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Abstract

The mode share of public transit has been decreasing in many Indian cities, while the ownership and usage of personal vehi-
cles continue to grow. It is important to understand the reason behind this decline in transit ridership and frame policies to
reverse this trend. Traditional mode choice models assume that all the modes are considered in the choice set while making
a decision, which may not be realistic due to the following reasons. Individuals may not consider some modes due to the
unavailability, lack of information, or infeasibility, or incompatibility with their travel and activity patterns. By ignoring
this consideration process and assuming that all modes are available can lead to mis-specified models and erroneous policy
evaluations. Thus, it is important to model both consideration and mode choice outcomes jointly. Accordingly, the main
objective of this paper is to develop a joint model for three inter-related choice dimensions: (1) the consideration of bus, (2)
the consideration of train, and (3) the primary mode for the home to work commute. These models are estimated using data
from a sample of workers in Chennai city and the key explanatory variables influencing them are investigated. A positive
correlation between the consideration of bus and train is found. The results also show that consideration of public transport
modes influences the mode choice as expected. Furthermore, the coefficient of (log of) consideration probability on choice
utility is significantly different from one (an assumption in many implicit availability/perception models). Also, some of the
factors affected both the consideration and choice decisions, thus providing evidence that there is a partial (not complete)
mediation effect of consideration on choice. Comparison with alternative models shows that neglecting these effects of con-
sideration on choice can lead to biased coefficients, erroneous inferences, and poor model fit. The degree of vehicle availabil-
ity and accessibility to transit stations exhibit varied effects in the choice of bus and train modes. In addition, their influence
differs between the consideration and choice stages. The findings from this study could help decision-makers in developing
separate policies for augmenting the consideration of public transit versus those that aim to retain or increase market shares.
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Background and Motivation increase in congestion and emission levels on urban roads.
In this context, public transit, which carries a large share of

India has witnessed an increase in the total number of vehi-  person trips with a very small fleet (< 10,000 vehicles), has

cles by threefold since 1990, while at the same time, there is
a drastic decline in the mode share of public transit (<30%
in some cities). These developments have led to an alarming
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a key role in providing sustainable, equitable, and affordable
transport in Indian cities. To arrest and reverse the decline in
transit shares, there is an urgent need to understand the asso-
ciated reasons and develop suitable policies. In this context,
this paper investigates the key determinants of consideration
of public transit (bus and train) and its choice among work-
ers in Chennai city.

Mode choice models play an important role in the
demand forecasting process and policy evaluations. Mode
choice models are typically modeled using discrete choice
models [6-9], some of which have assumed that the choice
set is the same for all individuals. This assumption can be
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behaviorally unrealistic as an individual may not consider
some modes due to unavailability, lack of information, infea-
sibility, or incompatibility with activity or travel patterns.
Therefore, some studies have suggested that individuals
think about only a subset of alternatives from those that are
available [1, 2]. The process of narrowing attention from
the universal choice set to a subset of feasible options from
which the final choice is made is referred to as consideration
[2]. By ignoring this consideration process, the assumption
that all modes are available can lead to mis-specified mod-
els and erroneous policies [3, 4]. For instance, neglecting
consideration effects in mode choice models will yield a
non-zero probability even for modes that are not considered.

The consideration and mode choice dimensions need to
be modeled jointly due to the following reasons: first, the
decision to consider different transit alternatives may not
be independent of each other. Second, the choice probabil-
ity must be constrained to be zero for alternatives that are
not considered. Third, the set of factors that influence the
consideration and choice might be different and some fac-
tors might affect both consideration and choice with varying
intensity. Fourth, practically, it is important to understand
which segments do not consider transit and the associated
reasons. This can help in promoting consideration of transit
if it is not currently being considered. Among those who
consider transit, the focus must be on policies that could
increase usage level or frequency (mode shares).

Explicit and implicit consideration frameworks have been
developed in the literature for joint modeling of considera-
tion and choice. The main deficiency in the explicit approach
is that with an increasing number of alternatives, the number
of choice sets grows exponentially which leads to compu-
tational intractability, non-convexity, and interpretability
issues. In contrast, the implicit availability/perception mod-
els circumvent the dimensionality problem, but could suffer
from behavioral inconsistency between consideration and
choice probabilities. A detailed review of both approaches
along with their advantages and disadvantages is presented
in the section “Literature Review”.

Most of the studies on public transit mode choice, how-
ever, do not account for both consideration and choice. Also,
some of the mode choice studies that include both consid-
eration and choice model are from developed countries and
either aggregate bus and train as a single transit mode or
focus on only one of these. Therefore, there is a need to
investigate factors influencing public transit consideration
and choice in developing countries like India while clearly
differentiating factors specific to bus and train modes. The
role of unique features such as rapid urbanization, increase
in income, increase in vehicle ownership, and availability of
specific intermediate public transit modes such as autos and
shared autos [5] also warrant analysis. Accessibility, trans-
fers, and reliability of transit may also assume significance
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in developing countries. Hence, it is important to study the
heterogeneity in public transit consideration and choice due
to activity characteristics, travel patterns, and last-mile con-
nectivity in Indian cities.

Given these motivations and gaps in the literature, the
main objective of this paper is to develop a joint model of
three inter-related choice dimensions: (1) the consideration
of bus, (2) the consideration of train, and (3) the primary
mode for the home to work commute and investigate the key
determinants of public transit consideration and choice using
empirical data from Chennai city.

A joint discrete choice model system has been proposed
for the above dimensions and estimated using data from a
sample of workers in Chennai city. The models are used
to address the following substantive research issues. With
regard to consideration, the issues of interest are: Whether
and how the consideration for bus and train are inter-related?
What are the unique factors that influence the consideration
of bus but not train and vice versa? What are the common
factors that affect both? Among these common variables,
does the degree of influence vary substantially between bus
and train?

With regard to the choice stage, some of the pertinent
questions include: What is the role of consideration of pub-
lic transit modes on primary mode choice for the home to
work commute? Does neglecting consideration information
in primary mode choice result in loss of efficiency, reduc-
tion in goodness-of-fit, or possible bias in estimates? What
are the variables that influence only the choice stage and
which factors influence both stages? What policies can be
specifically used to increase mode share among workers who
consider public transit?

