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Abstract: Travel behavior adaptations resulting from international temporary relocation is under-
studied, despite their increasing relevance. The scarce published literature on the subject overlooks
the local contexts and ignores aspects related to the adaptation processes and motivations. This study
aims to partially fill this gap by addressing the travel behavior adaptation of international students
and researchers, focusing on public transport (PT) frequency of use and satisfaction. To investigate
this, a Bayesian Structural Equation Model was estimated using data collected from a tailor-made
online survey answered by temporary international exchange students and researchers. The model
confirms that (i) travel behavior habit in the city of origin influences the residential location choice
in the host city; (ii) the higher the frequency of PT use in the city of origin, the higher the PT use in
the host city; (iii) the residential location in the host city affects individuals’ frequency of PT use and
satisfaction; (iv) perceiving technology as helpful to move around leads to perceiving the PT system
as easier to use at the beginning of the stay; (v) perceiving the PT as easier to use, leads to a higher
frequency of its use and a higher level of satisfaction with the PT system.

Keywords: international students; temporary residents; transnational relocation; travel behavior
adaptation; satisfaction with public transport; ICT

1. Introduction

Travel behavior adaptation resulting from international temporary relocation is a very
understudied topic, despite its increasing relevance during the last years [1,2]. It is possible
to have a dimension of the growing importance of this topic by looking at longitudinal
data related to the ERASMUS program in Europe, which shows that while the exchange
program supported a total of 3244 students in 1987 [3], in 2019, almost 940,000 people have
studied, trained, or volunteered abroad [4]. Furthermore, the Erasmus program expects that
between 2021 and 2027, about 10 million individuals will participate in mobility activities
abroad under the program [5]. This means a constant increase in the mobile/temporary
population in cities, for which cities need to prepare in order to provide a good experience
and remain as attractive destinations.

The lack of studies on this topic can be partially explained by the difficulties in study-
ing such a contemporary issue, which is associated with ongoing societal changes [6]. The
impact of residential relocation on travel behavior adaptation has been somehow examined
in the literature of mobility biographies (e.g., [7–12]), but mainly focusing on short-distance
relocations, where the changes experienced by movers are limited to neighborhood-related
qualities. Contrasting with that, long-distance relocations usually result in individuals
dealing with changes in the entire transport system and mobility culture [13–16]. From the
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perspective of travel behavior, the scarce published literature on the subject overlooks the
contexts associated with where people come from and arrive at, ignoring the processes
and motivations individuals’ have for the spatial and travel behavior adaptation in the
hosting place (e.g., [17,18]). Thus, our understanding of the travel behavior preferences
and choices of international students and researchers is limited. This study partially fills
this gap by investigating the travel behavior adaptation of international university stu-
dents and researchers in the light of what is described so far in the general literature on
travel behavior adaptation following a residential relocation. We focus our analysis on
their Public Transport (PT) usage and satisfaction because individuals tend to rely on the
mobility options provided by the host city for short-term stays [16,19] rather than invest in
a private individual transport mode that has a higher investment cost.

In our analysis, we consider aspects related to the city of origin and host city that can
influence individuals’ travel behavior, such as (i) past travel behavior and habits, which
can be indicators of preferences and predispositions established in previous locations; (ii)
choice of residential location, as the local infrastructure can influence travel behavior and
previous preferences can lead to a specific residential location choice; (iii) perceived initial
easiness in using PT, as it can stimulate people to rely on PT or search for alternatives to
move around in the host city; and (iv) perceptions regarding technology use as helpful for
mobility purposes, as mobile devices can help in wayfinding in the new city.

The contribution of this paper is threefold: first, it adds to the literature of students’
mobility by examining their travel preferences and behavior; second, it increases our un-
derstanding of travel behavior adaptation by analyzing the factors influencing individuals’
perception, behavior, and satisfaction with public transport following an international relo-
cation; and third, it enhances our understanding on how previous habits and experiences
can shape/influence individual behavior.

This paper is structured as follows. Section 2 presents the literature review on travel
behavior changes after relocation and the effect of habits, availability of transport modes,
and technology on those changes. Section 3 discusses the hypotheses investigated in this
study, offers an overview of survey design, gives information on data collection, and
describes the model approach used and the reasons underlining its choice. Section 4
describes the results of our model and its associated fit indices and a discussion of obtained
results. Section 5 offers reflections about the implications of the results, suggestions for
further research, and discusses the limitations of this work.

2. Literature Review

As relocation essentially imposes changes in individuals’ travel opportunities and
constraints, habit break is likely to occur as soon as the need to deliberate on how to move
around arises and individuals face the chance of re-evaluating their transport choices. In
line with the literature on behavioral change, after relocation, a “window of opportunity” is
created, as individuals confront a new environmental context that makes them re-evaluate
their choices and, consequently, weakens their habits [20–22]. The new context presents a
new set of information, making individuals stop doing things in an automatic way [23].

