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Abstract  
The rise of a group of temporary residents that is composed of a set of people who move 

to another country not aiming to establish themselves, but for temporary stays, has generated 

new issues and needs that are derived from the interaction between them and their host city. 

However, the literature on the challenges and specificities that are involved in the process 

of international relocation and adaptation of temporary residents to a new configuration of 

transportation systems, spaces, and norms are scarce. Thus, this thesis aims to fill the literature 

gap on the intra-urban travel behavior adaptation and residential location choice of temporary 

residents in the context of an international relocation.  

By developing qualitative and quantitative analyses, we provide empirical evidence of 

travel behavior adaptation and its relationships with the residential location choice. For data 

collection, international students and researchers were chosen as a proxy for temporary 

residents because they share the important factors associated with the focus of this research. 

The qualitative data collection and analysis was preceded by a literature review to better 

understand the dynamics involved in this phenomenon. We conducted and analyzed semi-

structured interviews to explore the travel and spatial behavior of international temporary 

residents, and econometric models (structural equations model and discrete choice model) were 

developed to search for empirical evidence of the relationship of factors identified as relevant 

for the travel behavior adaptation and residential location choice of temporary residents. Data 

were collected four times in the space of 3 years, and respondents were living in the 

metropolitan area of either Porto, Lisbon, or Copenhagen by the time they answered the 

surveys.  

Findings include qualitative and quantitative evidence that temporary residents tend to 

change their travel behavior, presenting a low likelihood of buying vehicles, replacing 

individual private transport by Public Transport (PT) alternatives and/or active modes. 

Moreover, we found that the easier an individual perceives the use of public transport, the 

higher her/his frequency of public transport use and associated satisfaction with it. The use of 

technology as a mobility support tool boosts the ease of use of public transport, helping 

newcomers to have a smoother transition between different cities and countries. Different 

mechanisms of self-selection were also identified in the context of an international temporary 

relocation, where (i) previous travel habit influence the choice of residential location according 
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to the desired public transport accessibility; (ii) budget constraints can prevent individuals from 

self-select themselves properly, resulting in individuals living in locations with lower levels of 

accessibility to transport and amenities. 

Moreover, evidence was found suggesting the influence of the residential location 

features on the frequency of PT use, satisfaction with PT, residential location satisfaction, and 

travel satisfaction. The trade-offs involving the distance between home and the 

workplace/university, accessibility to public transport, monthly rent, and transport expenses 

were found to influence the residential location choice. In addition, the relationship between 

mode choice and travel satisfaction was also observed. 
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Resumo  
A ascensão de um grupo de residentes temporários, composto por um conjunto de pessoas 

que se mudam para outro país, sem o objetivo de se estabelecer, mas para estadias temporárias, 

gerou novos problemas e necessidades derivados da interação entre eles e as cidades que os 

recebem. 

No entanto, a literatura sobre os desafios e especificidades envolvidos no processo de 

relocação transnacional e adaptação de residentes temporários a uma nova configuração de 

sistemas, espaços e normas de transporte é escassa. Assim, esta tese visa preencher a lacuna da 

literatura sobre a adaptação do comportamento das viagens intra-urbanas e a escolha da 

localização residencial de residentes temporários no contexto de uma relocação transnacional. 

Ao desenvolver análises qualitativas e quantitativas, fornecemos evidências empíricas da 

adaptação do comportamento da viagem e suas relações com a escolha da localização 

residencial. Para coleta de dados, estudantes e pesquisadores internacionais foram escolhidos 

como representantes dos residentes temporários, porque compartilham os fatores importantes 

associados ao foco desta pesquisa. A coleta e a análise qualitativa dos dados foram precedidas 

de uma revisão da literatura, a fim de melhor compreender as dinâmicas envolvidas nesse 

fenômeno. Nós conduzimos e avaliamos entrevistas semiestruturadas para explorar o 

comportamento espacial e de viagem de residentes transnacionais temporários e modelos 

econométricos (modelo de equações estruturais e modelo de escolha discreta) foram 

desenvolvidos para buscar evidências empíricas da relação entre fatores identificados como 

relevantes para a adaptação do comportamento de viagem e localização residencial escolha dos 

residentes temporários. Os dados foram coletados quatro vezes dentro de um período de três 

anos e os entrevistados estavam morando na região metropolitana do Porto, Lisboa ou 

Copenhague quando responderam às pesquisas. 

Os resultados incluem evidências qualitativas e quantitativas de que os residentes de 

temporários tendem a mudar seu comportamento de viagem, apresentando baixa probabilidade 

de comprar veículos, substituindo o transporte individual privado por alternativas de 

Transporte Público (TP) e/ou modos não motorizados. Além disso, descobrimos que, quanto 

mais fácil um indivíduo percebe o uso do transporte público, maior sua frequência de uso do 

transporte público e a satisfação associada a ele. O uso da tecnologia como ferramenta de apoio 

à mobilidade, aumenta a facilidade de uso do transporte público, ajudando os recém-chegados 



vii 
 

a ter uma transição mais suave entre diferentes cidades e países. Diferentes mecanismos de 

auto-seleção também foram identificados no contexto de relocação transnacional temporária, 

onde (i) os hábitos de viagem anteriores influenciam na escolha do local de residência de 

acordo com a acessibilidade de transporte público desejada; (ii) as restrições orçamentárias 

podem impedir que os indivíduos se auto-selecionem adequadamente, resultando em 

indivíduos vivendo em locais com níveis mais baixos de acessibilidade ao transporte e a lugares 

relevantes. 

Além disso, foram encontradas evidências que sugerem a influência das características 

da localização residencial na frequência de uso do TP, satisfação com o TP, satisfação com a 

localização residencial e satisfação da viagem. Constatou-se que as ponderações entre a 

distância entre o local de residência e o local de trabalho/universidade, acessibilidade ao 

transporte público, aluguel mensal e despesas de transporte influenciavam a escolha do local 

residencial. Além disso, a relação entre escolha de modo e satisfação com a viagem também 

foi observada. 

 

 

 



viii 
 

Contents 
 

Acknowledgments ................................................................................................................................ iii 

Abstract ................................................................................................................................................. iv 

Resumo .................................................................................................................................................. vi 

List of tables.......................................................................................................................................... xi 

List of figures ....................................................................................................................................... xii 

Chapter 1 Introduction ......................................................................................................................... 1 

1.1 Research context and motivation .................................................................................................. 1 

1.2 Research objectives, questions and hypotheses ............................................................................ 3 

1.2.1 Objectives .............................................................................................................................. 3 

1.2.2 Research questions and hypotheses ....................................................................................... 4 

1.3 Research design and methods ....................................................................................................... 5 

1.4 Thesis outline ................................................................................................................................ 6 

Chapter 2 Literature review ................................................................................................................ 8 

2.1 Introduction ................................................................................................................................... 8 

2.2 Temporary residents’ characterization .......................................................................................... 9 

2.2.1 Information .......................................................................................................................... 12 

2.2.2 Built environment exposure ................................................................................................. 13 

2.2.3 Habit break ........................................................................................................................... 15 

2.2.4 Past experiences ................................................................................................................... 16 

2.2.5 Social norms ......................................................................................................................... 17 

2.3 Millennials characterization ........................................................................................................ 18 

2.3.1 Technology use .................................................................................................................... 19 

2.3.2 Travel patterns trends ........................................................................................................... 22 

2.3.3 Social media network ........................................................................................................... 31 

2.4 Summary ..................................................................................................................................... 33 

References ......................................................................................................................................... 34 

Chapter 3 Travel behavior adaptation of temporary international residents ............................... 43 

Abstract ............................................................................................................................................. 43 

3.1 Introduction ................................................................................................................................. 44 

3.2 Literature review ......................................................................................................................... 45 

3.2.1 Temporary migration and mobility biography ..................................................................... 47 

3.2.2 Mobility culture ................................................................................................................... 49 

3.2.3 Mobile millennials ............................................................................................................... 50 

3.3 Data and methods ........................................................................................................................ 52 



ix 
 

3.3.1 Method of data collection .................................................................................................... 52 

3.3.2 Procedure and participants ................................................................................................... 53 

3.3.3 City characterization ............................................................................................................ 55 

3.4 Findings....................................................................................................................................... 56 

3.4.1 Mobility biography .............................................................................................................. 56 

3.4.2 Mobility culture ................................................................................................................... 60 

3.4.3 Millennials: high-tech, low worry ........................................................................................ 64 

3.5 Conclusions ................................................................................................................................. 69 

Acknowledgments ............................................................................................................................. 72 

References ......................................................................................................................................... 73 

Chapter 4 Public transport use and satisfaction in the context of international temporary 
relocation ............................................................................................................................................. 81 

Abstract ............................................................................................................................................. 81 

4.1 Introduction ................................................................................................................................. 82 

4.2 Literature review ......................................................................................................................... 83 

4.3 Hypotheses .................................................................................................................................. 86 

4.4 Methods and data ........................................................................................................................ 87 

4.4.1 Survey design and data collection ........................................................................................ 87 

4.4.2 Bayesian structural equation model ..................................................................................... 88 

4.4.3 Sample characteristics .......................................................................................................... 90 

4.5 Results and discussion ................................................................................................................ 91 

4.5.1 Exploratory factor analysis .................................................................................................. 91 

4.5.2 Measurement model ............................................................................................................. 93 

4.5.3 Structural Equations Model ................................................................................................. 94 

4.7 Conclusions ................................................................................................................................. 98 

Acknowledgments ............................................................................................................................. 99 

References ......................................................................................................................................... 99 

Chapter 5 Residential location choice and its effects on travel satisfaction in the context of 
temporary international relocation ................................................................................................. 104 

Abstract ........................................................................................................................................... 104 

5.1 Introduction ............................................................................................................................... 105 

5.2 Literature Review ...................................................................................................................... 106 

5.2.1 Residential location and travel choices .............................................................................. 106 

5.2.2 Residential location satisfaction ......................................................................................... 107 

5.2.3 Travel satisfaction .............................................................................................................. 108 

5.3 Hypotheses ................................................................................................................................ 108 

5.4 Methods and data ...................................................................................................................... 110 

5.4.1 Survey design and data collection ...................................................................................... 110 



x 
 

5.4.2 Sample characteristics ........................................................................................................ 112 

5.4.3 Methodology ...................................................................................................................... 114 

5.5 Results ....................................................................................................................................... 116 

5.5.1 Exploratory factor analysis ................................................................................................ 116 

5.5.2 Measurement model ........................................................................................................... 116 

5.5.3 Model results ...................................................................................................................... 118 

5.6 Conclusions ............................................................................................................................... 122 

Acknowledgments ........................................................................................................................... 123 

References ....................................................................................................................................... 123 

Chapter 6 The role of accessibility to public transport on the residential location choice of 
temporary residents: The case of Porto and Copenhagen ............................................................ 129 

Abstract ........................................................................................................................................... 129 

6.1 Introduction ............................................................................................................................... 130 

6.2 Literature review ....................................................................................................................... 131 

6.2.1 Dwelling characteristics and affordability ......................................................................... 131 

6.2.2 Built environment characteristics ....................................................................................... 132 

6.2.3 Commute characteristics .................................................................................................... 133 

6.3 Material and methods ................................................................................................................ 133 

6.3.1 Survey design and data collection ...................................................................................... 133 

6.3.2 Mixed logit ......................................................................................................................... 137 

6.4 Results ....................................................................................................................................... 138 

6.4.1 Sample characteristics ........................................................................................................ 138 

6.4.2 Model ................................................................................................................................. 140 

6.5 Discussion ................................................................................................................................. 142 

6.6 Conclusions ............................................................................................................................... 144 

Acknowledgments ........................................................................................................................... 145 

References ....................................................................................................................................... 145 

Chapter 7 Conclusions ...................................................................................................................... 150 

7.1 Revisiting the research questions .............................................................................................. 150 

7.2 Main contributions .................................................................................................................... 152 

7.3 Research limitations .................................................................................................................. 153 

7.4 Future research .......................................................................................................................... 154 

7.4.1 Causality ............................................................................................................................ 155 

Appendix A - Public transport use and satisfaction ...................................................................... 167 

Appendix B - Residential location choice and travel satisfaction ................................................. 178 

Appendix C - Accessibility to public transport and residential location choice .......................... 187 



xi 
 

List of tables 
Table 2.1 - Categories used to filter the results from the database ......................................................................... 9 

Table 2.2 – Summary of recent literature on Millennials in transport .................................................................. 25 

Table 3.1 - Summary table of interviewees’ characteristics ................................................................................. 53 

Table 3.2 - Characteristics of Lisbon and Porto ................................................................................................... 55 

Table 4.1 - Sample characteristics ........................................................................................................................ 90 

Table 4.2 - Exploratory factor analysis results ..................................................................................................... 92 

Table 4.3 - Confirmatory factor analysis results ................................................................................................... 93 

Table 4.4 - Estimates of SEM relating respondents’ characteristics and latent constructs ................................... 94 

Table 4.5 - Estimates of structural equations relating latent constructs to PT frequency of use and satisfaction . 95 

Table 4.6 - Spearman’s correlation between habit construct and use frequency of modes in the city of origin ... 96 

Table 5.1 - Sample characteristics ...................................................................................................................... 112 

Table 5.2 - Exploratory and confirmatory factor analysis results ....................................................................... 117 

Table 5.3 - Estimates of SEM relating respondents’ characteristics and latent constructs ................................. 118 

Table 5.4 - Estimates of structural equations relating latent constructs .............................................................. 119 

Table 6.1 - Attributes and levels of the stated preference experiment ................................................................ 134 

Table 6.2 - Characteristics of the samples .......................................................................................................... 138 

Table 6.3 - Current residential features of the respondents ................................................................................ 138 

Table 6.4 - Estimation result of residential location choice model ..................................................................... 140 

Table 6.5 - Willingness to pay for monthly rent ................................................................................................. 142 

Table 7.1 - Factors and correspondent indicators ............................................................................................... 158 



xii 
 

List of figures 
Figure 2.1 - Mobile internet usage by age and by continent (hours/day).............................................................. 21 

Figure 3.1 - Travel behavior literature that relates to international temporary migration adaptation ................... 46 

Figure 4.1 - Most frequent mode used in the city of origin and in the host city ................................................... 91 

Figure 4.2 - Model structure relating PT frequency of use and satisfaction with PT to the latent constructs ....... 96 

Figure 5.1 - Theoretical framework with hypothetical relationships to be tested ............................................... 110 

Figure 5.2 - Number of accommodations that respondents have access to in a 400 m radius from their residential 
location ............................................................................................................................................................... 114 

Figure 5.3 - Number of places of commerce that respondents have access to in a 400 m radius from their residential 
location ............................................................................................................................................................... 114 

Figure 5.4 - Number of services that respondents have access to in a 400 m radius from their residential location
 ............................................................................................................................................................................ 114 

Figure 5.5 - Number of places of leisure that respondents have access to in a 400 m radius from their residential 
location ............................................................................................................................................................... 114 

Figure 5.6 - Model structure relating PT frequency of use and satisfaction with PT to the latent constructs ..... 120 

Figure 5.7 - Residential location of respondents ................................................................................................ 121 

Figure 6.1 - Example of a choice task presented ................................................................................................ 136 

Figure 6.2 - Map of the transportation system in Porto (grey area) .................................................................... 140 

Figure 6.3 - Map of the transportation system in Copenhagen ........................................................................... 140 

Figure 7.1 - BSEM structure discussed in chapter 5, relating PT frequency of use and satisfaction with PT to the 
latent constructs .................................................................................................................................................. 158 

Figure 7.2 - Output FOFC for the original dataset .............................................................................................. 161 

Figure 7.3 - Selected FOFC output - randomly reordered input dataset (1) ....................................................... 162 

Figure 7.4 - Selected FOFC output - randomly reordered input dataset (2) ....................................................... 162 

Figure 7.5 - Selected FOFC output - randomly reordered input dataset (3) ....................................................... 162 

Figure 7.6 - Selected FOFC output - randomly reordered input dataset (4) ....................................................... 162 

Figure 7.7 - Output of MIMBuild algorithm ...................................................................................................... 163 

 



1 
 

Chapter 1                  
Introduction 
 
1.1 Research context and motivation 

Migration is not a recent phenomenon in human history. It has been occurring since the 

most ancient times, when humans migrated for several purposes, including survival. 

Nevertheless, the way it occurs has changed, as there is a current increase in the trend of a 

search for opportunities and experiences that have become a global pattern. This phenomenon 

results from improvements in transportation options that allowed people to move faster 

between places, and from the globalization that made opportunities for moving around much 

easier. Moreover, Information and Communications Technologies (ICT) seem not to be 

replacing the need for traveling or commuting as expected, but being more of a complement 

rather than a substitute of interactions (Ding & Lu, 2017; Zhou & Wang, 2014; Delbosc & 

Currie, 2015), and generating new opportunities for traveling as contacts between people 

increase. 

This has been leading to the rise of a group of temporary residents composed of people 

who move to another country, not aiming to establish themselves, but for temporary stays. The 

interaction between these temporary residents and their host city has generated new issues and 

needs as this group presents particularities that make them unique, even by the fact that they 

often combine characteristics shared with other groups. 

With the relocation, the need for making two interrelated decisions arises: where to live 

and how to move around. Especially the choice of the residential location needs to be done in 

the very early stages (sometimes even before arriving at the host city) and can impact the entire 

experience. 

However, as newcomers, temporary residents have a lack of information on the city’s 

systems and spatial organization that can create significant initial barriers for moving around 

and choosing their residential location. Additionally, as international movers, they experience 

changes related to the entire transportation system and mobility culture. 

As for the short-term perspective, this makes temporary residents less likely to own a 

vehicle (e.g., a car, a motorcycle, or a bike) or a residence, and more likely to use the shared 
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mobility resources the city offers (e.g., public transport – PT) and rent a place of residence. 

Moreover, the lack of vehicle ownership and the lack of information on the spatial 

characteristics of the city potentially change the individual´s decision-making processes, due 

to the changes in the set for transport mode choice, and to the intrinsic bounded rationality 

concerning residential location choice. For both choices, the impact in the life of the individual 

will only be temporary. 

Though, as an advantage to both travel and residential choices, they have prior 

knowledge on the workplace location, which facilitates the choice of a residential place and 

the use of active modes (e.g., bicycle or walking) for commuting according to their travel 

preferences. 

All these factors generate new issues, and adaptational needs, that are a constant for the 

host city since the population of temporary residents is renewed constantly (Collins, 2012b). 

However, the literature is scarce both on the consequences of the interaction of temporary 

residents with cities and on the adaptation of the travel behavior of temporary residents. 

In this context, and taking into account the state of the art, to the best of our knowledge, 

there is no study that examines urban mobility behavior and residential location choice of 

temporary residents in the context of international relocation. Currently, there is some research 

on the travel behavior of temporary residents, rather focusing on social, economic, and legal 

issues, but not approaching aspects related to transportation for daily activities in the new place. 

Moreover, these studies do not take into account the temporary perspectives generated when 

the movers face the experience as temporary and not as a long-term situation.  

It is worth clarifying that, in this research, international students were chosen as a proxy 

for temporary residents because they share some important factors associated with the focus of 

this work. Despite having some specificities (such as budget constraints) that can make this 

group different from other temporary residents, considering international students for data 

collection allows a generalization of the problems faced in residential location choice and the 

use of public transport and active modes, for other groups of temporary residents. 

Thus, this thesis is expected to contribute: (i) to the literature on travel behavior and 

residential choice, as it analyses the special context of temporary residents, that involves a 

dependency on available mobility resources, knowledge on the workplace (or study) location 

before the choice, and little to no knowledge on neighborhood features; (ii) to city planning, as 
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the results can help city planners to better prepare for continuous and growing demands for 

additional housing and transportation, generated by this population. 

 

1.2 Research objectives, questions and hypotheses 
 

1.2.1 Objectives 

This thesis aims to partially fill the literature gap on the intra-urban travel behavior 

adaptation and residential location choice of temporary residents in the context of an 

international relocation. It is expected to provide empirical evidence of travel behavior 

adaptation and its relationships with the residential location choice. According to this general 

goal, the following specific objectives have been defined: 

 to identify the relevant factors that influence the travel behavior and residential choices 

of international temporary residents; 

 to analyze the effects of former travel behavior, travel habits and travel preferences on 

travel choices in the host city; 

 to study the impacts that the perception of the easiness to use public transportation (PT) 

has on the frequency of use and the satisfaction with PT; 

 to verify whether the evaluation of the technology as a tool to help in mobility affects 

the perception of the easiness to use the PT system; 

 to verify whether residential self-selection occurs in the context of the relocation of 

international temporary residents since they have little to no knowledge of 

neighborhood features; 

 to verify the influence of the residential location on travel behavior and residential 

satisfaction; 

 to examine the existence of a relationship between residential location satisfaction and 

travel satisfaction; 

 to measure the impact of accessibility to transport and amenities on the residential 

location choice in the host city. 
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1.2.2 Research questions and hypotheses 

In line with the above objectives, and based on a comprehensive literature review, the 

following research questions (RQ) and hypotheses (H) have been formulated. 

 

RQ1: Which features, related to the host city and individuals’ personal characteristics 

and experiences, have a significant influence on the individual’s travel behavior, in the context 

of international temporary relocation? 

H1: It is hypothesized that the frequency of use of transport modes in the host city is 

influenced by personal preferences, by the perceived easiness in using the different modes and 

by the built environment characteristics (contrasting with the previous place). In this sense, not 

only the personal experiences and previous knowledge of transportation modes but also the 

way the transportation system is structured, the difficulties and easiness in its use, the city 

morphology and its transport priorities, will be highlighted in the choices of this group. 

 

RQ2: Is the concept of self-selection observed in other relocation contexts applicable, 

and to what extent, in the context of temporary relocation?  

H2: It is hypothesized that the temporary residents will self-select themselves with 

respect to the desired amenities and travel preferences. Moreover, it is hypothesized that the 

prior knowledge on the place of study/work will affect their residential location choice since 

the distance between home and university in the host city will define whether they can commute 

by active modes or not. 

 

RQ3: Which factors influence the satisfaction of temporary residents regarding 

residential location, travel, and public transport use? 

H3: It is hypothesized that the satisfaction with the residential location is higher when 

the indicators of accessibility to transport and amenities close to the residence are higher. As 

for travel satisfaction, it is hypothesized that the use of active modes leads to higher levels of 

travel satisfaction, as opposed to the use of public transport that leads to lower levels of travel 

satisfaction. Moreover, the commuting distance will be negatively associated to travel 

satisfaction, since the most frequent trips will potentially involve high travel times. 

Additionally, it is hypothesized that residential satisfaction affects travel satisfaction, as 

residential dissonance is likely to be highly impacted by unmet travel preferences. Regarding 

the satisfaction with the public transport, it is hypothesized that the accessibility to public 
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transport at the residential location, the perceived level of easiness in using a city’s public 

transport, and the frequency of public transport use, all positively affect the satisfaction with 

public transport. 

 

1.3 Research design and methods 
In order to achieve the objectives proposed for this study, an initial exploratory phase 

was identified as necessary to lay the groundwork for the development of the research. This 

preliminary phase was established with the aim of creating an overview of the problem and 

assess its relationship with other subjects. 

This phase of the research encompassed an exploratory literature review (Chapter 2), 

followed by qualitative information gathering through tailored made interviews (Chapter 3), 

designed for better understanding the factors that could have some influence on travel behavior 

and residential location choice of temporary residents. International students and researchers 

were chosen to be used as a proxy because they share the relevant aspects that are of interest 

for this study: age range; international relocation for developing highly skilled activities; the 

presence of diverse influences from the place of origin (e.g., language, habits); and inevitably 

the need to adapt themselves to a new context in the host city. Moreover, the fact that data 

collection is much easier when compared to other possibilities of surveying strata was also a 

positive factor considered. 

 

After the exploratory stage, more convergent research started to be developed through a 

quantitative analysis. The data needed, with the methods and approaches to be used, were 

defined in this phase, according to the specific characteristics of the problem. 

The data collection encompassed the design and gathering of data, in three different 

periods: i) May/June of 2018; ii) July/August of 2019; iii) November/December of 2019. The 

data were collected through three different tailor-made questionnaires, focusing on different 

issues that were considered relevant for this thesis. Short pilot surveys were performed before 

the launch of the surveys, aiming to validate their questionnaires and to verify the need for 

adjustments before their application. 

Literature 
review

Qualitative 
analysis

Quantitative 
analysis
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The analysis of the collected data was made through the development of econometric 

models. Structural Equations Models (SEM) were chosen for the first and second quantitative 

analyses, as a way to combine unobserved (latent variables) and observed variables (factors’ 

indicators) and test the relationships between variables, thus allowing a clearer 

conceptualization of the theory under study (Byrne, 2013). A discrete choice model was chosen 

for the third quantitative analysis, as it allows assessing the impact that different locational 

attributes have on residential location choice. 

 

1.4 Thesis outline 
The above research questions and hypotheses were explored and answered throughout 

the development of the four articles that compose this thesis. Each chapter is the transcription 

of a paper and is self-contained, except chapter 2, that presents the exploratory literature review 

developed to lay down the ground for the definition and characterization of the problem and 

for the definition of the approach to be adopted in the empirical analysis. 

The remainder of this document is organized as follows: 

– Chapter 2 (Literature review) This chapter reviews and integrates the relevant 

literature, by characterizing the group under study and by focusing on aspects related to the 

adaptation of temporary residents to a new city, such as techno-philia, built environment 

influences, mobility biographies, habit break, information searching behavior, and learning. 

This is done with the purpose of discussing the potential influences/implications that these 

features have on the relocation of young international residents. 

– Chapter 3 (Travel behavior adaptation of temporary international residents) This 

chapter examines temporary residents’ intra-urban travel behavior adaptation in response to a 

transnational relocation as a key event in their mobility biography that exposes them to a new 

mobility culture. The study draws on semi-structured interviews to explore the occurrence of 

residential self-selection and the influence of socioeconomics characteristics, features of the 

past city/country, residential location choice, cumulative spatial experience, social context, and 

transport experience on the travel behavior adaptation of temporary residents. Additionally, 

reasons for changes in travel behavior, initial difficulties in moving around, information search, 

and technology use are also discussed. The findings are discussed in light of the available 

literature they relate to, and the impacts of the limitations are assessed. 
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– Chapter 4 (Public transport use and satisfaction in the context of international 

temporary relocation) This chapter addresses the factors influencing public transport (PT) 

frequency of use and satisfaction of temporary residents in the host city, as literature and initial 

findings support the idea that this group tends to rely on active modes and on the host city 

public mobility resources to move around. A SEM model is estimated to assess the influence 

of past travel behavior, past habits, residential location choice, perceived initial easiness in 

using PT, and perceptions regarding technology use as helpful for mobility purposes. Results, 

limitations, and opportunities for further research are presented. 

– Chapter 5 (Residential location choice and its effects on travel satisfaction in a 

context of short-term international relocation) This chapter focuses on the factors 

influencing residential and travel satisfaction of international temporary residents, highlighting 

the occurrence of residential self-selection and its impacts on residential and travel choices, 

and on the derived levels of satisfaction. A structural equation model is developed to evaluate 

the relationship between personal preferences, residential location choice, mode choice, and 

satisfaction levels. Final considerations about the possible extensions and limitations of the 

study are discussed. 

– Chapter 6 (The role of accessibility to transport and to relevant places on the 

residential location choice of temporary residents in Porto and in Copenhagen 

metropolitan areas) This chapter explores the residential location choice of temporary 

residents, and the importance of accessibility to transport and relevant places on this choice. A 

mixed logit model was estimated with data from a Stated Preferences (SP) experiment 

conducted in Porto (Portugal) and in the Copenhagen metropolitan area (Denmark). Results 

and opportunities for further research are discussed. 

– Chapter 7 (Conclusions) This chapter presents the final considerations of this thesis, 

where the research questions are revisited, the key contributions are highlighted, and 

limitations and opportunities for further research are discussed. 
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Chapter 2                      
Literature review 
 

2.1 Introduction 
The literature reviewed to support the development of this work comprises a set of 

previous studies and reports that are somehow related to the problem. Research on temporary 

residents and millennials will be presented to clarify the features that differentiate the group 

under analysis, from the perspective of urban mobility issues. 

It is important to clarify that due to the complexity and multidisciplinary character of this 

work, sources from diverse fields were consulted and compiled, aiming not only to look at the 

problem from different perspectives but also to identify particularities that could have some 

impact in the problem’s context. Thus, sources and fields that, at first glance, seem to have no 

connection are investigated here and discussed to shed light on their importance for the purpose 

of the thesis. They will provide the foundation for the analysis and modeling of the problem. 

A systematic literature review was developed to identify the literature specifically related 

to temporary residents. The following combinations (representing the potential variations of 

terms related to the present study) were searched in the Web Of Science and Scopus databases: 

newcomers AND resident AND (transport* OR mobility); short-term AND resident AND 

(transport* OR mobility); transnational AND resident AND (transport* OR mobility); 

temporary AND resident AND (transport* OR mobility); abroad AND resident AND 

(transport* OR mobility); foreign AND resident AND (transport* OR mobility); Exchange 

student* AND resident AND (transport* OR mobility); International student* AND resident 

AND (transport* OR mobility). Because this is a multidisciplinary study, the results were 

filtered according to the categories presented in Table 2.1.  

