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Abstract: Temporary opportunities for studying and working abroad
have been growing globally and intensifying the movement of highly
skilled temporary populations. To attract this group, cities need to
address their residential and mobility needs. This study focuses on
factors influencing residential and travel satisfaction of transnational
temporary residents, highlighting the occurrence of residential selfselection, its impacts on residential and travel choices and on derived
levels of satisfaction. We have estimated a Bayesian Structural Equations
Model and found that lower levels of residential satisfaction (residential
dissonance) are associated with lower rents, living farther away from the
place of study or work, and having higher transport expenditures. In
contrast, higher levels of residential satisfaction (residential consonance)
are related to individuals’ stronger preferences for active modes,
lower levels of public transport use, and reduced transport monthly
expenditures, which suggest shorter commuting distances. These
findings reveal the tradeoffs involving residential location, monthly rent,
and transport expenditures, highlighting that providing good public
transport connections can reduce the burden of commuting distances.
Our results indicate that better transport supply and land-use balance
near the residence can improve both residential and travel satisfaction.
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Introduction

Temporary opportunities for studying and working abroad have been growing globally (OECD, 2019;
UNESCO, 2020) and intensifying the movement of highly skilled temporary populations. UniversiCopyright 2021 Mayara Moraes Monteiro, João de Abreu e Silva, Nuno Afonso, Jesper Bláfoss Ingvardson & Jorge
Pinho de Sousa
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ties, as well as cities, are acting to attract talents who bring knowledge and revenues, generating positive economic and societal impacts (Findlay, 2011; Kuptsch & Pang, 2006; Riaño & Piguet, 2016).
Understanding residential and travel needs of these temporary highly skilled residents, who are likely to
rely more on public transport, shared mobility services, and housing rentals, is essential to attract them.
Recognizing their needs is also important since their choices affect services and real estate markets in
cities, either by contributing to higher levels of crowdedness in public transport or increasing housing
prices, therefore distressing other residents.
When relocating internationally, individuals need to adapt to the new temporary environment at
the same time that their mobility habits are broken (following this key event). Their ephemeral perspective influences their mobility choices, making them less likely to invest in private modes when compared
to long-term residents (Burbidge, 2012; Glover, 2011), resulting in a higher likelihood of relying on
public transport and active modes for their mobility. Also influencing their mobility, their residential
location choice in the host city determines the starting or ending point of several trips and, consequently,
defines, to some extent, individuals’ mobility opportunities and constraints. It is reasonable to assume
that their prior knowledge about the workplace/university location (assumed to be fixed during their
stay) provides them with insights about their preferred residential location (Monteiro et al., 2021).
However, their decisions are made in a stage of inexistent or very limited familiarity with the new city
and little to no knowledge of its neighborhood features. Thus, studying their mobility and residential
decisions and the perceived satisfaction associated to these choices is also relevant from a behavioral perspective, as it allows for observing decision making mechanisms after the occurrence of simultaneous key
events and in the presence of only limited information, and the satisfaction derived from these choices.
In general, the literature on temporary international migrants disregards the relationships between
residential location and travel choices, whose existence in other contexts is stressed by several studies
(de Abreu e Silva and Goulias, 2009; De Vos, Derudder, van Acker, & Witlox, 2012; Langlois, van Lierop, Wasfi, & El-Geneidy, 2015; Schwanen & Mokhtarian, 2007). To the best of our knowledge, the
literature on mobility biographies has not examined the impacts of simultaneous changes in residential
location, accessibility levels, private mode availability, and mobility culture. Moreover, the resultant individual satisfaction with residential location and travel behavior has not been explored so far.
Thus, this study has three main contributions: (i) to the literature on mobility biographies, as it
sheds light on the impact of simultaneous key events and limited information on mobility choices; (ii)
to the literature on travel behavior and residential choice, as it analyses the relationship between these
choices in the particular context of short-term residents; (iii) to city planning, as the results can help cities to attract international talents and to be better prepared for their continuous housing and transportation demands while maintaining the well-being of other residents (Bergstad et al., 2011).
The remainder of this paper is structured as follows. Section 2 reviews the literature on residential
location, travel choices and residential and travel satisfaction. Section 3 presents the hypotheses investigated in this study. Section 4 describes the survey design, data collection, and the modeling approach
used. Section 5 presents the resulting model and its associated fit indices. Section 6 discusses the results,
presenting considerations about its possible extensions and limitations.

