

Solicited Material

Although the interviews constituted the primary source
of information in the study, the team collected a wealth
of material on existing educational programs from the
catriers and other private and public agencies connected
with the railroads and the transportation industry gen-
erally,

NEED FOR FUTURE RAILROAD
MANAGEMENT

Preliminary Quantitative Estimates

Although a survey of the railroads to estimate future
personnel needs was not included in the scope of the
study, an attempt was made to bound the size of the po-
tential problem. Railroad employment statistics showed
that the total number of executives, officers, and staff
varied between 16 000 and 17 000 for the 1971-19?B
period, In interviews with railroad management, there
was agreement that from two-thirds to three-quarters
of top and middle management would have to be replaced
in the coming decade. If it is assumed that 16 500 is
an average yearly number of managerial and staff people,
then two-thirds replacement in 10 years means 10 ?20
people, or 10?2 yearly; a three-quarters replacement
means 12 375 individuals, or 1238 annually.

The yearly figures, of course, assume an even re-
placement rate over the decade. Such an assumption
may be heroic. It is anticipated that a majority of the
replacements could be required as early as in the next
five years, Such a development would obviously increase
yearly replacement needs substantially.

In summary, the research team concluded that a defi-
nite need exists and will continue to exist in the next 5-10
years for replacement of managerial personnel, but it
is virlually impossible to determine an exact annual num-
ber. It could vary from more than 1000 to 3000/year.

Views of the Railroad Industry

The researchers interviewed 66 employees representing
15 railroads. It is felt that these interviews constitute
the greatest contribution of this study to the literature.
The interviewees were candid and open, and all appeared
genuinely interested in the study and sympathetic toward
what it seeks to accomplish. The interviews included
the following areas:

1. The extent of current and future needs in the rail
industry in terms of engineering, operations, and mar-
keting managers;

2. The degree of specialization in railroad subjects
preferred by the industry in recruiting;

3. The industry's preference for in-house training,
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vis-ä-vis externally operated training programs, pos-
sibly fostered by onê or more government agencies; and

4. The effect of the overall railroad image of decline
and marginal financial status on hiring for entry-level
management positions.

Current and Future Management Needs

For the industry as a whole, 50 percent of the current
work force is scheduled for retirement in 10 years, The
process has been accelerated for nonmanagement per-
sonnel in recent years through various early-retirement
programs established by the carriers, Similar progÌâms
for management will be instituted, thereby hurrying the
day when replacements will be necessary, The inter-
viewees agreed that there would be a substantial need
for managers at all levels of the industry in the coming
years, but they were also in virtually complete agree-
ment that the industry would be capable of providing its
own replacements without any direct government as-
sistance.

Specialists or Generalists

The railroads hire two types of college graduates on the
bachelor's level: (a) engineers, primarily civil, but also
including mechanical and electrical, and (b) graduates
with degrees in virtually every other field of study'
Only one carrier had trouble hiring all the civil engi-
neers for which it had available positions, but this re-
flected its abnormally high requirements during the cur-
rent period of widespread, substantial right-of-way re-
habilitation. AII carriers had trouble hiring the required
number of mechanical and electrical engineers, but this
merely reflected a nationwide shortage of such individ-
uals and was not limited to the railroad industry.

In the second category, which included business,
liberal arts, and all remaining majors, the carriers
exhibited confidence that they could obtain the number
of graduates they required as and when they required
them. In fact, in many instances the graduates con-
tacted the railroads for employment and not vice versa'
as might be expected. This was particularly true in the
case of marginal or money-losing carriers, to which
the challenge of providing rail service under difficult
circumstances evidently attracted candidates.

Particularly surprising was the carriers' preference
for hiring what can be called generalists as opposed to
specialists. This preference extended to both engineers
and all other graduates. This is not to say that some
specialized course work in rail is not helpful as a means
of informing candidates on the background and nature
of the railroad business, especially liberal-arts candi-
dates and other non-business-oriented graduates. Some
amount of rail orientation can accelerate job training
and reduce the dropout rate among the newly hired, but,
in the opinion of the managers, any advantage of a spe-
cially trained individual over a generally trained person
would disappear in a year's time. A college record that
shows rail or transportation content is often taken to
signal genuine interest in the industry.

The managers were concerned about the overall in-
ability of college graduates to communicate effectively
or to approach problem solving with a realistic, logical
attitude and procedure. An ability to deal with people
was another missing ingredient, but most interviewees
admitted that this capability had to be learned primarily
through on-the-job ex¡rerience.

In-House Versus External Railroad
Training and Orientation

The extent to which the managers opposed the teaching
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of practical railroad material to hirees by an agency or
institution other than the rail industry itself was some-
what surprising. With the usual exceptions, the industry
people regarded external educational influences with sus-
picion, evidently fearing that such teaching might vary
from policies and practices regarded as sacred by the
individual firms involved.

In the exceptions to the prevailing opinion, some
managers emphatically supported the concept of ex-
ternal teaching, primarily as a vehicle for promoting
change in the industry. In one particularly informative
session, a young operations manager compared the way
in which rail-freight-classification procedures would be
taught by a railroad with the way in which they should be

taught. In the former case, the process would simply
be described and be accompanied by a visit to a classifi-
cation facility. In the latter case, the description and

visit would be included but, in addition, the procedure's
effect on overall rail operations would then be analyzed
and the implications of classification on each road's
ability or inability to compete with other transportation
modes in terms of price and service would be under-
scored. The fact that the procedure is extremely costly
and causes delays and frequent unreliable delivery times
should be acknowledged, yet traditional management
probably would regard such an orientation as "rocking
the boat" and consequently undesirable.

An alternative favored by several interviewees in-
volved government aid to colleges and universities to
establish orientation courses in railroading or to inte-
grate surface transportation topics. A major in rail-
roading or transportation was not necessarily recom-
mended. Again, in dealing with teaching beyond the basic
stages, the majority's preference for in-house inter-
mediate and advanced training was reflected'

One alternative suggested consisted of financial sup-
port for respected individual professors of general engi-
neering or economics and business courses. These
people would not necessârily teach transportation courses

þer se but would inject railroading into their offerings
in the form of examples, arousing student interest in it
by their knowledge of and enthusiasm for the mode.

Railroad Image and Its Effect

The importance of the railroad industry's public image
in the hiring of future management was raised in virtually
all interviews. Not surprisingly, the profitable carriers
said the overall image was no problem' Interested stu-
dents knew which companies were financially stable and
so were not affected by the often-accepted public view
that all the roads were bankrupt. The marginal car-
riers did feel image to be a problem in hiring but, once
an individual was employed, the problem disappeared.
Of some surprise was the extrlerience of bankrupt and
money-losing companies. Rather than being forced to
seek applicants, these companies were sought out by
job candidates. The challenge of being part of a valid
mode of transportation that currenUy finds itself in de-
cline and precarious financial straits attracted individ-
uals who seek responsibility early in their careers while
simultaneously supporting a worthy cause'

Most of those interviewed recognized the need to
change traditional railroad policies in handling entry-
level management. Long hours without overtime pay,
24-hour responsibility, frequent assignment of responsi-
bility without equivalent authority, stifling bureaucracies
that discourage innovation, and forced moves around the

system one or more times a year all contribute to a rela-
tively high turnover rate among young managers. Fur-
thermore, not only do the earriers have to satisfy the
hiree, but they also have to win the support of the spouse

and the family.
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A few interviewees felt that such changes would not
significantly alter the industry or its conditions and that
the problem consisted merely of finding the right people.

Significance of Railroad Opinion

The researchers concluded the following regarding the
opinions of rail management:

1. Management's reluctance to accept managerial
changes in operating and marketing policies and prac-
tices, particularly changes advanced by relatively inex-
perienced employees, is very real, Any change, much
less that advocated by a newcomer to the industry, is
regarded with suspicion.

2. The industry-particularly the relatively profitable
earriers-is suspicious of government intervention in its
affairs, Most companies welcomed the researchers,
but a few either failed to respond to the request for in-
formation or refused assistance outright. Regardless
of the companies' reasoning in deciding to help or hinder
the research, their attitude must be considered in evalu-
ãting various methods by which one or more government
agencies can aid future rail education,

The railroad industry is still primarily privately
owned and operated, The financial success of most of
its member firms, at least to date, is not a function of
government subsidy. Thus, its management, which is
traditionally independent and conservative, does not have
to embrace government programs or the products of
those programs. In addition, since rail rights-of-way
remain for the most part privately owned, there is not
the opportunity for training individuals to build, maintain,
and operate the rail infrastructure that there is in high-
way, water, and air transportation-unless, of course,
the industry wants to turn this responsibility over to
government, something it has shown little inclination
to do.

It is important to recognize that most of present rail
management, particularly at the middle levels where
personnel decisions are made, is the product of an educa-
tional system that provided little opportunity for studying
railroad or other transportation subjects. Thus, they
may not be able to fully appreciate the advantages to be
gained from studies that prepare a graduate to deal ef-
fectively with the emerging technical, economic, and
regulatory changes that promise to radically alter the
railroad business in the medium- to long-term future.

