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Investigating Contextual Variability
in Mode Choice in Chicago Using
a Hierarchical Mixed Logit Model

Liang Long, Jie Lin and Kimon Proussaloglou

[Paper first received, June 2007; in final form, August 2009]

Abstract

In this paper, a hierarchical random-coefficient mixed logit model is applied to quantify
variability in commuters’ mode choice in the Chicago metropolitan area, especially
concerning the contextual variability by the traits of census tract of residence. It is found
that individual mode choice behaviour varies considerably across residential locations.
Moreover, the contextual effects are found to modify the marginal utility of mode
choice. Especially, in-vehicle travel time and gasoline cost are significant covariates
of census tract traits (such as percentage of blue-collar residents, ethnicity).
Furthermore, random variation is present even after both contextual and individual
traits are controlled for, suggesting intrinsic randomness in individual mode choice.
The hierarchical structure of quantifying contextual variability proves to be a useful
tool in capturing intrinsic heterogeneity in mode choice. The study findings have
important implications for integrated land use and transport planning especially at
the geographical levels below that of the region.

1. Introduction

There has been a large body of economic
and sociological research on the role of
contextual effects in economic and deci-
sion-making behaviours. The contextual
effects in the literature are referred to as
social interactions (Brock and Durlauf,
2001), neighbourhood effects (Brock and
Durlauf, 2002) and spatial network (or spill-
over) effects (Goetzke, 2008). The study

findings generally agree that there is a ten-
dency for conformity in behaviour across
members in a reference group due to the social
interactions (or neighbourhood or network
effects). For example, Goetzke (2008) finds
that social spill-over effects lead to positive
demand-side network externalities which, in
the context of transport mode choice, trans-
lates into ‘the more people who use the
mode, the more attractive this transport
mode becomes for all other people’.
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More recently in the field of travel behav-
iour (in particular mode choice) studies, the
contextual effects have been extended to the
influence of the built environment (land
use) in travel behaviour (Ewing and
Cervero, 2001; Rodriguez and Joo, 2004;
Handy et al., 2005; Cao et al., 2006; Handy
et al., 2006; Cao et al., 2007; Frank et al.,
2007; Bhat and Guo, 2007; Pinjari et al.,
2007). Although the findings are mixed at
times, intuitively one would agree that
a household living in New York City may
have quite different travel behaviour from
its counterpart living in nearby suburban
New Jersey. The behavioural differences
are caused by the differences in residential
environment.

On the other hand, in traditional regional
travel demand forecasting where the depen-
dent variable y (for example, number of trips,
modal split) is formulated in two parts:
a deterministic part as a function of house-
hold (and mode-specific) traits and a random
measurement error—i.e. yi ¼ fðX;bÞ þ ei,
it is common practice to assume that the
model coefficients (b) are fixed across the
entire region. The important implication of
that is households in the sub-regions share
similar marginal effects of household/indi-
vidual traits, even though they could be quite
different as proven in the literature.

In this paper, we argue that this does not
have to be so in demand analysis. The
assumption of b is relaxed to allow the
coefficients to vary across sub-regions.
Moreover, it is hypothesised that the
marginal effect of an independent variable
(b) is affected by area (contextual) trait-
s—i.e. b ¼ vg þ y, where v is a matrix of
contextual traits; g is the associated weight
vector; and y is random effects due to
unmeasured/unknown errors. Thus, the
contextual variability in household travel
behaviour is quantified and can be tested
statistically as demonstrated later in the
paper. This modelling approach defines

a two-level—household and area—random
coefficient model.

More specifically, this paper statistically
quantifies and tests contextual variability in
commuters’ mode choice behaviour in the
Chicago metropolitan area. A hierarchical
random-coefficient mixed logit model is
proposed. The model is formulated in two
levels, individuals and census tracts.
Individual characteristics form the inputs
to the first level of model and the coefficients
of travel impedance are associated with the
contextual traits of census tracts, including
socio-demography, land use and journey-
to-work traits extracted from the Census
Tract Planning Package (CTPP) 2000.

Mixed-logit models are widely used in
transport demand analysis (for example,
Srinivasan et al., 2006; Wang and Kockelman,
2006). Applications of hierarchical mixed-
logit models in transport analysis are rela-
tively few. Bhat (2000) developed a multilevel
cross-classified work travel mode choice
model to investigate individual heterogeneity
(micro level) and place heterogeneity (macro
level) for travel impedance (travel time and
cost) instead of assuming the same travel
impedance for all the people within the
same residence and work zones when individ-
uals make mode choice decisions. Lin and
Long (2008a, 2008b) demonstrated the use
of hierarchical random-coefficient models
to account for geographical variability in
journey-to-work vehicle trips and vehicle
miles of travel. On the other hand, hierarchi-
cal models have been widely used in other
fields like medicine and epidemiology (for
example, Sullivan et al., 1999; Greenland,
2000; Burgess et al., 2000), economics (for
example, Nunes Amaral et al., 1997;
Goodman and Thibodeau, 1998) and educa-
tional, social and behavioural sciences (for
example, Kreft, 1995; Singer, 1998).