2

Literature review

2.1

Residential location and travel choices

The literature on residential location choice highlights a concept that connects it with travel choices:
self-selection, which is the propensity of an individual to choose a residential location aligned with his/
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her travel abilities, needs, and preferences (Litman, 2007). The influence of transport-related attitudinal
factors/preferences on residential location choice and travel behavior is empirically evidenced in several
studies (Chatman, 2009; de Abreu e Silva, 2014; van Acker, Mokhtarian, & Witlox, 2011; Wolday,
Næss, & Cao, 2019).
After relocating to a place better aligned with their travel preferences, making possible the fulfillment of an intended behavior, people may change their behavior, even if they do not change their attitudes (Manaugh & El-Geneidy, 2015). However, as not everyone manages to live in a place that meets
their travel preferences, they might face difficulties in trying to travel by their preferred mode (De Vos,
2019). Milakis, Efthymiou, and Antoniou (2017) found that people who have relocated internationally
to places with underdeveloped transport infrastructures faced a lack of safe conditions with adopting
active modes, which negatively influenced their use. These cases lead to low levels of travel satisfaction
since people are forced to move around using a mode that is not their preferred option (De Vos, Mokhtarian, Schwanen, van Acker & Witlox, 2016).
There is still no definitive consensus on whether people choose their residential place based on the
transportation preferences (self-selection) or if the residential place defines their travel behavior or attitudes (Scheiner, 2014; Wang & Lin, 2019). However, the effects of the new built environment on travel
preferences may only occur after an individual has been living for a prolonged time in the new place (De
Vos, Ettema, & Witlox, 2018).
Nevertheless, accounting for self-selection while examining the causal relationship between residential location and travel behavior does not change the nature of its influence, which exists independently
of the incidence of self-selection (Næss, 2014).
2.2

Residential location satisfaction

Residential satisfaction refers to what extent the demands and desires of a person match with their current
residence (Lu, 1999). There is no standard way of measuring residential satisfaction. Several studies have
approached it in different ways: (i) under a broader/general perspective (Barreira, Nunes, Guimarães, &
Panagopoulos, 2019), (ii) focusing on neighborhood attributes (De Vos et al., 2012; Lovejoy, Handy,
& Mokhtarian, 2010), (iii) looking at the house unit level features (Dinç, Özbilen, & Bilir, 2014), and
(iv) considering both neighborhood and housing attributes (Adriaanse, 2007). Thus, the attributes used
to measure residential satisfaction vary, usually including features of physical, social, and economic environments, location and accessibility, and the existence of facilities and services (Lovejoy et al., 2010).
Accessibility to services, goods, and to the city center are locational attributes that are, at the same
time, important components for the residential location choice (Frenkel, Bendit, & Kaplan, 2013), and
residential satisfaction (Buys & Miller, 2012; Lotfi, Despres, & Lord, 2019). The literature highlights
that access to recreational opportunities/facilities (Chapman & Lombard, 2006; Hur & Morrow-Jones,
2008; Lotfi et al., 2019), to shopping, restaurants, and cafés (Chadbourne, 2014), and to the city center
(Bonaiuto, Fornara, &, Bonnes, 2003) contributes positively to neighborhood satisfaction.
Proximity to public transport was found to impact residential satisfaction: the closer to public
transport people live, the higher their residential satisfaction (Lotfi et al., 2019). One-way commuting
distance to workplace/place of study was also found as impacting residential satisfaction; the closer to
workplace one lives, the higher the residential satisfaction (Chadbourne, 2014; Hur & Morrow-Jones,
2008).
Additionally, the definition of residential dissonance, as expressing discrepancy between the actual
and preferred residential characteristics, approximates this idea to the concept of residential satisfaction
(Schwanen & Mokhtarian, 2004). Both dissonance and satisfaction can characterize the mental state of
an individual in a complementary way (Salzberger & Koller, 2010). As low satisfaction levels are associ-
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ated with a dissonant state (Schwanen & Mokhtarian, 2004), and residential dissonance leads to lower
levels of travel satisfaction (De Vos et al., 2016), it is reasonable to say that low residential satisfaction
can result in lower levels of travel satisfaction.
2.3

Travel satisfaction

There is a general agreement in the literature that public transport users, especially in the case of buses,
tend to present lower levels of travel satisfaction, as opposed to people who use active modes, which display the highest levels of travel satisfaction (De Vos, 2019). Manaugh and El-Geneidy (2013) found that
higher travel satisfaction levels are associated with underlying motivations to use active modes, such as
the desire to exercise, environmental concerns, and the aesthetic appreciation of the journey. The lower
satisfaction levels experienced by public transport users may be due to the relatively higher number of
elements that are out of the control of the users (e.g., travel time, waiting time, congestion, coverage)
(St-Louis, Manaugh, van Lierop, El-Geneidy, 2014). This low satisfaction might be the consequence
of exposure to critical issues that mark people’s perception as a generalization of public transport travel
experience (Friman & Gärling, 2001; Guiver, 2007) or even an effect derived from forced use due to
budget constraints (Beimborn, Greewald, & Jin, 2003).
On the one hand, De Vos (2019) argues that travel satisfaction is impacted by residential location
choice through travel attitudes and mode choice. On the other hand, Cao and Ettema (2014) found
that even after controlling for the effect of residential self-selection on travel behavior satisfaction, built
environment characteristics have an independent impact on travel satisfaction. High levels of travel
satisfaction are associated with high accessibility to public transport (Cao, 2013; Chowdhury, Zhai, &
Khan, 2016). Regardless, controlling for self-selection is necessary as it avoids miscalculation of the effects of built environment on travel behavior (Chatman, 2009).
Regarding other locational-related effects, while Olsson, Gärling, Ettema, Friman, & Fujii (2013)
found that longer distances result in decreased satisfaction with commuting, Redmond and Mokhtarian
(2001) and Ory et al. (2004) found that people prefer commutes that are not too long nor too short.