However, [24] argues that residues of past behavior resulting from previous habits
influence attitudes and the perceived self-efficacy in a new place (for our study, regarding
the transport options available). Moreover, empirical evidence links previous exposure
to high-quality public transport with higher public transport use [25]. In this regard,
past habits and experiences can contribute to expectations regarding the use of different
transport options in the host city, making international students and researchers more
inclined to use transport options similar to those used in their previous city of residence.
In other words, even though relocation makes people re-evaluate their choices, they are
likely to do it in line with previous exposure to the different transport modes.

Another constraint arises to find a similar solution for traveling in the host city: the
smaller choice set resulting from the temporary transnational relocation, as private vehicles
are not brought from the city of origin. About adaptation, Cao and Moktarian [26] point out
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that individuals prefer to adopt lower-impact strategies (e.g., changing departure times) to
adapt to a new situation before adopting higher-impact ones (e.g., telecommuting). Thus,
their low likelihood to invest in a private individual mode for a short-term horizon results
in a higher likelihood of international students and researchers’ reliance on public transport
and/or non-motorized modes in the host city [16,19].

Consequently, for those who were not users of Public Transport (PT) in the past city
and are potentially more resistant to PT use, this may result in a choice of residential
location that minimizes the need of using PT in the host city. In this sense, the relationship
between the choices of residential location and transport mode is highlighted, and a
compromise between the preferences associated with these choices tends to happen [27].
Different from other relocation scenarios, the temporary residents have no long-term
commitment to the location chosen and are staying in the host city to develop mandatory
activities in a previously known location (e.g., university, research center). The lack of
long-term commitment may make them more flexible in their decision-making, while prior
knowledge about the location of the presumed most frequent destination configures an
advantage or opportunity to be explored. This prior information on study/workplace
location allows for the consideration of commuting distance/mode during the residential
location decision-making. The literature reveals that even after quite a few empirical
investigations, there is no consensus on the direction of causality between mode choice and
residential preferences [11,28–30], and some authors claim that even when the residential
choice is influenced by transport preferences (self-selection), there are also influences in
the opposite direction [8,31]. The latter impact occurs due to the features of the built
environment, as, for example, higher connectivity and accessibility of PT services are
known to increase its attractiveness and levels of use [32].

The lack of information and familiarity with the available transport modes also impacts
the travel behavior of international students and researchers, resulting in more constraints
associated with the travel behavior. Using a new transport mode requires learning the new
routines associated with it [33], and when the efforts related to this process are perceived
to exceed its benefits, one can end up using a less optimal transport mode that is easier to
use. Therefore, for international students and researchers to start using and relying on PT,
it is essential to make it easy to use by newcomers, as perceiving PT as not easy to use can
discourage its use [34]. Note that when the public transport system is designed to meet
the needs of those who are unfamiliar with the spatial and transportation characteristics
of a city (newcomers), public transport will be easy to use by any other user [35]. Thus,
experiences about the perceived easiness of using PT can update the perceptions, attitudes,
and preferences associated with different transport modes, despite the role of prior attitudes
and predispositions [33]. After experiencing the mobility options in the host city, people
can change their attitudes towards PT. For example, when individuals move to a location
with a different level of access to public transport, the experience of traveling by public
transport in the new area may influence their attitudes [30].

With this in mind, the use of technology to deliver information offers an opportunity
to overcome this barrier more easily since temporary residents are usually young adults
who have the flexibility to move abroad [36]. Therefore, international students and re-
searchers are likely to be Millennials who are characterized by intensive use of technology,
which impacts several aspects of their daily lives. The use of technology for transport
purposes enhances the possibilities for traveling, which allows for travel optimization,
high-level information possibilities, freedom, and flexibility [37]. In this sense, delivering a
mobility tool perceived as useful for moving around in the host city can contribute to an
easier adaptation.

Existing studies on satisfaction with public transport draw attention to the influence
of safety, service frequency, reliability, travel information at stops, ease of transfers [38],
perceived costs [39], and frequency of public transport use [40]. Moreover, as residential
location plays a role in defining both commuting distance and accessibility, it is reasonable
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to say that this may affect public transport satisfaction. Both high accessibility [39] and
shorter commuting distances are associated with higher satisfaction levels [40].