This study contributes to the existing literature by pro-
posing a new implicit mode choice model that relaxes the
following assumptions:

(a) independence of consideration across alternatives;

(b) identical and fixed coefficient of consideration on
choice utility;

(c) full mediation effect of independent variables (that
affect consideration) on choice.

Besides, the proposed model is also theoretically consist-
ent as it ensures that the choice probabilities do not exceed
the corresponding consideration probabilities.

The rest of the paper is organized as follows. A detailed
review of literature related to this study is presented in
the section “Literature Review”. The empirical data are
described and exploratory analysis presented in the section
“Data Description and Exploratory Analysis”. The sec-
tion “Likelihood Formulation of the Proposed Joint Choice
Model” discusses the modeling approach and the likeli-
hood formulation for the proposed joint choice models. The
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salient results and inferences from the models are discussed
in the section “Estimation Results and Findings”. In the sec-
tion “Implications Due to Policy and Change in Share of
Consideration”, the proposed models are applied for illustra-
tive policy analysis under three scenarios. Finally, the major
conclusions are summarized in the section “Summary and
Conclusions” and directions for future work are proposed.

Literature Review

This section presents a brief review of the literature related
to the objectives of this study, namely, joint models of con-
sideration and choice, empirical findings from considera-
tion models of mode choice, empirical findings from mode
choice studies which is followed by the summary of gaps in
the literature.

Joint Models of Consideration and Choice

Numerous studies on decision-making in the field of con-
sumer behavior have represented the choice set formation of
individuals through a hierarchical or nested process [1, 2].
However, these studies do not deal exclusively with mode
choice decisions. These studies have conceptualized the
decision-making process of an individual by introducing a
universal set that consists of all alternatives. However, not
all the alternatives are always available to every individual,
leading to a subset called the availability set. The alterna-
tives about which the decision-maker is aware are said to
comprise the awareness set [1, 2]. These studies suggest that
though an individual may be aware of several alternatives,
he/she is likely to choose the best alternative from a reduced
subset referred to as the consideration set [1, 2]. Finally, the
chosen alternative is selected by evaluating the alternatives
included in this set.

Many traditional mode choice models have assumed that
the choice sets are fixed and do not vary across individuals
[6, 7]. Some of these studies, however, partially account for
availability/consideration effects indirectly through explana-
tory variables such as vehicle ownership, accessibility to
public transit, distance to the workplace, etc. Their inclusion
in the utility of mode choice may imply that these variables
are compensatory in nature. In other words, shortcomings
in these variables may be offset by improvements in others.
Therefore, such a model can lead to endogeneity, selectivity
bias, and possible mis-specification [3, 4]. Also, by mod-
eling the choice in a single stage, the effects of variables
affecting consideration and choice stages cannot be segre-
gated, thus limiting the identification of policies for enhanc-
ing the consideration of public transit.

To address the above shortcomings arising from dis-
regarding consideration process, Manski [3] proposed an
explicit choice set framework for jointly modeling consid-
eration and choice. The first stage involves the generation
of choice sets, and the second stage denotes the actual
choice conditional on the choice set. This framework
assumes that consideration or availability of an alternative
is discrete (0 or 1). Furthermore, the choice set for an indi-
vidual is assumed to be deterministic, but is latent (as it
is unobserved to the analyst). The practical difficulty with
this framework is the exponential growth in the number of
choice sets as the number of alternatives increases leading
to increasing computational complexity, non-convexity,
and interpretability problems [4, 8].

To address these issues, some studies have modified the
explicit Manski framework using random constraints [9],
latent choice-sets [10, 11], captivity [12], and attempt-
ing to reduce the size of the available choice sets. Other
studies utilized explicit unavailability on mode choice to
reduce the number of feasible choice sets. These include
using distance to transit as a threshold for the availabil-
ity of transit [13], availability of personal vehicle for the
inclusion of carpool, or personal vehicle as an alternative
in the choice set [14].

Cascetta and Papola [4] proposed a completely different
approach, namely, the implicit availability or perception
(IAP) framework to address the dimensionality problem.
The main advantage of IAP models is that they obviate
the enumeration of choice sets. Instead in these models, a
penalty term is added to the utility of an alternative that
represents its perceived availability or consideration. Spe-
cifically, the penalty term is set as the logarithm of the
consideration probability of the corresponding mode. The
smaller the consideration probability, the greater is the dis-
utility of choosing the mode. Thus, the penalty is inversely
associated with the degree of availability of a mode in
the choice set. The penalty term can also be viewed as
an instrumental variable that represents an endogenous
regressor (consideration) on choice. However, Paleti
[8] pointed out that IAP models provide only first-order
approximations of Manski’s two-stage framework and can
produce biased estimates without higher order corrections.

Another important limitation of the IAP frameworks
is that it is not theoretically consistent. Specifically, the
choice probability of an alternative may exceed its con-
sideration probability. Most of these studies using the IAP
framework have assumed that the sensitivity of consid-
eration on choice is fixed. While recent studies on mode
choice have attempted to relax these assumptions [15,
16], they still ignored the interdependence amongst the
consideration of various modes. These studies have also
specified the mode choice models in such a way that the
variables that influence consideration affect choice only
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via consideration. This assumption implies only an indi-
rect effect of a consideration variable on choice (i.e., full
mediation assumption) and could lead to omitted variable
bias if some variables have a partial mediation effect.

Empirical Findings on Consideration of Transit
Alternatives

The need to model consideration probabilities is common
to both frameworks above. Typically, they are modeled
using independent availability models [17] or constrained
multinomial logit models [18, 19]. Most of these studies
(except [20]) did not account for interdependence amongst
consideration of alternatives. Besides, other than through
the explicit exclusion of alternatives that are not considered,
these studies do not account for any structural or unobserved
dependence between consideration and choice.

Due to the lack of explicitly elicited data about which
alternatives are actually considered, many studies have
treated consideration decision itself to be a latent random
variable. With revealed data on consideration, more accurate
and precise estimates may be obtained in practice. Along
this line, a recent study on characteristics of premium transit
services collected revealed data regarding transit awareness,
consideration, and usage in major cities in USA [20]. This
study proposes a joint choice model incorporating consid-
eration and awareness of bus and train. However, the mode
choice model is built by excluding those alternatives that are
not considered from the choice set. The transferability of the
results and factors to Indian cities remains to be assessed.

