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Abstract

Lifestyle, indicating preferences toward a particular type of neighborhood and its
transport accessibility is an important determinant of travel mode choice. In the
paper a discrete choice model estimates are presented which include beyond the
attributes of trip and socio-economic determinants also latent variables capturing
the differences in individual preferences of neighborhood type and access to
downtown and amenities (traditional city-like versus suburban). Empirical results
confirm that the inclusion of latent variables capturing access and city lifestyle
preferences into the travel mode choice model increase its explanatory power. The
demonstrated connection between city lifestyle and transit and walk choice and
connection between suburban lifestyle and car choice imply that policies aimed at
behavior modification may be limited by the large proportion of households who
have strong preferences towards suburban and car oriented lifestyle.

Introduction

Transport is one of the most important, but also hardest-to-solve, problems of modern-day
cities. In developed countries, the transport sector contributes to the GDP by about 10%, and
its services are a precondition for economic activities as well as leisure activities. At the same
time, transport, especially in cities, causes a number of environmental problems and negative
impacts on human health due to emissions, noise or vibrations. Accidents and congestion are
other visible negative manifestations of transport. Both represent a social as well as economic
problem.

All the mentioned types of damage grow as the mobility of the population increases —
the total number of trips, as well as the distances travelled rise. The Czech Republic is no
exception — the road passenger transport grows faster than 5% a year. The passenger-
kilometers by cars were increasing constantly by more than 70% between 1990 and 2003. The
growth rate has been slowing down in the last few years but car use is expected to continue to
grow with the citizens’ economic situation improving. We experience the changes in the
modal split of passenger transport. The share of so-called “sustainable modes of transport”,
which include public transport, cycling and walking, is decreasing, while the share of cars is
growing.

In the paper I present the estimates of a discrete choice model including beyond the
attributes of trip and socio-economic predictors also latent variables capturing the differences
in individual preferences of residence and access to downtown and amenities (traditional city-
like versus suburban) which are considered to determine alternative specific utilities and



travel mode choice. The latent variables and its indicators are based on the results of a
qualitative survey on residential choices and its subsequent effects on accessibility, travel time
and travel costs. I present the differences in estimates between the model with and without
latent variables.

The following text is structured as follows: The next section formulates behavioral
hypotheses on the effects of latent attitudinal characteristics on travel mode choice. The
second section describes the data. The third section develops statistical model of travel mode
choice. The fourth section describes the latent variables constructs and the hypothesis test.
The fifth section presents the model estimates and discusses results while the sixth section
summarizes key findings and outlines possible directions of future research.

1. Background and hypothesis formulation

The research question explored in this paper is how lifestyle, indicating preferences towards a
particular way of living affects travel behavior and travel mode choice in particular. Discrete
choice models have been trying to employ psychological factors since 1980s (See, for
example, Ben-Akiva et al. 1999, Walker and Li 2006). A guiding idea in this effort is that the
incorporation of psychological or psychometric factors leads to a more behaviorally realistic
representation of the choice process, and consequently, better explanatory power.

This study was preceded by a qualitative survey on Meaning of accessibility in
decisions about residential relocation (Braun Kohlova, 2008) which demonstrates that the
choice of travel mode for regular trips within urban area is besides “constraints variables”
affected by the individual or family lifestyles comprising of housing and neighborhood
preferences. In this qualitative survey two basic subpopulations were identified. Individuals in
the first group stated great importance of a good access of their new place of residence
meaning mostly public transport connection of good quality to the city center and other
frequently visited destinations, short travel time, few mode changes etc. For the individuals in
the second group the access does not matter because they “use car anyway”. The qualitative
survey further shows that the individuals in the first group in varying degree succeed to meet
the claim on good access when moving which affects their travel time, travel costs and
subsequent mode choice. While those who succeed in moving to the place of residence with
good accessibility tend to choose public transport and non-motorized means of transport,
those, who do not, subsequently choose car as “reluctant drivers or car passengers”.

Although the instruments of a qualitative survey provide a valuable piece of
information on how the travel mode choice process might be determined by the residential
characteristics it is necessary to validate the effect on a representative data sample and in a
reliable statistical model.

