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ABSTRACT

Motivated by practical and theoretical shortcomings of
existing discrete choice models of travel behavior,
especially in the application context of developing coun-
tries, this research proposes to investigate expansion of
extant discrete choice models to include consideration of
economic, social, and cultural constraints. A two-stage
choice process, composed of the choice set formation and
actual choice stages, is proposed and modelled. Various
models of choice set formation and choice are proposed that
specify, at differing levels of aggregation, the impact of
constraints on individual choice.

The proposed methodology, deemed of special relevance
to modelling travel behavior in developing countries, is
empirically tested with data from two Brazilian cities,
Maceio and Sao Paulo. Work mode choice is modelled in both
cases. The models of choice set formation are compared
against standard models of discrete choice in both statis-
tical and predictive terms.

It is shown that in these two cities, for the work mode
choice dimension, a standard 1logit choice model that
accounts for alternative availability via the use of
variables in the choice utilities functions is a robust,
cheaper specification when_ compared to simple models of
choice set formation. The Sao Paulo work, however, raises
the possibility that explicit modelling of constraints will
pay dividends in terms of improved models of travel
behavior.

Thesis Supervisor: Dr.- Moshe Ben-Akiva

Title: Associate Professor of Civil Engineering
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CHAPTER 1

INTRODUCTION AND STATEMENT OF OBJECTIVES

1.1 The Role of Choice Set Formation Within the Classical

Paradigm of Individual Choice

The theory of individual choice, developed in the field
of psychology (see the review in Luce and Supbes, 1965) and
later adapted to explain economic behavior of consﬁﬁers
with respect éo discrete goods, has found a fertile field
for application in transport demand estimation (see for
example, Domencich and McFadden, 1975; Ben-Akiva, 1973; Ben-
Akiva and Lerman, 1974; Adler and Ben-Akiva, 1976; Lave and
Train, 1979; Westin and Gillen, 1978; Landau et al., 1982;
Train, 1980; Swait et al., 1984).

The theory of disaggregate choice is based upon the
axiom of a rational consumer, who, when faced with a choice
among the discrete elements of some well-defined set, makes
use of a pre-established aecision rule to make his
selection. Imbedded in this paradigm of choice are a series

of assumptions (e.g. rationality, existence and type of
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decision rules) necessary to make the theory operational.
The assumption of special interest here concerns the

set of discrete goods (to be called the choice set) from

among which a final selection is made. In practical
modelling applications it has traditionally been assumed
that the analyst, who commonly has available only the
revealed choice, 1is able to specify the choice set from
which the observed choice was made. Specification of the
choice set has almost invariably been dealt with in two

ways:

- ignoring the issue and making all alter-

natives available to all decision-makears;

‘- using logical rules to impute the set, e.g.
in mode choice models, no auto drive
alternative for individuals without a

license.

The effect of ignoring or misspecifying choice sets is
apparent, after some thought, in modelling problems where it
is expected that major changes in society, family structure,
and economy will occur over time. For example, improvements
in the transport infrastructure will not only result in a
modification of the propensity to utilize one or another
mode, it will also affect the availability of the modes to

individuals. Hence, their choice sets and choices will both
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be potentially modified. It is to be expected that
traditional discrete choice models, indeed demand models of
any type that do not consider choice set generation, will
display a lack of robustness (in terms of stability of
parameters, hence forecasts) as the time horizon of the
application increases.

Developing countries, characterized by high degrees of
heterogeneity along social, cultural, and economic
dimensions, are prime examples of application contexts in
which flux 1is the norm. The scarcity of resources,
juxtaposed to the many (and ever-increasing) needs of a
burgeoning population, make it critical that planners have
at their disposal the best possible information upon which
to base their recommendations for resource allocation.

For some time, the transport demand and econometrics
literature has also recognised the limitations of using the
two approaches mentioned above to a priori define choice
sets. Lerman(1975) was one to early on recognize the
inappropriateness of allocating all alternatives to all
decision-makers: "The underlying theory of the logit model
requires that the choice set for each observation consist of
feasible alternatives... in order to proeérly estimate a
mode choice model, one must know which / of the set of
possible alternatives are actually vailable to the
individual." (Lerman, 1975, p. 244) /The scope of this

observation is not, of course, liﬁitgd to the 1logit
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specification or the mode chcice context, but is applicable
to any discrete model specification and choice dimension.