The rest of the paper is structured as fol-
lows. Section 2 describes the overall study
design and data used in the study, followed
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by the formulation of the hierarchical mixed
logit model in section 3. The model results
are discussed in section 4. Finally, conclu-
sions are drawn from the study findings
and the research implications for transport
planning policy and practice are discussed
in section 5.

2. Study Design and Data Source

Household mode choice variability is
deemed to come from two primary sources:
heterogeneity in households and in their liv-
ing environments (for example, good transit
service, safety), which contribute to the con-
textual variability of household mode choice.
In this paper, the contextual environment is
defined by census tract and the contextual
traits are those of individual census tracts.
The two sources represent a two-level hier-
archy—households in the lower level and
census tracts in the upper level. Therefore,
we apply a hierarchical mixed logit model
to capture both the individual and contex-
tual (census tract) variability in mode choice.
The model structure is described in section 3.

At the household level, regional travel sur-
vey data—Pace (a suburban Chicago bus ser-
vice agency) Survey 2006—are used. The
survey consists of three parts

(1) Commuters’ actual daily travel pat-
terns—the commute-related (including
level of service measures in terms of
time, such as access and egress time,
transfer time and travel time) and
household demographic information
were collected in this part.

(2) Attitudes towards everyday commut-
ing—36 transit attitudinal statements
towards all aspects of their travel experi-
ence were presented to the survey
participants.

(3) Stated choice experiments, in which
each survey participant was presented
with three journey-to-work scenarios

designed based on the individual’s
home, work and mode choice informa-
tion provided in part (1) so that the sce-
narios were rooted in the individual’s
real travel patterns. In each scenario,
the participants answered questions
related to one of the three motorised
travel mode categories: an automobile-
based alternative (i.e. driving alone or
sharing a ride), an existing transit alter-
native currently available (i.e. conven-
tional transit service or vanpool) and
a proposed bus rapid transit (BRT) ser-
vice.1 Each choice option carried its
own characteristics (i.e. travel time,
cost, and number of transfers). The
choice experiments were designed to
determine the conditions under which
a respondent might change his or her
mode of travel (Owen et al., 2007).

A total of 1550 randomly chosen households
in the Chicago metropolitan area participated
in the survey and 1330 of them responded
appropriately and provided valid informa-
tion. In a previous analysis by Pace, these
households were categorised into seven clus-
ters, within which the households shared sim-
ilar attitudes towards everyday travel (Owen
et al., 2007). Descriptions of the seven house-
hold clusters and their distributions are sum-
marised in Table 1. In our mode choice
modelling, to be shown later, a cluster-specific
constant term is specified for each alternative
to account for the heterogeneity among clus-
ters. Furthermore, to reduce the number of
cluster-specific constant terms so as to sim-
plify the model specification without losing
the meaningful grouping with respect to
mode choice behaviour, we have consolidated
the seven clusters into three groups—(3, 6),
(1, 5, 7) and (2, 4)—based on the similarity
in socioeconomic characteristics and attitudes
towards transit identified by a structure equa-
tion model (SEM) output.2 That is, respond-
ents in clusters 3 and 6 are very sensitive to
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travel time/schedule and both have a positive
attitude towards transit service. Respondents
in clusters 1, 5 and 7 live in the suburbs and
have high automobile ownership, although
cluster 5 also shows a relatively high transit
propensity. On the other hand, travel pat-
terns in clusters 2 and 4 vary considerably
with no single dominant origin–destination
pattern (i.e. urban-to-urban, suburban-to-
urban, suburban-to-suburban, etc.). As we
will show later, in the model results of section
4, this additional grouping has indeed facili-
tated meaningful model outputs.

At the census-tract level, the Census
Transportation Planning Package (CTPP)
2000 Part One is used to extract census-tract
(contextual) variables, which are summarised
in Table 2. The Pace and CTPP data are merged
with a unique census-tract identifier.

