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'ABSTRACT

This study haé,two;majorvconéerns: the identification
of mode choice determinanfs, and the:fOrmulation of'a ﬁode
Vchoicevmodel which accounts for the determinants defined.
"First, the'concepté.unaerlying users' behaviour are expounded.
"These concepts relate users' mode choice.to sevefal influenées,
the perceived attributes of the transportation'systeﬁ) his
'-socio—economic charécteristics, and sensitivity toward modal
attributes. In_this'study, the latter is hypothesized to bé»
a function of the user's time budget and other indications of
his lifestyle. | - |

Thus, an individual may attach}a gréat significance to
savings»in travel time as a result of his engagement in.
activities which put considerable demand upon his timé, althouéh
most members of hié‘incdme groﬁp may be sensitive'primarily‘to
the‘travél cost attribute. .User's lifestyle méy therefore
create divergent sensitivities within the éame socio-econonic
groﬁp. .Previogs research findings support the hypoﬁhesis that
variations in these sensitivitiés are independent from the.
socio-economic chafacteristics.

The study's modei makes use of this cdncept. -The
model is composed of two parts: the first is concerned witﬁ
the grouping of all users according to their sensitivities

toward attributes of the mode choice-situation, and subsequently

~
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the calibration-of a stochastic function‘to explain users'
choices in each group. The second part:of the model relates
“the user's'time, age and occupation (as indications’of some |
aspects of his llfestyle) to these sen51t1v1ty, Whlch is . an
additional step to substantlate the rationale of the model
Aand its predictive quallty.:

The 1nformatlon to be fed into the callbratlon
-»procedure is to be collected in a questlonnalre survey on -

* ‘users' behaviour under chcice conditions. The model-is |

’therefore'a.behavioural one; its basic function is to explain

',the predlct users' choices. ~This approach is dlfferent, for

example, from the propen51ty model approach, where users'
preferences, rather than behav;our, are the basis for
calibratiOn. -

The‘model proposed in - this study can be applied~as
a planning tool to demonstrate thedimpact Oflvarious trans-
Apportation-policies on users' choices. ,The model is capable
~ of providing estimates of the number of users that would be
‘attracted to public transit as a result of, for example,
1ntroduc1ng a new tran51t system, 1mprov1ng the ex1st1ng level
of serv1ce, increasing parklng charges or gasollne prlces.
'Other applications include the- assessment of . the impact of
introducing novel transportatlon modes ‘on rldershlp under the
'*assumptlon that thelr attributes are_comparable to the_ex;stlng
ones. Also, since the model<accounts for certain aspectsvof.
‘the individual'S-lifestyle, it is possible to link changes in

the latter to his mode choice.

V .
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CHAPTER 1

INTRODUCTION

1.1. Introductory Stateﬁent

Planning is concerned with the future._ Hence,
predicting the characteristics of a future situation is an
'essential phase- in fhe planning pfocess. A major tésk fof
those enéagéd in transportation pianning is estimating future
demand for varibus.traﬁsportafion facilities; and based upon
these estiﬁates, ahd possibly cost or social priorities,
recommendations are put'forward for the construction of -the
facilities needed. Gross errors in making these estimates
lead to mispresentation of future needs, and thereby fostering
decisions which may distort priorities held in check by the
community. |

In the evolution of the planning process over the
last two decades, emphasis has been placed first on the
accommoaative function of the transportation system, that
is, to satisfy the projected travel demand by various modes,
‘subject to the.economic criterion of benefit maximizationv{l
The more recent trend is to place emphasis on the normative
aspect of planning, according to which the tfansportation
policy should be formulated‘so as to encourage the'use of
certain modes, wﬁile discduraging the uselof others. By

taking into account the environmental, social and economic
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implications of such a policy, the supply of different
transportation facilities can be manipulated so as to affect
the demand for different modes, and thereby‘bring about the
desired change.2

Whether the main cohcern is the accommodation of
demand or the manipulation of supply, concrete knowledge of
mode choice determinants is essential to effective trans-
portation planning. In the first case, the identification
of mode choice determinants is necessary to explain and
predict users' choices. In the latter, information is needed
on the policy vaéiables affecting users' choices so tﬁat°

incentives for mode shift can be employed effeétively.

.1.2. Statement of the Problem:

Over the last two decades, mode choice analysié has
taken different orientations. 1In earlier transportation studies,
conducted in the fifties and through the mid-sixties, mode
choice was explained in terms of the socio—ecbnomic charac-
teristics of the population.3 The urban area was ‘divided into
geographic zones, each containing a population reflecting a
degree of homogeheity in terms of social, economic and
demographic characteristics. In explaining mode chéice,
these characteriséics were taken into account; and in many
instances, other variables were considered: trip charécteristics,
such as trip length and purposes; frequency of departure times
of transit as a measure for quality of service; and possibly an

index of location, usually the relative accessibility of various
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parts of the city by transit and_highway measured in tiﬁe
units. These Qariables were entered into a regression model
which produced an estimate of transit users for each geographic
zone. Other studies utilized these inputs to arrive atbthe_
mode split ratio, i.e., the ratio'Of transit to car users for
the given zone.
In a later phase of.developmenﬁ,'researchers have
placed emphasis on the personal characteristics of the user
and the characteristics of his ﬁode choice situation, i.e.,
his socio-economic characteristics, and the difference between
tﬁe.attributes of'.-alternat-ive-modes.'avai'lablefto'him.4 The
argument was advanced that by accounting for the characteristics
.of thé individual user rather than the zonal population, i.e.,
the disaggregate versus the aggregate daﬁa entry, a more accutate
description could be made for the individual observation.5
This_seemed to be an improvémént in the operational
icharacteristics of the model. But there were qertain improve-
ments in the conceptual frameWork of the‘analysis as well.
The decision role of mode chpice was to téke place at- the
individual user's level, not by a géographié zone, and thus
accounting for fhe individual's behaviour.would reflect greater
similarity fo the real world, which is an important feature
of reliable behavioural models.6 | | |
Another conceptual advantage associated with the use
- of disaggregated models was thei£ concern with the probability

of a person making one mode choice or the other, rather than
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the mere production of an estimate of model users by enploying
deterministic models. Some researchers held the view that
predicting a person's'choice should be expressed as a probab-
ility (there is 60 per cent chance he would select this mode) .
The,probabiiity function relating choice determinants to a
specific choice is usually non-linear, yet deterministic models,
it was argued, simplified this relationship byvusing regression
functions.7

A cempletely different approach was pursued by
research%rs Qhose interest was the marketing of transit
services;among car users:who%had.accesS~to'tfaneit.f In a
questionnaire surVey, car users were asked to state how important
each of the attributes of car and transit, and the extent to
which they were satisfied with each mode with respect to eacn'
individual attribute.8 The user's atfitudes,'or rather his
sensitivity toward modal attributes, expressed quantitatively
along a’graduated.S—point Linkert scale, were fed into a sef.
of mathematical functions to predict users' choices. ;The
socio—economie.characteristics, at least in some instances,
were noﬁ accounted for.

The question which may arise as a result of the liteiature
review is'whether any of these models employed a complete set
of the choice determinants relevant te the preblem. In other
words, since both_types of models have provided some explan—-
ation for users' behaviour, would the addition of one set of

determinants to the other contribute to the expansion of the
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explanatory power of the model? If so, what are the réﬁifi—
cations of this to the‘conceptual analysis of mode choice, and
how would the model structure be affected as a result?

These questidns are the main concern of this study.

.1.3. Objectives of the Study

Three major bbjectives are to be pursuéd in:thng
4study: | |

(a) To identify mode choice deﬁerminants in urban
_areas in as far as there is evidence in the literature to
‘suppbrt their significance in'explaining:useré' beha?iour.
| (b) To develop a coﬁceptual framework which;provides
a rationale fbr the relationship between users' behaviour .
and its determinants.

(c) To formuiate.a mode choice model which makes
use of this conceptual framework and employs the choice
determinants identified in the study asvthe input vériables.

It islclear from the statement of objectives'that
this study is a continuation for previous research on modé.
choice analysis, and that the ultimate purpose of this and
previous wprk is to expand thé expianatory_pdwer of tﬁe mode
choice models and their ability,to predict-users' behaviour.
Thus, the study attempts to improve upon the pfesenﬁ étate—of—
the-art, at least conceptually, the state-of-the-art being the -
use of socio-economic characteristics and,characteristids of
the mode choice,sitqation as model inputs. The possible

improvement to be explored here is the addition of the user's
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sensitivity toward modal attributes to other mode ehoice
‘,determinenfs. In any case, the use of the mode choice determin—
ants already identified in previous works; together with those
to be advanced in this study, should be incerporated in a
conceptual framework whose rationale can be defended either on

a priori ground, or on the basis of previous research findings.

‘1.4, Conceptual Framework

Previous studies have already'eeteblished that socio-

" economic characteristics are significant in explaining users‘
mode choices.’ But there are indications that they are not

the only personal characteristics which could be.siénificant
and that others should be taken into consideration. Research
has already identified the individual's perception and
attitudes as relevant'to the analysis. It can also be easily
demonstrated that the individual circumstances may affect his
mode choice behaviour. As Williamson and Moses' analysis has
~demonstrated, the probability of choosing between two modes,
one of which is more‘eostly but takes less.time, might depend
on whether the individual could convert the time difference
into working time.lo Or, if the individual had the opportunity
to spend the ﬁime saving in an agreeable activity worthy of the
extra cost,Ahe may then, even occasionelly, shift to the faster
mode. Thus, in general, the individual's.sensitiyity toward
modal attributes.may reflect his circumstances, (and possibly
his lifestyle), but not necesserily‘his‘sociofeconomic char-

acteristics.ll
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The primary hypothesis of this study can be stated as
follows: the user's mode choice behaviour is affected by four
sets of determinants: his socio-economic characteristics,
the perceived attributes of the transportation system, the
significance he attaches to' the individual attributes (i.e.,
his sensitivity toward these attributes), and the circumstaﬁces
. of the trip, e.g., the trip purpose. It is hypothesized here
that the user's sensitivity toward modal‘attributee is not
strongly correlated with his socio-economic characteristics, .
except to the extent that-the»latter contributee to the explan-
~.ation.of the:individual's lifestyle.-
In purSuing this.concept further to what might lead
to the causal underpinnings of users' behaviour, attention
must be given to the possible relationship oetween the user's
sensitivity toward modal attributes and his individual
" circumstances. We may also hypothesize that the latter can be
attributed to the user's.iifestyle—flifestyle being the pattern
"by which the individual user allocates his time and monetery
resources among varioﬁs activities iniwhich he isﬂengaged.
This set of relationships is advanced:here'as a rationali-
vzation for the study's coﬁceptual-ahaiyeis and possibly for
" the modei formulation, bﬁt since.empirioal data is laeking in
this respect, no attempt is made in the study to'support these

relationships except onfi priori ground.

1.5, Outline of Research

In establishing a conceptual framework for the study's



8
model, it is worthwhile to make use of the existing cbnéepts
and theories on mode choice behaviour: (a) the abstract
mode choice theory which pléces emphasis on the modal
attributes rather than its institutional form, e.qg., bus,
train,.etci, (b) the utilitarian theory.of mode choice, which
ielatés the probability of making a certain choice to the
disutility savings made by such a chéice,.(c) fhe theofy of
time value formulated to explain the trade-offs between time
and travel costs as evidenced inithe users' mode choice behaviour,
and- (d) concepts and theories rélated to the individual's
perception-andgéttitudefwandntheir-effect~on;behaviour.

.In -addition, the stated objectives of the study call
for the formulation of a conceptual framework of a model
which promises a greater explanatory power than.thoSe already
in use. The refinement thought to achieve this improved
capacity is hinted at ﬁreviously, that is, by accoﬁhting for
the user's sensitivity toward modal attributes. Yet, for this
refinement to be a worthy undertaking, sufficient evidence
must be brought forward to ihdicate that no strong correlation
exists between the user's sensitivity toward modal‘attributes
and his socio-economic characteristics. Such evidence wiil be
sought in pfevioué research findihgs.

For the purpoées of modei formulation, other mode
qhoice determinants should alsé be assessed individually:
the user's socio-economic characteristics and fhe‘charac—
teristics of his mode choice situation, i.e., differehges_

between the attributes of the alternative modes available to
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him. The manipulation of these aévmodel-inputs requires a
careful consideration to ensure its compatibility with the
concepts developed in the study. 'Again, the information
required for this step can be derived from previous résearch
conclusions.

For reasons discussed in Section 1.2., the model to be
formulated here is a disaggregatédjoﬁe. Initially, all users
are to be classified into "sensiti&ity groubs", according to
the modal attribute to which they are most sensitive. Discrim—
inant analeis can then be'used in conjunction with a probability
model to explaih and predict users' mode choice within each
group. The ﬁser's éocio—écdnomic characteristics, and attributes
.of the mode choice situation are to be employed in'deriving the

discriminant function.

1.6.. Scope and Limitation of the Study

Although the conceptual anaiysis of this study.is
relevant to any mode chdice situation, the model to be form-
ulated here is specifically designed for application to urban
areas which can be considered as medium or large.size cities.
This pérticular range is dictated by.thelmodel calibratioﬁ
requirements. To derive a behavioural model of the kind being
considered here, there shouid be sufficient observations to |
cover é wide range of mode choice situations. This can be
achieved ih é user's sémple which is spatially dispersed oyér
a relati&ely large geographic area. It is suggested that a

sample collected in a small city may not satisfy this criterion,
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and moreover, the transit service in such cities is minimal,
if at all existent, and hence does not offer a real alternative
to the car. The threshold separating small from medium cities
is set arbitrarily.by'this.author at the population of three
‘hundred £housand. |

This research is set'to formulate a mode choice model,
‘but does not attempt an actual‘data analysis or calibfation of
the model in question. Therefore evidence broughtvforward to
substantiate the selectibn of any of the model inputs, as well
as the justification for variqus procedures to be adopted,.are

toAbe~drawn totally from previous  research findings.

'1.7. Significance of Research

The‘escalating prices of 0il products as a result of
an ever increasing demand upon a depleting resourcevlthe
"bleak prospect of continued price escalation, together with
various éhvirqnmental conSiderations, have renswéd the
intsrest in public transportation to meet the commdnity needs
for mobility.: Previously, planners who advocated greater
reliance on public transportation had difficulty, at least
- in some. instances, iﬁ recruiting support for such a policy.
The more recent ﬁrends in gasoline pricing strengthened.the
planners’' argumenﬁ that a real alternative to the car must be
offered. |

For such a traﬂsportstion policy to be effective,
.information is required on the impact of altering‘fhe mode

choice situation (by improving the transit service, for
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exaﬁple) on various social or economic groups of the pooulation.
This study, along with others on the subject of mode‘choice,
attempts to explain and predict users' behaviour in response
to changes in the mode choice situation, whethergit is a
planned change, such as increasing the frequency of transit
service, or "unplanned" change, such as the increase in gasoline
- prices. AThe refinement proposed here, by accounting for the
user's sensitivity toward model attfibutes, is thought to |
expand the explanatory power of the model.
If this -objective can be achieged, the planner can
benefit~£rom-this:improved'capacity'in.seVeral~ways.'-First;
the inifiation or the improvement to transit service can be
'guided accordlngly so as to meet different user's criteria in
various parts of the city. leerse, the planner may be better
'eguipped to prediCt the user's response tovgasoline prices, for
ekample. Secondly, by linking the user's lifestyle,lOr some
measure of it, to his mode choice behav1our, it would be
pOSSible to antic1pate change in demand for various modes as
a result of some social or economic changes, e.g., reduction
of the weekly working houis and increase in leisure time.
.Finally, improved knowledge of users' evaluations of
. modal attfibutes is progress toward predicting¢demand for'novel
'transportation modesf vaiously, con&entional metnods based on
linear or curve extrapolation would not be helpful in estimating
demand for such modes.’ The precedence upon which ‘extrapolation

can be based is non-existent. For this purpose, the utilitarian
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theory of mode choice could be more useful because of its
applicability to "abstract modes," modes which are described
by their travel disutilities, and not by its institutionai

form.
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FOOTNOTES

A brief analy51s of this approach is presented in
Modal Split: Documentation of Nine Methods for
Estimating Transit Usage, by Martin J. Fertal et al.,

'U. S. Department of Commerce, 1966.

This trend is strongly expressed by Gerald R. Brown's
study, Mode Choice Determinants of Selected Socio-
economic Groups: An Investigation of a Planning and
Control Mechanism to Direct Automobile Drivers to
Public Transportation, Ph.D. in the Department of
Community and Regional Planning, The University of
British Columbia, 1971, published by the Department

of Civil Engineering, 1972. :

A detailed analysis of the recent evolution of mode
use prediction techniques is provided 'in "Disaggregate
Stochastic Models of Travel Mode Choice," by Peter

R. Stopher and Schalom Reichman, Highway Research
Record, Rep. No.. 369, 1971, pp. 91-103.

The subjects of this study, ‘i.e., the travelers with
whom we are concerned in the analysis, are referred

to in two different ways. The term "users" is mentioned
in connection with any group of persons using a

certain mode, e.g., car users, or persons whose
behaviour is relevant to mode choice analysis, e.g.,
user's modal bias. In the ensuing discussions on
lifestyle, or sensitivity toward modal attributes,

this term may also be used if the purpose of the
discussion is directly related to mode choice. Other-
wise, the study subjects are referred to as individuals
or persons. This distinction is in harmony with the
current usage in the literature,

‘Stopher and Reichman, gg.'git., p. 94.

Ibid.

See, for example, "Investigation of the Effect of
Traveler Attitudes in a Model of Mode Choice Behaviour,"
Highway Research Record, Rep. No. 369, 1971, pp. 1-1l4.
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11.

12.
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Fertal, Modal Split: Documentation of Nine Methods.

Leon Moses and H. Williamson, "Value of Time, Choice
of Mode and the Subsidy Issue in Urban Transportation,
Journal of Political Economy, Vol. 71, 1963, pp. 247 -
264. '

This concept was hinted to by F. X. De Donnea, The .
Determinants of Transport Mode Choice in Dutch Cities:

University Press, Rotterdam, 1971, p. 157.

Attributes of the transportation system refer to the
activities involved in using the alternative transport
modes available to the user, e.g., walking, waiting,
in-vehicle travel time, etc. '



CHAPTER II

THEORY OF MODE CHOICE

2.1. Introductiqn

The formulation of a plausible theory ékpiaiﬁing users'
mode choices is a major-task to be undertaken in_the'courée of
this study. The "new approach" to the cbnsumer theory as
advanced by Lancaster and others, and its parallel in the
‘ ttansportation planning field, ﬁhe abstract mode choice theory, .
are introduced in this chapfer. Within the framework estab-
lished by theseAtheories,va transport mode_ié'"reduced" to a
"bundle" of attributes, or a combinafion of éharacteriétics,
and uSersf choicés are‘expléined as a function of the'relative
utility or disutility associated with each possible selection.

Attention is also given to the utilitarian theory of
mode chéicé, since it places emphasis on.hOW thése attributes
are weighted by différent.individuals, and the bearing this may
héve on their behaviour. Thé range and complexity of the
hypofhesized relationships between mode attributes and ﬁéérs'"
choiées are investigated énd evidence supporting their validity
~in previbus,research is pfesented belo&;v Finaily, we méy
address the problem of perception and,attitudés, and the effect

of these psychological processes on users' behaviour.