3. Hypotheses, Data, and Methods
3.1. Hypotheses

Based on the literature review, we decided to explore and test the following hypotheses:

Hypothesis 1 (H1). Previous travel habit is associated with the past frequency of Public Transport
(PT) use and influences residential location choice (self-selection) [27,31,41];

Hypothesis 2 (H2). Past frequency of PT use affects the current frequency of PT use and the initial
perception about the easiness to use PT in the new city [24,25];

Hypothesis 3 (H3). Residential location (which defines accessibility level) influences the current
frequency of PT use [32] and satisfaction with PT [39];

Hypothesis 4 (H4). Perception of technology as a tool to help in mobility is positively related to
the initial perception about the easiness to use PT [37];

Hypothesis 5 (H5). The initial perception about the easiness to use PT is positively related to the
current frequency of PT use and the satisfaction with PT [34];

Hypothesis 6 (H6). PT frequency of use is positively related to satisfaction with PT [40].

Figure 1 summarizes the above hypotheses that will be tested and aid the model
development.
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3.2. Survey Design and Data Collection

An online survey was designed and implemented for international students and
researchers at the University of Porto. As international students may have some budgetary
restrictions that make them deviate from other temporary residents’ subgroups, we will
discuss in the Section 5 what can potentially be generalized for other segments of temporary
residents. The questionnaire design was based on a literature review and on in-depth
interviews previously made with international students from 9 different countries who
were living in Porto or Lisbon (Portugal) during January 2018 [42]. Since our focus was
to accurately capture behavior adaptation and the impact of initial perceptions and early
choices on behavior adaptation, only students and researchers who were either in a short
exchange or in their first year of a full degree in Portugal were considered eligible. The
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web-based survey, implemented between May and June of 2018, was distributed by the
University of Porto International Office through an email inviting all eligible international
students and researchers to answer. Although participation in the survey required internet
access and digital literacy skills, we did not anticipate any sample bias in a population
that is young, well-educated, and has free access to both computers and the internet at
the university.

The survey questions covered sociodemographic characteristics, past frequency of PT
use, past habits, current residential location, the current frequency of PT use, initial easiness
in using the PT system, technology usage for mobility purposes, and satisfaction with PT.
Sociodemographic characteristics focused on gender, age, country of origin, driver’s license
ownership, role at the university, time living in the host city, and criteria for residential
choice in the host city.

Past frequency of PT use was measured by the perceived frequency of PT use in
the city of origin, disregarding trip purpose. The past habit was measured through the
adaptation of the Self-Report Habit Index (SRHI) proposed by Verplanken and Orbell [43].
Our purpose was to measure the existence of habit, i.e., lack of deliberation, related to
mode choice in the city of origin. Therefore, we decided to control for past habits regarding
mode choice because: (i) the residential location choice can be influenced by previous
transport mode choices (in the respondents’ city of origin), and (ii) those who mostly use
public transport in the city of origin are more likely to seek it in the host city.

Residential location self-selection was examined through the variable Residential
Proximity to Metro (RPM), which was a binary variable constructed by combining the stated
current residential location with information on metro stations’ location retrieved from
Google Maps. The RPM considered whether the closest metro was reachable in a radius
of 500 m from the residence of each respondent, which characterizes high accessibility to
rail and could highlight self-selection occurrence [44]. We decided to use this measure for
public transport access because the network of buses is quite homogeneous inside Porto.
The current frequency of PT use was measured by the perceived frequency of PT use in
the host city, disregarding trip purpose. Initial easiness in using the PT was measured by
combining the perceived easiness-of-use metro and bus. The perception of technology as
a tool to facilitate mobility in the host city was elicited in terms of its use for enhancing
wayfinding, trip planning, optimization, and adaptation to the host city transport system.
The satisfaction with PT was measured regarding the evaluation of travel and waiting
times, information services, coverage, and cancellations/delays.

The questions associated with these items were graded in a 5-point Likert scale from
“strongly disagree” to “strongly agree”, except the ones related to initial easiness in using PT
system that were graded in a 5-point Likert scale from “very difficult” to “very easy”. The
questionnaire was provided in English and Portuguese and took about 15 min to complete.

3.3. Bayesian Structural Equation Model

Structural Equations Modeling was the method chosen because it provides a way
to combine unobserved (individuals’ perception, satisfaction) and observed (individual’s
behavior) variables, allowing for testing the relationships between them [45]. As the
questionnaire included positive and negative worded sentences, we have reversed the
scores before data analysis. An exploratory factor analysis was performed, resulting in
the identification of four factors that we tested for sample adequacy (Kaiser–Meyer–Okin
measure—KMO) [46] and internal consistency (Cronbach’s alpha) [47]. KMO values can
vary between 0 and 1, where values close to zero indicate dispersion in the pattern of
correlations, meaning that the factor analysis is likely to be inappropriate and values
close to 1 indicate that patterns of correlations are relatively dense and so factor analysis
should yield different and reliable factors [46]. For Cronbach’s alpha, values of 0.9 and
above show excellent reliability, values between 0.7 and 0.9 show high reliability, val-
ues between 0.5 and 0.7 show moderate reliability, and values of 0.5 or below show low
reliability [48].
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Based on the results, a Structural Equations Model (SEM) was implemented in
Mplus [49]. Given the sample size, we proceeded with Bayesian estimation (BSEM) because
it performs better for small samples [50]. SEM consists of a measurement model, or confir-
matory factor analysis model, to examine the relationships between observed variables and
latent variables. In this study, the model consisted of 4 sets of equations. Equation (1) refers
to the measurement equations, Equation (2) connects the latent variables to individual’s
socioeconomic characteristics, Equation (3) links the explanatory and the mediator latent
variables, and Equation (4) connects the latent mediators to the dependent variable:

Irn = Z∗
lnαr + vrn and vn ∼ N(0, Σv) for r = 1, . . . , R (1)

Z∗
ln = Slnβl + ωln and ωn ∼ N(0, Σω) for l = 1, . . . , L (2)

Z∗
l = Ziβi + ϕl and ϕl ∼ N(0, Σϕ) for l = 1, . . . , L & i = 1, . . . , I (3)

Yin = Z∗
lnγZ + ξn and ξn ∼ N(0, Σξ) for i = 1, . . . , I (4)

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
contain parameters that reflect directed paths between sociodemographic variables and
latent variables and among exploratory and mediator latent variables, respectively. ωln and
ϕl are error term 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 .

We chose to apply the BSEM approach described in Muthén and Asparouhov [50] that
consists of methodically set small-variance informative priors in the measurement model
for cross-loadings and residual correlations that should rather be constrained to be close
to zero than set to zero or freely estimated. This adjustment in the measurement model
the theory under study through the SEM to be better reflected [50]. After a sensitivity
analysis, we chose N(0, 0.02) as informative priors for the cross-loadings, corresponding to
priors with means equal to zero and variances of 0.02, so that 95% of the loading variation
limit was between −0.28 and +0.28. As informative priors for the residual covariances
among factor indicators, we defined an inverse-Wishart distribution—IW (0, 500), where
the zeros are used to form the covariance matrix and 500 represents the degrees of freedom
(the higher the degrees of freedom, the smaller the variances of the priors). The goodness-
of-fit of the model was assessed by the Posterior Predictive p-value (PPP). A PPP value
above 0.05 indicates an acceptable fit, being a PPP value of around 0.5 an indication of an
excellent-fitting model [50].

3.4. Sample Characteristics

The survey provided 298 complete responses in total, and the sample characteristics
are presented in Table 1. The majority of the respondents were women, aged between
18 and 25 years old, with a driver’s license, from the Americas (mostly Brazil), bachelor
students, that chose their residence before moving to Porto.

An initial analysis of the data showed a significant decrease in car usage and an
increase in PT use and walking (see Figure 2). In total, 37.9% of the respondents reported
an overall increase in PT use, and 50.5% increased their frequency of walking. It is worth
mentioning that this significant increase in walking can be associated with contextual
factors, as potential bicycle users may decide not to use this mode in Porto due to specific
elements, such as topography (hilly), the lack of continuous bike lanes, and the inexistence
of a public bike-sharing system.



Sustainability 2021, 13, 8417 7 of 17

Table 1. Sample characteristics.

Variables Total %

Gender (1 = man) 130 43.62

Age

Between 18–25 years 183 61.41
Between 26–30 years 67 22.48

Between 31–40 years 40 13.42
More than 40 years 8 2.68

Driver’s license (1 = have DL) 223 74.83

Continent of nationality

Africa 10 3.36

America 181 60.74

Asia 22 7.38

Europe 85 28.52

Oceania 0 0.00

Role at the University

Bachelor student 93 31.21

Master student 69 23.15

Integrated master student 63 21.14

PhD student 52 17.45

Post-doc 5 1.68

Researcher 10 3.36

Moment when respondents have searched for their residence in Porto

Before moving to Porto 173 58.05

After have moved to Porto 115 38.59

Have not chosen (moved to
live with family or friends) 10 3.36
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4. Results and Discussion
4.1. Exploratory Factor Analysis

The analysis of the KMO value obtained for the factors associated with habits, percep-
tions, and satisfaction (graded in a 5-point Likert scale) indicated good sampling adequacy
(KMO = 0.744), and the result of Bartlett’s test of sphericity allowed us to reject the null
hypothesis that the correlation matrix is an identity matrix (p = 0.000). Principal axis fac-
toring with varimax rotation (Kaiser normalization) was used and resulted in four factors
(see Table 2). The dominant items (marked in bold) were defined considering a cut-off
value of 0.5. The Cronbach alpha values of each factor are presented inside parentheses
and indicate moderate to good internal consistency [48]. Please note some items had their
coding reserved (marked with (R)) to made factor interpretation easier for readers.