In total, 262 different papers written in English, disregarding the year of publication, 

were retrieved and compiled together with their abstracts to allow for filtering. From those 

papers, 61 were judged relevant for review and were downloaded and examined. The criteria 

for exclusion were: being unrelated to the transportation problem under study or not 

approaching the group that is the focus of this research (temporary resident or young). 
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Table 2.1 - Categories used to filter the results from the database 

Web of science Scopus 
Urban studies Psychology multidisciplinary Social sciences 
Geography Psychology applied Environmental science 

Environmental sciences 
Social sciences 
interdisciplinary 

Agricultural and 
biological sciences 

Environmental studies Transportation Engineering 

Area studies 
Transportation science 
technology Neuroscience 

Demography Anthropology Psychology 
Engineering multidisciplinary Behavioral sciences Computer science 
Engineering civil Ethnic studies Decision Sciences 

Multidisciplinary sciences 
Computer science artificial 
intelligence 

Multidisciplinary 
Psychology 

Computer science 
interdisciplinary applications 

Psychology clinical Sociology 

Complementary literature on relevant topics, such as important concepts that distinguish 

the subject of this study and are relevant for corroborating what will be discussed in the thesis, 

was also searched, such as millennials, technology use, built environment influences, mobility 

biographies, social norms, and habit break. 

 

2.2 Temporary residents’ characterization 
One could claim that the temporary residents are similar to tourists, which are another 

group characterized by a brief stay in unfamiliar places and can have analogous needs regarding 

local information on urban transport use and city spatiality. However, tourists usually search 

places and activities related to leisure or culture, while temporary residents are more concerned 

with places for mandatory/daily activities, making their places of interest, in this sense, more 

similar to the ones of local residents. 

Additionally, temporary residents can also be compared to newcomers or long-term 

immigrants in the earlier phases of their stay, but considering urban mobility and transportation 

choices, it is reasonable to argue that the former has a different willingness to make certain 

investments (e.g., buy a car) than long-term immigrants who would want to consolidate their 

lives in the new place. 

Moreover, common seasonal migrants are also different from the studied group. One can 

argue that they are part of it, as they only stay in a place for a short period (to perform labor or 

services on a seasonal basis). However, they are a group essentially associated with agricultural 
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cycles and have, in general, socioeconomic and educational levels different from the temporary 

residents (normally highly-educated) that move for study or for partaking in high skill 

activities. In the case of moving for study, it should also be highlighted that this group chooses 

to move rather than having an obligation to do so. Circular migration is also a different 

phenomenon, where it is assumed that the individual is in a continuous movement between two 

countries (the origin and host countries). Diversely, in the case of temporary residence, the 

temporary stay is a factor that affects the decisions and relations between the individuals and 

the city (dimension focused). 

Thus, temporary residents compose an emergent group that has some characteristics 

similar to long-term immigrants in the earlier phases of their stay, newcomers, tourists, local 

residents, and seasonal migrants. However, the group under analysis is different by the purpose 

of migration, which is associated with the nature of activities to be developed in the place of 

destination (study or highly specialized work), age-range, and short-term perspective, with 

specific features or attributes that are different from other groups. As the international students 

and researchers are selected as a proxy for temporary residents, the literature on international 

students’ urban mobility is also presented in this review. 

The literature on international temporary residents is scarce and, in general, focused on 

profiling the migrants and census issues (Crisci and Di Tanna, 2016), attachment, belonging or 

anchoring (Andreotti, Le Galès, & Moreno Fuentes, 2013; Cicognani, Menezes, & Nata, 2011; 

Ryan, 2017), social (Balbo & Marconi, 2006; Clarke, 2005; Fan, 2002; Withaeckx, Schrooten, 

& Geldof, 2015) and legal issues (Berg, 2015; Oliver, 2011) associated with this type of 

movement. These different perspectives evidence the multidisciplinarity involved in the 

phenomenon of relocation and the diversity of issues related to it. Concerning the spatiality 

addressed, in most cases, the dimension considered was not the urban, but rather the 

international (country), not emphasizing the specificities of the urban and intra-urban contexts 

where people come from and arrive at. 

In what concerns mobility, there is only some research in the works of Collins (2012a), 

Frändberg (2014), Collins (2012b), Glover (2011), and Burbidge (2012). The influence of 

transnationalism in the visited places in the host city was the emphasis of the work of Collins 

(2012a), i.e., the influence of the country of origin in the choice of urban destinations. He found 

that Korean students that moved to Australia used to go to places that had Korean food and 

good internet facilities, evidencing their search for familiarity. Frändberg (2014) explores the 

existence of relations between temporary stays abroad and other mobility events during the life 
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cycle of students, through a retrospect survey with 329 Swedish respondents. She found that 

two derived kinds of mobility events arose: the occurrence of travels during their stay abroad 

(to their country of origin) and regular travel to the place of temporary stay after the end of 

their stay due to the social network created. Although both studies approach temporary 

resident’s mobility considering different scales, they focus on some attachment or familiarity 

of places that make people choose specific destinations. Despite the consideration of urban 

mobility in Collins’ work, he only discusses the motives that underlie the destination choice, 

disregarding the mode used or any other travel-related aspect involved. 

Focusing on urban scale issues, another work of Collins (2012b) highlighted the need for 

studying the implications for the built environment generated by international temporary 

mobility. This is so because, on the one hand, temporary relocations mean short-term stays in 

cities, while, on the other hand, it represents a continuous renovation of temporary populations 

within a city, potentially generating long-term impacts. 

The work developed by Glover (2011) focused on the transnational mobility of 

international students by comparing their travel behavior (as tourists in their host country) and 

the behavior of the local residents of the host country (for tourism purpose trips). Despite 

comparing the trips for tourism purposes, this study presents an interesting finding, but not 

totally surprising. International students, independently of the duration of their stay, rely less 

on cars and more on planes, trains, or coaches for tourism purposes than the local students 

(Glover, 2011). This suggests a low likelihood of car ownership among the temporary residents 

and, consequently, a lack of adaptation to the local’s travel behavior. 

Thus, to the best of our knowledge, the only study focusing on urban travel behavior of 

temporary residents was done by Burbidge (2012). It aimed to assess the effects of the 

international experience on the urban travel behavior of American exchange students, after 

their stay abroad. However, the focus was on behavioral changes generated as a sub-product 

of the relocation. It did not comment on aspects related to subjective factors influencing travel 

behavior during the stay abroad, nor on the short-term perspective inherent to this problem. 

Due to the lack of more studies addressing the mobility behavior of the group in analysis, 

research related to other groups that have similarities with temporary residents, or dealing with 

the impact of context change in mobility behavior, were investigated, analyzed and included 

in our review, according to their potential relevance. 
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Some specific characteristics make the group of temporary residents distinctive, such as 

diverse past experiences, absence of information at the beginning of their stay abroad, built 

environment change, habit break, and new social norms. Due to their importance, these 

distinguishing factors will be presented in the following sections. 

 

2.2.1 Information 

In the situation of relocating to another country, perhaps the first issue for moving around 

that one could think about is related to the absence of information. Kinsella & Caulfield (2011) 

highlight the importance of information for newcomers, especially because their needs are not 

the same as the needs of native users. In their study about quality and ease-of-use of public 

transport (PT) in Dublin, they found that lack of information discourages newcomers from 

using PT. 

This lack of general information is usually larger in the case of long-distance movers, 

which, according to Klinger (2017), experience changes related to the entire transportation 

system and mobility features at the new place, differently from the short-distance movers that 

are impacted essentially by neighborhood-related attributes. Klinger & Lanzendorf (2016) 

argue that only a few studies have analyzed the impact of long-distance moving in daily travel 

behavior. 

In line with these studies, Dziekan (2008) argues that when defining the standards of the 

PT system to facilitate its use by people who are unfamiliar with the spatial and transportation 

system of a city (newcomers), PT will be easy to use for any other user. Thus, it is reasonable 

to expect that information availability and quality have great importance in PT use, especially 

considering the initial phase of adaptation to the new place. 

Buhr (2017) discusses how activities and spatial experience in the new place are affected 

not only by the lack of knowledge on how to move around but also by the lack of information 

on where goods or services can be found. According to him, this lack of information ends up 

defining to some extent what people can participate in/do or are kept from participating/doing 

in a city, generating mobility “restrictions” that impact the spatiotemporal behavior of 

individuals. 

For Wardman, Hine, & Stradling (2001), unexpected or unwanted physical, cognitive (or 

mental) or emotional stress efforts make a trip inconvenient. Thus, the provision of clear and 
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reliable information has the potential to decrease all these efforts by making the process of 

searching and interpreting information easier. 

Lyons & Harman (2002) argue that good provision of information contributes to the 

convenience of a journey from the start to the end. They state that it can reduce the cognitive 

effort involved in getting oriented, and in the case of PT, it means making it a viable option 

and offering an experience closer to car use. About the different levels of cognitive effort to 

use PT modes, Dziekan (2008) found that newcomers perceive the bus system as much more 

difficult to understand than the metro system and because of that, they have more confidence 

in using the metro for reaching their destinations at the beginning of their stays. 

The provision of information related to PT use seems to be more complex than the 

delivery of information for active modes use, due to the extra dimensions that go beyond 

facilitating use, once the individual is inside the system (such as ticket options, pricing method, 

check-in points). However, information on how to move around by walking or cycling (notably 

about the existence of sidewalks or cycle lanes and possible streets for the journey) is also 

important for newcomers as it allows for considering these options in the choice of modes. 

Besides, more than the information per se about options and how to use the systems, the 

way the information is framed, can persuade the change in beliefs, intentions, and perceptions 

of behavioral control of an individual, contributing to the emergence of some behavior 

(Bamberg, Ajzen, & Schmidt, 2003). 

 

2.2.2 Built environment exposure 

An important concept that is related to the context change experienced by this group is 

the change in the built environment people are exposed to. Ewing & Cervero (2001) stated that 

the built environment encompasses all the systems existing in a place and its relations, being 

different from one city to the other or even in an intra-city scale (different neighborhoods). It 

includes aspects such as accessibility of services, perceived security, land use patterns, 

transportation network, and urban design features (Ewing and Cervero, 2001). 

As for the influence of land use structure, different levels of accessibility to services and 

interesting places can contribute positively or negatively to the perception of the mobility 

opportunities of the new place. Regarding the relevant factors associated with the built 

environment in this context, the literature highlights density, diversity, design (Cervero and 

Kockelman, 1997), and accessibility (Ewing and Cervero, 2001). 
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All these factors will have different impacts according to where people settle after they 

move. Scheiner (2006) points out that there is no consensus related to whether people choose 

their residential place based on their transportation preferences (self-selection) or the place is 

responsible for defining their travel behavior. It is reasonable to say that the lack of consensus 

occurs due to the heterogeneity among individuals and to the value they give to the variables 

involved in the residential choice, meaning that what is an important aspect for one could be 

irrelevant for others.  

Despite the lack of agreement, in one way or another, the built environment in which a 

person is inserted seems to have a significant impact on her/his mobility behavior, and 

according to Næss (2014), accounting for self-selection, while examining the causal 

relationship between residential location and travel behavior, does not change the nature of its 

influence, that exists independently of the incidence of self-selection. 

The literature confirms this relationship, as in a study analyzing the travel behavior in 

Montreal, a significant reduction on the distance traveled by car and an increase in the total 

length of travels by PT of those who were living or working in a central and high-density area 

was observed (De Abreu e Silva et al., 2012). Another research comparing Lisbon and Seattle, 

found similar effects of land use on travel behavior, adding to the picture that people who live 

or work in central, higher-density, and mixed areas potentially perform more trips by active 

modes and are more prone to have a transit pass (De Abreu e Silva and Goulias, 2009). 

Addressing the topic of mobility behavior of people who have relocated internationally and 

faced different urban and transportation contexts, Milakis, Efthymiou, & Antoniou (2017) 

found that in places where the transport infrastructures were not sufficiently developed, the 

lack of safe conditions to adopt active modes influenced negatively and significantly the use 

of those modes. 

Thus, differences in transport supply, infrastructure, mode options and accessibility 

between the past and current environments can have an important impact on people’s 

perception of the local transportation system, and contribute to the change of attitude related 

to mobility aspects. Wee (2009) claims that when people move to a place that has better PT 

facilities, they potentially develop pro PT attitudes. However, it is worth mentioning that the 

effects of the new built environment in attitudes should potentially occur only after an 

individual has been living in the new place for a prolonged time.  
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In addition to these aspects, Klinger & Lanzendorf (2016) argue that several studies 

proved that it is necessary to take into account not only the urban form and transportation 

characteristics (objective) to understand travel behavior, but also the attitude-related 

(subjective) factors, that are interrelated and condition each other. 

 

2.2.3 Habit break 

About subjective factors, there is an extensive literature on habit break that argues that 

when a key event happens, an intensification of cognitive processes related to decision making 

occurs. This view is supported by the literature on the so-called life-oriented approach that was 

translated to transportation studies as mobility biographies. The former was originated in social 

sciences and advocates that life choices are interrelated/interdependent, key events of life being 

important components in this process, such as starting a job, having a child, and changing 

residence. The latter consists of categorizing an individual’s mobility in the context of 

individual life courses, paying attention to the events that make a significant change in an 

individual’s life (Scheiner, 2017; Müggenburg, Busch-Geertsema, & Lanzendorf, 2015). 

While analyzing the UK dataset, Thomas, Poortinga, & Sautkina (2016) found that when 

a key event occurs (e.g., moving into a new home), people have their habits weakened and 

become more prone to revaluating the decision that they have made. It is reasonable to argue 

that key events generate travel pattern disruptions, which is one important feature that 

differentiates temporary residents from local residents, i.e., the absence of established travel 

patterns in the new environment (Bamberg, 2006). 

Beyond the fact that they do not have established habits in the new place, another aspect 

that contributes to making this group more prone to being induced to adopt/explore more 

environmentally friendly options of transport is their lack of a private vehicle as a transport 

option. Dziekan (2008) claims that temporary residents (including business travelers and 

tourists) generally arrive in a city without owning a vehicle, and according to Banister (1978), 

having no vehicle means having no commitment to its use. Therefore, Dziekan (2008) argues 

that it is easier to win a newcomer as a PT (or active modes) user than provoke habit break in 

the local residents. 

According to Müggenburg, Busch-Geertsema, & Lanzendorf (2015), biographical cuts 

are of specific interest due to the ‘window of opportunity’ for behavioral mobility changes that 

they generate through the weakening of habits. However, Bamberg (2006) found weak support 
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to the idea that habit breaking per se can lead to modal shift, because car use habit had no 

strong negative effect on PT use. 

About the possibility of change in behavior after relocation, Burbidge (2012), found that 

people from the United States who lived abroad, changed their travel behavior during their 

time in a foreign country, being more likely to use PT, walking, and biking, according to the 

location of their place of temporary residence. She argues that this finding suggests that 

promoting an environment to encourage the use of PT and active modes, and/or some cultural 

indications, can lead to behavioral shifts even for traditionally car-dependent people (Burbidge, 

2012). Similarly, Bamberg (2006) found evidence that by combining incentives with change-

facilitating mechanisms triggered by moving to a new place, it is possible to induce some modal 

shift (from habitual car use to more PT use). Some behavioral changes can be observed due to 

the occurrence of habit break or the arousal of a new motivation in the environment (Bamberg, 

2006). 

Thus, it seems that when the individual faces a new environment context, a “sensible 

stage/phase” is created and appropriate and convincing information received in the initial 

stages of presence in this new environment is often considered for behavioral decisions 

(Bamberg, Rölle, & Weber, 2003).  

Furthermore, Verplanken et al. (2008) shed light on another aspect that is highlighted by 

relocation: the activation of personal values. According to these authors, personal values on 

their own hardly cause actual changes in people’s behavior, but only when they are 

“cognitively activated.” Thus, as moving from one residence to another causes habit 

discontinuity and self-consciousness activation, people become more prone to making choices 

“closer” or in more accordance with their values (Verplanken et al., 2008). If they had 

dissonance between values and behavior in the past place, the moment of relocation configures 

a good opportunity for behavioral change. 

 

2.2.4 Past experiences 

In what concerns the contribution of past experiences to current behavior, two ways of 

influencing are to be observed. One refers to attitude formation regarding transportation in the 

new place, since past experiences should influence current attitude; and another refers to the 

fact that the amount of cognitive effort required to have some travel behavior is related to the 

extent that the individual had that behavior before. 
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In a conceptual study about strategies of travel behavior adaptation in the context of 

congestion problems, Cao & Mokhtarian (2005a) argued that when an individual faces 

dissatisfaction, the first tentative is trying to analyze lower-impact strategies, and only if he/she 

does not meet her/his needs, then to move towards the examination of higher-impact 

alternatives. Moreover, the past adoption of a strategy (effect of previous experience) and the 

individual’s travel attitudes seem to highly affect their adaptation. 

When non-familiar behavioral responses are needed, in a way consistent with Ouellette 

& Wood (1998), the decision-making process is likely to be influenced by past behavior. In 

line with this, van Acker, van Wee, & Witlox (2010) claim that experiences generate learning 

that affects perceptions, attitudes, preferences, and habits, making them dynamic (variable in 

time). Moreover, Bamberg, Ajzen, et al. (2003) defend that, in the context of travel behavior, 

only if the conditions remain relatively stable, can the past travel choice per se add to the 

prediction of subsequent behavior. 

Another aspect that is affected by past experiences is related to the cognitive effort in 

using a new system that is associated with or without the existence of previous experiences of 

using it. Dziekan (2008) found that individuals who had already understood/mastered how to 

use PT in a previous city could more easily learn to navigate in the new city than those who 

did not (this is valid only in case of both, the past and current cities having similar 

transportation systems). About the effect of past experiences on travel behavior and spatial 

exploration, Stern & Portugali (1999) argue that experiences are strongly related to familiarity. 

According to them, familiarity is associated not only with the knowledge of a specific area but 

also with the general experience of urban and systems structures (Stern and Portugali, 1999). 

In the case of PT, Dziekan (2008) claims that learning is facilitated by previous 

experiences of using it since there are structural similarities. Moreover, she affirms that 

exposure also matters, meaning that even people who were not users in the past city have some 

knowledge of the main characteristics of the modes (Dziekan, 2008). 

 

2.2.5 Social norms 

Another factor that can influence possible changes during relocations to another place is 

the impact of social norms in one’s life. Social norms refer to the individual’s belief on how 

he/she should act in a specific situation, according to what the individual believes that people 

are expecting for her/him to do (Ajzen and Fishbein, 1969). 
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Burbidge (2012) argues that local social norms are more relevant to influence behavior 

in a new environment than past experience or previous habits in a different place. However, in 

a study about intention and use of PT before and after moving to a new city (assessments made 

before the move and about 12 weeks after moving), Bamberg (2006) observed that before the 

move, social norms had a significant effect on people’s intention of using PT. However, after 

they had moved, social norms became insignificant, and the influence of personal attitudes 

related to PT became a stronger factor influencing the intention of PT use.  

Moreover, Glover (2011) compared the tourist behavior of international and local 

students and found that independently of the duration of their stay, international students rely 

less on private modes and more on PT alternatives to move for tourism purposes than the local 

students (Glover, 2011), thus indicating a low likelihood in car ownership and also a weak 

local social influence. 

For Bamberg (2006), these findings mean that the individuals start taking more into 

account their own opinions and seem to be less influenced by others in the new environment. 

This could be a reflection of the transition phase where people neither have the old social 

network with their social norms nor a new one. According to Balbo & Marconi (2006), the 

networks in the country of origin can remain strong due to Information and Communications 

Technologies (ICT), and people can feel as if they belong simultaneously to both places. 

As for the opposite effect, Klinger & Lanzendorf (2016) shed light on the possibility of 

the socialization of newcomers having an effect in the “contrary direction,” as new people have 

the potential to impact people from the new environment with their socio-cultural contexts as 

they interact with one another. However, these effects are most likely to be restricted to the 

most direct interactions and are not perceptible at large. 

As mentioned earlier, the age range also defines and impacts our group of interest’s 

mobility behavior. Thus, in order to consider these effects, the literature on mobility related to 

the cohort of millennials (current young adults) will be discussed in the following section. 

 
2.3 Millennials characterization 

Each age-people group is usually referred to as a generation, and the current young adults 

are often called “millennials.” By considering the generation to which current young adults 

belong, we can account for the common social, technological, and cultural global trends that 

potentially outline their vision/life on a global scale.  
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 Possibly due to the lack of knowledge to define the boundaries between recent 

generations, there is no consensus regarding the birth years that define millennials, which leads 

to diverse definitions for millennials in the literature. For the purpose of this study and due to 

the lack of an official European definition for this group, it was chosen to define millennials as 

those born between 1982 and 2000, the delimitation adopted for the US Census Bureau (2015). 

Regarding residential choice and travel behavior of millennials, it can be observed that 

nowadays they tend to be more urban, multimodal, sharing, on-demand, digital, and less likely 

to own a car than the previous generations (Delbosc & Nakanishi, 2017; Astroza et al., 2017; 

Klein & Smart, 2017; Hopkins, 2016ª; Polzin, Chu, & Godfrey, 2014; Kuhnimhof, Buehler, 

Wirtz, & Kalinowska, 2012). It is reasonable to say that some events and developments had a 

huge impact on shaping this cohort, such as access to ubiquitous internet, mobile technologies 

availability, information scalability, the transition towards a mixed/shared economy and the 

international economic crisis of 2008 (that occurred at the moment when many of them were 

entering the labor market). These different attributes help explain their behavioral differences 

compared to earlier generations. Thus, this group is of high interest, presenting a relatively new 

and far from a completely explored set of complex preferences, attitudes, easy-of-use and 

social norms, in particular in what concerns mobility. 

 

2.3.1 Technology use 

Julsrud & Priya Uteng (2015) argue that analyzing the mobility of millennials needs to 

take into account technology needs (in particular, for ICT) since these individuals cannot 

dissociate themselves from technology in their daily lives. In their study, they found 

suggestions that mobility choices and preferences should change due to technological 

advances.  

A remarkable characteristic of the millennials’ cohort is that the internet and mobile 

technologies were present in the early life stages of this generation, thus making it immersed 

in a digital world. Prensky (2001) argues that people who were born in the digital world can be 

called “digital natives” and are different in dealing with technology, from people who had to 

adapt to the changes (“digital immigrants”) that technology imposed on the world.  

Despite “digital natives” being those born after 1980, Palfrey & Gasser (2008) clarify 

that some factors (notably the heterogeneity in technology access worldwide) made this term 

not suitable for being defined only by an age cohort (generations), but rather by a population 

that shares some common traits due to its exposure to technology in early life stages. In this 
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sense, it is worth mentioning that the relationship between millennials and technology that we 

suggest here refers to the group who had the privilege of being in contact with the digital 

environment in early life stages. The learning process for those who did not know or were not 

that much exposed to the analogic world is argued as being more intuitive and natural than of 

previous generations that would need to go through the active process of learning something 

new (Shipp, 2010). Possibly because of that, millennials seem to see themselves as having 

characteristics that belong to the modern mobile technological world, i.e., incorporating the 

features present in the technologies that they use. According to Oksman & Rautiainen (2009), 

in Finland, children used to call mobile phones “kännykkä,” which means “an extension of the 

hand.” The authors claim that early contact with technology made this generation more willing 

to accept and use any new technology because they have employed the mobile phone as part 

of their lives from a very young age. 

Looking at Figure 2.1, which presents the average number of hours per day (stated by 

people) that they devote to mobile internet usage, it can be seen that this theory is reasonable, 

since millennials spend more time online than any other age group, regardless of their location. 
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Figure 2.1 - Mobile internet usage by age and by continent (hours/day) 

Source: GlobalWebIndex (2015) 
 

It seems that the incorporation of technology in daily life is making profound changes to 

the individual’s perceptions and needs of modern life. Janelle (1973) presented the concept of 

human extensibility, representing the idea of easier interaction being enabled by technology 

and virtually projecting individuals as if they and their ideas were physically present, and 

therefore expanding opportunities for human interaction, but dissociated from the space. 

Being immersed in technology, growing up having access to a digital, mobile, wireless, 

real-time and on-demand world, is supposed to cause an impact in the attitudes towards travel, 

communication, and openness of millennials because these are attributes developed during 

early stages of life – childhood and youth (Axhausen, 2007). As for mobility, the possibilities 

of moving around have also changed, following the technological changes. 
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Beyond the traditional PT system, technology allowed the design and expansion of new 

mobility solutions (e.g., Uber, Cabify, Lyft, Blablacar), due to the interaction between transport 

and mobile technologies. Shared mobility systems (e.g., carpooling, car, and bike sharing) have 

been made available in several cities around the world, making possible the use of services that 

are shared and on-demand. The new transportation opportunities allow for smoother mobility, 

including the combination of the new transport solutions with the more “traditional” options, 

potentially increasing the accessibility of other places. 

Furthermore, technology allowed for easier access to information, which also led to 

improvements in the “traditional” mobility experience, diminishing the uncertainty and stress 

generated by cognitive efforts during travels (Grotenhuis et al., 2007), notably due to GPS 

integrated functions and ubiquitous internet access. The current possibility of planning a 

journey just before its start, and being able to observe and follow real-time spatial information, 

has the potential to enhance the perceived spatial orientation and perceived behavior control, 

notably in cases of spatial unfamiliarity. Dal Fiore, Mokhtarian, Salomon, & Singer (2014) 

argue that mobile technology added to the transportation system allows for travel optimization 

through high level information possibilities, providing freedom and flexibility, and making it 

possible to better take advantage of time and space resources. In this sense, public transport 

can become more attractive to newcomers, due to the attenuation of the cognitive effort 

involved in traveling. 

 

2.3.2 Travel patterns trends 

As for mobility patterns, higher flexibility in mode choice is observed in this generation, 

which is characterized by a multimodal travel behavior, as the current young adults appear to 

choose the best-suited mode according to travel characteristics – “customization of travel” 

(Delbosc and Nakanishi, 2017). The increase in multimodal travel behavior is pointed out by 

Kuhnimhof et al. (2012) as one of the reasons for the decrease in car travel (and car ownership) 

by young adults in Germany. 

In this sense, the hypothesis that we are living in a transition period that will lead us to a 

more ICT based activity pattern and accessibility seems to have some validity (Wee, 2015). 

Moreover, Wegener (2013) highlights that it is possible to identify an increase in heterogeneity 

not only in mobility and location patterns but also among urban lifestyles and social networks. 

It is worth mentioning that other factors are being signalized as contributing to this 

scenario. Some researchers attribute the difference in mobility and mode choice patterns, when 
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compared with the previous generations to budget restrictions, due to the world crisis of 2008 

and to the occupational status of young ( e.g., at the beginning of their career or still as students) 

and to delays in lifecycle milestones (Garikapati et al., 2016). 

Other authors argue that millennials have the potential of being more likely than the 

average to use ICT as a substitute for physical accessibility – e.g., online shopping, social media 

communication (Wee, Geurs, & Chorus, 2013; Ding & Lu, 2017), which should represent a 

decrease in travels for shopping due to e-commerce, but others argue that the trips related to 

these deliveries can compensate for it (Polzin et al., 2014). They also point that lower vehicle 

ownership trends could also be related to increases in delivery travels and/or rented vehicles 

(Polzin et al., 2014). Furthermore, some authors argue that we are facing not an emergence of 

a new pattern, but rather witnessing a delay in the stage “family creation” by young people 

(Garikapati et al., 2016). However, some issues seem here to be ignored, such as the possibility 

that: (1) millennials may not want to have a family to the same extent as that of past generations, 

and may not recreate it following the traditional family structure of past generations; (2) 

millennials could fulfill their transportation needs differently when compared to previous 

generations during this phase.  

Findlay, McCollum, Coulter, & Gayle (2015) draw attention to the divergence observed 

nowadays towards standard life courses defined by past generations. If before there was a 

defined linear pattern of roles and events seen as certain occurrences in one’s life, now they 

seem to have become optional in their occurrence, diverse in their arrangement (when 

occurring), and with a more flexible moment to happen. Thus, expecting that the changes in 

current young mobility behavior are reflecting a delay and ignoring the potential impacts of 

those changes seems to be fragile. In this sense, Delbosc & Ralph (2017) highlight the 

possibility of millennials being so heterogeneous that a general and singular characterization 

of their mobility choices could not be established. Another uncertainty is related to how 

millennial travel patterns will evolve over time (Polzin et al., 2014; Garikapati et al., 2016; 

Hopkins, 2016b) and whether their preferences will be sustained or not, which may also depend 

on the conditions that they will encounter in cities in the future (Delbosc & Ralp, 2017). 

Consistent with Line, Chatterjee, & Lyons (2010), these concerns occur due to a lack of 

investigation about the attitudes and travel behavior intentions of young people, which might 

shed light on the values that based their actions. 

In an attempt to fill part of this literature gap, a study developed by Deka (2018) in the 

United States, compared the perception of public expenditure on cities, mass public transport, 
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and highways, between millennials and other cohorts. This study shows that millennials 

perceive expenditures in highways as excessive when compared with previous generations. 

Higher education, higher income, and exposure to an urban environment were variables 

positively correlated with this mindset (Deka, 2018). 

Regarding the existing literature, Table 2.2 presents a selection of recent articles focusing 

on millennials in the transportation field, and their contributions, indicating whether they relate 

to Temporary Stay (TS) or not, and whether ICT  technologies are taken into account in the 

study or not. 
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Table 2.2 – Summary of recent literature on Millennials in transport 
 

Author 
(year) 

Places 
analyzed 

Objective Data Analysis Millennials TS ICT Achievements 

Delbosc & 
Nakanishi 
(2017) 

Sydney, 
Melbourne
, and 
Canberra 
(Australia) 

Study whether millennials 
will continue to adopt 
sustainable transport 
modes as they age, or will 
change their travel patterns 
to the car.  
Advance the understanding 
of the life course and travel 
behavior of the 
millennials. 