15
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ABSTRACT MODE THEORY

2.2. The Concept

Major tranépoxtation_studies conducted-in-the fifties
and the sixties havevrefiected the influenéeuof the classicalA
consumer theory_in providing>a ratiohale for mode choice
, analysis.l According to this theory, the user selects a
combination of goods which gives him the maximum utility under
thevgiven budget constraint. Hence,‘the limitatibn is on the
monetary resources and the choice is among goods.- Viewed in
this context, ﬁode choice is equivalent to the selection of
the good which), together with other goods, gives tﬁe user the
maXimum utility possible under thé gi?en constraint.

| A depérture froﬁ this conventional approach was made
in the new approach to consumer theory.2 This approach plaéedb
emphasis on the Characteristics of the goods rather than the
goods themselves. Goods per se do not give rise to utilityb
nor provide satisfactioh;‘iather, the qualities'the§ possess.
Furthef, these qualities are not possessed exclusively by one
good, but are'generally shared-among several goods. The
choice is thegefore not among goods, as suggested in thet‘
élaséicél consumer theory, bqt among combinations of.char—v
_actefistics. .Thé rafional user would then selec£ a collection"
of goods whose éombihed charéCteristics give him é greater
satisfaction than any other poséible combination;

'This simple modification of the consumer theory

provides us with an enlightened view of the transpbrtation-
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mode choice problem. A transport mode in this conceptual
analysis is viewed as a "bundle" of attributes: speed, cost,
level of comfort, appearance, etc., but the popular image of
the mode, whatever'this may be, is isolated from the mode choice
problem. The emphasis is therefore placed on the utilitarian
aspect of the transport vehiéle, rather than its‘institutional
form: bus, train, car, etc. Hence, the choice problem is
reduced to selection of combination‘ofrattributes.3

This new approach is a break with the traditional
approach to mode choice analysis, where the researcher was
concerned with the direct relationship between the users'’
socio-economic characteristics and their choices among two
. modes, car and transit. Some studies recognized one or few
mode attributes, such as travei‘time, as variables accounting
for users' mode choices.4 But, in general, the system attributes
were not given adequate consideration and the entire analysis

was mode-oriented, i.e., car or transit, not attribute-oriented.

2.3. Evaluation-

| Having introduced the abstract mode theory, and
identified the differénces between this and the conventional'
mode split analysis, we can proceed to discuss the possible
advantages of the new‘approach:'

(a) The most sigpificant outcome of any trénsportétion

planning model is the identification of the relétionship of
-policy variables to users' behaviour. Obviously this would‘

' be useful information for planning purposes, particularly if
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the main objective is to affect users' behaviour;5 Thi; inform-
ation is afforded only by a model in which the system attributes
are accounted for. To the extent that these attributes are
alterable, and that they afféct users' choices, such a model
is a proper tool which can be used in the forﬁulation of
transportation policy. ‘The more advanced is our knowledge.on
- the relationship expressed in the model, the more effeétive
the transportatidn policy is likely to be.

In contrast, a model which eXpiainé mode choice in
terms of the socio-economic variables exélusively'gives us
" no guidance as to what measures can be applied to affect usersi
choices--since users' socio-economic characteristics are not
tpolicy variables. Due to this shortcomihg, such a model would
afford limited information about, for example, an estimate of
transit users if service is extended £o a given parf of the
city. The assumption under which this estimate can be made is
that the ievel of service is the same as other parts of the
" city -for which the quel was originally calibrated.

on the other hand, a model which accounts for the
system'attributes wbuldvproduce an estimate of users who would
be attracted to any given mode as a #eéult of improving its
service; or undermining the characteristics.of competing modes.
That is; we would be able to éstimate the incréase in transit
ridership as a result of increasing its frequency, lowering
thé fare, or raising the parking cha_rges.6 /

(b) The system attributes express theiinfluence of

many exogeneous variables which can not be accounted for
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in the mode choice model, but which may have e definitefimpect
on users'.behaviour. For example, the increase in gasoline
prices, as‘a result of increased demand on a depleting fesource,
Qould have a strong impact on‘nsers' behaviour which can not be
accounted for without including the cost attribute.

But there are'otner uses for modal attribuﬁes which
are more subtle. Suppose, for example, that government and
business institutions opted for staggering working hours to
save their employees the problem of travelling in the peak-
hours.congestion. Would this have .an effect'on users' mode
choices? 1In some instances there would be a substantial
impact. We~may be reminded that_transit operating on a
separate right-of-way has a strong advantage over the car in
the peak hours, when traffic movement is slow. Tc spread the .
peak hour travel demand over many hours may alleviate the peak
congestion, and therebyireducing the relative advantage of
transit use. Again, without accounting for travel time'by
alternati&e modes, the impact of such a'change can not be
identified in the model's output.

It is obvious from the foregoing diecussion that by
taking modal attribntes‘into account, we would be better
' equipped to anticipate the impact of some social or eccnomic
changes on users' behaviour. |

(c) In studying users' behaviour in any choice
‘situation, the identification of cause-effect relationships
is a highly,deeirable objective. Tnis is particularly true

in the planning field where a great significance is attached
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to the identification of means by which users' behaviou; can
be affected. But, unfortunately, this.can not be accomplished
‘by any of the statistical teehniques'yet_known. In a mathe;
- matical model, "we have no evidence to suggest that the relation-
ship expressed, no matter how strong, encounters those variebles
‘directly causing these relationships to comeAinto effect.

In evaluating behavioural models, equal attention
should be given to their statistical significance as well as
the plausibility and logic that is reflected in the relation—.
ship expressed. A valid mode; should be supported on bothl
accounts., For planningfpurposes, as we have argued previousiy,
the utility of the modei increases as its content approximates
more closely the implied cause?effect relationship. Using
this as a criterion for evalueting mode choice,models,-the
advantages for accounting for mode choice attributes become
- more obVious. The association between users' mode choices
and-their socio-economic characteristics does not exhibit a
strong eausal relationship. Does ihcome or age, for example,
cause the users to seleet avcerfain mode and avoid the.use of
others? Traditionally, we have acceéted‘thie relationship
without questioning if‘sufficient explanation is provided
within the moael. Regardless of the statistical significence
of such a model, it is the opinion of this author thet thel
logic of such a relatiohship'ie not adequate.b

It is argued here that-the_inclusidn.ef the system
attributes would increase fhe explahatbry content of the

model, not only statistically, but logically as well. This



217
is not difficult to demonstrate. In the first case, the model
would state that'higher income groups would select modé‘A,
" and iower income groups mode B. The inclusion of the mode
attributes would prodﬁéé a model sfating, for example, that
higher income grbupsnare likely to choose mode A given that
it is faster than mode B, while lbwer income groups'are likeiy
to use mode B given that its use is less costlyifhan mode A.7
-it is obvioug that the latter account is more satisfying, and
is cléser to express a causal relationship. |

(d) A model which acéounts for‘the system attributes
can possibly be employed to estimate demand for new trans-
portation modes. These new modes are now sought by the
fransportation industry to alleviate the pressing problems of
street congesfion, pollution, and to meet the challenge of tﬁel
energy crisis. The vehicle or the system which may be designed
fof this purpose could be radically different from those known
to the users. This would cause difficulty to the planﬁer who
attempts to prediét users' résponsés to the new mode. The
conventional calibrating procedure based upon data collated
from an existing mode choice situation is no longer applicable,

bsimply because such a situatibn does not Yet exisﬁ.

This difficulty can be partially overcome by studying
the users' responses to the differeﬁces betwéén attributes éf
altérnative modes. Such information.can be derived'from_an
existing or a previoué mode chpiée situation, and can be
related to the différehces created by the introduction_of

the new mode.
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Turning our attention now to the limitation of tae
abstract mode choice approach, two problems become immediately
apparent. The first is the extent to.which a travel mede can
be reduced to. a "bundle" of attributes without eliminating any‘
of the characteristics relevant to the problem. Although many
.researchers have investigated users'.perception of modal
attributes, no systematic methodology has been developed to
identify the perceived relevant modal attributes.

The second problem associated with the abstract mode
approach ie the extent to which the 'relevant attributes are
comparable‘from:one'mOde;to;the‘other;t.For“example;thow does
‘ the flexibility of routing, or the freedom of choosing tbe
departure time, inherent to car use compare with the fixed route
and schedules associated with the transit use? These two |
problems can be considered as.the basic limitation of the
approach, whic¢h limitation is accentuated further as the stﬁdy

progresses toward the model design.

UTILITARIAN THEORY OF MODE CHOICE

-2.4. The Concept

In formulating a conceptual frameworkvforlusers'
behaViour_in‘mode choice.situations, the utilitarian theery
of mode choice complements the abstract mode theory. 'Together,
they form a useful set of hypotheses. 1In the latter, emphasis
istplaced on. the attributes of the transport mode, while the

former relates users' choices to their perception of such
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attributes. ‘

The hypothesis entertained in this theory states that
the travel activity has various dimensions which corresponds
to ‘the attributes of the travellmode.S' These diménsions_give
risé to users' disutility or dissatisfaction, Which comprises,.
_ in total{ the "generalized_price" of the travel actiVity.

In choosing a travel mode for a giveﬁ trip, the user attempts
to minimizeihis dissatisfaction by choosing the mode associ-
qted with the least generalized price. |

The theory states further thatveach individuél user
perceives the disutility of travel by'ény givenAmode&differ—'
ently from other users. Hence, for any gtoup of use%s, the-
generalized'price of travel by any given mode varies. This
variation, however, occurs in a certaiﬁ pattern which can be
approximated by a normal_probability distribution function.
Hence, if the generalizéd price of the travel mode and its
alternative are known, it is possible to assign a certain
probability to the user's making one choice and the other.

The graph below (Fig. 1) demonstrates‘this‘cpncept
clearly. The horizontal axis refers to difference in‘the
generalizéd price between modes A and B, and the veftical
axis.gives the probability of makiﬁg one or the other
selection. 1In a mode choice situation'whére the difference
in the'generalized'price is zero, i.e;, both modes are equally
dissatisfying, thé probability of using either mode is 0.5.
In another situation where the generalized price of using B

is higher, the probability of using A increases, and that of B
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declines as shown in the graph. We may note that‘in this mode
choice situation, there is still the possibility, however low,
that the second-best mode would be selected. But,'aslthe dis-
utility of this mode increases over its alternative, the
probability of making the "wrong" selection declines consist-
ently. This "deviation" can be attributed mainly to the |
concept of individual perceptual variation of travel disutility.
That is, if all users perceived travel .disutilities in.exactly'
the same manner, every user will be choosing mode A over mode
B as.long as a saving in theLgeneralized.price can be achieved
" by making such a choice. But, since dsers' individual percep-
tions vary, for reasons to be diécussed.in Section 2.8., this

is not the case in both theory and observation. = -

2.5. Evaluation -

The ﬁtilitarian theory of mode choice puts fofward'
two basic éoncepts which are useful for the purposes df_this'
- study. The first of these is the concept of generalizedlprice,
which referé to the perceived»disutilities associated with ﬁhe
travel activity (forla givenvtrip andiby-a given mode). The
second concept is concerned with the £;ttern‘by which uéef
‘perceptions of theldisutility'savings‘df'ﬁsing one mode vis-
a-vis its alternative vary among any group of usérs.

The notion of generalized pricé is extreﬁely useful
in~expléihing uéers' behaviour. Without resorting to this
concept, it is impossible>to scientifically explain ﬁow users

compare one mode against the other, since each is perceived-
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as a bundle of attributes. It is argued here thatlthe enly
'wéy to do so is by expressing all the travel dimensions in
terms of seme common units oflmeasurements, be it time, money,
or simply "utilee." The disutility of these Various-dimensions
comprises the generalized price of the travel activity, and,.
ﬁence; a comparison can be drawn between the use of a mode
vis—a—vis'others. |

The.important question that may arise from this dis-
cussion is whether the user himself perceives the disutility
of trevel dimensions in this manner, and whether his behaviour
supports the hotion of the generalized price. ‘A'detailed
discussion on thie relating time and money is proVided'in
Section 2.6; Here, suffice to mention that there is evidence
to sﬁggest that users do make trade-offs between one travel
disutility and the other, thus supportiné the hypothesis'that
different_disufilities een be compared in quantitative terms.

The second concept to be evaluated here is_felated
to the‘notiep that savings in the generalizéd price to be |
‘made in using the best mode over its alternative is not
constant for ‘any group of users, but varies‘from‘one user to
the other. This was attribﬁted to varietions in value systems,
Socid—economie-chafacteristics, and sampling errors eommon to
all statistical analyses. These; and other possible explan—.
ations, are discussed in;Section 2.9. Here, our interestAis
confined to the implicatidns_of this on model fermulation.

The hypothesis that savings in the'generaiized price

ate weighted differently by individual users is by itself a
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plausible one. 1Indeed, it would be unreasonable to hypothesize
the opposite, since users' perception of the Qadvantages"'of
"one mode over the other can hardly be expectéd_to be identical.
This perceptual variation, aé we may call it hefe, hasban

obvious impact on users' behaviour, and we would be wise>to
account for it in the model’formulétion.

Without information on the pattern of individuai'
perceptual variations, users' behaviour can not be predicted.
But the theory states that pefceptual‘variation'of the differ-
ence in the generalized;price can pe approximated by aAnormal
probability distribution,funcﬁion. This is assumed in all_.
statistical analyses where no evidence is encountered to
suggest that the shape of the curve is otherwvise. -This assumption
--here it is part of the theory——simply implies that in any
unbiased sample, users' perception of the generalized,price
savings is homogeneous. That is, there are few who are extremé
in evaanting sﬁch saving, but the majority tend to "agree" on
some common.value. |

Further, fhe hipothesis on the shépe of the curve, a
quality usually referred:to as the homoscedasticity, isvaﬁ |
important part of the ﬁéae choice theory as it ehablés the
researchers to predict tﬁe chdiceS’to bé made by any grdup of
users. By using the central limit fhéorem; it is poésible to
,pfedict the user.chbice given his perceived generalized price

saving and the average perceived saving in the sample.
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2.6. Empirical Evidence: Value of Time

In searching for evidence on the validity of the
utilitarian theory of mode choice, our attenfion should'be
‘directed to the "time'value" theory, the main-eoncern of which
is the identification of the trade-off values between time snd
cost as a mode ehdice determinant.- Our interest in this theory
is justified by the suggestion that.time and cost are:tWO of
the most significant travel disutilities, and furthermore,
because the voluminous amount of research on this relationship
provides us with empifical data on the trade-offs between these
disutilities.

This theory has developed as a result of the interest
of transportation econemists in evaluating the benefits of
proposed highway improvements. “In 1961, the American Association
of State Highway Officials expressed the view that ". . . the
dollar value of time savings may vary considerably and no
precise method of evaiﬁation has yet been determined. A
value of time for passenger cars of'$i;55 per hour is used
herein as repfesentative of current opinion for a logical and
practieal value."9 In response to this statement, Moses and
Williamsbn hoted that‘"nofexpianation is given for why $1.55
‘is more logical and practical than any other figure.".10

Likewise, the use of the‘average~hourly wage, as an
equivalent to the value of time saved in trayel, was criticized
on the ground that "time saving'contributes to a tangible
reduction in the eost of transportation only to the extent

users are able to make productive, i.e,,vgainfUl, use of time.
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saved."ll Limited research was conducted in 1963 to dé¥ive two
separate values for working and non-working times. But these
were also estimates based'on what seemed practical and logical,’
with no evidence to shpport them.12

Ih this study, we are not interested in the monetary
value of time per gg, and therefore the dispute on the cqrrect
"value is irrelevant in this context. Rathef, our interest
- is focused on the following questions: (1) do users perceive
ftravel time and cost as two disutilities to be traded one
'agéinst‘the other? and (2):is the trade-off value conétant or.
variéblé? énd if the létter,is correct; is'this value correlated
with, of.dependent upon, other variables?.ahd what. are these?

‘One way of investigating this problem ié by examining
users' behaviour_in mode choiée situations, their personal
characteristics,'and the characteristics of the choice Situation
itself. This approach was followed in many studies;~whose
findings are discusséd below. o

To start our discussion on the empirical reseaxch
findings, we make reference to Beesley who made the first
attempf to derive time value from data collated on users'
choices bétween two transit modes in Ldndon, England.l3 Thesé
data included travel time by each mode, the fare, income
category and occupational status. Beesley assumed that the
level of comfort is the»same in the tWOVChoices, and, hence,
explainéd mode choice as a trade-off between cost of travel

and total travel time savings. By the trial and error téchnique,

he attempted to reach the time value which explains users' choices
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with a minimum of misclassifications. The value which ;ielded
the best results was 318 of the average wage of clerical office
workers, and_37%.fof executive office workers. A third time
value was derived for the high income grbups, which vafied
‘ffom 42% to.50% of the hourly wage of thisvgroup..14 The model
formulated on the basis of these values classifiéd 75% of the
obéervations correctly, which was considered satisfactory.

Although Beésley's work was only exploratory, he
‘established a case for deriving the perceived time value from
users' behaviour. He also identified the relationship between
perceived time value on the one hand, income and-océupational
'status on the othér. A reference was also made, without an
in—depth‘analysis, to the possible relationship between timeA
value and the circumstances of the trip: value 6f time'séved
was made dependent, aﬁong other-things, upon the mode of
travel.15

Quarmby pursued this approach in a more detéiléd'study
on mode choices in the work'trip in Leeds, England.}.6 Three
'choices were available to the user, car, bus and thé_train.
Thié study was more advanced in that "excéss time,"-i.e., out-
of-vehicle travel time, walkipg,.waifing,_was treafed as a
differént disutility séparate frdm the in-vehicle travel time.
The hypothesis implied in this tréatment was that the disutility 
of excess time was perceived differently from the in-vehicle
time. A furthefiadvance made by Quarmby was the use of discrim-
~inant analysis to calculate the disutility function of each

mode, a method which was at least more scientific than the trial
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and error technique.
The outcome of Quarmby's work supported the notion

that users trade‘timé‘savings againSt cost, and that the value
of the trade-off was deﬁendent upon the user's income. Quafmby.
found this value to be between 20% to 25% of the user's wége,

a percentage which held true for a wide range of income groups.l7
The hypothesis that the disutility of excess time was aifferent
from the in-vehicle time was aiso supported. The former was

valued at 2.3 times the latter.lg‘

This finding is extremely.
‘significant for planning purposes. A fﬁrther finding of this
study Qas the relationship between time value and the mode
being used: time saved on the car trip was Valued less by
the user than time saved on fhe bus trip, the former being
40% to 50% of the latter.19 ThisAcould poséibly be atfributed
to the comfort level which added to the disutility of time
spent.in the bus in comparison to the time spent in the car.
Later in Section 2.7., the problem of accdunting for the com-
fortllevel as a separate disutility is examined.
Thé'results.of.Stopher's étudy in County Hall, London,
England; were in basicvagreement'with the definition of‘time
.value in previous work : it ranged from 23% to 32% of the
hourly wage rate, sligﬁtly higher than the rahge'defined by
Quarmby.20 A much higher percentage, about 50% of the‘wage
rate,Awas derived by Lisco in a Chicago study. . Valué:of
excess time was found to be three times the in-vehicle time

1

in this study.2 Unfortunately, the details of LisCo's.study_

.was not'published, and therefore no explanation can be given
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here as to the.reason for this unusually high value. ‘
Thé’above quoted authors, Beesley, Quarmby, Stopher
and»Lisco, investigated the concept of trade-off between time
saved and cost.of travel in a variety of mode choice situations.
However, in all ﬁhese'studies, except that by Lisco and possibly
Quarmby, the variation in the level of comfortbfrom one méde to
the other was not accounted for. Hence, it may be argued tﬁat
the trade-off waé not merely of money against time (assuming car
"use yields time savings), but probably against time plus
increased levellof comfort; ‘The‘valﬁe of timé derived in this
manner would then be inflated. i
The solution to this‘problem'could be found in a

different phase of mode choice analysis. Research on the
benefits of highway improvements attemptedAto define how the
users.perceive the time saved (through such impquements)
and the mbnetary value they attach to this saving. Suéh‘informf’
ation was provided in the users' choices between two highway
routes, one of which is a toll-road,_butva shorter route. In
such éituations, uéers' choices invblved a trade-off between
time and cost, yet the level of comféft,in both cases was néarly
the same. _No other situation couldibgovide us wiﬁh mAfe |
accuraté information on.the validity of the time value concept.