The manifestations of changing circumstances for the
railroad industry are numerous. The industry is daily
being required to become more responsive to the dynamic
nature of the business of provicling transportation ser-
vice, Market conditions in the railroad industry and
factors related to competition are undergoing a con-
tinual process of change, and the response of the in-
dustry to such change must be managed effectively by
those who have decision-making responsibility. In ad-
dition, the outlook for government regulatory policy
suggests that the economic structure of the railroad
industry may be subject to change, which emphasizes
the need to be able to react to change as it occurs,
Another example is the area of technology, where new
developments in signaling and communications, railroad
power systems, traffic control systems, data process-
ing, automation of rail yards, rail-Iine electrification,
intermodal equipment and services, and the performance
of track systems under heavier loads require the atten-
tion of engineers and managers who are able to foster
innovation, Thus, the e4pressed opinions of railroad
management concerning the need for railroad specialists

Transportation Research Record ?48

must be balanced against the fact that engineering and
managerial philosophies that guided operations success-
fuIIy years ago may no longer be valid.

Views of Rail Planners

RaiI planners in state governments, federal agencies,
and consulting firms have educational needs that differ
substantially from those perceived by the railroads, In
general, these segments have a greater need for univer-
sity graduates who have specialized training in rail
transportation and in other surface transportation sub-
jects.

State RaiI Planners

State government agencies involved in rail freight plan-
ning have a great need for experienced and skilled per-
sonnel. Unfortunately, there is a shortage of such in-
dividuals in state transportation organizations, and the
states generally cannot readily hire recent graduates
who have the requisite skills, Frequent personnel
freezes and increasing resistance to the establishment
of new programs are major factors. The inability of
states to offer competitive salaries to new graduates,
particularly those with master's and Ph. D, degrees,
also contributes. Those states that are in a position to
hire rail specialists are interested in hiring people who
have taken courses in rail transportation and in sup-
porting subjects such as public policy, public administra-
tion, and operations research.

Given the problem of attracting qualified personnel
from universities and from the railroads, most state
rail persorurel enter the field from other areas, Typi-
cally, people who have been engaged in transit or high-
way planning, engineering, or administration are re-
cruited to fill positions in the area of rail planning.
Since these individuals have very little, if any, rail ex-
perience, there is a great need in the states for special-
ized short courses in rail. Almost any aspect of rail-
roading that could be covered by this means would find
support among the state agencies. Courses in railroad
operations, railroad engineering, rail cost-accounting
procedures, finance, rail regulation, and benefit-cost
analysis were frequently mentioned as needs,

Federal Agencies

Federal transportation agencies have less problem in
obtaining new hirees than do state agencies. Federal
salaries are quite competitive with those available in
the private sector. The federal agencies are partic-
ularly active in recruiting recent graduates with
master's or Ph,D, degrees with a specialty in trans-
portation.

Consulting Firms

Consulting firms are the least constrained of any segment
of the industry in terms of their ability to attract and
hire qualified personnel in the rail area. Because of the
diverse nature of consulting practice, these firms are
very active in recruiting people from transportation and
operations research programs in the universities, Con-
sulting firms basically want well-rounded individuals
who have superior analytic and communications skills.
They recruit from the same programs as those described
for the federal agencies.

SURVEY OF EXiSTING EDUCATIONAL
PROGRAMS

A major portion of this study focused on the identifica-
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tion of educational programs' courses' or seminars
that pertain directly, or are broadly applicable, to the
areJof railroad transportation. Included were programs
offered by universities, railroads, equipment suppliers,
and consulting firms and associations' The primary
purpose was io develop an understanding of the extent to
wtriãh rail-oriented educational programs are in evi-
dence, thus providing a firm basis for recommending
the types of þrograms that should be developed or rein-
torcãã to meet the projected needs of the industry' Re-
search sources included articles in the trade press'
some unpublished research, and personal letters re-
questing information from representatives of academia,
iailroads, equipment suppliers, and consultants and

interested individuals.
The following types of programs were included:

1. Degree programs-(a) engineering, (b) manage-

ment, and (c) interdisciPlinarY;
2. Company programs-(a) railroad in-house and (b)

equipment suPPliers; and- 3. Seminái programs-(a) general and (b) specific'

The degree programs noted in this study were limited
exclusively to those offered by colleges and universities
throughout the United States. Both regular and coopera-
tive eãucational programs were considered' Company
programs includèd both those offered internally by do-

-""ti. railroads and any that have been developed by

suppliers of equipment to the rail industry' FinaIIy,

""^riin"" 
o" torkãhop programs could have been offered

by any of the groupJuñder study. Included as possible
sä.r""es of such programs were educational institutions'
equipment suppliìrs, railroads, consulting firms, and

various associations.

Research Findings

Several findings of a general nature deserve attention'
There is no current, authoritative source of information
on educational programs related to the railroad industry'
Aside from the Ïact that there are a number of highly
regarded and very visible programs' identifying lesser-
knówn educational programs is at best a hit-or-miss
proposition.- 

Àlttrougir there are available a great number of edu-
cational programs that deal generally with transporta-
tion, theie áre very few that are tailored specifically
to túe needs of the railroad industry, Instead, the claÍm
is made frequently by those who offer these programs
that certain portions of the subject content are applicable
to the railroãd industry or perhaps that the value to the
railroad industry is implicit in the structure of the pro-
gram.

The number of programs to be considered is dimin-
ished substa¡tially if one restricts attention to under-
graduate and graduate engineering, interdisciplinary,
ór *anagement programs; short courses; and seminars.
This stuãy doesìot adopt such a limitation, trut it does
emphasize the fact that a significant portion of the pro-
gra*s that are reportedly offered are not managerially
ãriented but focus on providing tools and techniques for
skilled and semiskilled railroad employees.

There is no general consensus among executives of
the rail industry as to what the industry's educational
needs are. For this reason, it is difficult to claim that
any of the courses or programs discussed here are of
suãh overriding importance thât the industry could not
continue to function effectively without them'

I

Degree Programs

Engineering

The extent to which most colleges of engineering can

devote specific attention to the engineering aspects of-

railroad-operations is somewhat limited' For example,

an Ameridan Railway Engineering Association (AREA)

survey of undergraduate curricula related to railway
engineering at 99 schools found that, even at the few
scñools that did cover the subject, no semester hours
of required courses and an average of only 4.43 semester
hours of elective courses pertained to the topic of rail-
way engineering. Only 15-20 colleges and universities
have format engineering course offerings specifically
devoted to railroads. It is possible, however, that the

national attention given to the generally deteriorated
condition of the track and roadbed of many railroad fa-
cilities will encourage greater future academic interest
in railway engineering at the expense of the attention
now directed toward highway construction.

It is appropriate here to comment on the value of
cooperati'ie programs in relation to the educational needs

of the railroãd industry' Cooperative education is de-
lined as the integration of classroom theory with prac-
tical experience so that students have specific periods
of clasJ attendance and specific periods of employment'
The railroad industry has participated in the program
and is an ideal industry to make use of it. There are
literally hundreds of jobs in railroading in which a stu-
dent can learn the industry from the ground up and at
the same time perform a useful service. This method
of recruitment can supply a steady source of well-trained
employees to the railroad industry.

Management

The management category includes degree programs
that are oriented toward the management of railroads
and rail operations rather than toward the technical as-
pects of süch operations. Such programs, typically
iound as curriculum offerings in colleges of business
administration, colleges of management or administra-
tive science, and schools of management studies, tend

to emphasizô the economic aspects of transportation a¡d
transportation systems in general' Few business
schoóls offer courses devoted specifically to railroad
management or operations. Although the principles of
rail management receive attention in many programs,
such coveiage is frequenUy in the context of the larger
transportatiõn perspective' This is not necessarily a

deficiency, however, since a souncÌ understanding of the
Eeneral orinciples of business management provides a

ãuitableïackground for those who aspire to careers in
railroad manágement. In addition, familiarity with the

managerial anã operating aspects of competitor indus-
triesihould be considered a positive aspect of the stu-
dent's academic PreParation.

InterdisciplinarY

A limited number of schools were found to offer relevant
interdisciplinary programs. As a complement to exist-
ing formJl programs, however, it is important to note

tirät an inteidiJciplinary approach to rail education is
evident in the orgãnizational format and research pro-
grams of the transportation research centers that exist
át a number of leading colleges and universities'
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Company Programs

Railroad In-House

Railroads support or provide their professional em-
ployees with college or university degree programs,
management training and orientation, management de-
velopment, specialized skills development, and technical
education programs. The overall conclusion is that,
although there are some differences among railroads,
the industry recognizes a wide variety of educational
needs and relies on both internal and external sources
for the preparation and execution of many such programs,

Individual railroads tend to be informed about and to
recruit from specific programs offered at institutions
within their respective operating regions. There is
considerable disagreement among industry representa-
tives as to the value of degree programs designed spe-
cifically to meet the needs of the railroad industry as
opposed to more general approaches to the education of
potential employees.

All railroads that participated in the personal inter-
views or responded to the written request for informa-
tion indicated at least some formal, internal technical
education programs, The main focus of this study, how-
ever, excluded technical offerings from consideration,

Equipment Suppliers

A letter was sent to a number of ma¡ufacturers and
vendors of railroad equipment to request information
on their education programs or courses, Since equip-
ment suppliers generally focus on the technical aspects
of railroading, their educational offerings do not assist
the management development process, Virtually all
railroads use this source for the detailed and practical
technical knowledge needed for job performance.