Qualitative: 55 in-
depth narrative 
interviews 

Qualitative 
analysis based on 
the theoretical 
framework of 
mobility 
biographies 

Yes. (born: 
early 1980s -
early 2000s) 

No. 
Only 
cited. 

The findings suggest clear differences 
between millennials and past generations in 
their life course, mobility preference, and their 
perception of the car: 
*they appear to use whatever mode best suits 
their travel purpose; 
*few expressed strong preference by car, 
however, most are open to multimodal travel 
behavior in the longer-term life stages; 
*availability of long-term residences in cities 
that allow them to keep their behavior seems 
to be an important issue in order to avoid 
creating another generation of captive drivers 

Delbosc 
(2017) 

USA and 
Australia 

To offer a viewpoint, 
based on some available 
evidence, about whether 
millennials are in fact not 
adopting cars rather than 
delaying their transition to 
a car-dependent lifestyle 

Available official 
data about licensing 
around the world, 
focusing on the USA 
and Australia 

Discussion based 
on the theoretical 
framework of 
socio-technical 
transition 

Yes. (born: 
early 1980s - 
early 2000s) 

No. 
Only 
cited. 

The author argues that there is a current delay 
in driver license acquisition, which is creating 
some pressure and a “window of opportunity,” 
that once used, could stimulate (policies and 
urban planning) the lifestyle trend of 
millennials to maintain. Otherwise, they will 
just surrender to car dependence at some 
point. 

Young & 
Lachapelle 
(2017) 

Canada 

To examine the impacts of 
the growth of single-
person households in 
transport 

2010 Canadian 
General Social 
Survey (n=15,390) 

Logistic, ordered 
logistic and 
negative binomial 
regressions 

Yes, but 
secondary 
(1976-1995) 

No. No. 

On average, people who live alone use to 
commute shorter distances and are less likely 
to own a driver’s license or have access to a 
vehicle than people from family households. 

Stapleton, 
Sorrell, & 
Schwanen 
(2017) 

Great 
Britain 
(GB) 

To identify relevant factors 
that influenced the demand 
for car travel in GB since 
1970 and investigate how 
the rebound effect has 
changed during this period 

Time-series data on 
travel patterns, fuel 
consumption and 
other variables in GB 
over the period 1970–
2012 

Econometric 
analysis of 
aggregate data 

Yes, but 
secondary. 

No. Yes. 
There is no evidence that growing income 
inequality and the diffusion of ICT have 
played a role in the decline of car travel. 
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Continuation of Table 2.2 – Summary of recent literature on Millennials in transport 
 

Author 
(year) 

Places 
analyzed 

Objective Data Analysis Millennials TS ICT Achievements 

Ralph & 
Delbosc 
(2017) 

USA 

Explore whether ego-
centric anchoring 
influences transportation 
professionals’ estimates 
about the travel patterns of 
the general public 

Transportation 
professionals (n = 
247) 

Comparison 
between answers 
in the survey and 
revealed data 

Yes (born: 
1980 - 2000) 

No. No. 

Transportation professionals tend to draw on 
their own experiences or of close people to 
form their estimates about the travel patterns 
of Americans. 
The most inaccurate estimates were of 
millennials' travel patterns. This expresses the 
need to study this group in order to avoid 
underestimations in policies and institutional 
barriers, favoring millennials to follow the 
car-dominated path of previous generations. 

 
Astroza et 
al. (2017) 

USA 

To verify in which degree 
smartphone ownership and 
use can influence activity-
travel demand 

2014–2015 Puget 
Sound (Washington) 
Regional Travel 
Study 

Joint model 
system: structural 
and measurement 
equations. 

Yes, but 
secondary. 

No. Yes. 

Individuals who have access to a smartphone 
make different activity-travel choices than 
those who do not have it: they use multiple 
modes of transportation, pursue more complex 
tours (larger number of stops per tour), engage 
in recreational tours, and participate in joint 
tours with an accompanying person 

Newbold 
& Scott 
(2017) 

Canada 
To evaluate differences 
regarding automobility by 
generational cohort 

Canada’s General 
Social Survey (GSS) 
of the years: 1992, 
1998, 2005 and 2010 

Descriptive 
statistics 

Yes (born: 
early 1980s - 
early 2000s) 

No. No. 
The data suggest that as millennials age, they 
will likely adopt the car as their preferred 
travel mode. 

Delbosc & 
Ralph 
(2017) 

USA and 
Australia 
(developed 
in) 

To explore the evidence 
from two conflicting 
narratives about the mode 
choices of the millennial 
generation and also discuss 
the implications of those 
narratives on both social 
and technological equity. 

The literature on 
millennials' mobility 

Discussion about 
literature results 
on this subject 

Yes (born: 
1980 - 2000) 

No. No. 

The authors argue that the millennials 
generation may be one that cannot be 
characterized in only one form regarding their 
mobility choices. Part of them has some 
preferences that, if met in an urban living 
setting, will sustain their current habits. 
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Continuation of Table 2.2 – Summary of recent literature on Millennials in transport 
 

Author 
(year) 

Places 
analyzed 

Objective Data Analysis Millennials TS ICT Achievements 

Tilley 
(2017) 

Scotland 
(developed 
in) 

To propose a conceptual 
model to explore the 
relationship between birth 
cohorts and mobility, over 
time and through space. 

The literature on 
generations and 
mobility 

Dynamic multi-
level approach 

Yes (born 
from around 
the 1980s 
onwards) 

No. Yes. 

The framework proposed is argued to help in 
predictions about the future mobility of the 
millennial cohort by drawing on a wider 
combination of factors than usually 
considered. 

Klein & 
Smart 
(2017) 

USA 

To examine changes in auto 
ownership among USA 
families, focusing on 
millennials 

Eight waves of data 
from the Panel 
Study of Income 
Dynamics (PSID) 

Poisson panel 
regression 

Yes (born in 
the 1980s 
and 1990s) 

No. 
Only 
cited. 

The economic situation of millennials plays a 
huge role in their car ownership rates. 
However, it is possible that some of them will, 
even after these times of economic crisis, to 
continue living in dense urban settings (but the 
models suggest that geography and transit 
access explain very little the low car 
ownership rates). Maybe they own as many 
cars as previous generations but will use them 
less. 

Ralph, 
Voulgaris, 
Taylor, 
Blumenber
g, & 
Brown 
(2016) 

USA 

To examine the relationship 
between the built 
environment and the travel 
behavior of millennials in 
the USA 

USA census, 
Environmental 
Protection Agency's 
Smart Location 
Database, 2009 
National Household 
Travel Survey 

Descriptive 
analysis, factor 
analysis, cluster 
analysis, latent 
class model and 
multivariate 
modeling, 
Multinomial 
logistic regression 

Yes (born: 
1978-1998) 

No. No. 

Built environment factors can significantly 
influence travel (notedly in dense 
neighborhoods). 
The travel patterns are relatively stable along 
much of the urban-rural continuum, where 
young people live. 

Blumenber
g, Ralph, 
Smart, & 
Taylor 
(2016) 

USA 

To verify whether the 
societal changes are 
affecting youth travel 
behavior. 

1990 Nationwide 
Personal 
Transportation 
Survey (NPTS) and 
the 2001 and 2009 
National Household 
Travel Surveys 
(NHTS) in the U.S. 

Multivariate 
regression models 

Yes 
(born:1983-
1989) 

No. Yes. 

Almost all the factors analyzed did not 
significantly affect person-kilometers traveled, 
with just one exception: employment, which 
was found to be associated with substantially 
lower person-kilometers traveled. 
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Continuation of Table 2.2 – Summary of recent literature on Millennials in transport 
  

Author 
(year) 

Places 
analyzed 

Objective Data Analysis Millennials TS ICT Achievements 

Oakil, 
Manting, 
& Nijland 
(2016) 

Netherland
s 

To investigate the impact of 
entry into parenthood on 
changes in car ownership 

Combination of 
vehicle registration 
data with the Social 
Statistical Database 
(SSD) of Statistics 
Netherlands 

Descriptive 
analysis and 
logistic regression 

Yes, but 
secondary. 

No. No. 

Couples are more likely to own a car and less 
likely to sell it when they enter into 
parenthood. So, the delay of entry into 
parenthood might lead to a delay in buying a 
car, and an increase in people who do not have 
a child might lead to an overall decline in car 
ownership. 

Garikapati 
et al. 
(2016) 

USA 

To verify whether the 
differences in the behavior 
of millennials will persist as 
they move through various 
phases of the lifecycle 

ATUS 2003 –2013 
American Time Use 
Survey data series.  

Longitudinal 
analysis 

Yes. 
Millennials 
(born 1979 –
1994) 

No. Yes. 

Millennials appear to exhibit a lag in adopting 
the activity patterns of predecessor 
generations due to delayed lifecycle 
milestones and persistent effects of the 
economic recession, suggesting that travel 
demand will resume growth in the future. 

Oakil, 
Manting, 
& Nijland 
(2016a) 

Netherland
s 

To explore how car 
ownership among young 
Dutch households varies 
with household composition, 
urbanization level (of 
household location), 
household income, 
employment status, and 
ethnic background. 

Combination of 
vehicle registration 
data and population 
and income register 
data for 2012/2013 

Logistic 
regression 

Yes, but 
secondary. 

No. No. 

Urbanization level and household composition 
were found to affect car ownership 
significantly and this effect was much stronger 
for young couples than for young families or 
singles. 

Guthrie & 
Fan (2016) 

USA 

To identify changes in the 
basic relationship between 
the presence of young 
children or automobile 
access and the probability of 
transit use 

Decennial Travel 
Behavior Inventory 
by the Metropolitan 
Council of the Twin 
Cities in Minnesota 
(2000 to 2010). 

Pooled logistic 
regression 

Yes, but 
secondary 

No. No. 
 
Automobile access was found to be a weaker 
negative predictor of transit use in 2010. 
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Continuation of Table 2.2 – Summary of recent literature on Millennials in transport 
  

Author 
(year) 

Places 
analyzed 

Objective Data Analysis Millennials TS ICT Achievements 

Hopkins 
(2016a) 

New 
Zealand 

To examine the motivations 
for learning to drive, and the 
preference for driving in 
New Zealand 

Qualitative (n=51) / 
urban (n = 34) and 
rural (n = 17) 

Two frameworks: 
actor-centered 
Energy Cultures 
Framework to 
explore mobility 
behaviors, and the 
multi-level 
perspective 
(MLP) to situate 
behavior change 
within the socio-
technical 
transitions 
literature. 

Yes (born 
1980 
onwards) 

No. No. 

Several internal and external factors interact, 
contributing to developing a desire and 
intention to learn to drive. Social practices and 
norms may be restructuring the meaning of 
independent mobility for some young adults. 
Millennials’ mindset: collaboration; 
environmental concern; dematerialized 
financial constraint; urban lifestyle favorable 
to multimodality 

Brown, 
Blumenber
g, Taylor, 
Ralph, & 
Voulgaris 
(2016) 

USA 

To examine if the decline in 
driving among youth is 
associated with an increased 
reliance on public transit 

2001 and 2009 
National Household 
Travel Survey 
(NHTS) 

Logistic 
regression models 

Yes (born: 
1980 - 2004) 

No. No. 

Young adults are more likely to ride transit 
than older adults, which can be explained by: 
*life cycle factors; 
*composition of generation (more Hispanic 
and non-white people, who are more likely to 
use transit in the USA);  
*locational factors 

Polzin et 
al. (2014) 

USA 

To identify differences in 
mobility behavior of 
millennials and its impact on 
car travel demand in future 

National Household 
Travel Survey 

Statistical and 
descriptive data 
analysis. 

Yes. (born: 
1980-2000) 

No. No. 

Travel levels by young people have declined 
relative to prior points in time. Travel 
behavior differences appear to be substantially 
attributable to different socio-demographic 
and economic conditions of this generation. 
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Continuation of Table 2.2 – Summary of recent literature on Millennials in transport 
 

Author 
(year) 

Places 
analyzed 

Objective Data Analysis Millennials TS ICT Achievements 

Kuhnimho
f, Buehler, 
Wirtz, & 
Kalinowsk
a (2012) 

Germany 
To examine the decline in 
car travel demand among 
young adults 

Quantitative 
external (primary 
and secondary data 
sources) 

Multiple linear 
regression and 
statistical 
inferences.  

Yes. 
Comparison 
of the 
behavior of 
young 
people in the 
last four 
decades: 18-
29 years. 

No. 
Only 
cited. 

Two trends are shaping the travel behavior of 
young adults: diminishing gender differences 
in car use and increasing multimodal travel 
behavior. 

Line et al. 
(2010) 

Bristol and 
the 
surroundin
g area in 
South-
West 
England 

To examine the factors that 
have an influence on future 
travel behavior intentions of 
young people 

Qualitative (12 
discussion groups) 

Discuss analysis. 
Yes (born: 
1988 - 1995) 

No. No. 

Individuals’ travel behavior intentions are 
dominated by a desire to drive, and their 
values relating to identity, self-image, and 
social recognition, as well as their affective 
attitudes towards transport modes, are key 
influences on this. 

Vine, 
Latinopoul
os, & 
Polak 
(2014) 

Scotland 
To examine the links 
between online activity and 
physical mobility 

Scottish Household 
Survey (a standard 
travel diary and a 
unique pseudo-
diary of 
participation in 
online activity) 

Multivariate 
regression 
models. 

Yes, but 
secondary, 
not the main 
focus 

No. Yes. 

Internet usage was associated with a higher 
level of car use (compared with non-users). 
However, more time spent online is 
associated, all else equal, with less driving 
mileage.  

 



31 
 

The majority of the papers referenced in table 2.2 focus on whether or not millennials 

have different attitudes towards car use compared with previous generations (Klein & Smart, 

2017; Hopkins, 2016a; Line et al., 2010) and the definition of factors that influence their travel 

behavior from a global level (Tilley, 2017) to a more individual focused, such as: single 

household arrangements (Young and Lachapelle, 2017), ICT diffusion (Astroza et al., 2017; 

Vine et al., 2014), economic conditions (Stapleton et al., 2017; Polzin et al., 2014), job market 

access (Blumenberg et al., 2016), built environment (Ralph et al., 2016), delay of life course 

(Newbold & Scott, 2017; Garikapati et al., 2016; Oakil, Manting, & Nijland, 2016a; Guthrie 

& Fan, 2016; Brown et al., 2016) or multimodal mobility preferences (Kuhnimhof et al., 2012), 

including aspects that must be ensured to enable the multimodal mobility to be maintained 

(Delbosc & Nakanishi, 2017; Delbosc, 2017). Potential biases on research about millennials’ 

travel behavior (Ralph and Delbosc, 2017) were also addressed. 

Thus, given the background and considering the existing literature, and according to the 

best of our knowledge, there is no study relating temporary stays, millennials, and urban 

mobility behavior.  

The next section will address another important feature that differentiates the temporary 

residents from other groups concerning their social network derived from social media use. 

 

2.3.3 Social media network 

Millennials tend to accumulate a broader virtual social network that goes beyond the 

physical existing social links (spatially closer located), and it is also composed of people 

potentially from all around the world. 

In a study about international student migration, Collins (2012a) argues that due to the 

age, education, and economic status of this group, they tend to use more communication 

technologies and the internet than other groups of migrants, who already present high rates of 

usage. He acknowledges that the high use of internet affects daily experiences and practices in 

“offline life” in the host city, while, at the same time, allowing people to keep in touch with 

their social network in their country of origin. 

This occurs in part due to the creation and dissemination of social media, which made it 

possible to establish daily contacts with a broader social network. This dissemination allowed 

people to start meeting others that will be in the host city, at the same time, while being still at 

home and close to their friends and family. A study conducted by Van Mol & Michielsen 
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(2014) found that many international students start to form their social networks in the host 

city before arrival, through their social connections or social media, starting their future social 

connections before departure. The connections that the “future” temporary residents usually 

search for are those people that had previously lived in the city that they are going to or those 

who are planning to do so at the same moment/period and, in some cases, from the same 

nationality. Butcher (2010) states that newcomers present a bigger likelihood of searching to 

contact others that share a common language or occupation, possibly due to the still strong 

connection with the place of origin, which leads them to search for familiarity in the new place. 

Komito & Bates (2009) argue that the possibility of interacting with people from the same 

nationality, who are already in the destination country, can minimize barriers, making the move 

to another place easier. On the other hand, the possibility of keeping the 

“connection”/interaction with friends and family that are in the home country can decrease the 

interest of integration in the host country for international people (Komito and Bates, 2009). 

In this sense, it is reasonable to say that the social influences from the past place regarding 

travel behavior could still be present, because of the continuity of the social contact, notably 

with family and friends. Grzymala-Kazlowska (2018) draws attention to the fact that 

technology use seems to be essential for migrants, as it helps them to experience continuity, 

familiarity, and security. Moreover, Collins (2012a), argues that the multi-local social network 

of international students reflects their commitment with a transnational life (in the city of origin 

and in the host city). 

All this dynamic in social networks, in accordance with Axhausen (2007), has an impact 

also on the space of activity, which is the territory known by a person and is proportional to 

the social network geography. The space is explored faster, and the awareness of places grows 

faster due to the facility in establishing contacts. Moreover, Carrasco et al. (2008) found that 

age and duration of stay in one place have an impact on the distance patterns of people. In this 

sense, being young and a newcomer in a city is favorable for interacting with people who live 

far apart. Additionally, it is fair to say that other characteristics, such as personal characteristics 

(e.g., introversion and extroversion), could also affect the interactions and the formation of the 

local social network in the host city. 

About the influences on travel behavior and spatial exploration, the literature on social 

travel behavior points that the key element in leading people to make social trips is “who” one 

will interact instead of “where” the interaction will take place (Carrasco et al., 2008). In this 

sense, dimension and variety in one’s social network can be indicators of the frequency of 
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interactions and spatial distribution of social trips. J. Kim, Rasouli, & Timmermans, (2017) 

claims that studying the impacts of social networks on activity-travel patterns contributes to a 

better understanding of those patterns, and to improve travel demand forecast models. 

Furthermore, Xiao & Lo (2016) claim that social media, the web, co-creative websites, 

or “traditional” forms of information sharing between friends, can make people revise their 

transport choices. The knowledge transfer can also be noticed between those people who have 

already passed through the experience of relocating to a new place, and those who are starting 

to prepare a move or have arrived not so long ago in a new place. This can act as a support 

network, helping in the transition through shared experiences. 

Another aspect that Han et al. (2011) highlighted is the social comparison, that can make 

temporary residents try to imitate the behavior of local residents or other temporary residents, 

including places and transport modes used. These effects should have a direct relationship with 

the network composition and with the strength of the relationships.  

 

2.4 Summary 
This chapter opened with a characterization of the group under study, aiming to set the 

boundaries for what we refer to as “millennials temporary residents,” and identifying relevant 

concepts that distinguish them. Moreover, aspects that can be connected to travel behavior, 

such as techno-philia, built environment influences, mobility biographies, and habit break, 

were also covered in this review, with the intent to understand the influences that are involved 

in the relocation of young international residents. 

Despite millennials exhibiting a multimodal travel behavior, where flexibility in mode 

choice and decrease in automobile use are remarkable features, heterogeneities in mobility and 

location patterns could also be observed. The development of technology has allowed new 

mobility solutions (e.g., shared systems, Uber, Cabify, Lyft, Blablacar) that are highly 

appreciated by this group and have easier ubiquitous information access, which enhances the 

perceived behavior control, notably in cases of spatial unfamiliarity. 

When people move to a new place, habit break occurs and leads to the activation of 

personal values, where people make decisions that are closer to their personal values. However, 

past experiences will potentially influence attitudes and perceived behavior control (facilitating 

the general experience of using new systems structures), and consequently, learning how to use 

PT will be made easier by previous experiences in using it before, due to structural similarities. 
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Access to information is essential to mastering the new environment since it can ease the 

learning on how to move around in a new city by decreasing the travel effort, increasing 

convenience, and impacting the perceived ease-of-use. 

The built environment that an individual will have contact/experience with in the new 

city can be the result of self-selection – when people choose the place that they will live 

according to transport preferences. The perception of the built environment will be guided by 

previous exposures as well. 

Additionally, the dimension and variety of social networks in the host city can be 

associated with the frequency of interactions, and information sharing can make people revise 

their transport choices. Social comparison can make temporary residents try to imitate the 

behavior of local residents or other temporary residents. Social networks can impact on the 

space of activity, i.e., on the territory known by a person, in a way that is proportional to the 

social network geography. 

Thus, understanding the travel behavior of young temporary residents considering all 

these aspects is essential in order to act in an assertive way, to promote and optimize the use of 

transportation resources in a city, with a potentially positive effect on other groups.  
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Chapter 3                          
Travel behavior adaptation of 
temporary international residents  
 

Based on the submitted paper: 

Monteiro, Mayara Moraes; de Abreu e Silva, João; Haustein, Sonja; Sousa, Jorge Pinho. 
Travel behavior adaptation of temporary transnational residents. Submitted to the Journal of 
Transport Geography. 

Presented at:  

59th ERSA (European Regional Science Association) Congress, Lyon, August 27-30, 2019. 

Abstract 
Temporary international relocation is a growing type of migration. However, travel behavior 
adaptation of international temporary residents and its urban impacts have largely been ignored. 
This study examines temporary residents’ intra-urban travel behavior adaptation in response to 
an international relocation as a key event in their mobility biography that exposes them to a 
new mobility culture. The study is based on ten semi-structured interviews with students and 
researchers of nine different nationalities, aged between 19 and 31 years, temporarily living in 
Portugal (Lisbon or Porto). We found supporting evidence for the occurrence of residential 
self-selection, although prior information on study/workplace combined with low knowledge 
on neighborhood-level changed the way it occurs. Thus, information on the city and its systems 
is essential before relocation to avoid residential dissonance. At the same time, travel and 
spatial behaviors were found to be influenced by the built environment at the residential 
location, which highlights the importance of providing an environment that supports cycling 
and walking if a more sustainable travel behavior is being targeted. Otherwise, temporary 
residents become captive users of public transport, instead of contributing to critic mass 
formation for the consolidation of more sustainable alternatives in the host city. Temporary 
residents’ mode choice as a reaction to the new city can also allow for the evaluation of the 
new city’s mobility culture by benchmarking it in relation to other cities. As for the impact of 
social context, new residents’ temporary perspective added to the identity as a group with its 
own social norms affecting mode choice and increasing travels for social and leisure purposes 
in the host city, which resembles urban tourism. Additionally, technology usage was found to 
reduce the stress related to traveling to unfamiliar places by increasing the perceived spatial 
orientation, having the downside of generating a feeling of confidence that decreased the 
internalization of information.  

 

Keywords: Travel behavior; Temporary relocation; Mobility biography; Mobility culture; 
Residential self-selection; ICT 
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3.1 Introduction 
Migration has been a constant throughout human history. However, relatively new 

technological advances have facilitated migration processes, as they have created cheaper and 

improved communication and transportation options. Those advances fostered a substantial 

increase in opportunities for studying and working abroad (AISEC, 2017; UNESCO, 2020), 

even for short periods of stay, thus leading to an increase of temporary residents in cities.  

The intensification of this type of temporary migration has raised new issues and needs, 

as a result of the interaction with the host city and its systems, as temporary residents are more 

likely to: (i) rely on the mobility options provided by the host city than to invest in private 

individual modes (Glover, 2011; Burbidge, 2012); and (ii) have residential needs that are 

different from long-term residents, due to the limited duration of their stay (Collins, 2012a). 

Thus, impacts in the cities are identifiable by the increases in population, affecting the 

availability and affordability of housing and leading to higher demand for urban systems, 

resources, and services (Charles and Guna, 2017). It should be noted that temporary migrants 

are typically educated young adults pursuing educational and work opportunities (Bell and 

Ward, 2000). The context of temporary residents includes the simultaneous occurrence of key 

events (changes of place/country, residence, vehicle accessibility, and employment/study 

place), which seem to facilitate a quicker mobility adaptation (Beige and Axhausen, 2012).  

Despite the increasing importance of long-distance moving as a worldwide phenomenon 

(Klinger and Lanzendorf, 2016), both travel behavior adaptation of international temporary 

residents and its urban impacts have largely been ignored. 

Studies exist about tourists and circular migrants, which are other types of temporary 

migrants. However, from the urban and transportation perspectives, which are the focus of this 

study, these groups are different from the temporary residents that we are focusing on. Tourists 

have activity patterns focused on tourism and not focused on conducting daily work/study 

activities (the case of temporary residents), and circular migrants perform continuous 

movements between two countries (the origin and the host) (Newland, 2009). This means these 

groups do not have to face decisions with the same ephemeral perspective that temporary 

residents have, due to their one-time relocation event. 

Given that any effect of temporary residents on cities is subject to its specific area and 

population, one could argue that this group is too small to have a significant impact on most 

cities. However, understanding their demand can help cities to successfully face the challenges 
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related to the increasing diversity of their population, as a consequence of global migration 

movements. Moreover, studying the travel behavior and mobility adaptation of temporary 

residents can shed light on how people behave when confronted with new situations and how 

they respond to the specificities of a city’s transportation system. 

This study builds on literature on mobility biographies (Müggenburg, Busch-Geertsema, 

& Lanzendorf, 2015; Scheiner, 2007) and mobility culture (Klinger and Lanzendorf, 2016). It 

aims to examine temporary residents’ intra-urban travel behavior adaptation in response to 

international relocation, as a key event in their mobility biography that exposes them to new 

spaces and norms – or a new mobility culture. More specifically, our objective is to analyze 

whether the adaptation occurs in the same way as described for other types of residential 

relocation or if the specific conditions of their relocation make this adaptation different. 

For a better understanding and interpretation of temporary residents’ behavior, the 

technological and economic contexts are taken into account and how it influences millennial’s 

mindset according to the related literature (Delbosc and Nakanishi, 2017; Cao and Mokhtarian, 

2005) since temporary migrants are in general young people (Bell and Ward, 2000). 

Because of the explorative nature of this study, we used semi-structured interviews. 

International university exchange students were chosen as a proxy for temporary residents 

because they share relevant aspects (e.g., education level, age range), in addition to the need to 

adapt to an unfamiliar urban environment. 

The paper is organized as follows. Section 2 provides the theoretical and empirical 

background of this study. Section 3 describes the methodology used for data collection and 

analysis, the sample, and the host cities chosen for this study. Section 4 presents and discusses 

the results, and Section 5 draws conclusions and gives suggestions for further research. 

 

3.2 Literature review 
The mobility biography approach considers that key events during the life-course are 

important components for understanding mobility behavior changes (Lanzendorf, 2003). 

Temporary migration can be considered a key event, which triggers other relevant events, such 

as changes in country, city, workplace, residential location, and potential residential 

arrangements. Moreover, the literature on migration and mobility biographies are also 

connected by the fact that both look at the impacts of socio-spatial changes in mobility 

(Scheiner, 2017). 



46 
 

Yet, Scheiner and Holz-Rau (2013a) argue that due to the emphasis on individual changes 

associated with the mobility biography approach, relevant cohort effects may be overlooked. 

Thus, observing cohort-specific trends allows for contextualizing the economic, social, 

technological, and political conditions (Scheiner, 2017). In the case of the current cohort of 

temporary residents, the literature on the travel behavior of millennials (Astroza et al., 2017a; 

Cao and Mokhtarian, 2005) can add a valuable background for the interpretation of behavioral 

adaptation. 

International migration also implies a movement between mobility cultures (i.e., the 

entire environment is changed), and the differences in urban form, infrastructure supply, 

lifestyle, and mobility patterns of the population in the host city are likely to affect individuals’ 

behavior (Klinger and Lanzendorf, 2016). 

Figure 3.1 presents the three main elements that compose the framework that supports 

the theoretical and empirical analysis presented in this paper. 

   

 

Figure 3.1 - Travel behavior literature that relates to international temporary migration adaptation 

 

The next sections briefly present the literature and concepts connected to our subject of 

analysis as a way to provide an overview and context on this phenomenon. 
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3.2.1 Temporary migration and mobility biography 

Migration can be temporary or permanent (time dimension) and internal or external 

(spatial dimension), but it can also be classified according to other characteristics, such as: 

voluntary or forced, legal or illegal (King, 2012). Classifying migration events is becoming 

increasingly difficult due to new mobility forms and motives (King, 2002). This study focuses 

only on temporary external (international) voluntary legal migration. 

From the perspective of mobility biography, temporary migration is seen as a major life 

event (Verplanken et al., 2008; Lanzendorf, 2003), because it provokes significant alterations 

in an individual’s life, disrupting habitual behavior and creating a ‘window of opportunity’ for 

mobility changes (Thomas et al., 2016; Lanzendorf, 2003). As a result, it makes individuals 

reconsider their transportation options and adapt to a new situation (Scheiner, 2017; 

Müggenburg, Busch-Geertsema, & Lanzendorf, 2015). 

In line with the mobility biography approach proposed by Lanzendorf (2003), events 

derived from migration are related to the accessibility domain, which accounts for changes in 

urban form elements, e.g., in transport systems and other spatial factors. International 

relocations imply large changes, as long-distance movers experience changes beyond the 

neighborhood and even city levels (as opposed to short-distance movers) (Klinger and 

Lanzendorf, 2016). Experiencing changes in the transport system supply, infrastructure, mode 

choice set, and accessibility to amenities close to the chosen residential location affect 

individuals’ mobility adaptation (Clark et al., 2016). Individuals who move to places with 

better public transport supply are likely to increase public transport use, bicycle use and 

walking, these aspects being indicatives of adjustment to the new environment (Scheiner and 

Holz-Rau, 2013b). Moreover, relocating to a place with better public transport and higher 

availability to bicycles make people more likely to display a multimodal travel behavior 

(Klinger, 2017). 