' Thompson and Thomas made use df a theéretical frameWork
previously advanced by Haney to cohduct an extensive énalysis

of time value.22

In this framework, it was hypothesized.that
the marginal value of time was not a constant, rather a

~function of the time saved. Haney'hypothesizéd that the time
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value was very small for small amounts of total time savings,
but it increased, as shown in Fig. 2.a;, with the increase ih
total time savings. The increaée did not continue ad infinitum,
however, and beyond certain valﬁé, more time savings brought
lesser increase in time value, obviouslylin conformance with
the law of diminishing margihal returns. This conceptual
framework was bréught-forth by_Haney,demonstrating what he
thought to be a plausible hypothesis on users' evaluation of
'time savingé, but he did not inveétigate the possible effect
Qf-the total trip length oh”time value.
| .Howevéf, according to Haney's scheme, it would be
: improper to assign a single value to time. TthasAalso feached
. this conclusion as he tried and failed to defive a constant
time value.23 The data he collated for this purpose was on
~highway tolls and the time savings offered in return. The
sample'encquntered diffefent-mode situatiohs With.Various
tolls and time savings. Thomas ' and Thompson made-variousv
attempts at defihing_the time.valﬁe, and finally they
produced a médel relating this value to income and total time
sa\}ings.24 ‘In a subseqﬁent-work such a model was calibrated-
for each trip purpose: work, personal business, éqcial
recreational and vacation. Using’a set of fhese modéls,,the
aﬁthorsvproduced several tables, each giviné the time'value
for éight income groups (fhe columns).and totallﬁime savings -
by increment of one minute (the rows) up to Zd or 30 minutes.zs‘
The'aim_of these tables was to facilitate the task of the highway

economist in evaluating the benefits of highway improvements.
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To make use of these tables, information is needed on the
expected.number of users, their income category, trip purpose,
and the time saving offered by the improvement. The expected
monetary returns can then bevcalculated from the tables.

‘ -The,models calibrated by Thomas and Thompson affords
us the opportunity to test the validity of the theoretical
scheme of time value aavanced_by Haney. The graph constructed
by Reichman, shown in Fig..2.b., is'helpful for this purpose;26
Reichman used Thomas and Thompson's tables to demonstrate the
~relationship ofAmarginal value of time to the total time
.savings for four kinds of trips. Except for vaoation trips,
changes in the.marginal value of time reflects a clear pattern
which is characterized by the following zones:

(a) from one to five minutes savings, the maréinal
value of time shows little or no increase.

| (b) from five to fifteen minutes savings, inorease
in time savings is patalleled by.the greatest increase in
‘marginal value of time. | | |

(c) .beyond fifteen minutes savings, which is the zone
of diminishing marginal returns, the marginal value of time is.
either maintained at the same value, or'declining.

These changes in the characteristics of the curve, as
it proceeds from one zone to the other, are almost 1dent1cal
with those of the curve constructed in Haney S scheme after -
accounting for the fact that the latter depicts the marglnal.
value of time-savings, while the former'depicts the average

value of time. This analysis gives us empirical evidence to
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support Daney's theory of time value, which ie’indeed far more
sophisticated and p0551bly more plausible than the average,‘
51ngle time value approach which was pursued by Quarmby and
others.

To sum up this'section,'eVidence brought forward.in
the literature euggest that at least two travel disutilities,
cost and time, were perceived in quantitatively comparable
terms by the users, and that their behaviour clearly indicated
that certain trade-offs were mede in their mode choice. The.
trede—off value identified was not constant, since the relation-
~ship between time and cost was found to be non—linear.'.However,
early researchers identified the consistency in users' behaviour -
in making these trade-offs, and found‘that>the value.of time
was dependenc mainly uponAusers‘ income, and to a lesser extent.
upon the circumstances of the trip. It wae recognized that
the value of time was not uniform since a higher disutility
‘was assigned to excess time than the in-vehicle .time. Hence,
in formulating a node choice model, these two should be
entered'separately. | |

This aspect of users' behaviour, the trade—cff between
time and cost, was expressed more clearly in those studies
concerned with theAchoice of toll rcutes. In such situations,
time savings were achieved at cost, while all other variables |
remained’unchanéed. Further support}for the theory of time
vaiue-was brought'forth, and more imporfantly) two other.
dependencies of time value were identified: total time saving

and trip purpose. These findings were derived from an empirical
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data analysis( and considering the plausibility of the conceptual'
framework, it is the view of this author that the literature
bears support for at least this aspect of the utilitarian theory

of mode choice.

2.7. The Disutility of Comfoft’LeVel
Together with travel time and cost attributes, the
disutility of the comfort level are considered to be the most

significaut mode choice determinants.27

However, research
failed to define the contribution of the latter to the |
generalized price of the travel activity, and hence its
relationship to time and cost has not been expreesea'in
quantitative terms.

The difficulty researchers have encountered iu
accounting for the comfort level can be attributed to two
_factors: first, the ambiguity of the term and hence the
variety of'interptetation it may entail, and Secondly, the.

. problem of'providihg an objective, aceurate meaeureﬁent for
.comfort;

The ambiguity of the comfort term can be demonstrated
ae one attempts to define the difference in the comfort level.
between, fot e#ample, the private car and‘the bus. The level
of comfort of each is determined by a great number of mechanical
characteristics, the interior and possibly'the exterior of the
'Vehicle. few.of-theae lend themselves to.measurement, e.g.,
level of noise and vehicle vibrations. But the latter are

~relatively insignificant relative to the psychological, more



38
influential factors: e.g., the discomforf associated with the
vehicle crowding.

. Furthermore, we should also be concerned with the user's
comfort during the entire trip, from'origin'to destinatiqn._
This would inciude, in additién to those ifems mentioned
above, the discomfort in walking, waiting for thé vehicle, and
exposure to inclement weather conditions. The discomfort
associated with these activities, which is likely to vary
'seaéonally,>is difficult'to quantify in any meaningful manner,
which compounded the researcher's'problem.

This difficulty has leéd to a-cbnsiderable confusion -
in accounting for the comfort variable in pfévious worké.
Many researchers have accounted for each gquantifiable variable
separately, e.g., time, cost, but accounted collectiveiy for
 all other.quantifiable attributes under the comfort level
"umbrella." Hence, Lisco's calculation, for example, for the .
value of the working trip comfort ét $2;00'is likely to be
invalid. It is the contention of this author that such a’
monetary value is equivalent not onlyito the comfort of car
use, but other advantages in addition, such és the flexibility
of.routihg'and'departuré‘time.28

Other researchérs méde'a partial account for the dis—.
utility of the comfort leveljtﬁrough its association_withiexcesé

9 The

travel time (walking, waiting and transfer‘time.)2
rationale of this approach was that the comfort level of the
trip declined with the increase of this time, since it involved

physical effort and possibly exposure'tolinclement weather.
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Obviously, tnis approach provided an incomplete account for the'
trip comfort level in that the in-vehicle ceﬁfort was not
included. |

Researchers' failure to account for the comfoft

4a£tributes has been detrimental'to_pregress in mode choice
analysis. A working definition for the comfort level and a
reliable method of measurement have not been foUnd,»and hence,
this attribute can not be isolated from other ungquantifiable
system attributes% Up to this stage of.research, the contri-
bution of this attribute to the generalized price of travel is
largely undefined. This problem is innestigated further in

Sections 3.11., and 3.16.

PERCEPTION, ATTITUDES AND BEHAVIOUR

- This study identifies the user's individual perception__
and attitudes as mode choice determinanté! Previous dis—.
. cussions demonstrate the effect of perceptual variations on
users' behaviour, yet without explaining why individuals'
perception vary in the first instance; ~Also, definitions of
perception and attiﬁudes»were not attempted. These qnestions
are to be_addressed in the following sections, which would help

us clarify many aspects of users' behaviour unexplained so far.

2.8. Perception'and Attitudes

In investigatingbthe psychological underpinnings of
users' behaviour, an explanatien of some basic concepts becomes

inevitable. Psychologists, concerned with the formulation of
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a theory of human behaviour, defined perception as the way by
which the individual experienced and interpreted the world.3?
‘ Thus,-real world is unknown to the individual—-except through
perception. Yet, it is not merely a process of recognition,
it involves filtering, modification and distortion of-reality:"

No one experiences the world exactly as it is,

and no two persons experience it in precisely

the same way, because knowledge of the world

--or our experiences with it--is filtered and

modified by physical and psychological factors

within us.31
This conclusion, that individuals vary in their perception of
events and objects, is useful in understanding some aspects of
the utilitarian theory of mode choice. We’haVe more tb say
about this in the following section.

Another behavioural concept to be advanced by psychol-
ogists was the identification of the individual's percepfioh
through his behaviour. Since perception . was not directly
observable, how, then,,éould this phenomenon be searched
objectively? The answer suggested was to éQnSider as objectiVe
data:

. . . inferred events that stand in a lbgically

consistent relationship with the publicly

.observable. This means that the objectivity of

a concept is determined by the efficiency with

which ‘it yields reliable replications of

observations. 32 :

This approach was widely employed by transportation researchers
‘in studying the user's perception of the disutilities of time
and cost of travel.

To this extent, psychologists' efforts have been-

paralleled by similar advances in research on mode choice
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behaviour. Transportation researchers, however, dia not pursue
this or any other approach to define the modal attributes
perceived as relevant by the user. Although researchers seemed
to agree on the relevance of time, cost and comfort,vihtuition
suggests that there are other attributes whose significance
'pare still undetermined.

We.may now turn our attention to the individual's
attitude, which was also identified_as a significant factor
effecting behaviour. ' It was'described as predetermined
position or bias‘for,or against.certain objects,'which was
motivated by an enduring set of perceptual'processes.33 ‘Thus;
perception and the formation of attitudes are two mutually
effective phenomena, which leads us to the inference that modal‘_
bias, if it exists, is expressed in the user's perceptionﬁof |
modal attributes. This ihference also suggests that if the
model accounts for the user's perception,_this can be consid-

ered as an indirect account for his personal biases.

2.9. Effect on Users"Behaviour
Basically, there are three ways by which users " choices .
- are affected by the psychological processes mentioned above.
The first of these is the users' perception of the various
attribﬁtes of the travel modes, which is expressed by the
parameters to be derived in the calibration of the disutlllty
function in mode choice models employing the discriminant
analysis technique It is in thls manner that Beesley,

Quarmby, Stopher, LlSCO, Thomas and Thompson derived the"
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percei&ed value of time, and it is in this manner that some of
these authors identified the disuﬁility of exceés travel time
relative to. the in-vehicle time. As reported previously in
Section 2.6., users' perception was found to be consistent,
when various samples are comgared, in régardingAthe disutility
of these attributes.

‘Another aspect of users' behaviour which is of a
psychological nature is ﬁodal bias. Attitudes can create a
bias for or against any of the modes available to the user.
vAs a result, the user sees the éttributes of‘the preferred g
ﬁode better than what they actuall&‘are, but does the opposite
with the alternative mode (sees its attributes worse than they
aré). Tis tendency is understandable since the individuai
is ﬁsually‘anxious to‘justify his choice_even through distorfion
of facts. Thomas reported such a.bias in a similar situation.34:v
In this stud? of choice of toll routes discussed in Section 2.6.{
he noficed.that users reported shorter.travel time by the chosen
route than the actual traVel time as measﬁred by the researcher.
The users also rebérted longer-travel_timé fot the~alternative
4mode than the actual.ﬁime.‘ Invothér.words,.fhbsé'whq preférred
the toll routes exaggerated the'timé Savingé; while other users
whé'preférred the free route under—estimated the possible time.
savings. 'Obviously, then, users' bias affect their perceptipn
of travei times in such a way that justified the choices made.‘

Apart'from Thomas' observation, the hypothesizéd_ |

relationship between the users' attitude and perception can be

useful in explaining the notidn of individual perceptual
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variations discussed in Section 2.4. Attitudes of any éroup
of users toward a giveﬁ transportation mode can hardly be
expected to be uhiform, andvas they vary, the perception'of
travel disutilities vary accordingly. Theoretically, this
variation is distributed as a normel probability function.
That is to say, in much simplified wordé, for each user who‘
exaggerates the disutility saving, there is anothér who equally
under-estimates its value. Further, there are few whose |
perception of disutility saving is very different from the
corfect value, while the majority of users are more or less
.correct in their perception. | |

This concept was velidated}in the work of a'considerable
number df'researchers.e The cumulative frequency diagram of
the_probability fuﬁction-produced by Warner, Stopher, Pratt,
Shunk, and De Donnea, clearly indicated a strong similarify
between the theoretical probability distfibution functioﬁ
and the observed choices of the users.35

Fiﬁally, some. researchers pointed out that, in addition
to the perceptuai variation caused by the user's'personal biae,
there was the pOSSibility that modal bias was uniform among the
users. Thaf iey the user's personal modal bias was furtheied
by a bias common to ali-ﬁsers. If this were £fue, the effect
of this ﬁniform bias would be to shift the prebability function
dowhward or upward, thus increasing_the probability of selecting
the preferred ﬁode as shown in the graph below. Accordingly,

even when the generalized prices of travel by the two altern-

atives were equal, the probability of choosing the‘preferred
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mode would be higher than 0.5. De Donnea and Stopher have
found evidence to suggest the presence of car bias in the users'
behaviour examiﬁed in their sample. However, we should view
their findings with pfecaution since both authors did not
account for the unQuantifiable attributes of the system. Hence,
what they considered a bias fér car could merely fefer tovthe
influence of the ¢omfort, of flexibility aséociated_with.the

<car use.

'2.10. Summary and Conqlusions

fhis éhapter is devoted to‘ihe_formUlation of a_theoretF
ical framework for users' mode Choice, and'diécussion of .
evidencesbrought forward by researchers on the validity of
this framework. The broad concepts outlined here are derived
from twoltheories:'”(a) the abstract mode choice theory,‘and

(b) ﬁhe.ﬁtilitarian tﬁeory of mode choice. A brief éccount
- for two.féychologicél processes, perception and attitudesp
and their impact.bn_users' behaviour are also_éttempted._

#n the abstract mode choice theory,‘emphésis is placed
upon thegéttributes of the travelamode rather than'ifs
institufiénal form. Users' behaviour could be better explainéd
when each:mode is taken as a "bundle"_of,attributes, or a’ |
combination of charéctefistics. The analysis conducted in
this chapéer clearly iﬁdicates that a comprehensive account
for mode attributes wouldiincreasevthe éxplaﬁatoxy and predictive
power of the model. More significantly, it is‘only.in this way

it would be possible to identify the transportation policy
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variables aﬁd the influencé of each on users' behaviour.

The concept,of_the "generaiized price" to be incurred
in any travel éctivity is'intrqduced as a tooi fo explaih.
users' behaviour. It refers to the perceived disutilities of
travel by alternative.modes for ény given trip. itsivalué.is:
thus affected'by both the mode attributes and users' perception.
'Furthermoré, the user's personal bias for or against any
travel mode is expressed in his pefception of the disutility
difference between the two best modes. - It ié hypothesized
thatrin any unbiased sample of users, the perceived disutility
savings'varies from one user to another, and that this vari-
ation can be approximated by a.normalvprobability distributionv-
function. | | | o | )

The evidence brought forth in the literature on fhe»
validity of these concepts were mainly concerned with the
following aspects of users' behaviour:

- users' perception of travel time and'cost-aftributés,

" - the vériables affecting ﬁseré‘ percéption offfhésé
attributes, and

- users' perception of the disutility*sévings offeréa
by the best mode. |

A.détailed discussioﬁ of the time véluelthe¢ry and .
the empirical findings 6f othér researchers dnvits validity
' ﬁrodﬁced'sufficient evidence to suggest that users perceiye
the disutiiity of time and cost in quantitati&eiy comparable
terms. The.parameters derived in several statistical analyses

indicated that users' perception of these disutilities were
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consistently expressed in their mode choice behaviour. The
analysis further indicated that the perception of the dis-
utility of time and cost was dependent upon the user's income,
trip purpose, level of comfort, and total time savings.

The influence of the disutility of the comfort level
on users' behaﬁiour was identified by several authors. Yet,
due to fhe diffiéulty of measuring the level of comfort
associated with each mode, and ité confusion with other non-
quahtifiable variableé, the exact contribution of this
attribute to the disutility'fﬁnétion remained'largely un-
defined. Oniy a partial account waé made for»discomfort
" through its association'withlexcess travel time.

Several writefs found support to the hypothesis that
the disutility savings gained by using the best mode o§er its
alternative was perceived differently by various users. The
pattern of this perceptual variation reflected a éimilarity
.with the normal probability distribution function as maintained
in the utiliférian theofy of mode choice;‘

| Thé conceptual’analysis and eméirical evidence.intro—
duced -in this chapter render the utilitarian theory a Workable
hypothesis,.and validate many of ﬁhe‘concepts'introduced on
users' behaviour.. To increase the usefulness of this théory
to mode chdicé analysis énd prédictibn, a further advance is
needed on the}mefhod'of-measurement and accounting.for the
non-quantifiable variables such as comfort, flexibility'éf travel
time;getc; " These attributes present the,feSearcher with some

"thorny" problems (some of which will be tackled'in'the following
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chapter). In addition, further research is also required to
define the user's perception of modal attributes, thus permitting

a full description of the mode choice situation.
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cost, time and comfort attributes reported, "there
was no evidence of an irrational commuter 'love
affair' with the automobile," in "The Value of
Commuter's Travel Time - A study in Urban Transpor-
tation," unpublished Ph.D. dissertation, University

" of Chicago, 1967, abridged in Highway Research Record,

Rep. No. 245, 1968, p. 36.
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Nine Methods Fertal et al., p. 27. '
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~was prepared by Brown, Mode Choice Determlnants of
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Studies which investigated the manipulation of modal
attributes as a planning tool to affect users'choices
are that of Leon Moses and H. Williamson, "The

Subsidy Issue", Journal of Political Economy, "Choice
of Travel Mode for the Journey to Work," Journal of
Transport Economics and Policy, Sept., 1967, pp. 273-
314, Charles A. Lave, "A Behavioural Approach to
Modal Split Forecasting," Transportation Research,
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Pp. 533-545.
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Theory of Travel Mode Choice," Highway Research
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Choice, "High Speed Transportation Journal, -Vol. 4,
No. 1, 1970, pp...1-8, Gordon A. Shunk and Richard

J. Bouchard, "An Application of Marginal Utility to
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CHAPTER III

MODEL STRUCTURE AND APPLICATION

3.1. Introduction

" While the main concern in the prev1ous chapter is w1th
the literature rev1ew, and derivation of a conceptual frame-
work upon Wthh the study s model may be based, the present
chapter is concerned with the model structure and definition
of its operaﬁional'characteristics.,-This entails four
‘Sequential'steps:

(a) DeVelbpment of criteria for identification_of"
mode choice determinants.