Table 2. Exploratory factor analysis results.

Factor (Cronbach Alpha) Previous Travel
Habit (0.663)

Perception about the
Easiness to Use PT

(0.526)

Satisfaction with
PT (0.696)

Perception of
Technology as a Tool

to Aid Mobility
(0.829)Items

I always made my transport choices in an
automatic way 0.604 0.007 −0.049 0.128

Every day I thought very carefully about my
transport choices (R) 0.692 −0.001 0.029 −0.033

My daily routine was fixed, so I didn’t need to
think about my transport options 0.593 −0.016 0.051 0.094

Bus easiness-of-use 0.050 0.643 0.104 0.027

Metro easiness-of-use −0.046 0.537 0.092 0.055

Travel and waiting times are too long (R) 0.014 0.091 0.667 0.068

There are good information services −0.038 0.358 0.528 0.147

Public transport services cover well all the city −0.001 0.091 0.508 0.060

There often are service cancellations/delays (R) 0.046 −0.020 0.673 −0.050

Optimizes my overall travel experiences 0.016 −0.007 0.030 0.754

Allows me to easily plan my travels 0.037 0.061 0.040 0.763

Allows me to find my way in the city and I do
not need anything more to move around 0.121 0.035 0.044 0.702

Allows me to adapt easily to the city’s mobility 0.091 0.098 0.087 0.721

(R) indicates reserved coding of negatively worded items, The dominant items are marked in bold.

The four emergent factors were previous travel habits, perception about the easiness
to use PT, satisfaction with PT, and perception of technology as a tool to aid mobility.
Previous travel habit is the only construct related to the city of origin. High values on
this factor represent a lack of deliberation regarding transport choices. Perception about
the easiness to use PT reveals the first impressions about bus and metro use in the host
city. Satisfaction with PT exposes the evaluation of different features related to its use.
Further, the perception of technology as a tool to aid mobility underlies the respondents’
perceptions about opportunities and experiences associated with the use of web-based
tools and smartphone applications.

4.2. Measurement Model

The measurement model consisted of a confirmatory factor analysis (CFA) that tests
the fit of the data and validates the factor model construction. As we used the BSEM
approach, beyond the loadings in each factor, the estimates for the measurement equations
included small-cross loadings, resulting in a structure similar to EFA output (See Table 3).
Despite the similarity, the model is guided, and the cross-loadings are restricted by the
priors to be small [50]. The factor loadings marked in bold are those for which the 95%
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credibility interval did not contain zero, thus revealing the structure defined for the factors
in the confirmatory analysis.

Table 3. Confirmatory factor analysis results.

Factors Previous Travel
Habit

Perception about the
Easiness to Use PT

Satisfaction
with PT

Perception of
Technology as a ToolItems

I always made my transport choices in an
automatic way 0.591 0.006 −0.044 0.110

Every day I thought very carefully about
my transport choices (R) 0.791 −0.001 0.010 −0.071

My daily routine was fixed, so I didn’t
need to think about my transport options 0.653 −0.001 0.013 0.065

Bus easiness-of-use 0.063 0.538 0.073 −0.015

Metro easiness-of-use −0.016 0.866 −0.017 −0.012

Travel and waiting times are too long (R) 0.008 0.001 0.645 0.021

There are good information services −0.036 0.091 0.620 0.095

Public transport services cover well all
the city −0.013 −0.015 0.596 0.011

There often are service
cancellations/delays (R) 0.040 −0.063 0.702 −0.108

Optimizes my overall travel experiences −0.005 −0.035 −0.014 0.824

Allows me to easily plan my travels −0.012 0.003 −0.009 0.879

Allows me to find my way in the city and
I do not need anything more to
move around

0.035 −0.001 −0.010 0.795

Allows me to adapt easily to the
city’s mobility 0.001 0.022 0.029 0.831

(R) indicates reserved coding of negatively worded items, The dominant items are marked in bold.

The Posterior Predictive p-Value (PPP) was 0.554, indicating an excellent fit of the
results of confirmatory factor analysis. A PPP value above 0.05 indicates an acceptable fit,
and a PPP value around 0.5 indicates an excellent fitting model [50].

The factors are the same as presented in the previous subsections, but here their struc-
ture is fixed (previously determined) with small cross-loadings and residual correlations
being allowed.

4.3. Structural Equations Model

Tables 4 and 5 present the relationship between the latent constructs and respondents’
characteristics and the relationship between the latent constructs (with respondents’ charac-
teristics already associated) and PT frequency of use and satisfaction with PT, respectively.
The PPP-Value of the structural model was 0.361, indicating a good fit [50].