Seminar Programs

General

The category of general seminar progrâms includes a
wide range of seminar, workshop, or short-course pro-
grams that are of general interest to those engaged in
the professions of business management and engineering.
Although such programs are not designed specifically to
meet the needs of the railroad industry, railroad person-
nel can often benefit from partieipation in high-quality
course offerings of a general (as opposed to a
disciplinary-specific) nature. Frequently mentioned
examples are the advanced management programs of-
fered by Harvard and Sta¡ford Universities.

Specific

A number of management development and engineering
programs are structured specifically to meet the needs
of the railroad industry. Five schools in particular-
Northwestern University, the University of lllinois,
Pennsylvania State University, the University of Ten-
nessee, and Princeton University-are representative
of schools that are currently engaged in such programs,

Three transportation management programs that are
somewhat more general in nature were cited by industry
representatives as being responsive to the educational
needs of the rail industry. These are programs offered
by Northwestern University, Columbia University, and
the Massachusetts Institute of Technology.

ANALYSIS AND CONCLUSIONS

Evaluation of the study findings leads to the following
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conclusions concerning the future educational needs of
the railroad industry:

1. University programs in railroad education will
probably never again be large enough to completely fill
the demand for new managers and engineers, and this
will force the railroads to continue to hire and train
graduates with diverse backgrounds.

2. The railroads'practice of actively recruiting the
few graduates who have done course work in rail trans-
portation suggests that such individuals are perceived
to be potentially valuable and highly motivated additions
to their professional staTfs.

3, A mixture of academic programs and continuing-
education opportunities will be needed to respond to the
broad array of railroad educational needs.

4. External teaching of railroad and rail-related
subjects is a means of strengthening the industry's
ability to innovate in response to a rapidly changing
technological and business environment,

5, The expressed opinions of railroad management
concerning the need for railroad specialists must be
bala¡ced against the fact that engineering and managerial
philosophies that successfully guided operations in the
past may no longer be valid.

6. Railroads actively use and support external edu-
cational programs, particularly those that complement
their in-house programs, those that promise to enha¡ce
managerial effectiveness, and those that disseminate new
technological developments.

1, Some form of introduction to the railroad indus-
try-its characteristics, uniqueness, demanding nature,
and problems-should be available to individuals who
are considering it as a career.

B. Interdisciplinary skills are desirable for decision
makers at all levels of railroad management.

RECOMMENDATIONS

In view of the conclusions reached above, four possible
forms of federal assistance that will materiallv aid rail-
road education are recommended: (a) short courses,
(b) curriculum enrichment, (c) university research, and
(d) fellowships.

Short Courses

Short courses would last one week and would take in
between a university quarterrs and semester's work.
Four specific short courses not currently available are
recommended: (a) basic transportation, (b) surface
tra-nsportation, (c) railroad transportation, and (d) rail-
road engineering. In addition to these, advanced courses
of shorter duration that focus on specific technical and
managerial subjects should be developed.

The recommended courses would be taught at a junior-
senior university level and would be designed for two
groups: (a) recent graduates or those entering their
senior year who are interested in entering the railroad
industry but have not been able to learn much about it
either through college courses or work experience and
(b) employees of the railroad industry who management
feels should broaden their knowledge and outlook as a
basis for future promotion (for example, orienting a
union member who has management potential toward
management's approach to problem solving and decision
making). Ideally, these short courses would alleviate
the potential shortage of railroad manâgers in the coming
years by making college graduates more attractive
ca¡didates for entry-level management positions and by
retraining promising personnel who are already part of
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the industry for promotion to management positions'
Clearly, therè must be a certain degree of profes-

sional uniformity in the presentation of the short courses'
This requirement is one reason for the direct involve-
ment of the federal government in putting on the pro-
grams. For example, they could be offered by FRA or
ãnder a program similar to that of the National Highway

Institute: Èut, in view of the rail industry's attitude
ioward government involvement in activities directly or
indirectly related to it, the programs shotld be orga-
nized and presented under the auspices of- one or more
property aicredited colleges or universities' The U'S'
bepãrtment of Transportation (DOT) would establish
unilform minimum stándards to be met and would arrange
whole or partial funding of the courses until such time
as they become self-supporting or until a decision is
made lhat FRA will sponsor a continuing program in
rail education similar to the tra¡sit and highway pro-
grams of the Urban Mass Transportation Administration
(UUte) and the Federal Highway Administration
(FHWA), resPectivelY,

The óost tõ present a five-day course that involves
30 participants will vary from $10 000 to $40 000, de-
pettding oñ which speeific expense categories are in-
ãtr¿"¿ (tfr" latter figure includes course-development
costs). This estimate excludes travel and per-diem

"ã"i.'fo" 
participants, which woulcl average about $500/

person. Most rãilroads are willing to underwrite these

ãosts for worthwhile programs' FRA might want to
consider funding these e4penses for government
employees.

these estimated cost levels are the principal argu-
ment for initial federal support. Because some of the

desirable and recommended courses are exlrerimental
in nature, most universities and other course offerors
would be reluctant to commit significant development
resolrces to them' Federa-l funding would thus accel-
erate the process of course development and would keep

attendancô costs low enough to encourage participation
by a wide range of people, including personnel of mar-
ginal and bankrupt railroad companies; rail planners
émployed by federal, state, and local government agen-
cieã; an¿ individuals interested in entering the railroad
field. The railroads themselves do not fund external
course-development efforts but support them by sending
paying participants' Thus, once the course-s are operat-
ing, thôV could be supported by attendance fees' In this
inãiatrce, FRA should consider continued funding of at-
tenda¡rce fees for public employees and other eligible
individuals.

Curriculum Enrichment

The rail industry strongly favors assistance to existing
university programs for maintaining and enhancing their
couerage of thã rail mode. This would have the benefits
of keep-ing the university corhmunity involved in the future
of tneiailroads and maintaining the relevance and tech-
nical accuracy of university rail-related education and

research programs' Funds channeled to university
faculty membèrs to improve the railroad content of
transportation course offerings would be used for salary
s.tppoìt, student assistants, support sta-ff, travel to
various' railroads and to rail-related conJerences, mate -
rials, and small, exploratory research efforts' In es-
s.rrcé, this progiamwould establish one or more "mini-
chairé" in ràit (or perhaps surface) transportation. The

trucking and package-express industries and a few other
segmenls of the transportation industry currently sup-
poit university professorships. FRA should explore
^the 

development of similar programs for the railroad
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industry, perhaps in cooperation with the Association
of American Railroads (AAR).

Funding for curriculum enrichment will be attractive
to universities if there are assurances of continuity'
Universities are somewhat reluctant to accept program
specialization in the face of possible funding-curtailment
eäch year. This is less of a problem if established pro-
gra*i with existing rail coverage are selected for sup-

[ort, Funding needs vary directly with faculty salaries
änd with the pãrcentage of program commitment that FRA

is willing to invest. The typical annual funding for an

enrichmént'progra.m large enough to have an impact is
approximately $+o ooo/recipient/year. The. railroads
halve indicateà tireir willingness to make available data,

case studies, gu.est speâkers, and similar resources
but have not.shown any interest in providing funding' The

involvement of AAR in program development could be

instrumental in changing this'

University Research

All segments of the rail industry support the idea of a
federally sponsored university railroad research pro-
gram. beveral rail carriers have suggested that the

industry could make use of the research results and

should Le willing to provide financial support (the latter
idea, of cou"sef is fess attractive to the marginal roads)'
Ail ínterviewees appreciated the educationa-l value and

the curriculum-enrichment aspects of such a program'
There was also considerable sentiment among the rail-
roads for enlisting the aid of AAR in ensuring the rele-
vance of the research and to provide access to industry
data.

There are ample precedents and guidelines for FRA

to follow in establishing a university research program'
Three existing programs in the transportation area are
the Office of University Research (OUR) Program of
DOT, the UMTA University Research and Training Pro-
grãti, una the Maritime Administration's University
Research Program'

Railroad rðsearch projects at universities are most

effective if they are funded for a period of one or two

yãa"s ana invoive several faculty members and students'

Annual tunding requests in the range of $60 000-$120 000

would be typicat. Annual total funding of $1 million
wouta proviãe for an average of 10-15 active projects'
iiti" "i-¡"" 

would currenUy cover most of the institu-
tions that have sufficient rail expertise to warrant
support."5oi'r:""ady 

funds some university railroad research
u"¿"" lnã a.t"pi""" of the oUR program' However' rail

"ã"""".it 
proiosals must compete with pr,ojects in all

areas of tranÈportation for the limited OUR funds' Fur-
ih""*o"", some meritorious rail research may be too

specific to justify OUR support. Universities are some-

times succéssfui in competing for FRA research con-

i"".tt, but these often láck the long-term commitment

an¿ ftéxi¡itity that are prized elements of university re-
search. The researchìponsored by AAR is highly prob-

iem oriented and often short term and therefore incom-
patible with most university programs' For these rea-
ãã"", 

" 
special university railroad research program is

,r"".ât""y if this avenue for improving academic pro-
g"";t i."p"""u"¿. This option has been îound to be

ñigirry effôctive in other transportation .specialties ; re -

"ãä"1ft 
increases faculty involvement, interest, motiva-

tion, a-nd competence, which in turn leads to improved

.tìaãrgraa,tatd and graduate courses and to new short
ão"""õ.. In view of the benefits to the industry, a joint

f'na-a¡n university research program would be ap-

propriate.