In the context of temporary international migration, it is unlikely that individuals would 

bring or buy a private mode for use in the host city, resulting in changes in car availability. 

These changes are likely to decrease their driving frequency (Scheiner and Holz-Rau, 2013a). 

However, the changes in car availability and mode choice usually observed after 

residential relocation can be the result of individuals’ residential location choice, according to 

their preferences and needs, a concept known as residential self-selection (Mokhtarian and Cao, 

2008; Scheiner, 2007). Yet, there is no consensus on whether people choose their residential 
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place based on the transportation preferences (self-selection) or the place is responsible for 

defining their travel behavior (Scheiner, 2006; Klinger and Lanzendorf, 2015) (the influence 

of the urban environment on travel behavior will be discussed in the next section). 

Another aspect discussed in the mobility biography literature is when the behavioral 

change occurs, or how long after the key event. For migrants, the adaptation has to occur right 

after the key event, which is different from other scenarios where the effect of a key event may 

be observed only after a while, due to lagged responses (Beige and Axhausen, 2008; Dargay 

and Vythoulkas, 1999). Moreover, the resultant adaptation has a temporary character and no 

long-term commitment associated. 

Specific literature on the travel behavior of international temporary residents is limited, 

as only a few studies have examined the changes in daily travel behavior as a consequence of 

long-distance moving (Klinger and Lanzendorf, 2016), and most of them have analyzed 

permanent moving rather than temporary. 

Looking into temporary international relocations, Collins (2012b) found that Korean 

students in Australia used to go to places that have Korean food and good internet facilities, 

evidencing their search for familiarity (Collins, 2012b). 

Frändberg (2014) found two derived kinds of mobility events derived from temporary 

stays abroad: (i) the occurrence of international traveling during their stay abroad (to their 

country of origin); and (ii) later, regular traveling to the place of temporary stay, on account of 

the social network created. 

Although both studies approached temporary residents’ mobility applying different 

scales, they have nevertheless focused on the relationship between attachment to the country 

of origin and the choices for specific destinations. Moreover, despite addressing urban 

mobility, Collins (2012b) only discussed the motives that underpinned the destination choice, 

disregarding other trip characteristics. 

In another study, Collins (2012a) theorized on “permanent temporariness,” asserting that 

there is a need for studying the implications generated by international temporary mobility. He 

argues that short-term stays have long-term impacts on cities due to the continuous turnover of 

temporary populations.  

Addressing the travel behavior of temporary residents, Glover (2011) focused on 

international students and found that, independently of the duration of their stay, they rely less 
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on cars and more on public transport (trains or coaches) than local students, when it comes to 

leisure trips. This suggests a low likelihood of car ownership among temporary residents. 

The only study focusing on transportation-related issues in the context of the intra-urban 

travel behavior of temporary residents was carried out by Burbidge (2012). She found that 

American exchange students changed their travel behavior during their time in a foreign 

country, being more likely to use public transport, walking, and biking, according to the place 

of temporary residence.  

However, this study concentrated on behavioral changes generated as a sub-product of 

relocation, disregarding aspects related to the host country/city (people were only grouped by 

continent of origin), subjective factor influences, and the short-term perspective inherent to the 

problem. 

As already mentioned here, it is not only the temporary migration itself and the habit 

break it provokes that affects the behavioral change, but also the environments where 

individuals come from and arrive at, which are better understood under the broad perspective 

of mobility cultures. 

 

3.2.2 Mobility culture 

The impact of mobility culture change can be assessed by identifying the existence of 

differences in urban transport policies and mobility-related discourses between the new and 

former places of residence (Scheiner, 2007), and these differences can affect individual travel 

behavior (Klinger and Lanzendorf, 2016). 

The mobility culture approach encompasses both objective and subjective components, 

such as individuals’ perception, attitudes, and experiences with the city’s transport system, and 

the built environment (Klinger and Lanzendorf, 2016). 

Most of the work on the impacts of the built environment and travel-related attitudes on 

daily travel has focused on regional residential relocation, and as a result, the built environment 

changes examined have a neighborhood-scale (Klinger and Lanzendorf, 2016). However, long-

distance movers experience not only neighborhood-related changes but also city-wide changes 

related to transport and mobility attributes (Klinger, 2017). Klinger and Lanzendorf (2016) 

found that while the local scale strongly affects car and rail-based travel frequencies, the city-

wide attributes (mobility culture elements) have a stronger impact on cycling frequency.  
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Therefore, relocating to a city with a different mobility culture is likely to result in 

changes in the use of travel modes (Klinger, 2017; Klinger and Lanzendorf, 2016), increasing 

the likelihood of the temporary residents to adopt the prevalent mobility culture. 

By relocating to the US from Europe, for example, individuals will encounter cities and 

transportation systems that offer fewer opportunities for active modes, which is a result of 

values and beliefs linked to private cars (Haustein and Nielsen, 2016). Contrasting, when 

relocating to the Netherlands, people find an environment that encourages cycling, which 

makes then more likely to rely on this mode (Nello-Deakin and Nikolaeva, 2020). 

The analysis of mobility cultures from the perception of long-distance movers is relevant 

because the relocation to a different mobility culture leads to a more evident adaptation process, 

which is limited to a short period of time (Klinger and Lanzendorf, 2016). The literature points 

that immigrants usually own fewer cars or bicycles (Welsch et al., 2018), which is likely to be 

true also for the case of temporary migrants, as they will be living only for a limited time in the 

host city.  

Studying a sample mainly composed of students and young professionals, Klinger and 

Lanzendorf (2016) found that new residents seem to mirror the mobility patterns of local 

residents in terms of walking and cycling. Cycling is more affected by the mobility culture of 

the new city, which is revealed by the dominant behaviors, policies, and cycling-related 

transport infrastructure (Klinger and Lanzendorf, 2016). 

Thus, promoting an environment to encourage the use of public transport and active 

modes, and/or providing some cultural indications for temporary residents can lead to 

behavioral shifts even for traditionally car-dependent people (Burbidge, 2012). 

 

3.2.3 Mobile millennials 

Looking at the profile of temporary migrants, it can be observed that they are in general 

young, this being associated with the search for opportunities for study and/or work abroad, 

but also for periods of independent living away from the parental home (Bell and Ward, 2000). 

Thus, the literature that fits nowadays’ young temporary residents is related to the 

millennials’ cohort, i.e., the generation born between 1982 and 2000 (US Census Bureau, 

2015). Accordingly, specific features of this group that can have an impact on the mobility 

adaptation of temporary residents will also be discussed herein. 
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Having been immersed in technology, i.e., having grown up with access to digital, 

mobile, wireless, real-time and on-demand information, is considered as having impacts on 

attitudes toward traveling, communication and the openness of millennials, as these are 

attributes that are developed during the early stages of life (Axhausen, 2007). For travel 

behavior, this means the facilitation of new travel patterns, which are more flexible and 

multimodal, due to the increase in the digitalization of urban mobility facilitates (Klinger, 

2017). In terms of the residential location choice and travel behavior, millennials tend to be 

more urban, own fewer cars and are more frequent users of on-demand and digital shared 

services than preceding generations (Delbosc and Nakanishi, 2017; Astroza et al., 2017; Klein 

and Smart, 2017; Hopkins, 2016; Polzin et al., 2014; Kuhnimhof et al., 2012). 

As for mobility patterns, higher flexibility concerning mode choice is observed in this 

generation. This is characterized by a multimodal travel behavior, as millennials appear to 

choose the best-suited mode according to travel characteristics –“customization of travel” 

(Delbosc and Nakanishi, 2017). This increase in multimodal traveling is seen by Hjorthol 

(2016) as one of the reasons for the decrease in automobile traveling of young people. 

Another reason has to do with the belief that, for millennials, the car has a symbolic 

meaning associated with accountability/responsibility, which contrasts with the image of 

independence and high social status that previous generations had (Rérat, 2018; Delbosc and 

Currie, 2013). Accounting for generational effects is common in mobility biography studies, 

with researchers focusing on the impact that the cohort has on car ownership (Dargay et al., 

2000). 

Other researchers argue that economic circumstances, rather than the modification of 

desires, preferences, or attitudes towards sustainability, are the reason for changes in car use 

and ownership levels. Decreases in car ownership can be explained by budget constraints and 

financial stress, a result of the economic crisis of 2008, uncertainty as to job security, the 

occupational status of young adults (begin of career or students), and even delays in lifecycle 

milestones (Garikapati et al., 2016; Polzin et al., 2014; Klein and Smart, 2017). 

Perhaps more than with the reasons why millennials’ behavior is different, researchers 

are concerned with how their travel patterns will evolve over time (Polzin et al., 2014; 

Garikapati et al., 2016; Hopkins, 2016). Whether millennials remain car-averse will also 

depend on the conditions they will encounter in future cities (Delbosc and Ralph, 2017). 
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3.3 Data and methods 
 

3.3.1 Method of data collection 

This study draws on semi-structured interviews that were conducted to explore the travel 

and spatial behavior of international temporary residents. There are two main reasons for 

choosing semi-structured interviews as the research method for this study. First, semi-

structured interviews allow for a common framework for the interviews (Edwards and Holland, 

2013), helping to keep the focus on the subject and compare responses among interviewees. 

Second, they allow for clarification, and further exploration of emerging perspectives and 

concepts through additional come up questions (Edwards and Holland, 2013), this being 

fundamental for the production of knowledge through the investigation of themes beyond the 

interview guide (Brinkmann, 2013). Thus, by applying semi-structured interviews, concepts 

already identified in the literature could be covered, while there was at the same time flexibility 

for the inclusion of additional, so far uncovered themes. 

The interview guide used in this research consisted of four sections: socioeconomics, 

background; residential location choice and spatial experience; and transport experience.  

The “socioeconomics” part included questions that went beyond the common 

background variables, adding aspects such as the usage frequency of social media and the 

internet. The “background” section aimed to collect data on the duration of stay in the host city, 

preferred leisure/free-time activities, and social network composition. The “residential location 

choice and spatial experience” part was designed to clarify criteria and sources used during the 

search for a residence, as well as the perceived characteristics of the chosen place (e.g., 

accessibility to services, places that are within a walking distance). 

Additionally, we asked questions about the first places in the city the respondents came 

to know, exploration of the city, familiarity with the city’s urban systems, and the use of 

technology for city exploration. The “transport experience” section included questions about 

previous and current city transportation experiences and preferences. Furthermore, we asked 

about changes in travel behavior, both when comparing from one city to the other, and during 

their stay in the host city. If a change occurred, we asked about the reasons for changes and the 

perceived difficulties involved. Moreover, we made questions about other aspects related to 

travel behavior, including initial difficulties in moving around, information search, technology 

usage, willingness to buy a car or a bike, and satisfaction with current mobility. 
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3.3.2 Procedure and participants 

As a proxy for temporary residents, we chose international exchange university students, 

as they have in common some relevant aspects, such as the education level and the age range. 

Although one could argue that certain characteristics (e.g., budget constraints) can differentiate 

this group from other temporary residents, when looking at adaptation-related aspects, 

difficulties, preferences, and attitudes regarding their mobility in a new/unfamiliar city, they 

can represent the group and allow for a generalization of this experience. 

The sampling strategy consisted in sending invitations to foreign students registered in 

courses taught by two of the authors, foreign researchers at the universities, and members of 

social media groups of exchange students. The selection of the respondents aimed to diversify 

the sample by adding different nationalities and ages in order to represent a wide variety of 

behaviors and to identify differences related to local and global patterns. Participation was 

voluntary, with no payment or other incentives due to the lack of funding available for this. 

The Universities of Lisbon and Porto annually welcome around 10,000 exchange students. The 

interview invitations were continuously made until we stopped seeing the need to increase the 

sample. The final sample consists of ten international students that were living in Porto and 

Lisbon in January 2018. 

As Table 3.1 shows, the participants were of nine different nationalities, aged between 

19 and 31 years; seven were male, and three were female. Concerning their host cities, seven 

were living in Porto, and three were living in Lisbon. 

 

Table 3.1 - Summary table of interviewees’ characteristics 

 

Name* 

 

Gender 

 

Age 

 

Nationality 

Time so 
far in 

Portugal 
(months) 

Total 
time 

intended 
(months) 

 

Past city 

 

Host 
city 

Past city 
- main 
modes 

Host 
city - 
main 

modes 

 

Christian Male 31 Danish 0.75 1 
Capital, 

Denmark 
Lisbon 

Bicycle, 
PT, 

motorbike 
Walk 

 

Anna Female 22 Norwegian 1 3 
Small city, 

Norway 
Porto Bicycle PT  

Diego Male 19 Brazilian 4 60 
Big city, 

Brazil 
Porto PT Walk  

Lukas Male 23 Austrian 4.5 5 
Capital, 
Austria 

Lisbon 
PT, Walk, 

bicycle 
PT  

Paola Female 24 Argentinian 4.5 5 Capital 
metropolitan 

Porto PT, car PT  
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area, 
Argentina 

Veronika Female 22 Russian 4.75  5 
Small city, 

Finland 
Porto Bicycle PT  

Matteo  Male 21 Italian 4.75 5 
Small city, 

Italy 
Porto 

Bus, 
scooter 

PT, 
walk 

 

Felipe Male 21 Brazilian 5 10 
Big city, 

Brazil 
Porto Car 

Bicycle, 
walk 

 

Alejandro Male 27 Colombian 11 36 
Capital, 

Colombia 
Porto PT 

Walk, 
PT 

 

Deepak Male 30 Indian 18 48 
Capital, 

Singapore 
Lisbon 

Walk, 
bicycle 

Walk  

* The real names of the interviewees were changed to protect their identity. 

 

Whilst this is a relatively small and heterogeneous sample (in terms of age, nationality, 

backgrounds, time in the city, and duration of stay), the narratives were quite homogeneous, 

diverging only in aspects that had more to do with personal preferences than with group 

features. Hence, we did not expect that increasing the sample size would lead to an increase in 

the information on the behavior adaptation of this group. 

The interviews were conducted in English or Portuguese, in person or via VoIP (Voice 

over IP) software (e.g., Skype, Facebook messenger), depending on the personal preferences 

of the interviewees or their distance from the interviewer (based in Porto). The interviews had 

an average duration of roughly one hour (1h07) and were recorded and transcribed, with the 

interviewees’ knowledge and consent. In total, more than 11 hours of interviews generated 160 

pages of content that we have coded and categorized according to relevant themes and 

emerging similarities or divergences. After the main categorization phase, we have analyzed 

each theme individually, in terms of content and assigned sub-categories to the themes. 

Relevant excerpts of the interviews conducted in Portuguese were translated to English by the 

first author. 

To improve readability, and despite the production of verbatim transcriptions, the 

excerpts presented in this study are reconstructive transcriptions (Brinkmann, 2013), aimed at 

organizing the ideas expressed in the free answers, and preserving their actual meaning. 

Excerpts that contained the repetition of words and phrases, incomplete phrases, or rambling 

in the middle of the answer were excluded based on their irrelevance to the topic. Furthermore, 

some additions (text marked inside brackets) and small adaptations were made to improve the 



55 
 

understanding of what was being said, for example, in cases where certain information refers 

to the question, or when respondents use of colloquial expressions/language. 

 

3.3.3 City characterization 

To gain insight into the phenomenon of adaptation in an international environment, we 

chose foreign students that were based in Lisbon or Porto, the largest cities in Portugal (see 

Table 3.2). 

 

Table 3.2 - Characteristics of Lisbon and Porto 

 Lisbon Porto 

General   

     Inhabitants (2013) a 1,083,050 837,555 

     Area (km2) a 1,389.98 814.58 

     Population density (inhabitants/km2) a 779.18 1,028.20 

Transportation system   

     Number of bus lines 171b  181c 

     Number of metro lines 04d 06c 

     Extension of metro lines (km) 44.5d 67c 

     Extension of cycle lanes and shared lanes 90e 22f 

     Number of cars per 1000 inhabitants g 471 (2002) 359 (2000) 

     Bike share in 2017 h 0.5% 0.4% 

a Statistics Portugal, 2015 
b Carris, 2019 
c Metro do Porto, 2019 
d Metropolitano Lisboa, 2019 
e Lisbon City Council, 2018 
f Ciclovia PT, 2016 
g Atlas of the Porto Greater Metropolitan Area (Pinho et al., 2009) 
h Mobilidade e funcionalidade do território nas Áreas Metropolitanas do Porto e de Lisboa 2017 
(Instituto Nacional de Estatística, 2018) 

 

Both cities have trains, metro and buses operating, and Porto’s surface metro network 

covers several other municipalities in the city surroundings. Furthermore, both cities are very 

hilly and do not have a well-developed network of cycle and shared lanes, which may decrease 

the attractiveness of cycling. 
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3.4 Findings 
In this section, we present the research findings on travel behavior adaptation that were 

classified according to the literature and the discussed theoretical framework.  

 

3.4.1 Mobility biography 

International relocation as a key event imposes a break in routines and generates the need 

to choose where to live in the new city. The residential choice can be linked to decisions on the 

intra-urban mobility in the new city, this being pointed out by several studies that have 

examined how travel behavior and residential preferences influence each other (Kroesen, 2019; 

Ettema and Nieuwenhuis, 2017; Cao et al., 2009; van Wee, 2009; Mokhtarian and Cao, 2008). 

When deciding where to live, individuals tend to compromise between personal valued 

features, including transport-related ones (e.g., reduced commuting time and costs) (Kim et al., 

2005). Individuals wishing to mainly use active modes will choose to live in walkable areas, 

whereas individuals bent on using public transport (PT) will search for places with good PT 

connections and accessibility (Mokhtarian and Cao, 2008). The respondents supported these 

hypotheses by drawing attention to how connected their residential and modal choices are. 

I had two things that I wanted: to live very close to the university, so I could walk there, 

and live close to the city center, so I could walk there as well. Like in between the 

university and the city center, but closer to the university. (Christian, M, 31) 

Note that the context of the residential choice of temporary residents is different because 

people often choose the place where to live before arrival at the new city, and knowledge is 

often restricted to the study/workplace location. Thus, the self-selection is likely to occur 

differently from what is documented in the literature of mobility biography (that usually 

examines the case when people have specific knowledge on neighborhood features and public 

transport level of service for different areas and have the opportunity to be at the new residential 

location before the time to move in). 

The impact the information on the study/workplace location has on the residential 

location choice is evident when about half of the interviewees stated they used active modes 

while commuting to the university (supposedly the most frequent mandatory travel 

destination). This suggests that, in the host city, they have chosen a residential location close 

to the University, since walking imposes some limits for commuting distances. 
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However, while deliberating on where to live, some people are more flexible in terms of 

proximity, they still take into account the transport accessibility to the university or the city 

center. 

I had one criterion: I wanted it to be close to the University of Porto, [or] at least, close to 

the yellow line [metro], which is the main [connection to the University campus]. I did 

find one, and this one is just 15 minutes away, so it’s not far away. (Anna, F, 22) 

We tried to rent there [city center], but then we realized that, as Porto is so small, it 

would be the same to live somewhere else. There [city center] it was really expensive, 

and the places outside are really close: you are like 15 minutes away, so it is the same to 

live a little bit [out] and spend much less. (Paola, F, 24) 

The impact of having the opportunity to experience the built environment and the city’s 

systems on residential location choice is evident in the second quote, which is from a person 

who decided to stay in a temporary place at the beginning (hostel) and search for the place to 

live after arriving in the new city. Thus, she had the opportunity to experience the environment 

and understand different aspects of the new city. 

Apart from valuing proximity to the University Campus, being close to the city center 

was also desired when searching for a residence, as well as the existence of nearby facilities 

and leisure opportunities or lower rent prices. Some people placed importance on having cafés, 

restaurants, and cultural amenities close to their residence (Lawton et al., 2013; Frenkel et al., 

2013; Woldoff et al., 2011). 

I found good accommodation almost in the middle between the city center and the 

university. There are also a lot of restaurants, supermarkets, bakeries, clubs. It is quite 

good. I think that in a radius of 500 meters you find everything that you need. (Matteo, 

M, 21) 

Also, at the local level, a positive value is attached to residential locations that allow for 

easy access to diverse facilities. However, as the decisions on where to live were either made 

before moving to the host city or at the very beginning of the stay, those decisions were based 

on limited information, generating in some cases a degree of dissonance that ultimately led to 

relocation. People who are less attached to their current neighborhood are more prone to try to 
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reduce their current residential dissonance through relocating (Schwanen and Mokhtarian, 

2004). 

I live close to FEUP [University campus], but I do not like the place [where] I am. (…) I 

have decided to move. Now I will live closer to the city center. I did not know that living 

away from the city center was bad. I do not like having to spend 25 minutes to arrive at 

the city center. Basically, I will start to take more buses, because (…) where I will live, 

there is a bus route that stops right in front of my home and that has a stop right in front 

of FEUP. So, I will not use the bicycle anymore. I will return it because it does not make 

sense to have a bicycle in the city center: there are lots of hills. (Felipe, M, 21) 

Here again, the relationship between residential location and travel behavior is 

highlighted, since the location defines the starting point of many trips and the transportation 

services and infrastructure to which an individual will have immediate access, impacting on 

the behavior. Thus, the immediate built environment, to which one is exposed, will contribute 

to the opportunities and inconveniences faced by the individual. 

Again, the knowledge on the university location combined with the lack of knowledge 

regarding the city’s characteristics before moving seems to act favoring a higher weight for 

this locational component (closeness/connection with the university) over the others in the 

decision process. Only after experiencing the environment, one may realize that, in fact, the 

choice was made according to the information available beforehand and things that could be 

important were overlooked due to the decision-making context. 

The literature indicates that even when the choice of a residential location is based on the 

transportation preferences (self-selection), the place chosen can affect the attitudes towards 

transportation and travel behavior (De Vos et al., 2018; De Abreu e Silva, 2014). 

Regarding the use of PT in the host city, the proximity to PT stops/stations was 

recognized as having an impact on individuals’ travel choices, due to the associated perceived 

in/convenience and dis/utility. 

I prefer [to use] the metro because it is more reliable, but due to the fact that the next 

metro station is 15 minutes from my apartment, I use the bus probably more often. 

(Lukas, M, 23) 
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There are some issues related to access to the nearby bus stops. You do have to walk a 

considerable distance, in many cases, to get access to a metro or a bus; by that time, you 

could actually reach the destination just with a little more walking. (Deepak, M, 30) 

Accordingly, accessibility is acknowledged to be decisive for selecting a mode, instead 

of the other, enhancing the attractiveness and nudging the use of the system. This is in line with 

Ton et al. (2019), Badland et al. (2014) and de Abreu e Silva et al. (2012), who found that 

individuals that live and work in places with easy access to PT services (e.g., central and/or 

high-density areas) are more likely to drive less, and use active modes and PT more frequently. 

The fact that their international migration is temporary also impacts residential choice 

and travel behavior. That is why most individuals stated relying on public transport and 

walking, even if they were users of private transport modes in their hometown (e.g., bicycle, 

motorcycle, car). This is due to the unavailability of private modes, combined with an 

unwillingness to buy, and difficulty to rent, vehicles, rather than a significant change in 

attitudes towards transport modes. Due to the temporary context, these efforts do not pay off. 

I probably prefer to take the metro, because I am just here for three months, so I don’t 

want to buy a bike, and then spend more money on that to get around. I guess it costs me 

a little bit more per month, but when you are tired after a long day at work, it’s easier. 

(Anna, F, 22) 

In my hometown, I am lazier than here in Porto, because of course, I have a car, and I 

have the scooter [that I use] also for short distances. Here in Porto, I walk more, and I 

cover bigger distances, because I like to walk and because obviously, I don't have my 

car. (Matteo, M, 21) 

About the unwillingness to invest in a private transportation mode, Dziekan (2008) 

claims that new residents usually arrive in the host city without a vehicle, which, according to 

Banister (1978), means a lack of commitment to the use of a specific transport mode.  

The experimentation with new modes seems to raise awareness of their positive aspects, 

such as perceived savings in physical effort when using PT, or the enjoyment of walking. This 

is possible due to the habit break resulting from the relocation, combined with the lack of 

private modes as available in the city of origin. In this regard, an analogy with the effect of 

interventions in the mobility biography context can be made, since both cases lead to 

experimentation and opportunities to evaluate a new transport mode (Müggenburg et al., 2015). 
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Thus, in a way similar to the effects of interventions, this temporary experimentation may have 

implications for their lives back at the place of origin, this being in line with Burbidge (2012) 

and Fujii and Gärling (2003). 

When adapting to a new context, individuals tend to initially analyze lower-impact 

strategies (e.g., use the transport system available), and only if their needs are not met, they 

then consider higher-impact alternatives (e.g., residential relocation) (Cao and Mokhtarian, 

2005).  

In all the cities that I have been to, biking is not as big as in Denmark, my preferred 

option, so I just rely on the other available modes. Walking and PT are easy options for a 

short-term horizon. (Christian, M, 31) 

People staying in a place for only a short period make their choices within a short-term 

horizon, without any permanent or prolonged commitment, favoring experimentation and 

changes that they might not consider in their place of origin. At the same time, lagged responses 

to the migration are not possible, because the international and temporary components require 

a quick adaptation. 

 

3.4.2 Mobility culture 

Temporary residents are exposed to a new built environment, where the socio-cultural 

context combined with the different levels of accessibility to places of interest can positively 

or negatively contribute to the perception of mobility opportunities. 

The absence of adequate facilities can influence an individual’s perception of control or 

viability for using active modes in the host city (Milakis, Efthymiou, and Antoniou, 2017), 

even if it concerns the preferred mode.  

In line with this observation, some interviewees pointed to the built environment and the 

socio-cultural context, as strong factors in the un/attractiveness of transport modes. The lack 

of sufficient infrastructure for cycling, combined with the topography (high occurrence of hills) 

and the difficulties in using public bike-sharing systems (by the time of the interviews), made 

using PT or walking more attractive than cycling. 

I was actually thinking of coming here [University] by bicycle, but then I understood that 

it is almost impossible. It's a very long distance from my place to the university; nothing 

is adapted for bicycles. I bought a bicycle, but it wasn't good for this kind of landscape 
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[so] I returned it after a week. The reaction of the cars and people are so unpredictable 

here, so it's kind of dangerous. I thought that for me it was better to pay for transport than 

to cycle. (Veronika, F, 22) 

I considered buying a bicycle, but due to the ‘geography’ of the city [it] is difficult, 

[there are] lots of hills. Otherwise, I would already have one, for sure. I like cycling very 

much. (Diego, M, 19) 

I don’t have a bicycle here, and I did not want to buy a new one. There is a bicycle share 

system in Lisbon, but they just opened it. I want to try, but for registration, you need a 

Portuguese tax number. (Lukas, M, 23) 

Therefore, even though they have expressed positive attitudes toward cycling, the 

perceived absence of infrastructure, social norms, and policies supporting cycling, prevents 

them from using the desired mode. The mobility culture of Lisbon and Porto reveals a low 

prioritization of cycling (up to 2017) that contributes to the low levels of cycling. In fact, people 

cycle more when they perceive that cycling is an efficient and easy way of reaching their 

destinations (Haustein et al., 2019; Thorhauge et al., 2020). 

However, even Diego, who comes from a car-oriented culture (Brazil), mentions his 

positive attitude towards cycling, suggesting a trend that is more connected to his cohort 

(millennials) than his home country’s mobility culture (the role of the cohort on the travel 

behavior adaptation of temporary residents will be discussed in the next section).  

It is also important to note that the right system, but with the wrong constraints, is not so 

helpful either. The Lisbon bike-sharing system somehow prevents tourists, temporary 

residents, or any other temporary groups from using it, because it requires too much 

bureaucracy and long-term documents for registration. In this scenario, international mobility 

solutions companies (e.g., e-scooters, bike-sharing companies) have a huge advantage, as 

usually, they are open to all potential users. 

The impact of the mobility culture in which people have grown is also evident as the built 

environment in the city of origin seems to affect the experience of an individual in the host city 

since people tend to use that environment as a “baseline” for setting their expectations against 

regarding mobility. Therefore, the way people perceive the new built environment, and their 

attitude towards it are influenced by their past urban experiences. 
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You do have a metro, but it is actually a bit difficult to access. Maybe I am comparing 

with Singapore (…) I consider it to be comparatively expensive, the public transportation 

system (Deepak, M, 30) 

When trying to use a new system, the differences between mobility systems, which 

reflect the different mobility cultures arise. In general, people seem to assume that the new 

system will work in a way similar to the system of their previous city and, consequently, will 

judge the performance of the host city’s system by comparison. 

The built environment of the new city was also referred to impact people’s spatial 

orientation, thus being a source of help or adding to the difficulties associated with navigating 

the new city, depending on the similarities or differences with the city of origin. 

I think walking here [Porto] is harder. In Finland, it's flatter, and there are not that many 

buildings, so it's easier to walk around, and the streets are more parallel. I had problems 

with orientation because, in the city center, the streets are not parallel (…) the not typical 

street planning. (Veronika, F, 22) 

The transportation system, as a part of the urban built environment, seems to play a role 

in improving the legibility of a city, that according to Lynch (1960), is the easiness in 

recognizing and organizing parts of the city into a comprehensible pattern. The metro stations, 

in particular, were cited as helpers for the interviewees while orienting themselves in the new 

city. The metro stations are used by students as landmarks or anchor points (Bruns and 

Chamberlain, 2019), assisting them in wayfinding around the host city and also as a reference 

for areas of the city. 

[The transportation system] gives you a good reference, I do not ask the name of the 

streets, I ask, "Which station do you live nearby?" A girl told me yesterday: “I live in 

street X," and I said: "That does not mean anything to me. What [metro] station do you 

live nearby? What is the point of reference for where you live?” We communicate by the 

stations, by reference points. (Felipe, M, 21) 

Probably the first things I knew were the metro stations to gain orientation [in] the city. 

