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Transportation Workshop for Minority Institution Faculty 

ROBERT E. PAASWELL, LOUIS J. PIGNATARO, NATHANIEL JASPER, JOHN FALCOCCHIO, AND ROGER ROESS 

A summer workshop to train faculty from minority institutions in various as­
pects of transportation research was held in the summers of 1980 and 1981. 
The purpose of the workshop was to generate a greater response from trans­
portation faculty in such institutions to UMTA research programs. Faculty at 
minority institutions have a number of institutional constraints that hinder 
full participation in research programs. The workshop was designed to help 
faculty deal with those constraints and also approach the complexities of grant 
and contract research. A rigorous selection process culminated in the choice 
of 15 participants in 1980 and 12 in 1981 . The majority of the participants 
were from historically black colleges. Seven weeks of the workshop were 
spent in carrying out the various phases of a research project-from a grant 
application through a final report. One week of the workshop was held in 
New York City, where the participants had extensive lectures on and tours of 
New York's complex transit system. The success of the workshop was mea­
sured by both postworkshop evaluation and the continuing transportation 
work of the participants. The workshop was influential in the establishment 
of a new working network. 

In September 1979, the Office of Policy Research of 
UMTA issued an invitation for applications to host a 
workshop in research skills for minority institution 
faculty. This workshop, a precedent-setting example 
on the training of research skills in urban trans­
portation problems, was consistent with the policies 
of the u.s. Depa.rtment of Transportation and the de­
partment's attempt to ensure that faculty from mi­
nority institutions were fully involved in its over­
all research and development effort. 

For a number of reasons faculty from minority 
institutions had a low level of participation in 
urban transportation research. 

1. Minority faculty 
technical expertise, in 
issues; 

have interest, but lack 
specific research program 

2. A critical mass is often lacking at a minor­
ity institution, so that full capability in a par­
ticular subject area (e.g., fare policy, paratran­
sit, and planning methodology) cannot be developed; 

3. U.S. Department of Transportation programs 
are perceived as highly technical and engineering 
oriented; however, faculty talents may not lie in 
engineering or the sciences; 

4. Minority institution faculty are not part of 
an old buddy network and faculty find entry level 
access to the state of the art in the problem area 
difficult; 

5. Minority institutions are often overshadowed 
by other institutions in their region and find coop­
eration with these institutions, or local or state 
connections made by these institutions, difficult; 

6. The time available for faculty at many minor­
ity institutions to devote to research is small and 
resources available to conduct research at larger 
institutions (e.g., fully stocked libraries) may not 
be available or suff icient1 and 

7. Many minority institutions have not developed 
the administrative capability to conduct research 
programs. 

In response to the UMTA invitation, an applica­
tion to hold the 1980 UMTA Summer Faculty Workshop 
for Minority Institution Faculty was submitted by a 
team representing two universities within New York 
State. This team, The Center for Transportation 
Studies and Research of the State University of New 
York (SUNY) located at Buffalo, and the Transporta­
tion Training and Research Center of the Polytechnic 
Institute of New York (PINY), designed a workshop 
that would have two major objectives: 

1. To involve the participants in a meaningful, 
practical, applied research project dealing with one 
or more significant, but appropriately scaled, urban 
transportation issues; and 

2. To develop in the participants research man­
agement skills that will make them better able to 
cope with constraints at their institutions that 
detract from the conduct of research. 

To meet these objectives, the workshop was de­
signed to immerse the participants in eight weeks of 
transportation analysis, research, and learning, 
with emphasis on research into current, topical ur­
ban transportation issues. This eight-week term 
would have two components: 

Phase !--Conduct an intense research program at 
SUNY at Buffalo for seven weeks and 

Phase 2--Study the complexities of a major urban 
transportation system, that of New York City, car­
ried out at PINY in Brooklyn, N.Y. 

To meet the objectives of the workshop, the over­
all project effort was organized into three phases: 

1. Workshop preparation, 
2. Conduct of the workshop, and 
3. Workshop evaluation. 

WORKSHOP PREPARATION 

Because of the short lead time, a number of tasks 
had to be accomplished during the first few months 
of the project. These included 

1. Preparation and mailing of workshop announce­
ments to the widest possible audience, 

2. Development of criteria for selecting the 
participants from among the applicants, 

3. Selection and notification of participants, 
4. Development of the daily schedule for the 

workshop, and 
5. Preparation of the sites. 

A timetable for the project is shown in Figure 1: 
The two most critical concerns that had to be 

addressed in the preparation phases of the workshop 
were the selection of 15 participants who would most 
likely be motivated to respond to UMTA' s research 
and development programs and the design of a program 
to meet the overall objectives of the workshop. The 
number of participants was based on maximum support 
available for the participants from UMTA. 

Selection of Participants 

A comprehensive set of names was developed to which 
announcements would be mailed. This set included 
representatives from historically black colleges, 
womens' colleges, colleges that have a high percent­
age of Spanish-speaking students, and colleges that 
have a high percentage of native-born Americans. 
However, specific faculty who would most likely re­
spond could not be identified unless they had 
participated in a previous u.s. Department of Trans­
portation program. Thus, · mailings went to adminis­
trators, pertinent department heads, and some 
faculty. The workshop was not designed for~minis­
trators but for young faculty members. Thus an 
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figure 1. Schedule of workshop preparation. 
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K. Survey of participants 
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M. Final printing of agenda and resource material 
N. Mniling resource and site 1ntonnation to participants 

announcement and accompanying letter stated explic­
itly that administrators should convey the nature of 
the workshop to the appropriate faculty. Telephone 
follow-up and discussions with faculty at these in­
stitutions revealed that this was not always done. 
This is a major problem that has y~t to he solved, 
However, by using the participants and applicants as 
the start of a network, we believe this problem can 
be overcome within a few years. 

The applicants represented a wide range of disci­
plines and research and transportation experiences. 
This is shown in Figure 2. Applications came pre­
dominantly from the Southern and mid-Southwestern 
schools, which is a reflection of the national dis­
tribution of minority institutions. The closing 
date was indicated as March 151 however, 75 percent 
of the applications arrived after that date. Re­
quests for applications continued to arrive until 
early June. 

The selection process had to be based on informa­
tion submitted on the workshop application. In ad­
dilion to personal inrormation concerninq the appli­
cant and a brief essay by the applicant discussing 
why he or she wished to attend, a letter of commit­
ment from an institution official to assist the fac­
ulty member in the conduct of transportation re­
search was required. This was a necessary document, 
considered to be an important step in overcoming the 
institutional obstacles noted earlier. Although a 
personal interview was ideally necessary for the 
selection, funds were not available for such inter­
views. 

The evaluation form for selection used these doc­
uments and established the following criteria for 
evaluation: 

1. Interest, 
2. Intellectual ability, 
3. Academic credentials, 
4. Experience, and 
5. Institutional commitment. 

Selection Teams 

Three selection teams, each with a SUNY staff mem­
ber, a PINY staff member, and an UMTA or other U.S. 
Department of Transportation official selected the 
15 participants. Each cf the applications , .... ~ 
scored based on the preceding weighted criteria. 
The top 22 candidates were discussed by the commit­
tee of the whole to make a final selection. Table 1 
gives the final selection. All selected agreed to 
participate in the workshop. 

Thus, a mailing of more than 700 notices resulted 
in 40 applications and the selection of 15 partici...: 
pants. With greater effort to reach faculty and 
overcome administrative roadblocks, many more appli­
cations would be forthcoming. 

Design of Program 

The program was designed to lead the participants 
through every aspect of an urban transportation re­
sean:l1 project. This included 

1. Introduction to application or proposal prep­
aration and actual preparation of an application for 
a grant, 

2. Development of a management program, 
3. Gaining of familiarity with the literature, 
4. Gathering of field data, and 
5. Actual conduct of research, including the 

issuance of research, interim, and final reports. 

The workshop was to be held at the Amherst Campus 
of SUNY at Buffalo, in a unique collegiate setting 
believed conducive to a major group work effort. 
Arrangements for housing and meals were made on the 
campus and designed so that the day could be struc­
tured around workshop activities. Program materi­
als, schedules, and a notebook with a daily agenda 
for the eight weeks were prepared for distribution 
at the start of the workshop. 
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CONDUCT OF WORKSHOP 

The primary objective of. the 1980 summer workshop 
for faculty from minori t y institutions was to in­
volve the faculty participants in UMTA' s research 
programs. The intent of the workshop, therefore, 
was to expose the workshop participants to the full 
process involved in learning about obtaining, con-
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ducting, and reporting on contract research. The 
basic research experience of the participants was 
enriched through exposure to the problems and issues 
currently of concern to UMTA and to the public 
transportation field in general. 

General Structure of workshop 

The workshop consisted of four component elements, 

Figure 2. Profile of applicants and participants-1980 UMTA summer faculty workshop for minority institution faculty , 
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Table 1. Final selection of applicants. 

1980 

Institution 

Alabama A&M University 
Bethune-Cookman College 
Dillard University 
Elizabeth City University 
Jackson State University 
Morris Brown College 
New Mexico State University 
N.C. A&T State University 
North Carolina University 
Philander Smith College 
Savannah State College 
St. Augustine's College 
Texas Sou them University 
University of District of Columbia 
University of Puerto Rico 

State 

Alabama 
Florida 
Louisiana 
North Carolina 
Mississippi 
Georgia 
New Mexico 
North Carolina 
North Carolina 
Arkansas 
Georgia 
North Carolina 
Texas 
District of Columbia 
Puerto Rico 

Discipline 

Planning 
Social Science 
Business 
Geography 
Economics 
Education 
Geography 
Business 
Law 
Sociology 
Political Science 
Business 
Urban Resources 
Urban Planning 
Planning 

1981 

Institution 

Albany State College 
Atlanta University 
Benedict College 
Bethune-Cookman College 
Coppin State College 
Fayetteville State University 
Florida A&M University 
Fort Valley State College 
Fort Valley Stotc College 
N.C. A&T State University 
N.C. A&T State University 
Winston-Salem State Univer-

sity 

State 

Georgia 
Georgia 
Sou th Carolina 
Florida 
Maryland 
North Carolina 
Florida 
Georgia 
Georgiu 
North Carolina 
North Carolina 
North Carolina 

Discipline 

Political Science 
Marketing 
Economics 
Sociology 
Sociology 
Math 
Political Science 
Political Science 
Sociology 
Business 
Engineering 
Political Science 
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Table 2. Agenda for summer minority institution faculty workshop. 

Week 

2 
3 

4 
5 
6 
7 
8 

Morning 

Introduction to transportation 
research problems; proposal 
preparation 

Research and site visits• 
Research and site visits• 

New York City 
Research 
Research and site visits• 
Research 
Preparation of final reports 

Afternoon 

Preparation of management plan; 
initial research 

Research; quarterly letter report 
Research; preparation of proper 

report 
New York City; quarterly letter report 
Research 
Research; quarterly letter report 
Research 
Presentation of final reports 

a Site visits to be scheduled at appropriate times during conduct of research. 

orchestrated in a cohesive fashion to provide for a 
total learning environment. Each of the elements 
contributes either to the provision of background 
information on techniques and problems in the trans­
portation field or directly to the research experi­
ence. The four main elements are as follows: 

1. A research problem capable of being solved 
within the time frame of the workshop (8 weeks), yet 
relevant and meaningful both in terms of the partic­
ipants' experience and in terms of a potential prob­
lem solution; 

2. Comprehensive on-site investigations of vari­
ous transit facilities and agencies: 

3. · Special seminars on transit issues and prob­
lems (particularly those relevant to the research 
problem being investigated) by outside lecturers, 
transit operators, planning organizations, consul­
tants, public officials, and others; and 

4. Expository lectures concerning special skills 
that would be needed or potentially needed to ad­
dress the research project. 

The term of the workshop was eight weeks; seven 
weeks of which were conducted on the campus of SUNY 
at Buffalo, where the main activity was the perfor­
mance of a research project and expository lectures 
as well as a limited number of on-site tours and 
seminars specific to the research problem being 
addressed. One week of the program took place in 
New York City, hosted by PINY. This week featured a 
variety of on-site tours of transit facilities. The 
New York City week exposed participants to New York 
City's large transit operations and planning activi­
ties, as well as to several special seminars con­
ducted by various officials of the transit industry 
in the New York City region. 

Workshop Staff 

During the conduct of the workshop, particularly the 
7-week period in which the research problem was exe­
cuted, members of the project team were available. on 
a continuous basis to workshop participants. This 
included the project director, Professor Paaswell 
and Professor Mulder of SUNY at Buffalo, and either 
Professor Falcocchio or Professor Roess of PINY. 
Also available at all times was Stephen Kirsch, a 
graduate assistant, who played a major part in the 
day-to-day organization of the workshop. 

The workshop staff viewed its role as supportive, 
in terms of both substance and organization of the 
research effort. The intent, however, was to allow 
the workshop participants to address the research 
problem as they saw fit and to have a strong voic·e 
in the way they organized themselves for this ef­
fort. The organization of the research effort by 
the participants themselves was one major part of 
the research experience to which they were exposed. 
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Workshop Process 

The workshop began on Monday morning, June 9, 1980, 
with a series of orientation lectures. presenta­
tions, and general discussion of what the workshop 
experience would entail. Each participant was given 
a workshop notebook containing descriptions of the 
project, tentative schedules, reference materials, 
and other general information useful to the partici­
pant in the workshop. As the workshop progressed 
additional material was distributed that could be 
placed in the looseleaf-style notebook. In this 
way, participants could compile a complete record of 
all activities. · 

Research Problem 

The research problem selected for study was enti­
tled, Capital Planning for Public Transit: A Case 
Study of the Decision Process. The Buffalo light 
rail transit system was used as a case study. Work­
shop participants were to investigate the planning 
process with respect to two key issues' 

1. Were the general travel needs of the popula­
tion well met by the system? and 

2. Were the specific needs of minority groups 
well met by the system. 

The intent was not to reexamine the particular 
decision made to implement a light rail system in 
Buffalo but rather to examine the process by which 
that decision was made and to identify how the needs 
of specific population groups and of the general 
public had been considered by that process. The end 
result was expected to be a series of recommenda­
tions for changes in the planning process itself, 
which would guarantee that such needs were not over­
looked in the future. The topic was general enough 
for the workshop participants to exercise some free 
thought and novel approaches. Yet, a significant 
data base existed for the topic and a significant 
amount of information could be made available to the 
workshop participants, including access to sites and 
to planning and public officials who are involved in 
the decision-making process for the light rail 
system. 