I
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Fellowships

A university research program would provide student
funding in the form of graduate research assistantships
or funding for undergraduate hourly employees. In place
of or in addition to this, grants for railroad educatiõn
could be made directly. A program of support to in-
dividual graduate fellows would require $?000-$12 000/
yearfellow, depending on the levei of tuition and fees.
A $ 1 million program would fund about 100 graduate
fellows. Irr comparison, FHWA currenfly offers about
186 fellowships/year for studies in highway transpor-
tation.

Again, there are existing models for FRA to follow.
Both FHWA and UMTA sponsor fellowships. Their en-
abling legislation and program guidelines can be useful
in structuring a similar program for FRA.

Railroad funding of graduate study is extremely rare,
since individual railroads find it difficult to grant an
employee a fulI year of leave and are concerned about
losing the employee after they have paid for his or her
education. Yet the industry as a whole benefits from the
advanced education of its professionals. This is a strong
argument for federal funding of railroad fellowships or,
for that matter, for funding of the other university pro-
grams described above.

SUMMARY

A well-coordinated and government-aided program con-
sisting of short courses targeted to entry-level profes-
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sionals, enrichment of university curricula, university
railroad research, and fellowships for studies in rail
management and engineering will meet the modern educa-
tional needs of the railroad industry, Annual funding of
$1 million would support aly one of the following (af-
though combinations are obviously preferable): 40 one-
week short courses, 25 rail transportation professor-
ships, 15 university research projects, or 100 graduate
fellows. This program would do much to provide the
railroads with a new pool of talent, people with strong
career motivation and the skills needed to.respond to the
changing business and technological environment of the
railroad industry.
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Program for Certifying Transportation
Engineering Technicians
Larry E. Jones

The results of a joint effort by the lnstitute for the Certification of
Engineering Technicians (ICET), the American Association of State
Highway and Transportation Officials, and the Federal Highway Admin_
istration-to establ¡sh and p¡lot-test a program for certifying transporta_
tion engineering techn¡c¡ans are summarized, The program thæ iesulted
from this effort provides four levels of certification in 

-each 
of six broad

disciplines: construct¡on, design, mater¡als, traffic operat¡ons, surveys.
and ma¡ntenance. Under the program, techn¡cians may be certified
by ICET once they demonstrate relevant exper¡ence and performance
capabilities, as verified by professional engineers and qualified techni-
cians, and satisfactor¡ly complete tests adm¡n¡stered by ICET. The
certification program was p¡lot.tested ¡n the state highway departments
of North Dakota, Rhode lsland, and Utah. These tests w;re successful,
and the ICET cert¡f¡cat¡on program is now open to anyone who wishes
to use it. A second facet of the joint effort is discussed_i.e., the attempt
by.lCET to ¡dent¡fy train¡ng materials that technicians can study to
bolster their knowledge in specific fields and to prepare themselves
for certif¡cat¡on examinations. Numerous tra¡n¡ng materials were
¡dent¡fied. lt was found that the lnternat¡onal Correspondence Schools
offer many coursesthat are closely aligned with the tiaining needs of
transportat¡on engineering technicians.

Highway administrators and personnel managers have
for several years discussed the potential values of
developing a national program for certifying transpor-

tation engineering technicians. Among the benefits they
thought could be derived from such a program were

1, Nationwide acceptance of criteria for assessing
and determining career status for technicians and
technologists in highway transportation,

2. A rigorous means for relating state civil-service
position classifications to staff technical capability,

3. A rational basis for collective-bargaining negotia-
tions to help ensure proper recognition of technical
competence as opposed to longevity,

4. Increased assurance that work assignments
within agencies are based on job proficiency and that
demonstrated proficiency receives due recognition
across agency lines,

5. Imploved work performance and sharpenecl knowl-
edge and skills that result from a certification program
undergirded by appropriate training, and

6. Improved employee morale and motivation result-
ing from personal satisfaction and from employer recog-
nition of the employee's milestone accomplishments as
the employee works toward certification and career
advancement.
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Certification is based on ability to perform specified

work elements and on the knowledge and skills required
to perform such tasks proficiently., Therefo,re, firm

"uidanau 
of actual perfòrmance of these work elements

bv a candidate in a-job environment is essential' Cer-
liliã^iion t"quires tÏat professional engineers and quali-
fied techniciäns who have supervised a candidate in the

pe"fo"*ance of work elements verify that the candidate
'has actually performed each required wgrk element in
a satisfactory manner. After the candidate receives

satisfactory endorsement, a written examination is
ã¿-inl.tu"äd by ICET' candidates may choose work
elements that will enable them to become certified at

ãne level in one discipline and at a different level in
another disciPline.

The examinations administered by ICET are made

up of questions prepared by volunteer committees of

profesiionals for each discipline. The committees
äre responsible for preparing, scteening,- and vali-
dating ail questions that are to be included in the

comp"uterized question bank maintained by ICET'
B;i";¿ new or ievised questions can be entered into the

bank, they must be reviewed and approved by the

AASHTO task force.----A 

"eport 
prepared by ICET Q) inclu{e9 the procedures

aná stanaat¿ì fôr certiiication,ietailed descriptions of

the work elements, and an inventory of available train-
ing """oo""us 

that relate to each of the work elements'

The program development work undertaken under

the contracl with FHWA was accomplished under the

Jirection, guidance, and coordination of the task force

appointed ¡y ¡¡silto' The program concepts were

app"oveA ¡y ¡eSgtO as recommended guidelines',-The 
AASHTO task force considered the completed

p"og*"* design and detailed job tasks and unanimouslv
'"ã"ã*-"n¿ed-tttat ttte program be implemented in three

,t"t". *" a pÍlot project. The intent was to refine pro-

ã"ao"u" and to i¿lentify problems that may arise in the

states and in other agencies as they begin to use the

p"og"r*. The task force, with the full ag.reement of

ihe"chairman of the AASHTO personnel subcommittee'

unanimously recommended that the FHWA contract

Uã extendea, with additional funding, for a pilot im-
plementation program' The objectives we-re to assist
ih;-;itl;t to use Itre program' set some direction in
itré ãuu.top-ent of trãining materials- to meet the

iããrtni"i"nit specific needJ, and accelerate the projected

ru"ìfu¡iUtv daie of the first examinations' Utah, Rhode

i"Ñ, ;"á North Dakota, each of which was represented

o" irrð't"tL force and has a personnel training system

wittr unique characteristics, volunteered to be pilot

"tut".. 
Á second contract between FHWA and NSPE-

ICET was signed on September 30' 19??'

While conãucting thô pilot testing phase of the imple-
mentation prog"am, ICET staff made several visits to
the three piloitttt"t to explain the program to the

i."flni"i"nì and to the appropriate personnel and admin-

i"itutiu. officers. Apptications were then reviewed;

reference reports sciéened; examinations generated-'

aá-inistere¿', and scored; ând the examination results

returned to the candidates'
Examinations were administered to 104 employees

of inã pilot states during the first oJ two.test cycles'
Severai problems were encountered, and questions

we.e raised. Most of the questions were resolved

*trãn fCet published a manual $) designed to assist

itte tecnniciäns and their employãrs in understanding

itrã application and testing procedures' 
. 
A second

-.rrläl (2) was also published by ICET to give em-

;i;ñ;; ln ovetuiuw'of the certification program and its
'Àaiy potential uses by employers in the areas of per-

It was not until July 19?4, during the Engineering
Foundation Conference on the Assessment of Fesources
and Needs in Highway Technology Education, held in
Rindge, New Hampshire, that it appeared that such a

;;;t;"; might evãntuallv become a realitv' One of

itre-principat recommendations of the conference was

as follows (1, P. 193):

That local, State, and Federal highway agencies; highway ¡ndustr¡es; and

professional societies, in cooperation with educational institutions' es-

iuÀt¡rr, purtortunce itandards of certification and recertification for

i"ãÀni"iunt and technologists engaged ìn highway transportation related

work.

A specific action taken by the conference provided for
theiormation of an ad hoc committee to determine the

actions required by the respective agencies and organi-
zations to bring about a certification program'

The ad hoc ãommittee presented a recommended con-

""pi 
io" a certification prõgram to the Amerjcan Associa-

tion of State Highway and Transportation Officials
(AASHTO) Administrative Subcommittee on Personnel
at the AASHTO meeting in November 19?5' The sub-

committee endorsed the concept of certification and

voted to appoint a task force to take up the work of the

ad hoc committee. Their function was to

1. Work with the National Society of Professional
Engineers (NSpn) and the Institute for the Certification
ãf Ën$neering Technicians (lce t) to expand and refine
the program and

i. Iãentify the various tasks in which technicians
should demonstrate proficiency to qualify for certifica-
tion [it was envisionèd that this task force would work
closely rvith the project manager to be appointed by

ICET under a proposed contract with the Federal High-

way Administration (FH\MA)l '

The first contract between NSPE-ICET and FHWA

was signed on April 30, 19?6. Under this contract' the

original program concepts were expanded and certifi-
catíon criteiia for transportation engineering technicians
were developed, The transportation engineering techni-
cian field wãs divided into six broad disciplines:
construction, design, materials' traffic operations,
surveys, aná maintenance. For each of the six disci-
plines, iCnT esta¡lished four levels of certification:
ievel í, student technician; level 2, associate engineer-
ing technician; level 3, engineering technician; and

level 4, senior engineering technician'-
The next, and probably most difficult, task accom-

ptished ny f'CUt was to break down the technician job

ãuties and responsibilities for each identified position
in each discip[ine into basic components or tasks, or
what ICET hás termed work elements' These work ele-
ments are the heart of the program' Through them'

technicians are able to identify areas in which they are
most knowtedgeable and therefore best qualified to be-

come certified bY ICET.
A candidate may enter the program at whatever level

he or she demonstrates proven ability and ex¡rerience'
ih" p.og"u- requirements are given in Table 1 (?I
for ãacú level oi certification, candidates must select
and nass examinations on a specified number of work
elements, Table 2 (2) gives the requirements for the

construction field. fhe other disciplines are quite

similar. To attain initial certification above level 1,

a candidate must furnish satisfactory evidence of having

the work extrlerience required for the level at which cer-
tification is desired plus that required for all lower
levels. Such experience must be documented according

to ICET procedures.
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Table 1. Enrollment and certif¡cation requ¡rements.