3. Hierarchical Mixed Logit
Structure

Building on the proposed concept in the
introduction, we quantify both the individ-
ual and contextual variability in a hierarchical

Table 1. Household category and distribution

Household
category

Observations

ID Description Number Percentage

1 Million
milers

Mostly well-educated male, large household size
with the highest percentage of two or more workers,
living and working primarily in exurban and
suburban areas; 83 per cent travel by automobile

203 15.7

2 Great middle Similar to Million milers in socioeconomic character-
istics, home location and commuting patterns;
however, these households are more transit-friendly
and less automobile-dependent than Million milers

274 21.19

3 Demanding
survivors

Tend to be women supporting small households,
lowest level of education, automobile ownership
and low income, transit-captive users with positive
attitudes towards transit

122 9.44

4 Cautious
individuals

Similar socioeconomic characteristics to Demanding
survivors. Unlike the Demanding survivors, three
out of four Cautious individuals drive their own
cars to work; commute patterns vary considerably

178 13.77

5 Educational
professionals

Highest education level, mostly male; These house-
holds have at least two cars available, reside primarily
in the suburbs and many commute to the CBD;
they have favourable attitudes towards commuting
by transit and relatively low automobile usage

246 19.03

6 Downtown
commuters

High-income households, the highest percentage
of work locations in the Chicago CBD; many
commute by transit

193 14.93

7 Determined
drivers

Auto-dependent—95 per cent by car; majority
female commuters who live in, work in and
commute between exurban and suburban locations

77 5.96

Source: Owen et al. (2007).
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random-coefficient logit model wherein
‘fixed’ characteristics are referred to as the
observed exogenous effects (for example,
household traits and level-of-service varia-
bles) and ‘random effects’ are the unobserved
individual and contextual heterogeneities.
The theoretical structure of the hierarchical
random-coefficient logit model is defined
as follows. Section 4 explains the final model
form including what variables are included
and how they are selected through the case
study of Pace.

First, a typical mixed logit model has the
following structure:

where, PðjjyiÞ is the probability of individual
i choosing mode j (i.e., driving alone, sharing

a ride, existing transit service, vanpool and
BRT) given the random effects yi to be
defined later; aj is an alternative specific con-
stant for alternative mode j; aj;s is an incre-
mental alternative specific constant for
alternative j of the sth household group
defined earlier in section 2 (s 5 1, 2, 3);
zi 5 column vector of choice-invariant indi-
vidual characteristics for individual i (for
example, age, income); uj is the column vec-

tor of non-random (fixed) coefficients for zi;
xji is the column vector of individual,

choice-varying traits (for example, travel
time and travel cost) that may exhibit con-

textual variability; bi ¼ ðbkiÞ0 is the random
coefficient vector for xji; kji is the column

Table 2. Census-tract (contextual) variables

Variable Definition

Socio-demographics of a census tract
Average household size Average number of household members
Employment rate Ratio of number of workers per household to

household size
Vehicle count Average number of vehicles per household
Race/ethnic (8) Percentage of households in 8 racial/ethnic groups
Income (15) Percentage of households in 15 income levels:
Home tenure status (2) Percentage of homes owned, rented
Age (6) Percentage of persons in 6 age groups
Resident industrial type (14) Percentage of workers in 14 industries
Occupation (5) Percentage of residents in 5 occupation categories

Land use features of a census tract
Population density Per square kilometre population
Worker density Per square kilometre number of residents who work
Housing density Per square kilometre housing units

Journey-to-work features of a census tract
Auto usage Fraction of workers using automobile
Transit usage Fraction of workers using transit
Auto users Number of workers using autos to work
Transit users Number of workers using transit to work
Travel time to work (2) By transit, automobile (in minutes)

PðjjyiÞ ¼
expðaj þ aj;s þ u

0

jzi þ b
0

ixji þ d
0

ikjiÞPJ
n¼1

expðan þ an;s þ u
0
nzi þ b

0
ixni þ d

0

ikjiÞ
ð1Þ

LIANG LONG ET AL. 2449

 at Univ of Illinois at Chicago Library on November 16, 2010usj.sagepub.comDownloaded from 

http://usj.sagepub.com/


vector of the remaining individual, choice-
varying traits that do not exhibit contextual
variability (for example, headway of transit
service, parking cost in Chicago CBD); and

di ¼ ðdkiÞ0 is the column vector of non-
random (fixed) coefficients for kji.

Now, for those individual, choice-varying
variables, xji, suppose the coefficients, bki s,
are a function of the contextual variables
wkqm s (q 5 1, ..., Q) of the mth census trac-
t—i.e.

bki ¼ gk0 þ
XQ

q¼1

gkq wkqm þ yki ð2Þ

where, gkq is the qth weight for intercept (q 5

0) or census-tract trait (q 5 1,2,..., Q); wkqm is
the qth census tract (m 5 1, ..., M) trait asso-
ciated with coefficient bki; and yki is a random
effect associated with coefficient bki.