General Workshop SChedule 

As part of the participants' workshop notebook, each 
participant was given a detailed schedule for antic­
ipated progress throughout the 8-week period of the 
workshop (see general schedule, Table 2). This in­
cluded a schedule of working sessions and due dates 
for various aspects of the material, as well as ten­
tative schedules for lectures, seminars, site trips, 
and other aspects of the program. Obviously, during 
the course of the workshop, minor adjustments and 
changes were made on a daily basis to fine tune the 
progress being made by participants. Approximately 
60 percent of the total 8-week period was devoted to 
work i ng sessionsi i.e . , sessions in which the par­
ticipants are directly involved in the conduct of 
the research problem or in presentations or discus­
sions of their findings, progress, or results of 
that effort. The remaining time was divided among 
the other portions of the workshop program: lec­
tures, seminars, and field trips of one kind or an­
other. 

The intent of the workshop was to expose the par­
ticipants to the full range of the research activ­
i ty--from the proposal or application for funding 
through the final report. The schedule also indi­
cated the expectation of regular progress reports by 
the research groups. 
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Orqanization of Workshop Participants 

A 15-member research team was considered unwieldly, 
partly because of the considerable breadth and vari­
ability of academic backgrounds and experience of 
the participants. For the initial effort in the 
writing of grant applications, five groups of three 
persons each were formed. For the research effort 
itself the workshop group was divided into three 
teams of five persons each. The qroups were estab-
1 ished by members of the workshop staff based on an 
evaluation of the academic backgrounds and experi­
ence of the participants. This was done with the 
intention of providing, insofar as was possible, 
teams with a balance of both different academic 
backgrounds and actual research experience. 

Three-member teams were deemed appropriate for 
the application for funding process, as this was to 
be a relatively brief document prepared in a short 
period of time. Working groups larger than three 
would have been difficult under these circum­
stances. The research effort itself was a more sub­
stantial effort and larger working groups were 
judged to be more workable in this setting. Each of 
the three research groups elected its own group 
leader, and a project director was selected from 
among the three initial group leaders. Later in the 
proces~ the project director came to believe that he 
should not double as a group leader, and that per­
son's group selected another individual to serve 
that function. 

The three research qroups did not work in paral­
lel. Each group studied and reported on particular 
aspects of the problem. The project final report 
was the sum total of the three groups' efforts. An 
alternative to this organization· would have been to 
allow each research group to independently produce 
an entire project report and have all three groups 
essentially working in parallel on the total prob­
lem. In retrospect this latter idea may have been 
more effective, as the coordination of 15 individ­
uals toward a single product was often difficult and 
consumed an inordinate amount of time. 

The workshop effort began with each of five ap­
plication groups preparing an application in re­
sponse to a standard-format UMTA invitation to sub­
mit. Each group submitted a written application and 
presented it orally before the full workshop. The 
workshop staff evaluated each application, selected 
a winner, and used it as the basis for an overall 
group work plan, which formed the basis for the ac­
tual conduct of research. 

Salient points from other applications were added 
to the winning application. The group was then as­
sembled to establish working tasks and schedules and 
the research tasks were divided among the three re­
search groups. This process turned out to be a most 
difficult one, and almost as much time was spent 
discussing how the various groups would interact 
with one another as was spent actually discussing 
the research project. 

To assist the workshop participants in the con­
duct of their research, the workshop notebook was 
also distributed. The notebook provided hints on 
how to conduct the various tasks involved in the 
research, from literature reviews through the formu­
lation of recommendations. 

Reporting and Monitoring 

Each group was required to report weekly on its 
progress. The reports were given orally before all 
three groups, the workshop faculty, and staff. Re­
ports followed a prescribed format and focused on 
the kind of progress made and difficulties encoun­
tered rather than on technical detail. 
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Periodic interim reports of greater detail were 
also required. These were also delivered orally to 
all participants, the faculty, and staff. The in­
terim reports focused more on substantive findings 
and progress during the particular reporting pe­
riod. Often the interim reports were accompanied by 
detailed write-ups of a particular task, which were 
reviewed in detail by the workshop faculty and staff 
and then returned to participants with specific com­
ments. The reporting process was found to be most 
useful, although the specifics. involved in the or­
ganization of interim reports, weekly reports, and 
other discussion forms' were at times time-consum­
ing. The constant interchange of ideas, thoughts, 
problems, and progress among the participants them­
selves, between and among the research groups, and 
between the workshop faculty and staff and the par­
ticipants made for a rich working environment and 
resulted in a more meaningful end result. 

Lectures, Guest Speakers, and Field Trips 

The research project was the focus of the workshop; 
however, the workshop incorporated a number of other 
aspects that supported the total learning experi­
ence. These included special lectures, seminars, 
and various field studies. 

In general these served a dual purpose: 

1. Exposure of workshop participants to a wide 
variety of transit-oriented problems, agencies, and 
operations to impart a better understanding of the 
field in which they are expected to do future re­
search; and 

2. Exposure of workshop participants to the sub­
ject of their research project (i.e., the case study 
involving the Buffalo light rail rapid transit 
system). 

During the 7 weeks of the course at the SUNY Buf­
falo campus the program consisted of a number of 
special lectures given by members of the workshop 
faculty and a number of seminars given by various 
officials of local, state, and federal transporta­
tion agencies, many of whom had been directly in­
volved in the decision to implement the light rail 
transit system in Buffalo. During the 7-week Buf­
falo portion of the workshop, participants also went 
on a number of field trips to local planning agen­
cies and to various sites along the route of the 
light rail transit system now under construction. 

These lectures, seminars, and field trips were 
scattered throughout the 7-week Buffalq program to 
achieve maximum benefit to the participants. The 
seminars were scheduled to impart particular pieces 
of information at a time when they would be most 
useful to the conduct of the research project. 
These other activities were also used to help break 
up the tension of the torrid pace of work required 
to complete the research effort within the 7-week 
time frame. 

Participants were brought to New York City on 
Sunday, July 6th for a week of tours, field trips, 
and special seminars. These included tours of a New 
York City Transit Museum, the Coney Island Rail 
Rapid Transit maintenance facilities (the largest 
such facilities in the world), a bus maintenance and 
dispatching facility, rail and bus control center 
operations, and the main offices of the New York 
City Transit Authority and the Metropolitan Transit 
Authority. Special lectures included those given by 
several high-ranking officials in a number of metro­
politan-area transportation agencies. The week 
proved to be a most useful experience and provided 
the broad exposure that had been planned. 
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WORKSHOP EVALUATION 

A number of evaluations of the workshop were carried 
out. These included 

1. A midworkshop and final assessment by .the 
participants, 

2. A New York City trip assessment by the par­
ticipants, 

3. A postworkshop follow-up assessment by the 
participants, and 

4. An evaluation of the workshop by the staff. 

Pdttlulvant Evaluation 

Participants were interviewed to obtain information 
about their expectations for the workshop and reac­
tions to the organization and process of the work­
shop. The interviews were started toward the end of 
the second week and continued through the fourth 
week. Four sets of open-ended questions were asked: 

1. Were the purposes of the workshop clearly 
stated in the announcement brochure? What did you 
believe those purposes to be? What were your own 
reasons for applying to attend the workshop? 

2. Are there any significant differences in your 
present perceptions of the workshop's purposes as 
compared with your preworkshop perceptions? How 
compatible are your own purposes for attending the 
workshop with its purposes as you perceive them now? 

3. What is your opinion about the workshop pro­
cess as selected to its organization and structure? 
How do you feel about the workshop in terms of the 
interactions of the participants with one another? 

4. Do you have any suggestions for modifications 
or changes in relation to the workshop's format or 
process? 

Four structured questions were asked to assess 
wheat. the pacticipants thought about the progress of 
the workshop: 

1. How do you feel about the attainment of your 
own, personal objectives for the workshop so far? 

2. How do you feel about the attainment of the 
workshop's objectives so far? 

3. How do you feel about your own interactions 
with other participants at th~ workshop? 

4. How do you feel about the participants' in­
teractions as a group? 

The structured responses that the participants 
could make were very positive, positive, neutral, 
negative, or very negative. 

About 2 months aftP.r completion of the workshop 
all but two of the participants were interviewed by 
telephone. The interviewees were asked to give 
their general reactions to the workshop and to indi­
cate whether their . perceptions had changed since the 
end of the workshop. They were also asked what 
transportation research activities they had under­
taken or were planning to initiate. Finally, they 
were asked for any suggestions for future workshops. 

The reaction of the participants was generally 
quite favorable. They were particularly impressed 
with the preparation that preceded the workshop and 
with its overall organization. Nearly all indicated 
that they were achieving their goals and that they 
thought the workshop was worthwhile. The partici­
pants had difficulties with the group dynamics pro­
cesses related to timely completion of the workshop 
tasks. Specifically, problems exist;ed in resolving 
conflicting interpretations and ideas about the 
tasks. However, the tasks were completed on sched­
ule and were carried out competently. 
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The results of the interviews suggest that future 
workshops can be strengthened in three ways. First, 
additional emphasis can be placed on structuring 
expectations to increase clarity about the work­
shop's purposes and conditions. Second, group lead­
ership roles can be defined more strongly and ear­
lier to facilitate participant task interactions. 
And, third, the instructional format of the workshop 
can include a more structured lecture-seminar format 
in the early stages of the training. Modest changes 
in these three areas can provide significant addi­
tional benefits to the participants as follows. 

Although participants were on the whole quite 
well informed about the workshop's purposes, and 
they considered themselves as such, the interviews 
showed, that their expectations differed in some im­
portant respects. The main differences among par­
ticipants' expectations pertain xo the degree of 
emphasis they thought would be placed on substantive 
transportation problems versus research methodolo­
gies and techniques. They tended to be surprised 
about the diversity in backgrounds among themselves 
and, therefore, did not consider that a broad, bal­
anced content would Qe presented. 

Some participants thought that a background in 
transportation would be assumed so that the workshop 
would cover more advanced research techniques. 
Others expected that research knowledge was assumed, 
and that more emphasis would be placed on solving 
substantive transportation problems. The partici­
pants' comments make clear that the content of the 
workshop was well,....balanced, but that participants' 
perceptions should be modified to expect a varied 
group of individuals who have different backgrounds 
and needs. This point can be addressed in informa­
tional brochures and at the start of the workshop. 

A seemingly minor issue that, nevertheless, had a 
measurable impact on participants' perceptions con­
cerns the workshop's facilities and amenities. Par­
ticipants were informed that they would be staying 
.i.n college dormitory facilities and that they had 
the option to obtain other accomodations. However, 
the relevance of this information was forgotten or 
did not register as important until several weeks 
had passed. As the demands of the workshop tasks 
increased, the lack of amenities in the dormitory 
setting became more frustrating. Perhaps if the 
participants would be made aware of the drawbacks of 
the facilities as compared with the life-style they 
were accustomed to, they could be more accepting or 
choose to stay elsewhere. 

The first day of the workshop the faculty in­
formed the participants that they were free to es­
tablish their own leadership roles within the task 
organization of three research teams and a project 
director. The development of a leadership structure 
proved to be considerably more difficult than antic­
ipated and hampered the smooth functioning of the 
work groups. A large amount of time was devoted to 
the resolution of conflicts, which frequently in­
volved relatively minor issues. The group was able 
to overcome the resulting difficulties in group dy­
namics, . but at a certain cost in frustration and 
time. More structured leadership functions may be 
useful at a future workshop to find out if the group 
process will improve. 

A number of participants indicated that they ben­
efited from the speakers and lectures. several ex­
pressed some regret that certain lectures were not 
scheduled earlier in the training so that they could 
better apply their learning in the research tasks 
they were carrying out. The interviews indicate a 
consensus that a fuller and more rigorous schedule 
of lectures in the first 2 or 3 weeks of training 
would be more beneficial. It was also pointed out 
that the speakers as well as the participants should 
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Figure 3. Final analysis of workshop by participants. 

YES 

Do you intend to pursue research in trans. 12 

Do you intend to apply for support· 12 

To UMTA 12 

To RSPA 7 

Other DOT Administration 6 

Other 6 

Do you intend to contact other 
participants in the workshop with 
respect to the discussion of 
research ideas? 12 

To participate in research projects 9 

Most Rewarding Experience from the w~rkshop 

1. Contacts 
2. Exposure to Transportation Research 
3. Opportunity to work with colleagues with diverse background 
4. UMTA Procedures 
5. Working in a different region of the country 

Least Rewarding Exper ience from the Workshop 

1. Living conditions 
2. Speakers 
3. Time Constraint 
4. Group Tasks 
5. Lack of Counseling 
6. Being away from family 

make every effort to develop a professional seminar 
atmosphere. 

The final series of follow-up interviews, con­
ducted more than 1 month after completion of the 
workshop, showed that the faculty participants were 
satisfied with the workshop results. They thought 
that they had benefited significantly from the expe­
rience and that they would incorporate the material 
they had learned in their future work. Nearly all 
indicated that they had already started projects 
related to transportation research and had ap­
proached various individuals "and organizations to 
express their interests in certain transportation 
problems. Figure 3 summarizes these findings. A 
large percentage of the workshop's participants seem 
to have been influenced to become active in trans­
portation research. 

Summary Evaluation 

The workshop can be evaluated in a number of ways. 
An overall evaluation can be established by compar­
ing the conduct of the workshop and the follow-up 
work of the participants with the expectations of 
the sponsor (UMTA), the staff (SUNY and PINY), and 
the participants. 

Sponsor 

UMTA's objectives were to have increased involvement 
of minority faculty in UMTA research and development 
programs. Although we recognized at the outset that 
some time would be needed to fully involve faculty 
who faced institutional constraints on their ability 
to generate research, we looked for some signs that 
such generation would be forthcoming. A number of 

" 7 

NO UNDECIDED 

5 

6 

6 

1 

3 

1 

1 

1 

1 

1 

1 

1 

results of the workshop indicate that this aspect, 
the generation of research, was a success. 

UMTA received four applications for the FY 1981 
invitation to submit to their university research 
program. An additional application w~s received, 
but it was too late. Three faculty members sub­
mitted proposals to the Research and Special Pro­
grams Administration (RSPA) of the university re­
search program. More than half the participants 
have engaged in discussions witli u.s. Department of 
Transportation personnel regarding research topics. 
Two of the participants are active in forming a 
transportation group in Atlanta, Georgia. They have 
also taken the lead in making contacts with local 
professionals. One of the participants has formed a 
transportation research group in the Southwest and 
is promoting a new transportation curriculum at his 
university. Some of the participants have begun to 
form, through correspondence and meetings, an in­
formal but active network. One of the participants 
is pursuing transportation interests more actively 
than she anticipated and is seeking out others at 
her institution to collaborate with on research 
problems. 

