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Decision Models for Transit Station Design

DOUGLAS M. McCANTS, MICHAEL J. DEMETSKY, AND LARRY G. RICHARDS

Two types of decision problems in the station design process are addressed:

{a) how to generate one or more candidate designs for a transit station at a par-
ticular site and (b} how to choose the best design from a set of alternatives. A
description of the terminal planning and design process has been formulated
that orders the steps involved and identifies the decisions required at each step.
This description provides an efficient and nonrepetitive guide through the var-
ious design considerations. Results are presented from a survey of design prac-
tices administered to professionals involved in various aspects of transit station
design. The respondents rated the priority they felt each of 16 design elements
should have in the overall station design process and judged the relative im-
portance of each of 19 criteria to the overall success of a station design. These

judgments were used to derive estimates of parameters for two decision models.

Transit station planning and design involve deci-
sionmaking at several levels:

1. The initial constraints or specifications
(policy directives) for the station are generally
decided prior to the design proper.

2. Particular station designs (configurations)
are generated as a result of choices among alter-
native values for design variables (attributes).

3. The success or "goodness" of a particular de-
sign is evaluated by combining various performance
and acceptance measures and taking account of their
relative importance.

4. The choice of a particular design for eventu-
al construction often follows from a process of
trading off various alternative designs and politi-
cal realities.

Thus, the decision levels can be characterized as
involving (a) policy directives, (b) features or de-
sign variables, (c¢) criteria or evaluation vari-
ables, and (d) principles of choice or optimization
(including trade-offs).

This paper focuses on the decision structure of
the station design process. The four levels of de-
cisionmaking cited above are combined into two pri-
mary decision procedures: the first for generating
or developing one or more candidate designs for a
transit station at a particular site and the second
for choosing the best design from a set of candi-
dates.

Ideally, decisions regarding the design of a
particular transit station should follow from a de-
tailed and complete understanding of the station de-
sign process. Available transit station design pro-
cedures assist the station developer in obtaining
appropriate measures on the performance of different
station components (1-7). This design methodology
highlights the different decisions but does not di-
rectly address precedence, dominance, or dependence
among station components. The study reported here
represents an attempt to derive a more formal char-
acterization of the transit station design process
than those presented to date.

The primary station components addressed in the
station design methodology are illustrated as an or-
dered sequence of steps in Figure 1. This general
ordering of decisions may, in fact, vary among sta-
tions. Within each of the discrete steps shown in
Figure 1, various specific design decisions are made.

DECISION MODELS

A sequential decisionmaking procedure 1is proposed

for generating transit station designs (8,3). The
quantification here is a set of priority weights to
guide the ordered consideration of various deci-
sions. The primary purpose of such a model is to
facilitate the designer's consideration of the de-
sign issues in an optimal order. 1In such a scheme,
choices or decisions made at early stages may con-
strain later ones. The earliest choices should be
the most important or far reaching; less important
choices should be made later in the process, with
the recognition that these later choices may be less
flexible. The ultimate form of such a model would
be an interactive computer program that leads the
designer through a sequence of decisions so as to
optimize the design properties.

The evaluation of a particular station design or
the comparison of alternative designs is accom-
plished by using rational linear equations. These
equations involve additive combinations of many var-
iables (or measures) and weights for each measure to
reflect its relative importance. The variables in
the model are the evaluation measures, which reflect
either the performance (cost, passenger volume,
etc.) or acceptance (security, comfort, environmen-
tal quality, etc.) of the station. Simple linear
equations are used because (a) insufficient data ex-
ist to separate them from more complex models and
(b) they will provide a good first approximation
from which to develop subsequent, more elaborate
models.,

Although many types of decision models are avail-
able in the literature, the two procedures proposed
in this paper are relatively simple. Each is appro-
priate to the quality of data and to the level of
sophistication achieved to date in dealing with the
relevant design problem.

DATA COLLECTION

Data needed for the decision models, regarding both
the ordering of various design decisions and the
weights for the evaluation criteria, were obtained
via a survey. A questionnaire was distributed to
workshop participants at the National Conference on
the Planning and Development of Public Transporta-
tion Terminals held in Silver Spring, Maryland, on
September 21-24, 1980. Of the 137 registered par-
ticipants in the conference, about 100 took part in
the workshops. Usable questionnaires were returned
by 89 participants. Respondents were asked to rate
the priority they felt each of 16 design elements
should have in the overall station design process
and to judge the relative importance of each of 19
criteria to the overall success of a station de-
sign. The Statistical Package for the Social
Sciences (10) was used to analyze the responses.