I employ a choice model with latent variables to represent this behavior, where the
latent variables are capturing lifestyles concerning place of residence and neighborhood
preferences and the choice model is the travel mode choice on regular trip. The choice model
with latent variables including heterogeneity of taste allows inferring how preferences
regarding place of residence and access impact travel mode choice. I employ a sequential



(two-stage) estimation method combining factor analysis and random utility choice model
(multinomial logit). Responses to attitudinal survey questions are used as indicators of the
latent psychological factors. Inclusion of latent (psychological) factors in the utility function
improves the explanatory power of the model.

Scholars have paid attention to the association between travel behavior and attitudes in
various research contexts: Handy et al. (2005) showed that differences in attitudes largely
explain observed differences in travel behavior between suburban and traditional
neighborhoods. Their multivariate analysis of cross-sectional data shows that the differences
in level of driving are largely explained by attitudes and that the effect of the built
environment mostly disappears when attitudes and socio-demographic factors have been
accounted for. Ory and Mokhtarian (2005) used attitudes as explanatory variables for survey
responses related to how much subjects like to travel for various purposes. Schwanen and
Mokhtarian (2005) modeled commute mode choice accounting for “cognitive dissonance”
(the mismatch between ones current neighborhood type and ones preference for neighborhood
type) as measured by attitudinal indicators. They found that “neighborhood type dissonance is
statistically significantly associated with commute mode choice: dissonant urban residents are
more likely to commute by private vehicle than consonant urbanites but not quite as likely as
true suburbanites. However, differences between neighborhoods tend to be larger than
between consonant and dissonant residents within a neighborhood” (Schwanen and
Mokhtarian, 2005, 83).

2. Data

The data were obtained from a travel behavior survey conducted in 7 selected Czech cities
and their suburban areas in 2008. I make use of the revealed preference survey of individual
travel mode choices that was administered to 1723 adult individuals including retiree. The
populations of the smallest city in the sample is 10 thousands, the biggest (capital Prague) one
million. We used quota sampling (quotas for gender, age, educational level, economic activity
and residential locality/address). The main sampling criterion was the fact that the respondent
realized at least one trip during the previous working day and that the trip was realized only
within the respective urban area. The travel mode choice model is based on revealed
preferences elicited as characteristics of the first trip and the following trips chain made on a
randomly selected working day. Thus trips of different purposes (not only work trips) are
included in the sample. Only trips within the respective urban area were included (radius of
public transport service or 25 kilometers). The total choice set included twelve options (car as
driver, car as passenger, motorcycle, tram, trolleybus, bus, subway, train, regional bus,
bicycle, walk, other). The available options varied across localities. Motorcycle was
represented in only 3 cases and therefore excluded from the analysis. For this analysis six
public transport modes were included into a common alternative (public transport). Besides
the attributes of travel mode choice on selected day and socio-economic characteristics of
individuals indicators of attitudes toward different lifestyles regarding preferred neighborhood
and its accessibility were elicited. Two modified indicators on neighborhood preferences
suggested by Walker and Li (2006) were appended with three accessibility indicators



formulated as results of qualitative pre-survey conducted before the survey (Table 2). All
together five lifestyle indicators were included into the questionnaire.

Data collection - one-on-one interviews - was done in respondents household using
paper questionnaires. The data were collected by a professional agency. After data cleaning,
the estimation results presented below are based on responses from 1438 individuals.

3. Model formulation

I include latent factors into the random utility choice model because my hypotheses are that
lifestyle (neighborhood and access) preferences exist, that they are not directly identifiable
from the data and that people with different values of preference factors exhibit different
travel behavior.

A convenient functional form for analyzing the influence of potential explanatory
variables on a categorical dependent variable is the multinomial logit (MNL) model. The
MNL model assumes that travelers have unobservable, latent preferences or utilities for
different transport modes and that they choose the mode providing the highest utility (Ben-
Akiva and Lerman, 1985). The utility associated with a transportation mode consists of two
components - a deterministic part reflecting the influence of observed factors relating to
socio-demographic, mobility limitations, personality, lifestyle etc. and a random part
capturing all unobserved impacts.

The applied random utility choice model assumes that the probability that alternative i
in C, is chosen by decision maker 7 is given by
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The universal choice set C includes 5 alternatives:

1. car as driver (CAR),

2. car as passenger (PASS),

3. bicycle (BIKE),

4. walk (WALK) and

5. public transport (TRANS).
Not all alternatives are assumed to be available for each individual. The set of availability
variables (CAR_AV, PASS AV, BIKE AV, WALK AV, TRANS AV) specifies which alternatives
are feasible for each individual. The following rules were used, defined as follows:

1. Anybody without a driver’s license cannot drive alone.

2. Anybody in a household without a car cannot drive alone.

3. Anybody in a household without a bicycle cannot use bicycle.
The remaining alternatives were assumed to be feasible to everybody.