(b) Selecﬁion of appropriate variables whichvrepre—
sent these determinants in thenmodel. |

(c) Manipulatibn'of these variables as model inputs.

(d) Defining_the model structure, and selectioﬁ of
the statistical techniques to be ﬁsed.

Another preblem to be addressed in this chapter is the
assessment of the explanatory'eﬁd predictive value of the ‘
Hmodei;' A justification will be giveﬁ as to why the stﬁdy's
approach would advance our knowledge of ﬁsers"behaViour and -
iﬁprdve the researcher's ability to predict the users' response
to changee inAthe transportetion system, and to trends_in_the
social, ecoﬂomic‘br demographic characﬁeristics of the urban
bopuletion. |

53



54

In dealing With these subjects, the chapter is leided
into four basic parts The first three parts are devoted to
1dent1f1cation and analysis of the model inputs, (a) the users'
lifestyle,_Sectlon 3.3., (b) the users’ socio—economicvcharac;
teriStics, Sections 3}4. tov3.7;, and (c) the transportation
. system attributes,_Sections 3.8. to 3.12. The model formulation,.
and its operational characteristics are'discussed in the‘final.

part, Sections 3.13. to 3.16.

3.2. Research Orientation

It might be appropriate at this stage to define the
study's bas1c approach. to the problems to be encountered in
'this chapter.. Briefly, these are as follows:

(a) the conceptual-framework of the model

(b) the statistical technique to be employed and'

(c) the methods to be used in collectlng the data
reduired for the model calibration.

In the conceptual analysis,‘this'Study differs fromh
‘others in thatiemphasis.is placed upon the user's sensitivity
toward modal attributes as an influential mode choice deter-

aminant. Such sen51t1v1ty refers to the 31gn1ficance the user

i

attaches to various travel dimen31ons, cost, time, etc. It 1s'
hypothesized here that this sensitivity is a function of two
sets of variables, the user's tine.budget, and some related
bsocio—eCOnomic characteristics, namely aée and occupation.
These two setS'arehempIOYed in this'study to_proVide.an

indication of some aspects of the user's lifestyle which may
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affect_his sgnsitivity to mode attributes, which in turﬂ
affects his choice behaviour.l

| 'In addition to the individual's sensitivity, this
study identifies the socio-economic characteristicsAas mode
choice determinahts. it ié the.primary hypothesis of this
'study that the user's socio- economlc characterlstlcs are not
strongly correlated with hlS sens1t1v1ty toward modal
attributes.

In addressing the second iteﬁ mentioned.above (the
statistical technique to bevused in data énaiysis), the model
to be employed‘iﬁ this study is basically a'disaggregated
stochastic model which explains and predicts users' mode
choices on the basis of their personal characteristics, and
characteristics of their individual mode-chbicé situation
(i.e., differences in the attributes of the transportatioh
modes available'to the ﬁser). Each individuél user is to. be
accéunted,for separately in the model, and by means of dis-
criminant and probabilistic function, the model pfoduces the
probability that a given usef belongs to one or another group
of mode users, on the basis of the characteristics mentioned
above. | |

All.the necessary informationton the users' éharacter— 
istics aﬁd éttfibutes.of the mode choice situétipn are to be
coilectgd in é qguestionnaire survey. Thié is é basié-constraint
in designing this research, which is recognized.in seledﬁing

many of the model's»prbcedures.
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3.3. Lifestyle: ‘Conceptual Consideratiens_

and Application

In an attempt to expand the explanatory function of
mode choice ahalyeisi this study provides an exploretory
treatment of the(concept of lifestyle;' It should be made
clear, however, that our interest in this concept is confined
to the poséible reiationshipvit might have to the.users'

‘mode choice behaviour, and hence, the study's approach may
.be different from another approach‘which scholars in the fields
of sociology or psychoiogy may wish tO»pursue.

The study!s_definition_of,lifestyle_as the individual's
time.and money budgets refers specifically to the number of
hours and amoﬁnt_ef dollars allocated to each of the actiﬁities
in which he is engaged. Assuming that we can identify end
describe this pattern, the qdestion We want to investigate
at the outset of this inquiry is wﬁether.such a pattern can
be related to the individual's mode choice, aﬁd furthermore,
how such a_relationshib can be rationalized, if ‘it all exists,
and-what evidence can be brought to support its validity.

For the_punpose of outlining a conceptual framework
for this inquiry, we may wish to consider the indiViddal's
time and money aé limited "resources". Various time— and
money—eonsuming activities "compete" for these resources,

'ahd depending upon the individual's perSOnalvvalues,‘needs
and.circumstancee, Ceftain amounte of time and money are
allocated to theee aetivities——including travel. But since

the_ehoice of the travel mode entails a "commitment" to
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certain expenditurés of time and money, which usually véry
from one mode to the other, it is therefore affected by other
choices to be madeICOncerning other time- and monéy—consuming
-éctivities.

Thus, the felationship outlined above can be aescribed‘

as follows:

L = f(ml, My, e A A
tl' t2, cens g tk, ceoe g tm)
where L Ais the individual's lifestyle,
t, is the time allocated to activity i,
 mi is the money allocated fo activity i,
ty is the time.ailocated to the travel
activity,
m, is the money allocated to the travel

activity, and

n is the number of activities in which
the individual may be involved

One of the constraints of the allocation problem is

“that both time and money, for any giveﬁ person, are limited:

; T =.tl +,t2 F e e e e e e e tn
M = m,y + m., + R mo.-
where T and M are constants.

There are other constraints to the problem of time
and money allocation. Such allocation should reflect the
individual's value system, his needs and circumstances. Thus,

we may expect a person who values cultural'opportunities or
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social activities which put demand upon his time Eo}opt; in
his mode choice.behaviour, for time savings. Another person
wno puts extra'workinglhours may behave similarly. In
contrast, a person wnbse circumstances puts a great demand upon
his financial resources (he is supporting a big family) may
opt for the less expensive_mode.2 Thus, in broad terms, timé

and money budgets may reflect certain aspects of the user's

lifestyle, which would, as a priori consequence, influence his =

mbde choice behaviour.

But the problem of time and money_allocation is far
more complex tnan whnt is exhibited in_the conceptual frame—A
work outlined above in that the effect of the individnal's.
value system, his néeds and circumstances on his allocation
of time and money budgets is not sufficiently clarified. |

What is provided here is a cursory treatment to what might

" be a complex phenomenon. Also, taking into consideration the

-methodological problem of collecting such information in a -

i

questionnaire snrveyv(would a persén.express his value syétem
édequately on a questionnaire?), ne maylrecognizebﬁhen’tnat
the task of accounting for the individual's lifestyle in_a'
meaningful nanner'is-unmanégeable for'the study*purpoéeé.

Furthermore, the literature provides neither a éonceptual

nor empirical analysis of the hypqthesized relationship between

the user's time and money budgets to his mode choice behaviour,
except for few attempts and references made by some authors
which,'while.by no means provide the necessary support for the

concept, are worth mentioning: .
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(a) Moées and Williamson's hypothesis on the reiation—
ship between the value of time and the user's ability to
convért'time'savings into working hours. . In this anaiysis,
reference has been madeltd the effect of other leisure
acti§ities in increasing'the value of time .saved in trans-
poftation.3 |
| | (b) Bfown and De Dénnea's reference to the sensitivity
.towéfd time savings expressed by members of the managerial and
professional occupations in-their mode choice-(See,Section 3.5.).
Such senSitivity might be attributed to lifestyle, since
members of these groups, by the virtue Qf'theif'léVel of
education, were likely to be engaged in a variety of social
and cultural activities. |
Because of the absence of a vigorous analytical
framework, and sﬁpport df empirical data, the concept of
lifestyle must be modified td_be useful for‘the study's"’
purposes. - This modification should be aimed at.simplifying
the concept) or narrowing i£ doWn,where itvbecbmes feasible
iforAthis study to outline a practical method for.collecting
:thé'data required to support its validity. Furthermore, the
attempt shéuld be made'to bring the modified concept.under
the "umbrella" of previous réseaféh'findihgé. That is, the
model structure which is,to-Bé formulated accordingly should
be made-to stand tﬁe SCrﬁtiny of empirical verification when
compared with the findings of other reseérchers.
Thé‘proposed modification ié as foliows: in as far

as mode choice‘ié-Concerned, the user's lifestyle is likely
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to be expressed as a sensitivity, or a set of sensitivities,
toward the relevant modal éttrigutés. Sensitivity is defined
here as the significance the user attaches to any given
>attribute, be it_travel time, ¢ost, etc. Thus, pefsbns Who
are pressed for time because of their éultural'aﬂd social
. éngagements, or other time-demanding dUtiés, wduld be sgnsitive
to the time attribute in their choice behaviour. In comparison,
those whose financial resources ére burdened by certain -
‘obligations would be sensitive to the cost attribufe, all
- other factors being equal.
'Thus,:for the specific purpose.of fdrmulating the'
- study's model, the user's_éensitivity toward ﬁodal attributes
can be used as a surrdgéfe for his lifestyle in that it
'expresses those aspects of his lifestyle whichlaffect his
mode choice behaviour. More significantly, the literature
provides sufficient evidence to ihdiéate that these sensitiVe
ities may vary indepéndently from his socio—economic charac—'
teristics (See Section 3513.), and hence, for the pﬁrpose‘bf
modelvforﬁulatidn, there is a strong justification to incor-
porate both kinds of variables as médel inputs; 9:\ possible :
~int_erpretation for this independence,is that variation in
iifeStyle méy creéte_divergent sensitivities Within the same
socio-eéonomic gfoﬁp. We have more to éay about?simiiar
. findings and their interpretations in Sectioh*3;l3¢).

The'question remains aé to what are the attriﬁutes :
to which the user may bé $ensitive,‘and how can Ehis sensitivity

be expressed in a manner which allows for their incorporation
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in the model; On the basis.of the‘work conducted by Hartgen
and Tanner, who attempted to identify the significance of some
thirty transportation system_attributes, the following can be
identified as the most relevant,-and‘are to he used for_thev
study purpos es : |

- total travel cost,

- total travel time,

'—‘excess,travel time,

- flexibility of departnre time, and

-~ comfort level of the trip.

Turning our_attention.to the problem of expressing
these sensitivities, two methods can be identified: (a) to.'
ask the user to rank these attributes by their order of
Significance to his mode chOice, and (b) to ask the user to
express their significance along a Linkert scale. Both methods
conld'prove operational, but for the purposes-of.this stud&,
an arbitrary choice is made for the latter. -

Having placed emphasis on the user's sensitivity
toward modal attributes, this study goes a step further by
attempting to explain this sensitivity,.or rather, set of
sensitivities by relating these to a simplified account for
the user's time budget and some of his related'socio—economic
characteristics; namely age and occupation.4 A_simple account
for the‘user's time budget is proposed here as the number of
hours allocated by the user to work, family (orvat home, with
relatiﬁes), social and cultural activities-and outdOor'recreationf,

It is unfortunate that the literature does not provide any useful
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analysis of the relationship of time budget and mode chsice
behaviour, and thus we have to accept the above mentioned
classification which is developéd on the basis of the author's -
subjective evaluation.

The addition of the user's time budget, age and
occupation (as aniexplanatory variable to_the user's sensi-
tivity toward modal attributes) to the model structure is an
experimental step which is hoped to provide some badly
needed evidence onba'plausible hypothesis, should this
proposed model be iﬁplemented. This relationship is expected
to improve the rationsle of the model and possibly give the
researcher some hints as to the causal relationships underlying'
users' mode choice behaviour. However, since this is an
experimental undertaking, the model should be formulated so
as to be capable of explaining users' choices on the basis of
these sefs of characteristics alone (if necessary) s (a)
sehsitivity toward modal attributes, (b) the users' socio-
economic chafactéristics, snd.(c)_attributes of the msde
choige situation. In other words{zthe relationship hypothe-
sized here to explsin the user's sensitivity should be "sttached"
to the model structure as an "off—linef proceduré whose success
or failure should not affect the explanatory powervof'thé-model,
at léast not in the statistical sense.‘

To sum up this seCtioh, the user's sensitivity towafd
modal attributes is selectsd.as a surrogate for his iifestyle
for the purpose of model fofmulstion,' It is argﬁed here that

'such sensitivity is not strongly correlated with his socio-
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" economic chafacteristics (except for, perhaps, age and .
occupation). An additional step is developed in the model
to explain this sensitivity on the basis ofASOme indications
of the user's lifestyle:A time budget allocation, age and
occupation. In the following sections, each of the socio-
-economic characteristics and attributes of the model choice
situation is analysed separately. 1In the final part of this’
chapter, the_attempt is made to use the information and
concepts déveloped on mode choice determinants in‘strucﬁuring
the study's model, and that is where much 6f the study's

concepts are to become considerably clearer to the reader.

THE USERS' SOCIO—ECONOMIC'CHARACTERISTICS

The following four sections are devoted to analysis
of the user's socio—econnmic charaéteristics, income; occupation,
age'and sex, in relationship to his mode choice behaviour. |
These variables havé_been déalt with in detail by most studies
in this field, and only a brief feference.is‘méde here to
demonstrate the extent to which the study's approach‘is'similar

. to or different from others.

3.4. The Household Income

The influence of the income vafiable.on the user's
A behaviour can be felt in several Waysﬁ. |

| (a)'vAvailability of financial resdnrces isliikely to
induce the user to attach iess significance to the cost

attribute, yet a greater significance to other attributes:
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travel time, level of comfort, etc. ‘

(b) Income, in'géneral, determines the social slass
of the user, and hence the biasss to which he hay be sub-
jected in his social environment,} |

(c) The income level also dstermines the availability
of alternative activities in which the user aﬁd his family
can be engaged. The availability of such alternatives is
likely to increase the user's satisfaction to be derived from
his out-of-work time, since he has.the resources to satisfy )
hls personal taste. Accordingly, the demand upon his tihe is
greater, and his time value is likely to be higher; which, inl
turn, affects his disutility of the time spent'iﬁ the travel
activity.

The use of the household income as an input variable
raises a difficulty which should bs recognized here. Since
those members of the househola who coﬁtribute ta its total
earnings are likely to have more liberty in utilizing thesé
financial resources to satisfy their personal taste, their
travel disutility is likely to be different from othei members
of the household. The uss of ﬁhe household income variable
.ignores this diffefence. To solve this probleﬁ, De Donhea
entered a dummy .variable in the mathématical funcﬁion to
indicaﬁe whether of nof the user is the head of the household,
i.e., the.main earner in the family.5 Although this variable.
was found to be significant, it should be reﬁembered that this
is'dnly.a.partial solution since ho account is made yet fol

the possibility that a second income earner (the wife, the son,
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. . .) could be in similar position to utilize these fihancial'
resources to satisfy his.taste in his.mode_choice behaviour.

Thie study pursues e different approach tovthe above
ﬁentioned problems. While it accounts for the household
income, it also accounts for othervrelated characteristios:

(a) Whether the user has an access to an alternative
‘mode, and if so

(b) His sensitivity toward modal attributes.
Thus, 1nformat10n is obtalned on whether the user is in the
-p051tlon to satisfy his taste (does he have a ch01ce7),vand
if so, whether he is sens1t1ve to the cost attrlbute (can het
~utilize the financial resources of the family to satiefy his
taste?). Such information provides eufficieht description of-
the influences which varies for different members of the

household with respect‘to their mode choice.

3.5. Occupation

Since oocupation is not a continuous variable, its
~influence on the user's mode choice can’only be identified in
‘cross-classification statistical analysis, where it is possible
to compere-the percentade;of.any given group of mode users

from one occupatlonal group to the other. Beceuse:of this
constralnt, most of the studles employlng a mathematical
functlon dld not account for this variable. Among the few

who explored this variable was De Donnea who found that the
percentage of car use was significantly hlgher’ln two‘occu—

pational groups, executive professions and blue collar'workers'.6
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He considered this to be a bias forvcar use and accountea for
.its influence by entering a dichotomous variable in the moael
to indicate whether or not the user belonged to ‘any of the two
occupations. |

Brown's study revealed some uneXpécted results on the
effect of the océupation variaﬁle on users' bshaviour. Ih
his sample, he found a higher percentage of bus users in
Vmanagerial and professional émplOyees and secretaries than
expected,7 Clearly,'this‘behaﬁiouf was not expectéd from the
.former'two.groups. In a further analysis based upoh what was .
considerea ﬁsers' stated preférences, Brown'found that managerial
.ana érofessional_employees, more than any other grQups,}were
sensitive toward travel cost,vand that this sensitivity was
not sharsd by the secretarial professions.8 Again, these.were
unéxpected findings. Yet, the more interesting observation
encountered in this study was that professional employees were
more time-sensitive than other users in the §égg income |
category.g"This sensitivity might be attributed to the
possibility that piofessional employees were engagéd in more
cultural or.social activities, or that they have to put more -
hhours into work to meet the responsibilities of the job.‘ Thus,
ailbcation of time budget could have possibly érovidedssh
explanation to these particular observatioﬁs. |

The observations made’by Brown and De Donnea are
signifisant empirical findings. Yet; on a priori ground,
thére appears to be ns plausible relationship between the

user's occupation and his mode choice, except, perhaps, through
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the associationtof the former with the user's income‘anc his
lifestyle. Since both these characteristics are accounted
for in the.study's model, the use of the occupation variable
as a direct input to the model would probably be redundant.

Information on the occupational status of the user,
however, could be useful if it can be related to the user's
~lifestyle, or his sensitivity toward modal attributes. Since
future demand for various occupations for any given region can
roughly be predicted, it would be useful for the researcher‘
to 1dent1fy the 1nf1uence of occupation on the user s mode
" choice behav1our. This approach is adopted in the present study,
and as mentioned in Sectlon 3.3., the attempt is to be made
to incorporate such a relationship into the model structure.

(See Sections 3.14, and 3.16.).