RESULTS

Priorities in Design Specification

The workshop participants rated the relative prior-
ity of several design elements in the total design
process. The instructions for this item emphasized
that priority should imply temporal ordering:
Higher-priority items would be emphasized in the
earliest stages of the design process, and lower-
priority items would be considered later.
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Figure 1. Transit station design process.
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Figure 2. Priorities for consideration of design elements.
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The derived priorities of the design elements are
presented in Figure 2. Sixteen design elements are
divided into three categories based on the pattern

of statistical significance; the elements within
each category do not have significantly different
mean values (p e 0.05). They are, however, ar-

ranged vertically by mean value. For example, sta-
tion access has a higher observed mean value than
fare collection although the two are not signifi-
cantly different.

For the planner, engineer, or designer, Figure 2
provides an indication of the order in which the de-
sign features or elements should be considered. The
general category of passenger-flow considerations
includes access, entry-exit, fare collection, and
control of the quality of passenger flow, which are
considered the primary elements in designing a ter-
minal facility. Likewise, items such as joint de-

Decreasing priority —%

velopment, internal environment, and handicapped
provisions constitute the elements to be considered
late in the design process.

Criterion Weights in Design Evaluation

Given a particular transit station design, how does
a designer decide how "good" it 1is? Evaluation
measures, or criteria, must be used. When values
are determined for such measures, various station
designs may be compared and the "best" alternatives
selected. To obtain a valid comparison of alterna-
tives, however, it is necessary to know how impor-
tant each of the criteria is to the overall evalua-
tion. The respondents were asked to rate the rela-
tive importance of each of 19 design evaluation
measures to the overall success of a design by using
a scale of 1 to 10, where the higher numbers indi-
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Table 1. Mean importance ratings and calculated weights for design evaluation
criteria.

Group
Design Element Mean Mean  Weight
Passenger safety 9.307 6.8
Passenger security 9207 9.205 6.8
Efficiency of passenger movement 9.102 6.8
Level of crowding 8.575 8.575 6.3
Design flexibility 7.864 5.4
Level change aids 7.973 5.4
Weather protection 7.761 5.4
Lighting 7.568 5.4
Developmental impacts 7.545 5.4
Environmental impacts #.295 5.4
Aesthetics 7.091 5.4
Joint development 7.059 5.4
Energy use 6.955 5.4
Mechanical backup facilities 6.849 5.4
Air quality 6.830 5.4
Number of levels 5.593 5593 4.1
Personal care facilities 4.920 4920 3.6
Concessions 4.080 3.0
Advertising 3.977 4.029 3.0

cate greater importance. These responses can be in-
corporated into an evaluation model. The basic re-
quirements for such a model include measures of per-
formance and utilities for each of the design
elements and the relative importance of each. Be-
cause of its simplicity and relative ease of use,
the aggregation rule and weighting procedure incor-
porated in this paper take the form of a simple
weighted linear average:

Ui = Z wju;; )
i
where
U; = total utility of alternative i,
j = weight attached to design element j, and

ij performance of design element j in alter-
native 1i.

o
£
o

The particular measurements [uijj need to be gen-

erated anew for each unique design application.
General estimates of the weights can, however, be

developed from the mean importance ratings. Table 1
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illustrates the separation of the design elements
into statistically significant groups and the aggre-
gate means associated with each group. These aggre-
gate means are simply the averages of the individual
means within each group. The evaluation weights are
then obtained for each combination as follows:

where
ﬁj = estimated weight for each element in the

combination j,
X4 = mean for combination j, and
LXx = sum of all combination means.
k

The calculated weights are presented in the last
column of Table 1. The sum of the weights taken
over all the design elements is constrained to be
100.

The weights can be incorporated into the model as
follows, along with the performance measures, to ar-
rive at a utility for each alternative design:

Ui = );\;vju,-j (3)
J

Once the performance utility is established, trade-
offs can be made with costs to arrive at a final
design.

