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ABSTRACT

DEMAND ACTIVATED TRANSIT
. Francis Patrick Duffy Navin

This study focus on the problem of estimating the ridership
increase experienced when regular fixed-routed and fixed-scheduled
bus systems adopt a Dial-A~Bus Policy. The mathematical model
used to accomplish such estimation is a modal split model.

Dial-A-Bus is a new bus operation which has many character-
istics of a shared taxi. The patron telephones for a bus, which
then comes to his door at a mutually accepted time and delivers
the patron through to a destination while doing the same for others.
At the time the study was initiated (January 1971) there were three
distinct Dial-A Bus operations.

Columbia, Maryland had a system which picked-up patromns at
any door-step and delivered them to the door of any destination.
This is a many-to-many operation. Bay Ridges, a suburb of Toronto
Ontario, Canada, used a Dial-A-Bus as a feeder system to a
commuter train. Leaving the train station at fixed times, the
'out-bound' bus would drop-off patrons at their door and on the
return trip to the station would pick-up patrons. This is termed,
a many—~to-one operation. The third bus system was in Mansfield,
Ohio. The bus operated on fixed-routes at fixed-schedules and
for an additional fee, the bus deviated from the route to pick-up
or drop—off patrons. This is a route deviation operation.  All
three communities had conventional fixed-routed and fixed-scheduled
bus systems before the introduction of Dial-A-Bus.

© A combination of published data, data specific to Dial-A-Bus
operations, and data collected from three surveys were used to
develop a modal choice model which explained the transit ridership
increases. The model development depended on an understanding of
" transit operations and the interaction of patrons with the system.
The technique used to develop the model was a process of fitting
empirical data, from diverse sources, into a relationship which
, was reasonable from transit operation experience and easy to use
by a transit planner. The model was then tested using a stochastic
demand process and the Bay Ridges study area. This test showed the
applicability of the model for small area transit analysis.

The study also established relationships between the attitudes
" held by people towards the potential service of Dial-A-Bus. Many
of the Dial-A-Bus attributes were ranked relative to each other

and thus provides insight for the transit operation into Dial-A-Bus.
The ranking of attributes used standard techniques applied to
paired questionnaires and semantic scaling.
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Chapter I

INTRODUCTION

The focus of transportation planning is shifting from the
need for highways to the entire transportation spectrum. This
changing emphasis exposes a lack of knowledge about transit demands
for small areas. The transit problems of large cities such as New
York, Chicago and Los Angeleé are well known within the transit
industry. Vast amounts of Federal, Sfate, and local funds are
being invested in attempting solutions. Less known are the
mobility problems facing isolated towns or suburban communities
that are served only by express commuter service to the central

city. The subject of this investigation is a potential tramsit

solution for small centers.

Definition of the Problem

Demand Responsive Transit is a bus service which has most

of the characteristics of a shared taxi service. The aim of the

‘study is the development of a theoretical framework and methodo-

logy by which suitable demand responsive transit operating policies
can be evaluated. This aim is very broaa out of necessity, since
little published work exists on this subject.

The study objectives needed to attain the aim are answers
to the following qﬁestions.

1. What are the important social and economic
elements in determining the travel mode?
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2. What are the important transit system charact-
eristics as viewed by the user?

Do transit users and non-users consider the
same system characteristics equally important?

What has been the experience of the transit

industry in small urban areas when demand bus
has been attempted?

Need for the Study

The need for this study lles in the fact that 25 percent(l)*
of the United States population lives in towns of 10,000 to 100,000
population. There were 1700 such urban centers in_l964.

_Ihe auto-oriented urban transfortation system that has
emerged since thg 1920's constrains the mobility of many people.

Age is a constraint in the mobility of the young who cannot obtain

' driver's_licences and for the elderly who no longer qualify or

desire tb drive an automobile. There are approximately 75.7 million
individuals under 20 years of age and 88 percent of them do not
possess driver's licences. (1) Considering the total population

over 20 years of age, the number without driver's licences is 24
percént. The distribution of driver's licences throughout the
population ié shown in Figure I-1, This graph indicates that auto-
mobility is nét as universal an attribute as some would like us to

beliéve. Auto ownership by age also influences mobility. Heads

‘of households over 65 years of age number SfS million and of these

46 percent have no car.

*Numbers in parentheses refer to references listed at the end of
“each chapter.
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Income is a factor in auto-ownership and the very poor can
not afford a personal car. There were 9.9 million houscholds with
incomes under $3,C00 in 1964 and of these 46 percent did not own a
car. (1)

Considering auto ownership still further, the two—car‘family
is nof the majority of the U.S. families. Households which have
two or more automobiles accounted for 22 percent of the households.’
Approximately the same number did not have an automobile. The
remaining 55 percent must satisfy work and non-work trip demands
with one car.

To fill existing urban mobility needs, a variety of programs
are being undertaken by public transportation agencies, private
industry and interested citizens. These are:

o Interested citizens have organized special
transportation facilities such as those reported
by John Crain (3).
As examples of this type of service there. exists
the Little House Dial-A-Bus System which services
the Senior Citizen's multipurpose center in Menlo
Park, California. Also there is the Chicago
Mutual Enterprise for the Handicapped which
services the needs of the handicapped within
selected neighbourhoods.

Private industry has responded with a successful
taxi industry which, in 1970, carried some 247

of all urban public tramsportation trips and
collected 54% of the revenue (4). Private
enterprise operates conventional bus systems but
more usually special charter and express bus
service. Private industry has also initiated
limited demand bus service in Columbia, Maryland;
Mansfield, Ohio; and Batavia, New York.

Public transportation agencies have offered
transit in the form of buses, rapid transit
subways, commuter trains, and an ever increasing
number of demand bus transit systems such as:
Hadderifield, New Jersey; Bay Ridges, Ontario;




and Regina, Saskatchewan; to mention the more
ambitious or earliest applications.

The preceding list indicates the trend towards newer .and .
more personalized transit service, The demand bus concept is an
attempt, on the part of transportation companies, to service the
low density suburban areas or to satisfy the special needs of
selected groups in the community. The popularity of such service\
in the form of Dial-A-Bus has even been the subject of the
political cartoonists' pen, Figure I-2.

This study attempts to quantify many of the variables known
to influence demand bus ridership. Quantifying the important

variables should give a planner a better understanding of the

capabilities and costs of this new service concept,
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the reason they don't have Dial-a-Bus now is there's a law against obscene
phone calls."
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Chapter II

HYPOTHESIS

The hypothesis established for this study is: there exists
a simple, yet adequate, modal demand model which will represent the

potential for demand transit in small cities and local areas of

- larger cities.

Simple, for the purposes of this study, implies that the
variaﬁles used in any equation are easily obtained. Adequate
implies that any model should be able to reproduce the rideréhip
increases experienced on the existing demand transit systems.

The model to be developed assumes that the number of trips

by all modes, between any origin, is known or can be estimated.

- The proBlem is then one of estimating the trips by each mode. The

process of trip making is assumed to be similar to that shown in

Figure 1II-l1. One usually walks to a vehicle, waits for it, rides

it, possibly trénsfers, and finally walks to a destination. The

trip may be made by a number of modes each of which must be related
to the othef.

- To develop the model suggested‘by the hypothesis, the
following relationships must be understood. First, the relative
importance of walking, waiting, transferring and .riding musﬁ be
defined for éach.mode. To make the comparison between modes valid,
the relationship which equates bus riding to automobile riding
mﬁst be outlined. If these two sets of relationships can be
established, then it should be possible to estimate the transit/

ridership expected with demand transit.
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Chapter III

STUDY DESIGN

" 'Introduction

This study is divided into five major phases:

1. Data collection of the socio—economiq factors
thought to influence modal choice,

2. Collection of economic and ridership data for
a representative sample of existing demand
transit operations,

Analysis of the data,

‘Development and testing of a general demand
transit modal choice model,

Recommendations for further research.
The work in the first three phases has considerable overlap
and conclusiéns from one often lead to further analysis in another.
A generalized study aesign is presented in Figure III-1. The

diagram includes the major tasks leading to chapters in this report.

Phase One

The first study area includes tasks 1 and 3. Task 1, review
of the literature, indicates a need for an analysis of dem?nd
transit by a person familiar with transit planning, operations and
implementation. To establish socio-economic factors considered
important in‘mode choice, a review of other models was undertaken.
The purpose of this review and subsequent analysis was to formulate
a preliminary modal choice model. The model would have most of the
characteristics considered important by transit planners such as

measurable variables and system sensitivity. The summary of this
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effort is included in Chapter IV.
Phase Two

The effort for this area of the study was to collect data
associated specifically with demand transit and includes tasks 1,
2,4,5,6 and 7. Data were collected on ideal systems that.were
studied in mathématical or computer model form. This gave the
operational characteristics which were to be studied. An attitude
study ofbdemand transit by General Motors provided another set of
theoretical characteristics to demand transit operations. Chapter
IV, Classical Mode Chbice Models, summarizes this area of Phgse
Two.

In preparation for the existing system data collection;ba
visit (Tésk 4) to Columbia, Maryland and Bay Ridges, Ontario,
Canada waé made. The>purpose of this was- to assure the authdr
that tﬁe_problem could be brought to a level which was within the
financial éaﬁabilitiés and time constraints of the dissertation.

Also, the potential cooperation of individuals and organizations

‘was evaluated. The outcome of tasks 1 and 4 are reported in

 Chapter V, Existing Systems.

The next step was to set up the attitude surveysvaﬁd on-
board Bus survey for Columbia, Maryland. (A similar survey was
not made in Bay Ridges because the authorities responsible for
the tfansit system did not want a survey to be undertaken at that
time.) The Columbia attitude survey was made compatible with the
attitudé survey undertaken by the Research Laboratories of General

Motor Corporation. A number of other surveys of the Columbia bus




gystems and its users were needed to allow an evaluation of who
used the bus and for what purpose. Similar data were available
for Bay Ridges and a few other demand bus systems..
Phase Three

| This is the analysis phase and includes tasks 8,9,10, the
results of which are the basis for Chapters V and VII. The effort
of Task 9 is to enumerate the purpose of trips attracted to demand
transit and establish if they are different from those attracted to
conventional systems.

Using the log books and other records from quumbia and Bay

Ridges (Task 8), space and time profiles of transit use can be
drawn. These profiles lend themselves to an analysis of the
regularity of demand in time and space. Such regularity, if it
exists, should allow for an optimal operating policy to service
the regular patrons and then an alternate policy méy be developed

to satisfy other customérs. (Chapter VII summarizes this analysis).

The analysis of the attitude survey results, Task 9,

estimated the degree of similarity between the perceived attitude
of persons who did or did not have demand transit serﬁice. The
people of Warren, Michigan only visualized a system as expléined
by interviewers. Columbia, Maryland had a demand transit system
operating at the time of the survey and therefore had knowledge
of such syétem. The results of this analysis are included in
Chapter VI.

Phase Four

The aim of this study is the development of a simple yet
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adequate modal demand model. If it is shown that attitudes of all
peréons are essentially similar (Task 10) and that the spatial and
temporal behavior are also predictable (Task 7) then it sbopld be
possible to develop a set of demand equations. This effort is
présented in Chapter VIII. The testing of the model confirms its
applicability for small area planning, and its use for operating
procedures considerably different from existing systems. Model

testing is reported in Chapter IX.

Phase Five

The conclusion and recommendations for further research are‘
included in this final division. The work of Phase Five is

included in Chapters X and XI.




Chapter IV

SEARCH OF THE LITERATURE

Introduction

The search of the literature has two purposes; first, to

verify the need for the study and, second, to reveal any potentially

useful sources of information in the pursuit of the study objective.

The search is undertaken in two phases; first, a review of existing
modal choice models based on modifications of economic demand

theories and, second, a review of the theoretical studies of demand

. bus systems.

‘ 'Classical Models

The classical approach to the ﬁodal choice in urban trans-
portation planning may be summed up as being a collection of
descriptive models. The quels were bésed on the use of regression
analysis with many variables that were not amenable to policy
decisions by the planner or local community.

An example of the variables used is shown in Table IV-1.
The modéls all have a few elements in common, these are:

o characteristics of the trip,
o characteristics of the tripmaker, and
o mnetwork characteristics.
Stated another way, the models all incorporate some element

of the zone of origin (trip characteristics or parking cost), and




Table IV-1

VARIABLES -‘USED IN MODAL SPLIT MODELS
BY FOUR TRANSPORTATION STUDIES

Varieble Name Study Location

Trip Characteristic Chicago(l) Milwaukee(l) Buffalo(l) Iowa City
Number of trip purpcses 2 7 2 1
Trip length X .
Time of day - X .
Orientation to CBD . .
Employment density . X

(2)

Trip Maker Characteristics
Auto ownership
Workers per household
Dwellings per acre

Network Characteristics
Travel time
Parking cost
Accessibility

(l)Creighton, R., Hamburg, J., Data Requirements for Metropolitan Trans-

portation Planning, NCHRP Report 120, Highway Research Board, Washington,
D.C., 1971. o

(Z)Dueker, K.J., Stover, J., Mass Transit Technical Study: Iowa City;

Iowa City, Iowa, May 1971.




a characteristic of the system linking the two locations. The
structure of the models is such that the element that is:of
critical importance, the transit system, often plays only a minor
‘role in the outcome.

Kraft (3,4) and his colleagues at Charles River Associates
attempted.to correct some of the difficulties in the previous
modal choice modeis. They hypothesized that a person's modal
choice decision is not independent of elements such as the cost
associated with various modes. This modal choice decision in turn
influences the trip destination. For example, an improvement in
the freeway travel time to downtown may not only divert shoppers
from the regional shopping to downtown, but may also shift travel-
lers from transit to auto. It may also stimulate an increase in
the total number of shopping trips. These increased'trips
représentvﬁhe "induced" demand for transit which has.recently
received attention from qul(S) and his colleagugs at Carnegie-
Mellon University. The equation used by Kraft accomplished the
task of trip generation and trip distribution at the same time.

The equation has the form:

N4y, 1P, Mo) = #[Séil&),A(tho) T(4,3,1|5:,M>

Q(;Lé)c‘Po)M0> T gt Mo, Ll md] @

where

N (-(,)a)(, IP‘,, Mo) the number of trips between
origin (i) and destination

(3) for purpose (Po) by mode
Mo).