(Lukas, M, 23y) 

Moreover, social norms are an important part of the mobility culture in the new city. In 

the case of exchange students, it seems that they are more exposed to the social norms dictated 
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by the group of students in the same situation, than effectively to the local social norms. This 

can be a consequence of language barriers, which makes it easier to be part of an international 

community. Thus, each individual’s social network defines his/her exposure to social norms 

created as a group, as illustrated in the following examples.  

If your friends use a bike, you use the same. (Matteo, M, 21) 

[In Porto I take] Uber at night-time when the metro is not working and not all the buses 

are driving. At night, [going home] from parties, people usually take Uber. (Veronika, F, 

22) 

However, temporary residents are not restricted to their physical network. Beyond the 

“traditional” forms of information sharing between friends, Xiao and Lo (2016) argue that 

social media, the web, and co-creative websites can also influence people’s decisions, making 

them revise their transport choices. More than mode choice, respondents’ social network, social 

media, and co-creative websites were reported to influence the choice of places to visit, 

especially in the case of millennials. Axhausen (2007) argues that individuals’ activity spaces 

are proportional to their social network geography. 

I think our generation is more worried about taking a good picture and having a great 

Instagram than actually enjoying certain places (…) that is the reason why you go to a 

club or everyone is in that club. If you think more, you will go to a club with fewer 

people, so you could dance, and [would] not go to the ‘most crowded’ club. (Paola, F, 

24) 

If I want to go to a coffee shop, sometimes I read a little bit about what people have said 

from previous visits [reviews]. It is kind of crazy thinking: “ok. This is a good place to 

go since there have been a lot of people there, who said it’s a good place or they have 

good coffee.” (Anna, F, 22) 

The social environment is stated by individuals to be responsible for perceived counter-

intuitive choices, reinforcing its relevance in the regulation of decision-making processes in 

the host city. The social component overcomes utilitarian reasoning, making people more prone 

to choose places according to their popularity and trendiness. 

Furthermore, adding a short-term perspective to this new social environment seems to 

affect individuals’ travel behavior by increasing the number of trips. In fact, respondents 
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spontaneously stated that being part of a group living temporarily abroad plays a role in 

generating an apparent pressure for doing more things in the host city than in her/his city of 

origin. 

As I am [an] Erasmus [student], I go out Friday, Saturday usually. It is very common 

because it’s just for five months and you think that you might not see people anymore 

after they leave, so you try to spend more time with them. Not only Friday, it may be any 

other day during the week, but I think Erasmus people are more into going out. 

(Veronika, F, 22)  

However, the temporary perspective alone was also found to impact the number of trips. 

The interviews revealed an increase in the number of non-mandatory trips (i.e., social and 

leisure trips) made while abroad. This results from the combination of the initial excitement 

and the ephemeral horizon mindset of this group, and it was more pronounced at the beginning 

and end of the stays. It can be explained by a desire to enjoy, as much as possible, the city, 

nearby attractions, and the new social relationships created. 

When I arrived, I [went out] to socialize [with] people, met new people, went to new 

places, and now it’s almost the same because I want to enjoy my last days here in Porto. 

(Matteo, M, 21) 

3.4.3 Millennials: high-tech, low worry 

To examine the behavioral adaptation of the current temporary residents, the fact that 

they belong to the millennial cohort must be taken into account.  Cao and Mokhtarian (2005) 

suggest that their young age makes millennials less resistant to considering travel-related 

strategies when facing a reduction of their choice set. They are more open to considering new 

mobility solutions (e.g., Uber, BlaBlaCar), especially when PT is not available, and to display 

a multimodal travel behavior pattern. 

On a daily basis, I basically use the bicycle or walk because it is from home to university. 

I go basically by foot to do things around my home or university, more for near trips. The 

metro I use mostly for going to the city center. I also use Uber a lot, because (…) 

normally when I go out [at night], the metro is already closed. (Felipe, M, 21) 

In line with the literature on millennials’ travel behavior (Circella et al., 2016; Delbosc 

and Ralph, 2017), interviewees highlighted, as reasons to avoid car use in crowded cities, the 
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stress generated by driving or searching for parking space, and appreciated the existence of 

alternatives. One of the interviewees stated that she preferred not having to drive in her city of 

origin, just doing it because of the significant travel time savings. 

It was really good for me not to drive [in Porto]. Because I don't like it so much, I only 

drive my car because it’s necessary [in Argentina], like I used to work in a place that was 

1 hour and 30 minutes away by car from my house, and by bus, it was like 3 hours. Here, 

not needing it, for me, was really relaxing and I don’t want to drive. If I had this system 

of subway or buses in Argentina, I would never drive.” (Paola, F, 24) 

In Denmark, I don’t have a car either, and I don’t want to spend money on a car. 

Whenever in the city, you have to park, and that is just annoying. (Christian, M, 31) 

The first quote also shows the importance of the mobility culture (and the associated 

investments in transport infrastructure) on the perception of the mobility opportunities in a city. 

This highlights the role of city planners and decision-makers in creating better spatial contexts 

and in better spreading transport resources in the city. When she states that she would not drive 

if she had a similar subway system in Argentina, she evidences that her desired mobility (that 

is more sustainable) is not viable in Argentina, despite her intentions to do so. 

Providing an environment that favors the maintenance of sustainable travel habits means 

taking advantage of the window of opportunity that millennials’ travel behavior generates 

(Delbosc, 2017; Nash and Mitra, 2019). Notably, they are more likely than other cohorts to 

choose active alternative travel modes (especially cycling) due to health and environmental 

concerns (Ling et al., 2017; Khattak et al., 2011). 

This aspect can be added to the fact that, overall, car ownership in the context of 

temporary relocation seems to be not so attractive, even for those who stated they like driving. 

The narrative of one respondent (who said that he would like to have a car) is filled with 

elements in line with the literature on millennials. Despite liking to drive, the interviewee 

desired a scenario where “having a car was not needed” and could just be rented when 

necessary, thus associating the value of a car with its convenience and utility. Moreover, while 

he says that he would like to “have a car,” his narrative emphasizes eventual use and all the 

disadvantages related to owning a car, suggesting a situation closer to a car-sharing solution 

than actual car ownership. 
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I miss it [the car], but I always have imagined it would be better living somewhere where 

having a car was not needed. I would like to have a car and do not need to use it, you 

understand? Use it only when it was convenient (…) I have talked with a friend, we 

considered buying a second-hand car to travel and drive around Porto, but we ended up 

discarding this idea, because it would generate concern with crashing or of dealing with 

documentation, car maintenance, for not that big a benefit (…) I like to drive, but that is 

it, if I want to drive for traveling, we go rent a car (…) and we drive, and to go to the 

University, it is easier and much cheaper to take a bus. (Felipe, M, 21) 

It should be noted that these statements are made by a person from South America, where 

we have a combination of a car-centric culture with relatively low levels of both PT service 

and active modes’ infrastructure. 

Technology usage is another relevant aspect to understand the travel behavior adaptation 

of millennials temporary migrants in the new city. 

Interviewees revealed that technology usage enhances their perceived spatial orientation, 

allowing them to plan a trip just before its start, and to observe and follow real-time spatial 

information during the trip. Technology usage gives them a feeling of confidence, as they 

believe they would never be lost, thus reducing the stress involved in traveling to unfamiliar 

places, and facilitating the adaptation process. 

I was never really lost, because of the [mobile] application, but without it, I would be 

completely lost. I would not know what to do. (Diego, M, 19) 

Being so free to use the technology, you actually feel free to go wherever you want 

because you know you are going to get home afterward. (Paola, F, 24) 

I have never needed anything but technology. It's an infinite source of information in 

real-time. I did not feel lost at any moment. (Felipe, M, 21) 

The role of technology as a tool to deliver information is even more important in the 

context of international relocation since long-distance movers experience an entirely different 

transportation system and a relatively large lack of general information (Klinger, 2017), and 

not meeting their information needs means to discourage them from using PT (Kinsella and 

Caulfield, 2011). 
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Nowadays, individuals do not need to use a trial and error approach for moving around 

in the new city, since they can have the necessary information and make decisions according 

to their own criteria, since the very beginning of their stay. The use of smartphones makes 

access to information easier and decreases the uncertainty and stress generated by cognitive 

efforts when traveling (Grotenhuis et al., 2007). However, at the same time, the respondents 

recognized that relying on technology for moving around, instead of making them familiar with 

the surroundings, can also prevent the absorption of information, or learning. 

I can’t remember the names of the streets that I have been [in] thousands of times. I have 

free internet, [so] I just walk, and when I get lost, I look [check on the phone] how to get 

back, and I don’t even look where I am. You are not made to pay attention because you 

have so many tools around you that help you, that, actually, we are getting ‘lazier,’ not so 

active like before. (Paola, F, 24y) 

The process of internalizing the gathered information occurs differently for young adults 

of today, probably due to the belief that information will always be available. Young people 

tend to not analyze in a deep or reflexive way the information searched, being more attracted 

by the visual presentation of information than just text (Williams and Rowlands, 2007). 

Similarly, technology usage seems to reduce social interaction, as people are able to find 

online all the travel information needed. 

Technologies help you, but they prevent you from communicating. You could ask 

someone, and maybe it would be faster, but then you think: “oh, I don't want to bother 

anyone, and I will just find it on the map.” (Veronika, F, 22) 

[If I have no internet access], the difference is that I will have to talk with someone. 

(Diego, M, 19) 

Among the information sources, printed information (offline information) was referred 

to as being more difficult to understand, due to the higher cognitive effort associated, when 

compared to online sources, which are therefore more used. 

I don’t understand anything of those [printed] maps, nothing, because you have the maps 

and the number of the buses that go everywhere. It shows you the bus, but it doesn’t say 

if it is going down or up, and I don’t know when it changes. (Paola, F, 24) 
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[The printed information] at the bus station, [states that] a bus comes every 20 or every 

15 minutes, so you never know if the last one has [already] passed. The printed 

[information] is not relevant, I guess. (Lukas, M, 23) 

Good information provision has shown to increase the convenience of a trip from start to 

finish by reducing the cognitive effort involved in becoming oriented (Lyons and Harman, 

2002). However, the difficulties faced by the interviewees highlight the fact that the system is 

not well designed for newcomers, but rather for people who have some knowledge of the city. 

Despite online information having great potential, not adequately defining the user 

interface, and presenting information taking into account unfamiliar users of a transportation 

system, prevents people from taking full advantage of its power. The way to find information 

should be the easiest and more direct possible, to avoid unnecessary extra cognitive effort. 

I don't like this [official] website. It's not very understandable because to check the 

schedule of the bus: first, I search real-time information, then it shows which bus you can 

take from [one] place to another, and then I go to the other page where I check the 

schedule for a specific number of bus, so I can’t click on this bus number, and it will 

show the schedule, it takes way too long to find the information, I think. (Veronika, F, 

22) 

I started using more the Move.me [official app] after one month, because it is 

complicated, [so] I was not able to use it in the beginning. (Diego, M, 19) 

Even though online information is not optimized for users with low familiarity with the 

system or the environment, the interviewees stated that they rely more on that information. 

Some respondents spontaneously stated to use Google Maps as a source of information rather 

than the official apps, which can be explained by perceived deficiencies in the PT official apps 

or by the relatively lower effort required to use Google Maps, since its interface does not vary 

from place to place. 

When I walk, Google Maps shows me what I have already walked. For me, to have it, in 

terms of mobility, is necessary, indispensable, important, and helps a lot. (Alejandro, M, 

27) 

Without Google Maps, it would have been more difficult to obtain information. Like just 

look it up in my smartphone and then walk. It’s much easier. (…) I can just go there 
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[unfamiliar place] because I have my smartphone, and I will always be able to find the 

place, and it’s very easy. (Christian, M, 31) 

At any rate, interviewees described that using a smartphone helped them in moving 

around in the new city and that they feel that it made their adaptation faster than it would be 

without using it. They stated that they are strongly dependent on online information and that 

without it, their mobility would be more difficult and restricted, which is in line with the 

findings of Dal Fiore et al. (2014). 

 
3.5 Conclusions 

Data and studies concerning temporary residents are few and far between, despite the 

potential and the growing importance of this group. 

We have conducted and analyzed a set of semi-structured interviews to examine how 

temporary residents adapt their intra-urban mobility behavior after an international relocation. 

Our main purpose was to check whether this adaptation occurs according to what is described 

in the literature on mobility biography and mobility culture or not. 

International students were chosen as a proxy, allowing for insights into the travel 

behavior of young temporary residents and the connections with residential location choices, 

perceptions about the built environment, including the transport system, information needs, 

technology usage, and social influence. 

About the behavioral changes induced by simultaneous key events, and from the 

perspective of the mobility biography literature, our findings confirm that residential self-

selection (Mokhtarian and Cao, 2008) also occurs in this context. However, the previous 

knowledge temporary residents have on their study/workplaces, combined with their low 

knowledge about the neighborhood features, makes their self-selection somehow particular. In 

fact, a higher weight to the proximity and accessibility to the university is given rather than to 

other local accessibility parameters in the residential location decision-making. Similar to what 

is described in the literature, residential dissonance can occur and lead to relocation within the 

city during the temporary stay (Schwanen and Mokhtarian, 2004). This is due to the low level 

of information available at the moment when people choose their residential location (before 

relocating or at the very beginning of their stay). To minimize the impacts of missing 

information about the city, its neighborhoods, and transportation system is essential and could 
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be made available beforehand by public authorities (general initiative) or 

companies/universities (one-off initiative). 

Moreover, travel and spatial behaviors were found to be influenced by the built 

environment at the residential location. Accessibility to public transport and good infrastructure 

for active modes at the residential location were found to be important components for the 

promotion of sustainable mobility, in line with the literature of both mobility biography (De 

Vos et al., 2018) and mobility culture. It is important for temporary residents to find an 

environment that supports cycling and walking (Klinger and Lanzendorf, 2016). 

Due to their short-term perspective, temporary residents are more prone to rely on PT 

and active modes, as they have a low likelihood of buying vehicles. On the one hand, from the 

perspective of mobility culture, if they do not encounter good conditions for moving around by 

active modes, they can end up becoming captive users of the PT in the host city (Le-Klahn et 

al., 2014). On the other hand, from the perspective of a mobility biography approach, the new 

experiences with different modes can work as an “intervention,” as they make people 

experience and re-evaluate new modes (Fujii and Kitamura, 2003), which can have positive 

consequences for their mobility after returning to the city of origin (Burbidge, 2012). However, 

in line with the mobility culture literature, support is needed in the city of origin to make people 

keep using more sustainable options, or otherwise, they are likely to move back to old patterns 

(Burbidge, 2012). Thus, measures aiming to improve and facilitate the use of active modes can 

have an immediate effect on this group’s travel behavior, thus contributing to reaching the 

number of users needed for the consolidation of these sustainable alternatives in the host cities.  

This can be monitored by analyzing how people respond to changes in the mobility 

culture since it allows the observation of how urban transport policies are affecting individuals’ 

travel behavior (Klinger, 2017). Moreover, people’s reaction to the new mobility culture makes 

it possible to evaluate the new city’s mobility by benchmarking relative to other cities, to 

examine where the mobility system of the new city is in relation to the other cities. 

Considering the impacts of the social context, the temporary perspective added to the 

identity of temporary residents as a group with its own social norms (Klinger and Lanzendorf, 

2016) was found to increase travel for social and leisure purposes in the host city. These trips 

resemble a combination of urban tourism (Łapko, 2014) with regular resident travel behavior, 

which makes the travel behavior of temporary residents, a hybrid of city local and city tourism 

patterns, due to their diversity of activities. Temporary residents use the mobility system for 
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mandatory and tourism trips, with needs related to the level of information similar to tourists. 

Therefore, public transport operators should invest in providing clear and easy to find 

information, to facilitate its use, as the system has a constant audience of foreigners using the 

system like locals, but having limited information about the city and the transportation system. 

In line with the literature on millennials (Klein and Smart, 2017; Delbosc and Nakanishi, 

2017) and the context it provides (Scheiner, 2017; Scheiner and Holz-Rau, 2013a), we observe 

the occurrence of travel customization, including the use of new mobility solutions. Moreover, 

technology is seen as of help in the adaptation process, but it has the side effect of decreasing 

the internalization of information about the new city. Also related to their millennial condition, 

the lack of a private car in the host city is not seen as negative, when the perceived utility of 

the available modes is good enough. 

Considering that millennials are intensive users of information and communication 

technologies and on-demand services, measures to improve online services and applications 

that provide real-time on-demand online information become rather important. Such measures 

could be used to balance out individuals’ lack of familiarity with the new city, decreasing the 

stress related to traveling around and/or to an unfamiliar place (Dziekan, 2008), thus boosting 

confidence and reducing the efforts of the users. Moreover, providing timely and persuasive 

information at the very beginning of their stay can help in inducing their travel behavior 

decisions in line with the city goals (Bamberg, Rölle, & Weber, 2003).  

It should, however, be noted that, in this research, there are some limitations in terms of 

the available resources for data collection. The presence of more men than women is a 

consequence of the affiliation of authors to technological schools, with a higher proportion of 

men. If more women were interviewed, issues related to perceived safety and security could 

possibly have emerged. However, according to the 2019 Global peace index, Portugal is the 

third most peaceful country. This index considers both domestic and international indicators of 

peacefulness, including the amount of violence and crime, as well as individual’s perception 

of safety while walking alone (Institute for Economics & Peace, 2019). Thus, most participants 

probably rather felt more than less safe, as compared to their country of origin. 

Overall, our study does not aim to clarify the entire and complex process of travel 

behavior adaptation that current international temporary residents face but rather represents a 

starting point of the analysis of this phenomenon in light of the literature on mobility 

biographies, mobility cultures, and millennials’ travel behavior. 
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Even if we consider the particularities of the cities analyzed and the fact that we have 

studied only a group of temporary residents, it seems fair to say that the residential relocation 

choice under prior knowledge of the study/workplace and low knowledge on cities’ features is 

common to all temporary residents and transferable to other contexts, also in what concerns 

the resulting impacts.  

Moreover, the reliance of temporary residents in the public transport and active modes is 

also argued to be transferable for other contexts in general, but must be different for specific 

groups of temporary residents (e.g., executives). In countries that provide better opportunities 

for active modes as an alternative, multimodality will surely be higher than the one observed 

in Portugal and better balanced towards more cycling. 

Concerning the social context, this is reasoned to be specific to the context of exchange 

students and researchers, which is associated with the arrival of a considerable number of 

people in one city, mostly at the same time, and to develop similar activities. Additionally, the 

findings related to multimodal behavior, technology reliance, and low levels of information 

absorption are more associated with the fact that these temporary residents are millennials. 

Therefore, these findings should be considered restricted to this cohort and, they are possible 

valid only for cohorts that are younger than this. 

However, further studies should be developed to investigate these topics from the 

perspective of other temporary resident groups, such as temporary workers, to confirm the 

validity of the findings to them. In addition, it would be interesting to compare the results of 

this study with studies on the experience of international students in cities with a different 

mobility culture, for example, in Denmark or the Netherlands, where social norms and existing 

infrastructure support cycling to a much larger extent. 
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Abstract 
 

Travel behavior adaptations resulting from international temporary relocation is an 
understudied topic, despite their increasing relevance in cities. The scarce published literature 
on the subject overlooks the contexts where people come from and arrive at, as well as ignoring 
aspects related to the processes and motivations underlying the adaptation. This study aims to 
partially fill this gap by addressing the travel behavior adaptation of temporary residents in the 
context of international relocation. We have chosen to focus our analysis on public transport 
(PT) frequency of use and satisfaction of temporary residents in the host city because the 
literature indicates that for short-term stays, people tend to rely on the mobility options 
provided by the host city. To investigate this, we collected data on temporary international 
exchange students and researchers. A Bayesian Structural Equation Model was estimated, 
using data from a tailor-made online survey that yielded 298 complete responses. The model 
confirms that (i) the existence of habit related to travel behavior 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) residential location affects the current 
frequency of PT use and satisfaction,(iv) perceiving technology as helpful to move around 
leads to perceive the PT system as easier to use in the beginning,(v) perceiving the PT as easier 
to use leads to a higher frequency of its use and to a higher level of satisfaction with the PT 
system. 
 
Keywords: Temporary residents; international relocation; travel behavior adaptation; 
satisfaction with public transport; ICT 
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4.1 Introduction 

Travel behavior adaptation resulting from international temporary relocation is a very 

understudied topic, despite its increasing relevance during the last years (OECD, 2019; 

UNESCO, 2020). This can be partially explained by the difficulties in studying such a 

contemporary issue, which is associated with ongoing societal changes (Crisci & Di Tanna, 

2016). 

The impact of residential relocation on travel behavior adaptation has been explored in 

the literature of mobility biographies  (Scheiner & Holz-Rau, 2013; Mokhtarian & Cao, 2008). 

But this literature has mainly focused on the effects of short-distance relocations. Thus, for the 

cases studied, the changes are related to neighborhood-related qualities, as opposed to the 

changes related to international relocations, which are related to the entire transportation 

system and mobility culture of the new place  (Klinger, 2017). 

From the perspective of travel behavior, the scarce published literature on the subject 

overlooks the contexts associated with where people come from and arrive at, as well as 

ignoring aspects related to the processes and motivations for spatial and travel behavior 

adaptation in the hosting place (e.g., Frändberg, 2014; Collins, 2012a). 

Therefore, this study partially fills the gap related to the travel behavior adaptation of 

temporary residents in the context of a transnational relocation. Among the aspects intrinsic to 

transnational relocation, we have chosen to focus our analysis on public transport (PT) 

frequency of use and satisfaction by temporary residents, since the literature points out that for 

short-term stays people tend to rely on the mobility options provided by the host city (Glover, 

2011; Burbidge, 2012) than to invest in a private individual mode (e.g., car, motorcycle, 

bicycle), due to the higher investment costs associated to the latter relative to the short period 

of their relocation. 

The elements of interest to this context found in the literature are (i) past travel behavior 

and habits, as they are indicators of preferences and predispositions established in previous 

locations, (ii) the choice of residential location, as the location features can influence travel 

behavior and previous preferences can lead to a specific 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. To analyze these 

components, among the temporary residents’ subgroups, international students and researchers 
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were chosen as proxy and surveyed, as their education level, age-range, and intrinsic need of 

adaptation to a new environment and new mobility culture can provide a good representation 

of the phenomenon. Also, universities are environments that naturally accommodate a 

significant population of temporary residents.   

Note that our aim is not to provide a final and definite answer or complete and detailed 

analysis of the phenomena, but to rather be a starting point for discussion by analyzing the 

existence of similarities and differences between the behavior of temporary international 

residents and what is described so far in the general literature on travel behavior adaptation 

following ed by a residential relocation. 

This paper is structured as follows: initially, the literature review of relevant topics is 

presented and followed by the hypotheses investigated in this study. Then, the methods section 

offers an overview of survey design, gives information on data collection, and describes the 

model approach used and the reasons underlining its choice. The results section presents the 

model and its associated fit indices, and the discussion section examines the results. Finally, in 

conclusion, we present reflections about the implications of the results, suggestions for further 

research, and discuss the limitations of this work. 

4.2 Literature review 

Before presenting the relevant literature that is somewhat linked to temporary residents, 

it should be clarified what approximates and distinguish temporary residents from other 

migrant populations, such as tourists, newcomers, long-term migrants, seasonal migrants, and 

circular migrants. 

Similar to tourists, temporary residents briefly stay in unfamiliar places. Thus both 

groups have analogous needs regarding local information on urban transport systems and the 

city configuration and organization. However, their travel patterns and residential opportunities 

tend to differ: hotels are inviable options for temporary residents due to the length of their stays, 

and places connected to tourism and leisure are likely to be visited only outside working hours, 

as opposed to tourists’ travel patterns. 

Also, temporary residents are similar to long-term immigrants in the earlier phases of 

their stay (or newcomers), but their transportation choices are likely to be guided by constraints 

imposed by the temporary perspective that makes them unwilling to make certain investments 

(e.g., buy a car), as opposed to long-term migrants. 
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Additionally, seasonal migrants that are those who stay in a place to work for a short 

period can be seen as analogous, but seasonal migrants’ work is related to agricultural cycles, 

and their socioeconomic and educational levels are also different from the temporary residents 

(highly-educated). As for circular migrants, they differ by presenting a continuous movement 

between two countries (the origin and host countries) that is implied in their definition. 

That said, temporary residents relocate abroad for a temporary stay to study or develop 

highly specialized work, conferring them specific features or attributes different from other 

groups. 

Thus far, there has been little discussion about the travel behavior of temporary residents. 

The published literature on temporary residents usually focuses on profiling migrants or 

discusses census issues (Crisci and Di Tanna, 2016), attachment, belonging or anchoring 

(Andreotti et al., 2013; Cicognani et al., 2011; Ryan, 2017), social issues (Balbo and Marconi, 

2006; Clarke, 2005; Fan, 2002; Withaeckx et al., 2015) or legal issues (Berg, 2015; Oliver, 

2011) associated with this type of movement. These different perspectives evidence the 

multidisciplinary nature of the relocation phenomenon and the diversity of issues related to it. 

Among the few studies that examine the urban travel behavioral changes derived from 

relocation (Glover, 2011; Burbidge, 2012), none have analyzed the factors and motivations 

underlying the travel behavior adaptation in the hosting place. To partially fill this gap, we 

review the literature related to the topics relevant for developing this analysis, namely, past 

behavior and habits, perceptions of easiness to use PT; residential location choice; and 

perceptions about the usefulness of the technology. 

Knowing that 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 opportunity of re-evaluating her/his transportation 

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 (Thomas et al., 2016; Bamberg 

et al., 2003b; Müggenburg et al., 2015). The new context presents a new set of information, 

making individuals stop doing things in an automatic way (Clark et al., 2014). 

However, Ajzen (1991) argues that residues of past behavior resulting from previous 

habits, influence attitudes and the perceived self-efficacy regarding the transportation options 
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in a new place. Moreover, there is empirical evidence linking previous exposure to high-quality 

public transport with higher public transport use (Smart and Klein, 2018). In this regard, past 

habits and experiences can contribute to expectations regarding the use of different 

transportation options in the host city, which makes temporary residents more inclined to use 

transport options similar to the ones they 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 habits and past travel behavior. 

In their way to find a similar solution for traveling in the host city, another constraint 

arises: the smaller choice set resulting from the temporary international relocation: Private 

modes are likely to not be brought from the city of origin. About adaptation, Cao and 

Mokhtarian (2005a) point out 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 temporary residents' reliance on 

public transport and/or active modes in the host city (Glover, 2011; Burbidge, 2012).  

Consequently, for those who were not users of PT in the past city and are potentially 

more resistant to public transport use, this may result in a choice of residential location that 

minimizes the need to use PT or relatively low frequency of PT use 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 (Kim et al., 2005). 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. 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 upfront information on study/workplace location allows for 

the consideration of commuting distance/mode during the residential location decision making. 

The literature reveals that there is no consensus on causal dominance between mode 

choice and residential preferences influences on each other (Ettema and Nieuwenhuis, 2017; 

Cao et al., 2009; Wee, 2009; Mokhtarian and Cao, 2008) and some authors claim that even 

when the residential choice is influenced by the transportation preferences (self-selection), 

there are also influences in the opposite direction (De Vos et al., 2018; Abreu de Silva, 2014). 
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The latter influence occurs due to the features of the built environment since, for example, 

higher connectivity and accessibility of PT services, is proven to increase its attractiveness and 

levels of use (De Abreu e Silva et al., 2012).  

The lack of information and familiarity with the transportation systems available also 

impacts the travel behavior of temporary residents, resulting in more constraints associated 

with their travel behavior. 

Using a new transport mode requires learning the new routines associated with it (van 

Acker et al., 2010), and when the efforts associated with this process are perceived to exceed 

its benefits, one can end up using a less optimal transport mode that is easier to use. Therefore, 

in order for temporary residents to start using and relying on PT, it is important to make it easy 

to use by newcomers, as perceiving PT as not easy to use can discourage its use (Kinsella and 

Caulfield, 2011). 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 (Dziekan, 2008). 

Thus, experiences in PT perceived as easy or difficult can update the perceptions, 

attitudes, and preferences associated with different transport modes, despite the role of prior 

attitudes and predispositions (van Acker et al., 2010). After experiencing the mobility options 

in the host city, it is possible for people to change their attitudes towards PT, following a 

process similar to what is described by van Wee (2009). 

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 (Bell and Ward, 2000). Therefore, they are likely to be 

Millennials, which are characterized by the intensive use of technology, which impacts several 

aspects of their daily lives. 

The use of mobile technology for transport purposes enhances the possibilities for 

traveling, which allows for travel optimization, high-level information possibilities, freedom, 

and flexibility (Dal Fiore et al., 2014). In this sense, delivering a mobility tool perceived as 

useful for moving around in the host city can contribute to an easier adaptation. 

 
4.3 Hypotheses 

Based on the literature review, we decided to explore and test the following hypotheses: 
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H1: Previous travel habit is associated with the past frequency of PT use and influences 

residential location choice; 

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 country; 

H3: Residential location influences the current frequency of PT use and satisfaction with 

PT; 

H4: Perception of technology as a tool to help in mobility is positively related to the 

initial perception about the easiness to use PT; 

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; 

H6: PT frequency of use is positively related to satisfaction with PT. 