The actual conduct of research is a basic measure 
to the sponsoring officei however, other benefits 
also go to UMTA and to the u. s. Department of 
Transportation from the workshop. Several of the 
participants have contacted or now work with local 
planning or transit operating officials. This in­
teraction and the sharing of capabilities at the 
local level is the basis of an indirect benefit to 
UMTA. The improvement of local expertise makes it 
easier for UMTA to deliver technical assistance. 

The increased transportation knowledge, coupled 
with information on where information can be ob-
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tained, stimulates course development and student 
preparation. Minorities are underrepresented as 
professionals within the overall transportation in­
dustry. The opportunities and inc.,ntiv"s to pnrsrn~ 

such a career can be demonstrated to students 
through the enthusiasm and depth of knowledge of 
their professors. Further, the contact that their 
professors have with UMTA staff, on a personal 
basis, increases their credibility and respect 
within the classroom. Finally, the ability to work 
on funded research becomes a step in professional 
training. 

Workshop Participants 

The participants came with a heterogeneous set of 
objectives. Some wished to learn proposal writing, 
some to become familiar with transportation liter­
ature, and others to learn how to be successful re­
searchers. Some were accomplished researchers; 
others had not conducted a literature search since 
their dissertation. This heterogeneity led to sev­
eral group dynamics problems because the group could 
not agree on a unanimous set of objectives. 

The midworkshop critique indicated a lost in the 
forest attitude. The participants were working hard 
and realized that they were learning and absorbing 
something, but they were not sure of the match be­
tween their expectations and what they were learn­
ing. The final critique showed that most (77 per­
cent) thought that their expectations had been met 
and all would reco1TUTiend it to others. 

The postworkshop evaluation showed that concern 
about llving acco1TUTiodations was less important than 
indicated on the evaluations. A review of the most 
rewarding and least rewarding experiences showed 
that the most rewarding experiences all dealt with 
professional experience (e.g., contacts, knowledge 
of UMTA procedures, and transportation research) ; 
the ieast rewarding experiences concerned iiving 
conditions and group dynamics. Only in the choice 
of certain speakers did the group note any d~ssatis­
f action with the workshop itself. 

The current activities of the participants indi­
cate the substance they had taken from the work­
shop. These underline an important point: Whatever 
their expectations before the workshop, the majority 
of participants believe incentives exist to conduct 
transportation research, regardless of institutional 
barriers, and have set about to do so. 

Staff 

The workshop staff had the challenge of bringing 
together UMTA objectives with participant expecta­
tions. Further, the staff had to ensure that the 
living acco1TUTiodations were reasonably comfortable 
and did not get in the way of the conduct of the 
workshop itself. The most satisfying element of the 
workshop to the staff was the total involvement the 
participants gave to every aspect of the workshop. 
The deveiopment and production of a comprehensive 
final report, on schedule, characterized the overall 
sense of the workshop. 

The staff found that their roles were clearly 
delineated. However, one aspect of the workshop, 
the group dynamics problems, were not anticipated. 
Workshop staff _often had to resolve small issues. 
When possible the issues were classified, or re­
stated, and given back to the participants to re­
solve. The issues were mainly definitional and 
never arose from an unwillingness to assume a re­
sponsibility of workload. 

One of the objectives of the staff was to ensure 
that adequate transportation information would be 
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available throughout the workshop. The presence of 
four staff at all times plus a major resource room 
and guest speakers made it possible for the partici-
pants tc conduct thQir work with a minimum amount cf 
hunting for information. A secretary was also made 
available to the participants and staff for the en­
tire workshop. These last two factors are not real­
world conditions. Few research groups at any insti­
tution have all resources at their fingertips. 

One of the staff objectives was to develop self­
confidence in the participants so they could be ef­
fective lobbyists for their research. A finding was 
that the development of self-confidence was not an 
issue. The workshop group, talented and aggressive, 
needed to become familiar with the process of lobby­
ing, the contacts to make, and the subject matter. 
The greatest hindrance to the development of r"­
search programs at minority institutions (based on 
the performance of the participants) was the insti­
tutional barriers created at their own colleges. 
There barriers include 

1. Poorly defined chains of command--lack of 
responsibility for res.,arch assignments, contract 
negotiation, or contract sign-off; 

2. Rigorous teaching schedule--no release time 
for research and inadequate support time; and 

3. Lack of co1TUTiitment of institution administra­
tion to academic research. 

Again, the single most visable product of the 
workshop was the proposals and applications sub­
mitted to RSPA and UMTA. More important, however, 
was the intangible product, the active network of 
transportation activities started by the workshop 
graduates. 

1981 WORKSHOP 

Based on the measures of success identified previ­
ously UMTA entered into a cooperative agreement with 
the same team of academic institutions to conduct a 
workshop during the su1TUTier of 1981. Although the 
aspects of preparation were the same, the format of 
the 8 weeks changed slightly. A research problem 
was designed to be completed in 6 weeks. One week 
was spent in extensive field trips and lectures in 
New York City. The participants spent the final 
week developing initial applications and proposals 
to the U.S. Department of Transportation for the 
conduct of a research project. 

Twelve faculty from -historically black colleges 
were selected for this workshop; Because of the 
late date at which U.S. Department of Transportation 
university solicitations have been issued, it is not 
possible at the time this paper was written (Novem­
ber 1981) to know the extent of participation of the 
group in u.s. Department of Transportation programs. 
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humor of 27 talented faculty members--the partici­
pants. They were: M. Alexander, G. Bowser, K. 
Cook, E. Davis, I. Glover, c. Jones, c. Jordan, E. 
Leung, D. Lyons, H. Ortiz, w. Porter, c. Smith, J. 
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Smith, R. Sheck, H. Walton, K. Ankrah, M. Blount, D. 
Chase, c. Claiborne, K. Dorsett, L. Fitzgerald, c. 
Harvey, o. Jones, R. Krajick, s. Mahdi, J. Moore, 
and R. Ward. 

Reentry of.Women into the Transportation Profession: 
Program and Potential 

ROGER P. ROESS, PAMELA E. KRAMER, AND LOUIS J. PIGNATARO 

A National Science Foundation Women in Science program for the retraining 
of women seeking to reenter the job market in the transportation profession is 
described and discussed. The su itability of transportation as a reentry field is 
argued, and reentry students are shown to be a potentially large market of new 
students for graduate transportation programs. 

The transportation profession is unique among the 
technical disciplines in that it can be entered at 
the graduate level by those who do not have an ex­
tensive technological undergraduate background. 
Many universities admit students to master's and 
doctoral programs in transportation without requir­
ing undergraduate engineering degrees; however, 
sufficient background in mathematics is generally 
required. The multidisciplinary nature of the trans­
portation profession and the high visibility of 
transportation to the general publ ic make it an 
ideal field for college-educated men and women who 
are underemployed or who have become disillusioned 
with their original specialties, and who would like 
to enter a technical profession for the first time. 

The term reentry has generally been used to de­
scribe women who, after an absence of years from "the 
job market, seek to reenter the job market, often in 
a career substantially different from the one for 
which they were originally trained. During the 
1960s and early 1970s women were most often encour­
aged to study education, humanities, social sci­
ences, and other nontechnical subjects. A large 
number of these women are now unemployed or underem­
ployed, yet well-educated adults, trained in fields 
for which the job market is declining. 

Under the sponsorship of the National Science 
Foundation Women in Science program, Polytechnic 
developed and implemented a unique program for the 
retraining of college-educated women in the tr(!.ns­
portation profession. The program was initiated in 
January 1981 and continued through June 1982. The 
program demonstrated (a) the ability of many women 
to quickly adapt to a technical profession and (b} 
such women represent a substantial student market 
potential. 

PROGRAM 

The special program designed for reentry women had 
two primary emphases: 

1. Remediation and reorientation to the trans­
portation profession, and 

2. Earning graduate credits toward the M.S. 
degree in transportation planning and engineering. 

As most of the program participants would have 

nontechnical backgrounds, mathematics remediation 
was a principal concern. All participants, with the 
exception of a few who had significant mathematics 
background, took a remedial mathematics course dur­
ing their first semester, which was Spring 1981. 
The course, which met for 4 hr/week over a 20-week 
period, covered what is traditionally referred to as 
precalculus (i.e., advanced algebra, analytic geom­
etry, and some trigonometry) • This was followed by 
an applied statistics offering during the Summer 
1981 session. During this period, all participa n t s 
took an introductory transportation course for which 
they received graduate credit. 

During the first semester program participants 
took all courses together, partly to foster group 
coherence, and partly to avoid causing early frus­
trations by placing partic i pants in mixed class 
sections. During the 1981/82 academic year, how­
ever, participants attended regular graduate sec­
tions with other students. 

The three-semester program also included a number 
of special seminars and short courses, including 

1. Career day--An all-day conference and seminar 
attended by prominent transportation professionals 
in the New York City metropolitan area to expose 
participants to the breadth of opportunities in the 
profession; 

2. Planning approach to problem-solvinq--A semi­
nar discussion of the technical planning approach to 
solving transportation problems; a discussion of 
quantitative versus qualitative analysis; 

3. Technical writing--A seminar on technical 
writing and the preparation of technical presenta­
tions, including the use of graphics and displays 
and public speaking; and 

4. Resume writing · and job search--A full-day 
workshop on preparation of technical resumes and on 
job search and interview techniques. 

In addition to these special programs, regular 
bimonthly meetings were held to discuss any problems 
that participants might be encountering either with 
the program or with interactions with faculty, other 
students, or among themselves. Early in the program 
some intragroup conflicts arose over the remedial 
mathematics course--some thought it was too ad­
vanced, others, too elementary. As the program 
progressed, however, few such problems arose. 

Thoughout the program, participants had available 
special guidance and counseling from the Polytech­
nic's women's programs office . This office provided 
a good deal of assistance to participants in adjust­
ing to a technical education and in becoming an 
active part of the general student body. 
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The general structure of the three-semester pro­
gram is summarized in Table l. Its intent was to 
gradually introduce participants into the mainstream 
of the profession and of university life, an objec­
tive that ~~s achicv~d with raasonable success. 

Table 1. Outline of program content. 

Term Courses and Seminars Credits 

Spring 1981 

Summer 1981 
Fall 1981 

Spring 1982 

Remedial mathematics (precalculus) 
Transportation studies and characteristics 
Career Day suminar 
Planning approach to problem-solving 

seminar 
Applied statistics 
Regular graduate courses 

0 
3 
0 
0 

3 
9 
0 
0 
9 

Research writing and job seminar 
Waterborne transportation seminar 
Regular graduate courses 
Technical writing seminar __Q 

Total 24 

Note: Twenty -o ne of the credits were applicable to the M.S. degree. 

Figure 1. Advertisement placed in New York Times. 

WOMEN. "New Career Directions; 
Polytechnic: ·~ theme for 

women J pro1rams 

The Polyt1chnlc Institute of New lbrti 
announc• a tultl-free procnm flat 
can help you b11ln a career in 
Transportation Plannlnc. 
Transportition is a rapidly·~,vlng In erdlsciplinary field -
o"ering excellent opportunities in planning. engineering. or manage- {;, 
'Tlent for women who wish to change careers or re-enter the job market ">::::/ 

Polytechnic. under lhe soooso<Shipof a National Sc'ence Foundatlon grant •. 
now offers a ptogram aimed at training women for entJy·ievel posilions fn lhe 
transportatloo profession . .Applicants must hOJd a bachelor's degree (any lfetdl. 

ii..:: il'lll!'"l11 w• 1sists ul >P<Cidl so:i 11i1lo•'>, wor SI~. shO<I COU•>es. ilf.dliualo: 
.-- - - --- - - - - -, course won.. ~nd special jobc:iunsel-
1 Or ll 'lol!SS Ing and placement servltes. Upon 
I -.""""~ '"'"'"ceorNew11><• I compretlon, participants receive a 
mi..,s11m-~n. N ~ 1120\ I graduate certificate and arequalille<I 

I ""'""~."" 1<1formoc0lfl '"""" .. ""'""""' for entry-level positions In 1he l/'ans-
1 S<_, .... ,,.oo<Ullon ""'i!"-"'- I portatioo profession, 
I ,.. I Classes will be held in the evening 

I 
· I or on Saturdays. Participants will re-

ceive a small book alfowance. I Aodress I For further information call Dr. 

I 
ciy I Roess at (212) 643-5526 or 5272, 
' or mail the coupon. 

~·: ____ ~o-- .!wJ Polyt~nti.iE 
":'oly<:ec"'r><.c 1n!ntu~ ol ~!'¥ llJfk •San l!Ou11 ::ioporn.imty ""IJ"e' eovuoor. 1rstm.111on 

Table 2. Distribution of participant backgro!lnds. 

Item Response Number 

Highest degree Bachelor of arts 19 
earned Bachelor of science 4 

Bachelor of business administration 1 
Master of arts 4 
Master of science 8 

Ethnicity Black 9 
Hispanic 1 
Caucasian 26 

Age 20-30 years 16 
31-40 years 17 
41-50 years 2 
5 1 or more years 1 

Marital status Married 16 
Single 19 

Children 0 20 
1 4 
2 6 
3 or more 5 
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PARTICIPANTS 

Participants were sought through a limited advertis­
ing campaign, the cornerstone of which was an ad­
vertisement placed in the New York Times. The ad, 
shown in Figure 1, was run th~ee times--in Tuesday's 
education section (October 14, 1980), Wednesday's 
home section (October 22, 1980) , and Sunday's em­
ployment section (October s, 1980) . These .Pl ace­
ments offered exposure to the maximum audience at 
reasonable cost. The ads were supplemented by a 
press release that appeared in several local news­
papers and women's publications. 

The response to the program was astounding. More 
than 900 requests for information were received. 
Each respondent was sent two brochures that describe 
the program and an application. These requests 
resulted in 138 applications for the 40 available 
program slots. Of these, approximately half were 
eliminated after a review of transcriptsi most would 
have required more extensive remediation than was 
available through the proqram. Approximately 70 
applicants were interviewed, and final selections 
were made. Forty-four applicants were accepted into 
the program, with 8 declining. The program was 
initiated in Spring 1981 with 36 participants. 