The variables entering into the utility functions are following (denoted as in
parentheses):

Alternatives attributes (alternative specific varying over alternatives):

Car travel time (min for single trip incl. in-vehicle and out-of-vehicle time): CAR_TIME

Car travel cost (CZK'): CAR_COST

Car passenger travel cost (CZK): PASS_COST

Bicycle travel time (min): BIKE_TIME

Walk time (min): WALK_TIME

Public transport travel cost (out-of-pocket cost in CZK; 0 if individual owns PT pass): TRANS_COST
Public transport travel time (min for single trip incl. in-vehicle and out-of-vehicle time): TRANS_TIME

Note: Bicycle and walk specific cost is assumed to equal zero and therefore not having an effect on linear-in-parameters utility

Socio-economic characteristics:

Gender (1=male): GENDER

Personal net month income (11 income categories) — including input missing: P_INC
The individual has at least one subordinate in work (1, 0): BOSS

Public transport pass ownership (1, 0): ABO

Latent variables (generic):

Importance of travel accessibility: ACCESS
Enjoyment of downtown /city lifestyle: CITYLIFE

The specification of the systematic utilities is given in Table 1.

Table 1: Travel mode choice model specification

B1 BZ BS B4 BS BG [37
Car ASC_CAR 0 0 0 CAR_COST 0 0
Pass 0 ASC_PASS 0 0 0 PASS_COST 0
Bike 0 0 ASC_BIKE 0 0 0 0
Walk 0 0 0 ASC_WALK 0 0 0
Trans 0 0 0 0 0 0 TRANS_COST

! Exchange rate ranged from 24 to 25 CZK for EURO in the period of data collection: May — June 2008.




BB 69 B10 B11 B12 B13 614

Car CAR_TIME 0 0 0 GENDER P_INC BOSS

Pass CAR_TIME 0 0 0 0 0 0

Bike 0 BIKE_TIME 0 0 GENDER 0 0

Walk 0 0 WALK_TIME 0 0 0 0

Trans 0 0 0 TRANS TIME 0 0 0
B15 B76 :877

Car 0 0 0

Pass 0 0 0

Bike 0 0 0

Walk 0 0 FAC_CITYLIFE

Trans ABO FAC_ACCESS FAC_CITYLIFE

4. Latent variables

Based on the results of the preceding qualitative survey and literature (Walker and Li, 2006)
attitudinal questions capturing desired characteristics of neighborhoods and its public
transport accessibility were included into the questionnaire. The responses were measured
using five-point Likert-type scale of agreement. The wording of the employed questions is
displayed in Table 2.

Table 2: Indicators of latent variables

How much do you agree with the following? *

I am willing to travel 15 minutes longer a trip to live in green, quiet locality and realize my hobbies.
I like to live within walking distance to shops, restaurants and other amenities.

| enjoy the hustle and bustle of the city.

| consider very important the public transport access of my neighborhood from the city center.

| consider very important the public transport access to frequently visited destinations of mine.

*The neighborhood and accesses indicators / variables were measured using five-point Likert-type scale of agreement

To reduce the information gained through individual responses I first perform factor analysis.
Application of factor analysis presumes that relatively few latent variables may underlie the
resulting data. I used principal component method of factor extraction and Varimax rotation
which minimizes the number of variables that have high loadings on each factor. The two
extracted factors explained 64.2 % of variance in the observed variables (for details see table I
in Appendix). The rotated component matrix (see table II in Appendix) helped to formulate an
interpretation of the components. The first component captures the importance of transport
accessibility of home, city center and frequently visited destinations. The second component
captures positive attitudes toward living in neighborhoods with shops, restaurants and other
amenities with downtown character. Both extracted factor scores were saved as variables. The
extracted factor scores entered in the utility of travel choice model alternatives as generic
variables, varying among individuals, but not alternatives.