3

Hypotheses

The findings from the reviewed literature led us to define the following hypotheses to be tested:
H1: Self-selection occurrence: travel preferences influence both residential location choice and transport
mode choice (Chatman, 2009; de Abreu e Silva, 2014; van Acker et al., 2011; Wolday et al., 2019). Due
to the short-term perspective, temporary residents are unlikely to invest in expensive private modes,
thus having to rely either on public transport or active modes (Monteiro et al., 2021). Thus, the residential location choice plays an important role since the distance to the workplace will, to some extent,
define which transport modes are available. Travel preferences are likely to have a significant effect on
residential location, namely in terms of the distance to the workplace. However, their effects on land use
related attributes of the residential location will probably be less pronounced due to a lack of sufficient
knowledge to self-select to specific neighborhoods/areas.
H2: Residential location features influence travel behavior (de Abreu e Silva, 2014; Milakis et al.,
2017) and residential satisfaction (Buys & Miller, 2012; Lotfi et al., 2019). The higher the accessibility
to public transport, the higher the frequency of public transport use. This, combined with a good landuse mix, increases residential satisfaction.
H3: One-way commuting distance to workplace/university is negatively associated with both residential
(Chadbourne, 2014; Hur & Morrow-Jones, 2008) and travel satisfaction (Olsson et al., 2013). Know-
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ing that the workplace will likely be the most frequent destination, an increase in commuting distance
will negatively impact both residential and travel satisfaction.
H4: Low residential satisfaction can result in lower levels of travel satisfaction. Residential dissonance
is likely to be highly impacted by unmet travel preferences, and therefore a lower residential location
satisfaction can result in lower travel satisfaction.
H5: Mode choice influences travel satisfaction (De Vos et al., 2016). The use of active modes increases
travel satisfaction, whereas public transport use has a contrary effect.
H6: Residential location features have a direct independent impact on travel satisfaction (Cao, 2013;
Cao & Ettema, 2014; Chowdhury et al., 2016). High accessibility of public transport is associated with
high levels of travel satisfaction.
In figure 1, the above hypotheses, that will be tested and aid the model development, are summarized.

Figure 1. Theoretical framework with hypothetical relationships to be tested

4

Methods and data

4.1

Survey design and data collection

To explore the relationships between residential location and travel preferences, as well as the derived
satisfaction, we collected data through a tailor-made online survey. Its design was based on the literature
review and the results from previous analyses and models developed to explore the residential location
and travel satisfaction of short-term residents.
The online questionnaire comprised questions about socioeconomic characteristics, individuals’
residential locations in Porto, active modes preference, frequency of use of public transport and active
modes, residential satisfaction, and travel satisfaction. The socioeconomic questions included age, gender, driver’s license ownership, role at the university, country of origin, residential location at the city of
origin (central area, urban area, suburban area, or outside in the rural areas or in a village), elapsed time
in Porto, duration of the stay in Porto, the campus of the University of Porto where the respondent studies/works, accommodation type, rent price, and monthly transport expenditure.
To characterize the land use and public transport supply at respondents’ residential locations in
the Greater Porto Region, several indicators were built. For this, we have extracted and combined information based on the stated residence location. Using geocoding tools on Google and Bing Maps,
we obtained the geographic coordinates (latitude and longitude) of each stated place of residence. The
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land-use indicators describing residential location features were calculated considering a buffer area of
400 m radius (using a straight line distance), centered on each respondent’s residential location, which is
traditionally considered as the average walking distance to neighborhood destinations people are willing
to walk (Aultman-Hall, Roorda, & Baetr, 1997). For each residential location, we extracted data from
the 2011 census (Instituto Nacional de Estatística, 2012) on the number of accommodations, and from
Open Street Maps on public transport (metro and bus), number and type of roads, retail, services, and
places of leisure. Although the simplification in the buffer area definition may lead to underestimation
of route distances and overestimation of local accessibility, the literature has pointed that individuals
may be willing to walk more than 400 m for amenities and transport (El-Geneidy, Grimsrud, Wasfi,
Tetreault, Surprenant-Legault, 2014; Gunn et al., 2017; Páez, Scott, & Morency, 2012). An entropy
index was also calculated to characterize better the land-use balance surrounding each residential location (Kockelman, 1997):
|Pj x ln(Pj )|
Entropy = � ________________
j
ln(J)