Table 4. Estimates of SEM relating respondents’ characteristics and latent constructs.

Estimate Posterior S.D.
95% C.I. 90% C.I.

Lower 2.5% Upper 2.5% Lower 5% Upper 5%

Perception about the easiness to use PT

Integrated master student 0.197 0.067 0.065 0.323

Ph.D. student 0.154 0.068 0.018 0.285

Come from a
European country −0.197 0.073 −0.337 −0.051
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Table 4. Cont.

Estimate Posterior S.D.
95% C.I. 90% C.I.

Lower 2.5% Upper 2.5% Lower 5% Upper 5%

Satisfaction with PT

Post-doc student −0.171 0.059 −0.284 −0.052

Come from a
European country −0.134 0.068 −0.266 0.000 −0.246 −0.021

Had chosen the current
residential place 0.218 0.065 0.075 0.325

Live in Porto for more than
6 months −0.297 0.057 −0.407 −0.183

Perception of technology as a tool

Ph.D. student −0.199 0.059 −0.308 −0.079

Come from a
European country −0.221 0.061 −0.332 −0.096

C.I. stands for credibility interval. Bold indicates that the credibility interval does not contain zero. The dominant items are marked in bold.

Table 5. Estimates of structural equations relating latent constructs to PT frequency of use and satisfaction.

Estimate Posterior S.D.
95% C.I. 90% C.I.

Lower 2.5% Upper 2.5% Lower 5% Upper 5%

Past frequency of PT use

Previous travel habit −0.225 0.073 −0.364 −0.080

Residential proximity to metro

Previous travel habit −0.118 0.070 −0.256 0.016 −0.233 −0.004

Perception about the easiness to use PT

Perception of technology as
a tool 0.248 0.128 −0.028 0.483 0.025 0.447

Current frequency of PT use

Past frequency of PT use 0.283 0.063 0.155 0.400

Residential proximity to metro 0.150 0.061 0.033 0.268

Perception about the easiness
to use PT 0.384 0.074 0.238 0.527

Satisfaction with PT

Perception about the easiness
to use PT 0.334 0.149 0.025 0.606

Residential proximity to metro 0.118 0.063 −0.003 0.242 0.016 0.222

Current frequency of PT use −0.237 0.080 −0.395 −0.078

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

The sociodemographic variables tested were gender, age, country of origin, driver’s
license ownership, role at the university, time living in the host city, and criteria for
residential choice in the host city. However, the model only included those socioeconomic
variables that presented a statistically significant relationship with the latent variables. The
latent construct habit was not significantly influenced by any of the sociodemographic
characteristics tested.

Regarding the relationship with sociodemographic characteristics, individuals who
came from other European countries tended to perceive the PT as more challenging to use,
to perceive the technology as not much helpful for moving around, and to feel less satisfied
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with the PT. For them, it is likely that language barriers (not encountered by individuals
from Brazil, for example), lack of efficient tools to help in moving around, and experiencing
a PT system with lower levels of service than in their country of origin, especially for those
who moved from northern countries, contributed to the low satisfaction.

Similarly, Ph.D. students tended to perceive technology as not much help, but they
perceived the PT system as easier to use. Integrated master students were also found to
perceive the PT as easier to use. Additionally, post-doctoral researchers and respondents
living in Porto for more than six months were less satisfied with the PT system. For the
latter, more exposure to the system’s problems is a possible explanation.

In contrast, those who chose their residential place were more satisfied with the PT
system. To clarify, some of the respondents did not choose their residential location, mainly
because they moved to live with friends or family who were already living in Porto (see
Table 1). In this sense, the lack of residential location choice seemed to reduce satisfaction
with the PT system.

As for the relationships between the variables and factors, Table 5 and Figure 3 present
the significant relationships found (the solid and dashed lines indicate positive and negative
relationships, respectively).

As expected, the model structure confirmed H1, meaning that the existence of a
previous travel habit is associated with the frequency of PT use in the previous city and
residential location choice in the host city. The frequency of PT use was negatively related
to previous travel habits because this factor was actually positively related to the frequency
of car use and negatively associated with the use of public transport, bike, walking, car-
sharing and ride hailing, taxi, or similar. Table 6 shows that a higher frequency of car use
was associated with a higher level of travel habit in the city of origin and, thus, to a lower
level of deliberation on mode choice. Conversely, higher use of public transport, bicycle,
car-sharing, and walking, was associated with lower levels of travel habit, suggesting a
higher level of deliberation. As habit is a psychological construct rather than a simple
reflection of past behavioral frequency [43], it could be that despite frequency, the use of
PT and other travel options do not present a stable context or are not as rewarding (other
conditions for habit formation pointed out by Oullette and Wood [51]) as car use. Regarding
the former, for example, frequent public transport users may still need to think about and
choose between different PT modes (e.g., bus, metro), route, transfers, and schedule options.
Thus, the existence of travel habits in the city of origin was negatively associated with the
past frequency of PT use and decreased the likelihood of choosing to live close to a metro
station in the host city. This revealed that frequent users of public transport in the city of
origin tended to choose to live in locations that have good public transport connections,
as they might have a higher preference for this mobility solution. This evidences the
occurrence of self-selection, i.e., individuals’ mobility preferences influence residential
location choice.