Minimum Full-Time
Level Experience

Reconnìeùdation
Requi rements

Verification of
Ex?erience

Written Test
Requi remeûts

Form of
Ce ¡tification

Performance
Capabilities

No minimum tinle require-
ùìent: eligible wheD
al)ilitv in required voÌk
elemeûts is established

At least two yearsì stu-
dents enrolled in engi-
neeriûg or technology
courscs nray apply
without enterinfÌ at
lct'cl 1

At least five vears total

At lcast te¡ vcars totll
plus actual super'
vision of oìre nìajor
Droìect

By supervisi¡g enginee16(s )

andior job superinten-
cle¡lt(s) who actually
supervisecl candidate

ldeally by pÌofessional
enftineeÌ (PE ) fan¡ìliar
with candid¿tc s peÌ-
formance or bv certifie.l
enflineeÌing techniciaD
(c[T) it ùo PE avaìl-
able

By PE cxcept iD Specilic
instances stÌonglV j usti-
fied bv circumstânces
of job

One from person fanriliar
with candidate's work

One from person fa¡niliar
with candidate's work

One from persoù [aùiliar
with canclidate's work

No written test

Written test coverinl{
\vork elenrents

WritteD test covering
work elemeDts

LetteI of enrollment;
no formal certifi-
cate

Ccrtification as âs-
sociate engineering
techDician (AET)

CeÌtificatioû âs engi-
neeÌinll technician
(ET)

Beginning-level work
under direct supe¡-
vision

Intermediate- level
work vithin speci-
fied field under
general super-
vi sion

Independent work
with Ìittle or no
supervislon on jobs
covered by stan-
da¡d and complete
plans, specifications,
or instructions

Assistaût to PE with
authority to act in
name of PE in mat-
ters in which author-
ity is delegated and
engineering prece-
dent exists

Bv PE except in raÌe in- At least one rccommen
stances stronglv justi- dation âs to cltaracter
fied bv job conditions, and jntegrity from pE
in which case ICET personaÌly lamiliar
mav accept al[ernative with canclidate's jot)
verificatio[ performancc

Writte¡ì tes( covering CeÌtification as
work elcments: per- senior eDgineering
sonal intervìew mây techniciaù (SE.I)
he required

Table2. Work elements l¡sted and
requird by type and cert¡f¡cat¡on
for construction discipline.

Cerlification
Level PositioD

General WoÌk Elements Special Work Elements

Lislcd Required Lìsted Required

1

2

Studcnt technician'

Associate eDlaìneer-
inc techniciai'

Engineering techni-
cian'

Senior engineer-
ing techniciaì1'

3 endorsed trom level 10
l'

3 âlreadv endorsed 25
fromlevellr6from
level 2 = I

10 from lei'el 3 t0

7 from lcvel 4

26

4 endorsed f¡om level 1

4 already endorsed
fromlevell+2more
Iromlevell+7from
level 2 . 13 to be ex-
am i necl

2 more from level 1 + ?
more from le!'el 2 a 3

from level 3 = 12 to be
examined

4fromlevel2+ 3lrom
level3=Ttobeex-
amined

32

13

4

Total

E lements
in pre-
vious
le !'e ls

45

'No examinâlion requrd.
"Supervisor's endorsement-

" Examination required.

sonnel and salary administration, project planning,
training, and job assignment of engineering technicians
in the field of transportation. Both of these manuals
âre available from ICET.

During the second cycle of testing, BB state employees
applied for and were given examinations. Additional
familiarity \Ã,ith the program by all concerned substan-
tially improved the smoothness of the entire application
and testing operation. At the conclusion of the second
testing cycle, 17 technicians had fulfilled the ICET re-
quirements for certification and 52 others were quite
close to achieving that goal. ICET is preparing a report
that will summarize the results of the pilot implementa-
tion program.

The AASHTO task force revie\¡/ed the preliminary re-
sults of the pilot testing at their April 19?9 meeting and
recommended that the program immediately be opened
to state, local, federal, and private emplovers and
technicians.

The ICET certification program has built into it the
flexibility necessary to keep it responsive to ever-
changing and expanding requirements. Since the entire
program is based on work elements, by changing or
adding to the list of work elements the program can
be manipulated to handle all foreseeable requirements
that may be placed on it. Among the requirements being
addressed at this time is the need for qualified techni-
cians to inspect the more than 550 000 bridges in the

United States. A special committee has been f ormed to
revier"v the existing work elements to identify those
that match the work being performed by bridge inspec-
tors. Where necessary, the committee will draft addi-
tional .;r/ork elements that, after being approved by the
AASHTO task force, will be incorporated into the pro_
gram. Technicians may then become certified as bridge
inspectors by passing a specified number of these work
elements,

During both the first and second contracts, ICET
has sought to identify training materials that techni-
cians could study to bolster their knowledge in spe-
cific fields and to prepare themselves for examina-
tions to become certified. As part of the first con-
tract, many individual training materials from various
sources were identified and listed (3). Each training
resource was cross-referenced to the work element or
work elements that were most applicable to the
material. Many state highway departments indicated
that they had good training materials on their shelves;
some were willing to share with others, but some
could not because of budget and staff limitations. ICET
simply did not have the resources to review and evalu-
ate all of the materials identified.

Traditionally, transportation engineering technicians
have received their education and training in on-the-job
training programs, technical schools, or classes con-
ducted by the employer. In order to be able to make
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recommepdations on training, it was deemed desirable
for ICET to explore a number of other training possi-
bilities, These possibilities narrowed down to a new

concept called "minicourses" and the better-known cor-

"e"ponden"e 
method of course delivery. Audio-visual-

basèd training packages were considered to be quite
effective, but ICET felt that the cost of providing these
materials to a large number of technicians spread
across the country-some in remote areas-made them
comparatively exPensive.

The difficulty and, again' the expense of keeping
materials current and an apparent duplication of effort
in developing materials on the same subject matter
warranted an examination of the concept of a mini-
course constructed as an inexpensive manual. ICET
prepared drafts of 24 different minicourses structured
lo cìrrespond to specific work elements. The courses
were reviewed by practicing engineers and technicians
in state, federal, and private engineering offices' In
the feedback received from these Íeviewers, they sup-
ported the concept of the minicourse approach but cited
no-e.oos problems with the course drafts. The nature
of the problems reflected the need for considerable
expertise in selecting and presenting the topical eontent
inways that were valid in different states and employ-
ment situations. This expertise could only be developed
over a considerable period of time.

ICET, supported by approval of the minicourse con-
cept but lacking in expertise to develop the training
måterials in-house, contacted the International Corres-
pondence School (fCS) of Scranton, Pennsylvania' It was

iound that ICS had been using the job-task-inventory
approactt to training (similar to work elements) for
many years as a means of increasing educational effec-
tiveness and efficiency. Because of the apparent com-
patibility between the ICS program and the training re-
^quirements 

needed to support the ICET certification
p"og""-, the AASHTO task force recommended that
ÑSÈn an¿ lCET work with ICS to establish a major train-
ing resource for all transportation engineering techni-
ciáns employed in both the public and private sectors'
NSPE followed through and signed an agreement with
ICS to implement the task force's recommendation'

ICS is currently cross-referencing all of its existing
training materials to the applicable ICET work ele-

15

ments so that they will be prepared to advise prospec-

tive students as to which of the ICS courses would be

most appropriate when technicians are seeking certifi-
cation in a þarticular field. ICS is not envisioned as

the sole soo"ce of training materials for students who
are preparing for ICET certification. But it hâs been

i¿eniitiã¿ as a readily available source of training in-
formation for many of the work elements'

From the very beginning, the development of the

technician certification program has benefited from the

support and participation of a substantial number of

indlviduals, Private as well as public-agency em-
ployees have participated because the construction
änd maintenance of the national transportation system
is a massive project that involves millions of people

and billions ol dollats. Technicians are the backbone

of the transportation system; an estimated 750 000 of

them are employecl in highway-related activities alone'
Motivating this work force-e'g', in the identification
of areas in which additional training may be needed to

support career-development plans-is extremely im-
portant.