(1)

where Pj is the proportion of places of type j, and J is the number of categories. This indicator varies from
zero to one, “zero” representing the presence of only one type of activity and “one” describing a homogeneous balance of types. We have considered the existence of 4 types: housing, commerce, service, and
leisure places.
Preference for active modes was elicited in terms of preferences related to perceived health, environmental benefits, and convenience of use. This factor was used as a proxy to control for residential
self-selection.
Knowing that temporary residents in Porto mainly travel by public transport and/or active modes,
we defined the factor “Public transport frequency of use” to characterize the travel behavior of respondents. It was measured by combining the self-reported frequencies of public transport and active modes
for all trip purposes. Beyond the frequencies of bus and metro use, an indicator was built to characterize
the public transport use relative to the active modes use, according to the most frequently used mode(s).
For this, an ordered variable with three levels was created: (1) composed by those who travel mostly using only active modes; (2) composed by those whose majority of travels is performed by a combination
of active modes and public transport modes; and (3) composed by those who travel mostly using only by
public transport. Thus, a high load on this factor (“Public transport frequency of use”) indicates a high
frequency of traveling only by public transport, and a low load on this factor is associated with a high
frequency of traveling only by active modes.
Residential satisfaction was measured according to the locational perspective of the current study
and encompassed the evaluation of accessibility to places of entertainment, leisure, services, and goods,
and perceived easiness in reaching the city center. Travel satisfaction was measured by means of the
Satisfaction with Travel Scale (STS), defined by Bergstad et al. (2011). The STS does not focus on any
specific travel mode but rather evaluates the perceived features of daily travels. It includes whether the
positive aspects related to daily traveling outweigh the negative aspects, whether there is some desire for
changes in daily travels, and which are the perceived advantages of daily traveling.
The questions associated with the indicators for the latent constructs were graded in a 5-point
Likert scale from “strongly disagree” to “strongly agree,” except the ones related to satisfaction that were
graded in a 5-point Likert scale from “very dissatisfied” to “very satisfied.”
The survey was disseminated among international students and researchers, through email, by
the University of Porto International Office. The survey was available both in English and Portuguese
between July and August of 2019, taking about 15 minutes to complete.
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Sample characteristics

Table 1 summarizes the sample characteristics of the 206 respondents that completed the questionnaire.
Most of the respondents are women, have a driver’s license, are between 18 and 25 years old, are from
America (mostly from Brazil), are undergraduate students, live up to 2.5 km from the university, and are
frequent users of public transport or travel by foot. Note that, as most of the respondents exhibit a multimodal travel behavior, the sum of percentages presented for frequent users of different modes exceeds
100%. As the University of Porto offers only a limited number of accommodations to foreign students
and researchers, the majority of them rely on the private housing market.
Table 1. Sample characteristics
Total

%

Male

76

36.89%

Female

130

63.11%

Between 18-25 years

135

65.53%

Between 26-30 years

42

20.39%

Between 31-40 years

23

11.17%

More than 40 years

6

2.91%

Africa

9

4.37%

America

104

50.49%

Asia

15

7.28%

Europe

78

37.86%

Oceania

0

0.00%

Bachelor student

75

36.41%

Master student

40

19.42%

Integrated master student

40

19.42%

PhD student

38

18.45%

Post-doc

4

1.94%

Researcher

9

4.37%

Live up to 2.5 km from the University

109

52.91%

Live between 2.5 km and 5 km from the University

79

38.35%

Live between 5 km and 10 km from the University

16

7.77%

Live more than 10 km from the University

2

0.97%

Before moving to Porto

154

74.76%

After have moved to Porto

44

21.36%

Have not chosen (moved to live with family or friends)

8

3.88%

Variables
Gender

Age

Continent of origin

Role at the University

Distance home - university campus

Moment when respondents have searched for their residence in Porto

University halls vs. private

982
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Variables

Total

%

University accommodation

13

6.31%

Private accommodation

193

93.69%

Car

10

4.85%

Public transport

154

74.76%

Bike

12

5.83%

Walking

193

93.69%

Density (km2)

Mean

Std. Deviation

Housing

7550.43

2521.93

Places of commerce

27.94

69.08

Places of services

11.52

22.09

Places of leisure

35.06

67.07

Frequent users (2 or more days a week)

Regarding the characterization of land use around the residential location of respondents, figures
2a, 2b, 2c, and 2d present how many respondents have access to the specified number of accommodations, commerce, services, and places of leisure in a 400 m radius from home. Overall, respondents live
in dense residential areas, having at least 847 accommodations in a 400 m radius from home. Considering this radius, around 56% can find at least four places of commerce, 35% can find at least four places
of service, and 60% can find at least four places of leisure.