S(<,5)

= socio-economic characteristics
for purpose (Po) to describe
travellers residing in zone

1)
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socio-economic and land-use

characteristic to describe

the activity for purpose (Po)
' destination zone (j)

T(’L)é P IP°)M°> = travel time components for

the round trip from origin
(1) to destination (j) for
purpose (Po) by mode (Mo)

C (:C)i)‘tlgb)hho) travel cost components for

- the round trip from origin
(i) to destination (j) for
purpose (Po) by mode (Mo)

ry1 LA 4 travel time components for
Lo 73) t(Po)M‘XJ the round trip between

origin (i) and destination
(j) for purpose (Po) by each
alternate mode (%*) and

K= 1,2.... g

the round trip between
origin (i) and destination
(3) for purpose (Po) by each
alternate mode (¥K) where
L=1,2......

DA = travel cost components for
C(«%, 7, M)

Equation 1 states that the number of direct round trips
between any zonal pair for a given purpose and mode is a function
similtaneously of the number of individuals at the ofigin zone
and their socio-economic characteristics. It also states the
appropriate level of activity plus other relevant socié—economic
and land-use characteristics, in the destination zone, together
with the round-trip travel times and costs of the subject mode
along with those of competing modes, determine modal usage.

The Kraft model represents an attempt to circumvent the
"latent demand" or "induced trip" dilemma inherent in previous
techniques that did not have a variable in the trip generation

equations to fepresent the influence of the transportation system.




How does all this tie into the problem at hand, namely,
estimating transit ridefship on demand transit systems in local
centers? The foregoing discussion underlines the need to intro-

duce as many transportation system variables as possible.

Economic Mode Choice

The transportation of persons about an urban area is not a
single good to be purchased for its own value but rather a conveyor
for some predetermined purpose such as shopping or work.

Consumer decisions may be explained through a generalized
cost relationship. The generalized transportation cost often
referred to as a "disutility''*is a combination of user perceived
cost. For exaﬁple, a person may choose between a 20 minute bus

ride at a fare of 50 cents or a 5 minute taxi ride at the cost of

$1.50. If the person values his time at $2.00 per hour the dis-

utility of the bus in dollar units may be $1.16 (.66+.50) and the
taxi utility cost of $1.66 (.16+1.50). On a pléasant spring day
the bus with a iowef utility (1.16 vs. 1.66) may obtain the rider.
If, on the other hand, the day is wet and cold, thg 50 units of
disutility may be more than outweighed by the comfort of the taxi.
In this situation a general disutility relationship would have to
distinguish a comfort variable. A trip-maker chooses the mode for
which he anticipates the least disutilities. To simplify the
development of the subsequent mathematics (6), the following

assumption must be made: total disutility of a mode is a linear

#Disutility is the economic term for minimizing the costs person
"K" associates with a particular travel mode. '




function of the disutility a user perceives as being associated
with each of the attribu;es describing the mode. For example, in
the ébove bus~taxi situation the value a person places on time is
$2.00 per hour no matter if thg time involved is 5 minutes or sixty
minutes. The total disutility of time is thus $2.00 multiplied by
the mode travel time plus the fare. The following inequality
represents the gemeralized costs and disutility "U" perceived by

individual "K" for modes 1 and 2.

'u,' < ’u—z (2)
K K

From equation 2 mode 1 with a disutility of 1X%<is accepted by
individual "K" since he perceives it as having 1ess‘disutility than
mode 2. The user is a single individual and his evaluation of the
disutiiities may differ from those of another individual. The law
of ‘large numbers is presumed to apply in this case, thus, on the

average, people will select the economically correct mode. Also the

choice of mode will be normally distributed about the disutility

—

means, iz“ and 1L2} as shown in Figure IV-1l. This distribution
subject will be pursued later in the analysis but let it suffice
to say at this time some persons evaluating two competingkmodes
will "mistakenly" perceive a mode to have more or less disutility.
The number who mistakenly identify a mode will ptobably‘be

préportional to the difference in the utilities separating the

" modes.




- FIGUEE V-1

HYPOTHETICAL DISTRIBUTION OF
DISUTILITIES
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Thus in Figure IV-1 at a disutility value of 7{ ‘out of a total of
- : 7 :

(X;'f X&C ) persons, X; will select mode 1 and }GZ will select

mode 2. The elements that make up the disutility in equation 2,

if assumed to be additive, may thus form the generalized inequality:
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The elements of the disutility function Z‘;iKlmay be
hypothesized to be made up of two independent sets of components.
The first component depends only on attirbutes of the mode. They
include travel time and cost, ease of access to mention only a few.
These attributes are weighted by an additional component depending
only on the attitude of the user to each of the modal attributes.
In a ﬁathematical form the disutility becomes:

g :
Ugw = Acox <_I<;>

Ild importance users place on
. attribute (1)
oo')k_

measure of disutility for
attribute (1) of mode (4),
as perceived by user (K).
Using relationship 4, the inequality 3 may be rewritten as:
=/ J=Z
EI A«’ l Z_ A,
t=/

this may be simplified into:
N

Z .Z:(’['Z—Ié;/k—- Azi// < g (6)
L=/ -

If all the elements in the preceding equation were measurable, then
equation 6 provides an "ideal" modal choice in the economic view.
The choice is ideal because consisteﬁt measurable decisions are
possible. Selected modal attributes may be measured and a proba-
bility distribution function devised. The total‘importance vector
"I" is a total for all individuals and as such is subject to the

accepted errors of measurement, omission, and specification. Not
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only are those errors to be expected but when dealing with people
the "unexpected", must also be considered. The economic models
used to date have some of the characteristics of equation 4 as
represented in the following. The disutility function* between

unique origin destination pairs for each mode is:

w?=p It LxET ¢ Lacd

ZZ; = disutility to all users for
mode (J) expressed in in-
vehicle travel time units

/24 running time inside vehicle
of mode s;) in minutes

ZFJ' travel time outside the
vehicle of mode gj) such as
walking and waiting (excess
time)

total out-of-pocket costs
associated with the trip by

mode Sj)

average importance factor
used to convert excess time
to equivalent in-vehicle
time

average importance factor
used to convert out-of-pocket
costs into equivalent in-
vehicle time.

The disutility difference between two competing modes corresponding

to equation 6 then becomes for each origin to destination pair:

w = w —u*

*The J, sign is omitted since in tfansit planning model building w¥
is the average disutility for all individuals in the traffic
analysis zone having the origin to destination pair being evaluated.
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and to date an empirical graphical relationship has been used to
relate the number of persons that use mode 1, relative to mode 2
depending on the difference between the two disutilities. Such
curves are shown in Figure IV-2. The equations used to calculate
the disutilities represented in the studies mentioned in Figure

IV-2 are:

| , : 4
wt: r?s 2.5[£?)+ ]—”f—g(é'//a‘“ (8)

/?2 and [jare in minutes

Z and C%are in dollars

.Zf is annual income in minutes¥*
This formulation was used by Shunk(7) in the Twin Cities and by
Alan M. Voorhees and Associates (8) in Philadefphia. Another

formulation used by Pratt (9) and Schultz in Skokie, Illinois, and

Navin (10) in the Twin Cities is as follows:

) ' Y, F .4
wl=R? +23(£%)+ ZF(c?) 0f @
At this point the reader may legitimately inquire, where do

all these users attributed weights come from and what is their

justification for use? Before going forward with the individual

"~ components of the attributes and weights used in the modal choice,

a few words on the type of relationships used in Figure IV-2 are
necessary. These curves represent a primitive attempt to incor-

porate economics and rational decisions into the modal choice

 *The selection of annual income in these equations is due to data
~availability in most urban areas. See Table IV-2 for a detailed

description on the value of time and its transformation into

disutility units.
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relationship. The income represents the status of the user and is
used to weight the out-of-pocket costs which are one component on
the interchange (origin to destination) link. The destination
zone is represented by the parking cost which is included in the
out-of-pocket costs and stratifiéation by trip purpose. Thé-time
between the two zones helps to desérﬁbe the transportation’link
Between the origin and des£ination. The equation says nothing

directly about people '"captive" to transit or automobile. Figure

- s wm s W .

IV-3 indicates the influence of auto and transit daptives (11).
Auto captives, those requiring their automobiles; tend to supress
the curves; transit captives tend to raise the curves. A "true"

- modal choice curve may only be devised when the captives are
removed from the calibration data. The curveé developed for the
Skokie Swift comﬁuter by Schultz and Pratt and the Twin Cities
commutér by Navin; are essentially "choice'" rider curves.

The Skokie curves were for people with high incomes and
high auto availability. The data used for the Twin Cities included
only those respondents who indicated that an automobile was
available for the trip. The slopes of the‘two curves between -25
to +25 disutility difference are quite similar. The Philadelphia
work and non-work curves indicate the influence of high transit
captivity. This then implies that care must be taken in inter-
preting the résults of any attitudes survey since captives are
going to be different from the remainder of the population. It
also implies that there is a maximum percentagé that will use

transit, also fhe group that has a choice are going to be more
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sensitive to the relationship. The group that has a choice
influences the successful outcome of any transit system and can
represent upwards of sixty percent of the urban person trips.

(See Chapter I, Introduction).

Elementary Units in Trip Making

Thére are three elements to consider in trip-making. They
are: the vehicle, the service characteristics and the convenience
characteristics. The vehicle includes design features such as
seats, air conditioning and style. Convenience involves things
that make a trip more pleaéant»and would include having a seat and
shelter while waiting. The factors involved in service are: no
- transferring, short waiting time and dependability.. The influence
of the vehicle and_convenience characteristics are léft until
" Chapter VI since their influence on tfansit usage is not easily
measured. A trip within an urban area has a number of service
factors which may be measured. They are:#**
o a walk to the vehicle,
o an initial wait if the vehicle is public tramsit,
a ride in the vehicle,
a possible transfer, if public tramsit,
o a walk to the final destinétion,

o a fare or out-of-pocket operating cost.¥

**See Chapter II, Hypothesis, for a diagram and description of the
interaction of the service factors included in this list.

*This limited list of elements does not include additional legit-
imate elements such as: cost, trip purpose and the more classical
elements to represent the trip, the tripmaker and the network.

These elements will be introduced as necessary throughout the study.
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Table IV-2
OBSERVED VALUE OF TRAVEL TIME

AUTHOR VALUE

* v
(12) (0.42 to 0.52) x wage rate

Beesley
1000 )
1000-1499)
1500-1999)
2000+ )

(13) (0. income
(0. income
(0. income
(0. income

Stopher
X wage rate

(14) 1.83 +0.32 I

I =

Thomas et al

1@ $4000-
2 @ $4000-5999
3@ $6000-7999
4 @ $8000-9999
5 @ $10000-11999
6 @ $12000-14999
7 @ $15000-20000
8 @ $20000+

(14) Value = (0.31 @ 10 minutes time saved)

(0.42 @ 15 minutes time saved) x wage rate
(0.37 @ 20 minutes time saved)

Thomas et al

'Lisco(ls) Excess Time** 3 x in-vehicle run time

(16)

Quarmby Excess Time 2.5 x in-vehicle run time

*References at the end of Chapter IV

**Excess time is all that travel time spent outside the vehicle.
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Value of Total Travel Time

The most studied and best understood service factor is the
value of time. Table IV-2 summarizes the major studies published
to date. The work by Beesley (12) in the early sixties indicated
that workers in London's downtown placed the value of time at one-
half to 4/10 of their hourly wage rate. Additional studies for
commuters to a British university by Stopher (13) related the
values of time to income. Stopher shdwed that the relative impor-
tance of time decreases with increasing income. These values
uncovered by Stopher are considerably less than those proposed by
Beesley. Thomas et al (1l4) undertook studies of automobile
commuters in California and found a relationship between annual
income and time saved.\ The value of time was again found to be a
decreasing factor of time while the absolute dollar value of time
increased. The value of time postulated by Thomas increases in a
non-linear manner compared with income. Thomas also postulated
that a saving in time is somehow proportional to the amount of
time saved. The maximum benefit is derived when approximately 15

minutes is saved.

Value of Excess Time

The value of excess time (time outside the mode vehicle)
has also been estimated by a number of authors as shown by the
last two references on Table IV-2. Lisco (15) estimated the
excess time';o be approximately three times more important than an
equivalent amount of in-vehicle travel time. Quarmby (16) used an

estimate of 2.5 for studies in Leeds, England. Pratt and Dean,(17)




FIGLUEE [T -4 |
IWELUENCE OF TRUSIT WUT 400 TRAVEL  THE

TRANSTT TRURS - PERCENT

5 76 /5 2o 25
| 7?13/\/6’/7' WA/?' 77M5 ll/ﬂ”m

TRANSIT TRIRS - PERLENT

] J'o éo 90 IZa
TRAMNSIT TRIP TIME -MINUTES
 SOURCE -~ +OFRrEnce /8

|
’
3
!
|
]
1
1
§
o
.
i
|
|
i
|
1
:




|
'
i
i
i
|
|
|
'
|
£
|
1
1
B
|
1
i

in studies involving submodal* splits estimates for Washington,
D.C., use& a value of 2.5 as a weight for excess time. This value
was based on observed data from Skokie, Illinois and Philadelphia.
Using values from transit studies in Chicago (18) as graphed in
Figure IV-4 indicates a value of 3.4. This value was devised from
the following equations. The first wait time (tw) influences the

percent transit (éi) as:

/C§~ percent transit

£

W = first wait for a transit vehicle

and the influence of total travel time**(tT) is:

B = £20 - 0-4Z fr

where f%r = total transit travel time

The slope of the two lines gives an approximate relationship

between the influence of the two times, thus:

slope waiting time
slope total travel time

3.4 (12)

This implies that the waiting time is approximately 3.4 times more
influential on transit ridership than the time spent inside the

vehicle. This value is somewhat more than that proposed by Lisco

or Pratt.

*They were attempting to allocate transit trips to a subway and
surface bus system.