 

4.4 Methods and data 

 

4.4.1 Survey design and data collection 

An online survey was designed and implemented for foreign students and researchers at 

the University of Porto. Since temporary residents are highly educated young people who 

relocate temporally for pursuing better work/study opportunities, limiting the sample to 

international students and researchers do not prevent from generalizing the findings on 

residential location choice and use of public transport and active modes in the host city. Even 

so, some specificities may emerge due to the fact that international students may have some 

budgetary restrictions that make them deviate from other temporary residents’ subgroups, and 

those will be considered in the conclusion section. 

The questionnaire design was based on a literature review and on in-depth interviews 

previously made with international students from 9 different countries that were living in Porto 

or Lisbon (Portugal) during January 2018.  

The 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, the technology used 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.  
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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 (2003). 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 made before the arrival at the host city; therefore, previous 

mode choices (in the respondent city of origin) can influence residential location choice, and 

(ii) those who use more public transport in the city of origin are more likely to use it in the host 

city.  

The Residential Proximity to Metro (RPM) 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 meters from the residence of each respondent, which characterizes high 

accessibility to rail and could highlight self-selection occurrence (Aultman-Hall et al., 1997). 

We have chosen 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 of easiness-of-use related to 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 transportation 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 was 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 minutes to complete. 

It was spread by the University of Porto International Office through an email inviting all 

exchange students and researchers to answer, between May and June of 2018. 

 

4.4.2 Bayesian structural equation model 

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 
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identification of four factors that we tested for sample adequacy (Kaiser-Meyer-Okin measure 

- KMO) (Kaiser, 1974) and internal consistency (Cronbach´s alpha) (Cronbach, 1951). 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 indicates that patterns of correlations are relatively dense and so factor analysis should 

yield different and reliable factors (Kaiser, 1974). For Cronbach’s α, values of 0.9 and above 

show excellent reliability, values between 0.7 and 0.9 show high reliability, values between 0.5 

and 0.7 show moderate reliability, and values of 0.5 or bellow show low reliability (Hinton, 

2014).  

Based on the results, a Structural Equations Model (SEM) was implemented in Mplus 

(Muthén and Muthén, 2017). Due to sample size restrictions, we have chosen to proceed with 

Bayesian estimation (BSEM), because it performs better for small samples (Muthén and 

Asparouhov, 2012). SEM consists of a measurement model, or confirmatory factor analysis 

model, to examine the relationships between observed variables and latent variables. 

In this study, the model consists of 4 sets of equations. The equation (1) refers to the 

measurement equations, the equation (2) connects the latent variables to individual’s 

socioeconomic characteristics, the equation (3) links the explanatory and the mediator latent 

variables and the equation (4) connects the latent mediators to the dependent variable: 

I   = Z ∗ α   + v   and v   ~ N(0, Σ  ) for r = 1, ..., R                             (1) 

                    Z ∗  = S  β  + ω   and ω  ~ N(0, Σ  ) for l = 1, …,L                             (2) 

Z∗ = Z  β + φ   and φ   ~ N(0, Σ  ) for l = 1, …,L & i = 1, …, I                   (3) 

Y   = Z ∗ γ   + ξ   and ξ  ~ N(0, Σ  
𝜉) for i = 1, …, I                              (4) 

where I   is a vector of indicators r of the latent constructs as perceived by individuals n, α   is 

a matrix of factor loadings and v   is a random vector of measurement (residual) errors which 

follow a normal distribution with covariance matrix Σ  , Z ∗  is a vector containing the latent 

variables, S   is a vector of individuals’ socioeconomic characteristics, Z∗ refers to the mediator 

latent construct and Z   refers to the explanatory latent construct. β   and β   contains parameters 

that reflect directed paths between sociodemographic variables and latent variables and among 

exploratory and mediator latent variables, respectively. ω   and φ   are error terms vector, which 

follow a normal distribution with respective covariance matrix Σ   and Σ  . Y   is the dependent 

variable, γ   is the parameter that represents the regression relations between the latent variables 
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and the dependent variable, and ξ   is a vector of error terms which follow a normal distribution 

with covariance matrix Σ  . 

We have chosen to apply the BSEM approach described in Muthén and Asparouhov 

(2012) 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 allows 

us to better reflect the theory under study through the SEM (Muthén and Asparouhov, 2012). 

After a sensitivity analysis, we have chosen N(0, 0.02) as informative priors for the cross-

loadings (α  ), corresponding to prior means of zero and variances of 0.02, so that 95% of the 

loading variation limit is between -0.28 and +0.28.  As informative priors for the residual 

covariances among factor indicators, we have 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). 

4.4.3 Sample characteristics 

The survey provided 298 complete responses in total, and the sample characteristics are 

presented in Table 4.1. The majority of the respondents are women, aged between 18 and 25 

years old, with a driver’s license, from the Americas (mostly Brazil), bachelor students, that 

have chosen their residence before moving to Porto. 

Table 4.1 - 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 
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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 

 

An initial analysis of the data showed a significant decrease in car use and an increase in 

PT use and walking (see Figure 4.1). 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 to contextual features, because potential 

bicycle users may decide not to use this mode in Porto due to specific factors, such as 

topography (with many slopes), the lack of continuous bike lanes and the inexistence of a bike-

sharing system. 

 
Figure 4.1 - Most frequent mode used in the city of origin and in the host city 

 
4.5 Results and discussion 

 

4.5.1 Exploratory factor analysis 

The analysis of the KMO value obtained for the factors associated with habits, 

perceptions, and satisfaction (graded in a 5-point Likert scale) indicates good sampling 

adequacy (KMO = 0.744), and 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). Principal axis 

factoring with varimax rotation (Kaiser normalization) was used and resulted in 4 factors (see 

Table 4.2). The dominant items (marked in bold) were defined considering a cut-off value of 
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0.5. The Cronbach alpha values of each factor are presented inside parentheses and indicate 

moderate to good internal consistency (Hinton, 2014). Please note some items had their coding 

reserved (marked with “(R)”) to made factor interpretation easier for readers. 

 
Table 4.2 - 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 

 
 

The four emergent factors are 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 transportation 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. And, 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. 
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4.5.2 Measurement model 

The measurement model consists of a confirmatory factor analysis (CFA) that tests the 

fit of the data and validates the factor model construction. As we have used the BSEM 

approach, beyond the loadings in each factor, the estimates for the measurement equations 

include small-cross loadings, resulting in a structure similar to EFA output (See Table 4.3). 

Despite the similarity, the model is guided, and the cross-loadings are restricted by the priors 

to be small (Muthén and Asparouhov, 2012). The factor loadings marked in bold are those for 

which the 95% credibility interval does not contain zero, thus revealing the structure defined 

for the factors in the confirmatory analysis. 

The Posterior Predictive P-Value (PPP) is 0.554, indicating an excellent fit of the results 

of confirmatory factor analysis. A PPP value above 0.05 indicates acceptable fit, and a PPP 

value around 0.5 indicates an excellent-fitting model (Muthén and Asparouhov, 2012). 

 

Table 4.3 - Confirmatory factor analysis results 

Factors Previous 
travel 
habit 

 Perception 
about the 
easiness to 

use PT 

Satisfaction 
with PT 

Perception of 
technology as a 

tool Items 

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 

 

The factors are the same presented in the previous subsections, but here their structure is 

fixed, despite small cross-loadings and residual correlations being allowed. 
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4.5.3 Structural Equations Model  

Table 4.4 and  

Table 4.5 present the relationship between the latent constructs and the respondents’ 

characteristics, and the relationship between the latent constructs (with respondents’ 

characteristics already associated) and PT frequency of use and satisfaction with PT, 

respectively. The PPP-Value of the structural model is 0.361, indicating a good fit (Muthén 

and Asparouhov, 2012). 

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 includes those variables that present a 

statistically significant relationship with the latent variables. The latent construct habit is not 

significantly influenced by any of the sociodemographic characteristics tested. 

 

Table 4.4 - 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   

PhD student 0.154 0.068 0.018 0.285   
Come from a European 
country 

-0.197 0.073 -0.337 -0.051   

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 
PhD 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 
 

Regarding the relationship with sociodemographic characteristics, those people who 

came from other European countries tend to perceive the PT as more difficult to use, to perceive 

the technology as not much helpful for moving around, and to feel less satisfied with the PT. 

For them, it is likely that language barriers (that people from Brazil do not encounter), lack of 
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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, 

can contribute to the low satisfaction. 

Similarly, Ph.D. students tend to perceive technology as not much of help, but they 

perceive the PT system as easier to use. Integrated master students were also found to perceive 

the PT as easier to use. 

Additionally, post-docs researchers and respondents that were 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 have chosen their residential place are more satisfied with the PT 

system. To clarify, some of the respondents have not chosen their own residential location, 

mainly because they had moved to live with friends or family that were already living in Porto. 

In this sense, the lack of residential location choice seems to result in reduced satisfaction with 

the PT system. 

As for the relationships between the variables and factors,  

Table 4.5 and ** indicates 95% credibility interval 

* indicates 90% credibility interval 
 

Figure 4.2 present the significant relationships found (the solid and dashed lines indicate 

positive and negative relationships, respectively). 

 

Table 4.5 - 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   
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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 
 

 

** indicates 95% credibility interval 
* indicates 90% credibility interval 
 

Figure 4.2 - Model structure relating PT frequency of use and satisfaction with PT to the latent constructs 

 

The model structure confirms H1 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. However, the frequency of PT use was negatively related to previous travel habit, because 

previous travel habit is actually positively related to the frequency of car use and negatively 

associated to the use of public transport, bike, walking, car-sharing and uber, taxi or similar 

(see Table 4.6). 

Table 4.6 - 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 
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** Correlation is significant at the 0.01 level (2-tailed) 
 

Table 4.6 shows that a higher frequency of car use is 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, is associated with 

lower levels of travel habit, indicating that multimodal travel behavior implies a higher level 

of deliberation. 

As habit is a psychological construct rather than a simple reflection of past behavioral 

frequency (Verplanken and Orbell, 2003), it could be that despite frequent, the use of PT and 

other travel options do not present a stable context or is not as rewarding (other conditions for 

habit formation pointed out by Ouellette and Wood (1998)) as car use. Regarding the former, 

for example, public transport frequent users may still need to do some deliberation regarding 

PT modal, route, transfers, and schedule options. Thus, the existence of travel habits in the 

previous city is negatively associated with the past frequency of PT use and makes lower the 

likelihood of choosing to live close to a metro station in the host city.  

As for H2, the model only partially confirms 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. The model endorses H3, which states that the residential location choice affects the 

current frequency of PT use and satisfaction because it was found that living close to a metro 

station leads to higher values of PT use frequency and satisfaction. 

H4 is confirmed by the model as perceiving technology as helpful to move around leads 

individuals to perceive the PT system as easier to use at the beginning of their stay (the moment 

when an individual has less knowledge about the system). The model also supports the H5 as 

perceiving the PT as easier to use leads to a higher frequency of its use and also to higher 

satisfaction with the PT system. 

Contrary to our initial expectations, the higher the frequency of PT use, the lower the 

satisfaction with PT, thus H6 is rejected. Possible explanations of the underlying causes of this 

negative association include user captivity (De Vos, 2019; Zhao et al., 2014), higher exposure 

to problems in the system (Friman and Gärling, 2001) 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. Moreover, Susilo 

and Cats (2014) argue that using the same transport mode for repetitive travels results in lower 
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levels of travel satisfaction. It also can be that PT less frequent users do so because they have 

an alternative (likely that they are able to access several places by walking) and only choose 

PT when it is convenient for them. 

4.7 Conclusions 

This study addresses the travel behavior adaptation of young temporary residents in the 

context of an international relocation. The empirical evidence revealed that temporary residents 

tend to change their prior travel behavior replacing individual private transport by public 

transport alternatives and/or walking. Moreover, the obtained results suggest that the choice to 

use public transport and the satisfaction associated with its use are influenced by the perceived 

level of easiness of use at the beginning of temporary residents’ stay. From a policy perspective, 

these results 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 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. 

According to our findings, one possibility to boost the easiness of using public transport 

in host cities would be to improve the usability of technology as a mobility support tool. The 

provision of information about the transportation 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. 

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 seem to be affected by intentions towards mode use, in line with the study of 

Choocharukul et al. (2008). 

Moreover, the relationships between residential proximity to metro with both satisfaction 

with PT and current frequency of PT use are 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 about the PT system and is 

concurrent with the fact that rail-based services tend to have higher satisfaction levels (Cao et 
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al., 2016). 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 (Abenoza et al., 

2017). 

It is worth mentioning that as our sample is composed of international students and 

researchers, budget restrictions and/or lack of choice in regards 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.   

The results also suggest the existence of a negative relationship between PT frequency 

of use and satisfaction with PT. The reason why this occurs is not clear, and further research is 

needed to investigate it. However, as mentioned before, possible explanations are associated 

with user captivity and/or residential location dissonance. 

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 has 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 (e.g., car sharing, bike sharing, e-scooters). 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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Abstract 
Temporary opportunities for studying and working abroad have been growing globally and 
intensifying the movement of highly skilled temporary populations, bringing positive 
economic and societal impacts. As cities are acting to become more attractive to this group, it 
is important to understand their residential and travel needs. This study focuses on factors 
influencing residential and travel satisfaction of transnational temporary residents, highlighting 
the occurrence of residential self-selection and 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 further away from the place of study or workplace, and 
having higher transport expenditures. This relationship reveals the trade-offs involving 
residential location, monthly rent, and 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 transport monthly expenditure lower 
than 10 euros, which suggests shorter commuting distances. Thus, in the context of 
transnational short-term residents, the stronger the preference for active travel one holds, the 
lower her/his sensitivity is to other features/trade-offs that residential location options offer. 
For both cases, the model reveals that better transport supply and land use balance at the home 
location can improve both residential and travel satisfaction. 

 
Keywords: Temporary residents, international relocation, residential location choice, 
residential satisfaction, travel satisfaction 
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5.1 Introduction 
Temporary opportunities for studying and working abroad have been growing globally 

(UNESCO, 2020; OECD, 2019) and intensifying the movement of highly skilled temporary 

populations. These populations bring positive economic and societal impacts, as well as cause 

the emergence of new urban dynamics associated with their continuous turnover. Thus, cities 

are acting to become more attractive to this group. For this, it is essential to understand the 

residential and travel needs of these temporary highly skilled individuals who are likely to rely 

more on public transport, shared mobility services, and housing rentals. Beyond attract them, 

take into account their needs is important because their choices affect services and markets in 

cities, either by contributing to higher levels of crowdedness in public transport or to an 

increase in real estate rental prices, therefore distressing other residents.  

When relocating internationally, individuals need to adapt to the new and 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 (Glover, 2011; Burbidge, 2012), 

resulting in a higher likelihood of relying on public transport and active modes for their 

mobility. 

Residential location choice in the host city is also important for their mobility as it 

determines the starting point of several trips and, consequently, defines individuals’ mobility 

opportunities and constraints. Prior knowledge about the workplace/university location 

(assumed to be fixed during their stay) provides them with some insights about their preferred 

residential location. However, their decisions are made in a stage of none or very limited 

familiarity with the new city, and little to no knowledge of its neighborhood features. Thus, 

studying this group is also relevant from a behavioral perspective, as it allows for observing 

mechanisms of adaptation after the occurrence of simultaneous key events and in the presence 

of only limited information. 

However, in general, the literature on temporary migrants disregards the relationships 

between residential location and travel choices, whose existence is stressed by several studies 

(Langlois et al., 2015; De Vos et al., 2012; De Abreu e Silva and Goulias, 2009; Schwanen and 

Mokhtarian, 2007). To the best of our knowledge, the literature on mobility biographies has 

not examined the impacts of simultaneous changes in the residential location, accessibility 
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levels, private mode availability, and mobility culture. Moreover, the resultant individual 

satisfaction with the residential location and travel behavior has not been explored so far. 

Thus, this study has two main contributions: (i) to the literature on travel behavior and 

residential choice, as it analyses the particular context of short-term residents; (ii) to city 

planning, as the results can help cities to attract this population of interest and to better prepare 

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 5.2 reviews the literature on 

residential location and travel choices and residential and travel satisfaction. Section 5.3 

presents the hypotheses investigated in this study. Section 5.4 describes survey design, data 

collection, and the modeling approach used. Section 5.5 presents the resulting model and its 

associated fit indices. Section 5.6 discusses the results, presenting considerations about its 

possible extensions and limitations. 

5.2 Literature Review 
 
5.2.1 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/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 (Wolday et al., 2019; De Abreu e 

Silva, 2014; van Acker et al., 2011; Chatman, 2009). 

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 and 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 et al. (2017) found that people who 

have relocated internationally to places with underdeveloped transport infrastructures faced a 

lack of safe conditions for adopting active modes, which negatively influenced the use of those 

modes. 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 et al., 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 
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travel behavior or attitudes (Wang and Lin, 2019; Scheiner, 2014). 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 et al., 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). 

 
5.2.2 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 et al., 2019), (ii) focusing on neighborhood attributes (De Vos et al., 2012; 

Lovejoy et al., 2010), (iii) looking at the house unit level features (Dinç et al., 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 et al., 2013), 

and residential satisfaction (Lotfi et al., 2019; Buys and Miller, 2012). The literature highlights 

that access to recreational opportunities/facilities (Hur and Morrow-Jones, 2008; Chapman and 

Lombard, 2006; Lotfi et al., 2019), to shopping, restaurants, and cafés (Chadbourne, 2014), 

and to the city center (Bonaiuto et al., 2003) contributes positively to neighborhood 

satisfaction. 

Proximity to public transport was found to impact on 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 (Hur and 

Morrow-Jones, 2008; Chadbourne, 2014). 

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 and Mokhtarian, 2004). Both dissonance and satisfaction 

can characterize the mental state of an individual in a complementary way (Salzberger and 
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Koller, 2010). As low satisfaction levels are associated with a dissonant state (Schwanen and 

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. 

 
5.2.3 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 et al., 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 and Gärling, 2001; Guiver, 2007) or even an effect derived from forced use due to 

budget constraints (Beimborn et al., 2003). 

On the one hand, De Vos (2019) argues that travel satisfaction is impacted by residential 

location choice, through travel attitudes and travel 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 (Chowdhury et al., 2016; Cao, 2013). Regardless, control for self-selection is 

necessary as it avoids miscalculation of the effect of the built environment on travel behavior 

(Chatman, 2009). 

Regarding other locational related effects, while Olsson et al. (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. 

5.3 Hypotheses 
The findings from the reviewed literature made us define the following hypotheses to be 

tested: 
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H1: Self-selection occurrence: travel preferences influence both residential location 

choice and transport mode choice (Wolday et al., 2019; De Abreu e Silva, 2014; van Acker et 

al., 2011; Chatman, 2009). 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. Thus, the residential location choice plays an important role since the distance to the 

workplace will, to some extent, define what 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 enough knowledge to self-select to specific 

neighborhoods/areas. 

H2: Residential location features influence travel behavior (Milakis et al. 2017; De 

Abreu e Silva, 2014) and residential satisfaction (Lotfi et al., 2019; Buys and Miller, 2012). 

The higher the accessibility to public transport, the higher the frequency of public transport 

use. This, combined with a good land use mix, increases residential satisfaction. 

H3: One-way commuting distance to workplace/university is negatively associated with 

both residential (Hur and Morrow-Jones, 2008; Chadbourne, 2014) and travel satisfaction 

(Olsson et al. 2013). Knowing 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: Modal 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 

(Chowdhury et al., 2016; Cao and Ettema, 2014; Cao, 2013). High accessibility of public 

transport is associated with high levels of travel satisfaction. 

In Figure 5.1, the above hypotheses that will be tested and aid the model development, 

are graphically summarized. 
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Figure 5.1 - Theoretical framework with hypothetical relationships to be tested 

  

5.4 Methods and data 
 
5.4.1 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 on 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, we have built several indicators for each individual. For 

this, we have extracted and combined information based on the stated residence location. Using 

geocoding tools at Google and Bing Maps, we obtained the geographic coordinates (latitude 

and longitude) of each stated place of residence. The land-use indicators describing residential 

location features were calculated considering a buffer area of 400 m radius, centered on each 
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respondent’s residential location. Thus, for each of these locations, data on public transport 

(metro and bus), number and type of roads, retail, services, and places of leisure were extracted 

from Open Street Maps. An entropy index was also calculated to better characterize the land 

use balance surrounding each residential location (Kockelman, 1997): 

𝐸𝑛𝑡𝑟𝑜𝑝𝑦 =  

 
|𝑃  x 𝑙𝑛 𝑃 |

ln (𝐽)
 

where 𝑃  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 

categories: 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 mainly travel by public transport and/or active modes 

in Porto, we defined the factor “Public transport frequency of use” to characterize the travel 

behavior of respondents. It was measured by combining the perceived 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 whose majority of travels is performed only by 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 whose majority of travels 

is performed only by public transport. Thus, a high load on this factor 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 

perceived features of daily travels. It includes whether the positive aspects related to daily 
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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 of factor constructs were graded in a 5-point 

Likert scale from “strongly disagree” to “strongly agree,” except the ones related to the 

satisfaction that were graded in a 5-point Likert scale from “very dissatisfied” to “very 

satisfied.” 

The survey was disseminated among mobility 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. 

5.4.2 Sample characteristics 

 

Table 5.1 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%. 

 

Table 5.1 - Sample characteristics 

Variables Total % 

Gender   
Male 76 36.89% 

Female 130 63.11% 

Age   

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% 

Continent of origin   

Africa 9 4.37% 

America 104 50.49% 

Asia 15 7.28% 

Europe 78 37.86% 

Oceania 0 0.00% 

Role at the University   

Bachelor student 75 36.41% 

Master student 40 19.42% 

Integrated master student 40 19.42% 
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PhD student 38 18.45% 

Post-doc 4 1.94% 

Researcher 9 4.37% 

Distance home - Univesity 

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% 

The moment when respondents have searched for their residence in Porto 

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% 

Frequent users (2 or more days a week) 

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 

 

Regarding the characterization of land use around the residential location of respondents, 

Figure 5.2, Figure 5.3, Figure 5.4, and Figure 5.5 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.  
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Figure 5.2 - Number of accommodations that 
respondents have access to in a 400 m radius from 
their residential location 

Figure 5.3 - Number of places of commerce that 
respondents have access to in a 400 m radius from their 
residential location 

Figure 5.4 - Number of services that respondents 
have access to in a 400 m radius from their 
residential location 

Figure 5.5 - Number of places of leisure that 
respondents have access to in a 400 m radius from their 
residential location 

5.4.3 Methodology 

To assess the relationship between the factors and the socioeconomic variables, we have 

chosen to implement in MPlus (Muthén and Muthén, 2017) a Structural Equations Model 

(SEM), using Bayesian estimation (BSEM). This approach presents a better performance for 

small samples, as it does not rely on large-sample theory (Muthén and 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.  

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 4 sets of equations. The equation (1) refers to the 

measurement equations, the equation (2) connects the latent variables to individual’s 
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socioeconomic characteristics, the equation (3) links the explanatory and the mediator latent 

variables and the equation (4) connects the latent mediators to the dependent variable: 

I   = Z ∗ α   + v   and v   ~ N(0, Σ  ) for r = 1, ..., R                             (1) 

                    Z ∗  = S  β  + ω   and ω  ~ N(0, Σ  ) for l = 1, …,L                             (2) 

Z∗ = Z  β + φ   and φ   ~ N(0, Σ  ) for l = 1, …,L & i = 1, …, I                   (3) 

Y   = Z ∗ γ   + ξ   and ξ  ~ N(0, Σ  
𝜉) for i = 1, …, I                              (4) 

where I   is a vector of indicators r of the latent constructs as perceived by individuals n, 

α   is a matrix of factor loadings and v   is a random vector of measurement (residual) errors 

which follow a normal distribution with covariance matrix Σ  , Z ∗  is a vector containing the 

latent variables, S   is a vector of individuals’ socioeconomic characteristics, Z∗ refers to the 

mediator latent construct and Z   refers to the explanatory latent construct. β   and β   contains 

parameters that reflect directed paths between sociodemographic variables and latent variables 

and among exploratory and mediator latent variables, respectively. ω   and φ  are error terms 

vector, which follow a normal distribution with respective covariance matrix Σ   and Σ  . Y   

is the dependent variable, γ   is the parameter that represents the regression relations between 

the latent variables and the dependent variable, and ξ   is a vector of error terms which follow 

a normal distribution with covariance matrix Σ  . 

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 (α  ), 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 and 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. 

Then we developed the structural model 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 2, 3 and 4. 

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 and Asparouhov, 2012). An acceptable fit corresponds to 
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a PPP value above 0.05, and an excellent-fitting model corresponds to a PPP value of around 

0.5 (Muthén and Asparouhov, 2012). 

 

5.5 Results 
 
5.5.1 Exploratory 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 et al., 2005). 

The extracting method used was principal axis factoring based on Eigenvalues greater than 1 

with varimax rotation (Kaiser normalization). The result indicated the existence of 5 factors 

(see Table 5.2), 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 et al., 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, 2014). 

 

5.5.2 Measurement model 

The confirmatory factor analysis validated the factor model construction (see Table 5.2). 

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, resulting in a structure similar to the EFA output. Note that, despite the 

similarity, the model is regulated and the cross-loadings are restricted to small values, through 

the specification of priors (Muthén and Asparouhov, 2012). 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. 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. 
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Table 5.2 - Exploratory and confirmatory factor analysis results 

  Exploratory factor analysis Confirmatory factor analysis 
Factor 
(Cronbach's 
alpha) 

Item 1 2 3 4 5 1 2 3 4 5 

Active modes 
preference (0.629) 

Cycling/walking allows me to exercise 0.426 -0.003 -0.090 0.159 0.049 0.529 -0.024 -0.021 0.069 0.034 
Whenever possible, I prefer to ride a 
bicycle/walk as it is more convenient than 
using public transportation 

0.668 0.115 -0.122 -0.026 -0.017 0.778 0.03 -0.006 -0.024 -0.001 

I prefer cycling/walking because it is 
environmentally friendly 

0.706 0.019 -0.115 0.024 -0.043 0.773 -0.019 -0.004 0.006 -0.014 

 Residential 
location 

satisfaction 
(0.779) 

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

0.141 0.717 0.027 0.146 0.135 0.034 0.792 0.034 0.013 0.029 

Satisfaction with walking distance to 
services and goods 

0.024 0.814 -0.078 0.135 0.025 -0.001 0.933 -0.017 -0.009 -0.019 

Satisfaction with easiness to reach the city 
center 

-0.012 0.632 0.013 0.203 0.135 -0.03 0.766 0.021 0.037 0.045 

Public transport 
frequency of use 

(0.751) 

Frequency of metro use -0.097 0.050 0.666 0.005 0.173 0.005 0.045 0.689 0.023 0.098 
Frequency of bus use -0.135 -0.042 0.574 -0.186 -0.118 -0.015 -0.003 0.613 -0.096 -0.06 
Most frequently used mode(s) -0.159 -0.051 0.889 -0.043 -0.035 -0.001 -0.005 0.965 0.005 -0.004 

Travel satisfaction 
(0.900) 

I am completely satisfied with my daily 
travel 

-0.026 0.160 -0.078 0.826 -0.001 -0.027 0.005 -0.004 0.929 -0.024 

My daily travel makes me feel good 0.094 0.072 -0.050 0.858 0.035 0.021 -0.027 0.006 0.930 0.004 
My travels facilitate my daily life 0.119 0.177 0.037 0.753 -0.012 0.026 0.044 0.039 0.828 -0.023 
I do not want to change anything regarding 
my daily travel 

0.027 0.100 -0.180 0.723 0.105 -0.006 -0.011 -0.068 0.814 0.049 

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

0.054 0.136 -0.034 0.780 0.062 -0.002 0.02 0.014 0.847 0.016 

Transport supply 
and land use mix 
at home (0.720) 

Number of bus stops (400 m buffer) 0.015 0.094 0.069 0.024 0.876 0.011 0.006 0.053 -0.019 0.729 
Number of metro stations (400 m buffer) -0.157 0.113 -0.046 0.083 0.479 -0.062 0.003 -0.02 0.017 0.866 
Module of the entropy index (400m buffer) 0.160 0.058 0.016 0.004 0.728 0.107 -0.003 -0.006 -0.046 0.772 

 Bold highlights the dominant loadings (above 0.4) 
Bold indicates that the 95% credibility interval does 

not contain zero 
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5.5.3 Model results 

The structural model was estimated (see Table 5.3 and Table 5.4) 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 5.1. 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 and 

Asparouhov, 2012).  

Table 5.3 - Estimates of SEM relating respondents’ characteristics and latent constructs 

  Estimate 
Posterior 

S.D. 
95% C.I. 

Lower 2.5% Upper 2.5% 

Active modes preference 

Spend less than 10 € on transport 0.231 0.088 0.047 0.387 

Residential location satisfaction 

Spend less than 10 € on transport 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 
Public transport frequency of use 
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 
Travel satisfaction 
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 
Transport supply and land use mix at home 
Post-doc student 0.179 0.072 0.035 0.316 
Live in Porto 0.315 0.071 0.163 0.442 
Distance to workplace/university 
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 
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 

are more likely to live in places with a better transport supply and land use mix. 
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Not surprisingly, those who spend less than 10 € on transport a month are those who have 

stronger 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 mixed 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 5.4 - Estimates of structural equations relating latent constructs 

  Estimate 
Posterior 

S.D. 