Figure 2a. Number of accommodations that respondents have
access to in a 400 m radius from their residential location

Figure 2b. Number of places of commerce that respondents
have access to in a 400 m radius from their residential location

Figure 2c. Number of services that respondents have access to Figure 2d. Number of places of leisure that respondents
in a 400 m radius from their residential location
have access to in a 400 m radius from their residential location
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Methodology

To assess the relationship between the factors and the socioeconomic variables, a Structural Equations
Model (SEM) was implemented in MPlus (Muthén & Muthén, 2017) using Bayesian estimation
(BSEM). This approach presents a better performance for small samples, as it does not rely on largesample theory (Muthén & Asparouhov, 2012). Identically to the process of using a frequentist method
for estimating a structural equation model, we performed an exploratory factor analysis to study the
underlying structure among both the latent constructs and the objective measures of land-use mix at the
residential location. We also tested the sample adequacy (Kaiser-Meyer-Okin measure - KMO) and the
internal consistency (Cronbach´s alpha) of the data and extracted factors.
We have applied the BSEM approach described in Muthén and Asparouhov (2012), which consists of systematically set small-variance informative priors in the measurement model for cross-loadings
(αr), constraining those priors to be close to zero, rather than to set them to zero or allow them to be
freely estimated. This adjustment in the measurement model allows the model to better reflect the
theory (Muthén & Asparouhov, 2012). After conducting a sensitivity analysis for the informative priors
for the cross-loadings, we have chosen to define the priors as normally distributed with a mean equal to
zero and variance of 0.009.
Based on these results, we estimated the measurement model or confirmatory factor analysis model
to examine the relationships between observed variables and latent variables. In this study, the model
consists of four sets of equations. Equation 2 refers to the measurement equations, Equation 3 connects
the latent variables to individuals socioeconomic characteristics, Equation 4 links the explanatory and
the mediator latent variables, and Equation 5 connects the latent mediators to the dependent variable:
Irn = Z*lnαr + vrn and vn ~ N(0, Σv) for r = 1, ..., R

(2)

Z*l = Ziβi+ φl and φl ~ N(0, Σφ) for l = 1, …,L & i = 1, …, I

(4)

Z*ln = Slnβl+ ωln and ωn~ N(0, Σω) for l = 1, …,L
Yin = Z*lnγZ + ξn and ξn~ N(0, Σξ) for i = 1, …, I

(3)

(5)

where Irn is a vector of indicators r of the latent constructs as perceived by individuals n, αr is a
matrix of factor loadings and vrn is a random vector of measurement (residual) errors which follow a
normal distribution with covariance matrix Σv, Z*ln is a vector containing the latent variables, Sln is a vector of individuals’ socioeconomic characteristics, Z*l refers to the mediator latent construct and Zi refers
to the explanatory latent construct. βl and βi contains parameters that reflect directed paths between
sociodemographic variables and latent variables and among exploratory and mediator latent variables,
respectively. ωln and φl are error terms vectors, which follow a normal distribution with respective covariance matrix Σω and Σφ. Yin is the dependent variable, γZ is the parameter that represents the regression
relations between the latent variables and the dependent variable, and ξn is a vector of error terms which
follow a normal distribution with covariance matrix Σξ.
The structural model was developed to test the existence of relationships between factors and observed variables that are not factor indicators (sociodemographic variables) as well as the relationships
among the latent variables, according to Equations 3, 4, and 5.
The model goodness-of-fit was assessed by the Posterior Predictive P-value (PPP), which is based on
chi-square but is less sensitive than likelihood-ratio chi-square to ignorable degrees of model misspecification (Muthén & Asparouhov, 2012). An acceptable fit corresponds to a PPP value above 0.05, and
an excellent-fitting model corresponds to a PPP value of around 0.5 (Muthén & Asparouhov, 2012).
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5

