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Abstract  

 

Promoting sustainable transport behaviours (e.g. choosing public transport and active 

transport mode such as walking and cycling) among adolescents and young adults is 

critical for reducing transport-related greenhouse gas emissions. These sustainable 

transport behaviours fall under the category of pro-environmental behaviours which are 

defined as behaviours that reduce negative impacts or even positively impact the 

environment. Other pro-environmental behaviours include, for example, recycling, energy 

conservation, eco-friendly purchasing, and waste reduction. Previous studies have 

established the correlation between parents’ sustainable transport behaviours during 

children’s socialisation (e.g. during their children’s adolescence) and their children’s 

adoption of these sustainable transport behaviours during adolescence and young 

adulthood. However, the role of parents’ other pro-environmental behaviours, such as 

energy conservation and eco-friendly purchasing (referred to as Non-Transport Pro-

Environmental Behaviours (NTPEB) in this thesis), in their children’s sustainable transport 

behaviours during adolescence and young adulthood has not been investigated. Exploring 

the role of these parental NTPEB is essential since these behaviours exhibit greater 

susceptibility to intervention measures and have higher participation rates than sustainable 

transport behaviours. This could create improved intervention opportunities for promoting 

sustainable transport behaviour among adolescents and young adults. 

 

Given that mothers have a more substantial influence than fathers in shaping their 

children’s education, behaviours, and attitudes, this study primarily investigated mothers’ 

NTPEB in shaping their children’s sustainable transport behaviours during adolescence and 

young adulthood. This U.K.-focused thesis empirically examined four interconnected 

research questions to achieve this aim.  

 

The first research question investigated the relationship between mothers’ NTPEB during 

their children’s adolescence (ages 10–15 years) and their children’s choice of sustainable 

transport modes (e.g. active transport like walking and cycling and public transport like 

buses and subways) for their journeys to school during this period. This relationship was 
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investigated via multinomial logistic regression using data from the fourth wave of the UK 

Household Longitudinal Study (UKHLS). The findings indicated a positive relationship 

between the frequency of mothers’ NTPEB and the likelihood of their adolescent children 

choosing public transport to school. Importantly, more easily observable mothers’ NTPEB 

hold a stronger strength of correlation with the likelihood of adolescents’ use of public 

transport to school compared to maternal psychological factors like pro-environmental 

attitudes.  

 

The second and third research questions separately analysed the role of mothers’ NTPEB 

during their children’s adolescence in their children’s frequency of sustainable transport 

behaviours (encompassing all travel purposes) and the choice of sustainable transport 

methods for commuting to work in young adulthood. The second research question was 

explored through structural equation models, which used data from Waves 4 and 10 of the 

UKHLS. The findings revealed an indirectly but no directly positive influence of the 

frequency of maternal NTPEB on children’s frequency of sustainable transport behaviours 

as young adults. This indirectly positive influence was mediated by children’s pro-

environmental attitudes as young adults. The third research question, which employed an 

integrated choice and latent variable model, identified a similar indirect correlation 

between the frequency of maternal NTPEB during their children’s adolescence and the 

likelihood of children’s sustainable transport choice for travelling to work as young adults.  

 

The final research question in this thesis validated the hypothesis of an association between 

mothers’ NTPEB during their children’s adolescence and the persistent adoption of 

sustainable transport choices by their children from adolescence through young adulthood. 

Data from Waves 4 and 10 of the UKHLS were analysed using the integrated choice and 

latent variable model to validate this hypothesis. Therefore, this thesis’s findings provide a 

new perspective for understanding the determinants of sustainable transport behaviours 

among adolescents and young adults and reveal pathways of intergenerational transmission 

of pro-environmental behaviours from mother to children. In addition, this thesis includes 

implications for developing interventions to promote sustainable transport behaviour.  
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Chapter 1. Introduction 

 

Global temperatures have steadily increased since the pre-industrial period (1850–1900) 

(Seneviratne et al., 2021; Song et al., 2022). One of the most significant contributors to this 

phenomenon is burning fossil fuels, which emit greenhouse gases into the atmosphere 

(Houghton, 2005). These greenhouse gases, especially carbon dioxide, act as heat traps and 

result in higher surface temperatures than normal (Ramirez-Corredores et al., 2023). As a 

significant contributor to world greenhouse gas emissions, the transportation industry 

presents serious environmental problems (Lamb et al., 2021; Olivier et al., 2017). In the 

United Kingdom, the United States, and Canada, transport sector emissions account for the 

largest share of total national emissions (Department for Transport, 2021b; Transport 

Canada, 2021; U.S. Environmental Protection Agency, 2023). Given that cars and taxis 

account for over one-half of domestic transport emissions in the United Kingdom, 

encouraging the transition from car use to sustainable modes of transport, such as public 

transport and active transport, such as walking and cycling, is critical to reducing transport 

emissions (AlKheder, 2021; Bearman and Singleton, 2014; Byrne et al., 2021; Skippon et 

al., 2012; Steg, 2007). Sustainable transport behaviours are considered a subset of pro-

environmental behaviours, which reduce negative impacts and even positively impact the 

environment (Fallah Zavareh et al., 2020b; Steg and Vlek, 2009; Stern, 2000). Beyond 

sustainable transport, pro-environmental behaviours also include, for example, recycling, 

energy conservation, and eco-friendly purchasing and waste (Kurisu, 2015). 

 

Numerous studies have highlighted the significance of adolescence and young adulthood 

as crucial periods for the development of sustainable transport behaviours (Haustein et al., 

2009; Kuhnimhof et al., 2012a; Silva et al., 2011; Uddin et al., 2019). Although definitions 

of the age range for adolescence vary across studies—some characterizing it as spanning 

from 10 to 19 years, while others extend it to 24 years (McDonagh et al., 2018; Sawyer et 

al., 2018)—the age range of 10 to 15 years, which this thesis focuses on, is widely 

regarded as the core period of adolescence. Young adulthood (i.e. emerging adulthood) 

generally occurs between the ages of 18 and 25 (Arnett, 2000; Higley, 2019; Konstam, 

2007). Several studies have found that sustainable transport behaviours during adolescence 

and young adulthood are correlated with their sustainable transport behaviour or car use in 
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the future (De Vos et al., 2022; Mjahed et al., 2015; Muromachi, 2017). This means that if 

people develop sustainable transport behaviours at a young age (e.g. adolescence and 

young adulthood), they are more likely to continue to use sustainable transport modes in 

the future. This highlights the importance of promoting sustainable transport behaviours 

from an early age (e.g. adolescence and young adulthood).  