**This is a "handfitted estimate" of the best line between the
total travel time on Figure IV-4.




Table IV-3

AVERAGE VALUE CHARACTERIZING TEN MODES
OF TRAVELLING BETWEEN HOME AND WORK
(CHICAGO IITRI WORK SURVEY)

COLUMN NUMBER 1 2 3 5 6 7 8 9

Percent One-way Travel Cost Cost Distance Numbers of Waiting
Trip Type Occurrence Distance Time ($) per mile Walked ~Transfers Time
(miles) (minutes) ($) (Blocks) (minutes)

Walk - 5.5 0.5 - 13 . .00 .000 . -
Drive Car 50.1 15.2 : 38 . .84 .056 . -
Ride in Car 13.3 15.8 .27 . .17, .011 . -
Bus 2.4 6.7 50 . .30 .045
E1l-Subway 10.1 12.4 45 . .30 .024
Bus + El. 9.6 12.3 59 . .38 .031

Car + Bus 2.3 17.3 61 . .50 .029
and/or El.

RR + Bus
and/or El.

RR + Car +
Bus and/or El.

1.9 23.9 79 . .21 0.050

4.2 26.9

Other: taxi
bicycle etc.

All 100.0

0.6

*Transit users only
Source - Table 18 Reference 18.
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Value of a Transfer

A transfer on transit is often unavoidable and it is one of
the more unpleasant elements of public transit use. The avefage
number of transfers, by mode, experienced in the Chicago Transit
System is given in Table IV-3. While many persons must transfer,
the influénce of transferring on ridership has not been adequately
investigated. The rule of thumb often employed in the transit
industry is that a transfer will result in a fifty percent loss in
ridership for the trips that must transfer. The following is a
brief discussion on the influence of transfers employing data from
Toronto, (19)‘NeW'York City, (20) and attitude surveys by the
author and General Motors.

 The rate of transfer exhibited in the eighth column of
Table IV-3 indicates that users of public transit in Chicago
transfer (on the average) once. The most direct routes are
pfovided by the line haul elevated and subway system where 2 in 5
patrons transfer. Theoretically, the bus which services the other
major portion of public tramsit trips has 100 percent of the
peréons making a transfer. This poor service offered by the bus-
only mode is probably the result of using the bus for feeder
service to the subway and elevated systems. The bus-only mode is
used by only 2.4 percent of all urban trips while the bus is used
by 20.4 percent of all trips for at least one portion of the
journey to work. The difficulty of the transit mode relative to
the auto is also shown in Table IV-3. For an additional 0.011
dollars per mile the auto driver can avoid a walk of 2.8 blocks,

a 14 minute wait and a possible transfer.




Table IV-4

HUDSON RIVER CROSSINGS MODE EQUATIONS AND
VARIABLE EQUIVALENCES

" EQUATION COEFFICIENTS VARIABLE EQUIVALENCES
ATIME ACOST ATRANSFERS VALUE OF VALUE OF TIME VALUE
ORIENTATION (minute)  (cents) CONSTANT TIME - TRANSFER OF TRANSFER
(¢ min.) (cents) (minutes)

AUTO Peak .CBD + non CBD -0.536 -0.073
Off-Peak CBD -0.695 -0.038
Off-Peak non-CBD -0.624 -0.050

Peak CBD -0.249 -0.063
Peak non-CBD -0.386 -0.227
Off-Peak CBD -0.324 -0.091
Off-Peak non-CBD -0.427 -0.160

Peak CBD -0.360 -0.081
Peak non-CBD -0.557 -

Off-Peak CBD -0.306 -0.077
Off-Peak non-CBD -0.438 -0.162

Note the equations have form oFabtiblctedR

Source: Reference 20.
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The influence of transfers on the rail patronage was
observed in a mode choice study (20) of travellers crossing the
Hudson River in New York. The equations derived in the study are
showﬁ in Table IV-4., The influence of a transfer was similar to
a 20 cent fare increase, or in other words; to make the influence
of the transfer approximately zero the cost of the trip would have

to be lowered by 20 cents during the peak hour, and 6 cents in the

‘off-peak. The influence of a transfer is further dramatized in

Figure IV-5. Trips made withouta transfer are very sensitive to
time differences and cost differences. Trips made with a transfe£
are insensitive to time apd cost differences and are probably made
by persons captive to the system. This implies that the addition
of one transfer in a system will dramatically alter the outlook
that a potential transit user (rail user) has of the system and
reduce the probability thét transit will be used.

All the foregoing indicates that transfers have a fairly
subsfantial influence on transit, even in such a transit oriented

location as New York. .

Walking, Waiting and Transferring Time

An approximate relationship may be.established between the
first wait and transfer time using Toronto (19) data. The influence
of excess time on Toronto transit ridership is shown in Figure
IV-6. The ratio 6f the slope of each of these curves gives an
indication of the relative weight of the first wait to transfer
time. The implicit assumption is that the walk time is similar-

for both ends of the trip and that-the principle difference
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between thé two curves is accounted for by the wait and transfer

time; Using the curves of Figure IV-6, approximate equations¥

may be written for the influence of the various excess time combin-
. ations on the percentage transit. The equation for "waiting and

walking at the origin" less than 10 minutes may be written as:

P

- gso - 2.4, *%) (13)

percent transit
first walk time
wait time

Similarly for the time greater than 10 minutes:

A = 50 —1/(4,+7Z,) (14)

The percentage transit equation for "transferring and walk to the

destination less than 10 minutes" i.e. given by:

(15)
2 90.0 — £3(%, #Zyz)
where ’ Zég = transferring time
Zﬁ~g; walking to destination

and for the time greater than 10 minutes:

| (16)
A = 8.0 —I7(E+E,,)

The average slope for the waiting curve of equation 13 between O

to 10 minutes is 2.4 and for a similar time range, the average

*The equations in this section are the best straight line "hand-
fitted estimates" of the curves in Figure IV-6. The "bump" in
the curves is ignored. The equations are of the form: y=atbx
where "a" is constant and "b" is the slope of the line.




transfer curve (equation 15) slope is 4.8. Simiiarly, from
equation 14 the slope for waiting at a time greater than 10
minutes is 1.1 and from equation 16 for transferring the value is
1.7. Assume that all the influence is due only to waiting oxr
transferring (origin and destination walks assumed similar). The
ratio of the two slopes, waiting to transfer, becomes 2.0% and
1.5%% for 0 to 10 minutes and greater than 10 minutes respectively.
These resulfs support the findings suggested by the Hudson
Crossing data. These observations may be summarized as follows.
The influence of a transfer becomes less as total travel time of
the transferring mode increases. The same happens when the travel
time difference between two modes becomes large. The importance
of a transfer diminished‘because other factors start to exert

greater influence on the mode choice.

Walking Time

Another measurable element of transit trip making is the
influence of walking on the number of people using transit. The
influence of distance from a transit stop on the bus usage in
Washington, D.C. (21) and Clearwater, Florida, (22), (23) is shown
in Figure IV-7. The usage of transit drops off rapidly to approx-
imately 600 feet from the bus stop (approximately a block and a
half) and then is rather insensitive to distances beyond 600 feet.
The distances beyondb600 feet account for 257 of all tramsit users

in Washington, D.C. and Clearwater, Florida. The influence of

* ' *%
%;ﬁ =2 L7 _ 4.5
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distance on transit ridership is a ten percent loss of potential
riders for each one hundred feet distance (within the first 600
feet) from a bus stop. This relationship assumes that the trip
making density is uniform and that the maximum potential transit
ridership in an area is that observed in the first one hundred

feet.

Fare

The next area of iﬁtereét in transit usage is the influence
of user costs (fare) on ridership. The transit fare elasticity
has been observed to be between 0.25 to 0.33 (24) percent rider-
ship loss for each one percent increase in fare. Thekmode choice
relationship developed by Lisco (25) gave a ridership loss of
0.30 percent for each one percent increase in the fare. The
ridership fare elasticity By age group in Clearwater, Flbrida may
be calculated from the data of Table IV-5. The young react with
a ridérship ioss of 0.44 percent, the elderly at 0.43 percent and
the group between these at 0.20 percent. These losses are consis-—
tent with the levels of affluence of the three groups. The actual
loss suffered due to a fare rise appears to be twelve percent more

than that expected from a prior survey.

Relative Values of Excess Time

- This rather lengthy discussion into the measurable factors
considered in some recent transit studies, lends credence to the
phenomenon that the travelling public reacts unfavourably to

excessive time demands to get to and from a transit system.




Table IV-5

RIDERSHIP REDUCTIONS BY AGE GROUP
CLEARWATER, FLORIDA

FARE 10 CENTS* 20 CENTS DECREASE
AGE Riders Percent Riders  Percent Actual Predicted
- Percent from survey
20 or less 1913 47 1065 43 44 33
20 - 60 739 19 589 24 20 17
60+ 1389 34 799 -~ 33 43 25

TOTAL 4041 100 2453 39 27

*At a 10¢ fare approximately 35 percent claimed they did not make the
trip before.
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They, fhe patrons, also feel that the first waiting time is more
obnoxious than walking but, is less so than subsequent transfer
and wait times. It is difficult at this time to derive an exact
relationship of the transformation weights that should be used to
transform these various times into common units. A comparison
may be made as shown in Table IV-6. The proposed transformation
weights of Table IV-6 show the range of values that are consistent
with those uncovered so far in this chapter. Notice that the time
spent transferring is by far the most important time element of
trip making, followed by waiting, walking and then riding. "The
importance of the fare may be estimated by the approximation that
travel time is valued at approximately 1/4 to 1/3 the annual

income for any unit of time.

Table IV-6
WEIGHTS TO BE USED FOR VARIOUS TRAVEL TIMES

Attributes

First walk
First wait
Ride
Transfer
Second walk
Fare
(Income)

Analytical Studies of Demand Bus

Demand-Activated Road Transit (D.A.R.T.)
J. D. Garcia (26) and his associates at the Institute of
Public Administration during 1969, undertook the task of develop-

ing analytical tools to aid planners in selecting potential




D.A. R T. demonstration sites. The particular request from the
u.s. Department of Transportation included the following:

1. Develop the best analytic methods for priori
estimates of D.A.R.T. patronage as function of
cost, service and location characteristics.

Obtain hlgh and low estimates of D.A.R.T. patronage,
performance and costs in specific areas as a function
of:

o size and shape of the area,

o boarding and deboarding time of passenger,
o vehicle crossing speed, and

o demand distribution throughout the area.

3. Regﬁlate'demand varying price and service during
various times of the day.

- The critical assumptions made in the analysis involved the

distribution of demand. Garcia assumed transit demand to have a

uhiform distribution in time and space. The uniform demand over

spacerwas recognized as the most difficult condition for tranmsit

and thought to be the trend in auto-oriented cities such as Los

Angeles, Detroit and Houéton. The assumption of uniform demand

‘over time was based on a comparison of the demand for bus and

taxi needs in New York and Los Angeles. Taxi usage.has a maximum
at noon #hile bus usage peaks at eight a.m. and five p.m.
Assuming that D.A.R.T. will operate to get a maximum of off-peak
trips and operate as an efficient bus in the a.m. - p.m. peaks;
an'approximate uniform distribution of demand results.

' The analytical results of D.A.R.T., compared to other




modes, is summarized in Figure IV-8. The alternaﬁe modes are
conventional bus, taxi and the automobile. The demand densities
range from 10 to llb trips per square mile per hour with the shape
of the service area* being represented by the value S. As might
be expected the cost for taxi and automobile operation per mile is
essentially independent of the demand density and shape of the
area. Taxis have a unit cost of 70 cents per passenger mile, the
automobile is approximately one tenth the taxi cost.

Generally the relationship between the "best" choice,
conventional bus and D.A.R.T. is a function of the length of the
service area, and demand density. The line dividing the regions
of "best" choice bétween the two modes of transit, demand and
conventional, is also shown by the dash-dot line in Figure IV-8.
The dividing line assumes an exponential form. Using a linear
approximation with log papet, the equation of this dividing line

becomes: -

o. 26 /07/0 V4 an

:; the shape of the area in miles
(length of one side of a square)

D transit demand density (rides/
mile?)
)
Equation 17 indicates that the shape of the service (length
of a side of a square) changes logarithmically with the density

(assuming a uniform density over the area). This is similar to

*Garcia assumed a rectangular service area, S'represents the
length of one side of this rectangular area. However, for this
presentation all areas are square.
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results reported by the author (27) in an analysis of demand Bus'
.,serving as -an access mode for new fixed guideway trans1t modes.
A measure of the relative efficiency of bus and D.A.R.T. performr
' ance is presented in Figure Iv-9. D.A.R.T. is more efficient than
the bus for'smalle:'service areas although the auto is cheaper
then either D.A.R.T. or bus for areas larger than 4 square miles.
The major conclusions reached by Garcia were:

1. There are no really good analytic methods of
obtaining priori demand estimates for D.A.R.T.
as a function of price and service.

Good estimates of D.A.R.T. demand must be
based on extensive experiment because such a
service has not been offered to the public

(this was before the current experience in’
Columbia and Bay Ridges).

Other results of this exploratory work undertaken by Garcia are:

1. D A. R.T.vis an ineff1c1ent alternatlve to a
" bus-taxi arrangement if confined to an’ area
of less than 15 square miles.

Optimum operating conditions for a D.A.R.T.
taxi-like service, is not accomplished at

costs less than 15 cents per passenger per
mile in small areas of low demand density. '

As the area increases, assuming demand, speed
and other parameters are constant the
efficiency of D.A.R.T. increases linearly to
approximately 100 square miles. Efficiency
in this case is defined as the ratio of -
D.A.R.T. speed and income per revenue mile.

The reliability of D.A.R.T. increased with the
area, all other parameters being held constant.

As a general rule conventional bus systems are
better in corridors with a demand of 500
transit trips per square mile, per hour and
D.A.R.T. is better in areas of less transit
demand than 100 trips per square mile per
hour.
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6. Probably the only feasible plan to operate
D.A.R.T. is on a city wide basis in an attempt
to reduce the peaking demands by attracting
the maximum number of persons during the off-
peak hours.

Garcia considers that the main unanswered question in the
use of D.A.R.T. is what will be the demand for the system as a
function of price and service in reality. Garcia's work gi&es an
excelleﬁt Eheoretical framework within which the general analysis'
ofAD.A.R.T. may be undertaken. He has also given good order of
magnitude estimates for the influence of the service area size
(shape) and costé as shown in Figure IV-9.