The hypothesis test

To test whether the inclusion of latent variables capturing access and city life preferences into
the travel mode choice model increase its explanatory power, I use the likelihood ratio test
(Ben-Akiva and Lerman, 1985, 164-167). 1 first estimate the unknown parameters in the




restricted model including only trip specific and socio-economic variables. Then I compare
the log likelihood functions of the restricted model and unrestricted model including two
latent variables. Hence, the null hypothesis is
Ho: Baccess = PBerryLire = 0
And the test statistic for null hypothesis is given by
-2 (Lr — Ly)
Which is asymptotically distributed as y* with df = Ky — Ky degrees of freedom, where Ky
and Ky are the numbers of estimated parameters in the unrestricted and restricted models,
respectively.
I reject the null hypothesis that the restrictions are true because, using a = 0.05,
-2(-990.178 + 963.787) =9.392 > 5.99
I therefore conclude that the latent variables capturing access and city life preferences should
be included in the travel mode choice model, because it increases the explanatory power of
the model.

5. Estimation results

The unknown parameters are estimated using maximum likelihood estimation. The software
BIOGEME (Bierlaire 2003, 2008) is used for estimation of multinomial logit model. The
software SPSS is used for the estimation of latent variables scores.

For estimation purposes, I have normalized the alternative specific constant of public
transport to zero. The estimation results for the model specification above are shown in Table
3. The results show the statistical significance of two alternative specific constant, ASCpass
and ASCwark. The former has a negative sign indicating a negative preference of travelling as
passenger in car with respect to means of public transport. The latter has a positive sign and a
higher value indicating greater positive preference of walking. The alternative specific
constants for car (as driver) alternative and bicycle alternative have both negative signs,
indicating negative preference for these alternatives, with all the rest remaining constant, but
are statistically significant only at 10% level. As expected, car cost and transit cost, both
significant at 5% level, have negative sign meaning negative effect on utility of respective
alternatives. Transit cost coefficient is about 1.6 time higher showing greater effect of transit
cost compared to car cost. The passenger specific cost coefficient has a positive sign, but is
not statistically significant. All travel time coefficients are statistically significant with
negative signs. The differences in values indicate the highest negative effect of a minute spent
walking and lowest of a minute spent on or off public transport vehicle. As expected
ownership of public transport pass has statistically significant positive and high effect on the
public transport utility. Three socio-economic characteristics of individuals have statistically
significant and positive effect on the related utility, i.e. personal income and superior position
in work on car utility, male gender on car and bicycle utility. Interestingly, the effect of
superior position in work and gender is considerably higher than that of personal income,
which indicates that the utility function is beyond physical or objective constraint affected by
psychological or social behavioral factor. We can hypothesize that driving a car is an
indispensable attribute of superior position in organizational hierarchy or male identity.



Two latent variables capturing the impact of good access and city life preference,
which eventually entered the model, have statistically significant and positive impact on
transit and walk utility. It indicates that the more individual (verbally) prefers good public
transport access and city lifestyle the higher is the transit and walk utility with respect to car
both as driver and passenger and bicycle.

Including the latent variables into the travel mode choice model does not significantly
change the estimates of the other coefficients. The only exception is transit cost, the
coefficient of which decreased from -0.0207 (with robust std. error 0.00727) to -0.0137 (with
robust std. error 0.00766) and stopped being statistically significant. It indicates that the
coefficients of latent variables capturing access and city lifestyle preferences take away a part
of the transit cost variability. We can conjecture that the more individuals prefer good public
transport access and city lifestyle the less important are for them the transit cost. However the
interpretation might be double; these people either prefer transit and use is disregarding the
cost or they neglect the cost because they can walk thanks to shorter travel distances.

To summarize the results, the estimated parameters are both significant and have the
expected signs. The log likelihood increased from the initial value -1704.182, to the final
value -990.178 (without latent variables) and -963.787 (with latent variables). The summary
statistics for both models are shown in Table 4.