 

In recent decades, the use of sustainable transport among adolescents has declined, while 

car usage has risen in countries like the Czech Republic, the United States, Brazil, 

England, and Scotland (de Sa et al., 2015; Department for Transport, 2022; Hands Up 

Scotland Survey, 2021; Haug et al., 2021; McDonald et al., 2011). For young adults, 

despite a decrease in car use and mileage, the car remains the dominant mode of transport 

in the UK (see Section 2.1 for detailed information). For example, in 2023, approximately 

half of all trips taken by young adults were by car in England (Department for Transport, 

2024a). Furthermore, as young adults transition through various life events such as 

marriage, parenthood, graduation, and moving out of the parental home, these milestones 

often lead to a shift in their transport preferences toward greater reliance on car travel 

(Jamal and Newbold, 2020; Newbold and Scott, 2018; Simons et al., 2017a; Simons et al., 

2017b). This shift towards a car-dominated transportation mode becomes more evident, 

especially when young adults enter the workforce (Jamal et al., 2022). Given these trends, 

it is vital to implement effective interventions that encourage individuals, from adolescence 

through young adulthood, to consistently choose sustainable transport modes over the long 

term. Designing these interventions necessitates a thorough knowledge of the elements that 

influence transportation behaviours during adolescence and young adulthood (Steg and 

Vlek, 2009). 

 

According to travel socialisation theory, individuals’ experiences with transport-related 

socialisation during childhood or adolescence not only shape their travel behaviours at that 

time but also influence their future transport choices, including those in young adulthood 

(Baslington, 2008). Baslington (2008) also emphasized the role of parental behaviours in 

shaping children’s transport habits during this socialisation period. Previous studies have 

highlighted that parental involvement in sustainable transport behaviours, during children’s 

travel socialisation (e.g., in childhood or adolescence), is positively correlated with their 
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children adopting similar sustainable transport behaviours during the same period (Beck et 

al., 2023; Ehteshamrad et al., 2019; Siiba, 2020). For instance, Siiba (2020) found that 

adolescents whose parents actively commuted (e.g., walking or cycling at least twice a 

week) were more likely to adopt similar active transport modes for commuting to school. 

Furthermore, these parental transport behaviours during children’s travel socialisation have 

been linked to their children’s transport choices in the future, such as in young adulthood 

(Klöckner and Matthies, 2012; Sigurdardottir et al., 2013). For example, Klöckner and 

Matthies (2012) found that a high frequency of public transport use by parents during their 

children’s adolescence (around age 15) had a negative influence on their children’s car use 

behaviours as young adults. These findings suggest that parental transport behaviours 

during their children’s travel socialisation (e.g., during adolescence) play a vital role in 

shaping their children’s sustainable transport behaviours, not only during adolescence but 

also into young adulthood. 

 

However, as highlighted by the Department for Transport (2024a), cars remain the 

predominant mode of transport in the UK, with older age groups showing a greater reliance 

on car travel compared to younger adults. Given that parents, who typically belong to these 

older age groups, continue to predominantly use cars and depend on them more than 

younger adults, a significant challenge emerges: the potential intergenerational 

transmission of unsustainable transport behaviours (such as car use) from parents to their 

children. Furthermore, altering the transport behaviours of individuals (e.g., parents) who 

have become habituated to their current mode of transport (e.g., car use) over various life 

stages is a difficult task (Gutiérrez et al., 2020). Research has demonstrated that while 

adults are generally more open to engaging in Non-Transport Pro-Environmental 

Behaviours (NTPEB) such as recycling, green purchasing, or energy conservation within 

the household, they tend to be less inclined to modify their transport behaviours (Kasemir 

et al., 2003; Shackley et al., 2004). The question arises as to whether, besides parents’ 

sustainable transport behaviours, other parental NTPEB such as energy conservation and 

eco-friendly purchasing behaviours are influential during children’s adolescent 

socialisation. For example, are parental NTPEB such as eco-friendly purchasing 

behaviours (e.g. bringing bags when shopping and buying recyclable products) and energy-

saving practices during children’s adolescent socialisation also associated with children’s 

sustainable transport behaviours in adolescence and young adulthood?  
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Parental NTPEB during children’s adolescent socialization has been shown to influence 

adolescents’ engagement in similar behaviours by shaping adolescents’ various pro-

environmental psychological factors, such as pro-environmental attitudes (Ando et al., 

2015; Collado et al., 2017; de Leeuw et al., 2015; Wallis and Klöckner, 2018; Jia and Yu, 

2021; Gong et al., 2022). Notably, once these psychological factors (e.g., pro-

environmental attitudes) are established, they could act as catalysts for a broader range of 

behaviours, including sustainable transport behaviours, extending beyond the specific 

NTPEB initially observed in parents. While no research has directly linked parental 

NTPEB during adolescent socialization to children’s pro-environmental attitudes in young 

adulthood, findings from transport socialization studies suggest that parental transport 

behaviours are associated with their children’s transport-related psychological factors in 

young adulthood (Van Acker et al., 2019; Mjahed et al., 2015; Sigurdardottir et al., 2013). 

Building on this, it can be hypothesised that parental NTPEB during adolescent 

socialization may influence children’s sustainable transport behaviours in young adulthood 

by fostering children’s pro-environmental psychological factors, such as pro-environmental 

attitudes, in young adulthood. 

 

Parental NTPEB like eco-friendly purchasing and energy-saving practices have shown 

higher engagement rates than parental sustainable transportation choices (Lynn, 2014). In 

addition, targeted interventions (e.g. environmental education and legislation and 

promoting environmentally friendly lifestyles through media and community outreach) 

have been somewhat effective in increasing participation in these NTPEB (Abrahamse, 

2019; Ajaps and McLellan, 2015; Hobson, 2001; Kish, 2018; Zsóka et al., 2013). Thus, 

they present a chance to form children’s sustainable transport practices from adolescence 

and young adulthood through targeted interventions to alter their parents’ NTPEB. 

Nevertheless, it is unknown if parents’ NTPEB (e.g. eco-friendly purchasing behaviours 

and energy conservation) during their children’s adolescent socialisation period correlate 

with their children’s sustainable transport behaviours in adolescence and young adulthood. 

 

This thesis prioritises examining the role of mothers’ NTPEB during their children’s 

adolescence. This prioritisation is based on several key factors. Firstly, mothers generally 
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spend more time with their children than fathers (Baxter and Smart, 2011), increasing the 

likelihood that children observe and internalize their mothers’ NTPEB. Additionally, 

research suggests that mothers’ NTPEB may play a more significant role in shaping 

children’s pro-environmental psychological factors and behaviours compared to fathers 

(Collado et al., 2019). Furthermore, mothers have been shown to exert a greater influence 

on their children’s transport behaviours, further reinforcing their impact on shaping 

sustainable behaviours over time (Schoeppe et al., 2017; Susilo and Liu, 2016; Motte-

Baumvol et al., 2017; Hsu and Saphores, 2014; Tristram et al., 2023). 

 

In particular, three important study gaps in this U.K.-based thesis must be addressed. First, 

no research has investigated whether mothers’ NTPEB throughout their children’s 

adolescence correlate to their children’s sustainable transport choices during the same 

period. Second, whether this correlation in children’s adolescence persists into their young 

adulthood is unknown. In other words, whether mothers’ NTPEB during their children’s 

adolescence are associated with their children’s sustainable transport behaviour when 

children reach young adulthood is unclear. Finally, whether the continuity of children’s 

sustainable transport choices from adolescence to young adulthood correlates with their 

mothers’ NTPEB during their children’s adolescence is unknown. The results of this thesis 

present a fresh viewpoint for the novel analysis of the elements influencing adolescents’ 

and young adults’ decisions on sustainable transportation. These original insights seek to 

inform the development of future interventions designed to consistently promote children’s 

use of sustainable transport in adolescence and young adulthood. 