The characterization of a typical participant is 
difficult1 they ranged considerably in background. 
Nevertheless, the average participant could best be 
described as caucasian, about 30 years of age, 
single with no children, and having an undergraduate 
degree in education. Table 2 details the distribu­
tion of participant backgrounds. 

The response to the program reflects several key 
factors: 

1. Substantial numbers of women remain underem­
ployed 1 

2. Many such women are anxious to seek new ca­
reers, often radically different from the careers 
for which they were originally educated1 and 

3. Substantial numbers of women are seeking to 
reenter the job market, even where families include 
several children, 

The economic realities of the day dictate that 
more and more women enter, reenter, and remain in 
the professional work force. This, coupled with the 
relatively poor employment picture for those in 
education, or who have general liberal arts deqrees, 
presents a challenge and an opportunity to the 
transportation and other professions. Note that 
most of the women who were interviewed, and doubt­
less most who sought information, had little under­
standing of what the transportation profession 
entailed. The eilse with which most participanls 
immersed themselves in the field was truly astound­
ing and a testimony to the dedication of reentry 
students--a dedication that often exceeded that of 
other students in the Polytechnic's transportation 
program. 

Performance 

Of the 36 women who originally enrolled in the pro­
gram, 24 completed it in June 1982 and received 
graduate certificates. The result, a two-thirds 
retention rate, is considered good, compared with an 
approximately 50 percent rate in other NSF women in 
Science programs across the nation. Note that of 
the 12 dropouts only 5 were due to an inability to 
understand course material. Others dropped out for 
a variety of reasons, ranginq from health problems 
to promotions or achievements in their current pro­
fessions. Three simply decided they were not suf-
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Table 3. Analysis of grades. 

Chara ct er of 
Course Course A 

MA005 Remedial math Math 2 
MAS 5 1 Applied statistics Math _l2_ 

Subtotal 21 

TR 600 Transportation studies and characteristics Descriptive 13 
TR 630 Urban planning Descriptive 9 
TR 661 Intercity passenger and freight transpor- Descriptive 2 

talion 
TR 751 Transportation finance Descriptive 2 
TR 756 Sociological aspects of transportation Descriptive 1 
TR 757 Transportation management Descriptive 1 
TR 758 Transportation policy and decision Descriptive 3 

making 

Subtotal 31 

TR 601 Travel demand forecasting Analytic 0 
TR 602 Urban transportation planning Analytic 1 
TR 603 Computers in traffic and transportation Analytic 1 

planning 
TR 660 Urban public transportation Analytic 5 
TR 701 Traffic operations, control, and Analytic 14 

management 
TR 703 Traffic studies Analytic 5 
TR 704 Traffic capacity Analytic 5 
.TR 750 Transportation economics Analytic 8 
TR 845 Analytic techniques in transportation Analytic 3 
TR 865 Highway traffic safety Analytic 3 

Subtotal 44 

TR 624 Transportation workshop Design 6 
TR 7 10 Design of traffic facilities Design 0 
TR 715 Urban goods movement Design 1 
TR 670 Design of terminals Design 3 
TR 671 Airport planning and design Design _l 

Subtotal 11 

Total 107 

Percentage of total for participants 47.3 
Percentage of total for all students 49.l 

ficiently interested in transportation to pursue a 
career in it. 

Table 3 su11DTiarizes the grades received by program 
participants. Courses are grouped into four princi­
pal categories based on their content: 

1. Courses in basic mathematics, 
2. Transportation courses primarily descriptive 

in content, 
3. Transportation courses primarily analytic in 

content, and 
4. Transportation courses that have heavy design 

content. 

Despite the nonanalytic, nontechnical backgrounds 
of most of the participants, their academic perfor­
mance was extremely good across-the-board. Though 
they did slightly better in descriptive courses, 
they had little difficulty in handling the transpor­
tation curriculum and performed well in analytic and 
design courses. When the grades of participants are 
compared with those of the entire student body en­
rolled in transportation programs, there is no sig­
nificant difference in their performance. Program 
participants failed courses at a much lower rate 
than did the general student body but compiled more 
incomplete grades. The percentage of participants 
who passed courses and the distribution of passing 
grades is virtually the same as for the general 
student body. 

The lowest grades were achieved in the remedial 
mathematics course. Several factors contributed to 
this: 

1. This was the first course in the program, 
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16 7 0 4 

5 6 0 1 
0 0 0 3 
1 2 0 0 

2 0 0 2 
3 0 0 

5 1 0 1 
1 2 0 1 
9 1 0 1 
0 0 0 0 
0 _Q_ Q_ _Q_ 

26 12 0 10 

2 0 0 0 
0 1 0 2 
1 0 0 3 
1 0 0 1 
3 _Q_ Q_ ....L 
7 _J_ Q_ _]__ 

62 26 2 29 

27.4 11.6 0.9 12 .8 
27.3 10.8 5.0 7.8 

2~ The course was intensive and covered much 
material in a relatively short time-frame, 

3. Math anxiety among participants was high ann 
lessened only with time as confidence was built, 

4. The instructor was not as responsive to the 
particular needs of the participants as he might 
have been, and 

5. The course contained many of the participants 
who later became dropouts. 

Interestingly, grades in the applied statistics 
course, which followed the remedial math offering, 
were considerably better. A slower pace, reduced 
math anxiety, and a c;:hange in instructors probably 
contributed heavily to this improvement. 

Participants' reaction to a sudden reorientation 
to analytic learning was of some concern; therefore, 
attitudinal surveys were conducted during the first 
weeks of the program. These surveys evaluated a 
number of factors regarding individual participants' 
attitudes toward technical subjects in general, and 
math in particular. When these attitudinal factors 
were regressed against the math course grades of 
participants, the regression coefficient was an 
amazing O. 954. Those who were having difficulty in 
mathematics were having such difficulty primarily 
due to deep-seated negative feelings about their 
ability to learn math, not due to any basic problem 
of ability. One of the most gratifying aspects of 
the program was that many of these negative feelings 
were overcome by careful remediation and counseling. 

Of the 24 women who completed the program, 5 were 
particularly outstanding. Additional support was 
found to enable these five to complete their master 
of science degrees in June 1982. For these five, 
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Table 4. Summary of survey evaluations. 

Program Component 

Initial orientation to transportation 
Remedial math course 
Statistics course 
Tutoring, other academic support 
Academic advising 
Regular academic prog1 a1n and courses 
Career counseling 
Assistance with job placement 
Faculty 
Personal counseling 
Overa!l proi;ram 

Average Rating 

3.9 
3 .3 
3.6 
3.6 
4.0 

"'·" 2.9 
3.4 
4.3 
3.2 
3.R 

Note: Ratings ran~e rrom 1 (very dissatisfied) to 5 (very satisfied). 

the full transition to a new profession was com­
pleted in only 18 months--a transition from a non­
technical profession to one in transportation plan.,­
ning and engineering. 

Placement 

Placement of participants is difficult to evaluate 
because the job market in the profession is soft at 
the present time due to the general state of the 
economy and shifts in federal transportation policy. 
Also, many of the parti,~ipants were not going to 
seek employment until they completed their master of 
science degrees. For most this would be June 1983. 

Nevertheless, at. this writing, the following 
placements have occurred: 

1. Two transportation planners at Vollman As­
sociates, 

2. One administrative planner at New Jersey 
Transit, 

3. One transportation planner at Urbitran Asso­
ciates, 

4. Two engineering technicians at the New York 
City Department of Transportation, and 

5. Two full-time fellowship appointments for 
continued study at Polytechnic. 

In addition three participants are currently dis­
cussing possible positions with other employers, and 
one turned down a job offer for personal reasons. 

The placement of participants was pursued ac­
tively; numerous on-campus visits and interviews 
were arranged. Clearly, the slow job market has 
kept placements below their anticipated levels. 
Indications, however, are that most participants who 
are seeking placement will find positions within the 
next few months. 

Participant Survey 

In July 1982 a survey was sent to all participants, 
including those who had dropped out of the program, 
to get their impressions of the program. Part of 
this questionnaire dealt with placement. Some key 
responses follow: 

1. Of those who responded, all intend to com­
plete at least M.S. degrees in transportation; and 

2. About one-third of the respondents were not 
considering any return to school; two-thirds were 
considering returning for additional work in other 
areas; only one participant was considering trans­
portation-related study at the time the program was 
advertised. 

Table 4 presents participants' ratings of various 
aspects of the program, each rated from 1 (very 
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dissatisfied) to 5 (very satisfied); recommendations 
for improvement included better job and career coun­
seling and placement services, a more detailed 
course on statistics not held over the summer. a 
better treatment of technical writing and public 
speaking, more student-faculty interaction in semi­
nar settings, and better tutoring services. 

When asked to cite positive aspects of the pro­
gram, most referred to the opportunity to return to 
school and the confidence gained by addressing a 
technical subject with success. Social interactions 
with other participants and the quality of faculty 
were also noted. 

None of these results is startling. The biggest 
disappointment was expressed over career counseling 
and placement, which is to be expected given the 
current slow job market. None of the women who had 
dropped out returned the survey questionnaire, so 
there was no opportunity to examine the reasons for 
their departures. 

The survey shows a generally high degree of sat­
isfaction with the program. As more of the partici­
pants are placed r the level of uneasiness and mis­
g 1v1ngs expressed over placement will diminish. 
Next year a follow-up survey will again be conducted 
to begin to trace some of the longer-term impacts of 
the program on its participants. 

CONCLUSIONS 

The following conclusions are offered as a result of 
the Polytechnic experience. 

1. A substantial market of potential students 
for transportation programs exists among women (and 
possibly men as well) seeking to reenter the job 
market in new professions. 

2. The transportation profession is ideal for 
reentry at the graduate level because of its inter-
disciplinary n~ture and the limited e~tent of reme-
diation required for. students who have a nontechni­
cal background. 

3. Remedial programs, although not extensive, 
must be planned carefully to gradually orient re­
entry students to technical learning and to overcome 
math anxiety, particularly in women who have nonana­
lytic backgrounds. 

4. Reentry students are capable of performing as 
well as more traditional students in transportation 
planning and engineering programs. 

5. Some employers specifically seek transporta­
tion professionals who have engineering backgrounds; 
however, most display equal interest in reentry and 
traditional students. 

A program rel.ated to the women in Science reentry 
sequence is the recently initiated Transportation 
Management program at Polytechnic. Many of the 
women have expressed interest in this aspect of 
transportation and will pursue M.S. degrees in the 
new program. A management-oriented transportation 
program is even more amenable to reentry training 
than planning and engineering programs that are more 
analytic in content. 

FUTURE EFFORTS 

Several institute-sponsored efforts are underway at 
Polytechnic to attract reentry students to the 
transportation program. An institutewide policy is 
currently being formulated that will offer reentry 
students (male and female) tuition support. A pro­
gram is already in place in transportation that 
offers tuition support to employees of city agencies. 

The latter has attracted primarily college qradu-
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ates who have general backgrounds who are underem­
ployed (many as motormen, bus drivers, and other 
laborers) and who will seek promotion within their 
current agencies. Tuition support is critical for 
these students because New York City offers no reim­
bursement and their salaries are relatively low. 

The institutewide policy will cover several qrad­
uate programs that are appropriate for reentry 
training. Although no final selection has been 
made, such areas as applied mathematics, environ­
mental psychology, and computer science are being 
considered. A key factor here will be a tight defi-

13 

nition of reentry student. The intent of tuition 
support is to attract new students, not subsidize 
those already attending at full tuition. The amount 
of tuition support is also being discussed, although 
one-third to one-half tuition remission is the ap­
proximate range being considered. 

As graduate engineering enrollments decline na­
tionwide, transportation and other engineering pro­
grams will have to seek new student markets. Re­
entry students, particularly women, are one such 
market that has been clearly identified and tapped 
at Polytechnic. 

Design of Training Programs for Transit Middle-Managers 

DAVID A. SCHRIER, ROGER P. ROESS, AND WILLIAMS. ALLISON 

A management training program developed by Polytechnic Institute of New 
York that is based on specific transit system experience is reviewed in this 
paper. The program will now be given under the sponsorship of UMTA, under 
funding from Section 10 of the Urban Mass Transportation Act of 1964. The 
process of training program design based on need analysis and systematic or­
ganization diagnosis has great potential for improving the impact of training on 
transit system operations. Finally, the concept of teams of university faculty 
drawn from management, transportation engineering, and industrial engineer­
ing disciplines is explored. The maximum potential for helping transit systems 
to develop state-of-the-art management development and organizational de­
velopment strategies tailor-made for each transit system is achieved by using 
this approach . 

Initial conversations between representatives of the 
Transportation Training and Research Center at the 
Polytechnic Institute of New York and the New York 
City Transit Authority (NYCTA) during the summer of 
1979 revealed a serious need for management training 
for approximately 450 middle-managers. Middle-man­
agers include a wide range of second-level" super­
visors of line functions and administrative posi­
tions just below department head. 

As in most mass transit systems, the predominant 
background of this group is limited to high school 
education and in-house training. Almost all of 
these middle-managers have risen through the ranks 
and began their careers as maintenance workers, con­
ductors, motormen, and bus drivers. They lack the 
supervisory skills for the managerial roles they now 
play. Under the sponsorship of an Urban Mass Tran­
sit Administration University Research and Training 
Grant, Polytechnic undertook the development of a 
training program to specifically address these needs. 

The primary objective of the training program was 
to improve the performance of middle-managers in ad­
dressing problems within the existing management 
structure of transit agencies. The intent of train­
ing was not to change the basic management format of 
an agency or operator but to optimize the middle­
manager' s performance within the existing structure, 
even where the structure may be imperfect or ineffi­
cient. 

UNIVERSAL THEORY OF MANAGEMENT VERSUS 
SYS'l'EM-SPECIFIC TRAINING OF TRANSIT 
MANAGERS 

Normally in the transit industry promotion is based 
on performance on the job. University degrees are 
rare for middle-managers, who are predominantly ac-

tion-oriented people. Outside of technical areas, 
the training departments in transit systems have 
given in-house courses that are based on the concept 
of the universality of management thought. Within 
this area of training, generally referred to as man­
agement development, the concept of universality as­
sumes the usefulness of educating manaqers in the 
key functions of the management process: 

1. Planninq, 
2. Organizing, 
3. Directing, 
4. Staffing, and 
5. Controlling. 

Universality within management thought assumes that 
management is a science based on principles for the 
five key functions of management listed previously. 
These principles are guidelines for all managers in 
all industries, for all hierarchical levels, and ap­
ply across cultural borders. 