Garcia had major'ovérsights in two areas. The fi?st over-
sigﬁﬁ is the relative importance of various elements of the total
travel time. As pointed out in the previous sections of the
chaptér,ithe urBan travellers perceived thé influence of waiting
and walking as 2 or -3 times more important than an equivalent fime
spent in the vehicle. The second areé of difficulty arises in the
use of average statistics in the analysis of transit. Transit
should probably‘be analysed at the margin since average values

tend to reduce the importance of walking and transferring in the

modal choice decision.

A Demand Bus Study

A recent study of a demand bus service for the Twin Cities

of Kitchgner and Waterloo, Ontario, Canada was reported by Archer

and Shortreed (28). The authors concluded that Demand Bus Service

would have the same level of ridership as a regular fixed route




and scheduled bus system at a disproportionate difference In costs.
They arrived at this conclusion using a modal choice planning model

propbsed by Wilson (29) which has the following form:

. ” . /@”CK
n — . .
7.—./07: A";B"Q‘DJf <4 (18)
<1 J ¢ / .
where ‘ 7—K” = number. of trips between (¢
' '6/ and (g) by mode (k) by persons
type (#)

87K,
ﬁ (7

number of trip origins (produc-
tions) in zone (¢) by persons of -
type (#)

= number of trip destinatioms
(attractions) in zone g‘-)

set of modes available to
persons of type (1)

- generalized cost of travelling
from zone (7) to zone (J’) by
mode (K)

parameter that determines the
mean of the trip length distri-
bution for persons of type (%)

The constraints that the equation give are:
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where C is the total expenditure on transportation by persons of

type (7).
The moael is calibrated over the /5 ”values while 444_”

and .5/ are solved by iteration to the correct answer. The
definition of person type (#) may be on any available socio-
economic variable related to tripmaking rates. The model used by
Archer and Shortreed had a modification to the Wilson model which
was the replacement of K ”with a linear cost such that 67/3”6&;'
becomese’% 20(/’44'/;') . r They report that the previous api)lication
of the modelk by Wiléon required two values of %’ , one for trip
distribution, another for modal choice. The Kitchener-Waterloo
model becomes: |
Kn 7 7

= .0 Q2. “ e
L, = A7 8;00

K
. 6*[4;’/0 eo/) (22)
< ; v ‘

gﬁa”c'//‘a:.. 54[_2,:2 ,4(,”.4/_774 k[&'%éo(‘%//)j S (23)
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average auto occupancy = 1.50

daily parking costs

out-of-pocket cost per vehicle mile

time cost per minute

automobile trip walking and waiting time.

= network trip length in miles, when 1 is
auto and 2 is transit

= network speed, in mph from the respective
networks

transit trip walking, waiting and_trahsfefring
time, walking at 2.5 mph and waiting time %
the bus headways
£ transit fare
This analysis of the Demand Bus System has a major weaknéss.
The gnalysis‘used a 15 cent value (subtracted'from the transiﬁ
fare of 30”to‘60 cénts)\to :epresenﬁ the benefit of using a small
peréonalized vehicié with door-to-door serviceﬂv This was also
introduced to compensate for the fact that the model was cali--
bréted on the existing transit service. If the previbus relation-
ships of costs and tiﬁe hold any validity, then the 15 cents
.savings'for a person at $5000 annual income is aboﬁt 10 minutes
of travel (in vehicle time) or about 4 minutes walking time.
These savings are probably low as is indicated by the positive
réacticn of persons iﬁ Bay Ridge to a high'level transit service.
Other sections in ﬁhisvchapter concerned with attitudes
indicates that work trips are very sensitive to timé. The most

efficient‘time system will bevused and out-of-pocket costs play

a more minor role. The non-work trip is more sensitive to walking




and waiting time as well as out-of-pocket costs, rather than a
simple direct comparison of travel time between modes. Because of
these shortcomings Archer's conclusion, that a demand bus sysﬁem
1s not a viable alterﬁative in small urban areas, is open to

question.

Demand Bus Operating Algorithms

There have been a number of studies into the computer
algorithms needed to operate a demand bus system. The early work
was undertaken by Hansen‘at MIT* in 1965-1966 and at Northwestern
University (30) and by the Westinghouse Air Brake Company (W.A.C.
Co.)(32) during 1967-1968. The operating process has been
refined by the MIT Methodology (32), and even more recently (1970)
by General Motors Research Laboratory (33). The operating models
all have one failure, none have been used in an actual operational
situation where it is possible for:

1. vehicles to breakdown
drivers to get lost,
passengers not to show for a bus, and

any number of other pessimistic events that
may happen in a real world transit operation.

"N. Wilson (32) has compared the M.I.T; bus routing with various
other authors.as well as the work by Garcia. The comparisons are
graphically éummarized in Figure IV-10 and Figure IV-11l. The
M.I.T. routing algorithms are approximately forty percent more

efficient in the employment of buses at a fixed level of service

*Massachusetts Institute of Technology
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than those developed by the other authors. Thus at a mean level
of service of 4, Northwestern required 6 buses and M.I.T. (1970)
required 3.5 buses, approximately 40 percent fewer. The advances
in efficiency of the routing algorithms appear to have approached
the point of diminiéhing returns. The W.A.B.Co., simulation used
the G.P.S.S. (General Purpose System Simulator) computer programs
and rather crude sets of street geometry, priorities and service
policies. - The amount of money invested by W.A.B.Co. wés minimal.
The Northwestern analysis was the master thesis project of a
number of students writing their own simulation. Finally the M.I.T.
algorithms are essentially the doctoral dissertation of N. Wilsdn
which was preceded by considerable preparation in the METRAN
studies of Call—ArRiae (CARS). This set of studies involved a few
hundred thousand dollars. Any further advances in the area of
writing algorithms will be equally expensive.

A comparison of the estimates made by Garcia and M.I.T. are
shown in Figure IV-11l. The CARS average travel time favours the -
upper estimates mode by Garcia. This is reinforced by the trip
speeds. The M.I.T. estimates are higher than Garcia's when the
number of buses falls below 4 vehicles per square mile. This
relatively minor discrepancy does not detract from the similarity
of results obtained by the two studies which were approached in
entirely different methodologies; Garcia with analytical
equations and M.I.T. with computer simulation.

The conclusion that may be drawn is that the computer

aigorithms to guide buses through a network exist and are probably
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,sﬁfficiently efficient to operate an actual bus system. This

provides'a*poﬁentiai solution for large centers having access to
cbﬁputeré;'. E |

" Towns ﬁnder lQO;OOO-probably will not have easy access td
comp@ters and aﬁy demand bus sjstem will pfobably be manually
dispatched. The results of these studies do indicate the magnitude
of cosfsiin men and materials a community should be’prepared to

expend if Demand Bus’serVice‘is desired. The models do not

" consider the influence of the increased service on ridership and
a possible failure of the transit system by being too sucéessful.

" That is, the demand for service exceeds the supply. This héppéned

in Coluﬁbié, Mérylénd on the first day of operatibn.
Conclusion

The major coﬁélﬁsion that is forthcoming from ihe éreceding
sections of this chapter is: the weakest link in the entire
transit planniné (siﬁulatipn) process is an adequate demand‘model
which relates the important and measurable individﬁélbﬁime and
cost eléments 6f trip-making of thé competing modég.

- The early work in modal choice modelling recognized the

‘need to describe the trip-maker's origin—destinatidn character-

istics and the relative merits of the transportation system

linking the two locations. The difficulties of latent demand have

been addressed through the Kraft model but they are beyond the

scdﬁe of sdcceeding discussions. Thé model conéidered acceptable

for this study assumes the trip demand for any origin-destination
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pair is known. The inérease in ridership resulting from improve-
ments to the transit system can be estimated by providing a transit
accessiﬁility value in the trip generation and/or distribution
phase of the transit planning process. The validity, or at least
acceptability, of economic based models has been shown to be quite
satisfactory in explaining ridership on "normal" transit situatioﬂs
but is not sufficiently sensitive to duplicate the ridership
experiénces of demand bus. Similarly the various economic authors
have shown that the value of time for most work trips is from 1/4
to 1/3 of the annual hourly income but may vary with time saved

and the person's income. The authors who explicitly looked at

the value of travel time found excess time to be between 2.5 to

3.0 times more important than time riding in a vehicle. Gross

excess time does not tell the entire story. Further investigation

showed that transfers were prevalent even in large efficient

systems and that such transfers had a significant impact on the

mode choice of commuters.
Pursuing the question of transfers further, data for
Toronto showed a relationship between transferring and waiting

time. For completeness in this analysis of excess time the

' acceptance of walking time was studied. This walking time

indicated that transit riders were very sensitive to walking up
to a distance of 600 feet. Transit fare elasticity was also
shown ﬁo be fairly uniform and reasonably estimated at 0.25 to
0.33 ﬁercent ridership loss per one percent rise in fare. Based

only on the descriptive analysis, revised transformation weights
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Chapter V

EXISTING DEMAND RESPONSIVE TRANSIT SYSTEMS
Introduction

At the time this study was formulated (January 1971) only ,

‘three locations in North America were known to have demand

responsive transit systems. The systems existing at the time of
this study were in Columbia, Maryland; Bay Ridges, Ontario; and
Mansfield, Ohio. Since that time a number of additional locations
have started such service in a suburb of Regina, Saskatchewan;

Ann Arbor, Michigan; and Clearwater, Florida.**

The purpose of this chapter is to explain the operational
plan usediby each of the three demand bus systems, their scale of
operation, and the critical operational characteristics. The study
of the existing situation is needed to uncover limitations that may
not be apparent in any theoretical model because of the difficulty
of predicting the interaction of people with an operating transit
system. People quickly learn how to use systems to their.maximum
benefit which maybnot be in the manner devised by the plénners and

operators.

Critical Elements in Demand Bus Systems

The elements that are common to all demand bus systems are

*%See Appehdix A for a list of operations existing in May 1973.
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shown in Figure V-1. The following explains the usual steps needed
to obtain service.

Step 1. The customer must communicate his demand to the
controller giving as minimum information the
origin, destination and any unique systems
constrains. (This assumes the operator has a set
policy of time and level of transit service.)

Step 2. The controller ascertains the status of the system.

Step 3. The potential transit user is informed of how well
his demand may be filled. (That is when he will
be picked up or delivered to the destination).

Step 4. The potential user accepts or rejects the service
as a result of the information the operator
supplied in Step 3. :

Step 5. The bus is informed at the appropriate time that
he has a "pick-up" at a particular location
specified by the customer in Step 1.

Step 6. The bus and customer meet for the journey.

Step 7. The customer arrives at the destination.

The'key elements in this systém are:
' customers,
telephones (private, public or free lines),
a transit controller (dispatcher),
radio link from bus to controllers.
All the systems to be discussed have these four common

elements in one form or another. Using the transit service

criteria of routing flexibility and level of service in time, the

~ four systems fall in the space as noted in Figure V-2, Columbia

provides a maximum of service while Mansfield provides a minimum
demand service. The two systems, as will be shown, emphasize

different elements of the steps in the tramsit trip.
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These systems range from a "many-to-many" arrangement in
Columbia, Maryland through to a '"many-to-one'" in Bay Ridges,
Ontario; plus é route deviation from a scheduled route system in
Mansfield,'Ohio. The many-to-many service is very similar to a
shared taxi. The "many" refers to possible origins and destina-
tiomns. Many—fo-one again is similar to taxi service e#cepf there
is one location to which all trips either start or terminate such
as a failroad station. Roﬁte deviation refers to a bus o?eration
which allows a bué to leave the main route to pick up or drop off
a passenger. Figure V-2 relates the varibus demand bus service
to other public transit modes. An important aspect of the demand
bus service is its attempt to fill the service gulf existing
between taxis and conventional buses. The following sections will
discuss the aéfuél operation of the three types of.démand bus

operations.

Route Deviation(8)

Tﬁe Mansfield, Ohio Bus Company, with the assistance of the
Ford Motor Company, placed one vehicle in demand bus service along
a route that was losing money. The scale of operation is shown.in
Figure V-3.

_The Mansfield Bus System had'a high quality bus routing,
using small buses (Econovans and 20 passenger Flexets) having 30
minute headways. The buses were in service from 6 a.m. to 6 p.m.
on weekdays and 8/a.m. to 3 p.m. on Saturday. All the buses met

for a minimum 5 minute layover at the Town Center. During the
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peak hours an extra bus was provided t§ insure a high.quality of
service in case of a late arrival or breakdown. The route devia-
tion bps line in the Woodland corridor had slack in the schedule
and thus provided a good test site. The slack, or free time,
allowed the bus to deviate from the main route and still arrive at

the town center at the scheduled time.

The Operation

The dial—a—ride operation was superimpoéed on the existing
fixed route, fixed headway service. This type of operation is
usually called route deviation. The communication network and
routing operation.is graphically shown in Figure V-4. A special
Ford Courier was equipped with a radio telephone permitting the
driver to also act ;s the controller. As controller, the driver'
advised pick-ups as to his expected time of arrival atvtheir door.
The driver could tell the customer the time of pick-up because of
the accuracy needed on fixed schedule systems. This feature, the
fixed schedule, makes this type of service self—corrécting, in
time and sbace. The connection with other buses at the central
business district must be made to keep the entire system operating
properly and the driver has fhis scheduled time to which he must
regulate all the other elements of the service.

A person boarding at the city center merely t§ld the driver
they wanted doorstep service. Patrons were delivered to or picked
up at the door for an additional cost of 15¢, thus the adult fare
for dial-a-bus was a base éf 35¢ plus 15¢ to give a total of 50¢.

The intended service area is the shaded area of Figure V-3.
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Only 17.5% of the 1045 households used the service at least once
'during the period January, 1970 through June, 1970. Those persons
who 1iVed/direct1y on the route (they number 395 households) had

almost 25% of the households using transit.

Walking Influence

The influence of walking distance on dial-a-bus in
Mansfield is shqwn in Figure'V—S. This figure also shows the
influeﬁce of walking on regular bus service users in Clearwater,
(3) Florida and Washington, D.C. (4)(who live in apartments
adjacent to the bus lines). The decrease in usage with distance
beyond 300 feet (appfoximately one block or 1.5 minutes walk)* is
dramatic in all cases. This may be a case of "out of sight, out
of miﬁd" i.e. if the bus was more visible one would be more likely
to uée it. What is most likely the case is that people dislike
walking to transit and thus at distances beyond 300 feet, start
seeking altefnatives; The Mansfield, Ohio dial-a-ride usage tends
to confirm this suspicion. The percentage of dial-a-ride usage
increases as distance from the fixed route increases. The numbers
of patrons in Mansfield also holds a warning that deviation far
from the fixed route may operate on the principle of diminishing
returns.