 

1.1 Aims and objectives 

 

This thesis aims to contribute to study on the intergenerational transmission of pro-

environmental behaviours between mothers and their children by addressing the earlier 

identified research gaps. The overarching aim of this thesis is to offer insights into the role 

of mothers’ NTPEB during their children’s adolescence in their children’s sustainable 

transport behaviours in adolescence and young adulthood. This investigation is conducted 

from cross-sectional and longitudinal perspectives (spanning six years). Based on the main 

academic gaps outlined above, this thesis has four research objectives, as detailed below. 
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In exploring children’s sustainable transport behaviours in adolescence, transport choice on 

the way to school is key. Therefore, the first objective focuses on the children’s choice of 

transport to school in adolescence. 

 

Objective A: To examine the correlation between mothers’ NTPEB and their children’s 

sustainable transport to school during adolescence, based on a cross-sectional analysis 

 

In examining the children’s sustainable transport behaviour in young adulthood, two 

aspects of children’s sustainable transport behaviours in young adulthood are considered: 

the frequency of sustainable transport behaviours and choices of sustainable commuting 

modes for work. Children’s frequency of sustainable transport behaviours in young 

adulthood reflects their preference for sustainable transport options, which encompasses 

various transport purposes such as work, leisure, and shopping. The frequency of 

sustainable transport behaviours helps to understand the overall inclination of children 

towards sustainable transport daily during young adulthood. In contrast, children’s choices 

of sustainable commuting modes for work specifically reflect their inclination towards 

sustainable transport in work-related trips during young adulthood. Work-related trips often 

involve more constraints (e.g. commuting time pressure). Thus, the roles of mothers’ 

NTPEB during their children’s adolescence in children’s frequency of sustainable transport 

behaviours and choices of sustainable commuting modes for work in young adulthood are 

analysed separately. 

 

This thesis aims to differentiate between the generalised influence of mothers’ NTPEB on 

children’s overall sustainable transport behaviours in young adulthood and the more 

specific influence on transport choices to work in young adulthood under different 

situational constraints. This distinction is crucial because the impact of mothers’ NTPEB 

may vary across different contexts. For example, mothers’ NTPEB may significantly shape 

children’s transport choices for leisure transport in young adulthood but have a lesser 

impact on their commuting choices for work in young adulthood due to external 

constraints (e.g. commuting time pressure). By analysing these two aspects separately, the 
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study offers a more accurate and detailed understanding of the role of mothers’ NTPEB 

during their children’s adolescence in shaping children’s sustainable transport behaviours 

in young adulthood. Therefore, research objectives B and C were formulated as follows: 

 

Objective B. To investigate the role of mothers’ NTPEB during their children’s 

adolescence in their children’s frequency of sustainable transport behaviour in young 

adulthood, from a longitudinal perspective 

 

Objective C. To explore the relationship between mothers’ NTPEB during their children’s 

adolescence and their children’s choice of sustainable transport for commuting to work in 

young adulthood, from a longitudinal perspective 

 

Finally, objective D was derived from objectives A and C. 

 

Objective D: To longitudinally explore the relationship between mothers’ NTPEB during 

their children’s adolescence and maintaining their children’s sustainable transport choices 

while transitioning from adolescence for school to young adulthood for work. 

 

1.2 The logic of the main objectives 

 

Figure 1-1 illustrates the logical framework underpinning the four primary objectives of 

this thesis. The figure provides a visual representation of children’s life stages to better 

depict how mothers’ NTPEB and children’s sustainable transport behaviours in different 

life stages are intertwined. 

 

Objective A, indicated by the yellow arrows in the figure, constitutes the first focus of this 

thesis. It investigates the correlation of mothers’ NTPEB during their children’s 

adolescence with their children’s choice of sustainable transport modes when commuting 

to school during the same period. 
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Figure 1-1. The logical framework of the four primary objectives 

 

 

Objective B, depicted by the blue arrows in the figure, explores the role of mothers’ 

NTPEB during their children’s adolescence in their children’s overall frequency of 

sustainable transport behaviours as they transition into young adulthood.  

 

Objective C, represented by the purple arrow in the figure, also explores the potential link 

between mothers’ NTPEB during their children’s adolescence and their children’s 

sustainable transport choices when commuting to work as young adults. 

 

Lastly, Objective D, represented by the pink arrow in the figure, focuses on evaluating the 

correlation of mothers’ NTPEB during their children’s adolescence with maintaining their 

children’s sustainable transport choices from adolescence to young adulthood. This 

maintenance is determined by comparing children’s transport choices to school in 

adolescence and children’s transport choices to work in young adulthood. 
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1.3 Research questions 

 

Based on the above research aims and research objectives, this thesis is structured to 

address four primary research questions (RQs 1–4). Only the primary research questions 

are discussed here. Each question is accompanied by a set of related research questions that 

are addressed in the respective section (section 4.1 - 4.4) pertaining to each research 

question. 

 

RQ 1: Is there a correlation between mothers’ NTPEB during their children’s adolescence 

and their children’s choice of sustainable transport modes to school during the same 

period? 

 

RQ 2: What is the connection between mothers’ NTPEB during their children’s 

adolescence and the overall frequency of sustainable transportation behaviours as their 

children transition into young adulthood, and how is this connection manifested? 

 

RQ 3: Does the correlation between mothers’ NTPEB during their children’s adolescence 

and their children’s frequency of sustainable transportation in young adulthood extend 

similarly to their children’s selection of sustainable transportation modes for commuting to 

work in young adulthood? 

 

RQ 4: What relationship exists between mothers’ NTPEB during their children’s 

adolescence and the continuity of their children’s sustainable transport choices from 

adolescence to young adulthood? 

 

This thesis primarily utilises data from the UK Household Longitudinal Study (UKHLS) 

(see Subsection 3.2.1 for details) to address these four research questions. Multinomial 

logistic regression (see Subsection 3.3.1 for details) is the primary method used to address 
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RQ 1. For RQ 2, structural equation modelling (see Subsection 3.3.2 for details) is 

employed, while integrated choice and latent variable modelling (see Subsection 3.3.3 for 

details) is predominantly used for RQs 3 and 4. 

 

1.4 The structure of the thesis 

 

The thesis is structured into six chapters as follows: 

 

Chapter 1 provides the background and context of this thesis and outlines the main 

research gaps. It defines the research aims, objectives, and research questions. The chapter 

1 also provides a logical connection between the main research objectives. 