The Certification Program for Transportation
Engineering Technicians has definite potential for im-
prõving thJwork performance of technicians and ulti-
matety improving the national transportation system
overail. the decision to take advantage of the program
rests with technicians and their employers'
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Training and Education in
Transportation: Future Directions
Lester A. HoeI and Michael D' MeYer

The dramat¡c changes in t¡le environment in which transportat¡on profes'

sionals operate ¡n the Un¡ted States and the impact of these changes on

transporiation education and training are examined' Within a decade'

the d;fin¡tion of the urban transportat¡on "problem" has been expanded

from one focused solely on congest¡on to one that includes at the very

least the relat¡onship bàtween transportation and the following factors:

energy, air quality, ôquity, safety, congestion, land use., noise, and more

efficient use of scarce resources. These new problem defin¡tions and the

ikill, nu""rru.y to deal with them effect¡vely have added to the responsi-

L¡lities of transportation educators and represent forces of change in

U.S. educationål programs. Actions that could be taken to prepare for

the future professional needs of the transportation sector are recom-

mended.

The environment in which transportation professiorìals

;¡;";t" has changed dramatically during the past 10

yãrt". During this time, we have se.en the definition
äi iitå "r¡a" 

tiansportation "problem" expand from one

focused solely on èongestion to one that includes at the

"L"V 
fu""t the relationship between transportation and
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the following factors: energy, air quality, equity,
safety, congestion, Land use, noise, and more efficient
use of fiscal resources $2), In the private sector, we
have seen an increasing lnterest in the application of
technical and management skills to problems in the air,
rail, and trucking industries,

This paper examines what impact these changes have
had and ivill have on transportation education and train-
ing in tlte United States. The results of a survey that
asked representatives of universities about existing and
future education and training programs are presented.
Special emphasis is placed on what directions these
programs must take if the future needs of the trans-
portation sector are to be addressed. The paper con-
cludes by recommending increased interaction between
educators and practitioners to identify and prepare for
the education and training needs of transportation
professionals.

EVOLUTION OF TRANSPORTATION
EDUCATION

It has been only a few decades since state highway de-
partments were concerned almost exclusively with
rural, intercity roads. Indeed, it is only in recent
times that state highway agencies-many of which are
now state departments of transportation (DOTs)-have
been concerned with broader issues than simply the
construction of major highway facilities. Examples
of these new issues include highway maintenance, in-
creasing passenger flows on existing highways, and
citizen involvement in decision making. Furthermore,
highway and transportation agencies are also being
asked to systematically identify a $¡ide range of pos-
sible direct and indirect social, economic, and en-
vironmental effects of proposed actions (e.

The changes that have occurred in the organizational
environment of highway agencies are indicative of the
changes that have occurred throughout the transportation
sector. These cbanges pertain not only to the types of
projects being considered but also to the analytic
methodologies that are used, the objectives ürat are
met, and the actors who are involved in the process.
For example, one of the most significant changes in
urban transportation in recent years has been the shift
toward plaruring that is service oriented rather than
facility oriented, involves reÞtively inexpensive ac-
tions, and seeks the most efficient use of existing
facilities S). This new pJanning emphasis not only
causes problems of methodology but also creates a
need for greater coordination and cooperation among
the many agency staffs that have a significant role to
play in the transportation planning process.

The major changes that have occurred in the meth-
odological framework of urban transportation since
1945 can be summarized by phase, as follows:

1. Conceptual development ( World War II to Ûre
1950s)-(a) new techniques, (b) impact of transportation
on land, and (c) sequential demand models first avail-
able;

2. Operational development (19bOs to the early
1960s) - (a) large -scale transportation studies, (b)
Bureau of Public Roads manuats and codified models,
(c) Federal-Aid Highway Act of 1962, and (d) complex
þnd use models;

3. Stability (1960s)-(a) consolidation, (b) analytic
approach to urban transportation plaruring, and (c) Iand
use and travel demand.

+. uprreavai lialå i'sgo" to the present)-(a) revolr
against highways, (b) public transit, (c) greater im-
portance of exterr¡al factors, (d) relation of transporta-
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tion policy to otler urban policies, and (e) nonoptimal
solutions; and

5. Transition (the present)-(a) institutional change,
(b) long-range and short-range interaction, (c) incor-
poration of other pl,aruning concerns, and (d) types of
projects and strategies.

This chronology reflects the changing skills and
styles of analysis that have been needed in different
eras to address tlie issues as they were defined at the
time" During the years after the Second World War,
most programs in transportation education focused
almost exclusively on the teaching of engineering de-
sign andproject construction. The systems-analysis
tools that were being developed during that period had
not yet been introduced in a major way into the academic
programs of transportation students. The product of
undergraduate programs in transportation engineering
was a person capable of designing, constructing, and
operating the physical facilities that were being de-
veloped throughout the country.

Later, as regional transportation studies became
an increasinqly important component of the urban
transportation pÞnning (UTP) process, new skills and
techniques'were required to implement the computer-
based methodologies and analytic approaches necessary
to successfully complete such studies. Many universi-
ties began active research programs in these topics and
incorporated much of the material in new courses on
transportation systems analysis and transportation
planning, at both the undergraduate and graduate levels.
During this period, many schools expanded their focus
from basic engineering design to incl¡de new topic areas
in transportation ptanning and analysis þ. The transi-
tion from engineering-design programs lõ programs
e mphasizing a syste ms -analysis approach occurred
more rapidly at some institutions than at others, and the
dichotomy in program objectives became very evident
during this phase.

During the late 1960s and early 19?0s, public opposi-
tion to many highway construction projects, increased
funding for public transportation, and an increased
awareness of the external impacts of transportation
facilities created a need for transportation professionals
witì special skills and attitudes. There was a need for
people who understood pubtic relations, who could in-
vestigate the environmental impacts of transportation
facilities, who were able to manage and operate (as
well as construct) public transportation services, and
who understood the political environment in which
transportation agencies operated. In response to tìese
new needs, many universities adopted a multidisciplinary
approach to transportation education, and some de-
veloped special training programs for professionals '"vho
had been educated in an earlier era. These programs
were less oriented toward design and computer modeling
and tended to emphasize transportation planning in its
broadest sense. During this phase, transportation re-
search and training were often carried out in an instifute
or center context (Q.

Now it appears that transportation education is once
again in a transition period, during rvhich the changing
definitions of transportation problems will require new
skills and knowledge of fuhrre transportation profes-
sionals. We may be entering an era when the trans-
portation system is in place, and the challenge may be
to improve its utilization and physical condition. Many
factors that are external to the transportation system
itself but tÍat directly affect it may contribute to
fundamental changes in the system as we know it. It
is too soon to say how, if at all, the focus of some
transportation education programs will change to reflect
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this. Early indications are that the general area of
transportation system management, in both the public
and piivate sectors, will be receiving increased atten-
tion in academic programs. If this trend materializes,
management will soon join plaruring, systems analysis,
operations, and engineering design as another char-
aãteristic aspect of transportation academic programs
in this countrY.

The discussion illustrates the relationship between
the changing environment of transportation and the
transportation education process. The changes de-
scribãd are general i¡ nature and do not reflect the

rvide diversity in academic programs and research
efforts. Ir addition, we are looking at major trends
while at the same time recognizÍng the need for profes-
sional skills in each of the major areas-plarning, sys-
tems analysis, operations, engineering design, and

management.
It is difficult to draw general conclusions about

transportation education in the United States. Each
university has its own philosophy of what constitutes
an appropriate education in transportation and its own
timiiõd resqrces for providing this education, and
each operates under different pressures. However, it
is impãrtant to recognize that the transportation field
has uidergone major changes during the past decades

and will Iikely change even more dramatically in the

future. Transportation education will no doubt respond
as it has in the past, with new courses, new mixes in
programs of study, new research topics, and special
ã¿uõational and training programs. Demonstrating
leadership in the academic community in identifying
and addressing future transportation issues and im-
parting to students the qualities needed to-meet new

ànd exciting problems are continuing challenges in
transportation education.

UNIVERSITY PERSPECTIVES ON
TRANSPORTATION PROGRAM
DEVELOPMENT

There are many examples in the literature of actions
that individual schools have taken in developing trans-
portation programs and surveys that have been taken
ãf empioyèrs and practitioners to determine whether
engineering graduates exhibited the required com-
pelence. tn the first case, authors have-locused on

ihe relation between research and multidisciplinary
educatÍonal programs (!), the broadening of civil
engineering (especially-transportation). education to

"*io"" 
stuãentJ to the planning and polcy aspects of

enþneering (8,9), the need for interdisciplinary solu-
tio"ns to eneinãding problems GlrÐ' and the func-
tions and components of specific programs in trans-
oortation (12). A second area of discussion has been

ihe continuing educational needs of the engineering
professions (1!.-![).

Both of thilseãieas are important and deserve fur-
ther attention from the transportation profession, but
neither really addresses the issues of what type of
profe ssional ihe t"ansportation education process should

þroduce and what forcès are at work within universities
?n"t li*it their abitity to do so. The first step in
addressing this issue was taken at the 19?3 Highway
Research Þoard Conference on Multidisciplinary Educa-
tion in Transportation. The purpose of the con'ference

was to discusì the problem of providing such multidis-
eiplinary education and to provide a means for educators
to communicate their approaches and experiences to one

another. The five general conclusions reached by the

conference, which highlighted many of the problems
faced by trânsportation educators, serve as a useful
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point of departure for this discussion. The con-ference

þarticipants concluded the following (16):

1. A new profession and discipline of transportation
had come into existence during the past 20 years. The

nature of the discipline was multimodal, relied on a
variety of methods and techniques, and was based on

several theoretical bodies of knowledge.
2, Transportation education, although Ít had re-

sponded to many changes in the past, was still not
sàtisfactorily addressing many of the problems that
were facing the disciPline.