This type of reasoning has led to the widespread use of
imputed choice sets in practical applications of discrete
choice mcdels. Ben-Akiva and Lerman(1974), for instance, in
modelling the joint choice of auto ownership level and mode
to work in Washington, DC, use rules such as (1) no auto
ownership permissible to households without licensed drivers
and (2) no transit option for households living in fringe
suburban areas.

Train(1980) reports another study of this same pair of
choice dimensions for the San Francisco area. As part of the
calibration process, he estimates a model of mode <choice
conditional on auto ownership level; for fhis model, Train
employs a° number of rules to allocate teo individuals the
modal alternatives: (1) no auto drive for persons from
households without an automobile; (2) any of the transit
alternatives are eliminated if its use entails three or more
transfers to or from work, or if the one-way travel time
exxceeds four hours.

These papers are only two examples (see also Quarmby,
1967; Watson, 1974) of the compromise that both
practitioners and reseafchers have made to achieve
reasonable model forms. Many researchers, however, have been

aware of the problems that result from employing the
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approaches we've mentioned above. Williams and
Ortuzar(1979), for example, study the effects (on both
parameter estimation and forecasting) of giving all
alternatives to all individuals when the true process of
alternative allocation follows some known probabilistic
process. They demonstrate the biasing of parameter estimates
that occurs, as well as errors in forecasting, due to the
misallocation of alternatives. McFadden and Reid(1975) and
Westin(1974) show the same type of results when the
procedure to define choice sets is to impute them by the use
of logical rules. These researchers are not alone in
pointing out problems with these methods of generating
choice sets (see, for example, Stopher, 1980; Meyer, 1979);
we shall investigate these references in more detail in
Chapter 2.

Diagnosis has not been the only concern of researchers.
Several investigators, trying to overcome the deficiencies
of extant discrete choice model specifications, have
formulated explicit models of choice set formation (notably
McFadden, 1976a; Ben-Akiva, 1977; Meyer, 1979; Gaudry and
Dagenais, 1979; and Pitschke, 1980). With the exception of
Pitschke(1980) and Gaudry and Wills(1979), however, none of
the researchers has actually attempted to calibrate models
of discrete choice that incorporate choice set formation.
And more importantly,' only Meyer(1979) has given a

behavioral interpretation to the underlying process of
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generation of an individual's choice set. The other authors
have limited themselves to developing econometric
specifications (and in two of the cases, actually
calibrating models), but with 1little or no behavioral
motivation for the choice set generation stage of their

specifications.

1.2 Research Scope and Objectives

The summary of the state-of-the-art of choice set
formation modelling that we have provided in the previous
section demonstrates two omissions in the literature: first,
there 1is a paucity of behavioral interpretation for the
choice set formation process, which makes the development of
specific models a more difficult matter since we are left
with an unsound foundation upon which to stand and formulate
behavioral hypotheses about that process; second, there is
little empirical comparative work that tries to measure the
costs and benefits of applying choice set formation
modelling versus traditional discrete choice models.
Accordingly, this research sets for itself three overall

objectives:

(1) develop a behavioral framework that allows
for incorporation of choice set formation

in discrete choice models in general, and



17

in transport demand models in particular;

(2) formulate a number of hierarchically more
complex and behaviorally sound models of
choice set generation, evaluating their
applicability to different choice contexts
relevant to transport analysts, especially
in developing countries; and

(3) empirically test the practicality of
estimating several of the more promising
models formulated under (2), to evaluate
the benefits that are gained in terms of a
greater accuracy and better understanding
of individual behavior from the improved
model realism, versus the cost, time and
sophistication necessary to calibrate such

models.

This study is not theoretical in nature: the theory it
needs is extant, but is here aggregated from divers sources
and cemented together in a manner suitable for analyzing
individual transport-related behavior. Hence, the first
objective given above.

