
Contents lists available at ScienceDirect

Case Studies on Transport Policy

journal homepage: www.elsevier.com/locate/cstp

Exploring the role of toll road construction on residential location choice in
the Jakarta – Bandung region

I Gusti Ayu Andania,⁎, Lissy La Paix Puellob, Karst Geursb

a School of Architecture, Planning and Policy Development, Institut Teknologi Bandung, Indonesia
b Centre for Transport Studies, Faculty of Engineering Technology, University of Twente, the Netherlands

A R T I C L E I N F O

Keywords:
Residential location choice
Toll road
Hybrid choice model

A B S T R A C T

This study deals with the influence of the construction of a major toll road on residential location preferences in
the Jakarta – Bandung region in Indonesia. A hybrid choice model (HCM) was developed to model the effects of
socio-economics, travel characteristics, housing characteristics and latent variables on residential location choice
simultaneously. The latent variable (LV) model is composed of satisfaction with current neighbourhood and
satisfaction with housing. The discrete choice model (DCM) using a mixed logit model (MLM), excluding the
latent variables, was also estimated. The models were based on survey data collected from 1500 respondents.
The results show that the addition of latent variables that reflect the satisfaction of individuals with neigh-
bourhood accessibility, dwelling size and affordability, led to a higher probability that low-income individuals
will move house. Satisfaction with neighbourhood characteristics is more significant than satisfaction with
housing to influence residential location choice. Furthermore, high-income earners were willing to pay higher
land taxes to live closer than 5 km to the toll road to capture travel time benefits, whereas people in other income
segments preferred to live beyond 10 km from the toll gate where housing costs tend to be low. However, spatial
location components were found to have a stronger influence on neighbourhood and housing satisfaction levels
than socio-economic characteristics.

1. Introduction

The construction of major road infrastructure such as a motorway
has long been known to stimulate land use changes, not only along the
corridor of the road but also spilling over into nearby areas. Several
studies have investigated the effect of the construction of a major road
on land use development. Most found evidence of urban growth along
the corridor or in the distance to the motorway exit (see, for example,
Aljoufie et al., 2013; Chi, 2010; Ji et al., 2014; Müller et al., 2010).
Changes in accessibility that result from the interaction of land use and
transportation infrastructure could influence preferences for residential
location (Kim et al., 2005; Wegener and Fürst, 2004).

This paper aims to gain a better understanding of how the con-
struction of a major toll road affects land use developments. This will be
achieved by examining residential location choice in a developing
country context with underdeveloped road networks. So far, in the
literature, the effects of road tolls on household residential relocation
have been studied in mature networks in developed countries. For in-
stance, Eliasson and Mattsson (2001) investigated transport and loca-
tion effects of congestion pricing in Stockholm and found that

congestion pricing could lead the city to be less dispersed and inner
suburb area gaining more households.

This paper uses the Cipularang toll road in Indonesia as a case study,
which after its opening in 2005 shortened the travel time between
Jakarta and Bandung significantly. Studies into residential relocation
and travel behaviour in response to a toll road or motorway construc-
tion in developing countries are limited in the literature, although
several studies have found significant deviations from developed
countries. For instance, residential relocation decisions in developing
countries are often strongly influenced by affordability (Kumarage,
2005; Sharma and Chandrasekhar, 2014) or social networks
(Limbumba, 2010). In developing countries, the maximum amount of
travel time that people are willing to allocate is also greater than in
developed countries (Banerjee et al., 2007), and the same applies with
regard to travel budget (Bocarejo and Oviedo, 2012). This, of course,
can also affect the selection of the housing location.

The added value of this study is twofold. For starters, it is the first
comprehensive ex-post evaluation of toll road construction in the con-
text of developing countries, using revealed and stated preference data.
Few quantitative studies are available on the impact of road
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infrastructure on residential location choice in developing countries. To
the author’s knowledge, no studies have looked at the effect of toll
roads in this context. They add complexity as they introduce explicit
trade-offs between travel time savings and toll fee costs. Earlier studies
in Indonesia such as by Nurlaela and Curtis (2012) did not involve any
mathematical modelling or a representative sample of the population.
Secondly, this study includes the application of a traditional mixed logit
model and a hybrid choice model to analyse the effect of people’s sa-
tisfaction with aspects of their living environment on residential loca-
tion choice within the context of the construction of a new toll road,
and distance to toll gate. The addition of latent variables makes this
study also an improvement on existing work on the effect of toll costs
on residential preferences (e.g., Arentze and Timmermans, 2007;
Tillema et al., 2010). The latent variables represent psychological fac-
tors (e.g. perception of individuals toward their residence’s accessi-
bility, affordability, etc.) which are unobservable and are expected to
be key factors that characterise the underlying behaviour to relocate.

The rest of the paper is organised as follows. After this introduction,
the theoretical framework of the study is presented. Then, the case
study and data collection is explained. The fourth section explains the
methodology, including the model structure and specifications. The
estimation results are presented in the fifth section. Finally, presenta-
tions of some conclusions and directions for future research.

2. Factors affecting residential location choice

Fig. 1 shows the conceptual model that accommodates residential
location choice, toll road construction and other influencing factors.
Toll road constructions results in direct effects on travel time, travel
distance and travel costs, which lead to changes in the spatial dis-
tribution of accessibility to various urban opportunities. Areas with
improved accessibility may attract new residential or industrial devel-
opment (as shown, for instance, in Ji et al., 2014; and Müller et al.,
2010). Households may respond to the change in accessibility and land

use by moving to another place to live. Once a household decides to
move, it will engage in a process to search for a suitable housing lo-
cation that matches its preferences.

Numerous studies have explored the factors that affect residential
location choice. Important determinants that influence housing choices
include the characteristics of dwelling and neighbourhood, accessi-
bility, socio-demographic characteristics, as well as an individual’s
lifestyle or preferences (which are latent factors) (e.g. Chen et al., 2008;
Liao et al., 2015). The ellipse with a dashed line represents unobserved
(latent) variables.

2.1. Toll road construction, accessibility and neighbourhood characteristic

Many studies have found a relationship between accessibility in-
dicators and housing choices, for example travel time to work (Kim
et al., 2005; Vega and Reynolds-Feighan, 2009), travel (monetary) cost
to work (Olaru et al., 2011; Tillema et al., 2010), accessibility of various
urban facilities (Chen et al., 2008; Haugen et al., 2012; Kortum et al.,
2012) and distance to main roads (de Palma et al., 2005; Huu Phe and
Wakely, 2000). Tillema et al. (2010), moreover, found that people are
more sensitive to travel costs, including toll and fuel costs, than to
housing costs, to choose residential location. Therefore, it is essential to
analyse the effects of neighbourhood accessibility in residential location
choice.

Earlier research in the case study (see Section 3.1) by Dorodjatoen
(2009) showed that the establishment of the Cipularang toll road has
affected Purwakarta, a municipality along the toll road where two toll
gates are located. Firstly, the number of large and medium-sized in-
dustries increased by almost 15% in the area. Secondly, a growth of
new settlement areas was observed in Purwakarta with former residents
from Bandung and Jakarta as predominant residents. The construction
of the Cipularang toll road enabled them to obtain less expensive
housing in Purwakarta and commute daily to one of the two big cities.
Therefore, it is essential to analyse the effects of accessibility due to the

Fig. 1. Conceptual framework for residential location choice, toll road construction and other influencing factors.
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toll road construction in residential location choice.