3. Transportation educators were better prepared
than their prèdecessors but still could not agree on the

overall goals of a transportation education program nor
on the mear¡s to be used in achieving them.

4. The two major disciplines in transportation-
engineering and the social sciences-were frequently at
odãs rvith õne another. Or¡e of the reasons for tlris was
the lack of communication between the two groups.

5. University administrations did not recognize any
special plaee for transportation i¡ the university struc-
ture. Aãministrators pointed out the need to respect
already-established disciplines, maintain university
structure, consider university budgets, and remember
the broadly conceived objectives of the academic com-
munity.

Several conterence participants also proposed key
components of graduate transportation education pro-
grams that would expose the student to a broad range

õf issues. More importantly, however' some partici-
pants presented an outline of the type of student the

ãd,r"aiiot programs were trying to produce. Harris
(1?), for example, suggested that students should be

riãlt equipped to achieve three objectives:

1. Establish a basis for further acquisition of knowledge iT this proves a

professional ly desirable step.

2. beal intelligently with skilled professionals in the field and especially

know how io avoid the imposition of bad advice; and

3. Understand the limitations of their own knowledge and the extent to
which they are unable to wisely make major decisions and judgments'

Manheim (18) argued that the transportation profes-
sional must hã-ve e¡pertise in three major areas:
technology, interactions between technology and society,
and role þérception and capabilities. Pignataro G9)
stated that education should prepare a student to be-
come "an effective decision maker without the need for
a vast amount of experience upon which to base the
decisions." The educational program, Pignataro con-
cluded, must therefore be concerned with the problems

and isÉues that transportation will face in the future.
Webber (20) viewed the task of the transportation plan-
ner as beiñg one of "fueling" political debate by pro-
viding analyses and forecasts of likely alternative out-
comeã and by asking sharper questions that \¡/ill engage

more public groups in the dialogue.

CURRE\TT PERSPECTIVES ON
TRANSPORTATION
EDUCATION: RESULTS OF A
SURVEY

The views of the product of the educational process re-
ported in the liteiature clearly reflect significant dif-
i""un"u" of opinion on what a transportation education
should accomplish. Are there such differences in point

of view today? 1ühat substantive areas of knowledge
are graduate students in transportation ex¡losed to in
theiiacademic careers? What types of jobs do



1B

students accept upon graduation? What do transporta-
tion educators think v¡ill be the major transportation
policy issues in the next decade? And what constraints
do professors face in providing the type of educational
program that they think is necessary to prepare the
students who will eventually deal with these issues?

To find answers to these questions, an informal
telephone survey was conducted with 20 Transportation
Research Board (TRB) university representatives (some
from nonengineering departments) from schools that
have large, well-established transportation programs
as weII as those that have smaller programs that have
only recently been established. The sample was not
large, nor were the questions structured to allow
statistical comparisons between the schools; yet the
survey was helpful in gaining some insight into how
educators currently view trends in transportation educa-
tion.

The questions asked in the survey and the results
obtained are discussed below.

Required Courses

Respondents were asked, What substantive areas of
knowledge are graduate students in transportation ex-
posed to through required courses? Among schools
that had a required core of courses, there was almost
unanimous agreement on the type of co,rrses included.
The primary focus of the core courses was on develop-
ing a familiarity with analytic methods and other tools
of analysis. In most cases, this meant courses in sys-
tems analysis, microeconomics, statistics, and opera-
tions research. Irr the planning-oriented schools,
transportation planning was also required, whereas the
schools more oriented toward engineering required a
course in tra-ffic engineering. What was somewhat
surprising, however, was the relatively Þrge number
of graduate programs that did not have required courses,
In these programs, the students were given a great
deal of flexibility in choosing the types of courses that
made the most sense for their career objectives. Never-
theless, in many cases students ended up selecting a
common transportation core program, The type of
courses in the transportation core program have not
significantly changed in the past five years, Most
respondents stated that ¿uÌy new change in the trans-
portation field is incorporated into tlre material of
existing courses.

One school, however, had developed a completely
new program in transportation that included core
coirrses not only in analysis methods but also in manage-
ment and transportation institutional analysis. This
program was clearly the exception.

Type of Graduate Desired

Respondents were asked, What type of transportation
professional are you trying to produce in your graduate
program? The existence of a core set of courses is
usually indicative of what the faculty views as the
necessary skills of a transportation professional. How-
ever, this question caused the greatest amount of
hesitation on the part of the respondents, partly be-
cause of the ambiguous nature of t¡e question and partly
because, as some respondents commented, they had
never thought about it before. The answer most often
given was that a graduate of the respondent's trans-
portatíon program should be skilled in the use of
quantitative methods but also aware of the arena in
which the transportati on plarure r -enginee r ope rates,

Upon further questioning, it was also discovered
that most of the transportation graduates end up em-
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ployed in the public sector or with consulting firms
that conduct most of their work in the pubtic sector.
This was not surprising to most respondents, given
the üttle emphasis placed (in educational programs)
on the role of tlte private sector.

Problems Anticipated in the 1980s

Respondents were asked, What do transportation educa-
tors see as the major problems facing transportation
during the next decade? The following list summarizes
the problems identified by transportation professors
(listed in order according to the frequency with which
they were mentioned):

1. Better management and operational control of
existing transportation syste ms,

2. The relationship between transportation and
energy,

3, Maintenance of highway facilities,
4, Provision of adequate public transportation ser-

vices,
5. Intercity transportation, and
6. Improvement in traffic safety.

Many respondents readily admitted that they had not
given much thought to the transportation issues that
would surface in the future because they were busy
trying to address problems that had already been
identified.

Constraints on Curriculum Development

Respondents were asked, What constraints do profes-
sors face in developing the type of educational program
that they feel is necessary to produce the transportation
professionals who vd1l deat with future transportation
problems, and are there any recommended courses of
action that will help to loosen these constraints? This
question sparked lively discussion about educational
objectives and how the academic program has been set
up to attain them. Most respondents focused on the
limited availability of funds, which greatly constrains
what they teach and the research they can do. Funds
for basic research in transportation are nonexistent,
as are funds for significant efforts at changing the
transportation curriculum in order to adopt new orienta-
tions and incorporate new problem statements.

Although the university representatives came from a
wide variety of schools, they all spoke about the over-
whelming importance of research in their career de-
velopmeut and complained abo¡rt the shrinking funds for
research support, the trend toward higher levels of re-
quired research support, the need for professors to
search for problems rather than being visionary, the
largest source of research funds coming from federal
agencies that many felt did not have the right perspec-
tive on the issues, the increased demands by state
legislaûrres for more teaching at the undergraduate
level but with no additional fina¡cial support, and the
increased pressure to do outside consulting to make
up for the market differential in salary. Several
professors also noted the difficulties t¡ey had in finding
support in other disciplines for interdisciplinary studies
of transportation problems.

Suggested courses of action that would address many
of these issues included

1. Divide the existing U.S. DOT research funding
programs into two major areas: (a) funding of problem-
oriented, applications-focused research that is cbar-
acteristic of existing programs and (b) funding of basic,
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innovative research aimed at defining future issues and
possible solutions;

2. Develop a new research grant program that would
accomplish the second purpose stated in the above
proposal;- 3. Organize on an annual basis a one- or two-week
session in which transportation educators and other
transportation professionals would discuss fuhrre direc-
tions of transportation in the United States;

4. Change the incentive structure in the universíties
to encourage more interdisciplinary approaches to
transportation Problems ; and

5, Given that most of the previcnrs proposals require
some significant changes (and are thus not likely to be

implemented), incorporate transportati on researchers
anâ educators more heavily in the initial governmental
development of research statements.

Because there is such a strong link between research
and academic programs, most respondents focused on

increasing the flexibility of research programs with the

assumption that academic programs would naturally
benefit.

FUTURE ISSUES IN TRANSPORTATION
AND TRANSPORTATION EDUCATION
AND TRAIMNG

As the response to the survey illustrates, the focus of
programs in transportation education has changed very
iittie in recent years and, what is more, transportation
educators feel that they are too severely constrained in
both time and resources to be visionary in identifying
future problems and potential transportation solutions'
A recent report of the National Transportation Polícy
Study Commission (NTPSC), however, suggests that
futuie issues in transportation will continue the trend
toward rapidly changing problem definitions and, thus,
a reliance on nontraditional types of solutions (þ. tne
fotlowing 10 issue categories were listed in the NIPSC
report ai the more important problems to be resolved
¡V U.S. transportation po[cy through the year 2000:

1. Government policy mechanisms-What mech-
anisms can the government use to achieve its trans-
portation objectives in the least intrusive manner?- 2. Government regulation-Wbat role should the
government have in regulating the transportation in-
õustry? In addition, issues of air, water, and noise
pollution and environmental-impact-statement proce-
dures need to be addressed.

3. Government finance-Ho',v should government
provide the necessary funds to support transportation
systems (if at all)?- 4, Highway system management-Which levels of
government should be responsible for funding various
portions of highwaY "needs"?

5. International transportation-What transporta-
tion policies should the U.S. government follow in in-
ternational trade?

6. Public transportation-How will adequate public
transportation be provided? Who will pay for this ser-
vice ?

7. Transportation technology-How should suf-
ficient leveb õf research and development be provided
so as to ensure technological advancement in trans-
portation?- 8. Intergovernmental relations-Whatinstitutional
relations should exist to encourage effective policy-
making and imPlementation?