Results

5.1

Exploratory and confirmatory factor analysis

The results from the exploratory factor analysis (EFA) indicate good sampling adequacy (KMO = 0.761).
The result of Bartlett´s test of sphericity allows us to reject the null hypothesis that the correlation matrix
is an identity matrix (p = 0.000), and the determinant of the correlation matrix equal to 0.001 indicates
the absence of multicollinearity (Prato, Bekhor, & Pronello, 2005). The extracting method used was
principal axis factoring based on Eigenvalues greater than 1 with varimax rotation (Kaiser normalization). The results indicated the existence of 5 factors (see table 2), which was supported by the scree plot
that levels off after that, and by the theory, since the grouped items have a theoretical meaning (Hair,
Black, Babin, & Anderson, 2014). The resulting five factors represent latent variables and composite
measures: active modes preference, residential location satisfaction, public transport frequency of use,
travel satisfaction and transport supply, and land-use mix at the residential location. The dominant
items (marked in bold) were defined considering a cut-off value of 0.4, which is adequate to the sample
size (Hair et al., 2014). The Cronbach’s alpha values of each factor are presented inside parentheses and
indicate moderate to excellent internal consistency (Hinton, McMurray, & Brownlow, 2014).
The confirmatory factor analysis validated the factor model construction (see table 2). As we implemented the BSEM approach described in Muthén and Asparouhov (2012), the estimates for the measurement equations include small-cross loadings between the indicators of the other factors, which are
constrained to be close to zero, resulting in a structure similar to the EFA output. It is worth mentioning
that the results of the confirmatory factor analysis do not include any significant cross-loading between
factors but rather small non-significant cross-loadings that allow for an analysis that better reflects the
substantive theories. Note that, despite the similarity, the model is regulated, and the cross-loadings are
restricted to small values through the specification of priors (Muthén & Asparouhov, 2012). We have
highlighted in bold the factor loadings for which the 95% credibility interval does not contain zero,
making it easy to observe the structure defined for the factors in the confirmatory analysis. The Posterior
Predictive P-Value (PPP) is 0.289, indicating a good fit of the results of the confirmatory factor analysis.

5.2

0.706
0.141

I prefer cycling/walking because it is environmentally
friendly

Satisfaction with accessibility to places of entertainment
and leisure at home (i.e., restaurants, museums, cinema,
bars)

0.027
0.054

I do not want to change anything regarding my daily
travel

When I think of my daily travel, the positive aspects
outweigh the negative ones

0.058

0.113

0.094

0.136

0.100

0.177

0.072

0.160

-0.051

-0.042

0.050

0.632

0.814

0.717

0.019

0.115

-0.003

2

0.016

-0.046

0.069

-0.034

-0.180

0.037

-0.050

-0.078

0.889

0.574

0.666

0.013

-0.078

0.027

-0.115

-0.122

-0.090

3

0.004

0.083

0.024

0.780

0.723

0.753

0.858

0.826

-0.043

-0.186

0.005

0.203

0.135

0.146

0.024

-0.026

0.159

4

Exploratory factor analysis

0.728

0.479

0.876

0.062

0.105

-0.012

0.035

-0.001

-0.035

-0.118

0.173

0.135

0.025

0.135

-0.043

-0.017

0.049

5

Bold highlights the dominant loadings (above 0.4)

0.160

0.119

My travels facilitate my daily life

Module of the entropy index (400m buffer)

0.094

My daily travel makes me feel good

0.015

-0.026

I am completely satisfied with my daily travel

-0.157

-0.159

Most frequently used mode(s)

Number of metro stations (400 m buffer)

-0.135

Frequency of bus use

Number of bus stops (400 m buffer)

-0.012
-0.097

Satisfaction with easiness to reach the city center

Frequency of metro use

0.024

0.668

Whenever possible, I prefer to ride a bicycle/walk as it is
more convenient than using public transportation

Satisfaction with walking distance to services and goods

0.426

1

Cycling/walking allows me to exercise

Item

Model results

Transport supply and
land-use mix at home
(0.720)

Travel satisfaction
(0.900)

Public transport frequency of use (0.751)

Residential location
satisfaction (0.779)

Active modes preference (0.629)

Factor (Cronbach’s
alpha)

Table 2. Standardized results - exploratory and confirmatory factor analysis

-0.003

0.003

0.006

0.02

-0.011

0.044

-0.027

0.005

-0.005

-0.003

0.045

0.766

0.933

0.792

-0.019

0.03

-0.024

2

-0.006

-0.02

0.053

0.014

-0.068

0.039

0.006

-0.004

0.965

0.613

0.689

0.021

-0.017

0.034

-0.004

-0.006

-0.021

3

-0.046

0.017

-0.019

0.847

0.814

0.828

0.930

0.929

0.005

-0.096

0.023

0.037

-0.009

0.013

0.006

-0.024

0.069

4

0.772

0.866

0.729

0.016

0.049

-0.023

0.004

-0.024

-0.004

-0.06

0.098

0.045

-0.019

0.029

-0.014

-0.001

0.034

5

Bold indicates that the 95% credibility interval does
not contain zero

0.107

-0.062

0.011

-0.002

-0.006

0.026

0.021

-0.027

-0.001

-0.015

0.005

-0.03

-0.001

0.034

0.773

0.778

0.529

1

Confirmatory factor analysis
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The structural model was estimated (see tables 3 and 4) to assess the existence of the relationships between the latent constructs and respondents’ characteristics and the relationships between the latent
constructs (with respondents’ characteristics already associated). The model was developed according
to the theoretical underpinnings presented in section 2, and the relations tested are those described in
section 3 and summarized in the theoretical framework presented in Figure 1. Among the relationships
tested that could offer insights for understanding individuals’ choices, behavior, and satisfaction, only
those which were found to be significant at least at a 90% credibility interval were kept in the model.
The PPP-Value of the complete model is 0.595, indicating an excellent fit (Muthén & Asparouhov,
2012).
Table 3. Standardized estimates of SEM relating respondents’ characteristics and latent constructs
Estimate

Posterior S.D.