3.6. Age.

| The relationship between the user's age and his mode
choice has been’identified_in the studies conducted by Brown,
De Donnea, Warner, Lisco and Lave.lO Although these authors
agreed on the 51gn1f1cance of the age characterlstlc, they
- employed different methods to account for this variable.
These differences reflect a discrepancy among these authors
in understanding how age affected.the users'rbehaviour.
Briefly, three.methods were in use:

(a) Age‘was accounted for as a continuous variable

to be entered in the model without any transformation._«ﬁoughly‘

speaking, age and car use were found to be posi-tively'correlated.ll
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(b) Warner used a different technique: users Qgre
grouped into nine categories and were given a code number,.
‘with code number l given to the younger group (16 to 19
years) and 9 fér the older group (65 yeafs and oider). He
entered the natural iogarithm of the code number of the user's
age group into the model to accouht for this characteristic.lz
(c) By cross—-classification analysis of mode users,
- Brown found that the bias for car use was evident in_thé age

13

group 40 to 60, while De Donnea contended that such a bias . -

iwas common among the 25 to 55 age group.l4 De Dbnnea‘accountéd5
for the éffect of age aé'a dichotomous variable in the same'b E
manner he accounted for the occupational bias. | |

For the pufposes of this study, héwever, the ﬁse of
the age characteristic as an inpﬁt to the model raises a
" difficulty similar to that of using.the user's occupational
status in that there is no identifiéble céuse—effect
relationship between this Variable-and mode choice,.except
through the effect of the user's time budget,'senéitivity to
modal attributes or lifestyle. Inaeed,3one expects'the Qser
to change his lifestyle as he grows in age. Lave suggestedA
that, "it_is possible that there is a systematic relationship
between the shape of a commuter preference function (disutility
‘function?) and his agé or séx."15 Hence, if lifeStyle,_or
some measure of it, is accounted for, the ﬁsé of the age
variable would be redundant; | |

But,‘agaiﬁ, this is not completely true. Along with

the occupational status, the age éharacteristic'of the user
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can be employed to.explainland eventually predict the ussrfs
sehsitivity to the modal attributes. The age characteristics
of a given regional population can be roughly predicted for.
future years by aemographic analysis, and hence it may be
possible to foresee its effect upon the sensitivity of the

" user and his mode choice behaviour.

3.7. Sex
| At this early stage of’reséarch on the relationship

between the user's lifestyle ahd his mode choice, it is not
7conceptually clear how the sex variable wodld affect the aser's
behaviour,’although such a’relationship'isialready documented
in the literature. The notion that males are "car oriented"
was supported by Brown, Warner, Lisco and Lav_e.16

This relationship can be explained in two Qays: _

(a) Fémaie membsrs of the household have "less access“
to the car. For'examole,-if the husband needs the car‘to_
.commute to work, he is likely to have a‘priority_in using the
car.:'To take this possibiity into cohsideration,‘Lisco
accounted for two characteristics of the mode choice situation,"
- (1) whether the husband was‘the only person in the'household
haﬁing access to the car use, and (ii) whether the wife needed
to_drive to work ihdependently. An affirmative answér to each
of thesé'questions_was enteréd separately as a dichotomous
variable. o |

In this study, we need not be concerned with this

problem, since the data analysis is confined‘initially to those
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users having access to the car, in addition, of course, to
transit. The ﬁodel]does not make a distinction between
"degrees" of accessibility to car, and simply assumes that
if the user has access to the car, it is an undeterred access.
(b) Females have.genérally an aversion to car driving.
This is obviously an anti-modal bias, and indeed could be the
- only argument encountered in the-litérature to support the
notion that such a bias exists. It is for this reason that

the sex variable should be accounted for as a dichotomous

variable in the study's model.

THE TRANSPORTATION SYSTEM ATTRIBUTES

3.8; Problems of Iderntification

In accounting for the transportation system attributes,
several significant research problems arise for inquiry and
solution: | _

(a)‘ what attributes should the model ideally R
account for? ;

- (b) - what attributes is it possible and practiéal_

to accdﬁnt for? |
(c) should modal.atﬁriputes be accounted for as
they are, or as they afe perceivéa by the ﬁser?

In addressing ‘the firsf two problems, the argumént
previously advanced-in Section 2.2. that a trahsportation mode

is to be considered, at least conceptually, as a bundle of

attributes, should be brought into discussion. Now, with

~
A}
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emphasis being placed on the modél formulation rather than
the concéptual anaiysis, we may question what such a "bundle"
contains. 1Is the colour of the vehicle, for example, an
attribute? |

Obviously, certaih criteria must be developed to
assist in identifying these'attributes'for tﬁe purposes of
. the study:

(l).:There should be‘sufficient evidence to suggest
thét such attributes are significant in affecting users'
behaviouf. 'Sihce this study is not concerned with collectiﬁg
Tsuch information directly from the users, evidence should be
sought in previous research findiﬁgs.

(2) Fdr any given mode éhoice'situation, attributes
which are influential in affecting the uéers' behaviour are
" those which differ significantly from one mode to the'othef.
As.an example, Hartgen found that users in his sample ¥anked
"arriving without an accident" as a highly significant
gnattribute 6flthe transportation modevthey'would use;;7llBu£,
in the mean time, the gsers'-satisfaction with the two modes
évailable, car and transit; did not differ substantially with
respect to this particular attribute. Thus; the attribute,
albeif significant, e&idently wduid have no effect on the
users' behaviour in this of é similar mode choice sitﬁation.'

With the choice bétwéen car and transitibeing fhe main
congern of this stﬁdy,latteﬁtion shqﬁldvbe.given to those
system attributes.whigh have been identified by the users as

'significant,fand clearly differ between thése two modes. To
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identify these variables, researchers have taken two directions:
the first, by analysing the users' actual'mode choices, using
discriminant analysis cr similar statistical techniques; the
second, by asklng the users to 1dent1fy the relevant attrlbutes
in a questlonnalre survey. By pursuing the first approach
the following attributes were identified:

(a) total travel time.

(b) excess travel time.

(c) travel cost.

. These findings clearly conform to research expectations  and
no substantial argument is required at_this'stage to justify
»their inclusion. Researchers who pursued the secondlapproach-
arrived at results which confirmed these flndlngs, ‘and |
identified, in addltlon, two further attrlbutes |

(d) arrival at intended tlme. |

(e) comfort level of the vehicle.

These two attrlbutes require some elaboration. The:
former is partlcularly 1mportant in circumstances where, for
example, the traffic congestion is such that the arrlval time
becomes uncertaln, or that the scheduling of the trans1t
service does not match the user's intended. departure tlme.
Hartgen-found that users in his sample were satisfied with
the car ih this respect, but less so with the avallable transit‘
service.l8 rIn essence, the user's satisfaction or dissatisfacticn
with the scheduling of transit service'is.obviously'dependent
upon the frequency of transit serv1ce for the 1ntended trip

time. Frequent serv1ce, say at three mlnute intervals, can
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provide the user w1th the same degree of flex1b111ty ‘as that
provided in car use. The longer the interval, the greater the
inflexibility'ahd'dissatisfaction. Thus, in mode choice
situations-involving'transit, frequency of transit serﬁice_
can be used as a proxy>for flexibility of departure:time.

Accounting for the comfort level_attributes'raises_
several difficulties which have been discussed in Section 2.7.
Hartgen and Tanner, for example,‘did not identify the'comfoft
level as a single variable, rather, as a "composite“ of many
attributes of the travel activity:l9 |

- (a) avoid walking less than a block,

(b) vehicle unaffected by‘weather,

(c) ride in a clean vehicle, and

(d) ride in a modern vehicle.
The first of these is obviously correlatedAwith the excess.
travel time,-which is accounted for separately. The other
attributes.are_essentiallyea description of the comfort level
ofhthe vehicle itself. - To account for this variable, a
simpler, more economic methed_is probdsea'in Section 3.11.,
to allow for one-dimensional measure of this eomplex attribute(

The studies consulted by thie.author étovide'strong
evidence to indicate that.the attributes discussed so far are
_significant determinants of users' mode choice behaviour.
Hartgen's sthdy clarified this question further by identifying
several attrlbutes which are not 51gn1f1cant._ availabilityh

20

of package space, and the provision of bus shelter._ ‘But in .

either.case, we have no assurance that the llst_ls conclusive,



74
since many other attributes have not been explored as tp~their
effect on users' behaviour,‘e,g., privacy. Indeed, this
elemeﬁt of uncertainty is inherent in the conceptual ffémewofk
of this type of model, and to the abstract.mode choice approach,
where the universe of the relevant system attribuﬁes is
initially defined by tﬁe reseafcher. Thus; the exercise of
a certain degree of subjectivity is inevitéble.

The other problem to be addressed in this section is
whethér an account should be made for these attributes as'they
actualiy exist (and, hence,'the measuﬁements are to be taken
by the fesearcher to ensure the objectivity of reporting), or,.
alternatively,’attribufés should be'aécounted for as they. are
perceived by the user (énd thus_usersj reportéd~data are to
be4employed instead). This problem wés addresSed by few'
researchers, Thomas and Thompsop, and Watson, and»the
discrepancy between the users' reported attributes and
- acfual attributes was identified and attributed.to sevefal
reasons:?l

‘(a) personal bias: inprouteiqhoice situations, uéers.
tended to exaggerate the benefité theYireceive from the choéen
. route, and under-value the potenfial‘benefits‘of using the
-alternative,route.- This was obviously.ah effortfto justify
é choice‘alreadp made. In'modé choice situations, usefs_are—
very likely to behave ‘in similar manhera

- (b) rounding errors: most uéérs tended to define
" travel time in "lumps".of.five minutes, thus‘expressing their

personal bias by rounding travelptimesAupward or downward to
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multiples of five'minutes, so that their mode choice apéears'
justifiable.

(c) pérceptual errors: ﬁhe users' perception of time
and.cost of travel could be:far from correct, particularly
when onerous activities,like walking or waiting in ihclement.b
weather conditions, are involved. |
| Despite the validity‘of these observations, it is
obvious that the user's mode choice is affected by what he
perceives as modal attributes, and definitely not by any of -
the objective measﬁrements'made.by the-reseércher. ﬁherefofe,
all researchefs who.iﬁvestigated this problem unanimously
. employed the'users";eported.data,'rather_than objectively
meésured attributes. |

The purpose of this séction waé;to discuss the pfoblems
associated with the identification of the modal attributes -
which ‘are relevant to gsérs' behaviour. AIn.the following
sections, attention is‘given to methods of manipulating
theée attribﬁtes'as mpdél inputs. It §hould be remembered
in examining these:attribUtes that our interest is not with
the éystem attributes égg se, rather, with the comparison
between attributeé of alternative modes. The metﬁod of~making
such é comparison may vary from one modal attributé to-the
other, and, hence, each ofAthese is discussed separately ih

the following sections.

3.9. Travel Time

Basically, thére are two methods to account for
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travel time in any mode choice situation:
(a) As absoluté_savings in the travel time by using
| 22
ek |
(b) As the ratio of travel time by one mode to the
23 |

‘the fastest mode, that is,ATl - T

other, T2 / Tl. |
‘The difference betweeh the twovépproaChes is not trivial.

In the first case, a time savings of, say, five.minutes in a
trip of ten minutes would have the same entry to the model és
five minutes savings in'a.fifty minute trip. In the secoﬁd
case; the total length of the trip by each mode is accounted
- for in the ratio. | - ) |

Quérmby tésted the two approaches and found that, in

" his sample, the former approach yielded a greater~explanatory‘
power for usérsf behéviour,?4 His findings may not be
applicable to other samples: it is possible, one can érgué,_
that thé latter approach is more appropriéte in samples whefe
“theré is.considerable variations in the travel times. But
sincévnb évidénde was encountered to support this argumént,

it is suggeéted that the fdrmer_approach'is to be adopted for
the sﬁudyﬂs'purposes——spbject to further testing to confirm
Qﬁarmby's findings.25 |

The other pfoblem'to be addreSSéd in this section is
 whethér excess travel time‘shduld be accbuntéd4for diffeféntiy.
from the in-vehicle time. As demonstrated in Sectioﬁ 2f6.,
there is e§idence to suggest that the disutility of excess

time is'considerabiy higher than the in—vehicleitime, presumably

2.5 to. 3 times the latter; To account for this difference,

0
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two methods can be employed: ‘

(a) to enter savings in excess time and in-vehicle
time separately as tw6 variables.

(b) to converﬁ excess time for each mode to in-
vehicle time (by‘multiplying the former by a factor of 2.5 .
or 3) and enter savingé in the totai travel time, as computed
after the conversion, as a single variable. |

‘_ Intuitive judgement may indicate thatlthe disuﬁility'

of excess travel time could be considerably highef than 2.5
or 3 times the in-vehicle time in travel conditions whefe the
user is exébsed'to inclement weather{ for example. .Thus, iﬁv
would be‘inapéropriate.to accept a standard-conVerSi.dn faCtorA
in principle. This suggests the'first approach is moreAusefui

for the study.

. 3.10. Trével Cost

| Accounting for the cost-attribute difference among
transit alﬁernatives is a'simple‘proéedure by which the fransit:
fares are compared from one mode to the other. The difficulty
appeafs in mode choice siﬁuations involving fhe car alternative,
.since travel'cést by car 'is not clearly defined. Conceptually,
travel cost in éhié case cén be acéoﬁnted for ini£wo different
ways£ |

(a) The average cost approach, that is, the travel

cost for the trip including parking.charges; Qperating cost,
'gasolihe, oil, lﬁbrication, maintenénce, and repair, annuai
depreciation in car valué} insurance cost, and the cost of

the committed investment (interest to be paid). By summing
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these expense items fbr say, a year, and dividiﬁg these‘cdsts
by the annual mileagé travelied, it is then possible to derive
the average t?avel cost per mile.

(b) The margihal cost approaqh, which entails the
additional or oﬁt—of;pocket éést of any given trip: gasoline,
- 0il, parking chérges,-and road tolls if -any.

A subétantial argument can be developed to support
each of these approaches. In the first‘case; the real éosté
of trével by car are fully expressed, in the latter, only
costs which are paid specifically fof making this trip. Lave
argued.that if the user‘purchased'the car for the purpose 6f_,
commuting fo work, then the average cost of travel to work
should be accounted_for. VBut, if the car was pUrchaséd to
serve mainly for reéreational'purposes,'the cost of commuting
to work should.be accounted for as the marginal_coét (the car
is already in'the usér'é possession, what is £he cost of |
making a work trip?). The argument for the use of the first
aéproach in one case,.and the second approach in another base
"was obviously tenubus since ‘it was difficult to define the
user's motivation in purchasing.the car, a. fact which_LaVé
recognizéd in his,article.26

This probleﬁ’Was.addressed in Quarmby's work, who
stressed_that the user's peréeption of‘travel cosf shduld be
recognized as the appropriate entry to account for the cbst |
attribute. Iﬁ the discriminant analyéis he conducﬁed on the
‘users' choices, he entered the average and marginal cost of

. travel, each at a time, and concluded that the 1atter yielded
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the model a higher explanatory power.27 It can be infe;red
from this conclusion that the users' behavioux was affected
by the marginal, rather than the average ccst of travel.
Since this inference is drawn from the users'_behaviour, it
can also be stated that it defines the users'.perception of
travel cost by car. |

Accounting for the travel cost difference, rather than
the cost ratio, seemed to be the approach most - researchers
agreed upon, except for Warner.28 vThe cost difference approach,
in the opinion of thlS author, is more plaus1ble, S1nce the

user's perceptlon of monetary units is unlform, and is llkely

to be independent.from the total cost of travel.

3.11. The Comfort Level

' The discussion introduced in Section 2.7. identifies
4some of the research difficulties.tc:be faced in accounting -
for this attribute. In .addition to these conceptual diffi-
culties, empitical reseerch‘findings have been ihconsietent
in defining the rcle of the comfort attribute in affectiﬁg;

_ users ' behaviour. Brown and Hartgen seemed_to’indicatetthAt'
the comfort level of the vehicle was not a very significant
factor, while Lisco's study concluded“the opposite..2

Sincevno definitive evidences were encountered in the
literature to suggest that the.comfort level cah be safely
Vignored, the model to be formulated in this studyvshoﬁld'
'initially account for»it, The method suggested here is to.

enter this attribﬁte as ‘a continuocus variable. The inform-
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ation required on the user's evaluation of the comfort ievel
of alternative modes can be obtained in a questionnaire survey,
where the,userlis.asked to rank the comfort of each vehicle
along a Linkert scale. The difference, expressed as abstract
units of measurement, can be entered as a continuous variabie.30

For the part of the trip spent outsiae~the_Vehicle in
Vwalking, waiting or during the transfer time, since:it‘is
considered by mest users as sheer discomfort, the account is
made through its asSoeiation with the length of excess travel
time. It is particularly difficult, and possibly redundant,
fe provide a separate account for the useris.comfort level

. during this time;

3.12. 'Freéuency of Transit Service

This attribute expresses the user's flexibiiity in
"selecting his departure time, and'subsequentiy, his_arrival_
time .at destination. In eomparing variqus modes with respeet
to this attribute) the difference ‘in the.frequency of service
- would Be a valid measﬁre, with the increase in frequeﬁcy~of
one mode relative to the other indicating a greater degree
efiflexibility. For example, if the frequency bfiservice of
mode A is ten-minutes, and that of mode B is fiﬁe minutes, the
diffefence indicates the advantage of B over A. |

The same method is also applicable to mode choice
situations involviﬁg car and transit. But, since the cer is
usually immediately evailable, the diffefenee between departure

times can, in this case, be set equal to zero, while such a
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difference for the transit service, whether small or la%ge,
Wouldléive én indication of its relative disadVanfage relative
to the car.. Thus,‘instead of-calcﬁlating the difference in
the frequency of the two modes, we need only fo enter the '.
timé period between departures of the transit service, as a

continuous variable.

THE MODEL FORMULATION

A3.13.' The Problem of Colinearity

Having defined the universe of mode choice determiﬁ—
ants, we‘may now address the problem of colinegrity, which has
a-considerablé‘bearing on the model performancé. By scanning
the choice determinants identifiea sé far, one may suspect
that the user's lifestylé, or its_surrogate('the seﬁsitiviéy
tdward modal attribute, may be correlated with the user's socio-
" economi¢ characteristics. This problem Shéuid4be investigated |
to ensure that the inclusion of someﬂmeasure.of-the usep's |
lifestyle would hot_be redundant. |

The study's hypothesis postulates, however) that the
.sdcib—ecqnomic variables do not provide an adgqﬁate description
fér the user's personal characteristics, énd £hét by accounting-
for some indications for‘his lifestyle, the”explanatory power”
of £he model woﬁid_be expanded. The purposé of this section
is_tQ discuss previous résearch findings to this effect.

Froﬁ previous research conclusions, some inferences
can be drawn fo suggest_that the inclusion of lifeStyle'aS«

mode choice determinant could have possibly been useful in
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explaining some aspects of users' béhaviour. Further, é firm
assertion can be made from these findings that the user's
sensitivity toward modal attributes is not, in‘geheral,‘
Strongly correlated with his socio—economié dharacterisﬁics:

(a) De Donnea repofted thaf bias for car use in his
sample was identified amoné thé executive professions and
blue collar workers.31 Since these two groups have apparéntly
no social or economic characteristics in common; an adequéte,
explanation for such a bias cannot be derived from the socio-
economic characteristics alone. Likewisé,.Brown,finding that
the share of managerial.ahd'secrétarial professiéns in transit
usage was unexpectédly high is difficult to interpret;32

(b) Further significant findings were.reported‘ih
Brown's study as an oﬁtcome of the applications of the
propensity model. - The purpose of this model4wa§ to idéntify
the changes in the system attribﬁtes so that a'givenvproportion
of the users_would shift to ﬁransit use. By relating the users'
éocio—economic charactefistics tp-their sensitivities to changes
in the modal attributes, Brown reportéd some unexpected findings
in thét the income influence was inconsistent, at least in some. -
‘ihstandes; with what one:would~expectvbn intuitivé gfduhds.
"In examining théir prbpensity'to shift to transit USe; higher.
and middle income.grqups demanded loWer overall out—of—pocket
cost (margihal cost?) while the lower income group seemed to
be satisfied with the level of cost.33 Further to this, it is
the medium andvhigh income groups who wbuld toleraté longer

" walking distance at the residehtial end, while the lower
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income group would not.34_ .