Considerable dissatisfaction is heard from line 
transit managers in the evaluation of traditional 
courses that are based on the universal concept. 
"All the cases we studied were based on how to get 
towels cleaned in the housekeeping department of 
Holiday Inns. The course was a waste of my time •.• " 
is a typical remark from a New York area transit 
manager. 

Polytechnic's course attempts to avoid abstrac­
tion of thought and aims for the practical transfer 
of course learning to the job. The course avoids 
the broad category of education in the general or 
universal theory of management and is targeted at 
system-specific training based exclusively on cases 
and examples drawn from the shop floors of transit 
systems. This was the central idea for the design 
of the training program. 

DESIGN PROCESS 

The point of departure for the program design was 
the development and use of a need analysis question­
naire. Approximately 330 questionnaires were sent 
to NYCTA personnel who have the following job 
titles: supervisors, chief surface line dis­
patchers, assistant superintendents, and superinten­
dents. The tabulated results formed the empirical 
base for the design of the training program. The 
goal of this participative process is that the pro-
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Table 1. Results of curriculum design survey. 

No Emphasize 
Topic Include Omit Opinion Topic 

TA organization, role and 183 7 17 54 
responsibility of TA 
manager 

Work planning 189 9 9 75 
Written and oral communi- 198 5 4 IOI 

cation 
Interpersonal relations 183 8 15 65 
Group dynamics 144 29 34 29 
Motivating subordinates 186 11 10 105 
Management rights and 189 10 8 73 

responsihility unrler uninn 
contract 

Art of negotiation 124 44 37 31 
Budgeting 116 48 43 18 
Financial management and !JO 56 41 10 
analysis 

Management information 170 10 27 37 
systems 

Inventory control 121 42 37 13 
Ridership development 105 45 57 24 
Measuring and improving !88 8 10 94 

productivity 
Role of government in 132 34 41 14 

transit operations 

Table 2. Outline of course curriculum. 

Day 

2 

4 

5 

6 

7 

8 

9 

10 

Time 

Morning 
Afternoon 

Morning 

Afternoon 

Morning 

Afternoon 

Morning 

Afternoon 
Morning 
Afternoon 
Morning 
Afternoon 

Morning 
Afternoon 
Morning 
Afternoon 
Morning 

Afternoon 
Morning 
Afternoon 

C0urse 

Conceptual overview of work planning and control 
Case studies in human relations-employee counseling, 

maintaining morale 1 and motivating employees 
Case studies in work planning and control-rail rapid 

transit and surface transit 
Case studies in human relations-maintenance 

schedules and employee disputes 
Case studies in work planning and control-group 

discussions 
Case studies in human relations-evaluating managerial 

performance and insubordination 
Case studies in work planning and control-group dis-

cussions and wrap-up 
Case studies in labor relations-inspection procedures 
Budgeting and management information systems 
Case studies in labor relations-disciplinary procedures 
Conceptual introduction to productivity analysis 
Case studies in labor relations- sick leave disputes, 

overtime disputes, and holiday disputes 
Case studies in productivity-current efforts at NYCTA 
Case studies in labor relations- grievance procedures 
Inventory control-NYCTA VISTA system 
Mock grievance hearing-reassigning signal maintainers 
Group analysis of current system problems in mass 

transit 
Mock labor negotiations 
Relating to higher levels of management 
Final examination and course evaluation 

gram design be based on the perceived needs of man­
agers in the system. The curriculum was developed 
from ~he results of the survey, which are summarized 

' in Table 1, and led to the curriculum outline given 
in Table 2. 

Following the design of the curriculum, the 
course instructors began extensive on-site research 
in the NYCTA. The instructors developed their cases 
by interviewing and observing managers at work. 
Cases were developed from real transit examples, 
documented by using NYCTA files, records, and case 
histories. 

ASSUMPTIONS AND GUIDELINES FOR TRAINING DESIGN 

Interviews with managers from top to middle levels 
reflected a great deal of controversy regarding the 
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development of materials. Chief fears included the 
following assumptions by management. 

1. Traning for bus personnel would not be help-
ful to 

2. This will be another textbook university 
course that is useless for practical application. 

3, Operations people perceive that all training 
leads to more paperwork. 

4. What good does training do? My boss will not 
let me try anything new. 

5. Basically there are three types of transit 
managers: bus, subway, and administrative. What is 
useful to one is not useful to another. 

6. Administrative people do not understand the 
lives of operating managers; the program needs some 
key top managers who came up through the ranks and 
are operating people's heros. 

7. On the question of curriculum for work plan­
ning, there are no goals, no schedules, and no plan­
ning here. 

8. The immediate need is for management tools to 
ease the current bottlenecks. 

9. This prograin has to give the middle-manager a 
product, something in hand to use, a useful cookbook 
plan to follow. 

10. If the course is general enough to reach 
across all levels, then it will not be specific 
enough to meet practical operating needs. 

11. Finally, and perhaps most important, transit 
managers do not like to think, read, or write. 

These comments are paraphrased quotes from the many 
interviews conducted among transit middle-managers 
in developing the curriculum. They highlight the 
general mistrust of typical training to which they 
are normally exposed, but for which they find little 
practical use. 

The following guidelines, taking the above real­
ity into account, became the operative standards for 
program d~sign~ Mixed c!g2ses of administrative, 
bus, and subway personnel are acceptable, even de­
sirable; however, each course must be specialized by 
function. Maintenance and transportation are the 
two major functional categories for which separate 
training classes would be conducted. Within each 
function separate cases should be developed for sub­
way and bus personnel, except where problems and is­
sues are generic in nature. 

During each training class, separated by the main 
functions listed previously, three different cases 
would be used to form smaller groups to work on 
rail, bus, and administrative cases. Case presenta­
tions to the larger group would pull the three divi­
sions together but not tie each tediously to an area 
not of immediate interest. All materials would 
avoid wordy and academic approaches. 'l'he materials 
will be taken directly from transit reality and ex­
plained by examples of each technique. The examples 
will be solved in small groups formed by interest 
area and the results of each small group's solution 
will be shared with the entire training group. 

Classroom exercises will emphasiz1! oral communi­
cation and discussion, backed up (as appropriate) by 
written summaries. Cases will emphasize making the 
best possible use of existing structures and pro­
cedures and how to cope with any shortcomings of 
those procedures. Classroom discussions of cases 
will lead to consensus opinions on potential solu­
tions or proper actions to be taken by middle-man­
agers. No right or wrong answers will be identi­
fied, though the merits and possible outcomes of 
proposed solutions will be fully explored. Repre­
sentatives of NYCTA will be used selectively to 
present specific aspects of procedures or to act as 
a resource for group discussions. 
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Figure 1. Results of course evaluation survey. 

ll This course met 
exceeded 

fell below 

11 my expectations 
-Yr 

1 

15 

2) Five topics most useful to partic ipants in their jobs: work 
planning and control (16), labor-mgt. relations (16), discip­
linary and grievance procedures (13), human resource mgt. (12), 
productivity (4). 

3) Topics least useful to participants in their jobs: productivity 
(10), budgeting (8), inventory control (5), 

4) Five topics best presented: labor-mgt. relations (15), work 
planning and cont rol (13) , disciplinary and grievance proce­
dures (9), human resource mgt (6), inventory control (4). 

5) Topics worst presented: Productivity (10), budgeting (5), 
work planning and control (3). 

6) Rate instructors on a scale of 0-10: 
Schrier 8.8 
Allison 8.6 

Falcocchio 6. 3 

7) The use of NYCTA specialists to present details of NYCTA 
practice was: 

beneficial 21 
not beneficial ! 

8) Was the case study approach effective? 
Yes 23 
No .Q. 

9) Did NYCTA specific cases add or detract from overall course 
effectiveness? 

add 22 
detract l 

10) As a result of this course, your job performance will : 
4 ~prove significantly 

19"" improve somewhat 
~0- no impact expected 
~0- deteriorate somewhat 
~0- deteriorate significantly 

11) overall course rating (0-10); 8.4 

RESULTS 

A pilot offering of the training program was given 
to a group of 24 transit middle-managers. Twenty 
were from NYCTA, and 4 were from other New York City 
area operators. The course was given for five 
straight days beginning January 25, 1982; the re­
maining five sessions were given on consecutive 
Wednesdays, ending on March 3, 1982. 

Four separate evaluations were conducted on the 
pilot course, and each was quite favorable. The in­
structors have all returned to the shop floor of the 
transit system to improve the design for future 
courses. The course has received UMTA endorsement 
under Section 10 of the Urban Mass Transit Act of 
1964 (P.L. 88-65), and NYCTA has proposed that Poly­
technic make changes specifically for that system. 
Following those changes, NYCTA middle-managers will 
be trained separately during additional course of­
ferings. Eventually the program will be transferred 
from Polytechnic to the NYCTA's own in-house in­
structors. 

Figure 1 summarizes the results of the course 
evaluation questionnaire filed by participants. 
Separate evaluations conducted by NYCTA are suppor­
tive of these results, as are the conunents of in­
structors and official UMTA and NYCTA observers. 

FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS 

The overall results support the initiatives taken by 
Polytechnic, UMTA, and NYCTA. The findings are based 

on carefully designed assumptions, applied research 
into the needs of mass transit systems for the de­
sign of a curriculum for management development, a 
pilot training course, four evaluations, follow-up 
course development activities, and plans for exten­
sive course offerings in the near future. 

The following conclusions have been formulated: 

1. The needs of transit middle-managers are best 
met by system-specific training, not general manage­
ment curricula. 

2. The case-study approach is an effective tool 
for the training of middle-managers, who tend to 
rebel at traditional classroom learning. 

3. The development of appropriate cases requires 
extensive on-site research, and the design of cur­
ricula requires the active participation of execu­
tives of the transit system. 

4. There is a critical need for understanding of 
the lives of operating managers and to reflect their 
reality in training. The crucial element is to have 
instructors conduct need analysis studies and other 
research on the shop floor in order to develop an 
empathetic orientation and rapport with the partici­
pants in their natural work setting. 

5. Training must lead to development of useful 
tools that can be implemented rapidly by transit 
middle-managers. These tools should result in im­
proved conditions within a relatively short time 
frame. The value of new techniques must be quickly 
reinforced in the work experience. 

6. Case studies should be prepared separately 
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for the primary transit functions, but mixed groups 
are encouraged. They result in team building and a 
greater appreciation for overall organizational 
operation. 

Polytechnic's training program is a unique uni­
versity-industry cooperative effort for training 
that appears to be successful. It represents just 
the beginning of appreciation for the potential role 
that universities are able to play in providing man­
agement training to transit systems. Management 
faculty teamed-up with transportation faculty can 
offer transit systems state-of-the-art approaches 
ror solvin9 persistent problems that top management 
has merely adapted to rather than solved. 

The specific role for universities shown by this 
project is as a consultant to managers of training 
programs. The need for training departments to 
enter the world of operating managers and develop 
training programs based on skill deficiencies that 
cause performance problems is the key element of the 
program. The role of the university was in the 
identification of these deficiencies and the design 
of a curriculum to correct them. 

The shift of emphasis in transit training from 
instruction in general managerial training courses 
and into the role of internal consultant is the key 
to success. The strategic orientation of training 
departments should be based on changing the organi­
zation and not on educating it. The new role would 
then be toward organization development in addition 
to, not instead of, skills training. 

The university offers expertise in the perform­
ance of analysis techniques, approaches to behav­
ioral modeling, applications of team building in 
trainin.g (to build empathy and personal networks 
among managers across functional positions), the ap­
plication of strategies for organizational change to 
training courses, and many other state-of-the-art 
possibilities. Teams of faculty can also provide 
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tise in management, transportation, industrial en­
gineering, and other specialties. 

One elaboration of the techniques suggested pre­
viously, for example, would be the application of 
strategies tor organizational change. One of the 
many approaches used in private organizations by 
management consultants is diagnosis of systemic 
problems based on confidential interviews. This 
bottom-up approach focuses on the pa r t i c i pat i ve 
formulation of problems by category, impact, and 
cause. It also protects those participating man­
agers from recrimination in low-trust climates. The 
formal diagnosis provides management with a map for 
action. Where problems are based on skill defi­
ciency, training programs may be designed that focus 
on the skill deficiency that is causing the perform­
ance problem. 

Diagnostic techniques can be taught to traininq 
department personnel on a phase-out agreement with 
the university team. Where trusting climates exist, 
systematic group meetings for diagnosis contribute 
toward the goal of team building as information is 
gathered for the formal diagnostic report. The 
overall approach toward helping the organization 
chanqe is organizational development, just one of 
the many possible beneficial relations that can be 
formed between university faculty teams and transit 
agencies. Where universities and transit operators 
can form cooperative working teams, the results are 
seen in more effective training, which increases the 
potential for significant improvements in perform­
ance. 

A detailed report on this training program has 
been i:;ubmitted to UMTA and is available through the 
Polytechnic Institute of New York <.!>· 
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Introduction: Revolution or Evolution in 

Transportation Education? 

MICHAEL 0. MEYER 

The transportation profession is facing a fundamen­
tal change in the approaches used in analysis. The 
catalyst for this change has been the development 
and rapid use of microcomputer technology and soft­
ware throughout the profession. Many of the trans­
portation engineering and planning exercises that 
were once done manually or required extensive com­
puter application have been adapted to a microcom­
puter environment--easy to use with rapid turn­
around. At a recent seminar sponsored by the Insti­
tute of Transportation Engineers, 25 percent of the 
transportation professionals today were estimated to 
use microcomputers. Within two or .three years this 
number might reach 50 percent or more. 

The rapid introduction of the microcomputer into 

the profession places a special burden on transpor­
tation educators. Universities must teach students 
with this new capability and prepare them for this 
new working environment: however, a dilemma arises 
over the approach used to present this material. 
One school of thought argues that the technique pro­
vides the answer and all one must do is train stu­
dents how to use the technology. Another group 
argues that, although the technology is important, 
students must still be educated in the approaches 
and procedures that produce the answers. 