Table 3: Travel mode choice multinomial logit model with latent variables

Value Robust Std err Robust t-test P-value
ASCgike -0.436 0.250 -1.75 0.08 *
ASCcar -0.495 0.274 -1.81 0.07 *
ASCpass -2.18 0.175 -12.43 0.00
ASCwaik 3.92 0.520 7.55 0.00
Bcar_cost -0.00844 0.00401 -2.10 0.04
Brass_cosT 0.00600 0.0136 0.44 0.66 *
Brrans_cosT -0.0137 0.00766 -1.79 0.07 *
Beike_cosT -0.0479 0.00684 -7.00 0.00
Bcar_TiME -0.0191 0.00685 -2.78 0.01
BrraNs_TIME -0.0165 0.00486 -3.38 0.00
BwaLk_TimE -0.145 0.0259 -5.58 0.00
Baso 2.28 0.241 9.47 0.00
Beenper 0.654 0.153 4.28 0.00
Bincome 0.118 0.0359 3.30 0.00
Beoss 0.689 0.198 3.49 0.00
Baccess 0.505 0.0743 6.79 0.00
Berrvuire 0.221 0.0743 2.97 0.00

Table 4: Multinomial logit model: summary statistics

Summary statistics:

Without latent variables With latent variables of lifestyle
Number of observations: 1438 1438
Null log-likelihood: -1704.182 -1704.182
Final log-likelihood: -990.178 -963.787
Likelihood ratio test: 1428.007 1480.789
Adjusted rho-square: 0.410 0.424




6. Summary and future directions

The above empirical study supports the hypothesis that lifestyle preferences exist and that
they are determinants of travel mode choice. In the paper discrete choice model estimates are
presented which include beyond the attributes of trip and socio-economic predictors also
latent variables capturing the differences in individual preferences of residence and access to
facilities (urban versus suburban). The indicators of latent variables are based on the results of
the qualitative survey on residential choices and its subsequent effects on accessibility, travel
time and travel costs. A guiding idea in this effort was that the incorporation of psychological
or psychometric factors leads to a more behaviorally realistic representation of the choice
process, and consequently, better explanatory power.

A sequential (two-stage) estimation method combining factor analysis and random
utility choice model (multinomial logit) was employed. The applied likelihood ratio test of the
models with and without latent variables confirmed that the inclusion of latent variables
capturing access and city life preferences into the travel mode choice model increase its
explanatory power. The estimates of the other determinants were not significantly affected by
the inclusion of the latent variables.

The research demonstrates the potential of latent constructs in uncovering
heterogeneity of lifestyle and travel mode choice preferences. By making explicit connection
between travel mode choice and neighborhood and accessibility preferences we can better
understand the manner in which an urban and suburban area develops and the impact that
changes in urban form will have on modal split and its impacts on environment and public
health. The demonstrated connection between city lifestyle and transit choice and walk and
connection between suburban lifestyle and car choice imply that policies aimed at behavior
modification may be limited by the large proportion of households who have strong
preferences towards suburban and car oriented lifestyle.

I aim to extent this work in several directions. The two-stage estimates including
factor loading estimates and discrete choice model estimates allowed me to validate the
hypothesis of the effect of latent lifestyle variables on the travel mode choice. However, to
avoid measurement errors bias, it is suggested (Ben-Akiva et. al 1999, Walker and Li, 2006)
to estimate latent variables scores or classes and choice model simultaneously. Another
extension is to match the latent neighborhood and access preferences, which are stated, with
the actual neighborhood characteristics and as such revealed preferences. I hypothesize that
the framework incorporating stated and revealed preferences may extent and better specify the
lifestyle segments of interest.

In summary, the choice modeling approach including latent variables of lifestyle
provides a method allowing for heterogeneity of lifestyle while explaining travel mode
choices. Further, the empirical results point to intricate policy implications implied by the
complexity of preferences towards residential characteristics.
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Appendix:

Table I: Factor analysis: total variance explained

Component Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings

Total % of Variance  Cumulative % Total % of Variance Cumulative % Total

% of Variance Cumulative %

1 1.940 38.805 38.805 1.940 38.805 38.805 1.861 37.226 37.226
2 1.270 25.391 64.195 1.270 25.391 64.195 1.348 26.969 64.195
3 0.965 19.299 83.494
4 0.632 12.641 96.136
5 0.193 3.864 100.000
Extraction Method: Principal Component Analysis.
Table Il: Rotated component Matrix (factor loadings)
Component
1 2
ACCESS CITYLIFE
| am willing to travel 15 minutes longer a trip to live in green, quiet locality and realize my hobbies. 0.202 -0.576
| like to live within walking distance to shops, restaurants and other amenities. 0.250 0.589
| enjoy the hustle and bustle of the city. 0.110 0.815
| consider very important the public transport access of my neighborhood from the city center. 0.931 0.048
| consider very important the public transport access to frequently visited destinations of mine. 0.937 0.054

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
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