Table 6. Spearman’s correlation between habit construct and use frequency of modes in the city
of origin.

Travel Habit

Frequency of Use Correlation
Coefficient Sig. (2-Tailed)

Car (as driver or as passenger) 0.151 ** 0.009

Public transport −0.198 ** 0.001

Bicycle −0.160 ** 0.006

Car-sharing −0.155 ** 0.007

Walking (as the main mode,
not as access to other modes) −0.206 ** 0.000

** Correlation is significant at the 0.01 level (2-tailed).
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As for H2, the model only partially confirmed it, since the higher the frequency of
PT use in the city of origin, the higher the use of PT in the host city, but no significant
relationship between past frequency of use in the city of origin and perception about the
easiness to use PT was found. These results suggest that previous experience with public
transport increases the likelihood of using public transport in the host city. However, this
did not seem to happen because individuals who were more familiar with public transport
systems (frequent users) found it easier to understand the public transport system in the
host city. Rather, the perceived ease-of-use of the local public transport system seemed to
depend on the characteristics of the system itself and its level of information provision.

The model endorsed H3, which states that the residential location choice affects the
current frequency of PT use and satisfaction, as the results indicated that living close to a
metro station leads to higher values of PT use frequency and satisfaction. As supported
by the results related to H1, individuals may choose to locate themselves close to places
with good public transport accessibility because they intended to rely on them. This is then
translated into higher levels of public transport usage. However, as discussed in Section 2,
it may also be the case that better public transport accessibility close to the residence makes
individuals more prone to use it. As for the connection between high accessibility to metro
stations and public transport satisfaction, this finding is supported by previous studies
that identified a tendency of higher satisfaction levels among metro users compared to bus
users [52]. H4 was confirmed by the model as perceiving technology as helpful to move
around makes individuals recognize the PT system as easier to use at the beginning of their
stay (the moment when an individual has less knowledge about the system). It is worth
mentioning that international students and researchers are part of a young, highly skilled
population that is more likely to rely on technology, and thus, this source of information
tends to be particularly relevant to them. The model also supported H5, i.e., that perceiving
the PT as easier to use leads to a higher frequency of its use and also to higher satisfaction
with the PT system. This is an important finding for transport operators, as it suggests that
providing clear and easy to access information may lead not only to higher levels of public
transport use but also higher levels of satisfaction. Combining these findings, it is evident
that good provision of online information leads to a positive impact on public transport
ridership and satisfaction for international students and researchers.

Finally, contrary to our initial expectations, the higher the frequency of PT use, the
lower the satisfaction with PT, thus H6 is rejected. Although the frequency of public
transport usage as a whole was associated with a lower satisfaction level, those living
close to a metro station were more associated with higher satisfaction levels with public
transport. This suggests that lower satisfaction levels were associated with a high frequency
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of bus usage. This finding is consistent with [39], who found that younger passengers and
students tend to be less satisfied with public transport despite using it more frequently
than other age groups. Other possible explanations of the underlying causes of this
negative association include user captivity [38,53,54], higher exposure to problems in
the system [55], and/or residential location dissonance since those who were not able to
choose their residence in the host city (relocated to live with friends or relatives) presented
relatively lower levels of satisfaction with PT.

5. Conclusions

This study addressed the travel behavior adaptation of young temporary residents
in the context of a transnational relocation. The empirical evidence revealed that inter-
national students and researchers tended to change their prior travel behavior replacing
individual private transport with public transport alternatives and/or walking. Moreover,
the obtained results suggested that PT frequency of use in the host city was influenced by
usage patterns in the city of origin. However, the initial perception about how easy it is to
use public transport has a stronger effect on individuals’ frequency of use and associated
satisfaction levels. Moreover, the model revealed that the perception of how easy it is to
use public transport was not significantly impacted by the level of familiarity with public
transport systems (frequent vs. non-frequent PT users in the city of origin), emphasizing
the role of transport operators in delivering a user-friendly system.