 

Chapter 2 begins by describing the importance of choosing the research topic of this thesis 

(Section 2.1). Moreover, Chapter 2 identifies the main academic gap this thesis addresses 

(Section 2.2) by reviewing the existing literature on the factors influencing sustainable 

transport behaviours in adolescence and young adulthood. Moreover, based on the existing 

literature on the intergenerational transmission of NTPEB and several psychological 

models, this chapter argues for a possible correlation between mothers’ NTPEB during 

their children’s adolescence and their children’s sustainable transport behaviours during 

adolescence and young adulthood (Section 2.3). This argument provides the foundation for 

establishing hypotheses for the subsequent empirical studies in this thesis. Finally, Chapter 

2 effectively explains why this thesis focuses on mothers’ behaviour (Subsection 2.3.6) 

 

Chapter 3 outlines the overall research methodology. This chapter begins by presenting the 

hypotheses based on the literature review, which are tested in the subsequent empirical 

study of this thesis (Section 3.1). In addition, this chapter separately describes the data of 

the next four empirical studies (Section 3.2). Moreover, the main analytical methods of the 

subsequent four empirical studies are presented (Section 3.3). 
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Chapter 4 presents the results of the four empirical studies in this thesis, with a short 

introduction and methods section for each one. 

 

Chapter 5 then discusses the results of the four empirical studies in this thesis by mainly 

focusing on interpreting the results of the control variables (Section 5.1) and discussing the 

results of the hypothesis testing (Section 5.2). Furthermore, Chapter 5 presents potential 

applications based on the results of the four empirical studies in this thesis (Section 5.3). 

 

Chapter 6 concludes the thesis by highlighting the main contributions of this study to the 

existing literature (Section 6.1). It also acknowledges the limitations of this thesis and 

provides direction for future research (Section 6.2). 
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Chapter 2. Literature review  

 

This chapter reviews the extant empirical research on sustainable transport behaviours in 

adolescents and young adults by highlighting previous studies’ main findings and 

limitations. In addition, this chapter provides a theoretical and empirical study of parents’ 

NTPEB during their children’s adolescence, their children’s sustainable transport 

behaviours during adolescence and young adulthood, and the interactions between them. 

This process is crucial in laying a solid foundation for the subsequent empirical research 

questions of the thesis. The chapter is divided into three main sections.  

 

Section 2.1 begins by highlighting the importance and context of the research in this thesis 

based on some government data and previous studies. Section 2.2 introduces the 

definitions of sustainable development, sustainable transport, and pro-environmental 

behaviours. This section also reviews the empirical contributions made by previous studies 

on factors influencing sustainable transport behaviours in adolescents and young adults. 

Based on the findings of the reviewed research, this section highlights the main research 

gaps and research questions of this thesis.  

 

Section 2.3 examines prior empirical studies concerning the influence of parents’ 

engagement in NTPEB on their children’s adoption of similar behaviours. Furthermore, 

this section synthesises diverse psychological theories and models to enhance 

understanding the intergenerational transmission of NTPEB from parents to children. It 

extends this discussion to explore the influence of parents’ NTPEB on their children’s 

sustainable transport practices during adolescence and young adulthood while suggesting 

potential linkages and underlying mechanisms. Finally, Section 2.3, based on previous 

research, explains why this thesis focuses on mothers’ NTPEB during their children’s 

adolescence. 

 

The structure of the literature review is designed to ensure a clear and logical progression. 

Section 2.1 provides the background, establishing the significance and importance of the 

research topic (transport behaviours during adolescence and young adulthood), setting the 
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stage for the subsequent discussions. Section 2.2 then reviews existing research on this 

research topic, highlighting key gaps in the research: relationships between parents’ 

NTPEB during their children’s adolescence and their children’s sustainable transport 

behaviours in adolescence and young adulthood. Building on these gaps, Section 2.3 

explores the potential mechanisms that underpin these underexplored relationships. 

Specifically, Section 2.3 offers both empirical and theoretical perspectives on how parents’ 

NTPEB during their children’s adolescence are linked to their children’s sustainable 

transport behaviours in adolescence and into young adulthood. A potential framework is 

provided to elucidate the hypothesised relationships between these seemingly disparate 

domains of parents’ and children’s behaviours. This framework lays the groundwork for 

subsequent empirical research within this thesis. 

 

2.1 Justification of topic 

 

Transport remains one of the largest contributors to carbon emissions in the UK and 

globally. According to the International Energy Agency (2018), the transport sector is 

responsible for about one-fifth of global carbon dioxide emissions. Within this sector, road 

transport accounts for roughly three-quarters of emissions, with passenger vehicles, 

including cars and taxi, contributing 45.1%, while freight transport, primarily involving 

trucks, accounts for 29.4% (ibid). Given that transport as a whole contributes 21% to 

global CO₂ emissions, road transport alone is responsible for approximately 15.7% of 

global total carbon dioxide emissions (ibid). In the UK, the United States and Canada, the 

transport sector has overtaken the energy sector to account for the largest share of total 

national emissions (Department for Transport, 2021b; Transport Canada, 2021; U.S. 

Environmental Protection Agency, 2023). In the UK, for example, in 2019, the transport 

sector accounted for 27% of the UK’s total emissions, equivalent to 122 million tonnes of 

carbon dioxide equivalent (Department for Transport, 2021b). The majority of these 

emissions (91%) originated from road transport, contributing 111 million tonnes of carbon 

dioxide equivalent (ibid). Among road transport sources, cars and taxis were the largest 

emitters, responsible for 61% (68 million tonnes of carbon dioxide equivalent), followed 

by heavy goods vehicles at 18% (19.5 million tonnes of carbon dioxide equivalent) and 

vans at 17% (19 million tonnes of carbon dioxide equivalent) (ibid). Notably, carbon 
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emissions from the domestic transport sector have remained relatively stable and have not 

declined significantly (Department for Transport, 2021c). 

 

Road transport, particularly cars and taxis, account for a large proportion of emissions. In 

2020, the total number of domestic passenger kilometres travelled in the in Great Britain 

was approximately 580 billion. Of these, 92% of domestic passenger kilometres are made 

by cars, vans and taxis (Department for Transport, 2021c). Between 1960 and 2019, 

passenger kilometres travelled by cars and taxis in Great Britain grew steadily from 139 

billion to 738 billion, reaching an all-time peak in 2019 (ibid). This growth in car travel 

distance is closely linked to the long-term rise in car ownership. In 1950, in the UK fewer 

than 20% of households owned a car, but by the mid-1970s, approximately half of all 

households had one. By 2018, this proportion had increased to 74%, reflecting the 

continued expansion of car ownership over time (Marsden et al., 2018). Meanwhile, since 

1960, the distance travelled by buses and coaches has continued its long-term decline, from 

79 billion passenger-kilometres in 1960 to 33 billion passenger-kilometres in 2019. 

Consequently, there is an over-reliance on car, which results in high levels of emissions 

from road transport, especially from cars and taxis.  