The last term yki defines the random
effects capturing the deviation (heterogene-
ity) from the average effect of coefficient

bki across individuals, gk0 þ
PQ
q¼1

gkq wkqs.

Combined with (2), Equation (1) can be re-
written in the following form:

The term

g
k0 þ

XQ

q¼1

gkq wkqs

0
@

1
A
0

xji

defines interactions between the contextual
(wkqm’s) and the individual/household varia-
bles (xji). These interaction terms represent

the non-linear effect of xs; and the additional
effect of xji gained only when wkqm is also
present and vice versa (or else that effect
does not exist).

To understand this, let us use the following
example as an analogy. It is generally agreed
that a high gasoline price suppresses vehicle
miles of travel (VMT). So a policy to switch
from a 5-day working week schedule to
a 4-day one (10 hours a day) would likely
facilitate further VMT reduction. There is
clearly interaction between a high gasoline
price and a 4-day work schedule. However,
it is wrong to conclude that a 4-day schedule
is effective in reducing VMT because without
the high gasoline price a 4-day work week
programme in itself may not have any effect
at all on VMT. So, if we were to fit a regression
with both the gasoline price and a 4-day work-
ing week schedule as individual independent
variables on VMT, the coefficients of both
would be completely misleading. That is, the
effect of gasoline price would be overstate-
d—i.e. bðgas priceÞ should in fact be

g1ðgas priceÞ þ g2

ð4� day working

schedule 3 gas priceÞ

and an individual 4-day working week term
in the model would make no sense because
the programme itself did not have an effect
on VMT.

This hierarchical model structure is partic-
ularly desirable for modelling and statistically
testing contextual variability in household
mode choice behaviour. The mode choice
variability is tested through the following
hypothesis tests

PðjjuiÞ ¼ exp

aj þ aj;s þ u
0

jzi þ gk0 þ
PQ
q¼1

gkq wkqs þ yki

�0
xji þ d

0

ikji

 )

PJ
n¼1

exp an þ an;s þ u
0
jzi þ gk0 þ

PQ
q¼1

gkq wkqs þ yki

�0
xni þ d

0

ikji

 )(
8>>>>><
>>>>>:

ð3Þ
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(1) Hypothesis test of aj;s: Alternative spe-
cific constant aj;s is designed to vary
across the three household cluster groups.
The null hypothesis is of the form H0: aj;s

is equal across the cluster groups for each
travel mode j. If the null hypothesis is
rejected, the idea that the travel modes
of interest show equal constant utility
across the cluster groups must be rejected.

(2) Hypothesis test for fixed effects (g): Non-
zero coefficients of the fixed effects, g,
represent the average contextual effects.
The fixed effects of the contextual covari-
ates on the dependent variable are statis-
tically zero if the null hypothesis cannot
be rejected, or not if the null hypothesis
is rejected. Moreover, the alternative
hypothesis says that the model coeffi-
cients, b, are significantly dependent on
the contextual traits. That is, there exists
interaction between the contextual and
individual covariates if the null hypothe-
sis is rejected.

(3) Hypothesis test for random effects (y):
Non-zero random effects, y, indicate
deviations from the fixed effects defined
in (2) due to unmeasured random errors.
When random effects (y) are non-zero, b
are indeed random coefficients and there
still exists random contextual variation
even after known census-tract traits are
controlled for.

The fixed and random effects hypothesis
tests combined, conclusions can be made
about contextual variability in household
travel across the region

(1) If there are no significant fixed effects
or significant random effects, there is
no contextual effect on mode choice
variability.

(2) If there are significant fixed effects and
no random effects, the effects of a census
tract on the marginal utility of house-
hold mode choice are deterministic.

(3) If the random effects are significant
(regardless of the fixed effects), there is
significant contextual variability.

4. Model Results

First, Table 3 summarises the variables
included in the resulting model to be pre-
sented in sections 4.1 through 4.4. The model
variables are chosen and retained in the
model based on the following considerations

(1) Past studies have shown that work loca-
tion and level of service variables are key
factors influencing choice of transport
mode. Household socioeconomic and
demographic variables, such as vehicle
availability and gender, also play an imp-
ortant role in the mode choice decision.
In selecting the contextual variables, it is
of particular interest to find out the
group (neighbourhood) effect of ethnic-
ity on mode choice, following past stud-
ies (Giuliano, 2000; Polzin et al., 2000;
Lin and Long, 2008b) in which residen-
tial location has been shown to be clus-
tered ethnically in the US.