2.2. Socio-demographic characteristics

Previous studies have shown that socio-demographic aspects are
essential determinants in residential location preferences (Bailey and
Livingston, 2008; Lee and Waddell, 2010). For instance, pensioners
tend to choose environments that are quieter or close to relatives
(Gobillon and Wolff, 2011), while young people who just graduated
prefer to live closer to employment opportunities or city centres.
Housing characteristics, such as house price, mortgage rates or rent cost
(Choudhury and Ayaz, 2015; Olaru et al., 2011; Tillema et al., 2010),
housing quality (Molin and Timmermans, 2003; Ozturk and Irwin,
2001), tenure type (Eluru et al., 2008; Frenkel et al., 2013), and the
length of residency (Böheim and Taylor, 2002; Clark, 2013), also play a
significant role in residential location choice. Some studies revealed
that travel characteristics such as car ownership (Cervero, 1998;
Prashker et al., 2008), and regular mode preferences (Abraham and
Hunt, 1997; Pinjari et al., 2011) have significant effects on housing
choices as well. Research has also revealed a significant inter-
dependence between socio-demographic factors, home and workplace
location, and transport mode preferences in residential location choices
(see discussions in (see discussions in Liao et al., 2015; Walker and Li,
2007).

2.3. Latent factors

The observable explanatory variables mentioned in the previous
section are linked to latent (non-observable) factors. By taking latent
factors into account, unobserved heterogeneity can be captured and
therefore, the behavioural representation of the traditional discrete
choice model can be improved (more discussions can be seen in Walker,
2001).

Various studies have used integrated choice models and latent
variables to model residential preference (see, for example, Kitrinou
et al., 2010; Liao et al., 2015; Olaru et al., 2011; Smith and Olaru,
2013). Those studies also found that latent constructs, related to the
importance of particular dwelling and neighbourhood characteristics,
explained residential preferences better than socio-demographic vari-
ables (Liao et al., 2015; Olaru et al., 2011). Residential satisfaction also
acts to express the effects of socio-demographic and neighbourhood
characteristics on residential relocation (Speare, 1974). It is considered
as a factor that push people to move (Clark and Onaka, 1983). This
study enriches current literature with the addition of latent factor of
current residential satisfaction to develop residential location choice
model in toll context.

3. Case study and data collection

3.1. Case study

The construction of the Cipularang Toll Road began in 2002 to
connect two major Indonesian metropolitan areas, the Jakarta
Metropolitan Area (JMA) and the Bandung Metropolitan Area (BMA),
and ended in 2005 (see Fig. 2). The toll road shortened the travel time
between Jakarta and Bandung from around five hours to two hours.

The distance is about 180 km and the modal split has been domi-
nated by cars at 95.8% (Lubis et al., 2005). Note that modal split on toll
roads is very different from local roads or untolled motorways, as
transport in Indonesia is dominated by motorcycles which are not al-
lowed on toll roads. Ten years after the Cipularang Toll Road became
fully operational, the Jakarta – Bandung corridor had become the
busiest corridor in Java. It is characterised by a combination of socio-
economic activities, including industry, agriculture, commerce and re-
sidential, which in turn has created very intensive rural–urban linkage,
and blurred rural–urban distinctions (Firman, 2009). We believe that

those changes were caused by the presence of the Cipularang Toll Road,
although, to the best of our knowledge, there are no studies into the
effects of toll road developments on spatial developments in Indonesia.

We targeted 35 villages1 within a 5-km buffer from the Cipularang
toll road that experienced major land use changes. The sample area
covers (1) Purwakarta, (2) West Bandung, (3) Bandung City and (4)
Cimahi. As Purwakarta has more toll gates and experienced stronger
residential land use changes, this area was oversampled in the survey.
By doing so, this study aims to investigate the causal link between the
toll road and land use development. Ten sub-districts located between 6
and 12 km from the toll road are also included in the sample as the
control area.

This study used non-probabilistic quota sampling. The respondents
were selected based on the proportion of gender and age group to the
population. This sampling method enabled the surveyors to select sui-
table respondents, e.g. the respondents had travelled via toll road be-
fore, were workers with paid jobs, were within the productive age
(15–64) and were not working from home during the data collection
period. This sampling method also enabled us to over-sample lower-
income people, which was considered relevant to study equity impacts.
Since the representative proportions were reached, according to those
criteria, weights were not applied in the choice modelling work. We
collected data from 1577 workers using computer-aided personal in-
terview (CAPI) technology. We found respondents who liked to co-
operate through a door-to-door survey and conducted the interviews on
location, with the aid of a tablet.

Table 1 shows the proportion among municipalities and socio-de-
mographic representation in our sample. The number of respondents in
each municipality mainly considered the amount of residential land use
increased and the number of toll gates in target areas. Moreover, due to
data limitations, we were only able to retrieve data for gender pro-
portion, average productive age and the average household size at the
municipal level (BPS, 2017). As can be observed, the average household
size is not well representated2 for two over four surveyed locations,
whereas for all municipalities (in the study area) the average household
size is representative of the population. Based on socio-demographic
representation in all municipalities in the sample, the sample appears to
be demographically representative.

In addition to conducting stated choice experiment, the survey also
collected data about socioeconomic characteristics, dwelling, travel
pattern as well as satisfaction with the respondents’ current houses and
their attitude toward the toll road. Table 4 shows the descriptive sta-
tistics of the variables used in the model. The variables will be ex-
plained in Sections 3.2.1–3.2.6.

3.1.1. Stated-choice experiment
The design of the stated-choice (SC) experiment in our study fol-

lowed a methodological approach suggested by Louviere et al. (2000).
Firstly, the attributes in the experiment should be identified. Four at-
tributes were included in each choice card: (1) land tax or rent per
month, (2) travel (monetary) cost to work, (3) travel time to work and
(4) distance to the toll gate. Secondly, the measurement unit for each
attribute should be specified to prevent any ambiguity. For instance,

1 Village or sub-district is the smallest administrative unit in Indonesia.
Therefore, this process ensured that the respondents were not gathered in one
area and we have enough variability in the dataset in terms of housing location
of respondents and distance of the housing to the toll gates.

2 This underrepresenting household size might have implications in the model
results. For example, including small families, probably a couple without kids,
means that they have fewer compulsory trips or destinations (e.g. school,
doctor, etc.). Moreover, they might be more flexible to move to a different lo-
cation, since having no kids means less attachments (e.g. friends of the kids,
schoold of child, etc.). This disproportion could amplify the effects of the
choices. We have included this reflection in the model results (see Section
5.1.2)
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monetary variables represent the local currency (IDR) and travel time is
in minutes. Distance to the toll gates, although provided in an ordinal
scale, is described with a range expressed in kilometres.

Thirdly, the magnitude of attribute levels should be sufficiently
varied but still realistic, therefore the attribute levels were defined as
percentage variations of the revealed data, which are −75%, −25%,
+25% and + 75% of the current situation (Table 2).

Moreover, threshold values had to be well-defined to ensure re-
spondents could consider small differences (Cherchi and Ortúzar,
2002). Therefore, we also verified that the values in the design would
cover significant differences in the RP data. For instance, rent and land
tax value ranges between 25 and 3500 (in thousand IDR) in our data,
and the mean is 459.7 (see Table 4). Differences of −75% and + 75%
from the mean value resulted in values of 344.8 and 804.5; these are

Fig. 2. Study area survey design and data.