The two papers that follow address the issues re­
lated to this educational dilemma. These papers 
represent the beginning of a debate that might ·last 
for some time. 
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Computer-Assisted Learning in Transportation 
Engineering Education 

ERIC I. PAS 

Recent technological advances have led to microcomputers with enhanced ca­
pabilities at reduced costs. The introduction of cheap and powerful micro­
computers has contributed to renewed interest in the use of comP.uters as 
learning aids. The recent revival in the use of computer-assisted learning (CAL) 
is outlined in this paper. Three examples of transportation engineering appli­
cations of CAL are described and assessed. These applications are used to 
discuss importan.t considerations in the development of CAL materials for use 
in different situations and to illustrate some of the benefits and limitations of 
this educational technology . The major objective of this paper is to stimulate 
interest in the appropriate use of CAL in transportation engineering education. 

The use of digital computers as instructional aids 
began in the 1960s after the introduction of third­
generation computers, which supported interactive 
(or conversational) computing. The computer was 
seen as an ideal tool for delivering the type of 
programmed instruction that was developed during the 
1950s and implemented originally by using so-called 
teaching machines. Thus, the intellectual roots of 
early computer-assisted instruction (CAI) were in 
the programmed instruction movement of the 1950s. 

Programmed instruction, which was based on 
Skinner's theories of learning, emphasized rote 
learning, immediate feedback, and reinforcement and 
allowed little individual adaptability. As a re­
sult, early CAI did not make good use of the com­
puter's capabilities, and this is one of the major 
reasons for the initial dissatisfaction with the 
technology. Recent advances in computer technology 
have led to renewed interest in the use of computers 
in education and may provide a second chance for CAI 
(1). In particular, the reduced costs of micro­
c~mputers, coupled with enhanced capabilities (in­
cluding color graphics, sound, and substantial 
random access memory), have stimulated the renewed 
interest in CAI. 

The remainder of this paper is organized as 
follows. First, we review briefly the field of 
computer-assisted learning (CAL) as it exists to­
day. (Computer-assisted learning is the term used in 
the remainder of this paper. This distinguishes the 
more recent applications of computers in the educa­
tional process from the computer-assisted instruc­
tion of the 1960s.) Second, we describe and examine 
three example transportation engineering applica­
tions of CAL that cover a range of the potential 
uses of CAL. In describing the sample applica­
tions we pay particular attention to the general 
structure and characteristics of the instructional 
materials to allow the reader to develop an appre­
ciation of some general considerations in the devel­
opment and use of CAL materials. Finally, we 
suggest some other potential applications of CAL in 
transportation engineering education. The major 
objective of this paper is to stimulate interest in 
the appropriate use of the CAL technology in trans­
portation engineering education. 

A hrief description of some terminology used in 
this paper is useful. Courseware refers to 
course-related software. CAL material refers to 
computer software, worksheets, and user's manuals. A 
module is the smallest individual unit of CAL mate­
rials, typically of 15-25 min in duration. A packet 
is a collection of related modules. 

CAL TODAY 

Computers are used in education for many different 
purposes, including counseling and guidance, cur­
riculum evaluation, testing, management of in­
struction, information retrieval, development of 
computer literacy, as well as for CAL <±-..!>. CAL, 
the focus of this paper, may be defined as the 
direct use of the computer in the presentation of 
instructional materials. 

Today computers are employed as learning aids at 
all educational levels, ranging from preschool to 
college. CAL can be used for a variety of purposes, 
including drill and practice, tutorial, simulation 
or gaming, and problem-solving C2l. The different 
modes of use can be classified conveniently ac­
cording to whether the computer is primarily used as 
a medium or a tool. For example, the computer is 
primarily a tool when used as a computational aid in 
problem-solving. However, in the educational con­
text, it is important that the student does not use 
the computer as a black box. Thus, in this context, 
the computer is used primarily as a computational 
tool and should also be a medium of instruction. 

Despite the high level of recent interest in CAL 
the new technology is used relatively little at the 
college level, particularly in engineering. 
College-level applications described in the litera­
ture include physics <2>, chemistry (_2), economics, 
and business (8). Engineering applications tend to 
focus on structural analysis and design and elec­
trical engineering and electronics. Cases in which 
computer software has been developed specifically 
for use in transportation engineering education are 
particularly hard to identify. One exception is the 
Transportation Teaching Package (TTP) developed at 
the Massachusetts Institute of Technology. In ad­
dition, some limited use has been made of industrial 
software in transportation engineering education. 
For example, Fisher (.2_) describes the use of the 
Interactive Graphics Transit Design Systems (IGTDS) 
package at Cornell University. However, in neither 
case is the computer used directly in the presenta­
tion of instructional material. 

Computers are used extensively in the practice of 
transportation engineering and planning. Thus, the 
question that should be addressed is, Why not simply 
employ existing commercial and industrial software 
in educational program!'? Two important reasons why 
the software used by practitioners is generally not 
suited for application in the educational context 
are as follows: 

1. Computer programs (and accompanying documen­
tation) used in practice appropriately assume that 
the user is already familiar with the basic prin­
ciples and techniques. On the other hand, the 
objective of using the computer in education is to 
assist the student in learning the fundamentals. 

2. Industrial and commercial software is very 
general and flexible, as indeed it should be. As a 
result, a potential user is often required to spend 
a large amount of time merely learning how to use a 
specific program. For example, the u.s. Department 
of Transportation offers a one-week training course 
to teach experienced transportation analysts how to 
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Table 1. Characteristics of sample CAL applications. 

Name of 
Packet 

NETWORK 
TRAFLOW 
UTP 

General Oesr:ription 

Illustrates network assignment techniques 
Reviews basic concepts of traffic stream flow 
Computational aid for urban transportation 
planning studies 

E~vircnment 

Classroom 
Computer laboratory 
Computer laboratory 

use the Urban Transportation Planninq System (UTPS) 
package. In a college-level curriculum the primary 
emphasis should be on the study of the basic con­
cepts, principles, and techniques, and little time 
should be devoted to the use of specific computer 
packages. 

Thus, we need to examine the use of CAL in trans­
portation engineering education and to develop CAL 
materials where appropriate. 

APPLICATIONS OF CAL IN TRANSPORTATION 
ENGINEERING EDUCATION 

The objectives of this section are to illustrate 
some potential uses and benefits of CAL in the 
context of transportation engineering topics and 
thereby to stimulate interest in the appropriate use 
of this technology in transportation engineering 
education. The summary information in Table l gives 
the three CAL examples described here. They cover a 
broad range of the possible applications. Two of 
the applications are designed for use by students in 
the computer laboratory environment, and the third 
application is designed for use in the classroom by 
the instructor. One of the computer laboratory 
applications is intended for drill, practice, and 
tutorial work: the other is designed as a computa­
tional aid. In two of the example applications the 
computer is used primarily as a medium: in the other 
application the computer is used primarily as a tool. 

Example 1: NETWORK 

The objective of the NETWORK packet is to aid 
students in learning network assignment techniques 
used in transportation systems planning. NETWORK is 
designed for in-classroom use by an instructor. The 
NETWORK packet currently consists of three modules, 
SPA, FHWA, and CREATE. SPA and FHWA demonstrate a 
particular shortest path-finding algorithm (10) and 
the Federal Highway Administration's iterative as­
signment technique (11), respectively. The third 
module, CREATE, assists the instructor in prPp;irfnq 
example networks. 

Features 

The computer can be used in the classroom to display 
time-dependent phenomena or to illustrate three­
d imens ional objects or processes. The SPA and FHWA 
modules are based on the notion that, by con­
sidering the steps in an iterative calculation as 
being steps through time, one can employ the com­
puter in the classroom to demonstrate iterative 
solution techniques. Because the phenomenon we are 
studying in this case has significant spatial prop­
erties, the use of computer graphics to display the 
results after each iteration is particularly ef­
fective. The computer also gives us the ability to 
demonstrate the answer to what-if questions. For 
example, What happens if a particular link is 
removed from the network? Furthermore, the computer 
display provides a dynamic quality that is hard to 

Us~r 

Instructor 
Individual student 
Small group or 
individual student 
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Mou~ 

Simulation 
Review and tutorial 
Problem-solving 

Function of 
Computer 

Medium 
Medium 
Tool 

n1pl icate, even with a oerieo of viewgraph over­
lays. Thus, the computer can be an extremely useful 
device in demonstrating iterative solution 
techniques or algorithms. 

In the SPA module computer graphics are used to 
further improve the module as a teaching aid by 
careful integration o f graphical and numerical rep­
resentations of the solution procedure. Figuxe 1 
shows the layout of the computer monitor screen for 
the SPA module and indicates how the mathematical 
and graphical d splays are inteqrated .:i: each step 
of the solution procedure. That is, we Lnteqrate a 
graphical representation of the development of the 
shortest path tree, and the computations undertaken 
at each step and the contents of the various arrays 
are displayed. , 

When CAL materials are intended for use by in­
structors as in-classroom instructional aids, the 
instructor's role must not be to simply turn the 
equipment on. and off. Two specific guidelines 
follow from this observation. First, the instructor 
should be able to control the detail and the tempo 
of the display. For example, the SPA and FEIWA 
modules allow the instructor to select either inter­
mediate display of calculations or display of final 
results only. Furthermore, if the instructor 
chooses intermediate display of calculations, three 
different tempos are available--slow or fast fixed 
time display and user-controlled time display. 

A second guideline that follows from the need to 
make the instructor an integral part of the lesson 
is that the module should be designed to allow (and 
encourage) the instructor to interact with the 
students. That is, to provide the instructor with a 
speed control is not sufficient. As opposed to CAL 
modules to be used by students in the computer labo­
ratory environment, in-classroom instructional aids 
need not be completely self-explanatory. Thus, the 
instructor has the opportunity to interact with the 
students. In this way the CAL module functions as 
an instructor's aid. 

One of the important benefits normally associated 
with CAL is that the student is an active partici­
pant in the Jp;irnfng process (12). However, in the 
case of in-classroom courseware, a specific mech­
anism, such as the use of worksheets, is needed to 
encourage student involvement, otherwise the use of 
modules like SPA and FHWA could be detrimental to 
learning. 

Assessment 

The students generally reacted favorably to the 
NETWORK packet. Only one-sixth of the respondents 
to a questionnaire agreed with the statement that 
CAL has little use in the classroom environment • 
However, one-third agreed with the statement that 
CAL modules should be used in the computer labo­
ratory environment but not in the classroom. Most 
of the students thought that the NETWORK packet does 
not obstruct instructor-student interaction nor 
render the instructor redundant. 

Based on the responses to the questionnaiie and 
the instructor's experience, some general guidelines 



Transportation Research Record 929 

Figure 1. Screen layout and integration of graphical and mathematical repre· 
sentations in the SPA module. 

Display of A Display of B 

Complete Network "Current'' Shortest 

Path Tree 

Record 
c Cal cu la tions/ D 

•• Keeping* Decision-:-iaking 

STEP 1: display example network (A) 

STEP 2: display initial status of arrays (Cl and the 

origin node (Bl 

STEP 3: display calculations undertaken to select the arc 

to be included next in the tree (0) 

STEP 4: show selection of a rc to be included (D) 

STEP 5 : show the updating of the arrays (C) (mathematics), 

and show the updating of the 11 current 11 tree (B) 

(graphics) 

STEP 6: repeat steps 3 through 5 until shortest path 

tree is complete 

• - display of contents of ~rrays used in shortest path tree 

calculations 

•• - display of the computations used to select the arc to be 

included next in the shortest path tree 

can be formulated regarding classroom use of CAL 
materials. First, the CAL presentation should 
occupy no more than approximately one-half of the 
lesson. This allows the instructor adequate time to 
introduce the subject matter, motivate student in­
terest in the topic, and answer questions prompted 
by the CAL presentation. 

Second, the development of good worksheets is 
important to the successful use of CAL in the class­
room. The worksheets were found to be useful in 
preventing students from becoming merely passive 
observers. However, the worksheets must be coor­
dinated carefully with the computer display. The 
worksheets may be employed to record a limited 
quantity of the results and calculations, but they 
should not be used merely for students to copy large 
quantities of numbers displayed by the computer. 
Alternatively, worksheets may be used to allow 
students to anticipate the forthcominq computer 
displays. The idea of competing (in a sense) 
against the computer encourages student partici­
pation. 

Third, if possible, a version of any CAL module 
employed in the classroom should be made available 
for individual student use in the computer labo­
ratory. This allows students to review the material 
at their own pace. Finally, the successful use of 
CAL materials in the classroom is dependent on the 
availability of suitably located monitors to ensure 
that all students are able to see the computer 
display clearly. 

Example 2 : TAAFLOW 

The TAAFLOW packet is designed t o aid students i n 
r evie wing and study i ng basic concept s o f t raffic 
strea.m f l ow, incl udi ng de ns ity, speed, and f low, and 
the rela tions among these va riable s . For examp1.e, 
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one module in this packet allows the user to fit a 
linear speed-density model to a set of data and to 
explore the corresponding 
density relations. TRAFLOW 
and tutorial packet designed 
use by individual students. 

speed-flow and flow­
is a drill, practice, 
for computer laboratory 

At present the TRAFLOW packet comprises six 
modules. Briefly, the function of each of these 
modules is as follows. 

1. INTRO--Provides information that allows the 
user to determine whether to use this packet, which 
section is an appropriate starting point, and how to 
use the packet: 

2. PRETEST--Enables the user to assess and im­
prove his or her understanding of the fundamental 
concepts that are prerequisites for the other 
sections of the packet: 

3. PLATOON--Presents data concerning the 
movement of a platoon of vehicles over a hiqhway 
segment; the data enable the user to compute traffic 
stream flow characteristics in resP<>nse to questions 
posed by the module; the data are generated randomly 
and the user may to choose to repeat another problem 
of the same type as many times as desired; 

4. LINEAR--Presents a speed-density plot of 
field-collected data (13); the user is able to fit a 
linear speed-density model to the data and is then 
guided through an examination of the corresponding 
speed-flow and flow-density relations; 

5. NONLIN--Introduces the user to the idea of 
nonlinear speed-density models and the implications 
of this form of the speed-density model for the 
corresponding speed-flow and flow-density relations; 
and 

6. SUMMARY--Provides a summary of the material 
in the packet and allows the user to obtain a 
printed copy of a list of references that deal with 
the basic concepts of traffic stream flow. 

Features 

A number of features are incorporated in the TRAFLOW 
packet. A simple set of commands allows the user to 
control the lesson. The user may choose to advance 
to the next frame, start the module aqain, end the 
module, skip to another module, or leave a message 
for the instructor. The latter option can be par­
ticularly helpful in providinq feedback for the 
instructor and in allowing the user to express any 
frustrations that may have been generated by the CAL 
package. 