Another view of the influence of distance may be gained

*If the walking speed is assumed to be between 3 and 4 feet per
second (5) then the walking time for the 300 feet is between 1.7
and 1.5 minutes.
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from a factor called transit productivity.* Using combined data
from Ciearwatér's :égular bus service and Mansfield's fixed‘timé
schedule demand bus service, a relationship was developed to show
the importance 6f route deviation bus. The results are shown in
Figﬁre V-6. The major observation is that a route deviation bus
removes the influence of distance in the first quarter of a mile.
This first quarter of a mile from a fixed route has traditionally
been considered the ''domain" of regular bus service. The transit
productivity, rather than being extra sensitive to distance is
only moderately sensitive. From Figure V-6 the ridership for
regular bus and demand bus appear to be additive. If this is
correct then the following equation applies.

Pr + Pdr

total productivity
regular service productivity

v Pd demand service productivity through route
r
deviation

A maximum (or minimum) exist if:
P
dt=—-o
Z§4¥

o A Ry
dx T Gx =e

*Author's terminology. This term has been coined by the author to
explain a unit of transit demand. Transit productivity is defined -
as the ratio of percent of total transit and the percent of the
total number of households within a small slice from a service
area. For example, assume that the service area has 500 houses

‘and within a strip from 100 to 200 feet of a bus stop, 20 percent

of the houses occur. Similarly within this strip 30 percent of
the total transit ridership occurs, for this case the transit
productivity is 30/20 = 1.5.
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From ob_sefvatioh we know %’; always d;tminishgs; thus cgu% |
must'incorporate either: 1. a continually increasing equation or

2, an eq@étioh that has a maximum.

Service Area

The next aféa éf.interest needed to assess the success or
failgré of the Mansfield experiment is to compare thé Woédland
area‘to'Mansfield (Woodland is the suburb where the demand bus
opeféted). Woodlandvis more than twice as wealthy as the city of
Maﬁsfield and 96% of the homes have at least one car and 53% have

‘ pr. Most of the persons are "white collar" employeesvwith~a iarge
.doﬁéstiéqurk:foréé“énd hany school children.'ﬂMaﬁsfiéld-has the

' natibﬂéliéﬁe:;geigf“éagfless homes whicﬁ is apéfokimétély ZOZ]én&,
is roughly evenly divi&ed between "white" and "blue" collér
workers with very few homes employing domestics. These étatistics,
while éverage, point out the fact that Woodland would iﬁself be a
Jlow transit using area except for the domestics transported into
the area. Thus if a rise in ridership was experienced in this
sdbﬁ;b then Qore dramatic‘results should be noticed elsewhere

where there is more tendency to use transit.

Users of Service
The persons who use the Woodland bus service in Mansfield
are»primarily.captive to the bus in that 63% do not have driver's

licences and 32% do not have an automobile in the family. Only

i
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18% felt they could drive an automobile as an alternate method of
travel and only 33% felt they could get someone to drive tﬁem.
Only 8% said they would not make the trip if the bus service did
not exist. Forty-five percent of the riders were either under 20
or over 50 years of age and a full 83% of the transit users were
women.,

The most frequent users of the doorstep service were house-
wives who accounted for 557 of all users followed by domestics who
accounted for 27%. This also explains why 91% of all doorstep

service users are women.

Operating Costs

The operating costs for Mansfield may be divided into two
pafts: those allocated to the fixed schedule and the other to the
route deviation; The operating costs associated with Mansfield
are summafized in Table V-1. The economics of the route deviation
show an interesting and encouraging financial result. The average
week day showed 14.4 requests for route deviation, this represents
24 percent of the fixed route clientele. The doorstep service at
15 cents yielded $2.16 (14.4 x 15¢) daily revenue. To obtéin this
revenue a radio telephone in the bus cost $2.00 per day and the

total additional mileage was 4.4 miles costing 27¢*. Thus the

* Only short run out-of-pocket operating costs are considered. 1In
Table V-1 gasoline cost is 3.31 cents per mile, allow 2.83 cents
per mile for maintenance, oil and tire wear. This gives a total
cost of 6.14 cents per mile. Note that since no additional work
time for the driver is needed, his wage is considered a fixed
cost. The 6.14 cents per mile operating cost yields an additional
bus operational daily cost of (6.14¢ x 4.4) .27¢ or $0.27.




’ Table V-1
DIAL-A-RIDE COSTS IN MANSFIELD

FIXED COSTS ANNUAL COST

Bus purchase $1640

(approx. $7,400, 5 year

life, 8% interest)
Radio telephone

(cost covered by incremental

service $50/month)
Washing $9.00/week ‘ $ 468

Gas (@ 30¢/gal.) 9.06 miles/gal. $1189
1.4 gals./hour '

Maintenance* 1.14¢/mile - $ 407

Wages (Driver @ £.25/hour) $5737

COSTS $10,041

Revenue
deviation .$0.15 $ 551
adult fare $0.35 . $5355

TOTAL COST $4135

Source: Reference 6

*New vehicle and true maintenance costs are not available.




additional operating coét was $2.27 per day. The difference
between the operating cost and revenue is a deficit of 11¢ per
day. Attracting one new paésenger per day with 35¢ fare would
give a net profit of 24¢ per day. The responses indicated that
approximately eleven trips per day were made because the demand
bus system was avéilable. Thus the daily revenue from this
ridership due to demand bus actuélly increased the net profit to
the operator by $3.68.% This outcome is rather encouraging
especially when one considers the poor quality of the shared
radio telephone communications and the lack of publicity of the

service in the Mansfield operation.

Many to Omne

Thé Area

Located 20 miles east of Toronto is Bay Ridges, a commuter
suburb on the shores of Lake Ontario as shown in Figure V-7. It
is at the Eastern Terminus of the GO (Government of Ontario) Train
System which gives high speed service to downtown Toronto. The
demand transit started as an experiment (this avoided all legal
difficulties with taxis and unions) because a fixed route, fixed
schedule bus system, had failed to produce any additional rider-
ship for the GO Train System. The reason for the experiment was

to test dial-a-ride (specified in the original GO Train feeder

*Eleven trips gives a daily revenue of (11 x 0.50) $5.50 and three
additional doorstep stops yields $0.45. Service of the demand
system has a total cost $2.27. The net profit given by this is

(5.95 - 2.27) $3.68.
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bus system) as a feeder bus, realizing that a fixed routed rail
system needed good feeder service. The system started July 1970
under the direction of the Ontario Department of Highways, Transit

Planning and Operations Section.

The Vehicle
The service started with five Ford Econolines, Series 200
Window Van with V8 engines and an automatic transmission. The
major modifications were:
1. raised 6'3" fiber-glass roof,

11 seats (+4 standees),

oversized door operated by driver,

luggage rack,

heater; and

two-way radio.

Operations

The operational procedure had two modes of operation, one
for the peak hours and another for the off-peak hours. The
schematic operational modes are shown in Figure V-8, The
operation is very similar to the Mansfield system in that the
berson arriving from the "GO" Train gets on the properly
designated bus and states his destination which the driver logs

on a map of his area*. When the bus is loaded it travels out

*It is interesting to note that persons identified with the bus
driver and not the zone number on the bus as was discovered during
one rush hour. Drivers had been switched to other buses so they
would learn new areas, transit patrons went to the bus with
"their" driver, no other experiments of this type were run.
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(at this time the pick-up request log sheet has been given to
the driver) dropping off persons at their destinations. When
empty,.the busvgoesvto the furthest pick-up and proceeds back .
to fhe station in a path considered best by the driver. |
Since the primaryvpurpose of the bus system is to service
the GO Train, the bus system must meet each and evéry train.
This imposes a time.constraint on the bus's running time and
also limits the service area. The limit is that trains arrive
every 20 minutes in the peak hour, thus in 20 minutes a bus must:
load all péssengers, deliver them, pick-up new passengefs and be
back to the station to unload. This places considerable pressure
on the drivers during the peak hours. |

During the off-peak, the scheduled time between trains is

60 minutes and both buses meet at the shopping center for a 5

minute layover. The operation in the off-peak also allows a
modified many-to-many optidn within a zone, or through a transfer

at the shopping center.

Communications

The.customer telephonés the dispatcher for service one
hour befqre the time the bus‘is needed.* The dispatcher verifies
ﬁhat service is available and notes the demand on a map of the
appropriate zone for the appropriate time. This may also have

any "standing" (requests made the evening before or regular

*This technique allows for rejection of service when the requests
for service exceed the bus capacity, or the spare bus may be
pressed into service.




service for a week) calls transferred to the appropriate
location. This map §f requests is handed to the driver prior to
his departure from the GO station. Any request for service that
arrives after the bus departs may be transmitted to thé bus via

a radio link between the dispatcher and bus operator.

Service Levels

The dial-a-bus service area is divided into 4 zones as
shown in Figure V-7. During the peak hour a bus is assigned to
each zone. Zones 1 and 2 are combined as are 3 and 4 during the
off-peak with each area being serviced by a single bus. The bus
frequency is 20 minutes from 6.30 a.m. to 7.30 a.m. and 4.50 p.m.

to 6.10 p.m. and at hourly intervals during the off-peak.

Walking Distances

Fortunately for this study exten.ive data exist for Bay
Ridges and they afe well reported (8). This discussion shall be
divided into three parts. First walking to the GO station will
be considered, then walking by transit users to transit service
and finally their felationship to non-user walking habits.

The walking distance of patrons who walk to the GO train,

- appears to be independent of the available access modes. The

relative stability of the influence of distance on the use of
alternate modes is shown in the walk.curves’of Figure V—é. The
approximate rate of loss of patronage is 3.7%Z with éach minute
increase in time. The influence of distance on the use of

alternate modes is shown under the AUTO and TRANSIT headings.
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Climatic influence of Dial-A-Ride on shifting persons from

the automobile to the bus is obvious. With fixed bus routed
systems, the rate of use of the bus increased by approximately
0.9% for each minute increase in distance. The rate of using the
Dial-A-Ride was 2.5% increase per minute to approximately 20
minutes and approximately 0.6% per minute beyoﬁd 20 minutes. This
break in the curve at 20 minutes may give the distance domain
(approximately 4000 feet) of maximum Dial-A-Ride use in small
urban areas. The drop in automobile usage was reflected by an
increase in the bus usage, thus there was a shift from the auto
mode. The approximate influence of distance on bus usage in
January was 0.67% usage increase per one minute increase in time.

This observation,'plotted in Figure V-9 dramaticaily

_Persoﬁs will walk to fixed facilities and are
quite predictable in their actions in this
respect.

Persons may, in special circumstances, be
shifted from their automobiles to high
quality bus service.
Feeder Bus
The influence of a walk to a feeder bus service to the GO
train is shown in Figure V-10, a cumulative curve. The comparison
of the cumulative curve in Figures V-10 and V-9 indicates that
persons are approximately 5.4 times more sensitive to distance:

walking to a feeder bus to get to the facility as opposed to n

wélking directly to the facility. This observation indicates

that in approaching a facility a person must evaluate time, thus
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a person may walk to the GO Train but would not consider spending
that much time walking to a feeder bus service. The rate of
change of percentage of transit users versus distance is approx-
imately 0.047% decrease per foot increase in distance, this
corresponds very closely to the observations in Clearwater and
low iﬁcome groups in Washington, D.C.

It implies that if it is possible to establish the
impedence of walking to riding time, it is then possible to

compare the value of riding with walking time.

Demand

Demand by time. The demand for the bus service essentially

reflects the time demand for commuter train service and is shown
in Figure V-11. The very high peak is characteristiclof commuter
railroads (or subways). The low weekend usage is also character-
istic of railraod tfansit service. The demands serviced directly
by the dispatcher, i.e. answering the telephone etc., are
indicated by the broken line. The dispatcher directly services a
maximum of some 20 trips per hour in the a.m. peak and there is a
low but steady flow of traffic on the weekend. (The weekend

might be the time for a radio telephone type service since commer-
cial usage would be low.)

Demand by purpose. The demand by trip purpose is shown in

Table V-2 and of the 723 replies to the survey, (covering 1786
trips) 67% were work purpose and 33 percent were non-work trips.
As ¢s indicated by the columns for Dial-A-Bus usage in Table V-2,

43% of all work trips claim to usually use dial-a-bus and 57%
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Table V-2
DIAL-A-BUS USAGE BY TRIP PURPOSE

Frequency of
use of Service

Purpose Access
" Usual Occasional Rare

Total

Use 254 85 145
Go Train 18%

484

Use 143 80 113
Dial-A-Bus : 247

336

Use 111 436

Non-work Go Train 24%

701

Use )
Dial-A-Bus 29%

Source: Reference 8
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Table V-3

ANNUAL OPERATING COST FOR BAY RIDGES
(Canadian Dollars)

FIXED COSTS ) VARIABLE COSTS

oBus purchase $8,190.00 03544 IMP. Gallons Gasoline $1,664,
(5@ 57,389 replaced 065 IMP. Quarts Oil 68.

each 5 years, 8% interest)
oRadio ' 786.00 oNon-Warranty Maintenance* 366.

(6 @ $1,000, replace each . .
: o oDrivers** @ $3.14/hour
5 years, 87 interest) . weekdays 31,537.

oRadio maintenance 504.00 weekends 7,110.

(bus units @ $6/month
oDispatcher @ $3.25/hour
base unit @ $12/month) weekdays 16,600.

oTelephone (3 lines) 840.00 weekends 6,800.
oBase Terminal 1,220.00 -
oLicences (5 @ $84) 420.00
oInsurance (5 @ $408) 2,040.00 TOTAL FIXED $15,309.
oBus Cleaning (5 @ $5/each/week) - 1,300.00 e

TOTAL VARIABLE 64,147.

TOTAL FIXED ' $15,309.00 TOTAL COST §79,447.

*This is a "new" bus fleet and much of the maintenance came under the new vehicle warranty.