Table 1
Representation of socio-demographic characteristics in the sample (comparison with population data in 2016).

Purwakarta West Bandung Cimahi Bandung All municipali-ties1

Residential land use increased (ha)* 1718.7 1176.5 1012.7 620.0 4527.9
Number of toll gates in the study area* 3 2 1 1 7
Number of population* 143,561 (24.0%) 167,261 (27.0%) 214,231 (34.5%) 99,821 (14.4%) 624,874
Number of respondents (sample) 610 (38.7%) 490 (31.1%) 306 (19.4%) 171 (10.8%) 1,577
Gender proportion Population** 50.9% 50.8% 50.4% 50.5% 50.6%

Sample 63.1% 46.7% 28.8% 49.7% 49.9%
Average productive age Population** 34.5 n.a. 34.8 35.4 35.2

Sample 37.8 35.7 37.1 36.7 36.9
Average household size Population** 3.8 3.7 3.7 3.8 3.7

Sample 3.3 1.2 3.3 1.4 3.4

*Data in selected 45 villages ** Data in the municipality levels. Source: BPS (2017).
1 In the study area.

Table 2
Attributes of the alternative.

Attribute Description Level Notation1 parameters in the model

Rent/land tax Monthly rent or estimated land tax (in IDR) −75%, −25%, +25%, +75% βrent
Travel cost to work Total (out-of-pocket) cost for transportation for a day to work (in IDR) −75%, −25%, +25%, +75% βcost
Travel time to work Total travel time from the respondent’s house to the workplace −75%, −25%, +25%, +75% βtime

Distance to the toll gate Distance to the toll gate from the centre of the home district (in km) Less than 2 km βproxyless2km
2–5 km βproxy2-5km
5–10 km βproxy5-10km
More than 10 km βmorethan10km

1 Variables included in the model are represented with notations β, λ, or α, to indicate whether they were explanatory variables included in the choice model, in
the latent variable model or as indicators in the latent variable model, respectively. More explanations about the model specifications can be found in Section 4.2.
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significant variations relative to the sample. Pivoting around the RP
data makes the SC experiment more realistic and enables preferences to
be expressed in a context that is similar to the actual behaviour of the
respondents (Ben-Akiva and Lerman, 1985; Louviere et al., 2000).

Finally, the experiment should be designed to incorporate every
plausible combination of levels and attributes, known as full factorial
design. However, this method creates a large number of combinations.
Therefore, a fractional factorial design is used in this study, in which
only a subset of plausible combinations were taken into account. This
design also permits orthogonal estimation to eliminate main-effect
correlations between attributes.

By following the logical sequence above, six choice cards were
composed and presented those to the respondents during the survey. In
each choice card, the respondent was asked to choose between hy-
pothetical house A or house B, in which each alternative has different
attributes (Table 3). The current house is also included as the third
alternative, in which each attribute is assumed to be the existing con-
dition. The six choice cards are not included here, as they were tailor-
made for each respondent; Fig. 3 contains an example.

Furthermore, non-choosing behaviour was found in the data, as
32.2% of the respondents kept choosing the same alternative across the
choice sets. For some people, residential relocation might be an extreme
decision. People might not find a new house according to their pre-
ferences or might not be able to afford it. Omitting those respondents
from the sample was found to have no influence on the model fit. This
behaviour is represented as an explanatory variable in the model with
notation βnon-choosing.

3.1.2. Socio-demographic variables
During the survey, respondents were asked to supply socio-demo-

graphic data, such as age, household size (βhousemember), as well as
dummy for male (βage), married (βmarried) and employed respondents
(λemployee). In addition, income level is also included in the model, in
which the respondents needed to choose between five levels of the in-
come range. The lowest level is below the minimum wage, and this
category is considered “low-income.” Respondent who earned more
than three times the minimum is considered “high-income.” In the
dataset, three dummy variables were used to represent low (βlow-income),
medium (βmid-income) and high-income groups (βhigh-income).

3.1.3. Travel-related variables
The travel-related variables include the respondent’s travel mode on

a daily basis, which are car (βcar-user), public transport (λPT-user) or
motorcycle (λmotorcycle-user), and the number of cars owned in the
household (λcar-owned). Moreover, the respondent’s characteristics con-
cerning behaviour toward the Cipularang toll road were also in-
corporated, by including the frequency of trips via the toll road. A re-
spondent who uses the toll road more than once a week for any purpose
is categorised as a frequent user (λfreq-user). If the respondent travelled
via the toll road at least once a week for working purpose, then he/she
is considered as commuter (λcommuter).

3.1.4. Housing characteristics
Housing characteristics include variables of the dwelling type

(λdetached = 1 for detached house), the housing tenure (λownhouse = 1 if
the respondent owned the house) and length of residence in current
housing (λlength_res). We also consider variables related to the toll road

construction period, such as if the respondent moved to the current
house after 2005 (λmover) and the number of relocations after 2005
(λnumberofmove).

3.1.5. Neighbourhood characteristics
The neighbourhood characteristics relate to the place where the

respondents live, such as the municipality (λbandung, λpurwakarta, λcimahi,
or λwest_bandung), urban area (λurban = 1 if the respondent lived in an
urban area, identified based on the population size and building den-
sity) and the vicinity to the toll gate in Euclidian distance. Regarding
the influence of the toll road, the study area is distinguished into buffer

Table 3
Description of alternatives in residential location choice.

Alternatives Description Code

Alternative 1 Hypothetical housing location houseA
Alternative 2 houseB
Alternative 3 Current house houseC

Table 4
Statistics of variables in residential location choice model.

Notation parameters Minimum Maximum Mean St. dev

Stated choice attributes
βtime 1.00 360.00 29.86 31.99
βcost 0.00 500.00 20.10 32.48
βrent 25.00 3500.00 459.67 742.29
βproxyless2km 0.00 1.00 0.18 0.40
βproxy2-5km 0.00 1.00 0.40 0.48
βproxy5-10km 0.00 1.00 0.27 0.44
βmorethan10km 0.00 1.00 0.16 0.36
βnon-choosing 0.00 1.00 0.32 0.47

Socio-demographic variables
βmale 0.00 1.00 0.50 0.50
βage 18.00 75.00 36.88 11.85
λage_50 0.00 1.00 0.18 0.38
βmarried 0.00 1.00 0.77 0.42
λchildren 0.00 1.00 0.70 0.46
βhousemember 1.00 11.00 3.38 1.31
λemployee 0.00 1.00 0.44 0.50
λentrepreneur 0.00 1.00 0.44 0.50
βlow-income 0.00 1.00 0.30 0.46
βmid-income 0.00 1.00 0.54 0.50
βhigh-income 0.00 1.00 0.15 0.36

Travel-related variables
βcar-user 0.00 1.00 0.08 0.27
λPT-user 0.00 1.00 0.72 0.45
λmotorcycle-user 0.00 1.00 0.15 0.36
λcommuter 0.00 1.00 0.18 0.39
λfreq-user 0.00 1.00 0.59 0.49
λcar-owned 0.00 2.00 0.28 0.51
λownhouse 0.00 1.00 0.67 0.47
λdetached 0.00 1.00 0.76 0.43
λlength_res 0.00 70.00 16.71 15.07
λmover 0.00 1.00 0.58 0.49
λnumberofmove 1.00 4.00 1.18 0.55