Given its practical nature, this thesis will give equal
emphasis to the second and third objectives in an effort to
arrive at useable models incorporating the choice formation

stage of the choice paradigm.
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The third objective is carried out within the context
of modelling work trip modal choice in Maceio and Sao Paulo,
Brazil. The basic premise of the proposed approach is that
choice set formation is a question of identifying relevant
constraints on decision-making units, and a city in a
developing -country is a likely place to find constrained
individuals.

The two cities form a sharply contrasting pair of case
study areas. Maceio is a city of less than one-half million
located in the Northeast of Brazil, a region historically
plagued by droughts, almost completely reliant upon cash
crops such as sugar cane, and held back from development by
a semi-feudal social structure. Swait et al.(1984) and.
Geltner and Barros(1984) report in some detail on the travel
behavior of the residents of Maceio.

At the other extreme in Brazil we find Sao Paulo, a
teeming metropolis of more than 11 million people. One of
the fastest growing cities in the world, it is the heart of
Brazil's industrial park. With a far more equitable income
distribution than is found in Maceio, it is natural that we
find in S3o Paulo a wider spectrum of economic and social
strata than are to be found in the smaller, poorer city of
the Northeast. The richness of behavioral variability in Sao
Paulo adds significantly to the validity of the conclusions

we make based upon the empirical work undertaken in this
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research.

As for the reasoné for using modal choice as the
vehicle for evaluating the practicality of calibrating
choicz set models, there are several.

Firstly, because of the degree of flexibility
individuals aséociate with the modal dimension of transport
behavior, it is very often the vehicle used by transport
planners to implement policy objectives. 1In addition, there
are many studies of this choice dimension that are not based
on a detailed consideration of choice set formation (we have
mentioned a few these studies before: Quarmby, 1967; Ben-
Akiva and Lerman, 1974; Train, 1980; Westin and Gillen,
1978; others are Lerman, .1976; Liou et al., 1975;
McFadden(1976b)), and can thus serve as a basis for
comparison with our empirical conclusions.

Secondly, work modal choice can be changed in the short
run by individuals that are not highly constrained. If the
investigation demonstrates the importance and feasibility of
modelling choice set formation for even this level of
choice, how much more so will it not be for such choices as
residential location, shopping destination, quantity and
type of automobilé, and so forth?

Lastly, the more geileral models of choice set formation
that will be presented become infeasible to calibrate with a
large number of alternatives; to permit an uniform

comparison of model performance, modal choice was selected
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because it permitted calibrating even complex models within

the available time and money budgets.

1.3 Outline Of the Thesis

Chapter 2 deals principélly with two topics: first, we
formulate a constraint-based approach to choice set
formation that comprises the behavioral framework we desired
in our first research objective (see Section 1.2); second,
it investigates the practical and theoretical impacts of
ignoring choice set formation by reviewing the research that
has been presented in the literature, and by conducting a
theoretical analysis of model misspecification for a
specific model form and choice context.

Based on our knowledge of the deleterious impact of
ignoring or misspecifying choice sets, we set out in Chapter
3 to formulate a number of choice models that include
a probabilistic choice set formation stage, obeying the
constraint-based approach of Chapter 2. This model
development is not intended to be exhaustive, Dby any means,
but is intended to exemplify our approach and prepare
specific model forms for the empirical phase of the
research.

In Chapters 4 and 5 we present the calibration results

for standard discrete choice and choice set formation models
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for Maceio and Sao Paulo, respectively. 1In the first of
these two chapters, the emphasis of the empirical work is
upon comparing the costs and benefits of utilizing simple
models of choice set formation as opposed to the logit
model, for the work mode choice dimension.

The purpose of Chapter 5, which to some extent is to
confirm the observations we make in Maceio, is more directed
at exploring whether inclusion of ad hoc variables related
to alternative availability in standard discrete choice
models is a practical substitute for choice set formation
modelling. The approach we take to investigate this question
opens an interesting avenue for future research in the area
- of choice set formation modelling.