 

Given that cars and taxis account for over one-half of domestic transport emissions in the 

UK, encouraging the transition from car use to sustainable modes of transport, such as 

public transport and active transport, such as walking and cycling, is critical to reducing 

transport emissions (AlKheder, 2021; Bearman and Singleton, 2014; Byrne et al., 2021; 

Skippon et al., 2012; Steg, 2007). Numerous studies have highlighted the significance of 

adolescence and young adulthood as crucial periods for the development of sustainable 

transport behaviours (Haustein et al., 2009; Kuhnimhof et al., 2012a; Silva et al., 2011; 

Uddin et al., 2019). As current and future transport participants, the transport behaviours of 

adolescents and young adults not only influence current transport emissions but also 

determine the sustainability of future transport. Several studies have found that transport 

behaviours during adolescence and young adulthood are correlated with their sustainable 

transport behaviour or car use in the future (De Vos et al., 2022; Mjahed et al., 2015; 

Muromachi, 2017). For example, Muromachi (2017) pointed out that past experience of 

using the railway as adolescents to attend high school was statistically significantly and 
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negatively associated with future intention to use the car as young adults. Moreover, De 

Vos et al. (2022) pointed out that the frequency of public transport used by university 

students and their satisfaction with public transport positively affects their willingness to 

use public transport in later life. This means that if people develop sustainable transport 

behaviours at a young age (e.g. adolescence and young adulthood), they are more likely to 

continue to use sustainable transport modes in the future. Conversely, if people dependence 

on the car is formed during adolescence or young adulthood, this dependence may 

maintain a lifelong preference for car travel. This highlights the importance of promoting 

sustainable transport behaviours from an early age (e.g. adolescence and young adulthood).  

 

However, in recent decades, the use of sustainable transport, particularly public transport, 

has declined among UK adolescents, while the use of cars has risen. For example, in 1995, 

43% of adolescents (ages 11-16) in England used active transport to travel to school, with 

41% walking and 2% cycling. In contrast, 21% of adolescents used cars (Department for 

Transport, 2023a). By 2023, the proportion of adolescents using active transport remained 

at about 43%, but the breakdown shifted to 39% walking and 4% cycling, while car usage 

increased to 27% (ibid). The use of buses also declined, from 33% in 1995 to 23% in 2023 

(ibid). A similar trend has been observed in Scotland. In 2008, 44.4% of Scottish high 

school students (adolescents) chose active transport to school, with 42.8% walking and 

1.6% cycling. At that time, 13.7% used cars to get to school (Hands Up Scotland Survey, 

2021). By 2021, while the proportion of students using active transport remained almost 

the same at 44.1% (42.5% walking and 1.6% cycling), car usage increased to 17.8%. The 

proportion of students using buses decreased from 37.2% in 2008 to 31.3% in 2021 (ibid). 

Although the percentage of adolescents using active transport to school has remained 

relatively stable, it is noteworthy that car usage has increased, accompanied by a decline in 

bus usage. 

 

Regarding the transport behaviours of young adults, while car use and mileage among this 

demographic have declined in recent years, the car remains the primary mode of 

transportation. According to Marsden et al. (2018), the driving distance for individuals 

aged 17–34 in the UK decreased by 20% in the decade leading up to 2014. In England, 

individuals aged 17–20—most of whom fall within the young adult category, except for 
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those aged 17—travelled an average of 4,465 miles per year by car in 2002. By 2023, this 

distance had dropped to 3,020 miles per year, marking a decline of 1,445 miles. Notably, in 

2023, car travel accounted for approximately 61.38% of the total annual travel distance 

(4,920 miles), significantly exceeding the distance travelled using public transport 

(including buses, the underground, surface rail, and other public transport modes), which 

totalled 1,522 miles (Department for Transport, 2024a). In 2002, car travel was the 

predominant mode of transport among individuals aged 17–20 in England. At that time, 

34.6% of trips made by this age group were on foot, 1.75% by bicycle, 52.8% by car, and 

18.3% by public transport (ibid). Within the public transport category, 15.1% of trips were 

taken by bus, while the remaining share consisted of rail, underground, and other public 

transport options (ibid). By 2023, some shifts in travel behaviours had emerged among this 

age group. The proportion of walking trips increased to 38.3%, and cycling rose slightly to 

2.2% (ibid). Meanwhile, car use declined to 48.3%, whereas public transport usage 

increased to 20.4%. Within public transport, bus trips accounted for 11.8%, railway trips 

for 5.9%, and the remaining share included the underground and other public transport 

services (ibid). Despite an increase in active and public transport use, accompanied by a 

reduction in car usage and mileage, the car remains the dominant mode of travel for this 

age group. A similar pattern is observed among individuals aged 21–29, the majority of 

whom are classified as young adults. In 2023, more than half of their trips were still made 

by car, Moreover, the total car travel distance for this age group amounted to 4,589 miles, 

accounting for approximately 69.44% of their total annual travel distance (6,609 miles). 

This indicates that, despite some shifts in travel behaviours, car use remains widespread 

within this population group.  

 

Furthermore, as young adults transition through various life events such as marriage, 

parenthood, graduation, and moving out of the parental home, these milestones often 

strengthen their preference for car travel (Jamal and Newbold, 2020; Newbold and Scott, 

2018; Simons et al., 2017a; Simons et al., 2017b). Young adults are intentionally shifting to 

a car-oriented culture, especially once they have a job (Jamal et al., 2022). Data from the 

Department for Transport (2024a) further supports this trend in the UK, indicating that car 

dependency increases with age. In England in 2023, 51.2% of trips made by adults aged 

21–29 was completed by car. This proportion rose to 59.7% for those aged 30–39, 66.5% 

for those aged 40–49, and 67.7% for those aged 50–59. Among individuals aged 60 and 
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above, car travel accounted for 67.7% of all trips. These figures highlight that the car 

remains the dominant mode of transport in England, with older age groups displaying a 

higher reliance on car travel compared to younger adults. This trend is further reflected in 

car mileage, where in 2023, individuals aged 30–39 saw 78.9% of their total annual travel 

distance covered by car. This figure increased to 82.0% for those aged 40–49 and 83.7% 

for those aged 50–59, demonstrating a growing reliance on car travel as people age. Even 

in the 60+ age group, car mileage represented 82.3% of their total travel, further 

emphasizing the persistent role of car use across different age categories (Department for 

Transport, 2024a). 

 

In this context, the key issue is how to effectively intervene and promote sustainable 

transport behaviours amongst adolescents and young adults. The UK government and 

organisations have implemented a range of measures to encourage adolescents and young 

adults to make sustainable travel choices. For example, for adolescents, the Walking 

School Bus programme is a structured initiative in which groups of students walk to and 

from school along a designated route under the supervision of at least one adult volunteer 

(Larouche and Mendoza, 2018). By incorporating adult supervision, this approach aims to 

address parents’ concerns about their children’s safety on the way to and from school, 

while promoting children to greater use of active transport.  

 

Walking school bus programs have been implemented in various countries, including the 

UK, Australia, Canada, New Zealand, and the United States, and have demonstrated 

positive effects in reducing car trips and promoting walk to school among children (Kearns 

et al., 2003; Mackett et al., 2005; Staunton et al., 2003). For instance, in Marin County, 

California, as part of the Safe Routes to School program, the walking school bus initiative 

was combined with a bicycle training program designed to enhance students’ cycling skills 

and safety awareness. Research found that this intervention led to a 64% increase in 

walking, a 114% rise in cycling, a 91% increase in carpooling, and a 39% reduction in 

single-student car trips (Staunton et al., 2003). However, since the program also 

incorporated infrastructure improvements, classroom education, and various walking and 

cycling activities, it is difficult to isolate the specific impact of the walking school bus 

component. Nevertheless, the overall findings suggest a notable shift in students’ travel 
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behaviours. Similarly, in St. Albans, England, the introduction of walking school buses 

contributed to a 30% reduction in car trips for school travel (Kearns et al., 2003). 