Neighbourhood characteristics
λurban 0.00 1.00 0.72 0.45
λcontrol 0.00 1.00 0.20 0.40
λproxy 0.00 14.32 5.22 3.62
λbandung 0.00 1.00 0.11 0.31
λpurwakarta 0.00 1.00 0.39 0.49
λcimahi 0.00 1.00 0.19 0.40
λwest_bandung 0.00 1.00 0.31 0.46

Psychometric indicators – Satisfaction with housing/neighbourhood characteristics
(evaluation from 1 to 5)

αacc_work 1.00 5.00 3.65 0.78
αacc_employ 1.00 5.00 3.70 0.83
αacc_PT 1.00 5.00 3.76 0.76
αacc_shops 1.00 5.00 3.78 0.72
αacc_school 1.00 5.00 3.74 0.76
αacc_facilities 1.00 5.00 3.78 0.78
αfamiliar 1.00 5.00 3.68 0.73
αaffordable 1.00 5.00 3.73 0.85
αsize 1.00 5.00 3.68 0.78
αhealth 1.00 5.00 3.84 0.72
αbedroom 1.00 5.00 3.70 0.72
αemission 1.00 5.00 3.72 0.81
αsafety 1.00 5.00 3.86 0.68
αaesthetic 1.00 5.00 3.73 0.74
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and control areas. The buffer area is the area within 5 km from the toll
gate and the control area (λcontrol) is the area beyond a distance of 5 km
from the toll gate.

3.1.6. Psychometric indicators
Psychometric indicators are used in the latent variable model, ex-

plained in the next section. These indicators are based on the satisfac-
tion valuation of the current housing and neighbourhood condition.
Each individual replied with a 5-point Likert scale, in which 1 means
‘very dissatisfied’ and 5 means ‘very satisfied’ to identify the in-
dividual’s perception. The valuation includes 14 criteria of housing and
neighbourhood criteria that mostly consider by people to select a

residential location: distance to work (αacc_work); distance to future
employment opportunities (αacc_employ); well-connected by public
transport (αacc_PT); distance to shops for daily groceries (αacc_shops);
distance to school and/or childcare (αacc_school); distance to public fa-
cilities, e.g. clinic/hospital, recreation area, mosque/church
(αacc_facilities); close to friends/family (αfamiliar); affordability (αaffordable),
size of the housing (αsize); building health and safety standard, e.g. safe
floods, mudslides, fire, gas and electrical risk, mould and pests (αhealth);
number of bedrooms (αbedroom) and exposure to traffic emissions, e.g.
noise and/or pollution (αemission).

Fig. 3. Example of the choice card.

Fig. 4. General framework of the hybrid choice model.
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4. Modelling framework

This study followed the methodology proposed by Walker (2001)
for incorporating latent variables in a discrete choice model with the so-
called hybrid choice model (HCM). The methodology requires an in-
tegrated model consisting of structural equations of a discrete choice
model and a latent variable model and measurement equations for the
psychometric indicators. This integrated model will then be estimated
simultaneously. By integrating the latent variable model into the dis-
crete choice model, the latent variables can be treated as explanatory
variables in the utility functions of the choice model.

4.1. Model structure

As mentioned earlier, our model consists of a discrete choice model
and a latent variable model. The latent variable model includes several
variables of socio-demographic, housing and neighbourhood char-
acteristics. A discrete choice model was estimated to calculate the
probabilities of each alternative. The explanatory variables were attri-
butes of the alternatives, sociodemographic and travel-related vari-
ables. Fig. 4 shows the general framework of the hybrid choice model
used in this study.

In Fig. 4, the ellipses represent unobserved (latent) variables, while
the rectangles represent observable variables. The latent variables are
denoted by ∗Xn for individual n. ∗Xn is not an observable variable and
should be identified through a set of attitudinal indicators. The latent
variable models identify latent constructs as a function of the indicators
and capture the causal relationships between explanatory variables and
the latent variables. The dashed arrows from the latent variable to the
indicators are the measurement models. The indicators are only used to
estimate the latent variables and will not be used in the choice model.
On the other hand, the estimated latent variables will be treated as
explanatory variables in the utility function of choice alternatives,
showed by solid arrows from ∗Xn to the utility. The indicators are iden-
tified using factor analysis, as described in Section 4.4.

4.2. Model specifications

For the latent variable model, the distribution of the indicators is
conditional on the values of the latent variables ∗f I X α σ( | ; , )I n n υ . The
indicator is given by the formula:

= +∗I m X α υ( ; )n n n (1)

This results in one equation for each indicator. The indicator In of
the latent variable ∗X ;n is estimated through parameter α, that needs to
be estimated, and υn is the error term.

For the latent variable model, the distribution of the latent variables
is given the observed variables Xn, ∗f X X λ σ( | ; , )LV n n ω . The latent variable
is given by the formula:

= +∗X h X λ ω( ; )n n n (2)

In this case, there are two latent variables ( ∗X )n , (1) satisfaction with
neighbourhood factors (Xn

1) and (2) satisfaction with the housing fac-
tors (Xn

2). λ is the unknown parameter to be estimated and ω is the
random disturbance term, with variance σω. Here, Xnis the explanatory
variable related to the psychometric indicators.

For the choice model, the distribution of utilities is needed,
∗f U X X X β σ( | , , ; , )c n n i n ε . As shown in Fig. 4, Xn is the generic expression

for all explanatory variables, which consists of alternatives’ attributes,
travel-related variables, neighbourhood characteristics, housing char-
acteristics and socio-demographic variables. In general, the choice
model is expressed as the following structural equation:

= +∗U V X X X β ε( , , ; )in n i n in (3)

Uin is the utility for individual n for alternative i. The random utility
here is decomposed into systematic utility and a random disturbance.

The systematic utility is a function of both observable and latent vari-
ables. β is a set of parameters to be estimated and ε is the random
disturbance term with variance σε.

The ordinal model structure was initially tested for the latent vari-
able model. However, given the ranges (5 points-scale) and low varia-
bility of the indicators, a continuous structure provided the best model
fit and was therefore used in this study. Bahamonde-Birke and Ortúzar
(2017) discussed this extensively and found that in the case of low
variability of the latent indicators, there was no significant difference in
terms of predictability between treating the indicators as continuous or
ordinal structures.

4.3. Model estimation

From Eq. (3) and an assumption about the distribution of the dis-
turbance εn, the choice probability is derived conditional on both ob-
servable and latent explanatory variables which can be written as fol-
lows:

= ≥ ± ∈∗P i I X X X β λ α σ σ σ prob U c( , | , , ; , , , , , ) { , â ¯ }n n i n ε ω υ jn n (4)

Cnis the choice set of the individual n. All alternatives are available
in our case.

Utilities of alternatives are measured as binary variables yin, as given
in Eq. (4).

= ⎧
⎨⎩

≥ ± ∈
y

ifU U C
otherwise

1, , â ¯ ,
0, .in

in jn n

(5)

The hybrid choice model is composed of choice i and the latent
variable ∗Xn . The latent variable model is first estimated using standard
latent variable estimators (Eqs. (1) and (2)). Next, the fitted latent
variables and their distributions are used to estimate the choice model,
in which the choice probability is integrated over the distribution of the
latent variables.