0.231

95% C.I.
Lower 2.5%

Upper 2.5%

0.088

0.047

0.387

0.271

0.082

0.104

0.426

Come from America

0.227

0.068

0.085

0.351

Pay up to 150 € on monthly rent

-0.171

0.067

-0.298

-0.039

Aged between 18 and 25 years

0.212

0.062

0.086

0.327

Spend less than 10 € on transport

-0.414

0.063

-0.533

-0.285

Spend between 31 € and 40 € on
transport

0.293

0.063

0.165

0.413

Spend between 41 € and 50 € on
transport

0.269

0.062

0.143

0.387

Live in Porto for up to 3 months

-0.164

0.067

-0.289

-0.026

Spend more than 50 € on transport

-0.138

0.066

-0.263

-0.006

Post-doc researcher

0.179

0.072

0.035

0.316

Live in Porto

0.315

0.071

0.163

0.442

Pay up to 150€ on monthly rent

0.310

0.056

0.193

0.414

Live in Porto

-0.291

0.056

-0.397

-0.176

Spend more than 50 € on transport

0.190

0.059

0.072

0.303

Active modes preference
Spend less than 10 € on transport
Residential location satisfaction
Spend less than 10 € on transport

Public transport frequency of use

Travel satisfaction

Transport supply and land-use mix at home

Distance to workplace/university

C.I. stands for credibility interval				
Bold indicates that the credibility interval does not contain zero

As for respondents’ characteristics found to be significantly associated with the latent constructs,
those who have between 18 and 25 years tend to travel more by public transport and walk less. The
respondents that come from America (mostly from Brazil) presented higher levels of residential satisfaction than people from any other continent, and post-doc researchers were found to be more likely to live
in places better served by public transport and with more diversity of land uses.
Not surprisingly, those who spend less than 10 € on transport a month are those who have stron-
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ger preferences for active modes, lower levels of public transport use, and higher satisfaction with their
residential location. Their higher residential satisfaction could be the result of living in a place where
one can access many places within walking distance. Additionally, respondents who spend between 31
€ and 50 € on transport a month are those who use public transport more, and those who spend more
than 50 € on transport are those who live further from their workplace/university and are less satisfied
with their travels. These results are in accordance with De Vos (2019), who found that a higher level of
public transport use is associated with lower levels of travel satisfaction. Individuals that pay up to 150
€ for monthly rent were found to be less satisfied with the residential location and more likely to live
away from the workplace/university. Those living in Porto have better transport supply and more diverse
neighborhoods, being, of course, closer to the workplace/university. Interestingly, those who were living
in Porto for up to 3 months by the time of the survey exhibited lower levels of travel satisfaction. This
can be associated with initial difficulties in using/understanding a still unfamiliar public transportation
system.
Table 4. Standardized estimates of structural equations relating latent constructs

Estimate

Posterior
S.D.

-0.152

95% C.I.
Lower
2.5%

Upper
2.5%

0.071

-0.286

-0.008

90% C.I.
Lower 5%

Upper 5%

-0.327

-0.022

-0.300

-0.017

Distance to workplace/university
Active modes preference
Public transport frequency of use
Active modes preference

-0.176

0.092

-0.357

0.005

Transport supply and land-use mix
at home

0.179

0.089

0.01

0.355

Distance to workplace/university

0.191

0.065

0.061

0.318

0.277

0.101

0.074

0.469

Public transport frequency of use

-0.159

0.086

-0.323

0.012

Residential location satisfaction

0.299

0.081

0.138

0.451

Residential location satisfaction
Transport supply and land-use mix
at home
Travel satisfaction

C.I. stands for credibility interval						
Bold indicates that the credibility interval does not contain zero				

Figure 3 shows the relationships between latent variables presented in table 4 in a more visual form
(solid and dashed lines indicating positive and negative relationships, respectively).
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Figure 3. Model structure relating PT frequency of use and satisfaction with PT to the latent constructs

Based on the results, H1 is partially confirmed. Preference for active modes was found to be negatively associated with public transport frequency of use, as those people with higher pro-active modes
preferences tended to use less public transport and walk more. Yet, only a limited effect of active modes
preference on residential location was found significant. Higher pro-active travel preferences were associated with residential choices closer to the university/workplace, favoring the use of active modes
for commuting. However, no connection with the levels of transportation supply and land-use balance
could be established. Some explanations for that include: (i) workplace/university location being the
only information respondents have by the time they chose the place to live (residential choice mainly
occur before arriving at the host city); (ii) lack of sufficient knowledge on possible residential locations
to allow proper self-selection; (iii) attachment of a higher value to proximity to the workplace instead
of residential location accessibility/ indifference towards built environment attributes; and (iv) lower
variability in the land-use characteristics (particularly residential density), since the places where the vast
majority of respondents live are located within the urban core of Porto (see figure 4).