At the end of each series of questions the user 
is provided with an evaluation of his or her per­
formance. The ability to provide rapid feedback is 
an important characteristic of CAL technology, yet a 
number of drill, practice, and tutorial packages do 
not provide any assessment of the user's perfor­
mance. The TRAFLOW p~cket provides for individ­
ualized learning in that the user is given the 
option of receiving additional explanations when 
desired. The user is also able to select the order 
in which the different topics are reviewed or 
studied, after being supplied with the information 
needed to make such decisions. Grubb (14) makes a 
strong argument for granting the user more control 
in order to allow for wide differences in individual 
backgrounds. 

Assessment 

All of the students responding to the questionnaire 
thought that CAL modules generally have a use in the 
drill, practice, and tutorial modes, and they en­
joyed using the TRAFLOW packet. All the respondents 
considered TRAFLOW to be an effective aid in re-
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viewing the basic concepts of traffic stream flow, 
although not as effective as individual interaction 
with the instructor. All of the respondents availed 
themselves of the opportunity to obtain a hard copy 
ot the references, but few left messages for the 
instructor. 

A number of the students thought that they could 
have been better prepared before using the TRAFLOW 
packet; in particular, by suitable review of their 
class notes. A drill, practice, and tutorial CAL 
packet should not require that students be 
thoroughly familar with the subject matter before 
using the packet. Although the TRAFLOW packet as­
sumes that the user has been introduced to the basic 
concepts, it is designed to assist students in re­
viewing and understanding these concepts. The 
reason why a number of the students though that they 
could have been better prepared is not clear. 

The majority of the respondents thouqht that the 
answers provided are not detailed enough for ef­
fective learning. In particular, two important 
considerations emerged. First, an explanation of 
the recommended solution should be provided rather 
than just a step-by-step account of the solution 
procedure. Second, even if a student answers a 
question correctly, he or she should be qi ven the 
option of requesting an explanation, particularly if 
a multiple-choice format is employed. 

Example 3: UTP 

The objective of the UTP packet is to aid students 
in carrying out the repetitive and time-consuming 
calculations necessary for an urban transportation 
planning case study undertaken in the introductory 
transportation engineering course at Duke. The case 
study, which is based on one developed by Morlok 
(15), uses a very small, hypothetical study area and 
is undertaken by groups of three students each. A 
large number of . repetitive computations are needed 
to examine each aL~erna~ive transpor~ation system 
for the study area. The UTP packet is designed for 
use in the computer laboratory by individual stu­
dents or by small groups. The packet• s design 
prevents its use as a black box. That is, the 
packet does not eliminate the students' need for 
understanding the basic principles and techniques. 

The UTP packet comprises three modules, 
INTRODUCTION, GRAVITY, and BALANCE, and at least 
three more are planned. Each module is designed to 
constitute a single session at the computer. Each 
of the modules, other than the introductory one, is 
designed to deal with one phase of the analysis of 
an alternative transportation system. 

Features 

Problem-solving is one of the variety of modes in 
which the computer can be used in the educational 
context. However, some educators believe that the 
use of computers as computational aids can be det­
rimental because it reduces the students' need for 
understanding basic principles and techniques. For 
example, de Silva (.!.§_) has published an article 
entitled, The Computer: Obstacle to a Meaningful 
Engineering Education. 

The UTP packet is based on the belief that 
suitably designed software can be used successfully 
as a problem-solving tool in the educational en­
vironment. In developing the UTP packet we hypothe­
sized that the reduced time and effort needed for 
calculations would encourage students to explore a 
greater variety of alternative transportation plans 
for the study area. Furthermore, we hypothesized 
that the UTP packet would allow the students to gain 
improved· understanding of the basic concepts, rela-
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tions, and techniques, as long as it could not be 
used as a black box. 

The characteristic that best distinguishes the 
UTP packet from software used by professional trans­
portation planners is that the UTP packet is struc­
tured on the assumption that the user is in­
experienced and is relatively unfamiliar with the 
principles and techniques. The user is therefore 
required to develop and demonstrate a thorough 
understanding of each particular computational tech­
nique before being able to employ a given module as 
a computational aid. The package is also designed 
for use with only a limited ranqe of prohlf>m typf>i1, 
in contrast with the flexibility necessary in 
industcial software. 

Each module includes a number of questions to 
probe the user's understanding of the planning pro­
cess and model system. In particular, the input and 
output variables for each model are reviewed. An 
incorrect response to a question automatically gen­
erates the correct answer as well as additional 
information concerning the modeling technique beinq 
employed. After completing the question segment of 
a given module, the user is asked to input the data 
required for the calculations and to provide the 
first series of results. These results are examined 
for consistency relative to the input data provided 
by the user. If the calculated results are in­
correct, the user is so informed and is given 
another opportunity to perform the calculations 
manually. Correct results enable the user to pro­
ceed with the use of the CAL package as a com­
putational aid in the current and subsequent 
sessions. The module is therefore able to provide 
many of the insights usually obtainable only through 
manual computations and also eliminates tedious and 
repetitive calculations. 

Assessment 

Student reaction to the UTP packet was generally 
positive. More than 70 percent of the users found 
the modules useful, mainly for simplifying com­
putations. Only 18 percent of the users found the 
modules to be of no help in improving their under­
standing of the transportation planning methods and 
in formulating questions to be discussed with the 
instructor. Furthermore, only 12 percent thought 
they would have learned as much as they did from the 
case study project without the UTP packet; about 40 
percent of the respondents appear to have used some 
of the modules for personal review of the material. 
Only one respondent thought that the UTP packet 
rendered the instructor unnecessary, and about a 
third of the respondents thought that the help 
provided should have been more detailf>d. 

The success of the UTP packet is confirmed by 
three observations made by the instructor and 
teaching assistant. First, the UTP packet en­
couraged considerable interaction among the group 
members--probably because the computer engages the 
students in an us versus the machine situation. 
Second, some groups undertook analyses that were not 
attempted the previous two times the case study was 
assigned, without the availability of the UTP 
packet. This was probably due to the reduced amount 
of time spent on the calculations as well as the 
greater insights gained. Third, the course evalua­
tions in the past have revealed that the students 
generally find the case study project interesting 
and didactic, but extremely time-consuming. How­
ever, the previous complaints about the large amount 
of time spent doing repetitive calculations were 
absent when the UTP packet was available. A more 
detailed assessment of this packet is provided 
elsewhere (17). 
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DISCUSSION OF RESULTS 

Relatively little use has been made of CAL in trans­
portation engineering education, despite the ex­
tensive renewed interest in this technology during 
the past five years. Because of the potential bene­
fits of careful and appropriate us.es of CAL, trans­
portation educators should begin explorinq possible 
applications. 

Three examples of CAL applied to transportation 
engineering topics are described and assessed in 
this paper. These examples demonstrate some 
potential uses of CAL in different contexts in 
transportation education. The examples indicate 
potential benefits of CAL in transportation educa­
tion and they highlight some of the considerations 
that are important in developing CAL materials in 
different contexts. This paper shows how the 
computer can be used effectively in the classroom to 
aid the instructor in demonstrating an iterative 
solution technique. The paper also describes how 
the computer can be used appropriately as a 
problem-solving tool in the educational environment. 

An area of transportation engineering that should 
be explored for potential use of CAL is the col­
lection and analysis of field data. In some cases 
the real-world process could be slmulated ef­
fectively on the computer in such a way as to allow 
the student to gain a good understanding of the data 
collection and analysis procedures. Such ap­
plications could eliminate the need for field equip­
ment and reduce the time needed to acquire the 
necessary skills. Computer simulations of chemistry 
and physics experiments are already in use. A 
second area of transportation enq ineer ing in which 
CAL might be employed is qeometric design. Computer 
graphics could be used to demonstrate the inter­
action of the various design elements--both in the 
classroom and in the computer laboratory. 

The potential usefulness of CAL in transportation 
engineering education has been demonstrated in this 
paper. An indirect benefit of CAL is that students 
become more comfortable with the use of computers 
and they see the range of tasks that can be ac­
complished with a computer. The example applica­
tions illustrate some of the considerations that are 
important to the successful development and use of 
CAL. Transportation educators should begin to 
explore this powerful educational technology. In 
addition to considering the guidelines presented and 
discussed in this paper, the interested transporta­
tion educator should examine the ideas presented by 
Bork (18), Eisele (19), Nievergelt (20), and Spitler 
and Co;gan <..~.!.>· ~- ~ 

Finally, CAL is not the solution to all 
tional problems, and transportation educators 
evaluate carefully the application of 
technology in their courses. 
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Computer as Horseless Carriage: Transportationists for 
'1 ine 1 AAA 1 .....,. 1 

t 'J'JUs ano neyono 
WILLIAM F. WOODMAN AND KENNETH A. BREWER 

Individuals and organizations active in a particular technology form are often 
unable to perceive the direction and magnitude of change in their area when 
the impetus for the change is external to their technological (or disciplinary) 
area. An analogy between the impact of the evolving characteristics of com· 
puter systems and the development of the automobile is developed with re· 
spect to their impacts on transportation. The near future character of com· 
puter systems is examined with respect to the manner in which each 
characteristic is likely to impact the processes of transportation and traffic 
engineering. Three examples of probable impact areas in transportation engi­
neering are discussed: (a) traffic control safety by using the principles of posi· 
tive guidance control, (b) site analysis for traffic environment effects, end (c) 
data base development and manipulation. Lastly, end most importantly, the 
capability of the computer to integrate the fragmentation of specialized talents 
with transportation practice is discussed. This probable and most significant 
effect of computer·aided communication in transportation suggests that a new 
focus, distinct from and more broadly based than the current paths to practice 
will develop; i.e., the transportetionist. 

The appearance of the automobile early in this cen­
tury produced at least three viewpoints. The first 
saw the automobile as a meaningless and doomed fad. 
The second saw the automobile as merely an enqine­
powered (i.e., horseless) carriage. The former view 
simply misjudqed the utility and impact of the in­
vention1 the latter view saw the potential for 
chanqe, but perceived the automobile to be merely a 
linear extension of extant technoloqy. A third, un­
common view, foresaw that the automobile would re­
make all industrial societies in its wake, as in due 
course, the automobile did change thP way pPnplP 
live, work, and seek recreation. 

The computer can be seen in analogous terms. 
Tracing the thread of recent U.S. history (in qen­
eral terms) for those who perceived the automobile 
in these three terms may provide instruction on how 
a failure to properly respect today's computer may 
affect transportation professionals. A few selected 
examples of current interest will be examined. 

THREE VIEWS 

Meaningless and Doomed Fad 

When the automobile was invented and fledgling 
tinkerers began to build these contraptions for 
sale, many individuals scorred at both the invention 
and the would-be entrepreneurs. Cynics looked at 
the invention and saw only its limitations and fail­
ures: It could not swim a stream like a horse: it 
required that cans of messy fuel be carried: when it 
threw a wheel (as a "horse was apt to throw a shoe) 
several strong people were needed to push it home, 
but a horse could walk1 and, of course, if God had 
intended people to ride that fast He would have 
created them without leqs! 

It is rather humorous to read some of those ac­
counts today: however, does a parallel exist in the 
transportation engineering field (education, train­
ing, operations, design, and analysis) with respect 
to computers? How different is the attitude of the 
supervisor of an engineering office who views the 
computer as a device that permits employees to make 
more mistakes faster? How realistic is the en­
gineering office manager who thinks a computer is 
for computations and an electronic typewriter with 
memory is for word processing, thereby failing to 

realize that the computer function is the same on a 
machine equipped to do both? What is the depth of 
technological vision of a traffic engineer who re­
gards traffic signal timing as a closely guarded art 
and fails to see in computer graphics stick drawings 
the precursor to a media format by which a techni­
cian with one-half the engineer's education can 
determine optimum signal timing settings? 

Engine-Powered (Horseless) Carriage 

People who looked at the embryonic staqe of the 
automobile industry as the carriage wit:h a mechani­
cal device to replace the horse were correct ini­
tially. What they saw were the efforts of mechanics 
to get engines to operate reliably. These engines 
were the focal point of the mechanics' interest and 
were attached to convenient buckboards, surreys, or 
whatever was available. These people thouqht that 
the ways a horse and carriage were used were the 
ways in which an automobile would come to be used. 
Because speed and power had always been sought in 
horses, it was reasonable to assume that automobiles 
would be improved in the same manner. However, per­
sons thinking of a horseless carriage did not envi.;, 
sion the impact that environmental protection of the 
occupants and cargo could bring, thus openinq the 
way for frivolous uses of transportation. Even to­
day, many engineers think of the automobile as a 
utilitarian unit of transportation. Psyc,.he>ll'.'qists: 
sociologists, and marketing analysts have long known 
that the automobile's utilitarian function is often 
secondary to other images and values attached to it. 

Where lies the parallel in the computer age in 
1983 · thrQligh . .-1990? : · S'ome technologists and social 
ana°lysts. regard· .. tbe . mOdern computer as a linear ex­
tension of the fal!liiiar and uncomplicated hand cal­
culator. Such an image of the very small but highly 
sophisticated devices cominq on the market creates a 
smaller-but-same mind set, thus limiting their vi­
sion of microcomputers. A similar error occurs at 
the opposite: pole when people think of a computer as 
only the large-capacity mainframe unit with high­
speed printers, numerous disc and tape drive units, 
and several people hovering over the system day and 
night. The smaller-but-same perspective prevents a 
person from envisioning the way communication of 
people in expressing their creative thoughts may be 
enhanced by one-on-one interaction with the com­
puter, as opposed to the at-arms-lenqth interaction 
associated with mainframe computers. 

Remaker of Society 

Those who saw the automobile as a catalyst for 
change were opportunists. Some sought a fortune in 
finding oil to produce fuel to power a future fleet 
of automobiles. Some chose to create an empire by 
providing the automobile in a variety of dimen­
sions. Some aspired to acquire an automobile for 
personal use to increase access to potential mates, 
to potential jobs, to health care, and to a view of 
different terrain. 

In the computer age those opportunists also 
exist. The computer has already begun remaking in­
dustrial societies as completely as did the automo-
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bile. The reasons for and the importance of this 
reality must be understood. More specifically, 
everyone working in the field of transportation 
should know what this scenario bodes for transporta­
tion activ.itiesi this is the topic of this paper. 
The question raised is the extent to which the cur­
rent structure of the academic world prepares its 
clients to be problem solvers of the sort that will 
be needed. Currently the nature of education (in 
the United States particularly) engenders a form of 
tunnel vision that focuses on disciplinary issues. 
This focus may be producing a trained incapacity on 
the part of students who graduate from such a cur­
riculum. 