The indicators are introduced in the model as the demonstration of
the latent constructs. The addition of indicators improves the accuracy
of structural parameters estimation and enables their identification.
Assuming that the error components (υ ω,n n, εn) are independent, the
joint probability of observing choice i and observable variables In,
conditional on explanatory variables Xn is:

∫= ∗ ∗ ∗ ∗
∗

P i I X X β α λ σ σ σ

P i I X X X β σ f I X α σ f X X λ σ dX

( , | , ; , , , , , )

( , | , , ; , ) ( | ; , ) ( | ; , )
n n i ε υ ω

X n n i n ε I n n υ LV n n ω

(6)

The model parameters were estimated using maximum likelihood
estimation within the software package PythonBiogeme (Bierlaire,
2016). The maximum likelihood can be obtained by maximising the
logarithm of the likelihood function over the unknown parameters:

∑ ∑=
∈

∗L y logP i I X X X β λ α σ σ σ( , | , , ; , , , , , )
n

i C
in n n i n ε ω υ

n (7)

4.4. Factor analysis

An exploratory factor analysis was first performed on the (psycho-
metric) indicators to construct the latent models. Those indicators re-
present satisfaction with current housing and neighbourhood char-
acteristics. We extracted factors based on the eigenvalues and selected
indicators that have communalities greater than 0.50. The extraction
method was principal component analysis and Varimax with Kaiser nor-
malization for the rotation method was used. Finally, two factors were
obtained, which explain 59.28% of the variance. Table 5 lists the factor
loadings and the indicators of each factor.

In order to select the proper explanatory variables in the latent
model, the model was first estimated as separated latent variable
model. This model was later incorporated in the HCM. The indicators
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manifest the latent variable and the explanatory variables predict those
indicators.

5. Results and discussion

5.1. Estimation result

This section discusses the findings from the model estimation re-
sults. We estimated four models: one mixed logit model (MLM) and
three hybrid choice models (HCM). The three HCMs are a model in-
cluding the latent factor of satisfaction with the current neighbourhood
(HCM-LV1), a model including the latent factor of satisfaction with the
current housing (HCM-LV2) and the combination of the two latent
factors (Full-HCM). The upper part of Table 6 displays the results of the
MLM, including the choice model. The lower part displays the result of
the latent variable model, which consists of a structural equation and
one measurement equation, followed by the fit measures of each model.

The results show that both observable and latent variables are es-
sential in the decision to relocate and choosing a residential location.
Both latent variables have a significant influence on the decision to
relocate. We also found that most of the observable factors remain re-
levant after the addition of the latent factors. The three HCM models
show that the latent variables are statistically significant in explaining
residential location choice. Moreover, the value of rho-square-bar
shows that the HCM is more robust than the MLM. The Full-HCM also
performs better with larger rho-bar values than the other two HCMs.
Therefore, the discussion of the choice model in this section is limited to
that model. We will first analyse the results from the latent model in the
three HCMs and then the results from the choice model.

5.1.1. Latent variable models for satisfaction with housing and
neighbourhood

There are two latent variables that were simultaneously estimated
in the full HCM: satisfaction with the current housing (LV1) and sa-
tisfaction with the current neighbourhood (LV2). The two latent vari-
ables are positively associated with choosing the current house. As
expected, both latent variables are positively associated with staying in
the current residence.

The results show that when controlling for both house satisfaction
and neighbourhood satisfaction, neighbourhood satisfaction, which is
related to accessibility, is more significant than the housing satisfaction
in the decision where to locate, in line with Tillema et al. (2010).
Furthermore, in the latent variable model of neighbourhood satisfac-
tion, the most significant variables were related to locations.

Several variables were found to be relevant for explaining satisfac-
tion with housing and neighbourhood. For instance, distance to the toll
gate has a negative coefficient, indicating that the closer the re-
spondents live to the toll gate, the more satisfied they are with their
current neighbourhood. This result is in line with the results of the

study of Hamersma et al. (2014), who found that 85% of Dutch re-
spondents were satisfied with living within 1 km of a highway. How-
ever, respondents in the Jakarta-Bandung region are less satisfied with
the current housing conditions if they live close to the toll gate.

Furthermore, the results showed that respondents who reside in
Bandung, Purwakarta and Cimahi are quite satisfied with their current
neighbourhood. We also found that a variable representing Purwakarta
has greater power than similar variables to explain satisfaction with the
current neighbourhood. This may be explained by the fact that
Purwakarta is relatively close to a section of the Cipularang toll road.

Respondents who live in urban areas are also satisfied with the
neighbourhood of their current residence, as there is a wide range of
activities that can be accessed easily in urban areas. In contrast, re-
spondents who live 5 km away or more from the toll gate (in control
areas) are quite satisfied with their neighbourhood, although not with
their housing. Length of residence is negatively proportional to sa-
tisfaction with the current housing; the longer they reside, the less sa-
tisfied they are. Respondents who live in a detached house tend to be
satisfied with their current housing, although it is only significant at the
90% confidence interval.

5.1.2. Discrete choice model for residential location choice
Our respondents valued travel time and travel cost negatively (with

values of −0.37 and −0.35, respectively), but not the product between
parameters of ‘high-income’ and the log of ‘rent or land tax’ rent (0.05).
It can be interpreted as high-income people are willing to pay higher
rent or land tax. Furthermore, residential locations between 2 and 5 km
distance to the toll gate are preferred by the respondents (except in the
first alternative) and locations between 5 and 10 km are less preferred.

Several socio-demographic variables also significantly influence the
decision to relocate, such as income, gender and household size. Low-
income people have a greater tendency to relocate (value of −0.31),
compared with their better-off counterparts. Car users were also found
to favour their current houses, with a negative estimated coefficient
(-0.38), as they can reach any destination with their own mode of
transport. Female respondents are more likely to stay in their current
residence.

Similar to the findings of Pieters and Zondag (2005) and Kim et al.
(2005), this study also found that households with more family mem-
bers in the house have a greater tendency to stay in current house.
Furthermore, the sample is underrepresenting large household sizes in
two over four surveyed locations, see Table 1. It means that, the share
of chosing the current house can be larger than the reflected by the
model results. However, non-choosing behaviour is also found, i.e.,
respondents who choose the same alternative in each choice card
tended to prefer their current house. This finding might indicate a
status quo bias, well known in consumer choice literature. However,
this result might also not stem from a real preference for the current
situation, but from the fact that some people prefer to leave things

Table 5
Factor loadings, with significant variables in bold.

Indicators Components

Factor 1: Satisfaction of current neighbourhood Factor 2: Satisfaction of current housing

Proximity to work (for myself and/or other household members) 0.776 0.230
Proximity to future employment opportunities (for myself and/or other household

members)
0.784 0.147

Well-connected by public transport 0.690 0.289
Proximity to shops for daily groceries 0.732 0.312
Proximity to school and/or childcare 0.625 0.293
Proximity to public facilities (clinic/hospital, recreation area, mosque/church) 0.733 0.301
Affordability of your home 0.216 0.711
Size of your housing (including garden and garage) 0.283 0.725
Number of bedrooms 0.297 0.665
Exposure to traffic emissions (noise and/or pollution) 0.211 0.780
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unchanged, just because they are unable to select a better alternative in
the choice experiment (this is also reported in, e.g., Roson, 2001).

5.1.3. Residential location choice model by distance segments
We hypothesised that the influence of the toll road decreases with

increasing distance from the toll gate. With that in mind, this study also
simulated four buffer areas based on distance to the toll gate of current

residence: less than 2 km, between 2 and 5 km, between 5 and 10 km
and more than 10 km, using the same variables as the Full-HCM.
Significant estimated coefficients of each distance segment showed in
Table 7. Based on the value of rho-square-bar, the four models exhibit
almost similar explanatory power. However, the values of both AIC and
BIC in each model showed that the model with a 10 km buffer has the
best performance and clearer patterns than others.