From a policy perspective, these results highlight an opportunity for increasing rider-
ship in public transport. They show the importance of taking advantage of the sensitive
stage at the beginning of temporary residents’ stays to nudge them towards the use of the
public transport resources that the host city has. In this sense, public transport authorities
and operators should work towards reducing the difficulties in using PT felt by people
not familiar with the system, as these individuals lack the knowledge about the PT system
organization, fare systems, and the spatial connections it provides. Close collaboration
with universities for promoting clear and accessible public transport information essential
to navigate the system has the potential for increasing ridership and satisfaction for this
group. As language can be a barrier for temporary residents, information in English can
significantly decrease the cognitive effort necessary to understand the basics about fares
and connections between public transport modes. Moreover, improving the overall presen-
tation of information for the general public has the potential to attract other groups that
are less familiar with public transport but are reconsidering their transport options or for
other types of temporary stays (e.g., tourists).

Additionally, according to our findings, one possibility to boost the easiness of using
public transport would be to improve the usability of technology as a mobility support tool.
The provision of information about the transport system through technological devices
in simple and easy-to-use formats is essential for helping newcomers to have a smoother
transition between different cities and countries. In addition, internet browser extensions
allow individuals to easily translate webpage and better understand the available infor-
mation. Another interesting outcome of this research is the relationship between previous
travel habits and PT accessibility at the residential location (residential proximity to the
metro) that highlights the occurrence of self-selection and, thus, the connection between
mode and residential location choices in the host city. For temporary residents, residential
location preferences seemed to be affected by intentions towards mode use, in line with the
study of Choocharukul et al. [56].

Yet, the fact that good transport accessibility (proximity to metro station) had a positive
and independent impact on PT frequency of use indicates that the transport infrastructure
can influence transport preferences. The relationship between residential proximity to
metro with both satisfaction with PT and current frequency of PT use were evidence of
the other direction of influence, as the location is influencing the travel behavior and the
satisfaction level. This highlights the role that rail infrastructure could have as the initial
reference point for the PT system and is concurrent with the fact that rail-based services
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tend to have higher satisfaction levels [52]. In this sense, self-selection is likely to result in
higher levels of satisfaction for those who could choose to live in a more accessible and
better-covered location [57]. Related to self-selection, as most people chose their residential
location before moving to the host city (see Table 1) and rail-based networks tend to be
easier to understand than the bus network, it is likely that under this context of limited
information, these individuals’ end up favoring proximity to rail-based public transport.
Aiming to decrease potential pressures due to high demand for these systems, universities
can provide more info on public transport connections before relocation, especially related
to relevant bus routes.

It is worth mentioning that as our sample was composed of international students and
researchers, budget restrictions and/or lack of choice in regard to where to live is likely to
occur for some of them, preventing the possibility of self-selecting despite their desire to do
so. Thus, it is possible that the relationship between previous travel habits and residential
proximity to the metro is actually stronger than what our findings indicate. Related to that,
as the COVID-19 pandemic has impacted international travel negatively, the number of
international students and researchers has, at least temporarily, decreased significantly.
Because of this decrease in demand, it is likely that students and researchers will face
a renting market where the relatively lower competition will favor better self-selection,
i.e., those who before needed to opt for living far from the university because of budget
constraints may now not face this problem, at least considering a short-term period after
the end of the COVID-19 pandemic. Moreover, as, in general, the COVID-19 pandemic
has negatively impacted public transport usage [58,59], it may be the case that students
and researchers may develop a higher preference for locating themselves closer to the
university in order to have the possibility of commuting by active modes. In this sense, our
study provides an essential baseline to allow future studies to compare whether and how
the residential location and travel behavior preferences of this group have been affected by
the COVID-19 pandemic.

The results also suggest the existence of a negative relationship between PT frequency
of use and satisfaction with PT. The reason why this occurred is not clear, and further
research is needed to investigate it. However, as mentioned before, possible explanations
are associated with user captivity, higher exposure to problems in the system, and/or
residential location dissonance. A varied range of transport solutions should be offered in
the host city to mitigate potential PT captivity problems, so those staying for a short-term
period can actually choose how they want to move around. Quality surveys can help in
identifying recurrent problems and barriers to use PT and improve its level of service.
As for reducing the chances of residential dissonance among international students and
researchers, more information about the different neighborhoods of the host city must be
timely provided to allow for informed decisions.

Important limitations of this study need to be considered. The small sample size
required a Bayesian Estimation for the Structural Equation Model to explore statistically
significant relationships, but a bigger sample may help the interpretability of results.
Moreover, the data collection was made in a city with a well-developed PT system, but
that had not yet implemented emerging shared mobility alternatives (such as electric
scooters, bike-sharing systems). Thus, repeating the survey in a city with more mobility
possibilities is of interest to verify whether or not people do shift from public transport or
walking-based mobility to shared mobility solutions. Further research is also needed to
investigate whether social networks in the host city have some influence on an individual’s
perceptions of easiness and frequency of public transport use.
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