95% C.I. 90% C.I. 
Lower 
2.5% 

Upper 
2.5% 

Lower 
5% 

Upper 
5% 

Distance to workplace/university 

Active modes preference -0.152 0.071 -0.286 -0.008     
Public transport frequency of use 
Active modes preference -0.176 0.092 -0.357 0.005 -0.327 -0.022 
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     
Residential location satisfaction 
Transport supply and land use mix at 
home 

0.277 0.101 0.074 0.469     

Travel satisfaction 
Public transport frequency of use -0.159 0.086 -0.323 0.012 -0.300 -0.017 
Residential location satisfaction 0.299 0.081 0.138 0.451     
C.I. stands for credibility interval     

  
Bold indicates that the credibility interval does not contain zero  

 
  

 

Figure 5.6 shows the relationships between latent variables presented in Table 5.4 in a 

more visual form (solid and dashed lines indicating positive and negative relationships, 

respectively). 
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Figure 5.6 - 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 of places 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 5.7). 
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Figure 5.7 - 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 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 to use active modes to access the university/workplace (notedly 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 
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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. 

5.6 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 trade-offs involving residential 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/trade-offs that other residential location options offer. 
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For both cases, the model reveals that better transport supply and land use balance at the 

home 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 short-term resident groups other than students/researchers, will hopefully 

demonstrate the transferability of these results. 
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Abstract 
Increased globalization has led to more opportunities for temporary relocations to develop 
work and study activities abroad and, consequently, to an increase in the number of highly 
skilled temporary residents. This paper seeks to understand what impacts the residential 
location choice of highly skilled temporary residents. The objective of this paper is fourfold: 
(i) to measure to what extent land use attributes affect the residential location; (ii) understand 
the trade-offs between these attributes on the residential location choice; (iii) measure the 
willingness-to-pay for the attributes analyzed; (iv) compare the results of two European cities 
that have distinct infrastructure levels for supporting active modes use. Stated preference data 
was collected through a tailor-made online questionnaire, and a mixed logit model was 
estimated. Overall, respondents living in the Copenhagen area have higher preferences 
associated with living closer to the university, are more heterogeneous on their preferences 
regarding accessibility to rail, and prefer to be closer to commerce and places of leisure than 
those living in Porto. The findings evidence that when the place of work or study is not close 
to a rail station, the importance of accessibility to rail stations from the residential location 
seems to decrease somewhat for the decision on where to live. Additionally, improving the 
accessibility of universities through public transport has the potential for reducing the burden 
of housing stock close to universities, and providing information on travel options at the 
moment they are deciding on where to live may significantly decrease the chances of residential 
dissonance. 

Keywords: Temporary residents; International relocation; Residential location choice; 
Willingness-to-pay 
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6.1 Introduction 
Over the last decades, the number of highly skilled migrants (highly qualified workers, 

university students, and entrepreneurs) has increased significantly (OECD, 2019), 

consolidating this group as the most mobile segment of the population worldwide (Schiller and 

Diez, 2012). Between 2000 and 2016 alone, this group increased by 108%, going from 11% to 

16% of the highly skilled working-age population of OECD countries (OECD, 2019).  

Among them, students and university researchers are becoming increasingly relevant, as 

they represent essential human capital for the consolidation of cities/regions in the knowledge 

economy (Schiller and Diez, 2012). Hosting highly skilled populations generates positive 

externalities (European Commission, 2020), including cultural, social, and economic benefits 

at the municipal and regional levels (Raspe and Van Oort, 2006), while at the same time 

contributes to solving the need for short-term skilled labor (European Commission, 2020). 

Therefore, institutions and governmental entities at different levels (and spatial scales) have 

started a worldwide competition to attract more highly skilled individuals (European 

Commission, 2020; Reiner et al., 2017). In the majority of OECD countries, the conditions for 

temporary migration of highly skilled workers and students have been made easier (OECD, 

2019); however, the way immigration policies are structured favor temporary stays (temporary 

visa permits) (Plöger and Becker, 2015). Thus, an important part of the current temporary 

population of cities is composed of international highly skilled individuals. Beyond providing 

good economic and labor market conditions (OECD, 2019), location factors are also of 

importance to attract this population, such as housing, local amenities, and the social climate, 

which can all be directly influenced by urban policy-makers (Reiner et al., 2017).  

Our objective is to examine the preferences and trade-offs involved in their residential 

location choice concerning accessibility to transport and amenities, focusing on the relevance 

of residential supply. We have chosen two different cities to allow us to compare the impact of 

transport accessibility and supply on the residential choice of highly skilled workers in different 

contexts. From this knowledge, cities can benefit by understanding how to attract high-skilled 

temporary residents better, and the rental market is also able to understand the needs of this 

population better. 

Thus, this paper has four main goals: (i)  to measure to what extent amenities affect the 

residential location; (ii) to understand the trade-offs between these attributes on the residential 

location choice; (iii) to measure the willingness to pay for the analyzed attributes; and (iv) to 
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compare the results of two European cities that have distinct infrastructure levels for supporting 

the use of active modes. 

The remainder of this paper is structured as follows: initially, a literature review on this 

domain is presented. Then, the survey design and the model approach are described. The results 

section presents the model developed, and the discussion section examines the implications of 

our findings. Finally, we conclude by summarizing the main findings and presenting 

suggestions for further research. 

6.2 Literature review 

Residential location choice is a complex decision-making process involving a 

compromise between several neighborhoods, housing, and location attributes (Kim et al., 

2005). The literature points to individual and household characteristics, built environment 

characteristics, housing characteristics, and affordability, and commute costs as attributes that 

significantly influence residential location choice (Lee, 2020; Ardeshiri and Vij, 2019; Yang 

et al., 2017; Lawton et al., 2013; Frenkel et al., 2013). 

Thus, beyond socioeconomic aspects that can impose constraints and housing 

preferences, the residential location choice is guided by trade-offs between transport-related 

and built environment features. Generally, individuals prefer to live in places that offer shorter 

commuting time, lower transport, and housing costs (Kim et al., 2005; Olaru et al., 2011). The 

subtopics of this section provide an overview of how these factors influence on residential 

location choice. 

6.2.1 Dwelling characteristics and affordability 

In general, regarding dwelling size and type, results point out that movers’ preferences 

are for bigger residences, i.e., places that provide a better space per person ratio (Schirmer et 

al., 2014). However, temporary residents are moving for a limited period, and may not bring 

their families to the host city, which results in a decrease rather than an increase in the dwelling 

space needed. 

Also related to their short stay, they will rather rent than buy a place to live. In this 

context, rent price was also found to be highly important for the residential location decision 

(Frenkel et al., 2013; Cao, 2008), as individuals prefer residences with lower prices (Kim et 

al., 2005). Despite locational attributes being encompassed by the residential unit price (i.e., 

monthly rent), this housing attribute has a negative impact on the choice (Schirmer et al., 2014).  
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6.2.2 Built environment characteristics 

The built environment encompasses all the systems existing in a place and its relations, 

being different from one city to the other or even in an intra-city scale (different neighborhoods) 

(Ewing and Cervero, 2001). It includes aspects related to land-use patterns and urban form 

(Bhat and Guo, 2007), as well as accessibility to services, perceived security, and transportation 

network (Ewing and Cervero, 2001). 

Particularly, when transportation preferences regulate residential location choice of an 

individual, it is said that he/she is self-selecting himself/herself to areas that have the conditions 

needed for the achievement of his/her desired mobility (Mokhtarian and Cao, 2008). Liao et al. 

(Liao et al., 2015) found evidence of the occurrence of residential self-selection, as the residents 

of dense, walkable, and transit-friendly neighborhoods were those that have stated higher 

preference for these attributes. This occurs because if an individual chooses a residential 

location independently of his/her transport preferences, the built environment around it can 

limit the opportunities for traveling (Yang et al., 2017), and making very hard the use of 

preferred transport modes. 

The literature points out that, in regards to access to public transport, renters are more 

willing to trade residential space for access to public transit, jobs, and urban facilities than 

owners (Liao et al., 2015). Thus, while homeowners care more about their new residence, home 

renters are likely to care more about accessibility attributes (especially access to work) (Cao, 

2008). 

Beyond accessibility to public transport, walkable neighborhoods with good accessibility 

to service and leisure amenities are also valued (Olitsky et al., 2017; Pinjari et al., 2011). 

Knowledge workers give importance to having cafes, restaurants, and cultural amenities close 

to their residential place (Lawton et al., 2013; Frenkel et al., 2013). They prefer neighborhoods 

with an ample supply of catering facilities (e.g., restaurants, cafes), places of leisure (Pinjari et 

al., 2011), good accessibility to jobs (Beckers and Boschman, 2019), and also accessibility to 

commerce and services within walking distance (Olitsky et al., 2017). It is worth mentioning 

that the relevance of different attributes in this decision may only exist if these amenities are 

located within walking distance (Schirmer et al., 2014), as for some individuals, specifically 

being able to walk to places was a relevant aspect considered in the residential location choice 

(Cao et al., 2006). 
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As for the influence of the built environment on travel behavior (as opposed to self-

selection concept), despite the influences only occur after a while exposed to the new 

environment, lack of car ownership can potentiate the impacts of the built environment on 

travel behavior (Goodman et al., 2014). This is important for our study because it is unlikely 

that temporary residents will move internationally with their cars or that they will buy a vehicle 

for such a short period. Thus, the built environment characteristics may have a stronger 

influence on their travel behavior. 

6.2.3 Commute characteristics  

Commuting distance imposes limitations to whether individuals can contemplate the use 

of active modes or need to rely on motorized modes when traveling to the place of work/study 

(Yang et al., 2017). Long distances between home and the place of work/study might exclude 

the possibility of using active transport modes for commuting and make people rely on 

motorized modes (Yang et al., 2017), while if the trip is short, people can choose walking or 

cycling (Fernández-Heredia et al., 2014). 

In what concerns commuting distance, it is worth mentioning that temporary residents 

have prior knowledge of where they will work/study in their host city, which impacts on their 

decision making. In a study conducted in the United States with incoming students, Rodriguez 

and Rogers (Rodriguez and Rogers, 2014) tested the effect of information on housing and 

accessibility to public transport on their residential location choices. They found that those who 

had received previous information chose a residence closer to the university and with more 

public transport stops/stations in the vicinity than the control group (Rodriguez and Rogers, 

2014). These findings corroborate the hypothesis of self-selection, where individuals choose 

their residential location according to their travel skills, needs, and preferences (Litman, 2007). 

Additionally, significant differences exist between owners and renters, in general, in what 

regards the importance of this attribute on residential location choice. Commuting time to work 

was found to be more important for renters than for owners (Bina et al., 2006), those who own 

their place of residence being more prone to commute further than those who rent (Plaut, 2006). 

6.3 Material and methods 
 

6.3.1 Survey design and data collection 

The data used in this study was collected through a tailor-made dynamic online 

questionnaire that was coded using Qualtrics software (Qualtrics Labs, 2019) and consisted of 

three parts. The first part includes questions on sociodemographic information, namely age, 
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gender, driver’s license ownership, role at university, country of origin, the campus of the 

university where the respondent studies/works, time so far in the host city, duration of the stay, 

most frequent travel mode used for commuting, and total monthly expenses.  

The second part collects information on current residential location attributes, 

specifically, accommodation type, rent price, commute distance, the existence of walking 

accessibility to metro or train station, distance to commerce and places of leisure. 

The third part consists of a stated choice experiment, where respondents were asked to 

consider that their current residence is no longer available and need to choose another 

residential location from the proposed alternatives. An introductory text explaining the choice 

experiment was included to clarify that, as we are not focusing on specific aspects of the 

residence but rather only on the location’s attributes, respondents must assume that the 

typology and all the other features not mentioned (e.g., size and number of rooms of the 

residence) were the same as in their current residence. 

The online questionnaire was applied to international students and researchers at the 

University of Porto and the Technical University of Denmark. They were chosen as a proxy 

for temporary residents for data collection, because they experience a temporary transnational 

relocation, and have the same age range and educational level. 

Following the utility maximization theory, which postulates that consumers are rational 

and choose the option that maximizes their utility (McFadden, 2001), the stated choice 

experiment was designed to evaluate the importance of different attributes on the residential 

location choice of temporary residents. As chosen attributes, beyond rent price, relevant 

locational attributes, and their associated levels were identified according to the literature and 

the purpose of this study (see Table 6.1).  

Table 6.1 - Attributes and levels of the stated preference experiment 

Attributes Levels 

Rent price 

1: 30% less 

2: 20% less 

3: 10% less 

4: 10% more 

5: 20% more 

6: 30% more 

Commute distance 

1: 4 km less 

2: 2 km less 

3: 1 km less 

4: 1 km  more 
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5: 2 km  more 

6: 4 km  more 

Metro/train station within 10 
minutes of walking 

0: Only bus stop within 10 minutes of walking 

1: Bus and metro/train station within 10 minutes of walking 

Walking time to commerce 
(e.g., supermarkets, pharmacy, 
stores) 

1: 5 min 

2: 7 min 

3: 10 min 

4: 15 min 

Walking time to places of 
leisure (e.g., park, bar, 
restaurant, gym, theater, 
cinema) 

1: 5 min 

2: 7 min 

3: 10 min 

4: 15 min 

While some attributes are related to self-selection (e.g., commuting distance and accessibility to 

metro/rail station), others are associated with the built environment surrounding characteristics that an 

individual will be exposed to (e.g., walking distance to commerce and leisure places). For the attribute 

rent price, we pondered that while some temporary residents will rent only a room, others will rent an 

entire apartment or house, which could lead to considerable variations in this attribute level. Similarly, 

big variations on distances to the university are likely, as we are considering the entire urban scale. 

Thus, we decided to pivot these two attributes, defining as base values the current reported values for 

rent price and commute distance from the current residence of each respondent (dynamic stated 

preference experiment). By pivoting around a reference value, we are able to present attribute levels 

that are more likely to be compatible with decision-makers’ (respondents) considered options as 

opposed to the output that we could get by presenting fixed levels (Cherchi and Hensher, 2015). Also, 

the commuting distance was chosen instead of the commuting time because if we presented this attribute 

by a function of time, we would not be able to generalize for the different available modes, which would 

limit or introduce significant bias for the individual mode choice. 

The attribute residential accessibility to public transportation was measured through a binary 

variable, with 1 if the site is within 10 minutes of walking to a train/metro station, and 0 otherwise. The 

reason why we only consider vicinity to train stations is twofold: first, because rail transport is 

considered a higher level of public transport, and thus expected to be more desirable, and second 

because bus networks usually are more fine-grained, hence nearly all homes are within walking distance 

to a bus stop.  

Finally, the attributes distance to commerce and distance to places of leisure were specified in 

terms of walking distance, because we would like to assess the impact that the proximity to those 

amenities has on the residential location choice. Note that these values are absolute (and not pivoted) 

because commerce and leisure activities are typically scattered throughout the city. Hence this 

specification can capture the effect of land-use very well. 
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After defining the attributes and levels to compose the hypothetical residential profiles, an 

orthogonal design was chosen to generate the experimental stated choice design, as it allows for attribute 

level balance and independence in parameters estimation. Furthermore, research suggests an orthogonal 

design is more robust (Walker et al., 2018), and does not require prior information on the parameters. 

We used the software package Ngene to generate the stated choice design (Choice Metrics, 2010). The 

design consists of three unlabeled residential alternatives and one opt-out alternative (“I would not 

choose any of these”) in case none of the residential alternatives is considered attractive. The opt-out 

option was included as it makes the choice task more realistic by avoiding forced-response (Campbell 

and Erdem, 2019). As we have decided for an unlabeled experiment, all attributes are generic across 

alternatives. 

The sequential orthogonal design found a total of 36 choice tasks, which were grouped into six 

blocks, with six choice tasks each, for presentation to the respondents. As we have only generic 

parameters (unlabeled alternatives), the sequential orthogonal design is appropriate, because only 

orthogonality within each alternative is a concern rather than also across alternatives (Tobergte and 

Curtis, 2013).  

In the survey, to highlight our focus only on locational attributes, the term “residence” was used 

to avoid differentiating between house, apartment, and room. An example of a choice task is depicted 

in Figure 6.1. 
 

Figure 6.1 - Example of a choice task presented 

The survey was distributed among exchange students and researchers, through email, by 

the International Office at the University of Porto and by the Office for Study Programs and 

Student Affairs at the Technical University of Denmark, between November and December of 

2019, taking about 10 minutes to complete. In both cases, the survey was available in English 

and, the Porto version was also available in Portuguese. Before its application, a short pilot 

survey was performed, aiming to validate the questionnaire and verify the need for adjustments. 
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The surveys distributed in Copenhagen and Porto had the same content, except for small 

adaptations to account for specificities, such as the name of the cities and the currencies for 

rent price (Danish kroner in Denmark and Euros in Portugal). 

6.3.2 Mixed logit 

In order to study the underlying behavioral preferences, we rely on discrete choice 

models. More specifically, we estimate mixed logit models, that allows us to account for panel 

effects as well as for random taste variation (Train, 2002). The mixed logit models were 

adequate because we needed to account for the panel structure of the data, as the same 

individual answered six choice tasks, and her/his answers introduce correlation across 

observations, thus violating some assumptions of the standard logit model. Therefore, the 

heterogeneity in individual’s preferences is modeled, and each respondent is assumed to have 

a different coefficient based on her/his responses to different scenarios, according to Equation 

1: 

Uijt = β’ixiqt + εiqt 
 

(1) 

Where U is the utility function for each respondent i and each alternative q in a choice 

situation t; x is the vector of explanatory variables, including the attributes of the alternatives 

and socioeconomic characteristics of the individual; ε is a random component that accounts for 

task-specific variation in tastes; and β is the vector of parameters to be estimated, which is 

assumed to vary across individuals (Hensher and Greene, 2003). 

Thus, the probability of a mixed logit (see Equation 2) is a weighted average, according 

to the density f(β), of the logit equation estimated at several values of β (Train, 2002). 

𝑃 =
exp β x

exp β x
 

 

 

𝑓(β)𝑑β  
(2) 

 

Note that because our experiment is unlabeled, alternative specific constants (ASCs) are 

not estimated. Furthermore, the inclusion of sociodemographic variables is done through 

interaction terms between them with the attributes, which allows for identifying some sources 

of (systematic) preference heterogeneity (Tobergte and Curtis, 2013). 

The models were estimated in Pandas Biogeme 3.2.3 (Bierlaire, 2018). Initially, we 

estimated two distinctive models for the two cities (Porto and Copenhagen), and ultimately 

estimated a joint model. The dependent variable in the choice model is the utility associated 

with a residential location with a combination of these generic attributes. 
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6.4 Results 
 

6.4.1 Sample characteristics 

In total, 293 complete and valid responses were obtained, and the characteristics of the 

samples are presented in Table 6.2. The majority of respondents were between 18 and 25 years, 

and while in Copenhagen, most respondents were men, in Portugal, the majority of the 

respondents were women. 

Table 6.2 - Characteristics of the samples 

VARIABLES COPENHAGEN PORTO 

Gender       
Male 71 57.26 % 74 43.79 % 

Female 53 42.74 % 95 56.21 % 

Age     
Between 18-25 years 70 56.45 % 125 73.96 % 
Between 26-30 years 47 37.90 % 23 13.61 % 

More than 30 years 7  5.65 % 21 12.43 % 

Continent of origin     

Africa 0 0.00 % 1 0.59 % 

America 8 6.45 % 84 49.70 % 

Asia 26 20.97 % 3 1.78 % 

Europe 88 70.97 % 81 47.93 % 

Oceania 2 1.61 % 0 0.00 % 

Role at the University     
Bachelor student 6 4.84 % 65 38.46 % 

Master student 107 86.29 % 37 21.89 % 

Integrated master student *  - - 38 22.49 % 

PhD student 10 8.06 % 19 11.24% 

Post-doc 0 0.00 % 2 1.18 % 

Researcher 1 0.81 % 7 4.14 % 

Did not answer 0 0.00 % 1 0.59 % 

* Category not existent in Copenhagen     

The higher number of foreign bachelor students in Portugal is because the Portuguese 

language is shared between countries in Africa and South America, allowing students from 

these continents to follow this type of program, which is usually only offered in the local 

language. The characteristics of the respondents’ current residential location are shown in 

Table 6.3.  

Table 6.3 - Current residential features of the respondents 

 COPENHAGEN PORTO 

Rent price (€) 

0-150€ 0 0.00 % 3 1.78 % 
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151-250€ 1 0.81 % 53 31.36 % 

251-350€ 19 15.32 % 60 35.50 % 

351-450€* 0 0.00 % 24 14.20 % 

451€-550€ 27 21.77 % 9 5.33 % 

More than 550€ 77 62.10 % 16 9.47 % 

I do not pay rent 0 0.00 % 2 1.18 % 

I do not know / I would like not to answer 0 0.00 % 2 1.18 % 

Distance between home and University 

Live up to 5 km from the University 47 37.90 % 135 79.88 % 

Live between 5 and 7 km from the University 13 10.48 % 19 11.24 % 

Live between 7 and 10 km from the University 18 14.52 % 9 5.33 % 

Live between 10 and 12 km from the University 16 12.90 % 1 0.59 % 

Live between 12 and 15 km from the University 15 12.10 % 2 1.18 % 

Live more than 15 km from the University 15 12.10 % 3 1.78 % 

Accessibility to a metro or train station within 10 minutes of walking from home 

Yes 71 57.26 % 129 76.33 % 

No 53 42.74 % 40 23.67 % 

Walking time to commerce 

Up to 5 min. 72 58.06 % 117 69.23 % 

6 min. - 10 min.    27 21.77 % 43 25.44 % 

11 min. - 15 min. 14 11.29 % 7 4.14 % 

16 min. - 20 min. 8 6.45 % 1 0.59 % 

21 min. - 25 min. 2 1.61 % 1 0.59 % 

26 min. - 30 min. 0 0.00 % 0 0.00 % 

More than 30 min. 1 0.81 % 0 0.00 % 

Walking time to places of leisure 

Up to 5 min. 37 29.84 % 63 37.28 % 

6 min. - 10 min. 43 34.68 % 53 31.36 % 

11 min. - 15 min. 15 12.10 % 16 9.47 % 

16 min. - 20 min. 11  8.87 % 21 12.43 % 

21 min. - 25 min. 4 3.23 % 10 5.92 % 

26 min. - 30 min. 4  3.23 % 4 2.37 % 

More than 30 min. 10 8.06 % 2 1.18 % 
*This range level ended up non-existent after the conversion of currency from DKK to EUR (1 DKK=0.13 
EUR) 

Most respondents pay more than 550 euros in the Copenhagen area for renting, while the 

majority living in Porto pays up to 350 euros for their monthly rent. While the vast majority of 

students and researchers in Porto live up to 5 km far from the university, in Copenhagen, most 

of the respondents live in a location that is further than 5 km from the university. These distance 

patterns may be explained by the fact that the campuses of the university in Porto are located 

in the main city (see figure 6.2), whereas in the Copenhagen area the university campus is 

located north of Copenhagen (see figure 6.3), and therefore, in order to live in the city center 

of the main city (Copenhagen), individuals have a longer commute to the university. 
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Figure 6.2 - Map of the transportation system in Porto (grey 
area) 

 

Figure 6.3 - Map of the transportation 
system in Copenhagen 

As for accessibility to rail, most respondents in both samples were living up to 10 minutes 

of walking from either a metro or a train station. Moreover, while most individuals in both 

samples can access places of commerce within 5 minutes of walking, the distance to places of 

leisure for them is somewhat higher, being up to 10 minutes of walking from their residence. 

6.4.2 Model 

Initially, separate models were developed for Porto and Copenhagen, and only after the 

first assessment of these models, a joint model was estimated, where the cost parameter was 

defined as generic across the observations of Copenhagen and Porto. The joint model presents 

the same specification for both cities to allow comparison. Table 6.4 presents the results of the 

mixed logit model estimated to assess residential location choice - the numbers in bold 

highlight the robust t-test results above 1.96. 

Table 6.4 - Estimation result of residential location choice model 

  COPENHAGEN PORTO 

Name Parameter Value Std err 
Rob. t-

test 
Value Std err 

Rob. t-
test 

Rent price 
Mean -0.0287 0.003 -8.54 -0.0287 0.003 -8.54 

Std. dev -0.0195 0.00255 -6.82 -0.0195 0.00255 -6.82 

Distance to university 
Mean -0.677 0.149 -4.05 -0.378 0.0623 -6.06 

Std. dev 0.366 0.085 3.96 -0.311 0.0494 -6.45 

Distance to university for 
respondents from Europe 

 0.247 0.155 1.76 0.132 0.0851 1.61 
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Distance to university for 
respondents that have a drivers’ 
license 

 -0.0185 0.155 -0.151 -0.27 0.0888 -3.31 

Accessibility to a rail within 10 
minutes of walking 

Mean 1.74 0.671 2.97 1.96 0.335 5.58 

Std. dev 2.28 0.483 4.46 1.59 0.294 5.2 

Accessibility to a rail within 10 
minutes of walking for 
respondents that have a drivers’ 
license 

 1.08 0.765 1.59 0.85 0.436 2.03 

Walking time to commerce Mean -0.361 0.0701 -4.34 -0.12 0.0257 -4.12 

Walking time to commerce for 
male respondents 

 0.175 0.0707 2.07 -0.012 0.0406 -0.242 

Walking time to places of leisure Mean -0.142 0.0352 -3.87 -0.115 0.0218 -5.11 

SCALE*  0.772 0.125 -1.65    

Number parameters 23 

Number of draws 1000 

Null LL -1735.807 

Final LL -1021.438 
Adjusted likelihood ratio index 
(adjusted rho-squared) 

0.40 

AIC 2088.876 

BIC 2173.52 

* The robust t-test for the scale parameter was calculated against 1. 

The means for all attribute’s parameters were significant. However, only the standard 

deviations (normal distribution) of rent price, distance to university, and accessibility to a rail 

within 10 minutes of walking were significant. This indicates that while all information for 

walking time to commerce and walking time to places of leisure attributes was captured by 

their respective means, the information for rent price, distance to university, and accessibility 

to a rail within 10 minutes of walking revealed preference heterogeneity around the mean 

(Tobergte and Curtis, 2013). 

Moreover, we found statistically significant results for the interactions between distance 

to university with both variables related to European country of origin and drivers’ license 

ownership. A significant relationship between accessibility to a rail within 10 minutes of 

walking and drivers’ license ownership was also found while walking time to commerce was 

found to significantly interact with gender (1 = male). These results suggest that preference 

heterogeneity may be explained by the socioeconomic variables that were found to 

significantly interact with the respective attributes. 

Since elasticities have no meaning for unlabeled experiments (Rose and Bliemer, 2014), 

we have only estimated people’s willingness to pay for the different attributes studied, in order 

to assess the effect of those attributes on residential location choice. For this, ratios between 

the estimated coefficients and rent price were calculated. The results for willingness to pay are 
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presented in Table 5.Since elasticities have no meaning for unlabeled experiments (Rose and 

Bliemer, 2014), we have only estimated people’s willingness to pay for the different attributes 

studied, in order to assess the effect of those attributes on residential location choice. For this, 

ratios between the estimated coefficients and rent price were calculated. The results for 

willingness to pay are presented in Table 6.5. 

Table 6.5 - Willingness to pay for monthly rent 

 COPENHAGEN PORTO 

Distance to workplace/university (€/km) 19.09 16.45 
Location within 10 minutes of walking to the 
nearest a metro/train station  

84.48 87.05 

Walking time to commerce (€/min) 9.82 4.37 

Walking time to places of leisure (€/min) 4.95 4.02 

 

6.5 Discussion 
All the parameters of the estimated joint model have presented the expected signs. These 

results reveal that, in general, individuals prefer a residential location where they can pay less, 

be closer to the university, have easy access to rail transport, walk less to commerce, and walk 

less to places of leisure. 

More than finding that access to transport and other amenities has significant effects on 

residential location choice. We found that temporary residents are willing to pay around 4 

(Copenhagen) and 5 (Porto) times for renting a residence closer to a rail station rather than 

closer to the work/study place. This reveals the central role that high capacity, dedicated 

infrastructure, and relatively high-speed transportation options have as attractors for locations 

that are more distant from study/workplace locations. As the Technical University of Denmark 

campus and some faculties of the University of Porto are not located in the city center, 

convenient connections by public transport allow temporary residents to live farther from their 

workplaces (especially those who prefer living in the city center). However, as temporary 

residents tend to rely on public transport for moving around, this may accentuate their 

need/desire for good accessibility, and the transferability of this finding to other contexts 

requires some caution and further investigation. Although several studies have proven the 

existence of the link between real estate sales price and rail accessibility (Zhang and Jiao, 

2019),(Hewitt and Hewitt, 2012), the literature on renters’ preferences and their willingness-

to-pay is limited. Still, corroborating our findings, Liao et al. (Liao et al., 2015) found that 

renters would pay (additional) 74 USD for having both a bus stop and a rail station within 

walking distance rather than at a distance of 5 miles from home. 



144 
 

Our results also show that respondents living in the Porto area (on average) are willing 

to pay slightly more (+3.04%) for good rail accessibility, than those who are living in 

Copenhagen. However, those living in Copenhagen are more heterogeneous in their 

preferences regarding accessibility to the rail than those living in Porto. This heterogeneity is 

likely to be a consequence of the better bus connections in Copenhagen (existence of express 

buses and a bus line connecting Copenhagen city center and the Technical University of 

Denmark), of the fact that the Technical University of Denmark campus (contrary to several 

campuses of the University of Porto) is not located within walking distance from a rail station 

(only having bus stops nearby), and also of the well-developed infrastructure to support the use 

of bicycles across the entire Copenhagen metropolitan area. While the infrastructure and 

topography of the Copenhagen area make the mode choice set for those living there potentially 

larger, the better bus service in Copenhagen makes it more competitive with the rail system. 

Moreover, foreign individuals may find it easier to use the bus in the Copenhagen area, since 

comprehensive information is widely available in English. 