Another study, based on a small sample of students from
a university, reported that the walking time to bus stops and
metro stations have a negative effect on the consideration
of public transit. Furthermore, waiting time and travel cost
negatively affect the choice of public transit.

In the context of developing countries, very few studies
have modeled consideration of public transit. One such study
by Kunhikrishnan and Srinivasan [16] used an IAP model
to investigate the factors affecting the consideration of bus
and train, but did not account for their interdependence. This
study showed that workers who return home for lunch are
more likely to consider bus but less likely to consider the
train. Also, the male workers were less likely to consider
bus than female workers.

Empirical Studies on Mode Choice

With regard to worker’s mode choice, the role of variables
such as travel time, waiting time, and cost have been well
established [6, 7]. In-vehicle and out-of-vehicle travel times
are widely reported to negatively affect the choice of the bus
[6]. Some studies highlight that leg-wise travel time and cost
components (including access and egress segments) play a
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role in transit choice as they amplify the cumulative burden
to commuters. Besides objective level-of-service variables,
subjective factors such as comfort also play an important
role. For instance, crowding levels affect the value of time
and willingness to pay for public transit [21].

Several studies have investigated mode choice decisions
in Indian cities (e.g., Agra [22], Chennai [23, 24], Delhi
[25, 26], Kolkata [27, 28], Mumbai [25], Rajkot [29], Thiru-
vananthapuram [30], and Vishakhapatnam [5]). The sali-
ent empirical findings from these corroborate the negative
influence of journey time (waiting time and in-vehicle time)
and delays [5, 26, 28]. Some of the other key determinants
of transit mode choice include accessibility to bus stop [28,
31], number of transfers, onboard information [27], crowd-
ing [26, 27], seat availability, cleanliness of bus stops [22],
and reliability [25]. Also, socio-demographic factors such
as gender, income, and vehicle ownership were also influen-
tial in the mode choice decision. For example, women were
more likely to choose bus than men [7, 32]. Access distance
to transit, security for women, and facilities near transit
affects the likelihood of reaching transit by walk. Workers
who travel long distances were found to prefer buses over
informal transit modes (shared auto) [5].

Gaps in the Existing Literature

The above review points to the following gaps in the litera-
ture with regard to consideration and choice of public transit,
especially in developing countries. Joint models of consid-
eration and choice make strong and restrictive assumptions
regarding the independence of consideration, fixed sensi-
tivity of consideration on choice utility, and full mediation
of consideration effects. Furthermore, IAP models are also
theoretically inconsistent and only approximations to the
explicit Manski framework. Due to the lack of explicitly
elicited or revealed data about actual consideration, many
models treat consideration as a latent variable which can
lead to loss of efficiency and goodness-of-fit. Due to these
assumptions, the models are unable to differentiate the effect
of important explanatory factors (such as accessibility and
vehicle availability) on consideration as well as the choice
of bus and train. In the developing country context, very few
studies have examined the role of contextual decisions (like
return home for lunch and need to visit many places), and
last-mile connectivity factors on public transit consideration
and choice. This study attempts to bridge some of these gaps
in the literature.
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Data Description and Exploratory Analysis

This study is based on mode choice data collected from
a survey of workers in Chennai, India conducted in
2015-2016. Face-to-face interviews were conducted with
nearly 804 workers from randomly sampled households
belonging to 12 zones in Chennai city. Only workers above
18 years of age who commute to a fixed workplace were sur-
veyed. The survey questionnaire included questions regard-
ing socio-demographic variables (income, vehicle owner-
ship), land-use (facilities near home, access to bus stops
and railway stations) and activity patterns (return home for
lunch, pick-up or drop-off kids), subjective factors (crowd-
ing, comfort, ease of boarding/alighting bus and train, and
ease of crossing roads), and contextual variables (travel at
odd times, need to visit many places other than workplace,
etc.). Data were also collected regarding work travel, public
transit usage, and residential location.

The average household size in the sample was 4.00 which
is comparable to census values of 4.10 in 2011 [33]. The
median age in the sample is 32 years with nearly three-
fourths of the sample was below 40 years of age. Nearly
65% of the workers have an undergraduate or higher degree,
10% have a diploma, and 25% have studied up to 12th class.
Almost three-quarters of the workers in the sample earn
under Rs. 40,000 per month with 33% in the Rs. 10,000—
20,000 income bracket. The average vehicle (two-wheeler
or car) ownership per household (hh) is 1.49 which shows
a considerable growth rate in the previous 8 years (1.26
in 2008 [34]). The vehicle owned is predominantly two-
wheeler (1.22 tw/hh) and average car ownership is 0.27 cars/
hh.

The personal vehicle is the most commonly used means
of travel to work. More than half of the respondents use a
two-wheeler (54%) as the primary means of travel for work,
whereas only 6% use cars. Nearly 27% of commuters use
public transit as the primary mode for work with bus share
being 20% and train share is 7%. Intermediate public trans-
port (auto, shared auto, app-based, and cab/taxi services),
company buses, and non-motorized modes together contrib-
ute the remaining market share (nearly 4% each). Interest-
ingly, the usage of the bus as the primary mode for work

increases from 19% amongst one-worker households to 23%
amongst households having more than two workers which
is consistent with the reduction in per capita vehicle avail-
ability as the number of workers in the household increases.

The respondents were asked which modes were used at
least once to go to work in the previous three months. They
were also asked for their most frequently used mode for
traveling from home to work. This mode is referred to as
primary mode hereafter. It is assumed that if bus or train
is not used in three months, and then, they are not consid-
ered as the primary mode for the work trip. Nearly 52% of
the respondents considered bus, whereas 33% considered
train. The greater consideration for bus may be due to bet-
ter accessibility and wider network coverage. The average
distance from home to the nearest bus stop was nearly
530 m compared to 3.1 km distance to the nearest railway
station. Among those who considered bus, nearly 38%
selected it as their primary mode. In contrast, only about
23% of those who considered train actually chose it as the
primary mode for work. In contrast, 63% of two-wheeler
owners use it as the primary commute mode. Thus, it is
clear that a considerable gap exists between consideration
share and mode share of public transit.

The data also suggest a strong correlation between the
consideration of bus and train (tetrachoric correlation
coefficient is 0.5). The statistical significance of this cor-
relation is corroborated by a Chi-square test (Chi-squared
observed =79.92 vs. Chi-squared critical =3.84, for 1
degree of freedom at 5% significance level). Hence, the
consideration of these transit modes needs to be modeled
jointly.