CONCLUSTIONS

The illustration of the general transit station
design process as a formally ordered sequence of
steps provided a framework for developing candidate
designs for a transit station. Responses to a sur-
vey indicated the relative priority in the overall

design process of important design elements. Sta-
tion access, entry and exit locations, numbers of
passenger accommodated, fare collection, and the

characteristics of passenger flow were assigned the
highest priorities., The importance of the various
design criteria to the success or evaluation of a
station design was also established by using survey
results. Passenger safety and security, efficiency
of passenger movement, and level of crowding were
rated the most important factors; concessions and
advertising were considered least important.
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Planning and Preliminary Design of White Plains,

New York, Transportation Center

BERNARD ADLER AND MARVIN C. GERSTEN

A consolidated transportation center in downtown White Plains, New York,
was initially proposed in 1967 as part of the Urban Renewal Agency’s revital-
ization plans. Subsequent studies led to site selection and basic planning con-
cepts. The planning and preliminary design study for the White Plains Trans-
portation Center is described. Its purpose was to advance the Transportation
Center from a planning concept to working preliminary engineering and ar-
chitectural plans and to establish planning standards and design criteria, pas-
senger demand estimates, and preliminary cost estimates. A four-phase study
was conducted in which maximum participation of project sponsors and local
planning agencies was fostered through a series of workshops. To supplement
existing information, passenger travel surveys were conducted to determine
bus and rail passenger origin-destination patterns, peak-period pedestrian vol-
umes, and parking, taxi, and bus operating characteristics. Projections of pas-
senger demand were made to the design year based on local and regional popu-
lation, labor force, and employment forecasts. The final design concept rec-

ded for impl 1tation includes a ground-level bus facility located on
two parcels of land adjacent to the relocated White Plains railroad station.
The second level provides for loading and unloading of kiss-and-ride, taxi, rail,
and corporate minibus passengers. Four parking levels are provided above the
kiss-and-ride level. Provisions have also been included for direct pedestrian
connection to future downtown developments, including a proposed conven-
tion center, offices, and a hotel complex. Implementation of the project is
being advanced by the City of White Plains through a combination of joint de-
velopment (private and local) and federal funding.

The City of White Plains, New York, the seat of
Westchester County government, is the major regional
retail shopping center for Westchester and Putnam
Counties of New York and Fairfield County of Con-
necticut and is the hcadquarters of numecrous major
international corporations. White Plains is located
in the south-central portion of Westchester County.
Three Interstate highways--I-684, I-87, and I-95--
connect the city and the region with New England,
New York City, and coastal Connecticut. The Consol-
idated Rail Corporation (Conrail) provides both
freight and passenger service. Located about 22
miles north of Grand Central Station, White Plains
is an express stop for commuter trains to and from
New York City.

The city, which had a 1980 population estimated
at 47 000 people, provides employment for 40 000
people. White Plains is the home of 11 corporate

headquarters or major office complexes. As a re-
tailing center, it has an annual sales volume of
more than $600 million generated from approximately
900 establishments. Eight leading retailers are lo-
cated within the city, in addition to the new $100
million enclosed shopping mall known as the Galle-
ria, which houses more than 150 stores and 20 res-
taurants. Currently, there are plans for an addi-
tional 200 000 ft? of retail space, 800 hotel
rooms, 1 million ft? of office space, 900 Awelling
units, and 600 000 ft? of public facilities to be
added to the inventory of downtown White Plains.
The study area and location of the proposed Trans-~
portation Center are shown in Figure 1.

TRANSPORTATION SYSTEMS

Efficient transportation is a necessity for White
Plains to accommodate its anticipated growth. The
internal highway network has been completed, and ad-
ditional roadways are under construction and in the
planning and design stages. The intracounty bus
system, coordinated by the Westchester County De-
partment of Transportation, has been improving its
existing service through route additions, schedule
improvements, and modernization of the bus fleet.

These existing public transit facilities, in-
cluding the commuter rail station and bus terminal,
are poorly located and improperly coordinated. Both
public transportation modes must be improved and
better used in order to ensure continued urban vi-
tality and growth.

Rail

The present White Plains railroad station was bhuilt
in 1914 by the New York Central Railroad. The sta-
tion building was constructed near the northerly end
of a sharply curved section of tracks. Low-level
passenger platforms were built between the tracks
with passenger access via two sets of stairways
served by a tunnel or "subway" through embankment.