The occupation variable seemed to show similar
influences (which are also difficult to explain) in that
managerial and profes51onal groups demanded lower fares, and
tolerated longer walking distance at the residential end of
the trip (insensitivity to travel time?), while labourers
"and craftsmen were unwilling to tolerate longer walking
distances.35' Furthermore, labourers,_sales people and
managers were above the_average in their sensitivity to
travel cost.36 The test»conducteﬁ to identify the influence
of_age indicated that those underfforty expresSed higher
propensity to shift to transit.>’ -

All of these observations are apparently inconsistent
with what one would intuitively expect.on the relationship
between the user's socioeeconomic characteristics and his
" sensitivity toward changes in various travel attributes.

They are ‘also in direct contrast‘with'empirical research
findings on.the'relationship between the user's income and

: |
his evaluation of travel time saéings (See'Section 2.6.).
Thus, there‘is_sufficient groundtto suspect that the socio—b
economic~characteristics do-not-provide an adequate description
for.the user's characteristics. This finding supports‘the
.argument introduced in Section 3.2., thus, placing the concept
of lifestyle as an explanatory tool‘in more favourable light.
It is conceivable that lifestyle might have provided an explan—

ation for the observations mentloned above, for example, that

Brown's samplevincluded_a substantial number of lower income
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users whose lifestyle put a great demand upon theiritime:
Hence,; the sensitivify of fhese users to time savings.

| (c) Beier's work provided by far the strongest
evidence.to indicate that fhere is no cofrelation between.
theluser's income orAage, and his sensitiveness toward modal
attributes. Tne data collated by Beier provided information
on the user's income, age, his ranking of the modal attiibutes,
and the improvements in transit service which would motivate.
a shift to transit use.38 By grouping users accqrding to . |
their age and income categories, Beier found that the user's -
'.ranking of tne relative significance eftmodal attributes, as
well»as their individual propensity ﬁo shift to'transitlusey.
'did not significantly differ among the defined groups.

(d) Hartgen's woik.gaVe furfher indieations that the
correlation between the user's secio4eeonemic:charecteristics
and his attitudinalibias is not a strong one.- He devised‘an
attitudinal bias index which expressed the user's satisfaction
‘with car relati&e to transit with respect to the modal
attributes_considered-significant by the user himself. By
using this 1ndex as a measure for the user's attitudes, Hartgen
ffound that it exhibited no relationship to the user's income
Or.occupation.39

| Although these findings did. not prodnce definitive
evidence on the significance of the user's lifestyle as -a mode
choice_determinant, they provide us with the assurance that
user's‘sensitivity (or_attitUdinal bias, using Hartgen's'’ |

terminology), is not,_in general, correlated with his socio-
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economic characteristics, and hence,,the problem of colinearity

is not expected in the study's model.

3.14. An Overview of the‘Mode‘ChoiceeModel

In the previous sectiohs; we have already'identified
-some mode choice deﬁerminants and grouped these into three
 sets of variables: (e) the userfs socio-economic charec—'
teristics, (b) 'perceived attributes of the transpertation
- system, and (c) the user's‘sensitivityltoward modal attributes.
- Another determinant to be added to the above is the trip
purpose. This addition is jﬁstified on the account that the
Vaiue of‘time saved for any given trip is.debendent, among
other things, upon éheltrip purpose, as established'in Section
2.6. A'further justificatien is that the trip purpesevusually‘
gives an indication, although indirect, of some ef the circum-
stances of the fraVel activity which may affeet'the user's
behaviour. For example, work trips are usually associated
with street congestion, crowded trensit vehicles, and.so'oﬁ..

On the other hand, no attempt has been made in this
study to demonstrate:hewethese deterﬁinants are to be manin'
"u;afed as:model inpufs; This is discussed in detail ih_;”.
Sections 3.15. and 3;16. Buf, before this task is\aﬁfeﬁeeed;
a brief review of the modellstructure (which is deﬁonstfated~
graphically in Fig. 4), would-be appropriate at this_stage_ll
of the study. | | |

The initial step in the model operatiOn entails the

"filtering" of raw data to omit all captive'users from the data
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set. Thus, aubsequent_analysis is to be conducted on users
'in mode choice situations only. All users are then grouped
according to the trlp purpose, that is, work and non—work
trips. ' (If the sample size allows, the latter ‘may be lelded
into petsonal business, shopp;ng, soc1a1 and recreatlonal
atrips). Foi each of these groups, users are classified further
into sub-groups according»to theirASensitivity toward modal |
"attributes. For example, one of these sub-groups would
includevuse:s who eXpressed (in a questiennaire survey)
travel eost as the most significant attribute'affecting their
_ehoice.f Another group would include comfort-sensitive users,
and so on. Having created these sub-groups, which are presum—
ably homogeneous with reépect'to'thevseneitivity variable,
the following step would be the calibration of a set of
stochastic functions (for each sub-group) to explain and pfedict_
users' mode choices on the basis of some of the socio-economic
characterlstlcs (1ncome and sex), and attributes of their
1nd1v1dual mode ch01ce s;tuatlon. |

IAnother step~is added-tO'the_model structure (fhase
E_in ng. 4), to explain and eventually predlct the user's
sensitivity toward modal- attributes. In this step, the user's
age, occupatlon and time budget are employed as. 1ndependent
' varlables in a set of discriminant functions to predlct such
Asensxt1v1ty} -ThlS step is meant to enhance the predictive
quality of the model by providing an account for some.aspects‘

of the user's,lifestyle,whieh are thought to influence his mode
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choice‘behaviour; In as‘far as the operational characteristics
of the model are concerhed, this step can also be considered
as an.alternative to‘bhase C, since it.relatee the.user's |
seheitivities toward mcdallattributes to some_cf their
personal characteristics. |

The latter step may .not contribute to the expansion
of the explanatory power of the mode choice model in the.
_statistical sense, but it may improve the raticnale of the .

- model in that it defines the relationship.between the‘user's;’
chatacteristics and his behaviour in a clearet, more.Under—'
standable manner. Furthermore, this set of functiona may'prove
usefui for.plannihg pﬁrposes, as mentioned previously in
_Section 3.2., in that they demonstrate the'imbact of social

or economic change, or new trends in the lifeetyle of the
vpopulation_on their sensitivity toward modal attribﬁtes,jand
in turn, upon their‘mode choice behaviour.

On the other hand, shculd this set of disCriﬁinant>
fuhctions fail, for anj reason, to explain the users' sensi-
tivities in the actual_data'ahalysis, this step can bé omitted
fromvthe model structure without affecting itsAexplahatory
~ power in the etatistical sense, although the rationale of the
model and its predictive quality might be affected;

| The pﬁrpose cf_the foregoing discussion is to briefly
”outline the various phases*cf-the mode choice modei. ?Mofe
detailed‘analysis.of these steps is provided in the remaihder
of this chapter, Which includes, in addition, a-deecriptioh_of

the stochastic models and an assessment of their usefulness
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.for planning purposes.

3.15. The Use of Stochast1C'Models in

In mode choice analysis, stochaetic models are commonly
used in conjunction with discriminant, logit, or probit |
analysis. 1In these models, the main concern is to define the
probability that a user would make a certain mode choice given
his.characterisfios and‘the characteristics and choices of all
users in the sample. Usually,‘thesefcharacteristics provide
aldescription for his mode choice situation, that is, atfributes
of modes available to him, his socio—economic'etatus,hor ih
some instances a combination of.theée two groﬁps of variables.

Mathematically} the stochastic ﬁodel is formulated
as a condltlonal probability problem.40 leen the charac—v
teristics of two users' groups, -and the total number of users
in each group, the problem here_ls to deflne the probablllty
that a‘certain user, whose'Characteristics are known, belongs
to any given group. ‘'The Bayesian Theorem provides an ahswer
to this problem in the.following mathematlcal function, Wthh

1s a commonly used formula for the stochastic models
P (x) = ——— | (1)

where pf(x) is the probability of membership in a
~given usexrs group,
Z is the discriminant score of the

observation
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In discriminant analysis, the discriminant score can

be derived from the following mathematical function:
. n _ _
z= ay + >  a. X. - o . (2)

: whe_revao and a, are parameters to be derived in
the calibration process, and
X is' the input variable describing the

,users’ characteristics.

In the first run of the model, users' characteristics

and’ thelr mode choices are employed in the callbratlon process,

SO that.the values of the coeff1c1ents a a; can be derived.

o’
One mathematlcal crlterlon for deriving the above mentloned
function 1slto max1mlze the "varlance between“ the populatlons
relative to the variance w1th1n the populatlons.‘ The_model
can be refined-by omitting the variables_which do not
Acontribﬁtevsignificantly to the identification of users'
. groups, Or variables which are highly correlated with others.
Once the model is callbrated and reflned the researcher can
assess its explanatory power by examlnlng the approprlate'
':statlstlcal.parameters,swhlch also ‘enables him to‘recognlze
the relative sighificance‘of each of thelexplanatory variables.’
For any'new observation--the choice of which is not
known, but its characteristics'x. are given—;the model produces
the probablllty p(x) that this observatlon belongs to a certaln

users group. Each observatlon is to be ass1gned to the group

which the model associates with the highest probability. One
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measure of the model performance.is_the percentage of correct
classification in the iteration procedure,

In transportation planning_research, the disntility
function was construed as a spe01al case of the discriminant
function. In this case the input variables (X ) are conflned
to the modai attributes, e.g., time, cost, comfort, etc. The
discriminant score z can then be 1nterpreted as a measure of
the dlsutility of travel by the given mode, With higher score .
| 1nd1cat1ng 1ncrea51ng modal dlsutlllty, and vice versa. 1In
other models, where the 1nput variables are measures for the
attributes differences between alternative modes, the disutility
score can be interpreted as the disntility savingsiin the |
generalized price of travel mode using one mode_as opposed to
its alternative. The‘disutiiity savings concept, referred
to in Section 2.4.,,was employed by Stopher, Thomas and Thompson,
Pratt, Shunk and De Donnea,4l but this study does not make use
of this concept, and‘employs discriminantvanalysis in the
conventional manner to.identify users' groups on the basis of
modal attribntes and the users' socio-economic characteristics.

Hence, the discriminant score z cannot be interpreted here as

a disutility index.

3.16. The Model Structure-

The statistical technique to be employed in this model
is the discriminant analysis as described in the previons
section, except for few modifications to take into account
42

multiple users‘-groups instead of the binary case. The
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discriminant score can be derived as folloWs: ‘

z=-c + Vik X, ‘ _ . (3
where z is thé discriminant score
is a parameter to be derived-in the
calibration procedure. |
ik is a vectqr of pafameters to be derived
- in the calibration process for Variable
_i and‘group k.
ik is ajveétor'oflvariablés selected by the.
reseércﬁer to_différentiateAbetween users'
grbups.
Having derived the discriminant score for thé user

(for each group)- the prebability that such a user belongs

to group k is given by:

ey = - - | 1.2 o
P (2,) = (n, /9'£ V2) exp (--5 >(z£) | . ”»
- (nk'./c-}‘{ V'2) exp (-—;—Xz‘ )
k=1 : . Zp k

where P,

k'is‘the probability that a user with

discriminant - score Zp belongs;to.group k,
p and are the standard deviations in
users' groups £ and k reSpectively,
n, and n, are the number of users in groups £

and kireSpéctively,
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><2 ='(zp _ Ek)z / GJZk
The above formciaiis the general case to be used for a priori -
classification of usere,'which'takes in£o'account'the size
-of each group. |
The preliminary'steps of fhe'data anaiysis in this
study are as'follows:
(a) .groupiﬁg users accordihg to their trip purpose;”
work and non-work tripe, |
-.(b) within eachvgrcup, fi&e eubfgroups are to be
created to accommodate users whose sensitivity toward modal
attributes are similar; that is, useie who specify travel cost,.
total travel time;‘excessitravel time, frequency of transit |
service, or comfort level of the trip as the most significant
attributeeshbuld be grouped accordingly.43
In these two steps, ten’subegroups of users are
created for further analysis. For each of these subfgroués,-
a discriminaht function is to.be derived to explain aﬁd
predict users' choices (car_or transit) on the basis of the

~fcllowing characteiistics of the mode choice situation:

Xl,,the.household income,

X2, the user's sex‘(a dichotomous variable),

X3, total travel time difference (Tcar - Ttransit)‘

X4, excess travel time difference, that»is, out of
~vehicle time, walking, waiting, etc.,

XS’ travel cost difference,

X comfort level difference, andi

6’
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X7, frequency of transit service.

The use of the cost difference variable and the
comfort difference variables, X5 and X6,ireqﬁire some
elaboration. Travel,eost by‘car, as argued in Section 3.10{,-
~should include only the marginal eest ef'making the trip, i.e.,
parking, gasoline and oil, ahd road tolls if applicable. For
the purposes of this stddy, a figure of $0.04 per mile can be
- used as an estimate for the marginal cost of operating a car.44
| This figure, tegether with. the estimated length of the trip
and parklng charges are to be used to produce an estimate of
the car trlp. Comparing this estimate w1th the tran51t fare
"will give:us the travel cost dlfference.

The comfort‘attribute is also to be enteted as a:
continuous variable. It is suggested here that the user be
requested in the questionnaire to assess; along a Linkert scale,
the comfort level of both his ear ahd the transit vehicle. The

difference in his rating of the two vehicles, expressed as

abstract unlts of measurement can then be entered as X6

The above mentloned variables, together with the user' s"'

sensitiv;ty tqward model-attrlbutes'are thought to-prov1de an-
adeQuate’explahatiCn for.userls,choices. it.is atgﬁed here
that.the user's sensitiyity toward modal attributes‘providesl
some accoaht for his lifestyle, at_least'insofat as'mode'choice
behaviour is eoncerned;‘ Hewever; such .an account would yield
limited benefits unless a user's_sensitivity téWard‘ﬁodal
attribute_can be rationally and statistieally explained,within

the model structure.
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To eXpléin and predict the user's sénsitivi#y to&ard
modal éttributes, it is Suggested>hére that other variables,
which may also 5e related to his'lifestyle,léhould be con-
,sideréd. ‘One set of variables is the user's time budget.
Other.indicétions which may be assoéiatéd with lifestyle are
the user's age énd occupation (See Sections.3.5., and 3.6.). -
By includiﬁg é.dichotomous variable indicating whether the
‘user is over or under 40, the influence of age on‘lifestyle;
(and hence_on the user's sensitivity), might be accounted:for.
It might also be desirable to include another dichotompus
variable to account for the occupational Stétus of users‘in‘
managemenfr_professional orvexeﬁutive groups. |

Thus, an additional set of discriminant fungtions is
required to explain and predict the usef'é sensitivity fowaid
the;five-system>attributes, X, to X ‘

3 7’
trip purpose categories) on the basis of the following

(for each of the.two

vériébles:'
;> _ Yl,-théluser's.agé; a aichqtbmdus variablé,_
Y2, the user's occupation, a dichotomoué varigble,
Y3,_the humber of weekly hours thé ﬁser puts i
into work,. o ’ | ;“ ;51,;
Y4, the number of Weekly hours spent in social
o and cultural acti?ities,
.nauYS,fthe'numberuof'weekly hours_épenf in outdoor
_recreafion, and |
X6’ the number of hours Spent at home( with the.

family, etc.
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The pufposé of this additional set is to impfove the raéioﬁale
of the model and enhance its predictive quality,,but.shduld
these'variables fail to explain the user's sensitivity toward .
modal attributes, this step can be omittedeithﬁt affecting
the statistical paréheter of the mbdel which.reflects_its
explanatory power. This precauﬁibnéry measure fulfills a
requirement set in Section 3.3., as.a result of the lack:of
empirical data to'support‘the validity of-this :elationship.

| The model structure outlined.aboye fulfills the'étudY's
basic objectives. However, if the reéearcher is interested in
creating more homogeneous.groupé, ‘(for which the discriminantﬁ-
functions-ﬁo be derived), so.that thé'model yields a greater’
éxplanatory power, several possibilitieé exist fdr his con-
sideration. ' One méthod'of achieving this.is by dividiné non-

- work‘trips into shoppingJAsocial; recreational, pefspnal business
and other trips. _Furthermore, an imprévea description 6f'the"‘
user's sensitivities may be achieved by accountinéAfof the
second.mdst impbrtant attribute, the third most importantA"
attribute, and so on tili all attributes aré accountea:for;:

This methédvéf classification‘increéses»the number of possible

- users' groups up to:120 éategories (thé factorial of.the'tOtal'
groups number, that is 5 X 4 X 3 X 2 X'l = 120) for each trip
purposé. Obviously, suéh a detailed classification would make |
"the research task unménageable, and the researcher is required .
to exercise his judgement as to the most appropriate classifi—-

‘cation to serve the reSearch purpoées,'taking intd COhSider?

ation the total sample size as well as the minimum size of the
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“sub-groups to be created.

3.17. Summary

The design of the study's model is aimed, through data

analysis and "filﬁering, at isolating choice users, and
dividing them into sub-groups each of whichereflects a certain
degree of homogeneity with respect to some of the influential
factors affecting'their_choice behaviour. The criteria employed

for cla551f1cation are: (a) trip purpose, and (b) the

users' sensitivities toward modal’ attrlbutes. This procedure,

,_‘ allows.for the model to account for certain aspects of the

users' lifestyle which‘may.affect their choice behaviour. In
addition, it ensures that further analysis is conductedvon
samples'of users which are homogeneous in certain respects.

For each of the user's sub—éroups defined, a stochasﬁic
'probabilistic function is to be derived'to-explain,and-predict
‘the users' choices: car or transir. The discrimination is
to be based upon two sets of variables:

(a) icharacteristlcs of the mode ch01ce situation,

‘that is, differences between‘the car and transit with respect
: to travel cost, total travel tlme, excess travel time, the
.comfort level and the frequency of tran51t serv1ce, and

(5) some of-the user's 5001o—economic characteristics[
age and sex. | |

These 1nputs are believed to be adequate to explain
the users' mode chOices. ‘Yet, for the model to be of predictive‘

- value, the relationship between these variables and futnre
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changes in the social, economic, or demographic charactsristics
of the population should ne identified. Thus, for anyrgiven.'
region, changes which maY‘affect the users' behavioui can bsi
identified as'fcllowsi |

‘(a) changes in the characteristics of the mbde choice
situation: cost of travel (incréasing'ccst'cf gasoline,‘”
parking), travel time‘(street congeStion, new transit tech-
nolbgy), comfort level, etc. | |

' .. {b) changes‘in the'socio—economic cnaiacteristics
of the population, age structure,'income distribution,.demand'
for various}occupatiOns, etc. o

‘(c) changes in the popuiation‘lifestyle,'higher
‘living standards, availability of leisure time, new work or
leisure ethics, etc. | |

These. :changes: may or-may not be predictable.l However,
“in as'far as the trends can be identified, and the reSeatcner
is willing to attach a degree‘of credibiiity to these pre-
‘dictions, their impact cn the users' expected’behaVicnr would
also be identifiable. bThe study's model is formulated so
that the users' socio—economic characteristics and his time
nudget:are:related;to:his sensitivity toward modal attributes.c
Tnis rélationship is expressed in another set. of discriminant
fnnctions‘tc_explain and predict the user's sensitivity_tcward
modal attributes on:the basis: of his age, occnpaticn anc time -
 budget. This:additionalAsetvcbvionsly.does not aad to the |
explanatory‘powei cf.the model in a strictly statistical sense;

but it enhances its rationale as well as its predictive and
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practical Value.