**The system is non-union and operates for 3,134 hours annually for 30,363 miles.

Source: Reference 8.




Table V-4

INFLUENCE OF DISPATCHER COSTS
(Bay Ridges, Ontario)

TIME OF DAY ON THE COST*PER TRIP

With Dispatcher Without Dispatcher
(cents) (cents)

Peak** 50 44

- Mid-day off-peak
Feeder 66 35
Local** 48 48

Evening off-peak 75 40
Saturdays 87 43
Sundays & Holidays 72

Average 43

fixed + semi-variable
average patronage

Cost*

**Local service is provided but is not the main function, feeder service
to GO Train, thus no dispatcher cost is assigned to this type of trip.
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This set of cost figures indicates that the pressing need

in small city demand bus systems is the elimination of, or

modification of, the dispatcher function to reduce this cost.

Conclusion

The Bay Ridges experiment indicates that persons will use
a high quality transit service if it is dependable and competitive
with the automobile. The data sho&s that while persons are willing
to walk considerable distances to the principal destination, (the
GO train station) they are not willing to undertake the same walk
to a feeder bus system. The dramatic change in ridership from a
rather unreliable fixed route system to a reliable demand-bus
system was shown in the shift of auto users. The growth factor
of 4.2 was experienced by demand-bus over the fixed route system.

The demand for the Bay Ridges Dial-A-Bus service directly
reflects the needs of the GO Train commuter. The very low off-
peak transit demand is a direct result of the system's success.
The commntef uses Dial-A-Bus and thus frees the fémily automobile
for use during the off-peak period.

Finally, the operating cost shows that the cost of a single
person to do the dispatching in a small system tends to increase
the per trip costs to a very high level. The dispatcher accounts
for an average of 30% (17¢ per trip) of the costs. The dispatcher
costs range from a low of 12% (6¢ per trip) in the peak hour, to
a high of'SOZ_(44¢ per trip) and 45% (60¢ per trip) on Saturday

and Sunday respectively.
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Columbia employing over 8000 persons.

Operation Data

The bus operation had two modes, one being a set of buses
called "Easy Rider" that serviced the residential employment
linkages in tﬁe peak hour, and Call-A-Ride (CAR) which serviced
the remainder of the time from 8,30 a.m. to ll.OOvp.m., six days

a week.

The CAR System

The only restriction on the bus operation is it must stay
within the area of Columbia as shown in Figure V-12. This

represents the area under the control of the Columbia Corporation.

Ogéfation'

Tﬁe>CAR‘service consisted of radio-dispatched vehicles,
1inked.to the requeétér through a central dispatcher aé shown in
Figuré V-13. Those Aesiring transportation dialed 730-RIDE giving
the dispatcher his address of origin and desired destination. The
dispatcher checked the location of the vehicles against the
caller's location, considered the time of pick-up, and so informed
tﬁe caller. Ifbthe time of pick-up was agreeable; the caller
éccepted the service and the dispatcher radioed the information

and'inétructions to the driver of the appropriate vehicle at the

appropriate time.

‘The dispatcher also tood advance calls,. such as "every day

at 10.30 a.m.", or "Monday and Thursday at 2.30 p.m."‘ This

- capability allowed the dispatcher to plan vehicle routing more
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effectively and freed the passengers from célling each time
service was needed.

The dispatcher kept track of the location of the vehicles,
as well as the number and destinations of all passengers in each

vehicle. It was also the dispatcher's responsibility to determine

the vehicles' routes, sequence of pick-up and drop-off, and all

other operating details;

Level of Service

The only way tovmeasure the level of service being provided
by a demand bus system is to check on the actual tiﬁe of pick-up
ﬁersus the time the call was received. Figure V-14 provides a
graph of the résponse time. As may be seen the majority of palls,
65% in fact, are sérviced within 15 minutes. The total time
devoted to the expected time of pick-up, drop-off, and riding is
shown in Figure V-15. Fifty percent of the patrons spend less
than 5 minutes on the bus and have an estimated total travel time
of 12 minutes. Seventy-five percent spend less than 12 minutes
riding and have a total of 25 minutes travel time.'

Thié is a high level of service and the loss of ridership
due to long waits wérks'out to be a relatively simfle relationship.
The relationship between those requesting services, then either
cancelling immediately, later, or not appearing (no-show), is shown
in Figure V-16 as a function of the pick-up time (or'time that the
bus arrived and could not 1océte the patron). The rate of loss to
the transit system for short waits, 10 to 30 minutes, is approx-

imately 1% loss per minute of waiting time. For wait times beyond"
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30 minutes the rate of loss is less but the absolute loss to the
system is from 30 to 50 percent of the requests.

As was observed the chances for a wait time less than 12
minutes and a total travel time of 25 minutes, is 75 percent.
This means if one used the service to go to work each day of the
week, then 1.25 days per week of the total travel time would be
longer than 25 minutes.

The on-board survey asked people to state how early or
late they expected to arrive at their destination. On the average
they expected to be late by two minutes, the standard deviation
was 9.7 minutes. Thus sixty-six percent of the patrons "expect"
to arrive between 8 minutes early or 12 minutes late. This
situation is not very reliable in meeting the requirements for
a given arrival time. Trips such as work or medical purpose form
the vast majority of the ﬁransit demand in Columbia. This
observation was confirmed in the on-board bus survey where 50
percent of the work and 70 percent of the medical trips thought

the dependability of pick-up and delivery was not reliable.

Demand for Call-A-Ride

Time. Prior to January 1971 the Columbia Transit System
with 3 buses on fixed routes at 60 minute headways, carried
approximately 50 people per day or approximately 320 people in
the average week (November, December 1970). The growth in
patronage of the CAR system is shown in Figdre.V—l7.‘ The rate

of use has not fallen below 750% requests per week, or allowing

*This was as of the first 5 months of operatiomn.
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approximately 1.5 persons per request, equals 1130 individual trips.
This 1130 persons presents a 3.5 growth factor in transit usage.

The March values indicate a balance at approximately 1040 requests
or 1560 patrons and represent a growth of approximately a multiple
of five. (This result corresponds with the values observed in

Bay Ridges, Ontario). Because of demand and service difficulties,
the original 2 vehicle bus fleet was augmented with another bus

on February 22, 1971.

The peak—day hourly demands are shown in Figure V-18. The
graphs indicate that demand over the peak days is quite similar
and averages about 18 requests per hour during the day or approx-
imately 5 to 6 per bus per hour*. The demands over the daytime
indicate that the system is operating fairly close to its capacity
from 9.30 a.m. to approximately 6.30 when ridership falls off
dramatically to only 5 or 6 calls per hour.

A Chi squared goodness of fit test on hourly demand
distribution of the five peak days in Figure V-18 indicated that
the hourly distributions were similar with 95 percent significance.
The calculated Chi squared value was 30.9 and the tabulated value
for 42 aegrees of freedom at 95 percent significance is 57.3.
Since the calculated value is less than the tabulated value; the
hypothesis that all the hourly distributions by day are similar,
is accepted.

Using the peak days of the week as a guide to a design day,

*The CAR system proposed by MIT indicates a productivity of approx-
imately 10-12 responses per hour with manual dispatching.
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transit demand results in the following general formula:
= Jdp + (2
<¥; r /3 ap

design day requests

average peak hour requests
over the hours

standard deviation of 9é expected
week to week :

a factor by which one expects to

service persons: it represents

a probability

This formula may lead to a method of setting up the required

command and control for a bus system to serviée clients with a
certain‘probability of success. Using this approach with the
data of Figure V-18 fhe mean hourly demands and standard deviations
were calculated and summarized in Table V-5. The mean of the mean,
peak weekday hourly satisfied demand is 15 or 5 demands satisfied
per bus. The mean of the means displays a rather stable nature
between 8.30 a.m. and 5.30 p.m. The supply of buses needed to
satisfy the peak-day mean hourly demands is giVen bya)/; + Z@Z
andcgg fi3€§é . Assuming that the distribution of the hourly
demands is normal about 07, then at o # ZZ_“_ about 90 percent
of all hourly demands during any given hour/;ill be satisfied.
Assuming a possible productivity of 10 serviced demands per hour
per bus, from Table V-5, the minimum number of buses needed is 2
and a maximum of 3. Similar bus needs are obtained forcijkfggé

except at 11.30 a.m. when the bus needs rise to 3.3 vehicles.

Considering the Columbia operation in the light of peak day




Table V-5
PEAK DAY OF THE WEEK HOURLY DEMAND STATISTICS

HOUR MEAN STANDARD
STARTING AT HOURLY_ DEMAND DEVIATION
: d c

d + 20 d +

8:30 12.2 4.9
9:30 17.0 1.7
10:30 12.2 5.2
11:30 19.0 4.8
12:30 15.4 2.2
1:30 14.6 2.5
2:30 19.4 2.3
3:30 13.8 3.8
4:30 15.0 3.1
5:30 16.2 3.8
6:30 9.6 3.0

Mean of the MEAN  15.0
o 3.0
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hourly demands and the probability of servicing that.demand, a
somewhat different view on thevoperating efficiency is obtained.

Ifa)/p-;‘- 5?;}fdeniands are assumed to be an "ideal" design demand

- for a dial-a-bus service, then Columbia is operating at slightly

. over 80 percent efficiency on the maximum demand day given by

¢f3glé . The use of this method of demand analysis is well

suited to demand-bus systems and in particular for use on service
reliability. In the case of Columbia, it represents the extreme
value of requests at which the system is beginning to faulter.

Purpose. The purpose for using transit in Columbia is
summarized in Table V—6.’ The work purpose accounts for dﬁly 27
percent of all the trips. There is a high portion of non-work
trips and invparticulaf a large percentage of 'visit a friénﬁ"
andv"rgcrgétibn" trips when compared ﬁo other transit systeﬁs.
Thislmany—to~many system serves (and was so»designed) a different
rider than the Bay Ridges system which serves over 507 of the
commuters or Mansfield which serviced mainly‘domestics.,

Spatial. The spatial distribution of transit trips is
summarized in Figure V-19. The division of trip purpose giveé an
indicatibn that the major generators are the two village centers
of Wild Lake and Oakland Mills. The interchanges indicatéd on
the map, Figure 9-19; account for .almost 607 of all the transif
demands during the last week of January 1971.

The downtown was a good attractor of trips, but, as it is
maiﬁly an office complex, was restricted principally to work trips.

The village centers, as explained earlier, have shops, some office




PURPOSE

Work
Shop
School
Clinic

Visit a Friend

Recreation
Other

No Response .

TOTAL

Table V-6
TRIPS BY PURPOSE

NUMBER PERCENT

36 27
24 18
3 2
10

S5
11
42

2

Survey May 1971, Columbia, Maryland.




function, and a major recreation facility as well as selected
community services and are the major users of the transit service.
The majority of the 'work trips" are destined to these centers.

An interesting event that stands out in Figure V-19 is the

~ low interchange rate of Thunder Hill with any center other than

Oakland Mills. This results from a long trip between the two
developed areas of Columbia. The dispatchers always quoted at
least one hour service to the Thunder Hill and Stevens Forest
residents unless a bus was already on its way over to the Eastern

side of Highway 29.

Operating Costs

The Columbia experience with operating costs is summarized
in Table V-7. The point of interest is that the dispatcher costs
are approximately the same as in the Bay Ridges project. Labour
costs of both account for 75% of total costs. The Columbia
dispatchers accounted for 21% of total costs, while in Bay Ridges
they accounted for 297. Part of the difference in operating
costs between Columbia and Bay Ridges may be accounted fof by the
factAthat supervision and start up cost was not included in the

Bay Ridge's data*.

*If such costs are excluded from the Columbia data, the cost per
ride is $1.36. ‘ :
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Table V-7

CALL-A-RIDE
COLUMBIA, MARYLAND
PROJECTED ANNUAL OPERATING EXPENSES
(As of July 1, 1971)

ITEM EXPENSES

Vehicles (POL, Maint.) - $20,700
120,000 miles (Ford) @ 10¢/mile
30,000 miles (Minibus

Drivers .
11,725 hours @ $3.15/hr. (including
fringe benefits)

Dispatchers
7,025 hours @ $3.25/hr. {including
fringe benefits)

Communications
Depreciation, Maintenance

Overhead
Supervisory - $19,850
Insurance ' 3,250
Taxes 550
Rent 2,500
Telephone ' 1,250
Misc. 2,200
) 29,600

TOTAL EXPENSES $111,050
REVENUE (66,240 trips @ 25¢) 16,040

LOSS $95,010




Comparison of the Three Systems

A summary of selected parameters is presented in Table V-8,
The original dial-a-ride experiment was undertaken by Karl Gunther
of the Ford Motor Company and Mr. Burkhart, owner of the transit

company in Mansfield, Ohio. The Mansfield bus company went out of

business over general financial problems and not due to the expense

of the Dial-A-Ride. The Bay Ridges experiment by the Ontario
Government used Karl Gunther as a consultant and thus gained from
the Mansfield experience as well as the Dutch BUXI System (10).

The Bavaidges experiment was taken over by the municipality of

Pickering during 1972. The Columbia system was initiated by

Robert Bartolo of the Rouse Company, the builder of Columbia. It

was styled after the tramsit systems suggested by Dr. D. Roos of

' the Massachusetts Institute of Technology. Columbia now operates

only an eveﬁing hour Call-A-Ride.

An estimate of the potential dispersion of transit demands
is given by the population density. The lower the population
density the lower the probability of having two demands occur close
to each other. The fifth row of Table V-8 shows that Columbia had
the lowest population density with 2900 persons per square mile and
Bay Ridges the highest with 9800 persons per square mile. AThe
passenger productivity rates are not fully compatible because
Mansfield only operated from peak hour to peak‘hour while Columbia
and BayrRidg;s went beyond the peak'ﬁour. The Dial-A-Ride demands

per day, per square mile is given in Row 11 of Table V-8. The




Table V-8
,COMPARISON OF THREE DEMAND BUS SYSTEMS

Item ’ MANSFIELD*#% BAY RIDGES COLUMBIA****
OHIO ONTARIO MARYLAND

Type » Route Deviation Many-to-One Many-to-Many

Started 1/69 6/70 1/71
Population 3000 13700 17800

Served
Area (miles?) .7 1.4 6.0

Density (People) 4300 9800 2900
(mile< )

MR NE NI MR = e

Service 7:15 a.m. 5:00 a.m. 8:30 a.m.
6:15 p.m. 1:00 a.m. 11:00 p.m.