(2) Variable selection and retention are also
guided by the chi-squared test. The chi-
squared test is used to compare two
models provided that one is a restricted
version of the other by imposing restric-
tions (i.e. setting some parameters to
zero) on parameters in the unrestricted
model (Koppelman and Bhat, 2006).
The chi-squared test is defined as
�2ðLLR � LLU Þ, where LLR is the log-
likelihood of the restricted model and
LLU is the log-likelihood of the unre-
stricted model. If the difference of the
log-likelihood values between the res-
tricted and unrestricted models is too
small to accept the restricted model,
then the restricted variables should
indeed be dropped; otherwise the
restricted model should be adopted.
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The model goodness-of-fit is summarised
in Table 4. There are a total of 3877 observa-
tions. The log-likelihood at convergence is
-3030.02, whereas the log-likelihood values
with the zero-coefficients and constants-only
models are -6167.40 and -3707.97 respec-
tively. These have explained the reasonably
high rho-squared value of 0.5061 with respect
to (w.r.t.) zero and 0.1800 w.r.t constant and
confirm an overall good performance of the
fitted model. The model specification and
results are discussed in sections 4.1 through
4.4 as follows.

4.1 Constants and Variables (aj1aj ;s1u
0

jzi )

As shown in Table 5, the signs of all coeffi-
cients are intuitively correct. The constant
for the drive-alone mode has been set to
zero to serve as the basis for comparison
with the other four modes. The constants in
shared ride are all negative (-0.06 to -2.11)
and statistically significant across the house-
hold clusters. A larger magnitude indicates
greater difficulty in co-ordinating schedules
in shared ride to work relative to other
modes. Vanpool service, shows less negative
utility, suggesting easier schedule co-ordina-
tion than that of the shared ride mode.

The positive overall constant in the existing
transit mode suggests that existing transit
service is perceived as competitive to automo-
bile by households to whom automobile and
transit offer comparable levels of service. The
positive view towards transit service may be
explained by the prolonged highway conges-
tion and the relatively high level of transit ser-
vice in Chicago.

A similar pattern is also found in the
constants of the proposed BRT service,
although slightly less positive. In particular,
BRT is most appealing to the following two
household clusters, Demand survivors and
Downtown commuters, reflecting transit-
friendly attitudes, low automobile usage
and comparatively high transit usage in those
households. In contrast, BRT appears to be
least appealing to the Great middles and the
Cautious individuals, who are clearly auto-
mobile dependent. In addition, personal

Table 3. Variables included in the model

Category Variable

Dependent variable Driving alone, ride sharing, existing conventional transit service,
vanpool, BRT

Individual
Level of Service Parking cost, access time, egress time, headway of transit service,

number of transfers, transfer time, transit reliability,a gasoline
cost for driving, transit fare, in-vehicle travel time

Work location Urban, suburban, external urban
Socio-demographic characteristics Vehicle ownership, gender

Census tract (contextual) Percentage of non-Hispanic White households

aTransit travel-time reliability was measured by the frequency of delays in response to the question of ‘‘You will be more

than 15 minutes late...’’ in the survey. The multiple choice answers range from ‘‘once every six months’’ to ‘‘once

a month’’.

Table 4. Model results: model goodness-of-
fit (N 5 3877)

Log-likelihood at zero 26167.40
Log-likelihood at constant 23707.97
Log-likelihood at convergence 23030.02
Rho-squared w.r.t zero 0.5061
Rho-squared w.r.t Constant 0.1800
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Table 5. Model results: constants and variables, level 1—individual

Effect Estimate T-value Pr .jtj
Intercept (aj )
Drive alone 0
Shared ride 21.97 24.243 \0.0001\\\

Existing transit 2.30 6.952 \0.0001\\\

BRT 1.73 5.813 \0.0001\\\

Vanpool service 20.70 22.229 0.0258\\

Intercept by clusters (aj;s )
Drive alone 0
Shared Ride
Clusters 3, 6 0
Clusters 1, 5, 7 1.02 2.955 0.0031\\\

Clusters 2, 4 20.14 20.443 0.6576

Existing transit
Clusters 3, 6 0
Clusters 1, 5, 7 20.39 22.498 0.0125\\

Clusters 2, 4 20.60 23.590 0.0003\\\

BRT
Clusters 3, 6 0
Clusters 1, 5, 7 20.47 23.535 0.0004\\\

Clusters 2, 4 20.92 26.483 \0.0001\\\

Zero vehicle respondents (u1;j )
Drive alone 0
Shared ride 0.60 0.891 0.3729
Existing transit 1.71 2.888 0.0039\\\