The model inputs so far séem to cover many of the
changes in the population socio;economié chdracteristics,
and some indication of their 1ifeétyles; The researcher may
be willing to predict that such changes will take place;'and‘
the result of his analysis would be to define their impact
. on the users' ﬁode choices. Altefnativeiy,lhe may be merely
seeking information on what the impact of these changes would
be on the uséxs' behaviour, regardleés of whether the_changes

in question are expected with any degree of certainty.
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FOOTNOTES

Such a sensitivity can be identified in the person's"
statement in a questlonnalre survey for example, or
alternatively, in his mode choice behaviour. The
sensitivity of users toward excess travel time was
identified by the relatively high disutility derived
from users' behaviour (see Sec. 2.6). A

The notion that some users are "pressed" for _
time, and that this may have an affect on their mode
choice is referred to by De Donnea, Determinants of’
Transport Mode Choice, p. 157, and Brown, Mode Choice.’
Determinants of Selected Socio-economic Groups, p. 103.

Moses and Williamson, "The Subsidy Issue," Journal of
Polltlcal Economy," pp. 247-264. : o

‘We should note that, although the users' socio- '

economlc characteristics and their sen51t1v1ty toward
modal attributes are not, in general, strongly

- correlated, it is might possible, however, that some

users groups, enjoying, say, a high occupational
status (e.g. managers, professionals) would express
similar sensitivities toward modal attributes. But
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CHAPTER IV
SURVEY AND QUESTIONNAIRE DESIGN

4.1. Introduction

This chapter is devoted to problems associated with
sample selection and questionnaire design. - This is to be |
the final part of the study's_course of investigatidn, since
no attémpt is made to collect and analyse raw data onzusers;
béhaviour. Evaluatiéh of the study's-prqgresé and its

pertinence to- planning is expounded in the following chapter.

4.2, Survey Design

The disCﬁssion put forward in Section 3.16., concerning
the déta requirements for thé-ﬁddei calibration-proCedufe'
clearly indicates that such information can be drawn from
vénly a sample of users whose behaviour is monitdred in choicé
situations. Information on captive users is not useful for
the model calibration and should be excluded from the data
analysis priof to this stage. |

To satisfy this condition, it is suggested here that'
the questionnaire survey be conducted'in transportation |
corridors where car use is practical and tfansit sefyice is
available. In. the meantime, it is aLso desirableAto extend
the sample space so as to inclﬁae.modes choice situations

which shows a wide range of variation in the disutility savings
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_between car and transit. Thus, the survéy onid not inslude
a random sample of users; rather, the attempt is made to
.collect sufficient information specifically.for'theApurpqse of
model calibration.. It follows that the data shnuld include
the avefage as well as the "extreme" mode choice situations,‘
i;e;; varying deérees of "competition" between éaf_and transit.
| Thus; the sample space to be defined.for the study

purposes should satisfy certain criteria:

choice situations withitimé savings between car and. transit
use varying ffom small'toilarge, and should ideally'iefiect
the advantage of car in some cases and the advantage of'transit
in others. It is very iikely that if car use has an advantage
over transit use with respect to time sanings, such an
advantage would increase with the éistance traveiled. Thus,
by aCCQUnting for choice situatisns at different locations j
‘along the transportation corriddr,,tne sample would include
choices made undet varying degrees . of competition between
car and transit with resnect to this particular attribute.

Oon the other'hand, choice situations where tfansit
is more advantageous with respeét.ta total travel time are
'likely'to'be sdmeWhat limited. Such‘situations may be
_encountered in cities where transit operates on its own
right-of-way, while other vehicles opérate on congested,
.stréets. Otherwise, the use of transit vehicles, sush as
buses, may only be adVantageous (with respect to the time

attribute) in "internal" downtown trips,'i.e.} trips whose
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origin and destination are in the downtown area, since Qalking
to and from the parking space at both the trip ende_are likely
to be inpropdrtiqnate reIative to the in-vehicle time.

(b) Travel cost difference. The sample should also

include mode.choices with a wide range of'cost-differences.
Eut since travel cost by transit does not vary Significantlye'
(regular bus fare, monthly pass fare), the,required range

can only be created by variation in the travel cost by car:
operating cost, parkihg charges, and toll roads if epplicable.’
Operating cost, it should be noted, may not always be signifi—'
cant (30.04 éer ﬁile),_and toll roads areenet common in thie |
-country. . Thus, to include choices with substantial cost
differences, the sample should ideaily include a number of

car users who are carrying eommercial paiking eharges,'ahd
-others who are pfovided with free or sﬁbeidized'parking
(employee-parking). | | ' ”

(c) Differences in levels of transit service.

Choices involving transit use should also account for different
levels of service.. Geherally speaking, the level of trensit
service is a function of'two attributes:’ frequency of departure"
times at verieus_hours of the day, and the "density" of transit
lines in the eity sector, i.e., the length'of routesidivided

by the e#ea serviced. The former eccounts for the flexibility
the user may have in adjusting'hie departure time with other
daily actiVities, while the iatter expresseS‘the convenience

of transit use. To account for this variation, the sample

‘should include users in areas which are provided with levels
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of transit service varying from poor to good with respect to

these two attributes.

4.3. Definition of the Sample Space

The question to be addressed in this section is how
"to define the sample space so as to meet the eriteria
'eetablished above. It isvsuggested here that a deliberate
effort be‘madetso that the study sample would account for
a variety of mode choice_situations. Tﬁis objective can bhe
achieved by severai alternative procedures, one.of which is
expounded below. )

As a first step, the researcher may eelect several
_residential areas et different locatiqns.in the city which
reflect a substantial variation in the quality of transit
service provided (e.g., frequency of departure times, ;oUte
_mile per serviced area) at different distaneee from the
‘downtown area. In selectipé these areas, it mey be_desirable
to assess their sultablllty for the analy51s 1ntended with |
‘respect to the 50010 econonmic characterlstlcs, and p0551bly
other characterlstlcs_whlch;may seem relevant, e.g., residential
“‘den51ty ! | |
| Hev1ng 1dent1f1ed the res1dent1al areas to. be 1ncluded
in the analysis, the researcher may-want to'consider partition--
ing the sample into three sub-spaces which cotrespond initiaily
to the number of qﬁestionnaires to be distributed in various
parts of the city. . These sue?samples{ to be.named'he:e A, B,

and C, can be described as follows:
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(a) snmpie space A, wnich is to include car éné
transit users traveliing from these areas to downtown,

(b)) sample spacé B,'to be devéted to observations‘
concerning users starting their trip from downtown to .the
selected residential areas, | |

,(C)' sample space C, to include'dentownn"internalF
trips, i.e., trips originated and ended in the downtoﬁn area.
.The method of achieving this partitioning in the survey and
the purpose sérved,in‘each case is discussed below. |

Thg survéy proposed here is designed as a mail
'queStionnéire survey. Thus, to "fill—in"-éamplé space.A,
the questionnaire forms are to be‘distributed to users
starting their trips in the sélented residential areas and
are destined to downtown. The transit users' questionnaire
forms are to be handed to users as they step intovthe tranSit
N vehiCle,iif they answer affirmativelyjto thé.quéstiOn‘whethér
they ére headed to the downtown area. (It may be advisable to
avoid_the distribution of these forms at major transfer»pnints,
so that theisample bé_confined to residents of the areas
selected for the stndY). Likewiée, the car users' questionnaires
are to be distributed:to car drivers in. the afea who satisfy
the éémé condition (again, avoiding major aitérials so ‘that |
tnrough traffic is excluded).

. To formulate sample space B, a number of bus useré"
questionnaires are to be distributed in-the downtown aiéa.
to users destined to the selected‘residential areas in.the

‘same manner as above. However, the distribution of car users'
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questionnaires in this sample space is different,in that‘a
number of these are to be distributed in'oommercial-and
employee parking lote, so that the sample space would‘inclnde'
users carrying parkiné charges, as well as others who are
provided with free or subsidized parking.

Sample space C, as mentioned previously, is created
for_internal trips in the downtown areas by car_and transit.A
The queetionnairebis to be handed to users starting and
terminating their trips in thevdowntown area. The purpose
of creating this space is to ensure the sample~alSo accounts
for time savings whioh may be achieved by transit use.

Thelrationale for partitioning the sampie space into
‘three‘divieions is now beooming'clear: for sample space.A,
it is.to ensure that a sufficient variation in travel time
and level of transit servicethave been inciuded in the data'
base; for example space B, it is to ensure that a wide range
‘of.cost variation is accounted for. Sample'soace C is devised
to include a.wide range of“time.variation by accounting for |
‘"neoative" time savings to be made by car use in some mode
choioe situations.. a l,

Although there are sufficient grounde to Suggest'the‘e
survey design as discnssed‘above, it should be remembered
that there is a possibility that the selection of a biased:
sample may not prove ﬁseful.as anticipatea in this stndy.
Taking these extreme mode choice situations into account may
poseibly weaken the explanatory power of the model, if the

extreme cases actually reflect different kinds of trade-offs
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from the bulk of the samplé. Should this be the case, the
researcher.may wish to ekclude éuch extreme cases, sO that
the data analysis would be confined to users whose behaviour
ié moréAhomogeneous.

The researcher.may.also wish to consider other modifi-
cations.in the research design. For example, a random sample
(rather than a biased.sample),.could bevmore useful if the
researcher is interested in analysing the behaviour of users
in a geographic area.  Another modifiéation is possible if the
research is conducted in a city where transit vehicles operate
oh a separate right—of—wéy, and thus, transit use would Qield
time~-savings even in longerAtrips, e.g., home-to-work trips.
In this case, sample space C would not be required. |

In other situations, it may be desirable to consider
.sample spaces A and B as mutually éxcluéive. That is, the
1selected»residential areas will be divided.into‘twd groups,

a number of questionnaire forms will be distributed to users

in the first group to form sample space A, énd another number

of questionnaires will be distributed to users in the downtown
area destined to the second group of residential areas to form
sample space B. The.pﬁrpose of this distinction is to avoid

the possibility that the same user may.be given the qﬁestionnaire
formvtwice, oncé in his residential area, and a second tihe in
the downtown on his way home.

The researcher should éxércise his judgément as to the
number of questionnairé forms to be distributed in eacﬁ/of ﬁhe

sub-samples mentioned above, thé specific location and time of
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the distribution. It should be remembered that adcordingfto-
the model designed for the study purposes, ten stochastic
functions are to be formﬁlated (See Sections 3.14., and
3.16.). Since each of these would require a mihimum of eighty
observations for the calibration procedure, it may be necessary
to distribute some 4000 quesfionnaire forms so thét the researcher
may have a'reasonable chance to receive at least fhe minimum
'.number of observations required for the éalibration of each -

function.

4.4, The Qdes tionnaire Design

Two questionnaire forms are designed for the study's
survey, one for car and:the other for transit users. 'The
questionnaire.texf is . put forward_in(Appendices A and B. The
questionnaire should} if answered fully, provide.the researcher'
with all the information requiréa‘fo;.the model formglation'
1phasé asvoutlined in Sections 3.14., and 3.16.

The transit users questionnaire is phréSed specifically .
for bus uée; It providesithe fqllowing information:

(a) ' origin, destination, and starting time“of the
trip. | |

(b) itrip pﬁrpose._

(c) travel time'by'the_chosen mode, as perceivea'by
_the.user,_broken down to walking, waiting and in-vehicle. time.
(d) frequency of transit service at the trip time. |

(e) trip cost.
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(f)  the user's assessment of the relative significance

of the following attributes:

travel cost,

total travel time,

- excess travel time,

frequency of bus service, and

comfort level of the bus trip.

(g) whether the user could have travelled by the.
car instead, and if‘so, the follbwing data are requested:
. = walking and in-vehicle time,
- pa;king charges if any.
(h) the user's socio-economic characteristics:
.;age,-sex, income level, occupation, and number of persoﬁs
in his household. |
(i) the user's approkimate time budget; i.e.,
ﬁllocatioh of his.time among five basic categories: work, ét.
home or with family,,cultural or social engagements, and out-
~door recreétion..
| (j) whether the user can, at hisAwill, work overtime.
The use of these data as inputs into the study's moqel
isfdiscussed in detail in the previous chapter, e#cept fo£ the
inclusion of some additional information which the reseafchef'
may wish to explore its ?alue for the analysis:
| (a) .nchfwork tfips are classified further into five
categories,. -
(b) assessment of the syStemiatﬁributes is extended

to five important attributes (instead of being concerned with
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the most important attribute cnly), and

(c) the user's ability to work overtime at will,

(d) the nnmber of persons in the household.

The researcher may wish to alter his research design to
account for any of thesevvariables, should his investigations
indicate'its significance.

The cat user's questionnaire provides similar data to
those itemiéed above, and, in addition, information on whethef
'the user'is‘motivated to use the car because: |

(a) he needed the car at the end of.the trip to make
otheretrips, | | |

(b) he has to take along another passenger,

(c)n he is sharing a.car-pool with others,

(d) he needs the package space in the car for'.
shopping bags, working tools, etc.,

(e) using the bue is affecting his sociai status.

This information; together with other data reqnested
-in'item 5 in the Questionnaire (Appendix B), allow for‘
"fllterlng“ the sample prior to the callbratlon procedure,
_'Those hav1ng no access to an alternative mode, need the car
at theaend of the.trlp, or use the car for the beneflts of .
someone else are practically captlveAuSers and should be
omitted from the analysis. Likewiee, users who opted for -
the car because they are sharing a car pool (door to-door
serv1ce°), need the package space. in the car, or u51ng the
car as a status symbol should also be excluded from the data

base. Such users are influenced by attributes which are not
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characteristic to tfansit, and they are alsb,.in a sense,
captive users. As a result of this fiitering.process, only
.users who have a feal choice and are affected‘by attributes
common to the two modés available may be'accounted fof. |

A similar-probiem is raised by users who qualify as
.choice‘users (according to the criteria mentioned above), but
are not aware of the attributes of the alternative mode. For
example, a user who has a full access to transit use and has
no'compelling‘reason to use the car, may still choose it for
.travel without acquiring any information on the attxibutes.of
the transit system. "The ‘problem:raised here isbtwo—fold;
First, such a user made his choice on fhe basis of_ihcomplefe
information on his mode choice situation, .and hence, the
.const;aints affecﬁing his behaviour would be different from
other "informed" users. Secondly; for the purposes of model
B formuiation, attributes of the transpbrtation ﬁodes available
to the user are_necesséry information without which the dis-
criminant functions cannot. be defivedL

The lattef_difficulty can be resolved, if the researcher
chooses,-gy éStimatiﬁg’the attributes of the travel activitﬁés
by the alternative mode for such users,Aand feeding thése o
into the calibrationlprocedure; The information on the user?s
origin, destination,vtrip time(_and attributes of the existing .
transportation system can be utilized to provide these .
estimates. |

However, one may suspect that the behaviour of

"uninformed" users could be different in some respects from
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other users. . Fof example, modal bias may be more pronounced
in the behaviour of the former group. Ih-hahdling this
difficulty, the researoher has two alterhatives to follow:
;(a) to drop such‘observations altogether from the data base,
thus confining his analysis to informed,»c':hoicevuser's,2 or
(b) - to inolude_such.observations (complemented by the esﬁimaﬁed ’
attributes) subject to further analysis to ensure that theif
inclusion will not reduce the exolanatory powervof the model.
The researcher may want to arrange for two»runs_for the medel,
wiéh and without observations on the, "uninformed” users. . It
can then be determined whether theirjinclﬁsion would be to the
deteriment of the model'performance.. In any case, the

.researcher would be well advised to oonduct a further
" analysis on this group of users to identify any differencee

which may be of relevance to the inquiry on users' behaviour.
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FOOTNOTES

The problem of incomplete coverage of data to a
sufficient range of mode choice situation can be
identified in the following works: Beesley, "The
Value of Time, Economica, Shunk, "Application of
Marginal Utility, "Highway Research Record, and
De Donnea, Determinants of Transport Mode Choice.
Only Thomas and Thompson seemed to have had a
sufficient data base, "Value of Time," Highway
Research Record, 1971.

If the researcher finds that a substantial proportion
of choice users are not aware of the attributes of
the transit system, he may infer from this observation
that either the transit system is providing a poor
~level of service, and thus very few consider it a
choice, or the information on the transit system is
not readily accessible to the public, in which case

he may wish to initiate an advertising campalgn to
remedy the situation.



CHAPTER V
SUMMARY AND CONCLUSIONS

5.1. Introduction

This Chépter, béing the last, is é summary and a
critical analysis of the study's course of inveétigations;
The study approach and conclusionsAaré appraised, ahd its
pertinence to planning is discusSea. Finally, the'study's
ligitations are expounded, and as a result of acknowledging

" these, the attempt is made to outline further fesearch

possibilities.

5.2. Summary and Evaluation of the Study

The dual concern of this study is with the identifi-.
éation of mode choice'determinants, and the formulation of
a.model Which promises greater explanatory capabilities than
what is afforded by the Current.state—of-theéarf in this'
'field. Thié fequired én evaluation of the existing theories
and‘conéepts pertinent to mode choice behaviour, namely: the
absiract mode choice theory, the utilitarian theory of mode
chqice,,ﬁheofy of time wvalue, aﬁd'concepts developed on
perception, éttitudes, and behaviour.

In summary, the theoreticai framework which can be
established from the literature review and empirical‘reéearCh

findings defines the probability of making a certain mode-
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choice as a function of two sets of variables: differegces
between modal attributes of alternative choices, and the
‘users' socio-economic characteristics. Thé céhcept‘of'the
generalized price of the travel acﬁivify identifies'the_userfs
vperception also as a mode choice determinant. The generalized
price, as employed in this study, is a combined measure for
modal attributes and the user's perception of these. It is
implied in this concept tﬁat_the disutility of varioﬁs travel
~ attributes are comparable in quantitative_termé. Supportive.
evidence to substantiate this concept was encbunfered in the
" ‘literature. |

The conéeptﬁal fiamework established for the study's
purposes makes use of the-coﬁcept of the individual's lifestyle,
the latter being inifially defined;as'the pafte£n by-thch.the
individual allocates his time and monetary fesources. Furthér
'aﬁalysis leads to certain modifications.in this concept: in
as far as_mﬁdé choice behaviour is concerned, the individual's
-lifestyie'is.iikely to be ekpressed in his sensitivity to
modal attributes, which in turﬁ, can be traced #o availability
and the demand upon his time and monetary-resoufces.f This
" concept can be useful in formﬁléting the 6péra£iaﬁal prdcédures
of the model as follows: | |

- users can‘initially be.classified into sub%groups
on the basis of the emphasis they place'on'vatidﬁs system
'attributes; -

—vfor.each}of fhese sub-groups, a stochastic model is

" to be formulated to explain users' choices on the basis of
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their socio-economic characteristics‘and characteristics of
the_mode choice situatienf‘

- another set of probabilistic functions ie to be
o formulated as an "off;line"‘proeedure in the operatidn-df
ithe model. ‘That is, the model can be operational without
this set although its potential uses and value would be
restricted. |
| The purpose of this additional'set is to explain the
user's sensitivity toward modal attributes on the basis of
" his time budget'and some related socio—economic character-
istics. This step is introduced merely to improve the
rationale of the model and enhahce its predictive'quality
rather than its explanatory function in a strictly statistical
sense. | |

The model is to be calibrated from information on
users' behaviour in actual mode cheice situatidns. Usets are
asked to prov1de 1nformatlon on the mode selected charac-
terlstlcs of the choice situation available to them, their
sen51t1v1ty to modal attributes, their socio-economic char-
acteristics, and an approximate acceunt,for their time budget.
The model is, therefore, a behavioural one, its‘baeic function
belng to explain and predict users' choices.
This approach is dlfferent from the approach pursued

‘in the propensity'models where the user is asked to:specify
the conditions under which hehwould shift modes.l In‘the.

latter case, it can be readily axgued'that the prediction
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made is valid only to the.extent that users act in the‘manner
_ they previously specified as their preference, or "would-be"
behaviour. Yet, the relationship between the users' prefer=
ences and their ectuel behaviour has never been establisned
in the previous research in this field, and the issue is still
".considered,'at best, a thorny one.2 This problem is avoided
here in its:entirety by pursuing the behavloural approach.