The consideration and mode shares are also analyzed
based on captivity status. People who either do not own a
vehicle or have driving knowledge are referred to as “cap-
tive” to non-personal vehicle modes. Individuals with driv-
ing knowledge and have a personal vehicle available to them
are classified into the choice segment. Respondents with
driving knowledge who belong to households with fewer
vehicles than workers are categorized as being semi-captive.
Table 1 presents the consideration and mode shares among
these three segments.

The table shows that only 20% of captive workers did
not consider public transit compared to 31% and 46%,

Table 1 Usage and consideration of public transit for work commute amongst captive, semi-captive, and choice segments

Did not consider public
transit (%)

Considered bus or train but did not use either
as usual mode of transport (%)

Considered bus or train and used
either as usual mode of transport

(%)
Captive segment 20 21 59
Semi-captive segment 31 23 46
Choice segment 46 39 15
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respectively, from the semi-captive and choice segments.
The conditional mode choice shares of public transit given
consideration for these three segments are 74% (59% out of
80%) for the captive group, 67% (46 out 69%) for the semi-
captive group, and less than 30% (15% out of 54%) for the
choice segment. Thus, the conversion ratio from considera-
tion to usage drops drastically for the choice segment. This
suggests that personal vehicle ownership not only reduces
the consideration propensity but also the usage of public
transit among those who consider it.

The exploratory analysis also suggests that the mode
share of public transit for work trips depends on other activ-
ity patterns. For instance, while 90% of the sample does not
return home for lunch, the transit (bus and train) share in
this segment is 30%. In contrast, for the 10% that do return
home for lunch, this share drops to 10%. Thus, transit share
appears to be influenced by contextual variables that need to
be captured by the proposed models. The proposed modeling
approach is discussed in the next section.

Likelihood Formulation of the Proposed
Joint Choice Model

The objective of this study is to model three inter-related
choice dimensions: (1) the consideration of bus, (2) the con-
sideration of train, and (3) the primary mode for the home
to work commute.

The consideration of bus and train are binary indicator
variables. The primary mode chosen takes the form of a
nominal variable and the universal set of alternatives for
this choice includes two-wheeler, car, bus, train, auto, shared
auto, company bus, walk, and bicycle.

All three choice dimensions are estimated jointly by
maximizing the joint likelihood of consideration of bus,
consideration of train and primary mode choice conditional
on consideration outcomes. The model is joint due to the
following linkages between the three choice dimensions:
(1) correlation of unobserved terms between the utilities of
consideration of bus and train using a bivariate probit model
and (2) a structural linkage between consideration and pri-
mary mode choice is included by adding the log-transformed
values of the probabilities of bus and train consideration as
explanatory variables to the mode choice utilities of bus and
train, respectively.

A bivariate probit model structure is proposed to capture
the correlation between these two decisions. Let Cy,, and
C\..in be the binary variables indicating the consideration
of bus and train, respectively. Let C*, and C",,;, be the
underlying continuous latent propensities of consideration
for bus and train, respectively. The relationship between the
response and their latent propensities are as follows:
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bus ™ ) 0, Otherwise 1
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X, and X, indicate the set of explanatory factors affecting
consideration of bus and train, respectively, and f, and f3,
indicate their corresponding coefficients. The error compo-
nents are assumed to follow a bivariate normal distribution
with zero mean and unit variance as shown below:

T 1
(e1,62)" = BVN(0,%),= = <p /1)> ®)
As the normal distributions are symmetric about its mean,
—¢; and — ¢, also follow normal distributions
pel,—£2 = _pgl-fz' (6)

Let the systematic components of the utilities of consid-
eration of bus and train be V| and V, as shown below:

Vi=X18, Vo =Xo. 7)

The joint probability of consideration of bus and train can
be written as follows:

Case 1
P(Cbus =0, Cyain = 0) = P(El <-V,5<-V,) = (1>2(—V1,—V2,p)
(8)
Case 2
P(Coys =0.Cpryin = 1) = P(g, < -V}, 6, 2 -V))
=P(e; <=V, -6, < V,) ©)
=@, (-V,,V,,—p)
Case 3

P<Cbus =1, Ctrain = 0) = P(gl 2 —Vl,fz < _VZ)
=P(-&, <Vi,e<=V,) (10
=@, (V},=V2.—p)

P<Cbus = 17Ctrain = 1) = P(el >-V,e 2 _VZ)
=P(-e; <Vi—e, <Vy) (1D
=®2(V1, Vz,p).
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The above four equations can be rewritten compactly as
follows:

(2Chus—=1)X1 81 (2Cuin—1)X1 55

P<Cbus’ctrain) = ¢2(51,52,p)d81d62

. B (12)
P<Cbus’ Clrain) = q)z((zcbus - I)Xlﬁl’ (zctrain - 1)X2ﬁ2,
(2Cbus - 1) <2Ctrain - 1)/’)’
13)

where ¢,(-) represents the bivariate standard normal prob-
ability density function and ®,(-) represents the correspond-
ing bivariate standard normal cumulative density function.
p signifies the correlation between ¢, and &,.

In this study, the availability/consideration of all modes
other than bus and train is assumed to be deterministic.
Specifically, personal vehicle and non-motorized modes are
classified either as deterministically available or unavailable
in the choice set based on the following criteria.

(a) Two-wheeler (car) is assumed to be unavailable if the
household does not own a two-wheeler (car).

(b) Similarly, company bus is excluded from the choice set
if it is not available for an individual.

(c) Walk and cycle are excluded if the distance of the
workplace exceeds some threshold (9 km and 16.5 km,
respectively). The threshold values are taken as the
longest commute distance observed in the sample for
these modes.

(d) Shared auto is not considered if it is not used even once
in the last 3 months for work.

Note that only the non-consideration of public transporta-
tion is treated in a probabilistic manner in this study in view
of the focus in this study on consideration and choice of
transit as the primary mode.