BRT 1.49 2.468 0.0136\\

Vanpool 0.11 0.062 0.9508

Female respondents (u2;j )
Drive alone 0
Shared ride 0.29 1.118 0.2637
Existing transit 20.45 23.612 0.0003\\\

BRT 20.25 22.330 0.0198\\

Vanpool 20.13 20.712 0.4764

Urban work location (u3;j )
Drive alone 0
Existing Transit 21.25 26.767 \0.0001\\\

BRT 20.96 25.056 \0.0001\\\

Suburban work location (u4;j )
Drive alone 0
Existing transit 21.54 28.751 \0.0001\\\

BRT 21.29 27.695 \0.0001\\\

External urban Work Location (u5;j )
Drive alone 0
Existing transit 21.72 25.705 \0.0001\\\

BRT 20.91 24.628 \0.0001\\\

Notes: \\\significant at the 0.01 level; \\significantat the 0.05 level; \significant at the 0.10 level.
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safety is a major concern for the Cautious
individuals. BRT, although it may provide
a comparable level of service, may not be per-
ceived as a safe alternative to automobile by
this particular group of households.

There is also the incremental effect of
work location on transit mode choice. With
the Chicago CBD as the base for comparison,
the constant utility of the existing transit
service is reduced by 1.25 in an urban work
location other than the CBD, 1.54 less in
a suburban work location and 1.72 less in
an exurban location. This result suggests
that the transit service is less preferred as
the work location moves farther away
from the CBD.

Not surprisingly, respondents who owned
zero vehicles favoured transit modes (includ-
ing BRT) strongly and female respondents
favoured automobile modes (driving alone
or sharing a ride).

4.2 Alternative Specific Level of Service

Variables (d
0

ikji)

Among all level of service variables, the
coefficients for access time, egress time, tran-
sit headway, transfer time and reliability for
travel by transit are all strongly significant
below the 0.05 level and negative as
expected (Table 6). Parking cost is com-
monly viewed as an important explanatory
variable for mode choice in the literature.
Interestingly, it has an expected negative

but insignificant coefficient in this case
study. Further investigation was performed
and it was found that the coefficient of park-
ing cost became statistically significant (at
the 0.1 level) after work location variables
were removed from the model. This sug-
gests that work location may have partially
explained the effect that parking cost had
on mode choice. Number of transfers was
not found to be statistically significant—
this is likely to be due to the high correlation
with transfer time—thus it was dropped
from the model.

4.3 Fixed effects with interactions

((gk0 þ
PQ

q¼1
gkq wkqs)

0
xji)

Three explanatory variables (xij s), gasoline
cost for driving alone/shared ride, transit fare
and in-vehicle travel time, are very highly sig-
nificant below 0.0001 and all negative as
expected.

All interaction terms, statistically signifi-
cant or not, have been retained in Table 7
for illustration purposes. The interaction
term between gasoline cost for driving alone/
shared ride and percentage of White
non-Hispanic households, g11, is insignifi-
cantly positive (0.09, Pr > jtj ¼ 0:1548).
Similarly, the interaction between transit
fare and percentage of White non-Hispanic
households, g21, is insignificantly positive
(0.01,Pr > jtj ¼ 0:8836), suggesting that

Table 6. Model results: alternative specific level of service variables

Effect Estimate T-value Pr .jtj

Parking cost (d1 ) 20.0009 20.460 0.6453
Access time (d2 ) 20.03 23.013 0.0026\\\

Egress time (d3 ) 20.04 23.527 0.0004\\\

Headway of transit service (d4 ) 20.01 25.649 \0.0001\\\

Transfer time for transit modes (d6 ) 20.03 24.596 \0.0001\\\

Reliability for Travel by Transit (d7 ) 20.05 22.165 0.0304\\

Notes: \\\significant at the 0.01 level; \\significantat the 0.05 level; \significant at the 0.10 level.
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transit fare has negligible effect on non-
Hispanic White households. On the other
hand, percentage of non-Hispanic White
households has a significant negative effect
(at the 0.10 level) on the marginal utility
associated with in-vehicle travel time in all
modes (-0.01, Pr > jtj ¼ 0:0642). This
indicates that the non-Hispanic White view
long in-vehicle travel time as a strong disutil-
ity. (This is likely to be because of the high per-
ceived value of time by this ethnic group.)
Other level-of-service variables, such as access
time and transit time, were not found to be
affected by the contextual traits either.