In evaluatingrthe model structural relationships, lt
may be noted that‘some of the concepts emploYed seem to be
supported on a prlorl grounds, whlle others were empirically
verified in previous research. The primary hypothesis of the
study, that users' sensitivities toward modal attributes are
not strongly correlated with their socio-economic character—
.1st1cs, is supported by evidence.in the literature which
are considered by this author to be adequate,_and hence,_a
strong case can be made to account for both sets‘of
determinants in model choice analysis. dn the other hand,
no-substantial.evidence was encountered to suggest that such
sensitivities are caused by or releted to the user's tlme
budget. This plausible relatlonshlp remains unproven
hypothe31s. - (Indeed, this subject in its entlrety is still
unexplored) |

.Other .elements of uncertainty in the appllcatlon of
the time budget concept is whether the descrlptlon_prov1ded
.for'various activities (works, family, social, recreational),
will prove useful and reveal siﬁilar_relationships to'those-

discussed in Section 3.4. However, in addressing the latter
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two criticisms, it should beé pointed out that the use of the
time budget concept in the model is confined to the "off-line"
procedure which is added to the basic structure of the model.
.(phase E in Section 3;14-, and Fig. 5) to explain and predict
‘user's senéitivities toward modal attributes. Should the time
budget scheme prove unsuccessful in the quel implementétidn,
lbthe explanatory function of the model wouid not be éffected
(at least no£ in.the'statistical sense),'although its prédictive
qﬁality would be. The researcher may fhen wish to seekva
different explanation for the users'”sensitivities foward
“modal attributés, possibly in cénjunction'with a different
approach to the individual's lifestyle,.. | |

Another aspect 6f_the model operation which should be
viewed‘cautiously is the.user's assessment of the relative
significance of modalvattributes. One may advanCe a griqri
~argument that a user.may consider, for example, the comfort
attribute to be~the;most significant for a given trip; but
this is oﬁly tfue as long'as'the trip cost or timé does not
exceed a certain limit (beyond which cost or. time becomes.the
~'most'significant attribute). ‘Thus, substantial Change in>the o
system-éttribute ﬁay lead to different Sensitivities.among |
usefs.’ Thié poses further limitations on the_useldf the
- model for predictive purposes. -

Finaily; there»are other shortcomings-inherent to the'
theoretical framework of the study which'héve.been~hinted at

previously. The application of the abstract mode choice
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theory has practical limitations in;that no systematic er
objective method is developed to identify the "reievaht"'
system attributes.' Should the researcher apply his judgement
to select these attributes, or the uhiVerse from which these
attributes are to be selected--a step thch he cannot escape--
" he is under no conditions certain that he aeceunted for'ali
the system attributes perceived by the user to be pertinent
to the problem of mode choice. | o |
| Another shortcoming of the application of’the abstract
mode approach is that some of the modal_attﬁibﬁtes are not
comparable from‘one moée to the other.  For example, how‘caa
one eempare the flexibility of routing provided by car use
(thus permitting the user to avoid unpleasant routes,ApiCk
up or take'someone alohg, ete}5 with the fiked transit route
which does not offer such a flexibility. - This difficulty is
inherent to the use of qualitative data in quantitative models.”
But, needleés.to say, that many of the system attributes
cannot be expressed qﬁantitatively in a scientifically

acceptable manner.

5.3. Planning Implications

In'its concern with conCeptual.ahainis,anaAmodei'
formulation, this study clarifies several»ptobiems,videntifies,_
others, and.present some ideas which can be of benefit to the
:planner. | | |

The model formulated in theveourse of this study,aifb

- implemented, would expand our knewledge onAthe_relatiohship
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between users' ' mode choices and their sehsitivities toward
" modal attributes, ‘and furthermore, on the relationship betweeh
the latter and users' time budget (which is conSidered in this
study to be an express1on of certain aspects of the 1nd1v1dual s
lifestyle).‘ The identification of these complex and interrelated
reiationships may possibly‘lead to the definition of the causal
relationship underlying users' behaviour;

Since the model also accouhts for the relevant
attributes of the transportation system, it provides the planner
w1th means of assessing the impact of alternatlve transportation
polic1es on users -mode ch01ces——p0551bly in quantltatlve terms.
The following are examples of such alternatlveszs_

(a) increase the cost of car travel by ralsing the
parklng charges, road tolls, etc.

(b) lincrease the travel time by car by reducing the
parking space avallable in the proximity of major destinations,
thus prolonglng the walking t1me to and from parklng, or by
allowing street congestlon to occur 1n-parts of the c1ty
where transit vehlcles operate on a right- of—way.

(c) lower the comfort level of car trips. by neglectlngA
road maintenance or improvements, and
| (d) reduce transit travel time by broviding a.greater
areal coverage of transit service, increasing its frequenoy,
establishing a separate right—of—way, etc.

The planner‘may also wish to consider the impact_of

some of these policies on various mode users in different
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socio—economicvgroups; This can possibly_give him some
indications on the effeetiveness'of policy changes in areas
in the city characterized.by, for example, high income or
"older age residents. .With certain modifications in. its
structural relationships, the model may also be usefui for
"this purpose: all ebservations are to be initially classified
into subfgroﬁps, according to the socio-economic' criteria
specified (income level, age, etc.). Within each'group,
ﬁsers' mdde choices can be explained,.by.means of stochastic
-functions, on the basis of aetributes ef the mode choice
situationfand_the socioéecohomic characteristics,'excluding,
of couree, the»veriable used as a criterion for the'initial
-classification; A'comparison can then.be draanbetween-the
behaviour of various groués, and the difference can be-

attributed to the effect of the variable employed as a
classification criterion.

| Furthermore, the studj's model can also‘be utilized
es a planning tool ih introducing‘a new transit system or
improviné an existing one. This would require a similar
_ survey'desﬁgnuto be conducted in areas for which transit
c.service is.planned._ In this survey, the planner should seek;-'
information on the nuﬁber er percentage.ofrcaptive eaf users
who wouid not ehift te transit for any of the reasons discﬁssede
in Section 4.3. 1In adaition, other information on the users'
characteristics and their traVel'paﬁtern, as lisfed in the

study's questionnaire, should also be collected. The planner

’
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can fhen prOCeed‘td lay. the traﬁsit routes so as to'incluae
a great numbei.of pofential users ih the "catchment" area of
these routes. By estimating walking and travel time for the
pctenfial users, a model similar to that introduced here can
be.employed to estimate the number of users who would shift
to the new mode. |
Further to these, the mehtion is made of Cther
applications in the course of the study. In Section 2.3.,
the use of the abstract mode choice theory for predicting_the.
use of new transportation modes is expounded.>'Such modes
can be reduced to their most significant attributes, ahd’tq
._the'extent that these'afe comparable.with_attributes,of existing
modes, the researcher can predict the impact of introducing a
new mode on'users' behaviour. Likewise; referehce is also
made to the increased ca?ability of ﬁhe researcher tO'invesﬁe
igate'or predict the impacf of social or eccnoﬁic change, or
new trehds in lifestyles (as defined in~thisvs£udy). Since
the model takes account ef the user's‘personal characteristics,
(including his lifestyle) end.modal attributes, such changes
can‘be»"enteredf'into the model and its impact on.use;si
behaviouricanvbe identified. Admittedly, however;'maﬁc;
social or economic changes, or radiCally:different orientatidns
in the population's iifestyles ha?e behavioural implications
thich'may well produce new patterns of behaviour beyond the
predictive range of this or any other model. The reseaicher,
therefore, should exercise his’judgement es to'the degfee.of*

credibility he‘may'be willing to attach to the model performance



126

under these conditions of uncertainty.

"5;4;"Research”Pbésibilities

This study's approach is diffefent from‘others,in-*
ﬁhat it places émphaéis upon two aspects of user's behaﬁiour:

(a) the relationship between the user's'perception.
of travel disutility and ﬁode choice, and -

(b) the relationship between thé user's lifestyle
- and the significance he éttaches.to indiﬁidﬁal_attributes
of the trével mode.
Previous works ihvestigated the fifst éspect of ﬁser's‘
behaviour mentioned above.and signifiéant findinés are
‘reported in the study; However, as the'study points oﬁt,
there is'still a degrée,of'uncertainty in fhe researcher's
mind as to what attributes-éonétitute a travel mode. In other
words, we are back to the question posed at the outset of the
study (Section 2.3.), and that is how to'redude'é travel mode
to a "bundle" of attributes in aAmanner whigh fully accounts’
for the user'é perception of these modes. This difficulty'is
compéunded when one cbnsiders the operational.obstacles,of
~,formula£ing a model to account for both quantitative and
.qualifatiQe data. .Yef; imprOviné fhé~sta£e-of-the—art in
mode choice énalysis fequires.an appropriate soluﬁion to
these problems.

In>addition, the conceét of user's lifestyle;introdhced_
here, although it appéérs a promising‘conceptual tool, needs

further refinement and sﬁpport’of empirical data. To improve
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its rationalé, perhaps a more élaborate conceptual framewofk is
required to relate the individual's time and money budget to
his personal values. A fruitful avenue'of_research would be
to'éonsider the pattefn of money and timevexﬁenditures as. an
expfession of the individual's personal vélues,_and thaf for
the individﬁal-to érrive at the equilibrium stafe defihing his
pattern of time and money distribution, certailn trade—offs
must be made between various competing activities, and between
gqods'and activities. As an example, an individual may choose,
depending upon his personal values, to spend more'time in work
and less in travel. 'Also,éan individual may choose'to give.up 
a vacatioh to‘bu? some furniture, for example, thus tréding
activities for goodé. In this context, money ana time may then
be considered a commén resburce, which'fhe individual dispenées
of in the"form»of goods and activities in such a manner which
maximiées.his satisfaction.

This general conceptual framework, being applicablé
to aqtivitiés and comﬁodities,.may be construed.as an‘eléboratiqn
on the éxisting,consumer ﬁheory where consideration is given
exclusively“tb the demanannd Sﬁpply_of goods,iand the concern
©is’with:maximizing the coﬁs#mer's satisfactibn under the
constraint of fiﬁancial reséurces available. Adding to'thésé'
considérations time as a liﬁited rééource, and gctivitiés‘as
- goods (time and/or time conSuming?), the rationalization of
the individual's.behaviour under these conditions poses:
challenging.concéptﬁal problems which are worthy of the

researcher's attention. 'Since travel is a time- and money-
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consuming activity, resolving these problems may enhance the

theoretical underpinningS-of mode choice analysis.
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FOOTNOTES

A detailed discussion of this approach is documented
in Mode Choice Determinants of Selected Socio-
Economic Groups, by Brown, pp. 186-223.

The discrepancy between predictéd mode use on the

"basis of stated preferences and actual use was

identified by David T. Hartgen, Forecasting Remote
Park-and-Ride Transit Usage, Research and Applied
Systems Section, New York State Department of
Transportatlon, Dec. 72, p. 41.

This approach was attempted by Brown, Mode Choice
Determinants of Selected Socio-Economic Groups, PP.
166-223, and Hartgen, Forecasting Transit Usage,
1972, as well as many other authors. :
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APPENDIX A
EXAMPLE OF BUS USERS' QUEST'IONNAIlRE

- Transit Authority X is.conducting a survey on the travelling
habits of the residents of this area. Would you please fill
in this questionnaire and mail it in the attached envelope.
Your cooperation may provide us with the information necessary
to improve the transportation system serving this city.

1. Where did you start this trip?
Address.

2. Where is the intended destlnatlon of thls trip?
Address:

3. What is the purpose‘of this trip?
(a) work
" (b) shopping
(c) personal business
(d) social, recreational:
(e) school or university
(f) others (specify)

4. At which time did the trlp start7,
time: ~ a.m. P. m.

5. How long did you have ‘to walk to the bus stop’
: minutes

'.6. How long dld you have to wait for the bus?
- _minutes -

7. How frequent is the bus service at this time?
every . mlnutes

8. How long is this bus r1de°
: ' minutes

9. How would you describe this bus ride?
' (a) very comfortable

{b) comfortable

(c) somewhat comfortable

(d) uncomfortable

(e) very uncomfortable



lo0.

11.

12.

13.

14.

15.

140.

Is transfer to another bus line necessary in this trlp'>
Yes . no

If the answer is yes, please’ contlnue, otherw1se, go
to guestion number 12.

(a) Do you have to walk to get to the next bus stop?
Yes no

If yes, how long: . . minutes

(b)‘how long do you have to wait at this transfer point?
minutes

(c) how frequent: is this bus. serv1ce°
every minutes.

(d) how long is' this bus ride?
mlnutes

! ' : ‘ S

How ‘long do you have to walk from the last bus stop to

your destination?: . o :
.minutes

Do you use a monthly bus pass?
Yes no

Could you have taken the car for this trip instead

of the bus?
- yes ' no

'If the answer is yes, please contlnue,.Otherwise}'
go to questlon number 17. - : S

In ch0051ng the bus instead of the car, please indicate
"how important each of the following characteristics of
your trip:-

(a) Cost of travel:
S - very important
: - important
-~ somewhat important
- unimportant
- very unimportant

(b) Total travel time:
- very important
- important
- somewhat impprtant
- unimportant
= very unlmportant
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" The length of. tlme spent in walking, waltlng
and transfer:

very important
important

somewhat important
unimportant
very unimportant

Frequency of the bus service:

- very important

important

somewhat 1mportant
unimportant: :
very unimportant

Comfort level of the trip:

- very important

important
somewhat important
unimportant

‘very unimportant

Suppose now that you took the car instead- of the bus,
please tell us, to the best of your knowledge, about

your trip:

(a)

(b)
(c)

(@)

-case:

would you have to pay parklng charges or road ,
tolls? o

. If yes, how much: dollars

how long the car trip would be.

: minutes :
would you have to walk to or from the
parking place?

.If yes, how long: . minutes

How would you describe the- car r1de 1n this
(i) very comfortable ' ﬁ
(ii) comfortable ‘

i
(iii) somewhat comfortable i

(iv) uncomfortable

(v) very unoomfortable

In order to have complete 1nformat10n on you as a bus rlder,
please answer the following questlons-

17.

18.

Your sex:

Your age:

(a)

(b)

(c)

male. ' - female

16 - 25 (d) 46 - 55
26 —- 35 (e) 56 ~ 65
36 - 45 (£) over 65
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19. Which of the following categorles would descrlbe your
occupation best?

20.

21.

22.

23.

(a)
(b)

(c)

(4)
(e)
(£)
(e)
(g9)
(h)

clerical, secretarial
sales personnel
managerial '
professional

labour, trade
self-employed.
student

housewife

others, (specify)

Please indicate the annual income of your household.

" (a)
- (b)
(c)
(a)
(e)
(£)
(9)

less than $6000
$ 6000 to $ 8000
$ 8000 to $10000
$10000 to $12000
$12000 to $14000
$14000 to $16000
over $16000

Can you work overtime if you wish?

Yes

no

How many persons are in your household?

persons

Now, we would like to know about your way of life and how
you generally spend your time, since we think that this
may have an effect on your travel habits. Please give
us an estimate for the number of weeklz hours. you spent
in the following act1v1t1es° :

(a)
(b)
(c)

(d)

at work '

at home, with famlly or relatives

practising your favorite hobby, pursuing
cultural interests, associating with friends
sports and outdoor recreation
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APPENDIX B
CAR USERS QUESTIONNAIRE

The design of this questionnaire can be made

“similar to that of the bus users' questionnaire, except for
the questions concerning the attributes of the transportation
system.- In thlS appendlx only these questlons are mentioned.

5. How ‘long is thlS car r1de°
mlnutes-

6. Do you have. to walk to or from the parking space?
' If yes, how long: ‘ minutes

7. Do you pay parking charges‘or road tolls?
If yes, how much: . dollars

8. How would you describe your car ride?
(a) very comfortable
(b) comfortable
(c) somewhat comfortable-
(d) uncomfortable
" . (e). very uncomfortable

. 9. Did you choose the car because: : :
(a) you are sharing a car pool or have to take
someone else along,
- (b). you needed the package space to carry tools,
shopping bags, etc.
(c) you needed the car at the end of the trlp to
make other trips, :
{d) you would be embarrassed to be seen riding the
bus, :
(e) there is no acceptable bus service to get you
to your destination in time.

If the answer to any of the questions a, b, ¢, 4,
or e is yes, please go to questlon 12, otherwise
contlnue. o

10. Suppose now ‘that . you have taken the ‘bus instead of the car,
' please estlmate, to the best of your knowledge, the follow1ng.-



(a)

(b)
(c)
@
(e)

(£)

(9)
(h)
(1)

(k)
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how long would you have to walk to the bus

-stop:

_ minutes :
how long do you have to wait for the bus stop.
' minutes
how frequent is the bus service at thlS time
of the day? every minutes
how long would the bus ride be?

minutes

how would'you describe this ride?

(i) very comfortable

(ii) comfortable

(iii) somewhat comfortable
(iv) uncomfortable

. (v) very uncomfortable

would a transfer to another bus line be necessary
to get to your destination? If yes, please
contlnue, otherw1se go to questlon k below.

would you have to walk to another bus stop for
this transfer? If yes, how long minutes

how long would you have to wait for the bus at
this stop: ' minutes

how frequent is the bus service for this llne at
this time of the day: every minutes

“how long would you have to walk to your final

destlnatlon after you leave the bus:
minutes

"11. In choosing the car instead of the bus, please indicate
how important each of the following characterlstlcs of

your trip:

(a)

Cost of travel:
very important
important
somewhat important

~unimportant

very unimportant

.Total Travel time:

- very important

important

somewhat important
unimportant ”
very unimportant
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The length of time spent in walking, or
‘waiting (if applicable):

very important
important

somewhat 1mportant
unimportant

very unimportant

Frequency of the bus service (if you consider
taking the bus):

very important-

important

somewhat 1mportant

unimportant -

very'unimportant _

Comfort level of the trlp
very important ,
important

somewhat important
unimportant'

very unimportant
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