Base Fare (¢) 35 25 25
+15 to route (35/1972) (50/1972)
deviate

Daily ?assengers 75 - 460 250-300
(14.4 use route
deviation)

Vehicles

Peakhour 1

'Base ' 1
Dial-a-Ride
*demands/mile?/day 21

(107 total)

*vehicle hours/day 11
*passengers/vehicle

hour 9. 8%
*passengers/total

labour hour 9. 8%

*Average daily values '

**Total for dial-a-ride plus fixed route

***0ut of business 1972 '

****Evening Cail—A—Ride service as of June 1972.
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maximum demand density for service occurs in Bay Ridges and the
least in Mansfield.

The total transit demand density in Mansfield is increased
considerably when the fixed route demand is added to the demand
resulting from route deviation. The difference in demand density
between Columbia and Mansfield is probably due to the high income
and auto ownership in Columbia and not jusﬁ the inefficiencies of
many-to-many dial-a-bus.

The unit variables in the transit industry involve the
passengers per vehicle hour or total labour hour since the
dispatcher's wages must be included. Bay Ridges experienced the
highest productivity per vehicle hour at 11.3 passengers per

vehicle hour. Columbia was one third that at 4.4 passengers per

| vehicle hour.. The productivity per labour hour was the highest

for Mansfield, Ohio at 9.8 total passengers per labour hour while
Columbia was one third this value at 3.0 passengers per labour
hour.

There are two conclusions which may be drawn from this
comparison of the three systems. The first marginal improvement
may be experienced by providing a radio telephone and using the
driver as the dispatcher. This provided a productive combination
of conventional fixed transit with the attraction of dial-a-bus
éervice at a premium price. The many-to-few transit system of
Bay Ridges proves equallyvattractivg since there is a trade off
between the high vehicle productivity and ﬁhe somewhat lower

productivity per labour hour.
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Chapter VI

TRANSIT ATTITUDES

Introduction

The purpose of this chapter is to investigate the univers-
ality of the attitude of urban dwellers towards transit service.

A review of the observed attitudes towards the automobile and
transit was undertaken considering factors such as: city size, sex
of the patrons, and trip purpose.

In the past several years numerous studies of consumer
attitudes toward public transportation systems have been conducted.
The studies have concentrated on particular areas for specific
transportation system concepts. Early studies by McMillan and
Assall (1969), (1),(2), Paine, et al., (1967), (3,4,5,) and Brock
(1968), (6) concentrated on large cities with conventional bus
service. A more recent study has been undertaken in Lafayette,
Indiana (7) with conventional bus service (1971). The General
Motors Research Laboratories implemented a series of surveys, (8,

9,10), concentrating on local demand transit for Warren, Michigan.

- The G.M. methodology was utilized in determining consumer attitudes

toward demand transit in Columbia, Maryland (11,12,13). Appendix
B has the details of the survey design. The attitudinal surveys
used in the various studies employed similar techniques to estimate

attitudes suggesting that relevant comparisons of the studies could




reveal important insights concerning the differences in the
populations surveyed. General Motors, Navin and Purdue all
employed the techniques of paired comparisons and semantic scales.
The surveys referenced in Paihe, et al. (1967) and McMillan and
Assall (1969) used a combination of the paired comparisons and
semantic scales as well as the more elementary technique of
binary choice in a yes/no arrangement. The principal product

from this chapter is a listing, in order of user preference, of

the attributes of an "ideal" demand transit system.

Attitudes Towards Existing Transit Service

Satisfaction with Modes

The automobiie is a positive value in the lives of eighty-
five percent of the inhabitants of the U.S.A. and worth.all the
pollution, disruption and destruction associated with its use (1).
Increase in automobile usage over a one year period was reported
by 52 percent of the people while only 8 percent reported a
decline. The majority of persons considered the automobile the
best available mode of urban travel.

Against this overwhelming acceptance of the aufomobile,
public transit is often asked to compete and be an economically
viable entity. The vaiue people plébed on public transit is less
than that of the automoBile. Only twenty percent of the popula-
tioﬁ reported an'increased‘use of transit over a one year period

and 10 percent reported a decrease. People were neutral in their

attitude towards transit use for work and considered it a dis-




advantage for shopping. Twenty percent of the total urban
population are dissatisfied with transit whereas only one percent

of the population are dissatisfied with automobile.

Mode Selection

The reason people select one mode of travel is a complex
inter-relationship of attitudes between the person and the
attributes of the mode*. The principal reported factors considered
in selecting a mode of work travei in Chicago (6) are given:in Fig.
Vl-1. On.the average, 'time" is the major consideration. '"Comfort"
and "car necessity" are then grouped together, followed by a
miscellaneous group of "other" and "cost". The least frequently
cited reasons for mode selection involve walking, parking cost, or
the availability of parking. The average value does not tell the
whole story as may be seen by the ordering of the variables by
males and females. Men consider the need for a car as determining
the mode of travel 23 percent of the time while for women this is

not a determining factor. The two factors that determine the use

of the automobile for most women are comfort and time. Obviously

the reasons for mode selection may vary considerably between men
and women. The data does not allow pursuit of this liné of
questioning but it does indicate that any analysis of the sub-
sequent data should at least inﬁestigate the needs of women since

they tend to be the majority of present transit users.

*See Chapter IV, Sub-Heading - Economic Mode Choice Models, for
discussion on the potential theoretical combination of a person's
attitude and a mode's attributes for mode selection models.
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Attitudes Toward Modes

The factors, reported by Bock (6), that determine the use
of the automobile in the view of the traveller, are the travel
time and cost as shown in Table VI-1. Travel time and cost are
conéidered favourable by 50 and 63 percent of the auto travellers
respectively. The public transit user* generally consider their
travel time unfavourably. Transit convenience is considered
favourable by one fifth of the transit users.  The automobile is
faulted only on strain (not surprising for Chicago commuters) and
high cost.

Bus transit, in particular, is singled out as being
unfavourable by 29 percent of bus users in the reliability of
travel time and double that number as to the effects of weather.

The commuter in Chicago has a rather low opinion of tramsit
for most of the selected urban travel time parameter. The auto-
mobile users appear to be unanimous in their favourable opinion

of the car.

Reasons for Mode Switching

The two major influencing factors that determine the

selection of the transit rather than the auto mode are travel cost

and the lack of parking (note, not the cost of parking as in

Figure VI-1). To check for a possible relationship between the

*The definition of a transit user is anyone using either the bus,
subway, commuter rail or a combination of these modes with or
without automobile access. A bus user is a person using only the
bus mode with or without the automobile as an access mode. This
distinction is necessary in large cities such as Chicago with a
multiplicity of vehicle types in their total tramsit system.




Table VI-1

ATTITUDE TOWARDS SELECTED TRAVEL PARAMETERS
BY PERSONS MAKING WORK TRIPS
(Percent of all trips in ‘a mode)

Travel Mode* Favorable Unfavorable
Parameter Determined
By

Car Bus Rail Car Bus Rail

Travel Cost 1 1 15 10 20
Door to door time 49 2 10
Travel Time Variability : 1 - 3
Convenience 63 15 20
Comfort 29 14
Safety 30
4

2
Effort/Strain : - 6 15

7

3

Weather

Source: Reference 6, Tables 22 through 25.

*The numbers in this column represent the percent of people who said a
particular factor or group of factors, determined the mode by which they
travelled, Thus of those using the car as the mode to go to work, 11%
sald convenience was the factor that determined the use of the car over
other modes.
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ordering of travel parameters the reasons for switching modes, as
reported in Chicago and ordered by importance, is shown in Table

VI-2. A relationship between the two sets of reasons was studied

with a Spearman Rank Correlation*. The correlation (rs) is only

0.306 and at a significance ievel of 95 percent, the hypothesis
that tﬁe two orderings are similar, is rejected. The low correlaQ
tion coefficient indicates that the reason for switching to and
from the transit mode are almost independent. A removal of
reasons 3,4,5,9 and 10*% gave similar results with a correlation
coefficient of 0.45.

Table VI-2 gives insight into the factors that are probably
necessary to gét persons to switch to.the tfansit mode. The more
positive aspects of transit needed are:

o ease of access,

o availability of the mode,
o cost, énd

o convenience.

The negative aspects of transit use is the existing travel
time and a loss of the transit habit (general preference, item 5).

These»results support the need for an area wide transit

"system with considerable coverage (i.e. close to the source of

*#Spearman Rank Correlation is a parametric statistical method to
test the similarity of the ordering of sets of data such as that
presented in Table VI-2. The value of the coefficient of +1 or
-1 indicates an identical ordering of the sets of data. A value
of zero indicates an unrelated ordering. A negative value indic-
ates a reverse ordering relationship, and a positive number
indicates a one to one correspondence.

**These are difficult to measure and were removed to see if the
remaining reasons for switching modes could be related.




Table VI-2

RANKING OF
REASONS FOR SWITCHING MODES

- From Auto To From Public Transit
Reason Public Transit#* To Auto '

Availability of Mode
Time to Travel
Convenience

Comfort

General Preference
Cost

Ease of Access
Weather

Auxiliary

10 safety

O 0o N O U B W N
O 00 N O BT &~ W N =

=
o

Source: Reference 6

*This means all the workers who switched from the automobile to public
transit, either bus, subway, commuter rail or any combination, ordered
their reasons for switching modes as numbered in this column.




revenue, the customer in his home) while keeping the costs
reasonable. Specially tailored service should be provided when
possible (i.e. express bus, etc.) since this type of service can
reduce travel time as well as being convenient to the origin and

destination.

Influence of City Size

Large Cities. Studies conducted by Maryland University (3,

4,5) investigated consumer attitude towards transportation.

Factors* by Trip Purpose. The factors ordered by importance for

two types of trip purposes are shown in Table V-3. The first four
factors indicate that the urban traveller desires:
1. reliability of arriving at the destination,

2. good travel time (considerable difference
between purposes).

3. protection from the elements, and
4, reasonable cost.
The non-work trip purpose placed comfort and convenience
before the travel time or cost. These are the factors that the

urban traveller wishes to visualize in a mode.

Factors by Mode of Travel

The Maryland study also considered the relative satis-—
faction of urban travellers with transit and auto. They defined

a group of system attributes as convenience factors. Convenience

*Factors as used in this section only, are a set of attitudinal
questions grouped with the use of factor analysis, a statistical
method of data analysis. This definition does not apply to
earlier usage of the word factor.




Table VI-3

DIFFERENCE IN PHILADELPHIA FACTORS BETWEEN TRIP PURPOSE
ARRANGED ON BASIS OF RELATIVE IMPORTANCE

FACTOR WORK/SCHOOL NON-WORK

Reliability 6.39% (1) ** 6.34 (1)
Travel Time 6.14 (2) 5.26 (4)
Weather 5.99 (3) 5.98 (2)
Cost 5.50 (4) 5.52 (3)
State of Vehicle 5.13 (5) 5.10 (5)
Unfamiliarity 4.62 (6) 4,56 (6)
Self Esteem 4,61 (7) 4.25 (8)
Diversionsk¥xx 4.01 (8) 4.45 (7)

*Highest score = 7.00
*%(x) order of relative importance, rank
***Difference between the purposes, thus (6.39 - 6.34) = 0.05

*%**Radio, scenery, etc.

Source: Reference 4
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factors were those factors associated with a comfortable and
pleasapt trip. The two convenience factors widely separated
between the two modes*, transit and auto, are "prétection while
waiting" and "uncrowded vehicle". There was a grouping of items
called "the level of service". The service level factors were
concerned primarily with measurable events such as "waiting'",
"fare", "transfers" and the like. The three factors with
Aappreciable difference are:

o avoid long waits,

o avoid walking more than one block, and

o avoid transfers.

Table VI-4 indicates the relative ranking of the service
level items. Note that the service level factors are mainly time
and cost related attributes. Workérs are concerned primarily with
getting to their destination at a certain time and will subordinate
everything to this criteria including walking and transferring.
Thus work trips are probably adequately served by transit focused
on the central business district. The non-work trip attitude
expresses no overwhelming emphasis but rather a generalized
concern for the least effort (i.e. no transfer, short walk, and
arrival when planned) and miniﬁum cost of the trip. These
criteria are usually not mét by a tramsit system focused on the

central area.

*The factor separation difference mentioned here measures the
difference in relative importance, thus if the difference is zero
the two populations view the factor as having the same relative
importance. A large difference means that the relative importance
of that factor differs considerably between the two sampled
populations.




Table VI-4
RELATIVE ORDER OF SERVICE LEVEL ITEMS

SYSTEM ATTRIBUTE NON-WORK
Rank

Arrive without accident 1
Arrive at intended time 4
Shortest distance
Fast as possible
Avoid changing vehicles
Shortest time

one way cost of 25¢ rather
than 50¢

avoid walking more than
a block :

one way cost of 25¢ rather
than 35¢

*The six most important service level attributes differ between
the purposes. The number within brackets is the order beyond
six of the attribute in question.

Source: Reference 4
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Small Cities. The attitudes of persons towards transit in

small urban areas has been sparingly studied, and thus the data is:
rather limited and any conclusions, tenuous. A reliable study
undertaken by Heathington, Satterly et al in Lafayette, Indiana
during 1971 studied attitudes towards fixed route transit service
(7). They found approximately sixteen percent of the persons in
Lafayette making work trips selected the automobile because they
preferred the comfort and convenience. Most auto passengers (27%)
used the auto because a ride with someone was available. The
reasons for using the bus were for the most part negative. Twenty-
three percent of the transit users had no &river's licence and
only thirteen percent thought transit was more convenient. The
comparison of bus user and the public's attitudes towards the bus
service indicated that the general city population's attitude to-
wards transit is much more negative than that of the bus user.

The level of service characteristics that bus users consider
disagreeable are:

60% found transfers difficult,

70% claimed the buses did not follow scheduled
times,

80% wanted adequate shelter from the weather,
55% thought the bus stops inadequately marked,
517% considered bus breakdowns too frequent, and
70% claimed that bus schedules were difficult
to £ind.
The general public and bus users do not agree completely

in their attitude towards the system attributes of the service.