Additionally, Mackett et al. (2005) found that in Hertfordshire, England, walking school 

buses effectively encouraged students to transition from car travel to walking, with 

approximately 50% of participating children having previously travelled by car. 

 

In addition, the UK Government’s substantial investment in subsidised free school bus 

encourages the use of school bus for school commutes. This subsidy provides free school 

bus transport for adolescents living more than three miles from their school in the UK 

(Department for Education, 2010; GOV.SCOT, 2022; GOV.WALES, 2014). For example, 

in 2010, the average expenditure by urban authorities on school bus subsidies in England 

was just under £1 million, while rural authorities spent nearly £9.6 million on average (Van 

Ristell et al., 2015). The total expenditure on secondary school bus transport for 

adolescents amounted to £275 million, with almost 83% (£228 million) allocated to school 

bus services in rural areas (Van Ristell et al., 2015). This substantial subsidy also promotes 

the use of public transport for school commuting. 

 

In addition, interventions such as environmental education have been designed to 

sustainable transport behaviours by influencing adolescents’ pro-environmental mental 

factors (Chillón et al., 2011). Environmental education is essential to raise awareness of 

future environmental challenges and promote environmental protection measures (ibid). 

Through environmental education or other educational programs on pro-environmental 

behaviours and sustainable transport behaviours, psychological factors such as attitudes, 

perceptions, and preferences for pro-environmental behaviours can be influenced directly, 

which indirectly promote pro-environmental behaviours (Zsóka et al., 2013). Core 

strategies in this area include advocating for environmentally friendly schools and 

integrating environmental education into the school curriculum to foster sustainable 

thinking among students, examples of which have been found in several countries such as 

USA, Israeli, Indonesia, India and UK (Ajaps and McLellan, 2015; Kerret et al., 2020; 

Prasetiyo et al., 2020; Verma and Grover, 2022; Wee et al., 2018). A study conducted in the 

UK by Boyes and Stanisstreet (2012) indicated that environmental education showed 

promise in promoting students’ behaviours such as promoting energy conservation and 
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recycling. Zaccari and Dirkis (2003) examined an environmental education intervention 

aimed at reducing transport congestion and pollution caused by car trips to and from school 

in the Sydney Australia. The outcome of this intervention was a notable 3.4 percent 

reduction in the number of car trips made to school, indicating its effectiveness in altering 

transport behaviours. The decline in car use was also greatest in the class with the highest 

proportion of students who use car to and from school, with a 14 per cent decline (ibid).  

 

It is worth noting that education related to sustainable transport behaviours is no longer 

limited to children or adolescents, and a growing number of environmental education 

interventions are now focusing on adult populations. O’Fallon (2010) mentioned the Cycle 

Now initiative in New Zealand, which aims to combat negative attitudes towards cycling 

with workshops related to cycling. They found that at a follow-up one year later, 32% of 

the 675 respondents reported biking to work more often than the year before. One UK’s 

example is Glasgow’s Walk to Work intervention, in which active transport is promoted by 

empowering employees with positive perceptions of walking through education and 

practical information sharing related to the benefits of walking. After six months, the 

intervention group was walking more for their commute compared to the control group 

(Mutrie et al., 2002). In addition to education related to sustainable transport behaviours, 

the use of prizes to further incentivise young adults’ sustainable transport behaviour is a 

common intervention in the UK. Tsirimpa et al. (2019) extensively explored the role of 

incentives in sustainable transport behaviours in the UK. Their findings indicated that users 

who received rewards increased their usage of public transport, walking, and biking more 

than those who did not receive rewards. The UK government offers employees incentives 

such as reduced income tax or national insurance to promote cycling to work through the 

Cycle to Work scheme, which has shown an increase in cycling to work (Swift et al., 

2016).  

 

These interventions have been shown to be effective in promoting sustainable transport 

behaviours among the target group (adolescents and young adults). However, interventions 

like incentives to encourage participation are effective in the short term, i.e. they may be 

effective during the period of policy roll-out, but behavioural change is often unsustainable 

once government support is reduced. It is essential to note that studies have pointed out 
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that without financial incentives, the sustained impact of interventions may be limited. For 

example, Scheepers and Hoogendoorn-Lanser (2018) reported on four studies that used 

various incentives to encourage participation but found that once the incentives were 

removed, the shift towards sustainable transport patterns was not sustained. Furthermore, 

regarding interventions such as environmental education, Boyes and Stanisstreet (2012) 

found that while environmental education effectively encouraged students’ NTPEBs, such 

as energy conservation and recycling, it struggled to bring about lasting changes in 

transport behaviours (e.g., adopting public transport) among students who were 

fundamentally uninterested in environmental protection. Additionally, while Walking 

School Bus programs help address parental safety concerns and increase walking rates 

among students, they may unintentionally limit opportunities for children to develop the 

independence needed for future engagement in sustainable transport modes, such as active 

travel (Mori et al., 2012). In some cases, this could negatively impact students’ long-term 

sustainable transport behaviours. Walking School Bus programs can reinforce the 

perception that the outdoor environment is unsafe for independent walking (Larouche and 

Mendoza, 2018). This perception potentially discouraging students from independently 

using sustainable transport in the future. Therefore, although these interventions 

significantly encourage sustainable transport behaviour, they do not always ensure its long-

term adoption and continuity. 

 

Prior research has emphasized the importance of sustainable transport behaviour 

interventions being long-lasting (Zhang, 2020). According to the travel socialisation, 

individuals’ transport-related socialisation experiences during childhood or adolescence not 

only influence their travel behaviours at that stage but also shape their future transport 

choices, including those in young adulthood. (Baslington, 2008) (see subsection 2.3.1 for 

details). Baslington (2008) further highlighted the role of parental behaviours in shaping 

their children’s transport-related attitudes and behaviours during travel socialisation. 

Several studies have found that a correlation between parents’ and children’s transport 

behaviours during children’s travel socialisation (e.g., in childhood or adolescence) (Beck 

et al., 2023; Ehteshamrad et al., 2019; Siiba, 2020). For example, Siiba (2020) found a 

correlation between parents who actively commute (e.g. walking or cycling at least twice a 

week) and their children choosing similar active modes of transport for commuting to 

school. It is worth noting that these parental transport behaviours during children’s travel 
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socialisation have also been linked to their children’s transport choices in future (e.g., 

young adulthood). For example, Mjahed et al. (2015) found that parents’ preference for 

cars during their children’s travel socialisation leads to children’s negative attitudes 

towards walking in adulthood, which in turn reduces children’s walking behaviour in 

adulthood. Similarly, Van Acker et al. (2019) found that parental car purchasing behaviour 

during children’s travel socialisation hindered their children’s use of public transport in 

young adulthood. These findings suggest that parents’ transport-related behaviours during 

their children’s travel socialisation (e.g., adolescence) play a crucial role in shaping their 

children’s transport behaviours—not only during their children’s adolescence but also into 

young adulthood. 