Table 6
Modelling results (n = 9,462).

No. Notation parameters Alt. MLM HCM-LV1 HCM-LV2 Full-HCM

Value t-test Value t-test Value t-test Value t-test

Choice Model
1 ASC1 1 4.48 11.01 0.91 0.52 0.24 0.12 0.64 0.32
2 ASC2 2 3.56 8.47 0.21 0.12 −0.51 −0.24 −0.28 −0.14
3 βcost 1,2,3 −0.35 −5.51 −0.35 −5.54 −0.35 −5.49 −0.35 −5.49
4 βproxy2-5km_houseA 1 −0.86 −8.89 −0.85 −8.90 −0.86 −8.92 −0.86 −8.89
5 βproxy5-10km_houseA 1 −0.41 −9.82 −0.40 −9.80 −0.40 −9.78 −0.40 −9.79
6 βproxy2-5km_houseB 2 0.29 3.13 0.29 3.09 0.29 3.14 0.29 3.12
7 βproxy5-10km_houseB 2 −0.24 −4.65 −0.24 −4.64 −0.24 −4.61 −0.24 −4.65
8 βproxy2-5km_houseC 3 0.93 4.30 0.82 3.72 0.89 4.20 0.92 4.19
9 βproxy5-10km_houseC 3 −0.42 −3.59 −0.42 −3.73 −0.44 −3.54 −0.42 −3.60
10 βrent_highincome 1,2,3 0.11 2.81 0.05 2.91 0.05 2.87 0.05 2.81
11 βtime 1,2,3 −0.37 −5.13 −0.37 −5.11 −0.37 −5.13 −0.37 −5.07
12 βgender 3 −0.46 −2.55 – – – – −0.42 −2.27
13 βhousemember 3 0.17 2.27 0.14 2.09 0.20 2.90 0.16 2.44
14 βmid-income 1,3 −0.08 −1.73 – – – – −0.09 −1.77
15 βlow-income 1,3 −0.31 −2.25 – – −0.16 −1.70 −0.31 −2.22
16 βcar-user 3 −0.34 −3.74 −0.37 −4.30 −0.34 −4.15 −0.38 −4.11
17 βnon-choosing 3 2.78 12.16 −2.83 −12.33 −2.77 −11.82 −2.83 −11.90
18 βLV_neigh_satisfaction 3 – – 1.30 2.76 – – 1.65 7.40
19 βLV_house_satisfaction 3 – – – – 1.01 1.83 1.24 2.34
20 σsigma_ houseA 1 −1.20 −16.31 1.20 16.30 −1.17 −15.78 −1.20 −15.99
21 σsigma_ houseB 2 −0.03 −0.48 −0.05 −0.62 −0.11 −1.16 −0.06 −0.95
22 σsigma_ houseC 3 2.92 24.96 2.93 25.47 2.97 25.49 −2.91 −24.84

Latent Model
24 λintercept1 LV1 – – 3.47 61.99 3.58 71.66 3.49 70.04
25 λintercept2 LV2 – – – – – – −2.30 −2.87
26 λbandung LV1 – – 0.18 3.57 – – 0.18 3.50
27 λbandung LV2 – – – – 0.23 3.41 −0.16 −1.62
28 λcimahi LV1 – – 0.34 8.16 0.33 6.84 0.33 7.95
29 λcimahi LV2 – – – – – – −0.23 −2.44
30 λpurwakarta LV1 – – 0.38 8.54 – – 0.38 9.24
31 λpurwakarta LV2 – – – – 0.45 10.07 −0.28 −2.55
32 λproxy LV1 – – −0.03 −5.63 – – −0.03 −5.69
33 λproxy LV2 – – – – −0.02 −3.38 0.03 2.42
34 λcontrol LV1 – – 0.20 4.75 – – 0.20 4.76
35 λcontrol LV2 – – – – 0.14 3.01 −0.21 −2.48
36 λurban LV1 – – 0.07 2.09 – – 0.05 1.94
37 λreslength LV2 – – – – 0.00 −2.37 0.00 −3.21
38 λdetachedhouse LV2 – – – – – – 0.09 1.79
39 λcar-owned LV1 – – 0.06 2.26 – – 0.07 3.40
40 λPT-user LV1 – – 0.10 2.28 – – 0.07 1.88
41 λfreq-user LV1 – – −0.19 −4.78 – – −0.19 −5.45
42 λcommuter LV1 – – 0.10 2.67 – – 0.09 3.03
43 λentrepreneur LV1 – – 0.17 5.87 – – 0.18 6.58
44 λemployee LV2 – – – – – – 0.17 3.66
45 σacc_work LV1 – – −0.30 −15.62 – – −0.30 −15.62
46 αacc_employ LV1 – – 0.05 2.57 – – 0.05 2.57
47 σacc_employ LV1 – – −0.21 −10.02 – – −0.21 −10.02
48 αacc_PT LV1 – – 0.11 5.64 – – 0.11 5.64
49 σacc_PT LV1 – – −0.29 −12.44 – – −0.29 −12.40
50 αacc_shops LV1 – – 0.13 6.83 – – 0.13 6.83
51 σacc_shops LV1 – – −0.37 −16.51 – – −0.37 −16.49
52 αacc_facilities LV1 – – 0.12 6.27 – – 0.12 6.27
53 σacc_facilities LV1 – – −0.27 −11.58 – – −0.27 −11.52
54 αacc_school LV1 – – 0.07 3.37 – – 0.07 3.37
55 σacc_school LV1 – – −0.24 −9.18 – – −0.24 −9.21
56 σaffordable LV2 – – – – −0.15 −6.08 −0.17 −6.79
57 αbed LV2 – – – – −0.03 −1.41 −0.03 −1.41
58 σbed LV2 – – – – −0.31 −10.89 −0.32 −10.91
Number of estimated parameters: 20 41 29.00 57
Final log-likelihood: −7670.83 −18458.69 −11441.83 −22146.57
Rho-square-bar: 0.260 0.837 0.681 0.841
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In Table 7, the parameters which are significantly different from its
similar parameter in other group are described with notation. Never-
theless, it is important to mention that the significant differences can
also be caused when a significant coefficient compared with a zero

coefficient in the other model. In this section, the discussion about the
estimated parameters is based on these statistically significant different
pairs.

The results of the analysis per distance segment (see Table 4.7)

Table 7
Model estimations for segments of distance to the toll gates.

