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Ancestry of this ProjectAncestry of this Project
Importance of

residential location
& lifestyle

(Kitamura, 1988)
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Residential location is extremely
relevant to the discussion… But
what is the relation between
housing preferences and
household travel behavior?
Unfortunately, little is known that
might answer this question…

A very fundamental question is
whether travel behavior is
conditionally independent of life-
style orientation, given residence
location, car ownership, and other
measurable factors.
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RK dissertation:
taste variations

(Kitamura, 1981,
crediting Ben-Akiva,

Hensher, Stopher,
Golob, Tardiff, etc.)

Ancestry of this ProjectAncestry of this Project
Importance of

residential location
& lifestyle

(Kitamura, 1988)

CARB project:
impact of attitudes &
lifestyle on relation-
ship between built
environment and
travel behavior

Further work on
residential self-

selection (w/ Bagley,
Schwanen, Handy, Cao,

Circella)

Taste heterogeneity
in shopping channel

intention (w/ Tang)

Role of taste heterogeneity
in accounting for residential

self-selection

PKL(M) dissertation:
importance of attitudes

to explaining travel behavior
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OverviewOverview

n Motivation: The problem of residential
self-selection

n Past treatments of the problem
n Why taste heterogeneity matters
n Description of proposed research
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MotivationMotivation

n Many studies have compared travel
behavior (TB) of residents of “suburban”
versus “urban” neighborhoods

n and found that suburban dwellers walk less
and drive more,

n supporting the rationale for more compact
urban forms
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http://www.sacbee.com/topstories/story/1925614.html?storylink=omni_popular, June 7, 2009
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Another Northern California
Example
Another Northern California
Example

(Handy et al., 2005, 2006)
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Great! What’s the Problem?Great! What’s the Problem?
BUILT ENVIRONMENT MATTERS: Among people
with the same attitude, those living in traditional nbhds
walked more often than suburban dwellers.
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ATTITUDE MATTERS: Among people living in the same
type of nbhd, those who consider having nearby shops to be

very important walked (~ 4x) more often than those who don’t.
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THE COMBINED EFFECT: Suburban dwellers who
considered nearby stores important walked more often
than traditional neighborhood residents who didn’t.
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The Problem (cont’d)The Problem (cont’d)

n So are the observed TB differences because of
– a true independent influence of the built environ-

ment (BE)?
or because
– people who like walking (or, want to minimize

driving) choose to live in neighborhoods suppor-
tive of that desire (AT)?

or
– some of both?
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Hey, What’s the Difference?!Hey, What’s the Difference?!

n Objection 1: Doesn’t the built environment
(BE) matter, either way?
– “… if households self-select into areas that meet

their travel preferences, it seems self-evident that
urban structure matters” (Naess, 2009)

n Objection 2: As long as there is unmet
demand for urbanist neighborhoods, self-
selection is irrelevant – we need to increase
the supply
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The Problem (cont’d)The Problem (cont’d)

n If the effect of BE on TB is primarily due to
attitudinal predispositions (AT), then policies
promoting denser, more diverse land use
patterns may not have the desired effect

n For example, if a “car-lover” lands in an
urban neighborhood because of policy
incentives (e.g. financial), s/he may still drive
like the typical suburban dweller
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The Problem (cont’d)The Problem (cont’d)
n Costs of being wrong:

– potentially diminished quality of life
» inability to satisfy preferences
» disadvantages of crowding (e.g. lack of privacy, lack

of children’s play space/green space, congestion,
tensions, contagion)

– opportunity costs – time, money, & political
capital could have been spent on more useful
policies

n Thus, to evaluate the effectiveness of (pro-
posed) LU policies, it’s important to know the
relative roles of BE and AT in influencing TB
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Nine Approaches for
Addressing Self-selection

Nine Approaches for
Addressing Self-selection

1. direct questioning
2. statistical controls (Kitamura et al., 1997)

3. instrumental variables models
4. sample selection models
5. propensity score models
6. joint discrete choice models
7. structural equations models
8. mutually-dependent discrete choice models
9. longitudinal designs

(Cao et al., 2008, 2009; Mokhtarian & Cao, 2008)
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A Tenth Approach:
Accounting for Taste

Heterogeneity

A Tenth Approach:
Accounting for Taste

Heterogeneity
n Little-used to date

– Exceptions: Bhat and co-authors (including
Hensher, Pendyala), in the context of random-
coefficient discrete choice models

n Even less-discussed, at a conceptual level
– Mentioned without elaboration by van Wee

(2009)

(Bhat & Guo, 2007; Pinjari et al., 2007, 2008, forthcoming)

http://www.go2pdf.com


What’s the Problem
(Mathematically)?

What’s the Problem
(Mathematically)?

n Stereotypical relationship:

,

where
– TB is a measure of travel behavior (continuous

in our application),
– SED represents (multiple) socioeconomic/

demographic variables, and
– BE represents (multiple) measures of the built

environment

εβββ +++= BESEDTB 210
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Stereotypical Form of RSSStereotypical Form of RSS
n Standard techniques (regression, discrete choice)

require that observed variables (SED, BE) be
uncorrelated with unobserved ones (ε)

n Otherwise, the resulting endogeneity bias means that
coefficient estimators of SED & BE will be biased
and inconsistent

n But if
,

where AT = attitudes,
then this requirement is violated

)()(210 ATATBESEDTB εβββ +++=
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Straightforward RemedyStraightforward Remedy

n Observing & including AT removes them
from εand therefore removes correlation
between BE and ε(“statistical controls”)

n BE is called a mediator between AT & TB
n Comparing β2 with AT out of and in the

model indicates separate importance of BE
(Baron & Kenny, 1986)