The third dimension of the proposed joint model is the
primary means of travel to work conditional on the prob-
ability of the alternatives included in the choice set. The
complete choice set for each individual is obtained as a result
of consideration of bus and train as well as the availabil-
ity of other modes based on the criteria discussed above.
A multinomial logit model with a log-transformed value
of the probability of consideration of public transit modes
is used to capture the effect of consideration implicitly on
the choice dimension. The conditional probability given the
choice set takes the usual logit form for the available alterna-
tives. The estimation of the choice probability conditional
on the observed choice set is enforced based on the rules
about deterministic availability/unavailability mentioned
earlier. The resulting probability (PiI(Cbus,CmJ) of choosing

an alternative i amongst k alternatives in the choice set and
their corresponding utilities are shown below:

Uil(Cpas Coan) = VillCons Cog + Hi  108(41) + €5,

train

yVie k
(14)

1, otherwise

(15)
. " 11Cous-Curain
P(ll(cbus’ctraiﬂ)) = k

16
> (16)

v ’
4 J/1Cbus-Ctrain

where Uy ¢, c,.)indicates the utility of an alternative given
the choice set and V; ¢, ¢ . and €, ¢, indicates its
corresponding systematic and random components, respec-
tively. P(Cy,,) and P(C,,;,) are the marginal probabilities of
consideration of bus and train, respectively, and us represent
the corresponding coefficients of log of the probability of
consideration.

The conditional error terms (random component) given
consideration in Eq. 14 are assumed to be independently and
identically distributed (IID) as per the Gumbel distribution.
The corresponding systematic component is specified as
V(o) = X3,P3, Where X;; indicates the set of explana-
tory variables affecting the primary mode i and f;; indicate
their corresponding coefficients.

Thus, the joint likelihood L and log-likelihood LL for
the three choice dimensions for an individual can be writ-
ten as follows:

L(l’ Cbus’ Ctrain) = P(Cbus’ Ctrain) * P(ilcbus’ Ctrain) (17)

L= H L(i, Gy Ctrain)éil(cb‘wcmn) (18)
i

LL = Z 81(CoCry * {INCP(Cos Crgin)) + I(P(E| Cogs Corgin)) }

19)
where 6, ¢, represent indicator variables for the choice
of the ith alternative as the primary mode for work. All the
parameters are estimated simultaneously by maximizing the
joint log-likelihood expressed in Eq. 19. The user-defined
LL function written in R programming language is used for
estimation.

Not accounting for consideration in the mode choice
model could lead to omitted variable bias due to common
factors influencing the consideration and choice decisions.
On the other hand, including the indicators for consid-
eration directly in the mode choice model could lead to
endogeneity due to correlation between the unobserved
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terms and the explanatory factors in the mode choice utili-
ties. Hence, the log-transformed variables are chosen as
instrumental variables to capture the role of consideration
of bus and train in the mode choice utilities while trying
to minimize potential endogeneity issues.

Furthermore, the presence of heteroskedasticity and
correlation across primary mode choice alternatives was
also tested separately using mixed logit as well multino-
mial probit structure. No significant evidence of heteroske-
dasticity or correlation of unobserved terms of bus and
train mode choice utilities was observed for two specifica-
tions of interest (with and without the instrumental vari-
ables of consideration as explanatory variables). There-
fore, a multinomial logit model has been used due to its
simplicity, computational tractability, and parsimony.

Thus, all three dimensions are jointly modeled as
noted above. However, since the two response dimensions

(consideration and primary mode chosen) are different
from each other, they have been presented in separate sub-
sections for ease of exposition and understanding.

Estimation Results and Findings

With regard to consideration, two models M1a (independ-
ent consideration) and M1b (correlated consideration) are
estimated and compared in Table 3. With regard to mode
choice, three models are built and evaluated: M2 (joint
model assuming that both transit modes are always consid-
ered), M3 (joint model with an implicit choice set assuming
full mediation), and M4 (joint model with an implicit choice
set assuming partial mediation), as shown in Table 4. M2
assumes that consideration has no role on choice, whereas
in M3, the factors that affect consideration only indirectly

Table 2 Description of various specifications estimated for primary mode choice dimension

Model name  Model scenario Specification of the primary mode choice

M2 No mediation scenario (base specification)  Neither log-transformed probabilities of consideration nor the vector of variables
affecting consideration influence primary mode choice

M3 Full mediation scenario Only the log-transformed probability of consideration affects primary mode choice

M4 Full and partial mediation scenario Both the log-transformed probabilities of consideration as well as the vector of

variables affecting consideration influence mode choice

Table 3 Comparison of results of bus and train consideration component of the joint model

(M1a) Independent binary probit models

(M1b) Bivariate probit model

Bus Train Bus Train

coef tstat coef tstat coef tstat coef tstat
Constant (mode considered=1) —-0.04 —-048 —-0.69 -9.26* -0.07 —-0.92 —-0.69 —10.06*
Distance to work <2 km -0.78 —4.82% —-0.66 -3.53* -0.75 —4.64* -0.70 —4.00*
Direct bus service is available 0.24 2.54* - - 0.32 3.53* - -
Information regarding bus timings is available 0.47 2.82% - - 0.35 2.27% - -
Return home for lunch -0.34 —2.25% —0.40 —2.42% -0.36 -2.71% —-0.41 —2.79%
Worker belongs to captive segment 0.62 4.77% - - 0.56 4.78% - -
Worker belongs to semi-captive segment 0.34 2.52% 0.29 2212 0.28 2.12% 0.25 1.90%
Income > Rs.40,000 per month -0.72 —-5.72% - - —-0.66 —5.58" - -
Access to railway station < 1.2 km from home - - 0.18 1.76* - - 0.21 2.45%
Egress to railway station 1 km from office - - 0.31 2.77% - - 0.40 4.56*
Walking or crossing roads is easy - - 0.41 4.20% - - 0.37 4.55%
Correlation between bus and train consideration - - - - - - 0.53 9.63%
No. of observations 803 803
Initial log likelihood —-1113.19 —-1113.19
Converged log likelihood -976.46 —935.41
No. of parameters 15 16

Italicized coefficients are insignificant at 10% level

Significant at 10% level (one- or two-tail)
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Table 4 Comparison of mode choice component of the joint model with and without the information of choice set