COMPUTER AS A THING IN ITSELF 

The computer is not merely a linear extension of the 
hand calculator. Rather, the computer has already 
begun to manifest abilities that will render moot 
the artificial intelligence (AI) debates of the past 
two decades. Who really cares whether a machine 
thinks if the machine is capable of making decisions 
within limits set by the owner and over which the 
owner needs to perform no oversight? The question 
of whether machines think or. reason is not a ques­
tion asked by those in the trenches. As a case in 
point, the first traffic signal in the United States 
was changed manually by a policeman who exercised 
his judgment as to timing and sequence. Much later 
detectors and analog computers were employed for the 
same purposes as microprocessors are today, namely 
the control of sequence and timing. Whether the 
microprocessor thinks is irrelevant, for it performs 
a formerly human job much faster and with near-per­
f ect reliability. 

The most important power of the computer, rele­
vant to transportation, may be its capacity to di­
minish the number of tasks. That is, it can inte­
grate formerly divergent activities. The computer 
does this by virtue of its strengths--speed and 
power. 

The slowest microprocessor circuits still perform 
repetitive tasks with a speed and accuracy unthink­
able only a generation ago. The telescoping of time 
perception that occurs among computer users, hap­
pily, tends to render such terms as slow and fast 
obsolete. 

Computers possess almost fantastic powers to sort 
and perform decision making based on predetermined 
criteria. A newly marketed Japanese ship can be 
operated with a single person on the bridge who com­
municates with the computer by speaking English. The 
sheer size of memory in modern computers is vir­
tually the only limitation on the analytical tasks 
to which they can be assigned. 

The merger of video and digital discs with com­
puters will effect changes in information access 
that will equal Guttenberg's contribution of invent­
ing movable type. An example of the potential 
changes that the new technology will accomplish can 
be found in the present practice of photologging, 
where a time-lapse movie camera synchronized to the 
speed · of. an automobile photographs a roadway 11). 
The resultant filmstrip, showing the roadway in mea­
sured intervals, can be used to study the number of 
driveways, advertising signs, and bridge approaches 
during a period of time. By using videodiscs, the 
filmed information could be transferred to the discs 
and accessed with multiple video machines controlled 
by a computer to show any single section oC roadway 
during any period of time without any time lag due 
to reel switching. Furthermore, the useful life of 
the videodisc would theoretically be longer than the 
life of the roadway. At some point all similar 
bridges could be seen in sequence or safety ideas 
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from other sites could be examined by comparison 
with a problem site. 

All this could be done without leaving the of'­
fice. The U.S. Department of Defense is using pro­
totypes of this sort of video-computer interface to 
train tank drivers and has a cruise around San Fran­
cisco Bay test version that has been demonstrated 
publicly. 

Unlike humans, the range of tasks that a computer 
can undertake is almost limitless, from the numbing­
ly boring tasks performed by industrial robots to 
tasks done by home computers that operate lighting 
or automobile cruise controls. The cruise-control 
microprocessor replaces mechanical servomechanisms 
of a generation ago. It constantly monitors speed 
and relays correction commands to engine opera­
tions. At the opposite extreme would be the elabo­
rate aircraft simulators operated by United, Ameri­
can, and Lufthansa airlines. In these the number of 
variables simultaneously manipulated by the computer 
is enormous. 

Friendliness 

In the jargon of computerists, friendliness refers 
to some combination of intimidation factors and 
transparency of the operating system. At a more ab­
stract level it can refer to the tendency of com­
puters to produce interactions with human beings in 
a format that is easier to digest than were the eso­
teric initial outputs. For example, those doing 
research quickly find that reams of printouts con­
taining tables and correlation matrices may mask 
rather than enhance significant findings. The new­
est computers, by using sophisticated graphics and 
plotting tools, can put statistical data into physi­
cal forms that allow the researcher's intuition to 
reenter the research process. Computers also are 
beginning, through natural language programs, to 
literally speak our language. Beyond the computer­
piloted ship already mentioned, speech-to-text and 
text-to-speech computers hold the promise of forever 
altering our relation to the printed word. 

The next step in simple technology such as traf­
fic control devices may be the abandonment of unique 
and convoluted adjustment and reprogramming pro­
cedures now employed by every manufacturer. At some 
point in the future a policeman with proper codes 
may speak into a microphone on a traffic signal pole 
and tell the computer to alter sequences and timing 
to conform to some special event or emergency. Ex­
pensive training to manage special events and dan­
gerous errors in adjustment would disappear. 

REMAKING THE TRANSPORTATION FIELD 

The power of the computer to integrate tasks will be 
as obvious in the field of transportation as in any 
other. More specifically, what it will offer to the 
next generation will be the opportunity to bring 
under one umbrella tasks that were separated only 
because of the technology and customs of earlier 
times. The number of possible examples are many and 
variedi some obvious ones are described in the fol­
lowing section. 

Beyond Positive Guidance Control 

The traditional positive guidance control (PGC) 
method is likely to become, at some time, merely a 
subcategory of an integrated computer graphics and 
videodisc method. By using PGC, engineers or safety 
analysts currently draw up an accident history for a 
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problem site and generate a checklist for potential 
driver confusions t)lat could occur relatinq to signs 
and road stimuli. From this a recommendation is 
made as to changes short of rebuilding the site. 
PGC, a combination of human factors and traditional 
"engineering tasks, may become more technically 
independent if the computer is put to work in cur­
rently available ways. First, the site could be 
analyzed item by item by using computer analysis of 
stored categories of signs, stimuli, and frequency 
factors. Actual changes could be programmed into 
graphics displays for testing with volunteer sub­
jects, with the computer controlling the addition 
and subtraction o!' elements until an optimal solu­
tion is reached. Videodiscs could be used on iso­
lated sites where sign changes and stimuli removal 
could be made via compu:ter graphics overlays to the 
video image. After sufficient trials under these 
standardized conditions, certain stock answers would 
be obvious, whereas today each intersection or site 
tends to be dealt with idiosyncratically. Thus, the 
tasks of the human factors specialist and the civil 
engineer may be blended into a more integrated and 
functional role. 

Site Analysis 

The expanded PGC procedures described can also be 
applied to site analysis for the construction of 
bridges, roads, and buildings. The computer graph­
ics and videodisc technology will one day permit the 
videotaping of a site and the conversion of those 
images into a realistic graphic display, with the 
result that elements can be almost infinitely put in 
or taken out in order to study the overall effect. 
Coupled with already extant analysis programs that 
provide running tallies of materials stresses, fa­
tigue points, and costs, such analysis would again 
represent an · economy and integration of effort. The 
computerization of movie backgrounds (i.e., sets) 
suggegts th:it the geometry cf fixed site parameter!:! 
could easily be digitized. The site development 
could be tested in much the same manner that a com­
puter-generated cartoon is created so the non­
eng ineer can see the impact of proposed developments. 

Considerable improvement could be shown in the 
design and placement of such ordinary structures as 
parking lots, parking garages, and simple entrances 
and exits, By using the techniques suggested here, 
substantial improvement could be made in trying out 
various solutions to problems at low cost. 

Data ·Representation and Interpretation 

The sheer volume of data now being generated is a 
substantial problem. Many of our colleagues ask 
whether anyone is reading the data we are grinding 
out. Unfortunately, the answer is often a resounding 
no. Even professionals often are no longer willing 
to wade through a maze of summary statistics gen­
erated on even small research and traffic analysis 
studies. The reason for this problem is that it is 
thought that, once generated, the data should be 
shared, although many would appreciate less rather 
than more generosity. 

One likely development is the creation of better 
visual representations of data. More important, the 
analytic power of the computer must be put to work 
to generate something that transcends simply faster 
computing than can be done by humans (beyond the 
horseless carriage) • There often turn out to be 
what one sociologist referred to as deep struc­
tures--large-scale forces or processes not evident 
from superficial analysis (2). For example, typical 
correlational analysis of driving behavior does not 
usually verify patterns of automobile use that we 
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all know are evident, including social class and 
cultural differences. What transportation badly 
needs is knowledge of what other hidden factors are 
at work in perception, attention span, and other 
L----- ,c __ .._ __ ___ ,_., -- ----- "'- ---- -- ·----- 1---•• 
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the proper questions, the technology of modern com­
puters will permit better answers. 

In the area of effects and applications, trans­
portation does a poor job of representing itself to 
laymen and nontechnical publics. Particularly, non­
technically trained persons in decision-making posi­
t ions (e.g., legislatures and executive offices) 
tend not to respond to the kind of technically sat­
is!'ying presentation !'ound in most transportation 
analyses. A case in point is the difficulty re­
counted by Hochstein (j) with regard to the Westway 
freeway and one comment his article elicited (4). 
Nontechnically trained decision makers need to -;ee 
the projected or potential effect of Policy A as op­
posed to Policy B and to see it in a scenario format 
that would permit rational rather than intuitive se­
lection. 

There is need for more detailed but generalized 
mel:nods of aal:a C"epresentation. In philosophical 
terms, what we often find when we do research is the 
proximate cause of an event when what we want is the 
remote cause, which is more deeply rooted. Forms of 
such analysis might include currently infant methods 
such as surface analysis. 

Another area in which new approaches might be of 
use is traffic analysis of route and time factors. 
The standard approach involved developing algorithms 
for linear programming models for minimum time 
paths. Simulated traffic could then be loaded onto 
the network of minimum time path trees according to 
various logic patterns regarding the interaction of 
traffic with the network characteristics. Charnes 
(2), in contrast, was developing another approach 
that considered each originating unit for traffic 
(household or traffic zone) and the application of 
that unit's traffic to the network. The mathemati­
cal formulation simultaneously balanced the traffic­
to-network interaction that resulted from building 
up a data base when each succeeding traffic unit 
formed a copy (or a layer). 

Charnes' approach was seen by many researchers as 
impractical and difficult, yet it can, in retro­
spect, be s_een to have some virtues. First, borrow­
ing from the field of organizational efficiency and 
effectiveness, uncertainty theory (~) holds that the 
goal of organizational participants is to minimize 
uncertainty--those situations where behavior is un­
defined or goals are unsure. Inventions such as the 
left-turn penalty and volume-to-capacity restraint 
functions were instituted in order to compensate for 
the need for real-world uncertainty, but the stan­
datd approach still lacke<l uata yeneraleu [rum the 
grassroots (i.e., in practical application it was 
based on aggregated data set characteristics) • 
Similarly, Simon's (]) Nobel Prize in the field of 
economics was largely based on his contributions to 
decision theory, one element of which said that 
decisions are not made in organizations on the as­
sumption that there is one single, best solution to 
any question. Rather, says Simon, people in organi­
zations optimize, which is to say that they stop 
looking for solutions when an acceptable alternative 
comes along. 

Relating these ideas to transportation, there is 
reason to doubt that statistical models of time 
minimization and similar maximizing solutions con­
tain enough real-world aspects to be useful in pre­
diction of behavior. Perhaps in retrospect, 
Charnes' approach, wherein the decisions of individ­
uals can be built into aggregated data sets, may be 
more representative than those approaches derived 



Transportation Research Record 929 

from theories based on questionable econometric as­
sumptions and statistical distributions. Modern 
computer graphics with computing power makes the ap­
proach of Charnes not only easily implemented but 
potentially more powerful. 

TRANSPORTATIONISTS FOR THE 1990s 

By 1990 the functions of the transportation planner, 
researcher, traffic engineer, and technician will 
begin to be integrated. The integration of these 
functions will occur because of the capacity of 
interactive computer-video devices to process and 
sort vast amounts of information rapidly. The new 
role may come to be called that of transportation­
i st. This new name suggests that the person who 
fills that position will be a problem solver dealing 
with transportation. This, in many respects, is 
what motivated many individuals to enter their 
fields in the first place and exactly what policy­
makers and planners often think they are getting 
when those persons are hired. Let us hope that ex­
pectation and reality come to be more closely 
aligned. A few writers have recently begun to con­
sider the shape of transportation in a resource~ 

scarce era (8,9) i however, few have tried to deal 
with it universally. 

The microcomputer and advanced computer graphics 
in existence in January 1983 permit some of this 
diffusion of technological disciplinarity. The FHWA 
computer system for testing traffic signal timing, 
NETSIM, has the capability, through time compression 
of the graphic output, to make the mathematical 
models completely transparent to a person testing a 
signal timing plan. Therefore, a person can eval­
uate the goodness of the signal timing intuitively 
as well as examine numerical criteria. Furthermore, 
it is possible to relate the numerical engineering 
data to the visual feel of the network operation. 
This is a new communication capability. 

The accounting spread-sheet programs (such as 
Visicalc) are being recognized as a convenient and 
rapid means of organizing and carrying out the com­
putations previously done by hand with a slide rule 
or calculator or by a mainframe computer program for 
selected engineering analysis techniques. Two such 
examples are the development of the velocity profile 
for operation of a train on railroad grade and the 
analysis of a truck escape lane (arrestor bed) on a 
highway grade. Perhaps it is easier for the en­
gineer and the policy analyst to understand each 
other when a bookkeeping device handles the calcula­
tions and a computer graphics display unit presents 
a diagram of the results. 

One final example ·from highway signing is sug­
gested. In urban areas where sign control ordi­
nances govern both private and public signage, the 
application of the Manual on Uniform Traffic Control 
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Devices ( 10) and the application of outdoor adver­
tising principles often conflict with the local or­
dinance application. Computer graphics offer a 
means for comparing technical requirements with 
aesthetic requirements and economic requirements 
simultaneously or for examining each in turn in 
short intervals. If engineers, especially traffic 
and transportation engineers, are to be effective 
during the 1990s in planning, designing, operating, 
and maintaining the transportation system, they must 
become more capable in graphic art design, more ar­
ticulate in visual and verbal communication, and 
more adept at extending their minds beyond benefit/ 
cost ratios and sketch plans via computer-enhanced 
communication. 

Therefore, the logical result of this process is 
that the educational activities related to the 
fields of planning, transportation engineering, and 
allied disciplines must become more integrated 
rather than more discipline-oriented. Our exper­
ience in doing funded research across discipline, 
college, and departmental lines suggests that no 
mechanism currently exists in the education industry 
to cope with the need for the integration of these 
functions. This must be the important 
first step in the integration of roles that is to 
come. 
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