Figure 4. Residential location of respondents

H2 is confirmed, as the model supports the relationship between Transport supply and land-use mix
(built environment) and travel behavior and the relationship between Transport supply and land-use mix
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and Residential location satisfaction. Living in a place with higher access to public transport is associated
with more public transport use, and good public transport supply combined with good land-use balance at the residential location is associated with higher levels of residential satisfaction. These findings
evidence the influence of the built environment on individuals’ behavior and highlight the importance
of access to a good supply of transport and amenities in residential satisfaction.
However, the model only partially confirms H3. Distance to workplace/university was not found
to be significantly associated with residential satisfaction but to be significantly indirectly related to
travel satisfaction. This negative indirect relationship is mediated by the public transport frequency of use
and reveals that the further one lives from the university/workplace, the lower her/his travel satisfaction. It is reasonable to say that commuting distance impacts travel satisfaction because it affects both
the commuting time and the transport mode choice set available. In other words, it defines whether an
individual can consider using active modes to access the university/workplace (notably walk) or not.
The hypotheses H4 and H5 are confirmed since residential satisfaction and public transport frequency of use both influence travel satisfaction. Low residential satisfaction, which is associated with
low levels of transport and amenities supplies, is linked to low travel satisfaction. Additionally, public
transport users are connected with lower levels of travel satisfaction, which can be the result of (i) forced
use, as temporary residents are assumed to rely on the existing mobility resources, or (ii) lower levels of
control over different aspects of traveling (e.g., departure time, personal space).
Finally, the H6 is rejected, as residential location features presented no significant direct independent impact on travel satisfaction, being their positive relationship completely mediated by Residential
location satisfaction (indirect effect = 0.081, 95% credibility interval). Thus, modal choice and residential location satisfaction are the elements directly linked to travel satisfaction.

6

Conclusions

This study highlights the occurrence of residential self-selection and its impacts on residential and travel
choices and on the derived level of satisfaction, focusing on factors influencing residential and travel
satisfaction of transnational short-term residents.
We found that individuals presenting lower levels of residential satisfaction (dissonant residents)
are those who pay lower rents. This is associated with living away from the university/workplace, with
higher transport expenditures. Thus, the dissonant residential choice seems to be based on tradeoffs involving commuting distance, monthly rent, and transport expenses. The locational dissonance of those
living further away than desired seems to occur due to budget constraints. However, as transport supply
and land-use balance were found to directly influence residential satisfaction, it is unlikely that it is the
distance itself that makes people less satisfied with their residential location. Rather the impact of budget
constraints in the lower levels of accessibility to transport and different typologies of places seem to cause
the lower residential satisfaction levels, as people could not properly self-select. Another possible cause
for the residential location dissonance is that people do not have enough information on the options on
transport supply and the land-use balance of the residential locations further from the university.
In contrast, individuals presenting higher residential satisfaction (consonant residents) have stronger preferences for active modes, lower levels of public transport use, and spend less than 10 euros on
transport a month. These are indicatives of a residential location close to the university/workplace, favoring the use of active modes for commuting. As for their residential choice, it seems that the stronger the
preference for active travel one holds, the lower her/his sensitivity is to other features/tradeoffs that other
residential location options offer.
For both cases, the model reveals that better transport supply and land-use balance at the home
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location can improve both residential and travel satisfaction. This may be possible through informing
better short-term residents on these attributes for different neighborhoods so that they can avoid mismatch while choosing their residential place.
For city planners, it is important to identify workplaces that attract short-term residents so that
people who self-select to live close to them can find a good infrastructure for walking or cycling, and
those who do not manage to live close still can count on having a good public transport connection.
The model also evidences that the travel behavior of an individual reflects her/his travel preferences,
spatial constraints (distances), and opportunities provided by her/his residential location as the starting
point for travels. These results are in line with Næss (2005), that claims that incentives and deterrents
for the pursuit of specific travel behaviors are implicit in the urban structure through the creation of
proximities and distances between activities.
It would also be interesting to investigate the reasons why those who were living in Porto for up to
3 months, by the time of the survey, present lower levels of travel satisfaction. This may be the result of
initial difficulties in traveling in an unfamiliar environment and system, which highlights the importance of making it easier for newcomers to navigate the city and to use public transport.
Finally, this study has some limitations due to the small sample size. The Bayesian Estimation for
the Structural Equation Model assures the robustness of results, but a larger sample, including shortterm resident groups other than students/researchers, will hopefully demonstrate the transferability of
these results.
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