Overall, respondents living in Denmark display higher preferences for living closer to 

the university and prefer to be closer to commerce and places of leisure than those living in 

Porto. The results for willingness-to-pay indicate that respondents living in the Copenhagen 

area would pay more to be closer to the university (+16.05%) and places of leisure (+23.13%) 

than those living in Porto. Additionally, respondents living in the Copenhagen area would pay 

more than double (+124.71%) the value that respondents living in Porto would pay for being 

close to commerce. 

The interaction of 0.247 between distance to university and origin from a European 

country for the Copenhagen sample suggests that the respondents that were living in another 

European country, before moving to the Copenhagen area, were less sensitive to the attribute 

distance to the university than others. This suggests that they do not want to be as close to the 

university as others, which may be a consequence of the location of the Technical University 

of Denmark campus (metropolitan region of Copenhagen). 

The significant interaction of -0.27 found between distance to university and drivers’ 

license ownership in the sample collected in Porto indicates that this group has a preference for 

places closer to the university. Additionally, those who have a driver’s license in Porto also 

have a statistically significant interaction of 0.85 with the attribute accessibility to rail transport 

within 10 minutes of walking, which indicates their higher sensitivity to the accessibility to 

rail. Their stronger preferences for rail transport accessibility may derive from the fact that car 
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users have less familiarity with public transport systems since the bus system is perceived as 

much more challenging to understand than the metro system  (Dziekan, 2008).  

Moreover, walking time to commerce and walking time to places of leisure were found 

to have somewhat secondary roles in the residential location choice for both Porto and 

Copenhagen samples.  This indicates a stronger effect of distance to university and accessibility 

to a rail station within 10 minutes of walking in the residential location decision, in line with 

the findings of Lawton et al. (2013) and Frenkel et al. (2013). Furthermore, Walking time to 

commerce was found to significantly interact with gender (1 = male) in the sample from 

Copenhagen, which suggests that women have a higher preference for being close to commerce 

than men. 

 

6.6 Conclusions 

We examine the preferences and trade-offs involved in the residential location choice of 

highly skilled temporary residents focusing on accessibility to transport and amenities. We 

found evidence that the importance of the residential location attributes varies not only 

according to personal preferences (within the same place) but also due to the accessibility level 

that the work or study place has in terms of rail-based public transport modes and infrastructure 

available (between places). 

When a frequent destination is not located close to rail-based public transport systems, 

as it is the case of the Technical University of Denmark campus, the importance of accessibility 

to it from home seems to lose somewhat its importance. In this case, the decision on where to 

live tends to reflect more personal preferences and result in higher heterogeneity. These results 

indicate that improvements in the university’s accessibility by rail might reduce this 

heterogeneity. Thus, it is essential to identify the knowledge-based organizations that are 

potential temporary residents’ attractors and examine its accessibility to efficient public 

transport options. Improving the accessibility of universities through public transport has the 

potential for reducing the burden of housing stock close to universities. Also, providing 

information on travel options to temporary residents, at the moment they are deciding on where 

to live, may significantly decrease the chances of residential dissonance and broaden the 

perspective on possible places to live in the host city.  

Furthermore, the urban environment around the residential location also matters, since 

the existence of places of commerce and leisure were also significantly important on the choice, 
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despite their secondary role. Still, these are important attributes for consideration when aiming 

to offer housing options that are more in line with individuals’ preferences. 

As a limitation, this study only includes rail-based public transport connectivity to 

account for differences in locational accessibility, narrowing the concept of accessibility to a 

perspective that does not take into account active modes options and other dimensions of local 

accessibility.  

Further research should include other aspects of local accessibility and their impact on 

residential location choice, since Copenhagen, for example, has an extensive infrastructure for 

cycling (in contrast with Porto), and temporary residents may be quite sensitive to this reality. 

Moreover, it would be interesting to explore whether and how latent factors, such as attitude 

and lifestyle, impact on the preferences for the residential location through the development of 

hybrid choice models. 
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Chapter 7                   
Conclusions 
 
7.1 Revisiting the research questions 

In this section, the formulated research questions are revisited, to show how the empirical 

pieces of evidence achieved with this work and the contributions of this research respond to 

those questions. 

 

RQ1: Which features, related to the host city and individuals’ personal characteristics 

and experiences, have a significant influence on the individual’s travel behavior, in the context 

of international temporary relocation? 

Beyond the aspects initially thought to influence the travel behavior of temporary 

international residents (personal preferences, perceived easiness in using a specific transport 

mode, and built environment characteristics), the specificities of the context and the common 

generational mindset were found to also have a significant effect on their behavior. The 

temporary perspective makes this type of residents more likely to rely on public transport and 

active modes and less likely to buy vehicles; while their millennial mindset makes them more 

likely to adopt a multimodal travel behavior, including the use of new mobility solutions, and 

to rely on technology to move around. Moreover, their mode choice is significantly influenced 

by the information shared between friends. 

As for personal preferences, the higher the preference for active modes, the lower the 

frequency of public transport use. Moreover, if we consider the past frequency of public 

transport use as a proxy for a preference for PT (what is reasonable since the choice set in the 

city of origin is assumed to be larger), we found that the more people have used the public 

transport in the city of origin, the more they use the public transport in the host city. 

Regarding the easiness in using a specific transport mode, we found empirical evidence 

to support the hypothesis that the level of usability that the technology offers as a mobility 

support tool positively influences the perception about the easiness to use a mode and, the 

easier it is to use a mode, the higher the frequency one will use this mode. Making 

transportation easy to use for temporary residents is essential to its adoption, and requires a 
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level of information provision higher than the local users usually need, especially at the 

beginning of those residents’ stay.  

About the effects of the built environment on the travel behavior of temporary residents, 

it was found that the built environment, as a reflection of the local mobility culture, influences 

travel convenience and city navigation, thus affecting the un/attractiveness of transport modes. 

In this sense, if one lives in a place that has a good supply of public transport, he/she will use 

public transport more frequently. 

 

RQ2: Is the concept of self-selection observed in other relocation contexts applicable, 

and to what extent, in the context of temporary relocation? 

It was found that similar to other people, temporary residents value accessibility and 

connectivity to transport, to relevant places and to amenities, and that a high level of these 

aspects in a residential location significantly increases the likelihood of that location being 

chosen. Some heterogeneity in the preferences, in what concerns proximity to the 

university/workplace versus proximity to the city center, was found in the qualitative research 

developed in Porto and in the results of the discrete choice model for both Porto and 

Copenhagen. Moreover, some heterogeneity regarding the preferences for accessibility to rail 

transport within 10 minutes of walking was also detected, which suggests heterogeneity in the 

preferences for modes. 

Moreover, the combination of prior knowledge on the workplace location with the 

unfamiliarity with the new city is reflected on the residential location choice, by making the 

distance to the workplace more important than local accessibility to other relevant places (land 

use mix). 

In fact, contrary to what was expected, we did not find support for the idea that those 

who show a higher preference for active modes would self-select themselves according to the 

levels of transportation supply and land use balance for the residential location. This can be a 

consequence of a lack of sufficient knowledge on the features of the places close to the different 

residential locations that would not allow proper self-selection by the time a decision has to be 

made on where to live. Or it might be the result of low variability in the land use characteristics 

in Porto (the majority of respondents are located within the urban core of Porto), making it 

impossible to detect the occurrence of self-selection. 
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RQ3: Which factors influence the satisfaction of temporary residents with residential 

location, and with travel and public transport use? 

The satisfaction with the residential location was found to be directly influenced by 

transport supply and land use balance, confirming our hypothesis of a positive influence of 

accessibility to transport and amenities close to residence, in the evaluation of the residential 

location satisfaction. 

As for travel satisfaction, we found support for the idea that higher levels of public 

transport use lead to lower levels of travel satisfaction, as opposed to frequent traveling by 

active modes. However, the results did not corroborate our hypothesis of commuting distance 

being negatively associated with travel satisfaction, indicating that the mode used is really 

significant for travel satisfaction. 

Additionally, empirical evidence confirmed that both better accessibility to public 

transport at the residential location and better perception of public transport easiness of use 

contribute to higher satisfaction with public transport. However, it was also found that the more 

an individual uses the public transport, the less satisfied s/he is with traveling by public 

transport – this is partially explained by the occurrence of residential dissonance since such 

dissonance seems to significantly affect the travel satisfaction. 

 

7.2 Main contributions 
As the contributions of this doctoral thesis were discussed in detail at the end of each 

chapter, here the main contributions of this work will only be highlighted, namely: 

 characterization of temporary residents – similarities evidence the analogous mindset 

and behavior of this group, the differences being essentially related to some preferences 

and attitudes associated with the heterogeneity intrinsic to the individuals; 

 there is qualitative and quantitative evidence that temporary residents tend to change 

their travel behavior, presenting a low likelihood of buying vehicles and, thus, replacing 

individual private transport by public transport alternatives and/or active modes; 

 there is evidence 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; 

 confirmation that the easier an individual perceives the use of public transport, the 

higher her/his frequency of public transport use and associated satisfaction level; 
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 the indication that the usability of technology as a mobility support tool can boost the 

easiness in using public transport, helping newcomers to have a smoother transition 

between different cities and countries; 

 empirical evidence of different mechanisms of self-selection in the context of 

temporary international relocation, where: (i) previous travel habits influence the 

choice of residential location according to the desired public transport accessibility; (ii) 

budget constraints can prevent individuals from properly self-selecting themselves, 

resulting in lower levels of accessibility to transport and amenities; 

 empirical evidence of the trade-offs for residential location choice, involving distance 

between home and the workplace/university, accessibility to public transport, monthly 

rent and transport expenses; 

 there is an influence of the residential location features on the frequency of PT use, 

satisfaction with PT, residential location satisfaction and travel satisfaction;   

 endorsement for the relationship between mode choice and travel satisfaction. 

  

7.3 Research limitations 
A number of limitations were identified and discussed in each chapter, and here we 

summarize those limitations and their implications, and how they can affect the findings of this 

research. 

First, only data on one subgroup (exchange academics) of temporary residents was 

collected. This group is more likely to have budget restrictions and to be composed of younger 

people than other temporary residents (e.g., executives, consultants), although there is no data 

available to clearly define temporary resident’s demographics globally. Thus, it is likely that 

residential self-selection occurrence is actually higher than what our findings indicate for 

subgroups of temporary residents that do not face strong budget restrictions. Similarly, the 

higher levels of reliance on public transportation and active modes are not likely to be 

transferable to specific subgroups of temporary residents (e.g., executives). As for the impact 

of the age, non-millennials (older) temporary residents are likely to not show an intensive 

multimodal travel behavior, and may not benefit as much as exchange students and researchers 

from using technology to help with the adaptation process in the new city. Therefore, findings 

on multimodal behavior and technology reliance should be considered rather restricted to the 

millennials cohort, although they are potentially valid also for younger cohorts. 
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Second, the sample sizes obtained were small, which is a consequence of the resources 

available to contact international students at the University of Porto and the University of 

Copenhagen. We have used the Bayesian approach, which does not rely on large-sample theory 

and performs better than the frequentist approach for small samples. However, as a 

consequence of the sample size, some effects may not have been fully captured. A bigger 

sample would not only help the interpretability of results but also allow us to identify and 

observe effects that may have gone unnoticed in a small sample, meaning that our observational 

range is limited to bigger effects. Also, the lack of data on the composition of the different 

subgroups of academics included in the sample makes it not possible to assess the 

representativity of the data. However, by including not only exchange (Erasmus) students, but 

also international/foreign Ph.D. and master students, as well as researchers, we increased the 

diversity of the samples in a way that despite all being academics, these segments differ 

between from each other by age range, the typical length of stays and stage of life. 

Third, the fact that three out of the four studies were developed in Portuguese cities makes 

their specific features and mobility cultures likely to have effects in the results, as the 

opportunities for active modes and shared mobility alternatives (such as electric scooters, bike-

sharing systems) are either non-existent or still in the early stages of their deployment. Thus, 

for cities that have well implemented and consolidated cycling infrastructure and shared 

mobility solutions, multimodality will likely be higher than what is observed in Portugal, and 

mode share is likely to be better-balanced. 

Finally, in the last study that explored the accessibility to amenities and public transport 

on the residential location choice of temporary residents, only rail-based public transport 

connectivity was included to account for differences in locational accessibility. This has 

simplified the concept of locational accessibility, by considering the bus network homogeneous 

and excluding new emerging shared mobility alternatives and other dimensions of local 

accessibility (such as the cycling infrastructure). Thus, the findings are restricted to the impacts 

of rail-based public transport connectivity rather than represent accessibility as a whole. 

 

7.4 Future research 
Based on the findings and limitations of this research, the following opportunities for 

further research were identified: 
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 study of residential location choice and travel behavior adaptation from the perspective 

of other temporary residents’ subgroups, such as consultants, in order to verify the 

transferability of the findings across those different subgroups; 

 comparison of the results of this study with studies developed in other cities, as a way 

to assess the impact of different mobility cultures, public transport infrastructure levels, 

and mobility solutions; 

 study the evolution of the perception and travel behavior of temporary residents, as 

lower levels of travel satisfaction in the in early stages of temporary residents’ stays, 

can be a result of initial difficulties in traveling in an unfamiliar environment and 

system; 

 study the influence of underlying aspects (e.g., lifestyles, attitudes), in the residential 

choice of temporary residents, using more sophisticated econometric formulations such 

as, for example, hybrid choice models; 

 assess the robustness of the causal relationships found in the structural equation models 

developed in this thesis through causal discovery algorithm - we have already 

developed some preliminary research on this subject (see the following subsection). 

7.4.1 Causality 

7.4.1.1 Introduction 

The understanding of causal relationships is important because it helps in predicting the 

overall behavior of a system and the consequences of an intervention on it (Eberhardt, 2017). 

To establish causality, three necessary conditions must be met: correlation between variables, 

isolation of the effect, and temporal precedence – these conditions are usually too difficult to 

be met simultaneously (Bullock, Harlow, & Mulaik, 1994). 

In the context of social sciences, Structural Equation Models (SEM) is the approach most 

used for causal analysis (Bollen & Pearl, 2013). However, SEM-based in cross-sectional purely 

observational data are strongly criticized under the argument that their results only indicate 

correlation, which does not imply causation (Eberhardt, 2017). By not accounting for the time 

dimension, SEM based on cross-sectional data does not allow for obtaining evidence of 

directionality and is argued to only provide cues to causal relations rather than evidence of 

causal relation (Bullock, Harlow, & Mulaik, 1994). 
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This debate fostered an inductive approach for causal discovery, through the 

development of algorithms to determine the existence of causal structures by observing 

variables’ distribution (Tarka, 2018). Different from SEM, that rely on hypothesis testing for 

their development, causal search algorithms test all alternative models against the data that are 

consistent with background assumptions and produce an output that reveals a set of models that 

are consistent with the data and background assumptions at the same time (Malinsky & Danks, 

2018). However, each algorithm has a set of associated assumptions, which require/allow for 

different inputs and have preconditions associated that need to be met by the specific dataset 

(Glymour, Zhang, & Spirtes, 2019), imposing some limitation to their usage and leading to 

issues on their application and on the interpretability of results (Malinsky & Danks, 2018). 

This study will apply causal discovery algorithms and compare the results with a 

Bayesian Structural Equation Model to verify the robustness of results. For this purpose, we 

will use algorithms available in the TETRAD program software. 

7.4.1.2 Literature review 

7.4.1.2.1 The underlying theory of causal search algorithms 

Causal search algorithms express the causal relationships through causal graphical 

models (Malinsky & Danks, 2018), having assumptions as “causal independence” and 

“faithfulness” (Tarka, 2018). While all methods assume causal independence, most (but not 

all) also assume faithfulness (Malinsky & Danks, 2018). 

For the causal independence assumption, the Causal Markov Condition (CMC) needs to 

be met, which for directed acyclic graphs (DAGs) is equivalent to d-separation (Scheines, 

1997). D-separation is a criterion, considering an acyclic directed causal graph, to assess 

whether the conditions are met for determining the existence of independence between two sets 

of variables (X, Y) conditioned on a third set (Z) (Tarka, 2018); (Pearl, 2009). The faithfulness 

assumption defines that all independencies occur due to the structure rather than from an 

incredible coincidence (Scheines, 1997). Thus, when these two assumptions together are 

proven to be true, there is a certainty that (conditional) d-separation corresponds to 

(conditional) probabilistic independence (Eberhardt, 2017). 
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7.4.1.2.1 Types of causal search algorithms 

The causal search algorithms can be classified according to their approach in: constraint-

based algorithms; Bayesian or score-based algorithms; and procedures that exploit semi-

parametric assumptions (Malinsky & Danks, 2018). 

Constraint-based algorithms explore the causal structure according to conditional 

independence constraints (Shen et al., 2020). Despite not having assumptions related to 

parametric form or functions for the causal connections, the statistical tests of conditional 

independence that these algorithms rely on have, in general, more restrictive assumptions, such 

as Gaussian or multinomial distributions for the data (Malinsky & Danks, 2018). 

Bayesian or score-based algorithms construct the causal structure by optimizing a defined 

score function (Glymour et al., 2019), first creating a set of candidate causal graphs, followed 

by assigning a score to each candidate, which forms the basis for the selection of a final graph 

(Shen et al., 2020). The Bayesian Information Criterion (BIC) score is the most used and 

approximates the posterior probability of the model given the data (Malinsky & Danks, 2018). 

Procedures that exploit semi-parametric assumptions do not rely on the faithfulness 

assumption and create the causal structure by using additional assumptions to make the causal 

search more efficient or more detailed (Malinsky & Danks, 2018). They usually require much 

larger sample sizes to be accurate (Malinsky & Danks, 2018).  

In general, for small datasets, score-based causal search algorithms are more precise than 

constraint-based algorithms making the same assumptions (Malinsky & Danks, 2018), 

because, as they rely on a Bayesian approach, their sensitivity to individual errors of the 

statistical criteria, which is more pronounced at small sample sizes, is lower (Scutari, 

Graafland, & Gutiérrez, 2019). 

7.4.1.3 Methodology 

7.4.1.3 1 Bayesian structural equation model for comparison 

To evaluate the performance of causal discovery algorithms, we will refer to the SEM 

with Bayesian estimation, developed to explore residential location satisfaction and travel 

satisfaction in the context of international temporary residents (see Figure 7.1). 
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Figure 7.1 - BSEM structure discussed in chapter 5, relating PT frequency of use and satisfaction with PT to the 

latent constructs 

As presented in Chapter 5, respondents answered questions about their preferences for 

active modes, residential location satisfaction, public transport frequency of use, and travel 

satisfaction (see Table 7.1). These questions were graded using a 5-point Likert scale from 

“strongly disagree” to “strongly agree” or “very dissatisfied” to “very satisfied.” Public 

transport frequency of use was graded in a 6-point Likert scale from “Never” to “Daily.” 

Moreover, the factor Transport supply and land use mix at home was created to characterize 

the land use and public transport supply in the different residential locations in the Greater 

Porto Region, based on objective measures. 

For reasons of simplicity, the observed variable distance to the university campus is not 

included in the model in this initial analysis. It is assumed to have a negligible impact in the 

causal structure, as it merely acts as a mediation variable between active modes preferences 

and public transport frequency of use. 

 

Table 7.1 - Factors and correspondent indicators 

 Factor 
Variable 

Type of 
variable 

Indicators 

Active modes preference 

AMP_1 Ordinal (1-5) Cycling/walking allows me to exercise 

AMP_2 Ordinal (1-5) 
Whenever possible, I prefer to ride a bicycle/walk 
as it is more convenient than using public 
transportation 

AMP_3 Ordinal (1-5) 
I prefer cycling/walking because it is 
environmentally friendly 
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 Residential location 
satisfaction 

RLS_1 Ordinal (1-5) 
Satisfaction with accessibility to places 
of entertainment and leisure at home (i.e., 
restaurants, museums, cinema, bars) 

RLS_2 Ordinal (1-5) 
Satisfaction with walking distance to services and 
goods 

RLS_3 Ordinal (1-5) Satisfaction with easiness to reach the city center 

Public transport frequency 
of use 

PTF_1 Ordinal (1-6) Frequency of metro use 

PTF_2 Ordinal (1-6) Frequency of bus use 

PTF_3 Ordinal (1-3) Most frequently used mode(s) 

Travel satisfaction 

TRS_1 Ordinal (1-5) I am completely satisfied with my daily travel 

TRS_2 Ordinal (1-5) My daily travel makes me feel good 

TRS_3 Ordinal (1-5) My travels facilitate my daily life 

TRS_4 Ordinal (1-5) 
I do not want to change anything regarding my 
daily travel 

TRS_5 Ordinal (1-5) 
When I think of my daily travel, the positive 
aspects outweigh the negative ones 

Transport supply and land 
use mix at home 

TSLU_1 Continuous Number of bus stops (400 m buffer) 

TSLU_2 Binary (0-1) Number of metro stations (400 m buffer) 

TSLU_3 Continuous The module of the entropy index (400m buffer) 

 

7.4.1.3.2 Causal discovery algorithms 

Causal discovery in the context of Structural Equation Modelling involves two stages, 

and different algorithm needs: (i) algorithms applied to find the latent variables – definition of 

the measurement model; (ii) algorithms for verifying the relationship between 

sociodemographic and endogenous variables and among endogenous variables themselves. 

7.4.1.3.2.1 Measurement model 

For assessing the measurement model, the algorithms available in TETRAD that are able 

to search for structure over latent variables are BPC (Build Pure Clusters), FOFC (Find One-

Factor Clusters) and FTC (Find Two-Factor Clusters), which consider that there is a set of 

latent (unmeasured) variables over which a directed acyclic model can be defined (Glymour et 

al., 2017). These algorithms “cluster” variables (instead of individuals) into groups that 

measure one or more latent variables, becoming causal analogies to traditional factor analysis 

(Malinsky & Danks, 2018).  

However, all of these algorithms require continuous data as input, and the data available 

(used in the SEM) is ordered categorical. Thus, we have to treat the ordered categorical 

variables (Likert-scale values) as continuous variables. This option has been supported in the 
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literature for cases where there are five or more categories measuring the items (Rhemtulla, 

Brosseau-Liard, & Savalei, 2012). 

While FOFC has the same objective of BPC, FTFC instead considers that each measure 

has two latent parents (Glymour et al., 2017). As our objective is to discover the structure of 

latent variables where one measure is associated with one latent variable, only BPC and FOFC 

are suitable. We have run preliminary searches with the BPC algorithm in our data, but, not 

surprisingly, the BPC algorithm was not able to recover any complete latent variable, which is 

likely to be a result of the small sample size. Since FOFC performs better than BPC on small 

datasets (Kummerfeld & Ramsey, 2016), we have decided to proceed with our analysis with 

the FOFC algorithm. 

FOFC is a constraint-based algorithm, meaning that it requires an independence test to 

learn the causal structure and, thus, the selection of a parameter α, which determines the p-

value cutoff for making independence test decisions (Raghu, Poon, & Benos, 2018). The value 

of the parameter α impacts algorithm’s performance, as independence tests with p-values 

greater than α will be judged to be independent (H0)) (Kummerfeld, 2016). To define an α 

value, it is recommended to start with a value of 1/n (n = sample size) and test different values 

to examine how changes in this value impacts on the results (Kummerfeld, 2016). 

TETRAD allows also to choose between Wishart or delta tests, which aim to verify 

whether a set of four variables constitutes a pure tetrad (Glymour et al., 2017). The Wishart 

test is recommended (Kummerfeld, 2016). For the cluster construction, it is possible to choose 

between GAP (Grow and Pick) and SAG (Seed and Grow) algorithms. The former is more 

accurate as it works by growing in parallel all possible clusters and then choosing among them 

according to defined criteria, while the latter builds up one cluster as big as possible, and then 

removes all of the variables in this cluster from the set, before trying to make another cluster 

using the remaining variables (Glymour et al., 2017). 

Beyond the limitation of only accepting continuous datasets as input, FOFC algorithms 

have other limitations, such as the need of at least three indicators to identify one latent variable 

(Glymour et al., 2017) and sensitivity to the order of the variables in the input dataset, i.e., the 

results can change if the order of variables in the dataset changes (Kummerfeld, 2016).  

7.4.1.3.2.2 Structural model 

TETRAD allows for the automatic application of the MIMBuild (Multiple Indicator 

Model Build) algorithms to the output of the FOFC algorithm, making it possible to recover 
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the relationship between the latent variables identified by the FOFC (Glymour et al., 2017). 

The data needs to be continuous for using MIMBuild, and the latent variables must have at 

least three indicators associated (Glymour et al., 2017). 

The MIMbuild algorithm runs on the covariance matrix estimated over the latent 

variables resulting from FOFC to find a pattern over the latent variables that represent the 

causal structure over the latent by using PC or GES (Glymour et al., 2017). 

7.4.1.4 Results and discussion 

Using TETRAD program version 6.7.1, considering the variables as continuous when 

loading the dataset, choosing the FOFC algorithm with Wishart test and GAP algorithm for 

cluster construction, we started with an α of 0.004 (α =1/206), and after testing different values, 

for a p-value of 0.0015 in the original dataset, we found that the algorithm is able to recover 

the structure of latent variables of the SEM measurement model, that was defined based on 

exploratory factor analysis (see Figure 7.2). The latent variables are represented by the elliptical 

shapes that are numbered, and the items that compose each latent variable are listed and 

explained in table 7.1. 

 
Figure 7.2 - Output FOFC for the original dataset 

However, in order to overcome the limitation of the FOFC algorithm that considers the 

order of variables in the dataset and tends to cluster those variables that are closer to each other 
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together, we have used the option “Randomly reorder the columns” and ran the simulations 

setting the same parameters and algorithms, i.e., the only change is in the order of variables of 

the input dataset to verify sensitivity to variables ordering. 

Not surprisingly, by reordering, the number of latent variables and the items associated 

with each of them changed in each simulation (see Figure 7.3, Figure 7.4, Figure 7.5, and Figure 

7.6). 

 
 

Figure 7.3 - Selected FOFC output - randomly reordered 
input dataset (1) 

 

Figure 7.4 - Selected FOFC output - randomly 
reordered input dataset (2) 

Figure 7.5 - Selected FOFC output - randomly reordered 
input dataset (3) 

Figure 7.6 - Selected FOFC output - randomly 
reordered input dataset (4) 

 

In the majority of simulations, the latent variable Travel satisfaction was associated with 

the same items defined by the factor analysis, which is likely to occur due to the fact that this 

latent variable is the one that has more items (5) describing it. Residential location satisfaction 

also appeared in some simulations with the same structure defined by the factor analysis. The 

other three latent variables were not fully recovered in any simulation. 
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To allow for comparability, only those results of MIMBuild that had as input the FOFC 

outputs that identified the five latent variables were analyzed, because the MIMBuild output 

relies on the measurement model generated by the FOFC (in our case) (Kummerfeld & 

Ramsey, 2016). The MIMBuild output can be observed in Figure 7.7. The positions were 

rearranged to make it easier to see how they relate to one another in Figure 7.1.  

 

 

Figure 7.7 - Output of MIMBuild algorithm 

In comparison with the BSEM model developed and presented in Chapter 5, the 

relationship between active modes preferences and public transport frequency of use were 

recovered. However, it does not say anything about the direction of the effect. The same occurs 

with the relationship between residential location satisfaction and travel satisfaction. 

Nevertheless, the relationship between public transport frequency of use and travel 

satisfaction was not identified by the MIMBuild algorithm, while a relationship between 

transport supply and land use mix at home (TSLU) and both active modes preferences (AMP) 

and travel satisfaction (TRS) that did not appear on the BSEM was identified by the MIMBuild 

algorithm. In both cases, the direction of effect is from the variables to TSLU, which could be 

considered as a hypothesis to be tested in the case of the relationship between TSLU and AMP 

(that could be established before the residential location choice). However, it makes no sense 

in the case of TRS, as it would mean that the travel satisfaction influences the transport supply 

and land use mix at home location and it is highly unlikely that a person has chosen his/her 

residential place after establishing his/her level of travel satisfaction (also because TRS is likely 

to be a dynamic rather than a fixed evaluation). 
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Finally, the relationships between transport supply and land use mix at home, and both 

residential location satisfaction and public transport frequency of use were recovered. 

However, the direction of effects is opposite to what they were found to be in the BSEM. 

Theoretically, it does not make sense that neither the frequency of public transport use nor the 

residential satisfaction could have an effect on the level of transport supply and land use mix 

at home. 

7.4.1.5 Final considerations 

We have applied causal discovery algorithms to the same dataset that was used to develop 

a structural equation model in order to compare the results obtained by them and to verify 

whether causal discovery algorithms could assess the robustness of causal relationships found 

in the SEM. 

The TETRAD program was used for this, and it was observed that the algorithms 

available to date still have lots of limitations (especially related to the input data) and 

underlying assumptions that seem to restrict their power of providing accurate and stable 

results. Moreover, FOFC and MIMBuild do not allow mixing latent and observed variables 

(socioeconomic variables or even structural variables) to test the entire SEM. 

Thus, their outputs cannot be relied upon without critical theoretical assessment and are 

not capable, considering the current state-of-art, of testing the robustness of SEM results. 

However, they revealed some potential for helping in preliminary data analysis and SEM 

hypothesis generation, since they can reveal hypotheses that are not the focus of the research 

being conducted, but that can expose unexplored relationships. 

Further research should apply the causal search algorithms to different datasets 

(including synthetic datasets), to assess the performance of the algorithms in various scenarios 

and for better evaluation of the algorithms. 
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Appendix A - Public transport use 
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Appendix B - Residential location 
choice and travel satisfaction  
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Appendix C - Accessibility to 
public transport and residential 
location choice 
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 The values highlighted by the red squares vary and are presented according to 
reference values entered earlier in the questionnaire by each respondent (pivoted 
attributes). 
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