εββββ ++++= ATBESEDTB 3210

(Kitamura et al., 1997)
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Built Environment as a
Mediator of Attitudes

Built Environment as a
Mediator of Attitudes

Travel
Behavior

Attitudes Socioeconomic &
Demographic Traits

Built En-
vironment β2

β1

β3
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Attitudes Socioeconomic &
Demographic Traits

Built Envir-
onment

Travel
Behavior

A More Complex
Representation

A More Complex
Representation
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The Taste Heterogeneity IssueThe Taste Heterogeneity Issue

n But what if β is a function of AT, rather than
(or as well as) BE being a function of AT?
– The impact of the identical BE on TB (i.e. the

value of β2) could differ considerably between
» the person living there because she actively wants

the transportation environment it provides, and
» the one living there because of other factors (job

location, family members, location amenities)

n AT called a moderator of the impact of BE
(a “dimmer switch” on β2; Wu & Zumbo, 2008)
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BE as Mediator
of AT

BE as Mediator
of AT

TB
BE

=f(AT) β2

β3

AT

AT as Moderator
of BE

AT as Moderator
of BE

TBBE
β2+f(AT)

AT
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In that Case, We Have…In that Case, We Have…

(where n sub/superscripts the individual),
n and if estimating the standard model, we have:

n But this clearly results in correlation of BE and the
error term,

n and if BE is also a function of AT, the correlation
is even greater (since ç2

n, by assumption, is also a
function of AT).

nn
n

nn BESEDTB εηβββ ++++= )( 2210

)( 2210 n
n

nnnn BEBESEDTB ηεβββ ++++=
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And It’s Worth Noting…And It’s Worth Noting…

n … that if taste heterogeneity is a factor,
simple statistical controls won’t resolve it:

n still leaves us with
– an error term that includes BE,
– and the unobserved ç2

n correlated with the
observed AT

n So it’s important to test for, and resolve,
taste heterogeneity effects

)( 23210 n
n

nnnnn BEATBESEDTB ηεββββ +++++=
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Possible ApproachesPossible Approaches

n Kitamura (1981, p. 473): “There are … at least
three approaches to the problem” of taste
variations:

1. random-coefficient models
2. explicitly modeling the coefficients (creating

interaction terms)
3. market segmentation (“stratification”)

– He considered deterministic segmentation
– We will also explore latent class modeling
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Our Proposed StudyOur Proposed Study
n Will use data previously collected from 8

neighborhoods in Northern California
n Dependent (TB) variable: ln(wklyVMD+1)
n Explanatory variable categories:

– BE: perceived (factors) & objective neighborhood
traits

– AT: travel-related factors, e.g. pro-bike/walk, pro-
transit, car-dependent; and residential preferences
for (e.g.) outdoor spaciousness & accessibility

– SED: age, gender, employment status, HH size,
income, etc.

(Handy et al., 2005)
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Comparison of Three
Specifications of Taste

Heterogeneity

Comparison of Three
Specifications of Taste

Heterogeneity
1. Modeling the coefficient(s) of BE, through

creating interaction terms:
– By adding the interaction term ATn× BEn to

the model, we are effectively
– replacing β2 BEn with (β2* BEn + β3 ATn BEn),
– and thereby modeling β2 as (β2* + β3 ATn)

(making it individual-specific, β2n)
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Three Specifications of Taste
Heterogeneity (cont’d)

Three Specifications of Taste
Heterogeneity (cont’d)

2. Deterministically segmenting the sample
on AT (and comparing BE coefficients
across segments):

– Will experiment with simple partitions of the
sample with respect to one or two AT at a
time (e.g. high v. low pro-bike/walk x high v.
low outdoor spaciousness),

– as well as cluster analysis to identify
segments with similar bundles of ATs
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Three Specifications of Taste
Heterogeneity (cont’d)

Three Specifications of Taste
Heterogeneity (cont’d)

3. Creating latent class regression models of
VMD

– Assumes the existence of G segments (classes) in
the population, with segment-specific coefficients
in the model

– Class membership of a given person is unknown;
a separate equation models membership (here, as
a function of AT)

– Segmented model coefficients are estimated so as
to explain as much as possible about VMD

(Walker & Li, 2007)
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Basic Work PlanBasic Work Plan
n Develop best baseline (unsegmented) models of

VMD, with and without AT
n Develop best segmentation models using each of

the 3 methods just described
– Compare goodness of fit, predictive ability
– Analyze how the estimated impact of BE differs

n For each model, quantify relative contributions of
SED, BE, and AT to the explanation of VMD

n Assess policy implications
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ConclusionsConclusions

n Ryuichi’s work has helped set the stage for this
proposed project, as he stressed the importance of
– Understanding the influence of residential location on TB
– Accounting for taste heterogeneity in modeling TB
– Understanding how attitudinal predispositions (residential

self-selection) affect the impact of the BE on TB
n I will feel him looking over our shoulders (in the

friendliest possible way) as we conduct it!
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Questions?Questions?
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Some Policy ImplicationsSome Policy Implications
n There is some benefit to motivating people to live

in more urbanist areas, even if they are
attitudinally mismatched
– The BE does have an independent effect on TB
– And it may also, over time, affect attitudes to be more

urbanist, which in turn have a direct impact on TB

Attitudes Socioeconomic &
Demographic Traits

Residential
Choice (BE)

Travel
Behavior
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Policy Implications (cont’d)Policy Implications (cont’d)
n And changing attitudes to be more urbanist/less auto-

oriented is almost surely a “two-fer”:
– ATs have a direct impact on TB, even if residentially

mismatched
– Urbanist ATs increase the likelihood of living in an urbanist

area, which then exerts an additional influence on TB

Attitudes Socioeconomic &
Demographic Traits

Residential
Choice (BE)

Travel
Behavior
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