Recommendations for future investigation of this topic
and others raised during the course of the empirical work
are given in Chapter 6, which also presents an overview of
the present research effort and summarizes its principal

findings.
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CHAPTER 2

THE ROLE OF CONSTRAINTS IN THE

CHOICE SET FORMATION PROCESS

2.1 Introduction

This chapter presents the proposed approach to choice
set modelling, outlining a typology of constraints
_generally applicable to individual urban travel contexts.
Clearly, it is not possible to attempt the development of a
set of constraints and/or models applicablé to every
conceivable situation of interest. This chapter presents a
modelling strategy or methodology which must be tailored to
fit a specific situation of interest. It is not sufficient
to characterize the attributes of the alternatives (e.g.
time and cost in a modal choice context) related to a choice
situation; it is also necessary to describe the
relationships between the individual decision-maker and his
environment (i.e. physical context, cultural traditions,
family and group ties, situation within or without the
market economy), which are important determinants of choice

set formation.
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Chapter 2 also presents a treatment of the manner in
which use of the constraint typology, introduced herein, can
be integrated into a modelling apprcach. This will serve as
introduction to the subject matter of Chapter 3, in which a
series of choice set formation models is formulated and
discussed with respect to their applicability to several
transport-related choice contexts.

To finalize the chapter, we investigate the impact of
not modelling choice set formation upon both the estimation
of choice model parameters and use of the models in
forecasting. We do this in two stages: first, we review the
literature dealing with this aspect of model
misspecification; second, we conduct a detailed analysis of
specification errors for a prototypical binary choice
context, under the condition of incorrect choice set

representation.

2.2 Towards a View of Choice Set Generation

2.2.1 Introduction
Classical economic choice theory postulates the
following two-stage sequential process (Manski,1977):

(1) forces exogenous to the individual pose

a choice problem (i.e. define the indi-
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vidual's choice set Cp, where n repre-
sents an individual);

(2) with €, well-defined, the individual
selects an alternative from among those
available according to some pre-
established decision rule {e.g. utility
maximization, elimination-by-aspects

(Tversky, 1972), etc.).

In its turn, choice set formation can be viewed as the
process of establishing the set of feasible alternatives
available to an individual decision-maker. The factors that
establish the infeasibility or not of specific alternatives
can be identified by characterizing the relevant
interconnections between the individual and his or her
environment, as well as self-imposed restrictions (such as
those of a psychological nature).

The two-stage exogenous approach above closely
parallels the satisficing mode of rational behavior propos:d
by Simon(1955). The first stage, that of choice set
generation, is exactly analogous to the process for
definition of what Simon calls the "considered subset", that
is, the subset of the objectively available alternatives
that the decision-maker actually considers for choice. The
process of constraint identification must not only consider

constraints such as income and transport infrastructure, but
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must also accovnt for informational, psychological,
cultural, and social restrictions.

The next secticn is devoted to operationalizing the
process of constraint identification by establishing a
general typology of constraints operative on individuals
undertaking spatial movement in urban areas. It is not
intended to be exhaustive; gaps in its coverage of various
choice contexts certainly exist. In addition, so as not to
bog ourselves down in minutiae, the typology is of an
abstract nature. Nonetheless, it fulfills the useful purpose
of all prototypes: it establishes the practical feasibility
of a concept. And by restricting itself to individual urban
travel, it can be specific enough to be of direct use in the

empirical phase of this thesis.

2.2.2 A Typology of Constraints on Individual Urban Travel

This section will outline a typology of constraints
which should be geﬁerally useful to guide further thoughts
on choice set modelling in urban transportation contexts. It
is difficult to speak of constraints to individual decision-
making without becoming aware of an implicit time frame for
the discussion. What is deemed a constraint in one time
frame is a decision variable over the longer run. However,
in the interests of generality we have allowed ourselves the

liberty of mixing time frames in the discussion that
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follows.

Any classification inevitably tends toward
artificiality since interaction between categories becomes
difficult to make explicit; nonetheless, the taxonomy can be
helpful to the extent that the construct aids us in
understanding the issues involved. In this spirit, and under
the caveat stated above, constraints are categorized here

into three broad groupings:

(1) household/family constraints;
(2) societal constraints; and

(3) personal constraints.