No. Notation parameters Alt.* Distance

< 2 km (a) 2–5 km (b) 5–10 km (c) > 10 km (d)

Value t-test Value t-test Value t-test Value t-test

Choice Model
1 ASC1 1 17.20b,c 5.13 −33.20a,c,d −6.40 18.10c,b,d 6.25 8.46c,b 1.35
2 ASC2 2 15.60b 4.68 −33.60a,c,d −6.48 17.30b,d 5.98 7.20c,b 1.15
3 βcost 1,2,3 −0.65d −4.94 −0.54d −4.96 −0.18 −1.61 – –
4 βproxy2-5km_houseA 1 −0.76 b,d −4.73 −1.44a −8.55 −0.19 −3.59 −1.32 −6.05
5 βproxy5-10km_houseA 1 −0.75 b,d −8.17 −0.28a −4.29 −0.55 −6.02 −0.42 −5.38
6 βproxy2-5km_houseB 2 1.06 b,c,d 5.83 – – – – – –
7 βrent_highincome 1,2,3 – – 0.10a,c,d 3.37 – – – –
8 βtime 1,2,3 −0.49d −2.78 −0.96d −5.45 −0.23d −2.42 – –
9 βhousemember 3 – – – – 0.41d 3.02 – –
10 βmid-income 1,3 −0.19 b,d −3.05 – – −0.18 −1.73 – –
11 βlow-income 1,3 −0.38d −1.67 – – −0.75d −2.65 – –
12 βcar-user 3 −0.32d −3.87 −0.58d −2.08 −0.50d −2.66 – –
13 βnon-choosing 3 −1.63 b,c −4.04 −4.37a,c −11.91 – – −2.37 −3.41
14 βLV_house_satisfaction 3 5.31b 6.39 −6.65a,d −4.99 4.19 5.53 3.03b 1.74
15 σsigma_ houseA 1 1.04b 5.94 −1.28a −8.51 1.01 8.72 1.46 7.82
16 σsigma_ houseB 2 −0.02d −0.49 −0.31 −1.29 0.04 0.48 0.25 2.19
17 σsigma_ houseC 3 1.63b,d 10.31 3.15a 16.12 −2.72 −12.68 3.55 9.04

Latent Model
18 λintercept1 LV1 3.75b,d 87.98 4.00a,d 36.25 2.06 6.23 −0.88b −2.22
19 λintercept2 LV2 3.81b,d 61.08 3.61a 71.08 3.27 65.99 2.06 5.29
20 λbandung LV1 – – – – 1.29d 6.99 – –
21 λbandung LV2 −0.24b,d −5.90 – – 0.98d 9.97 – –
22 λcimahi LV1 – – 0.32a,d 6.03 0.73d 4.50 – –
23 λcimahi LV2 – – – – 0.21 1.73 – –
24 λpurwakarta LV1 −0.50b,d −9.18 0.60a 10.47 0.92 9.96 0.37 5.32
25 λpurwakarta LV2 −1.05b,d −14.94 – – 0.72d 9.69
26 λproxy LV1 – – −0.20a −6.70 0.11 2.83 0.27a 9.44
27 λproxy LV2 – – – – – – 0.13a 4.04
28 λcontrol LV1 – – 0.39a,c,d 5.60 – – 0.25a,b 4.30
29 λcontrol LV2 – – −0.22a,c −2.64 – – – –
30 λurban LV1 – – 0.11a,c 2.47 – – 1.11a 10.85
31 λreslength LV2 – – – – −0.01d −2.47 – –
32 λdetachedhouse LV2 0.10b 1.68 0.29a,c,d 5.44 – – – –
33 λcar-owned LV1 – – – – – – – –
34 λPT_user LV1 0.24b,c,d 3.76 – – – – – –
35 λfreq-user LV1 – – – – – – −0.16a −2.12
36 λentrepreneur LV1 0.20c,d 4.01 0.10c,d 2.31 – – – –
37 σacc_work LV1 −0.56b −12.94 −0.32a −10.91 −0.27 −7.59 −0.49 −8.21
38 αacc_employ LV1 −0.01 −0.16 0.00 −0.10 0.12 3.66 0.11 2.49
39 σacc_employ LV1 −0.33b −8.72 −0.21a −4.69 −0.19 −5.83 −0.37 −5.68
40 αacc_PT LV1 0.02b 0.45 0.13a 3.79 0.14 4.21 0.10 2.12
41 σacc_PT LV1 −0.52b −12.72 −0.28a −5.51 −0.26 −7.00 −0.46 −10.78
42 αacc_shops LV1 0.02b 0.43 0.16a 4.94 0.18 5.26 0.08 1.85
43 σacc_shops LV1 −0.65b −14.73 −0.38a −7.79 −0.34 −9.41 −0.51a −11.93
44 αacc_facilities LV1 0.00b 0.09 0.11a 3.14 0.20 5.53 0.16a 3.61
45 σacc_facilities LV1 −0.55b −11.54 −0.26a −4.97 −0.22 −6.71 −0.49 −12.42
46 αacc_school LV1 −0.09b −2.02 0.09a 2.55 0.14 3.46 0.11a 2.46
47 σacc_school LV1 −0.41b −6.44 −0.25a −5.21 −0.16 −3.07 −0.48 −12.62
48 σaffordable LV2 −0.21b −4.16 −0.10a −2.16 −0.26 −5.39 −0.26 −4.46
49 αbed LV2 0.00 0.06 0.00 −0.04 −0.06 −1.40 −0.11 −2.51
50 σbed LV2 −0.51b −12.07 −0.24a −4.43 −0.29 −5.42 −0.43 −9.97
Fit measures
Number of estimated parameters: 37 37 38 31
Final log likelihood: −3947.24 −8021.03 −6180.78 −3101.40
Rho-square-bar: 0.85 0.85 0.83 0.85
AIC: 7968.48 16116.05 12437.55 6264.81
BIC: 8173.15 16344.73 12659.71 6428.89

Notes: *Alt. 1: hypothetical house A; alt. 2: hypothetical house B; and alt. 3: current house.
a Significant different with similar parameter in the model of distance segment< 2 km.
b Significant different with similar parameter in the model of distance segment 2–5 km.
c Significant different with similar parameter in the model of distance segment 5–10 km.
d Significant different with similar parameter in the model of distance segment> 10 km.
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confirm the previous result that the respondents favour locations 2 to
5 km to the toll gate. Respondents living in a location less than 2 km
from the toll gate preferred houses in locations 2 to 5 km from the toll
gate (a coefficient of 1.06). Respondents with higher incomes also fa-
voured locations within 5 m distance from the toll road and had a
higher willingness to pay housing taxes. Interestingly, we found that
satisfaction with current housing had a negative effect on people living
2 to 5 km from the toll gate (with a coefficient of −6.65). This finding
is, again, consistent with that of Hamersma et al. (2014), who found
that residential satisfaction of Dutch households living within 1 km of a
motorway is high but is influenced by negative perceptions of air pol-
lution, noise and barrier-effect nuisance.

5.2. Model applications

Estimation of probabilities is usually employed to test the differ-
ences between HCM and MLM. Using this test, researchers can in-
vestigate the influence of the latent variables on the policy re-
commendations. A comparison of forecasts from MLM and HCM can be
seen, for instance, in the work of Yáñez et al. (2010) and that of La Paix
Puello et al. (2017). Table 8 gives the probabilities of each alternative
for all samples and several population groups.

We calculated the relative difference in probabilities by segments
between the HCM3 and MLM that means before and after including
satisfaction with the current housing and neighbourhood effects. We
found that spatial variables significantly affect neighbourhood and
housing satisfaction. Furthermore, in general, the probability of re-
maining in current residence tends to be higher in the HCM than in the
MLM.

However, in particular population segments, the addition of latent

factors reduces the probability to stay in the current residence. For
instance, the average probability for the low-income segment is lower
in the HCM (46.9%) than in the MLM (48.0%). It can be interpreted as
that low-income people feel less satisfied with their current housing and
neighbourhood. Similarly, people who live in the West Bandung re-
gency also feel less satisfied with their current housing and neigh-
bourhood. Compared with other municipalities in this study, West
Bandung has the highest percentage of people living in poverty and the
lowest gross domestic product (BPS, 2013). These results corroborate
the findings of the previous work by Chen et al. (2013) that low-income
people tend to have a lower rate of satisfaction. Also, the addition of
latent factors reduced the probability that people who live in non-de-
tached houses remain in their current house, in line with Galster and
Hesser (1981).