Variable Alternative Model M2 Model M3 Model M4
coef tstat coef tstat coef tstat
Constant tw Base Base Base
Car 6.82 4.99% 6.14 4.53% 6.21 4.56*
Bus —1.48 —4.59* 0.84 1.69* -0.70 —1.47*
Train -291 -10.08* —0.41 -0.68 -0.93 -1.70%
Auto 2.66 0.65 4.74 1.12 4.78 1.11
Shau —1.44 —-1.15 -0.71 —0.55 -0.71 —0.54
Cbus -3.21 —17.25% -3.01 -638" -3.04 —6.42°
Walk 0.15 0.36 -0.51 -1.22 —-041 —0.96
Cycle -2.00 —-4.21*% -2.03 —-442* =203 —4.38°
Travel time tw, car —-0.04 —6.88" —-0.04 —5.98%2 —-0.04 —6.03%
Bus -0.02 —4.13% -0.02 -3.58" -0.02 -3.70°
Train -0.01 -3.10° -0.01 -239*  -0.01 —2.49%
Auto -0.12 —2.83% -0.13 -293*"  -0.13 —2.96%
Shau -0.03 —2.64% -0.03 —-2.44*  -0.03 —2.50%
Walk, cycle -0.09 -5.81% -0.08 -531*  -0.08 -5.27%
Travel cost Car -1.02 —4.55% -0.92 —-420* -0.93 —-4.21*7
Bus, train, cbus -0.12 —1.73¢% —-0.12 —1.392 -0.12 —1.44%
Auto, shau -0.32 —1.31*% —-0.46 —-1.77% —-0.46 —1.76*
Income < 20,000 Car —1.66 —2.84% -1.59 -273"  -1.60 -2.73%
Bus, cycle 0.39 1.96* - - - -
Auto -1.70 —2.08? -1.71 =210 —-1.72 -2.10%
No. of two-wheeler Car -0.70 —2.78% —0.65 -2.52 -0.67 —2.59%
Bus, cycle -0.52 -3.67% -0.21 —-142*  -0.32 —2.05%
Female Bus, train 0.84 3.58* 0.78 -3.07* 0.83 3.24*
Auto, shau, cbus 1.82 5.37* 1.85 —5.38% 1.87 5.41*
Distance to work <2 km Bus - - - - -1.01 —1417
Direct bus service is available Bus - - - - 0.40 1.42%
Information regarding bus timings is available =~ Bus - - - - 0.52 1.37%
Worker belongs to semi-captive segment Bus - - - - 1.22 4.08%
Income > Rs. 40,000 per month Bus - - - - —-1.31 —-1.97¢
Worker belongs to semi-captive segment Train - - - - 0.75 1.74%
Log-transformed (consideration probability) Bus - - 4.29 5.89% 2.05 4.49%
Train - - 241 4.28% 2.05 4.49%
Summary statistics
Number of observations 803 803 803
Joint converged Log-likelihood of consideration and choice —1700.16 —1646.32 —1638.33
No. of parameters in the mode choice model 24 25 30

Tw two-wheeler, shau shared auto, cbus company bus

Significant at 10% level (one- or two-tail), italicized coefficients are insignificant at 10% level

influence choice through the penalty terms [log P(C,,,) and
log P(Ci,i)]- M4, on the other hand, captures both the direct
and indirect effect of factors influencing consideration on
choice. Table 2 shows the differences in the three models
associated with the primary mode choice dimension.

The following features of the proposed model (M1b
together with M4) enable it to relax the limitations of exist-
ing TAP models. First, the use of bivariate probit (M1b)

captures the correlation of consideration for bus and train.
Second, the specification in Eq. 14 permits the coefficient
of log of consideration probability to be different from 1 and
is not necessarily identical across alternatives. Third, the
specification in M4 permits some factors to influence choice
directly in addition to their influence via the consideration
probabilities, thus relaxing the full mediation assumption.
Finally, Eq. 17 ensures that the implicit choice probability
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is conditional on consideration, and the unconditional prob-
ability cannot exceed the consideration probability for any
alternative.

The results obtained from the joint model have been
tabulated separately into two tables (Tables 3, 4) for ease
of presentation of the findings from consideration and
primary mode choice. The proposed model accounts for
correlation of unobserved terms between consideration of
bus and train through the correlation coefficient. On the
other hand, the significance of the log-transformed prob-
abilities of consideration captures the structural correla-
tion between consideration and primary mode choice.

However, MNP and mixed logit models were developed
to test possible heteroskedasticity or correlation between bus
and train utilities, but turned out to be insignificant. Hence,
the “rho” (i.e., correlation of error terms) has been reported
only in Table 3, while the coefficient for the log-transformed
probability is reported in Table 4.

Correlation in Consideration of Bus and Train

The results from Table 3 show that the correlation between
consideration of bus and train is significant (0.53 with t-stat
of 9.63). Capturing this correlation results in improving the
log-likelihood of consideration decisions from —976.46 for
the independent model (M1a) to —935.41 for the correlated
model (M1b). This is consistent with exploratory analysis
results, indicating that there are common unobservable fac-
tors that influence the consideration of both bus and train,
possibly because they are both scheduled modes.

A comparison of magnitudes, signs, and significance of
explanatory variables across the models showed that only a
few coefficients were different across the models. The effect
of distance to work on train consideration, and that of direct
bus service on bus consideration were underestimated by

Model without correlation (M1a) g
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Fig.1 Comparison of the probability of consideration of bus and
train between model M1a and M1b
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a little more than 10% in the independent model, whereas
the effect of accurate information on bus routes and timings
were overestimated by a similar margin.

However, the distribution of estimated consideration
probabilities (in Fig. 1) between the independent and cor-
related models reveals interesting differences between the
two models across the four possible consideration segments
(both considered, bus only considered, train only considered,
and neither considered). The independent model suggests
that the probability of consideration of both bus and train
is less than the probability of consideration for bus alone,
whereas the correlated model suggests no noticeable dif-
ference. The difference between the average probability of
considering neither relative to the probability of considering
train only is larger in the correlated model than the inde-
pendent model. Thus, neglecting correlation in consideration
of alternatives can lead to erroneous forecasts and mislead-
ing policy evaluations.

Key Factors Influencing Consideration of Bus
and Train

The results presented in Table 3 (model M1b) provide
important insights into the differences between the factors
affecting consideration of bus and train for the work com-
mute. Captivity status affects both bus and train considera-
tion but in different ways. Captive workers (those without
vehicle or driving knowledge) are more likely to consider
bus than choice segment, but there is no discernible effect on
train consideration. Workers belonging to the semi-captive
segment, on the other hand, also have a greater tendency to
consider both, but with a smaller preference than the cap-
tive segment.