2.2.2.1 Household/Family Constraints

It might seem natural tc first consider constraints at
the perscnal level, but is is argued here that constraints
are primarily determined by one's household/family
affiliations. The household of which an individual is a
member exerts influences that alter the individual's
perception of his needs and impose upon him responsibilities
towards satisfaction of collective as well as personal
necessities. Thus it seems more appropriate to focus first
upon household level constraints.

| The important point is that the individual decision-

maker cannot be considered in isolation of this part of his
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social environment. Brdg and Erl(1581), in developing their
"situational"™ approach to the study of individual activity
patterns in urban areas, report from their analysis efforts
that "...it very quickly became obvious that the composition
of pertinent activity patterns is only partially a result of
a person's free choice; rather, it is frequently determined
by members of his family." (Brog and Erl, 1981, p. 1)

Three major categories of household/family constraints
will be discussed in the following paragraphs.

The first of these are physical constraints imposed by
the household; examples of this category are residential
location and resource availability (e.g. income sharing
within the household, auto ownership, etc.}, both of which
affect an individual's choice set. of the three
household/family constraint categories treated here, this is
the most straightforward to identify and integrate in models
of choice set formation.

Perceptual constraints are the second category to be

presented. The perception-forming impact that a household
has upon its members can be very great, especially within
cultures where the family receives primary emphasis over the
individual. Within the household each member acts the role
he or she has been assigned, and the resources available to
him or her to carry out his or her responsibilities take
into account his or her relative contribution to the

collective good. Thus, a secondary worker may not actually
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have use of the automobile as an alternative in his work
mode choice set because in his perception, molded by his
familial environment, only the primary worker has a call
upon the vehicle. Further, it may be that the primary worker
is captive to this modal alternative due to his or her
perception of the household's status within society.

The last category of household constraints is related
to househcld structure, both in terms of its internal
decision-making mode and the hierarchical positioning of its
members. Modes of intra-household decision-making are an
important consideration to have in mind because they result
in differing patterns of activity and reéource allocation to
individual members. This is admittedly a difficuit area to
model explicitly, but perhaps differentiation along such
dimensions as lifecycle and lifestyle might indirectly help
to identify relevant constraints on individual behavior.
Salomon(1980) shows that the 1latter is an interesting
dimension along which to investigate individual travel
behavior, so it is reasonable to assume that it can also aid
in modelling choice set generation.

The hierarchical arrangement of household members is
also of relevance. For instance, the individuals in a group
of adults who merely share the same living space likely act
as independent households with respect to their

transportation needs. On the other hand, the actions and
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possibilities of members of a nuclear farily are likely to
be highly interrelated, so such individuals should not be
considered in isolation of one another. This type of
household constraint also seems most amenable to treatment

via market segmentation schemes.
2.2.2.2 Societal Constraints

Societal constraints, the second of three major
categories presented at the beginning of the section, will
now be discussed. The first of its subcategories is the set
of constraints resulting from the physical layout of the

transport infrastructure in an urban area. These constraints

are also straightforward to understand and incorporate in
choice set models, and have often been applied. Ben;Akiva
and Lerman(1974) is an example of the application of such
constraints in the context of a simultaneous disaggregate
model of auto ownership and mode to work. The authors
mention restricting transit for households living in fringe
suburban areas within their zone of study. Many constraints
imposed by the transport infrastructure are related to
public transportation modes, whose availability, frequency,
reliability, and so forth, affect an individual's ability to
participate in desired activities,

The second category of societal constraints is closely
related to the previous class. The form and structure of the

urban economy impose a variety of constraints on
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individuals. The spatial and temporal distributions of
economic activities influence all aspects of travel
decision-making, from trip frequency to mode choice. The
location of shopping opportunities and store operating hours
are specific examples of such constraints. Landau et
al.(1982) present an example of utilizing travel time and
store operating hours information to define workers' lunch-
hour shopping destination choice sets.

Information availability is the third societal

constraint category. It is important to distinguish between
making information available to an individual and his
ability to process and use that data. This latter aspect
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