9. Energy and transportation-How can transporta-
tion systems provide the most energy-efficient move-
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ment of people and freight at the least social and eco-
nomic costs ?

10. Economic development and land use-How should
decisions on transportation investment be related to
impacts on community development (and vice versa)?

Although these issues were identified as topics that
must be addressed by the federal government, most of
them will have a significant impact at aII levels of
government and will thus require some attention at these
levels as well, Furthermore, it is clear that the resolu-
tion of these issues will require concerted efforts by
government, industry, and academia and wiII also rely
heavily on the ability of transportation professionals to
draw on a diverse background of skills and insights
that cut across most traditional disciplines. An educa-
tional program that prepares a student for the types of
issues to be faced, the ways in which the issues can be

addressed, and the role that he or she has in both the
technical and political processes that are used to resolve
the issues is an important first step in the development
ol a group of transportation professionals who will ef-
fectively participate in future transportation decisions.
AIso important in this regard is the provision of op-
portunities for professionals who received their educa-
iion and training in one area to reeducate themselves,
given that the transportation problems as seen by
society have become quite different from those dis-
cussed in graduate school Years.

The issues outlined in the NTPSC report will clearly
be important topics for research and thoughtful con-
sideration, but do they represent topical areas that
should receive substantial exposure in educational pro-
grams? Perhaps they are not specific course or
subject material, but they do represent nerr areas
of application for existing analysis methods and in
many cases will require new methodologies that must
be developed to address a changing perception of what
the real problems in transportation are. Although we

do not purport to have any significant insight on future
problems in transportation, we do offer the following
iist of substantive areas of investigation that could well
be incorporated into academic (and research) pro-
grams.

Project and Program Implementation

The transportation profession has focused almost ex-
clusively on the design and evaluation aspects of trans-
portation projects and programs in the past. Given
lhe politicization of the transportation planning process
in the 19?0s and the new types of transportation strat-
egies being considered, understanding the barriers to
successful program or projeet implementation and
developing implementation strategies that will take
these barriers into account are becoming important
skills tor the transportation professionåI. An effective
approach to teaching this material should include ex-
põÈure to political science and organizational studies,
àlttrougtr most transportation educators could, without
formal training in these disciplines, do a good job in
Nehlighting many of the important implementation con-
siderations.

Instit¡tional Analysis

The institutional type of analysis is closely related to
many of the concepts discussed as part ofthe imple-
mentation issue. Although it is a relatively new area
of study, institutional analysis will become more im-
portant in the next decade as the focus of transportation
issues turns to decision making and implementation. In
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essence, institutional analysis is a study approach that
uses elements of economic, political, and organizational
theory to identÍfy administrative and political factors
that affect the formulation and implementation of
policies, programs, and projects. The value of such
an approach to a transportation professior¡al is that it
is helpful in (a) understanding current instih¡tional in-
teractions and thus being able to identify key structural
variables that constrain innovation and/or implementa-
tion, (b) identifying strategies of instiürtional change
that would not only be effective on a Iimited scale but
would also greatly contribute to the understanding of
larger-scale innovation, (c) contributing to the formula-
tion of an effective implementation strategy for trans-
portation programs ald projects, and (d) predicting the
effects on organization output of a change in organiza-
tional structure.

Operational Planning

The methodological balance in transportation plaruring
has started to shift away from the analysis methodol-
ogies related to large-scale facility construction toward
analysis approaches that exa.mine the operational char-
acteristics of transportation systems. This shift is
likely to continue in the next decade. Operational con-
trol strategies and operational plarming wiII thus be-
come important areas of education and research.

Management 
l

Many current U.S. transportation policies are related I

in some way to the management of transportation
properties. Management skills are needed not only
in public-sector agencies but also in transportation
firms in the private sector. Many graduates of trans-
portation programs end up in management roles and are
often unprepared for the type of work that they must do.
Budget, administration, decision-making authority,
and functional responsibilities are issues that underpin
many of the problems in the transportation sector, and
yet these are issues that many transportation graduates
know very little about.

RoIe of the Private Sector

One of the surprising results of the survey was that most
transportation graduates of the surveyed programs ended
up in public-sector or public-sector-related jobs. Fur-
ther questioning made it apparent that the transportation
students were not at all exposed during their academic
eriperience to the role of the private sector in transporta-
tion and in other sectors of the economy. The focus was
clearly on methodologies but, more importantly, on
methodologies that would be applied in public-sector
contexts. This is the issue area in which changes in
the transportation environment rvill probably be most
dramatic. The private sector already has an important
role to play in transportation and economic develop-
ment in this cotrntry, and its role is likely to increase
during the next decade. Thus, the transportation
student who learns about planning methodologies and t¡e
heavy reliance of plarrring procedures on federal
planning regulations but who does not understand the
motivation of private developers and their influence in
the political decision-ma]ing process is in for a rude
awal<ening on his or her first job.

Decision Making

The final area of academic pursuit, which some have
placed at the top of their priority list a¡rd others think
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it inappropriate to even address in an educational pro-
gram, related to two questions: Ho'w are decisions
made? How should decisions be made?

The focus of current transportation education is on
the understanding and use of analysis and design
methodologies that will be used by the student once
he or she leaves the university. This is indeed a most
appropriate focus for an educational program. How-
ever, the danger of an overemphasis on methodology is
that the first question sh¡dents are taught to ask is what
analysis techniques will be useful to address the prob-
lem rather than what the underlying problems are that
need to be addressed, what decision-maling process
will be used to make a final decision, what information
is needed in this decision-making process, and then
what type of anaLysis techniques will be used to provide
the necessary information.

Summary

These six areas of investigation could be usefully ap-
plied at all levels of transportation plaruring and
analysis-federal, state, regional, and local. Althougþ
these areas do rely on interests and expertise not
usually found in programs in transportation education,
they do represent major new areas (methodological and
otherwise) that will be facing transportation and trans-
portation education and training in the 1980s.

.-- CONCLUSIONS AND RECOMMENDATIONS

Transportation education and training in the United
States have changed over time to reflect the different
proble m pe rcepti ons and methodological deve lopments
that have occurred threrghout the history of transporta-
tion. In most cases, however, this change has occurred
slowly and only then in response to the changing en-
vironment of the profession. Furthermore, change has
not been uniformly adopted by all universities, and this
has resulted in difïerent schools viewing themselves as
pr oducing different type s of transportation prof e ssi onals.
Some transportation programs remain oriented toward
engineering design and operations, whereas others focus
more on systems-analysis applications and still others
are more oriented toward planning.

This paper has shown that dramatic changes have
occurred in the emphasis of transportation problems
during the past and has suggested that even more
dramatic changes are likely to occur in the future.
Will some programs in transportation education now head
in another direction to reflect this rapidly changing en-
vironment? Some programs are indeed starting to
change their focus by incorporating greater concern
for system management into the curriculum, but it is
still too soon to identify this as a major trend.

The survey of TRB university representatives re-
sulted in the following observations:

1. The substantive areas of knowledge that graduate
students were required to take in those programs that
included required courses were almost exclusively
related to developing a familiarity with analytic methods
and other tools of analysís. In most cases, this meant
cqlrses in systems analysis, microeconomics, sta-
tistics, and operations research.

2. The most common me¿ùns of incorporating new
ideas, methodologies, and problem statements into the
educational program was by modifying existing courses.
The types of courses in the core of most transportation
programs that were investigated, however, had not
significantly changed in the past five years.

3. Transportation educators agree that a graduate



Transportation Research Record 748

of their program should be skillful in the use of quantita-
tive methods but should also be aware of the arena in
which the transportation planner or engÌneer operates'

4, Most of the transportation graduates of the pro-
grams surveyed end up in pubtc-sector or public-
sector-related jobs.

5. The major transportation issues identified as

those that need to be faced in the 1980s are similar
to some of those identified in the NTPSC report (?Ð.
The several omissions can be e4plained by an un-
familiarity r¡øÌth these types of issues among those

surveyed.
6. Several constraints-both intrauniversity and

external-hinder the development of an educational
program that can produce professionals who have the

ìrecõssary background to address the new transporta-
tion issues. A lack of funds and of appropriate re-
search projects was viewed as being critieal in this
regard.

Finally, we feel that the following are some of the

ma¡or isãúes to be faced by the transportation profes-
sioí in the next decade that can be addressed Ín an

educational program: problems of project and program
implementation, institutional analysis, o,perational
platning, management skills, the role of the private
sector, and the decision-making process.

Thiå paper has raised questions about the focus of
programs in transportation education in this country
äo¿-tttu ability of the academic community to identify
issues of substance that are likely to dominate the

transportation field during the next 10 years.ard be-
yond.' Clearly, however, every school is different in
irirat it is tryilg to accomplish and the constraints it
faces in doing so. Therefore, recommended courses
of action, no-matter at what level, will probably not

address ihe issues that some schools are facing and

*ight 
"u"tt 

be in conflict ¡¡¡ith the goals of other schools'
Thã concerns raised in this paper, however, can be

addressed by opening a dialogue between educators at
different schools and between educators and practition-
ers on the types of education programs needed in the

transportation field. Althotgh there are many rüays

in which such a dialogue could be encouraged, we feel
that more effort by transportation research orgarúza-
tions such as TRB and by academic institutions in
sponsoring symposiums or con"ferences that focus on

these issues is a necessary begindng.
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