Access and egress distances were found to affect only
the consideration of train. The results show that workers
whose residence (work) is within 1.2 km (1.0 km) from a
railway station are more likely to consider train. Further-
more, the sensitivity of egress is 0.40 compared to 0.21 for
access, suggesting that last mile connectivity has possibly
a larger influence on consideration than the first-mile con-
nectivity. On the other hand, the effect of access and egress
is insignificant on consideration of bus. This may be due to
the better accessibility and network coverage by bus than
train. For instance, bus stops are usually more accessible
than train stations in Chennai city (the average distance and
coefficient of variation for bus stop distances were 0.53 km
and 0.75, respectively for bus and 3.1 km and 1.2 for train,
respectively).

Among the policy-sensitive factors, direct bus service
increases the propensity to consider bus, indicating the bur-
den of transfers on consideration and subsequently choice.
Provision of information regarding bus timings and routes
has a positive effect on the consideration of bus suggesting
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its role in attracting (unfamiliar) users to transit. Workers
who perceived walking and crossing roads to the railway
station as easy were more likely to consider train indicating
that the influence of the quality of pedestrian infrastructure
on considering train.

Amongst the contextual factors, workers who return home
for lunch were less likely to consider bus or train for work
commute. Such an activity may be possible for very short
work distances where public transit is not attractive. For
example, for work distances less than 2 km, consideration
of both train and bus is lower. Furthermore, the time con-
straints of such a return home activity may also favor the
use of personal modes. These findings show that contextual
factors such as work distance and activity participation may
play an important role on the consideration of public transit.

Role of Consideration of Public Transit on Primary
Mode Choice for Work Trip

The results from models M2, M3, and M4 (presented in
Table 4) are compared to understand the role of considera-
tion of transit on the primary mode choice. Models M3 and
M4 which include consideration effects clearly outperform
Model M2 by 53 and 61 points, respectively, and the differ-
ences are significant at the usual 5% level.

The statistical inferences also are affected by neglecting
the effect of consideration. For example, model M2 overes-
timates the magnitude of the alternate specific constants for
bus and train compared to M3 and M4. Travel costs for auto
and shared auto are insignificant in M2 (at 10% significance)
but not in M3 and M4. In contrast, low income (less than
Rs. 20,000) is significant in M2 but not in M4. On the other
hand, a significant effect of high income (greater than Rs.
40,000) variable on bus consideration was found in model
M4. Thus, neglecting consideration information could result
in a reduction in the goodness-of-fit, possible bias, and mis-
leading inferences.

The coefficients of the degree of consideration of bus and
train in M3 and M4 were significant and positive indicating
their positive role in mode choice. Also, the statistical test
that the parameter for consideration probability on choice
utilities is equal to 1 is rejected at the 5% significance level.
If models M3 and M4 were constrained to have unit coef-
ficients for log (consideration probabilities), the resulting
goodness-of-fit is worsened by 31 and 3 points, respectively.
Therefore, the Chi-square test also rejects the assumption
that constrains the IAP coefficients to one.

The log-likelihood of model M4 is lower than M3 by 8
points. The Chi-squared value is 15.98 which is larger than
the critical Chi-square value (with 5 degrees of freedom) of
11.07, and thus, M4 is significantly better than M3 at 5%
significance level. Thus, the hypothesis of full mediation
by consideration-related factors is to be rejected in favor

of partial mediation. However, the magnitudes of the log
(consideration probability) coefficients were larger in M3
as compared to M4. This suggests possible overestimation
in M3 due to the omission of some variables which not
only affect choice through consideration indirectly but also
directly.

Factors Influencing Primary Mode Choice for Work

The results from model M4 in Table 4 are discussed below.
The factors influencing mode choice can be distinguished as
fully mediated, partially mediated, or unmediated through
consideration. If all variables that influence consideration
indirectly affect choice only through consideration, then
their effect is said to be ‘fully’ mediated. If in addition, a
direct effect is observed for some variables after considera-
tion effect is captured, these variables are only ‘partially’
mediated by consideration. Unmediated variables are those
that do not affect consideration but directly influence choice
utility. Differentiating these variables can aid in selecting
appropriate policies to enhance consideration of transit and
those that augment ridership.

The effect of captivity status and the contextual variable
of returning home for lunch on bus choice were fully medi-
ated by the consideration of bus. This implies that while
captive users are more likely to consider bus, they were not
significantly more likely to select bus once the considera-
tion effect is captured. A similar interpretation also applies
for workers who return home for lunch but in the negative
direction. Those who return home for lunch are less likely
to consider bus, but it has no additional influence on choice.
In contrast, most variables (except semi-captive status) that
influence train consideration were fully mediated. Access
and egress distance to nearest railway stations had a negative
influence on choice only through consideration probabilities.

The following variables showed the effect of partial
mediation via consideration on the choice of bus. Transit
service-related factors such as availability of direct bus to
work and provision of accurate information regarding bus
routes and timings indirectly increase the choice probability
by increasing consideration, but also its likelihood of choice
as the primary mode given consideration. Workers whose
distance to work is less than 2 km have a lesser propensity to
choose bus even when considered, and may represent cases
where other non-motorized or IPT modes may be feasible or
convenient. Workers belonging to the semi-captive segment
were more likely to use both train and bus as the primary
mode in addition to the positive influence on consideration
noted in the section “Key Factors Influencing consideration
of Bus and Train”. Workers with high income (> Rs. 40,000/
month) are less likely to both consider and use bus as the
primary mode.
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Among the variables that affect the mode choice directly
and not via consideration, travel time, and travel cost per kil-
ometer negatively influence the choice of mode as expected.
The sensitivity to travel time varies across modes and are
highest for non-motorized modes (—0.08) and auto-rick-
shaws (—0.13). The sensitivity of time for personal vehicles
is (—0.04) which is larger than shared modes (bus —0.02,
train — 0.01, and share auto — 0.03). The lower sensitivity
in shared modes may be due to the presence of consider-
able out-of-vehicle time components in travel time. In con-
trast, workers seem to be more sensitive to travel cost/km
for car (—0.93) which has a higher operational cost than
other modes. The cost coefficient magnitude is larger and
significant for transit and company bus (—0.12) but insig-
nificant for two-wheeler. This may explain why transit fare
increases has led to lower transit ridership, whereas petrol
price change has no effect on the decrease in two-wheeler
shares. The insignificance of two-wheeler cost may suggest
that its fuel cost is not perceived as much as an out-of-pocket
cost unlike transit costs.