The model result indicates that, all other
individual traits being equal, identical travel
time or cost of a mode does not render the
same marginal utility value due to the contex-
tual effects. The conventional assumption of
constant marginal utility in mode choice
modelling does not hold.

It is worth mentioning the possible endo-
geneity caused by the simultaneity of mode
choice and residential location choice (and
consequently the social or neighbourhood
effects; Manski, 1993). Indeed, there have
been recent studies aimed at understanding
what is called the ‘residential sorting effects’
on mode choice (Boarnet and Sarmiento,
1998; Cervero and Duncan, 2002, 2003;
Schwanen and Mokhtarian, 2005; Zhang,
2006; Bhat and Guo, 2007; Pinjari et al.,

2007). Modelling the endogenous decision-
making often involves simultaneous equa-
tions and instrumental variables or joint
choice modelling (for example, Salon,
2009). In our study, we did not model the res-
idential location choice simultaneously or
jointly because of the original design of the
Pace survey and the consequent data limita-
tions, which prevented us from developing
discrete joint choice/simultaneous structures
models. Nevertheless, we have tested for
endogeneity of neighbourhood choice by
adopting an operationable definition and
identification, given the data limitations, of
endogeneity from Manski (1993). That is,
‘the propensity of an individual to behave
in some way varies with the behaviour of
the [reference] group’, or mathematically in
the case of a choice model with social effects

Pðy ¼ 1jw; zÞ

¼ H aþ uPðy ¼ 1jwÞ þ z
0
h

h i
where, H �ð Þ is a logit model; w are attributes
of an individual’s reference group—i.e.
residential location (urban, suburban and
exurban) in this test; and z are individual
attributes listed in Table 3.

If the coefficient u 6¼ 0, then there exist
endogenous residential location effects on
the choice outcome. The analysis results
show a mixed outcome—i.e. automobile

Table 7. Model results: fixed effects with interaction terms at the level 2, census-tract level

Effect Estimate T-value Pr .jtj

Gasoline cost for driving alone/Shared Ride (g10 ) 20.29 27.094 \0.0001\\\

Interaction with Percentage of White-non Hispanic
households (g11 )

0.09 1.423 0.1548

Transit Fares (g20 ) 20.22 24.771 \0.0001\\\

Interaction with Percentage of White-non Hispanic
households (g21 )

0.01 0.146 0.8836

In-vehicle travel time (g30 ) 20.03 29.004 \0.0001\\\

Interaction with Percentage of White-non Hispanic
households (g31 )

20.01 21.851 0.0642\

Notes: \\\significant at the 0.01 level; \\significantat the 0.05 level; \significant at the 0.10 level.
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modes demonstrating endogenous effects of
residential location (udrive alone ¼ 6:36,
Pr > jtj ¼ 0:0032; ushared ride ¼ �11:34,
Pr > jtj ¼ 0:0338) and transit modes show-

ing no such effects (uexisting transit ¼ �0:86,
Pr > jtj ¼ 0:5007; uvanpool ¼ �0:13,
Pr > jtj ¼ 0:9262).3 That transit mode
choice showed no neighbourhood effect sug-
gests no coupling of transit mode choice and
residential location choice. This is consistent
with the earlier findings in the interaction
effects of transit fare and the contextual var-
iables. On the other hand, this is in contrast
to the finding in some studies (for example,
Goetzke, 2008) and may be unique to the
study area. Further work on the identifica-
tion of endogenous social effects is necessary.
The endogeneity finding of residential loca-
tion in automobile mode choice suggests
the need for simultaneous modelling of res-
idential and mode choice decisions. While
it is outside the scope of this paper given
the original design of the survey, future
investigation with simultaneous modelling
is nonetheless warranted for the study area.
Furthermore, in light of the major goal of
this paper, which is to present a new frame-
work to account for contextual effects in
mode choice decisions, the analyses and
findings are believed to have provided

valuable technical and practical insights for
contextual effects modelling.

Finally, the final fixed-effects portion of
the model is shown in the following form

4.4. Random effects (yki s)

The random effects, yki s, capture the unob-
served individual and contextual heterogene-
ities from the average contextual effects. If the
estimated random effect is significantly differ-
ent from zero, there are significant heteroge-
neities from the average contextual effects
across census tracts. As shown in Table 8,
the random effect associated with gasoline
cost (y1) is only significant at the 0.10 level,
suggesting that the contextual effects of
gasoline cost are quite well explained by the
contextual variables. The random effect asso-
ciated with in-vehicle travel time (y3) is highly
significant, below the 0.0001 level, suggesting
that the deviations from the mean bs cannot
be ignored across census tracts. The random
effect associated with transit fare (y2) is statis-
tically significant at the 0.05 level and hence
there is some degree of deviation across census
tracts in transit fares.