 

However, as highlighted by national transport data (mentioned above), cars remain the 

dominant mode of transport in UK, with older age groups demonstrating a higher reliance 

on car travel compared to younger adults. Given that parents (who belong to these older 

age groups) are still predominantly car users and rely more on cars than younger adults, 

this raises a significant challenge: the potential intergenerational transmission of 

unsustainable transport behaviours (car use) between parents and their children. Research 

has shown that while adults are more willing to engage in NTPEB such as recycling, green 

purchasing, or energy conservation within the household, they are often less inclined to 

change their transport habits (Kasemir et al., 2003; Shackley et al., 2004). This resistance 

to modifying transport behaviours makes it difficult to promote sustainable transport 

among adolescents and young adults by encouraging their parents to adopt more 

sustainable travel choices. Furthermore, parents’ current reliance on unsustainable transport 

modes, such as car dependency, is likely to be transmitted to the next generation. 

 

Given the challenges associated with changing parental sustainable transport behaviours, 

an alternative approach is to explore whether parents’ engagement in (NTPEBs—such as 

energy conservation and green consumption—can influence their children’s sustainable 

transport choices. Compared to sustainable transport behaviours, NTPEB tend to have 

higher participation rates (Lynn, 2014). For instance, in 2022, 64% of surveyed individuals 

in the UK reported consistently bringing reusable shopping bags when shopping (Office 

for National Statistics, 2023). In 2023, over 20% of UK consumers stated that they had 
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reduced their clothing purchases for sustainability reasons, while a similar proportion 

reported increasing their purchases of second-hand clothing (Office for National Statistics, 

2023). Furthermore, in terms of energy-saving practices, more than half of respondents 

indicated efforts to conserve water and electricity at home (Office for National Statistics, 

2023). Furthermore, studies suggest that targeted interventions—such as environmental 

education, legislative measures, and media or community outreach programs promoting 

eco-friendly lifestyles—have been relatively successful in increasing NTPEB participation 

(Abrahamse, 2019; Ajaps and McLellan, 2015; Hobson, 2001; Kish, 2018; Zsóka et al., 

2013). Therefore, leveraging parental NTPEB interventions presents an opportunity to 

indirectly shape adolescents’ and young adults’ sustainable transport behaviours. If parental 

NTPEBs can be shown to have a positive correlation with children’s sustainable transport 

behaviours, future interventions could focus on promoting these more adaptable 

behaviours as an indirect means of fostering sustainable transport habits among 

adolescents and young adults. This approach could open a new, long-term pathway for 

sustainable transport interventions among adolescents and young adults. This thesis aims to 

explore this potential linkage, highlighting the importance of considering parental NTPEBs 

as an alternative pathway to fostering long-term sustainable transport behaviours in 

younger generations. 

 

2.2 Previous studies on sustainable transport behaviour in adolescence and 

young adulthood 

 

The literature review begins by focusing on the definitions of sustainable development, 

sustainable transport, and pro-environmental behaviours as the primary research topic of 

this thesis (Subsection 2.2.1). Additionally, Subsections 2.2.2 and 2.2.3 separately provide 

the review of the existing research on the determinants of sustainable transport behaviours 

in adolescents and young adults.  

 

2.2.1 Sustainable development, sustainable transport, and pro-

environmental behaviours 
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Sustainable development was first defined by the World Commission on Environment and 

Development in its Brundtland Report, also known as Our Common Future. According to 

Brundtland (1987), sustainable development seeks to meet current demands while 

maintaining the ability of future generations to meet their own. The concept of sustainable 

transport is generally seen as a manifestation of sustainable development within the 

transport sector (Banister, 2007). However, no consensus exists on a precise definition of 

sustainable transport. Various definitions of sustainable transport or sustainable mobility 

can be found in several studies and policy documents (Janic, 2006). For example, 

Richardson (1999) described a sustainable transport system as one in which fuel 

consumption, vehicle emissions, safety, congestion, and social and economic access are 

maintained at levels that can be sustained indefinitely without causing significant harm to 

future generations worldwide. The Commission of the European Communities (1999) 

highlighted that sustainable transport system should limit emissions and waste within the 

planet’s capacity to absorb them, utilise renewable resources at or below their generation 

rates, and use non-renewable resources at or below the rates of development of renewable 

substitutes while minimising the impact on land use and noise generation. Transport 

Canada (1999) emphasised that a sustainable transport system meets the basic access needs 

of individuals and societies safely in a manner consistent with human and ecosystem 

health. The Organisation for Economic Co-operation and Development (2001) defined 

sustainable transport as mobility or movement that enables transport to fulfil its vital 

economic and social functions while minimising its adverse environmental impacts. 

Notably, despite the absence of a standardised definition of sustainable transport, public 

transport modes (e.g. buses, subways, and trains) and active transport modes (e.g. walking, 

cycling, and skateboarding) can generally be considered sustainable transport options. The 

choice of these sustainable transport modes for travelling can be understood as sustainable 

transport behaviour. 

 

In the early 1990s, a substantial change in the philosophy of transport policymaking 

occurred in the context of sustainable transport. This transition was from the traditional 

“predict and provide” approach to a more nuanced perspective known as New Realism, 

which was introduced by Goodwin et al. (1991). The rationale for this change was that the 

conventional “predict and provide” approach of building additional infrastructure and 

roads to handle increasing demand of motorised transportation was essentially at odds with 
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the ideas of sustainable development. This strategy was unsustainable in the long run since 

it fed the expansion of motor vehicle transportation to some extent. For example, even if 

the British government made significant investments in road infrastructure before the 

1990s, the concurrent rise in traffic congestion increased vehicle emissions that escalated 

climate change and local air pollution issues while widening the mobility gap between 

those with access to cars and those without (Goulden et al., 2014). As such, the emphasis 

of transport policies shifted from “predict and provide” to a “New Realism” paradigm. 

 

The “New Realism” lists five fundamental ideas for creating transport policies (Goodwin 

et al., 1991). The first principle stresses the need to consider transportation-related 

problems holistically rather than as discrete parts. The second argues that to encourage fair 

competition among various transportation options, they should be treated equally and 

consistently. The third principle promotes a more practical strategy by admitting the 

impossibility of meeting all transportation requirements and wants. The fourth principle 

emphasises that transport solutions should consider personal attitudes and behaviours in 

addition to technology while acknowledging the importance of human aspects and 

passengers’ motives in establishing effective regulations. The fifth principle emphasises 

prioritising vital transportation demands by differentiating between essential and non-

essential transportation (Goodwin et al., 1991).  

 

The fourth of these points emphasises a people-centred perspective. It highlights the need 

to fundamentally change human transport behavioural patterns to engage in sustainable 

transport behaviours (Klaniecki et al., 2016; Matthews and Caldeira, 2008; Sachs et al., 

2019; Yusliza et al., 2020). In terms of sustainable transport behaviours, encouraging 

public transport utilisation and active transport engagement has been highlighted in 

previous studies as a strategy to address the unsustainable aspects of the transport system 

(AlKheder, 2021; Attard and Shiftan, 2015; Banister, 2007; Neves and Brand, 2019). 