With regard to socio-demographic factors, income, num-
ber of two-wheelers, and gender influence the choice of
mode. Workers with low income are less likely to choose car
or auto as the primary mode. Female users are more likely
to choose public transit modes than males, possibly because
of the lack of driving knowledge among a greater fraction of
female workers. Working women also have a greater prefer-
ence for IPT modes (auto, shared auto, and company bus)
than public transit, which may indicate the greater valuation
of privacy and safety in these modes.

Implications Due to Policy and Change
in Share of Consideration

The models estimated from this study can be used to predict
the impact of some key policy-responsive and socio-demo-
graphic variables on both consideration and choice of public
transit. Three different illustrative scenarios are analyzed in
this context.

The first scenario examines the effect of the increase in
vehicle ownership which can lead to a reduction in captive
and semi-captive segments. A 5% decrease each in captive
and semi-captive segments are considered. The reduction in
captive segment is evenly distributed to the other two seg-
ments, whereas the workers who move from semi-captive
group are assumed to move into the choice segment. The
second scenario evaluates the role of improving access to
railway stations. The proportion of users with access to rail-
way station (within 1.2 km) is assumed to increase from
29% in the sample to 49%, perhaps as the growing network
connectivity from metro services in the future. The third
scenario investigates the role of more seamless transit opera-
tions. It is assumed that direct bus connectivity is enhanced
from the current level of 60% (in the sample) to 80% in the
future. The effect of these scenarios is modeled using the
proposed model (M1b with M4) as well as other benchmark
models discussed previously.

Table 5 presents the change in the share of the various
choice sets with respect to the estimates from model M1b
for each scenario. Overall, as expected, the model shows
that a reduction in the share of captive and semi-captive
users reduces the consideration of bus. However, there is an
increase in the share of workers considering only train, indi-
cating that an increase in the vehicle ownership might not
necessarily decrease the consideration of all transit modes.

Table 5 Impact of scenarios on

‘derati b d trai Policy scenario Model C, =1, Cius=1, Cius=0, Cius=0,
consideration of bus and train
Ctrain =1 Clrain =0 Clrain =1 Ctrain =0
(%) (%) (%) (%)

Scenario 1: vehicle ownership increase Mlb —-2.12 -2.77 2.83 2.71

Scenario 2: increase in train access Milb 3.68 -3.16 6.34 —-1.35

Scenario 3: increase in direct bus services MIl1b 3.02 5.75 —8.78 —-4.15
Table 6 Impact of scenarios on choice of bus and train
Policy scenario Bus Train

Model M2 (%) Model M3 (%) Model M4 (%) Model M2 (%) Model M3 (%) Model M4 (%)

Scenario 1: vehicle ownership increase 0.00 —6.86 -6.75 0.00 1.30 —1.01
Scenario 2: increase in train access 0.00 -0.73 -0.75 0.00 7.16 6.57
Scenario 3: increase in direct bus services 0.00 8.19 8.25 0.00 —3.42 —3.66
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An increase in the accessibility to railway station shows
an increase in the share of workers considering train. This
increase is mainly associated with the reduction in the share
of workers considering only bus than those who consider
neither of the transit modes. On the contrary, provision of
direct bus services exhibits a decrease in the share of work-
ers considering train as these workers now start considering
bus more than train.

The impact of each scenario on the choice of bus and train
as primary mode estimated from models M2, M3 and M4 by
calculating the change in the probability of choosing bus and
train compared to the base probabilities (shown in Table 6).

As Model M2 assumes that consideration has no effect
on choice, there is no change in probabilities across all three
scenarios. The model M3 overstates the change in bus shares
for the first scenario relative to M4. Furthermore, model M4
predicts a decrease in train share with change in captivity,
whereas M3 predicts an increase. This is because of the rela-
tive decrease in the share of semi-captive users (by 2.5%)
compared to the original share.

Thus, the analysis of various scenarios demonstrates that
the proposed model is able to differentiate the effect of alter-
native policies on consideration and choice.

Summary and Conclusions

In this study, joint discrete choice models have been devel-
oped for the consideration of public transit and primary
mode choice for the work commute. The analysis is based
on a dataset from a sample of workers in the Greater Chen-
nai Metropolitan Area.

The following salient findings are observed in this study.
Consideration probabilities of bus and train are positively
correlated. Modeling consideration without accounting for
the interrelationship reduces the goodness of fit and could
possibly produce biased estimates. Some factors that influ-
ence choice of transit as the primary mode are partially
mediated by consideration, whereas others are fully medi-
ated by consideration. Neglecting this difference can lead to
poor fit and erroneous policy evaluations. Captivity status
influences consideration of bus differently from that of train.
While captive and semi-captive users tend to consider bus,
only semi-captive users were found to have a higher pro-
pensity to consider and choose train. Accessibility to train
station near home and work had a contrasting effect on the
consideration and choice of bus versus train. Although work-
ers who have better access to train stations tend to consider
train, they are also less likely to consider bus. A similar but
smaller effect was also observed on the choice of bus and
train. The effect of variables such as income, semi-captive
segment, and service-related factors such as direct bus and
information regarding bus timings on choice were partially

mediated by consideration of bus. Similarly, semi-captivity
status partially mediates the relation between consideration
and choice of train. Contextual factors and ease of last-mile
connectivity were found to significantly affect mainly pub-
lic transit consideration, indicating that consideration is
influenced by overall activity and travel patterns rather than
just work commute. These factors could provide a better
understanding of consideration and choice of public transit,
particularly in developing countries.

This study provides an understanding of some key fac-
tors influencing consideration and choice of public transit
based on data from a sample of workers in Chennai city.
The results from the study may be corroborated using data
on work mode choice in other Indian cities. The key factors
influencing consideration and choice of other segments such
as non-workers and students remain to be investigated. The
methodology developed in this study can be used in under-
standing potential segments where consideration probabili-
ties can be increased in order to develop suitable policies
for these segments. The primary scope of this study was on
consideration of public transport, which can be expanded to
account for the consideration of other modes in the future.
Finally, models that allow for unobserved correlation across
consideration and conditional choice can be investigated in
future research.
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