5. Conclusion

This paper has demonstrated that contex-
tual variability in individual mode choice

Utility ¼ b̂1ðGasoline costÞ þ b̂2ðTransit fareÞ þ b̂3ðIVTTÞ þ :::
b̂1 ¼ �0:289þ ð0:6495Þ ðpercentage of blue-collar residents)

b̂2 ¼ �0:21

b̂3 ¼ �0:029þ ð�0:0152Þ ðpercentage of non-Hispanic White householdsÞ

8>><
>>: ð6Þ

Table 8. Model results – random effects (heterogeneity)

Effect Estimate T-value Pr .jtj

Gasoline cost for driving alone/shared ride (y1 ) 0.33 1.754 0.0794\

Transit fares (y2 ) 0.39 2.392 0.0168\\

In-vehicle travel time (y3 ) 0.05 5.068 \0.0001\\\

Notes: \\\significant at the 0.01 level; \\significantat the 0.05 level; \significant at the 0.10 level.
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can be quantified and statistically tested in
a two-level random-coefficient mixed logit
model. The random-coefficient model
structure is particularly desirable in study-
ing the contextual effect of the built environ-
ment on travel behaviour. By incorpora-
ting both fixed and random effects in the
model coefficients, the model allows incor-
poration of environmental covariates asso-
ciated with the geographical areas and
accounts for their interaction with individ-
ual characteristics.

It is found that individual mode choice
behaviour varies considerably across different
residential census tracts even after individual/
household traits are controlled for. Moreover,
the contextual effects are found to modify the
marginal utility of mode choice. In particular,
in-vehicle travel time and gasoline costs are
strongly geographically variable and are
significant covariates of census-tract traits.
Significant variability in the effects of those
two variables is still present even after both
contextual and individual traits are controlled
for, suggesting intrinsic randomness in indi-
vidual mode choice. It is also found that auto-
mobile mode and residential location choices
are endogenous processes, while such endoge-
neity is not exhibited in transit modes. This
finding may be specific to the study area.
Due to the limitation of the currently available
data, future investigation on this subject is
necessary.

The proposed model and study findings
have important implications for integrated
land use and transport planning. It is gener-
ally agreed in the literature that there is
a two-way effect between the built environ-
ment and travel behaviour; however, this
knowledge has not been fully transferred to
transport planning practice. For example,
most regional travel forecasting models in
practice assume constant marginal utility in
mode choice modelling, which has been
proved in this study to be deficient in captur-
ing heterogeneity in mode choice due to the

built environment/travel behaviour dynam-
ics. This study has also shown that, with
a hierarchical structure, much of the hetero-
geneity can be properly accounted for.
Moreover, conventional regional transport
forecasting models are not sensitive to the
environmental factors at the local or neigh-
bourhood level and thus are unlikely to ade-
quately address induced travel demand at
those geographical levels—for example, due
to an alteration of a highway section or
a new subway station. Since the local or
neighbourhood built environment has been
shown to shape personal mode choice (and
probably vice versa), local and neighbour-
hood land use/transport planning efforts
must work in co-ordination with the regional
planning effort to improve travel demand
management and provide more coherent
land use/transport planning at both local
and regional levels. To do so, necessary poli-
cies and institutional incentives must be put
in place to facilitate integrated land use and
transport planning practice and to encourage
co-operation across local and regional levels.

Finally, it is important to point out that
the study findings must be interpreted
within the context of the study limitations,
owing to the complexity of the causal rela-
tionships between the built environment
and travel behaviour. Most noteworthy, we
assembled a set of household and census-
tract variables that were available to us for
analysis. However, we do not intend to imply
that the assembled variables, especially at the
census-tract level, have fully characterised
the households or the built environment.
Other unavailable measures—for example,
proximity to highway/transit and more
detailed land use categorisation—would be
of great interest. Moreover, the area size of
census tracts varies widely depending on
the density of settlements. There may be var-
iability due to micro level factors that are not
captured at the census-tract level. Further
research effort is needed.
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Notes

1. Pace provides vanpool service that ranges from
traditional vanpool to an employer shuttle ser-
vice to Metra (regional commuter rail) feeder
service and others. Employees that live and
work near one another and share similar
schedules can form a group that conveniently
gets them between home and work.

2. The SEM results are not included in the paper
as they are minor to the objective of the entire
paper. They are available upon request.

3. The coefficients were based on the assumpt-
ion that the effect on BRT was zero. The model
results are available upon request.
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