The non-user feels that the bus does not go where they need




to go¥*.

A Spearman Rank Correlation indicated that the ordering of
the two group's (transit users and all others) desired destinations
are similar. The destinations may be grouped into four general
categories with various desgrees of desirability.

Location 1. downtown, very desirable** to all.

~Location 2. the hospitals and universities,
desirable to transit users,
indifference by the non-users.

Location 3. the shopping centers, generally
desired by transit users and

indifference by non-users.

Location 4. the industrial sites, generally not
desired by anyone.

The results for location 4 must be interpreted with discretion
since the needs of captive transit workers may not be fully
represenfed. 'Work<trips account for 43% of the transit use of
which almost 907 are full time membefs of the work force. The
listing indicates that the downtown must be serviced by tramsit,
as well as major social services (hospitals, universities, etc.)
and probably major shopping cenﬁers. The only element that may
not now be gaining its fair share of service are the shopping

centers.

*This indicates a weakness of a bus survey to uncover the demand

for bus service, because bus service is not a ubiquitous commodity
and users have accommodated their travel patterns to the bus
service.

*#*This is used as a relative measure of where in the city people
thought bus service should be provided. Thus, a bus service to
downtown was considered "very desirable' by all people while a bus
service to the industrial sites was at the other extreme and con-
sidered '"not desirable". One might replace 'desirable' by necessary
or needed.




Conclusion

The average auto commuter considers mainly time to travel,
comfort and the need for the automobile when selecting his travel
mode. The positive aspects of transit which encourage its use are:
ease of access, cost and convenience. The systems that presently
service both large and small urban areas are usually not tailored
to off-peak service. The systems are not satisfactory when
compared to the automobile and only a small minority use public
transit because of any positive advantage over the automobile.

Inefficiencies attributed to the transit system (but not
necessarily true) by the potential users are:

1. does not go where desired,
2. must walk long distances,

3. often not reliable due to the age of the
equipment,

4. the operation is not convenient, i.e. waiting
in the elements, relatively poor schedule
adherence, transfers necessary.

Probably a major problem is the poor image the general
public holds of the total service offered by transit. Small
transit systems, if profit is the only motive, are doomed to

failure*. Large systems usually have a sufficiently large number

of truly captive riders, no driver's licence or automobile, to

sustain a base ridership with almost any level of service. One

must realize that transit service under these conditions in effect
"skims the cream" and leaves those in areas without "sufficient"

captives to fend for themselves.

*If such systems have charter rights or a school bus contract they
will stay in business but the public transit service is subsidized
by the charter and school contracts.
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Attitudes Toward ‘A New Transit Operation

The main purpose of this section is to report on two surveys
of the attitude of persons towards selected demand transit
attributes. The experimental details are contained in Appendix B
explaining the questionnaire, sample selection, and survey controls.

Most of the .previous studies had indicated aﬁ almost
complete dissatisfaction with transit on the part of the genéral
public and not a much better opinion on the part of the bus user.
The studies had also pin pointed the various attributes of the
transit system considered most important and those for which there
was the least satisfaction. These factors help in the design of a
new transit system but the studies lacked a key ingredient: no.
smallrcities under 100,000 were studied. The prior studies reflect
the attitude of medium sized cities of 100,000+ population and the
results may not be directly transferable to small cities. The
inability to transfer the data analysis is mainly as a result of
city size difference. The studies indicated that an ideal type of
urban transit system would be one that:

arrived at the destination on time,
reduced walking at both ends of the trip,
kept one out of the weather,

was reasonably fast and comfortable, and

adapted to peak and off-peak operationms.
A system that fits this description is demand-responsive
bus service. Demand responsive bus service is in many ways

similar to a shared taxi service and operates as follows:
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the transit user telephones a controller and
requests service,

the controller assesses the service status of
the system, tells the user, (who may reject
the service) and dispatches the bus, then

the bus arrives at some estimated time and
picks up the user, and

the bus then travels in the general direction
of the destination picking up and delivering
-persons until finally the user in question is
delivered to destination.

This system assures a bus arriving (you can't miss it),
eliminates the need to wait outside, the need to transfer, and
finally the need to walk great distances at the origin or destina-
tion end of the trip. The use of operational constraints may fix
delivery time to ensure the most desirable attribute of a system
which is to arrive at a destination on time.

To refine the details of such a system and to estimate the
feasibility, the.Research Labofatory of General Motors in Warren,
Michigan undertook an extensive attitude survey. The Warren,
Michigan population studied by General Motors had no experience
with demand transit and were evaluating it without having used
such a system. To confirm or reject the results of the General
Motors study, the author undertook a similar but somewhat smaller
attitude study of the general public and transit users in Columbia,
Maryland during May 1971. Columbia was selected because at that
time a true many-to-many demand bus system was in operation. The

bus users in Columbia would be answering the attitudinal survey

with a certain amount of experience.




General Motors Survey

The General Motors Survey was conducted during 1970 in
Warren, Michigan. Warren is an industrial suburb of Detroit. The
population is mainly blue collar workers with an income range'of
$10,000 to $15,000 annually.

The survey had two different questionnaires:' paired
questions and semantic scaled questions*. The paired questions
are used to measure the relative importance of the attributes one
to the other. Semantic scaling measures the degree of opinion
ranging from "very desirable to very undesirable'. The General
Motors Survey surveyed 1300 people: 600 completed the paired
questionnaifes survey and 700 took part in the semantic scaling
survey.

The paired qﬁestionnaire considered thirty-two system
characteristics. Ideally the technique of paired questions
requires each question to be asked against every other. The
thirty-two system charécteristics would then require 32 x 32 or
1024 question pairs of the form:

“A. Less waiting at the origin
or

B. Assurance of having a seat
To reduce the number of questions the designers of the
Warren survey divided the characteristics into three functional

sub-groups and sub-groups. The sub-groups were:

l‘

*See Appendix C for a brief description of the Columbia question-
naire format and the tie—in with the GM study. An example of the
paired question and semantic scaled analysis is included in
Appendix D. '




1. 1level of service characteristics
2. convenience factors, and

3. vehicle design characteristics.

Due to the length of the remaining questionnaire persons
were asked portions of the questions but never the total number.
Reliability checks on the consistency of selected question pairs
confirmed the acceptability of this technique.

The semantic scaling questionnaire has 54 questions which
evaluated the desirability of design alternatives for 15 system
characteristics.

Both sets of questionnaires had the ordering of groups of
questions and/or groups of possible responses to questions

arranged in a random fashion.

Columbia  Survey

Columbia, Maryland is located on a transportation corridor
approximately halfway between Baltimore, Maryland and Washington,
D.C. Columbia has a more diversified population than Warfen. A
greater portion of the residents earn more than $15,000 in
Columbia with about the same portion as Warren in the lower income
brackets. The educational level is considerably higher in
Columbia than in Warren. The Columbia population density is higher
than Warren bgt the total population is less: 10,000 as opposed |
to 200,000 in Warren. The major difference between the two
locations was the existence of the Call-A-Ride system in Columbia.

The original thirty-two paired questionnaire system
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characteristics used by General Motors was reduced to fifteen as
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listed in Figure VI-2. "Lower fare" is the link with the General
Motors results. If the relative positioning of the remaining
system characteristics could be shown significantly similar then
the inference‘is "the results were transferable". "Lower fare"
and "assurance of a seat" and "shorter travel time" tied the survey
questions together. These three characteristics were paired with
all other questions to develop a general preference scale. .

The Columbia semantic scaling questionnaire was designed to
extend the General Motors survey. Again budget constraints
necessitated a reduction in the number of system characteristics

dealing with vehicle design and concentrating on service and
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convenience attributes. The semantic scales questionnaire survey
obtained 100 responses. These 100 people were different from the
131 of the paired questions. Appendix B has a fuller explanation

of the survey methodology.

Paired Questionnaire Survey Results

Comparison of Columbia and Warren. A summary of the scaled
rank ordering of system characteristics for Columbia and Warren is
shown in Figure VI-3. The method of paired questions allows the
ordering of variables as well as estimating the relative 'importance
sepa:ation" between the ordered variables. The methodology is
outlined in Appendix C. The rank ordering* is essentially similar
at the 95 percent significance level. Thus the general attitudes
of the two pépulations towards demand transit can be assumed
similar. The vehicle design features are the least important in
both areas. Similarly "arriving when planned" is the most important.
Between these two extremes the remaining variables are clustered.

The selection of the second and third most important
variables reflect the transit system existing in each area. The
difficulty of transferring in a conventional system is reflected
by the Warren residents. The experience with Call-A-Ride is

forcefully exhibited by the Columbia residents. The buses used

in the Columbia service were swamped with requests from the first

. day of service. The waits during peak demands often went to an

%A1l the rank ordering analysis was undertaken with Spearman Rank
Correlation. This method was used since it lends itself to easy
manual computational procedures and gave results of sufficient
accuracy for the data involved.
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hour and difficulty in reaching the dispatcher was common. People
very quickly become familiar with the system and planned around
these time constraints though they were never entirely satisfied
with the service during heavy demands.

The relative positioning of the importance of "lower fare"
may be due partly to the higher incomesvin Columbia and/or the
lower fare. The fare in Columbia at the time of the survey was
25¢ a ride and 35¢ in Warren. It is probable that the Warren
residents believed that any demand responsive transit system
would, out of necessity, cost more than 35 cents.

The general conclusion from this is that the residents of
both locations, Warren and Columbia, have essentially the same
preferences for demand responsive transit.

The differences between a city with poor conventional
transit and the demand responsive systems is shown in Figure VI-4.
The study by Purdue used "more frequent service'" which may be
assumed to be in the same dimension as "arriving when planned".
This is a valid assumption in that more frequent service would
allow the tramsit user to arrive at his destination at a time more
closely approximating a desired time. The striking diffgrence
between the three areas is the relative ranking of "lower fare'".
"Lower fare" is very important in Lafayette and considerably
less important in Warren and Columbia. The Lafayette and Warren
populations consider fare more important than travel time,
Columbia residents reverse this order. The potential explanation

of this lies in the relative income levels of the communities.
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The higher incomes of Columbia allows for more emphasis to be
placed on the time to travel rather than the "out-of-pocket'" cost
of the fide. The shortcomings of conventional transit is indicated
by the relativél& consistent rating of 'mo transfer trip". The
Lafayette residents who use a poor quality existing transit system
are also aware of the shortcomings by the importance they place on
such characteristics as "'shelter at pick-up" and "less walk to
pick-up".

The results of the attitude surveys conducted by the
University of Maryland and presented earlier also lend validity to
the Warren and Columbia results. A rank ot&ering of selectedv
transit system characéeristics is shown in Table VI-5. The
similarities in all the populations is quite striking and may be
stéted as follows:

A desire to arrive at a destination when
planned, with no transfers, plus shelters

.from inclement weather provided fairly
close to the origin of the trip.

Columbia's Sub-Populations

The Columbia survey did not consider the purpose of trips

since this wasgpart of the Warren survey and if transferability

was shown to be true then the Warren results would be accepted. A

simple Spearman Rank Correlation of the relative ordering of the
15 vériaﬁles, common to Columbia and Warren, indicated that the

ordering was similar at the 95 percent significance level, for any
of the six sub-populations listed in Table VI-6. The generalized

rank ordering of variables does not tell the whole story, and the




Table VI-5

RANK ORDER OF TRANSIT SERVICE
CHARACTERISTICS

CHARACTERISTIC COLUMBIA, WARREN, BALTIMORE +  LAFAYETTE,
MARYLAND MICHIGAN PHILADELPHIA INDIANA
Arriving when planhed
Short travel time

No transfer to another bus

1
2
3
Protection from weather 4
Have a seat

Short walk to pick-up

Lower fare

o L &N B W
[0 B SR N o R S S > A T

Longer hours of service

Columbia, Figure VI-4
Warren, Reference 10
Baltimore, Reference 3
Lafayette, Reference 7
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Table VI-6

SUMMARY OF PAIRED COMPARISON RESULTS FOR
SELECTED SUB POPULATIONS OF COLUMBIA

MALE FEMALE FREQ. OCCAS. NEVER USED - NEVER 10RO 2 OR +
(31)*%  (97) USER . USER USER TRANSIT USED AUTOS  AUTOS
(26) (56) . (47) BEFORE TRANSIT (53) (56)
(49) (71)

ATTRIBUTE TOTAL

1 Arrive when plan 1.,59% 1,41 1.67 1.64 1.64 1.65 1.52 1.63 1.49 1.70
2 No transfer 1.07 0.89 1.12 0.76 1.11  1.23 1.01 1.04 0.96 1.18
3 Less wait time 1.35 1.19 1.41 -1.30 1.32  1.50 1.38 1.28 1.20 1.40
4 Lower fare . 0.61 0.59 0.59 0.35 0.68 0.72 0.51 0.63 0.48 0.63
5 Less walk 0.64 0.51 0.67 0.60 0.62 0.80 0.48 0.71 0.56 0.66
6 Short travel time 1.05 1.02 - 1,06 1.19 1.04 1.12 1.00 1.08 0.92 1.15
7 More direct route 0.79 0.75 0.81 0.79 0.80 0.91 0.83 0.76 0.75 0.83
8 Dependable time 0.73 0.59 0.79 0.64 0.80 0.77 0.79 0.67 0.58 0.80
9 Have a seat 0.87 0.89 0.88 0.94 0.78 1.06 0.84 0.90 0.86 0.84
10 Call w/o delay 1.50 1.42 1.53 1.40 1.59 1.61 1.56 1.45 1.30 1.63
11 Shelters 0.93 0.78 0.98 0.94 0.90 1.08 0.85 0.98 0.89 1.02
12 Choose pick-up time 1.06 0.91 1.09 1.22 0.98 1.22 0.99 1.12 1.02 1.10
13 Easy fare payment 0.17 0.19 0.17 0.17 0.18 0.26 0.06 0.18 0.15 0.20
14 Adjustable seats 0.04 0.06 0.04 0.05 0.13 0.03 0.06 0.03 0.06 0.00
15 Ability to meet friends 0.16 0.11 0.17 0.12 0.29 0.04 0.13 0.16 0.11 0.18

" *This is the value attribute 1, for total population
would have on an ordinal interval scale.

**Sample size
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