Moreover, the addition of latent factors reduced the probability of
staying in their current residence for people who live more than 10 km
from the toll gate by 1.2%. The reason may be that the average sa-
tisfaction with neighbourhood factors in this population segment is the
lowest compared with other categories in this variable (3.58 out of 5).
On the other hand, the average satisfaction with housing factors is the
highest relative to other categories (3.92 out of 5). By living farther
away from the toll gate, medium and low-income people can afford a
larger house at lower or similar costs. Nevertheless, this also means
living further from numerous urban facilities. As discussed before, high-
income people prefer to live closer than 5 km to the toll road to capture
travel time benefits and would like to pay higher land tax, consistent
with Shirzadi Babakan and Taleai (2015).

Unlike other population segments, the average probability of re-
maining in the current residence for people who live in the vicinity
between 2 and 5 km from the toll gate are more than 50%, larger than
the total average probability to move. The addition of satisfaction effect
turned out decreases the average probability to stay. In contrast with
people who live farther away from the toll road gate, people who live in

Table 8
Average probabilities estimated from HCM and MLM.

Segment MLM HCM Relative Difference between HCM and MLM

Prob. house
A

Prob. house
B

Prob. current
house

Prob. house
A

Prob. house
B

Prob. current
house

Prob. house A Prob. house B Prob. current
house

All sample 31.00% 25.60% 43.40% 30.45% 25.36% 44.20% −1.77% −0.94% 1.82%
Income: Low 27.55% 24.42% 48.03% 28.00% 25.15% 46.86% 1.61% 2.98% −2.43%
Mid 32.27% 26.92% 40.81% 31.16% 26.23% 42.61% −3.44% −2.56% 4.41%
High 33.41% 23.22% 43.38% 32.62% 22.76% 44.62% −2.35% −1.97% 2.86%
Grand total −1.49% −0.63% 1.67%
Gender: Male 32.82% 27.46% 39.72% 31.96% 26.91% 41.13% −2.63% −1.99% 3.54%
Female 29.16% 23.76% 47.08% 28.95% 23.80% 47.25% −0.72% 0.17% 0.36%
Grand total −1.67% −0.91% 1.95%
Distance to the toll road gate:

< 2 km
33.84% 27.25% 38.91% 32.57% 26.38% 41.06% −3.77% −3.20% 5.51%

2–5 km 24.71% 19.79% 55.50% 24.99% 20.44% 54.57% 1.14% 3.29% −1.68%
5–10 km 37.72% 32.37% 29.91% 36.06% 31.01% 32.94% −4.42% −4.20% 10.12%
>10 km 31.04% 25.78% 43.18% 31.14% 26.21% 42.65% 0.33% 1.68% −1.24%
Grand total −1.68% −0.61% 3.18%
Municipality : Bandung 34.67% 28.31% 37.02% 33.23% 27.32% 39.45% −4.17% −3.47% 6.56%
Cimahi 31.19% 24.61% 44.20% 30.29% 23.97% 45.74% −2.91% −2.59% 3.49%
Purwakarta 32.60% 27.35% 40.05% 30.97% 26.08% 42.96% −4.99% −4.65% 7.24%
West Bandung 27.63% 23.08% 49.29% 28.94% 24.61% 46.45% 4.77% 6.61% −5.77%
Grand total −1.82% −1.03% 2.88%
Area: Urban 31.53% 26.22% 42.25% 30.94% 25.95% 43.11% −1.89% −1.01% 2.04%
Rural 29.66% 24.00% 46.34% 29.14% 23.84% 47.02% −1.75% −0.65% 1.46%
Grand total −1.82% −0.83% 1.75%
Household size: 1 person 33.40% 27.44% 39.16% 32.06% 26.45% 41.49% −4.01% −3.61% 5.95%
2–3 people 32.17% 26.75% 41.08% 31.57% 26.46% 41.98% −1.89% −1.08% 2.18%
more than 3 people 29.46% 24.16% 46.38% 29.06% 24.13% 46.80% −1.36% −0.11% 0.92%
Grand total −2.42% −1.60% 3.02%
Housing type: Detached 31.63% 25.95% 42.41% 30.78% 25.44% 43.78% −2.70% −1.98% 3.22%
Non-detached 29.02% 24.45% 46.53% 29.35% 25.10% 45.54% 1.15% 2.69% −2.13%
Grand total −0.77% 0.36% 0.54%

3 Since Full-HCM provides better explanatory power than the other two
HCMs, we used this model to estimate the probabilities.
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this vicinity tend to pay higher for housing, even though they might
enjoy the benefit to be closer to many urban activities, in line with
Tillema et al. (2010). Larger families also have higher probability to
stay in the current residence than small families. As pointed out by
several studies (e.g. Fischer and Malmberg, 2001; Karsten, 2007),
households with children tend not to relocate as they prefer to maintain
their social networks.

6. Conclusions

This paper examined the influence of the Cipularang toll road and
latent variables in the Jakarta-Bandung region on residential location
choice. Four choice models have been developed, of which three in-
cluded latent variables (hybrid choice models). Four models of distance
to the toll gate were also estimated. The main conclusions are as fol-
lows.

Our analysis firstly shows that toll roads affect residential location
choice and the influence varies with the distance to the toll gate, as well
as among population groups in various income groups, municipalities
and housing types. People in high-income segments are willing to pay
higher land taxes to live closer than 5 km to the toll road to capture
travel time benefits, whereas other income segments prefer to live be-
yond 10 km from the toll gate where housing costs tend to be low.

Secondly, latent variables of satisfaction with current housing and
neighbourhood significantly influence the impact of the toll road on
residential location choice. Variation in satisfaction with the current
housing and neighbourhood significantly affects the housing choices.
The addition of satisfaction with current housing and neighbourhood
will increase the probability to stay in current residence, on the ex-
ception for low-income individuals. Respondents in the Jakarta-
Bandung region tend to be more satisfied with their neighbourhood if
they live close to the toll gate. To the contrary, people are less satisfied
with their housing size and affordability if they live closer to the toll
gate. Omitting satisfaction with current housing and neighbourhood
would lead to overestimation of the probability to relocate, especially
for people who live less than 2 km and between 5 and 10 km from the
toll gate, as well as for residents of Bandung and Purwakarta. Model
estimation also revealed that observable factors remain relevant after
the addition of latent factors. The results in the present study demon-
strate that the estimation using hybrid choice models with latent vari-
ables is superior to that using discrete choice models. Both observable
and unobservable factors are important determinants of residential lo-
cation choice.

There are several directions for further research. Firstly, it would be
interesting how perception and attitudinal variables change over time,
before, during and after completion of the project. Secondly, the study
of a toll road’s impact can also be extended to look at variations in
people’s travel activities and behaviours as the result of the changes in
land use.

The results of this research highlight potential implications for
transport planning and urban planning, as well as for decision-makers
at the relevant authorities. Consistent with literature review, it is ob-
served in this study that the construction of a toll road or any major
road can induce urban development. This study has also highlighted
that toll roads can increase inequalities between income groups. To
allow low-income groups to benefit more from toll road construction,
spatial policies promoting social housing in the vicinity of the toll gates,
as well as investment in affordable and accessible public transport will
be needed.
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