Sustainable transport behaviours fall under the category of pro-environmental behaviours 

(Kurisu, 2015). Pro-environmental behaviours are frequently defined as actions aimed at 

lessening damage to the natural environment and, ideally, increasing its well-being (Steg 

and Vlek, 2009; Stern, 2000). In addition to sustainable transport behaviours, pro-

environmental behaviours generally include energy conservation, waste avoidance, green 
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consumption (e.g. bringing bags when shopping and buying recyclable products), 

recycling, and social commitment. According to Steg and Vlek (2009), finding the 

pertinent elements affecting pro-environmental behaviours, such as sustainable travel 

behaviours, is the first step to better promoting sustainable transportation practices to 

enable the focused creation of policies and intervention strategies. The elements affecting 

the behaviours of sustainable transportation vary among age groups. The influencing 

elements of sustainable transport behaviours for adolescents and young adults are covered 

individually in the next two sections because this thesis focuses on these two age groups. 

 

2.2.2 Determinants of sustainable transport to school in adolescence 

 

Regarding the transport behaviour of adolescents, their transport choices for travelling to 

school are key. Previous studies have identified several influencing factors that may 

promote or hinder adolescents’ adoption of sustainable transport modes when commuting 

to school. In this subsection, these influencing factors are reviewed. Drawing from the 

concept framework related to determinates of transport choice proposed by Kafi et al. 

(2024), these influencing factors can be categorized into three key components: 

Opportunity, Capability, and Motivation. Firstly, Opportunity refers to external factors that 

can either facilitate or limit the adoption of sustainable transport options. In the context of 

adolescents commuting to school, Opportunity encompasses built environment factors such 

as the distance to school, the residential density of the living area, the location of an 

adolescent’s residence, and the availability and quality of sustainable transport 

infrastructure, including both active transport options (e.g., walking or cycling) and public 

transport services. Secondly, Capability component refers to an individual’s ability to make 

sustainable transport choices. According to Kafi et al. (2024), this component is primarily 

expressed through socio-economic factors as well as demographic factors. In terms of 

transport choice to school among adolescents, this capacity is largely determined by both 

personal demographic factors—such as age and gender—and socio-demographic variables 

of their families, including factors like household income, parental education level, car 

ownership, and employment status.  Finally, Motivation component refers to the internal 

psychological factors that influence transport choices. In the context of transport choice to 

school among adolescents, motivation component is shaped by the psychological factors of 

adolescents’ parents. It is crucial to recognize that factors of both the Capability and 
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Opportunity components can directly influence factors of Motivation component (Kafi et 

al.,2024). In terms of transport choice to school among adolescents, factors related to the 

built environment (Opportunity component) and adolescents’ demographic characteristics 

as well as parental socio-demographic factors (Capability component) can influence the 

transport-related psychological factors of parents (Motivation component). This 

subsections will present an literature review of existing research on adolescents’ transport 

choices for travelling to school, organized around the three components—Opportunity, 

Capability, and Motivation. 

 

Considering the Opportunity component, built environment factors have been found as the 

important determinates of adolescents’ transport choice to school. Among built 

environment factors, the distance between home and school is a common factor hindering 

active transport choices for commuting between them. Several studies have found a 

negative correlation between the distance from home to school and the likelihood of 

adolescents choosing active transport mode for commuting to school (Babey et al., 2009; 

Campos-Sánchez et al., 2020; Kelly and Fu, 2014; Larsen et al., 2012; Lin and Chang, 

2010; Mindell et al., 2021; Panter et al., 2008). Moreover, the residential density around 

the school is another critical built environment element influencing sustainable transport 

options for adolescent commuters to school (Braza et al., 2004; Dalton et al., 2011; Larsen 

et al., 2012; Macdonald et al., 2019). Previous studies have found in Scotland and the 

United States, a positive relationship between residential density and the likelihood of 

active transport to school (Braza et al., 2004; Dalton et al., 2011; Macdonald et al., 2019). 

Existing research found that high residential density might promote active transport 

choices and lower car traffic by shortening the distance between the origin and destination 

(Boussauw et al., 2012; Levinson and Kumar, 1997). This is somewhat supported by 

Campos-Sánchez et al. (2020), who found that the correlation between residential density 

and the likelihood of adolescents choosing active modes of transport to school was not 

statistically significant, after simultaneously accounting for school distance and residential 

density around the school and the neighbourhood. This suggests that density may be 

indirectly related to the transport choices to school through school distance. However, 

some alternative outcomes have arisen in different countries. For instance, Larsen et al. 

(2012) found that higher residential densities negatively correlated with adolescents’ active 

transport choice for commuting to school in England. This may be due to the fact that 
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higher-density neighbourhoods may have more negative issues related to traffic hazards 

and personal safety than lower-density neighbourhoods (Chaudhury et al., 2012). 

Adolescents’ concerns about their safety were found to reduce the likelihood of active 

transport to school (Mohiuddin et al., 2022).  

 

Another Opportunity component influencing adolescents’ choices of sustainable transport 

for commuting to school is the state of active and public transport infrastructure (Aranda-

Balboa et al., 2020; Dalton et al., 2011; Lin and Chang, 2010; Molina-García et al., 2020). 

For example, in the United States and China, sidewalk coverage has been positively 

correlated with the likelihood of walking to school (Ewing et al., 2004; Lin and Chang, 

2010). Considering the state of public transport infrastructure in Australia, public transport 

accessibility around homes was found to positively correlate with children’s public 

transport choices to school (Zulkefli et al., 2020). In Scotland, the home neighbourhood 

walkability has positive correlation with choosing active transport mode for commuting to 

school (Macdonald et al., 2019). In addition, Molina-García et al. (2020) found a positive 

correlation between choosing active transport to school and positive streetscape 

characteristics (e.g. having public transport stops, benches, public litter bins and cycle 

parking racks on the journey to school) in Spain. It is important to note that the positive 

streetscape characteristics variable used by Molina-García et al. (2020) is a composite 

concept, derived from the mean values of 17 measurement items related to sustainable 

transport infrastructure. These items include the number of public transport stops, benches, 

public trash bins, bicycle parking racks, and other similar features. While this variable 

includes some elements of public transport infrastructure, it still reflects the overall quality 

of active transport facilities in the area. 

 

Notably, the correlation between infrastructure and sustainable transport choice to school 

may be mediated by adolescents’ and their parents’ psychological factors. This also 

corresponds to the conceptual framework proposed by Kafi et al (2024) that Opportunity 

component (built environment factors) can affect transport users’ transport choices by 

influencing users’ Motivation component (i.e. psychological factors of transport users). 

Seraj et al. (2012) found that in the United States, parental psychological factors such as 

attitudes toward children’s active transport to school could be shaped by the state of public 
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transport infrastructure, such as school accessibility. Parental psychological factors are key 

in determining whether children can actively travel to school. For example, Fallah Zavareh 

et al. (2020a) found that parental psychological factors, such as worry about road 

accidents, were negatively associated with children’s walking to school in Iran and China. 

McMillan (2005) provided a conceptual framework to explain how urban form influences 

children’s transport choices to school. According to this conceptual framework, the lack of 

excellent pavement on the path to school may lead to parental psychological factors such 

as negative perceptions of active transport infrastructure and parents’ concerns about their 

children, which influence children’s transport behaviours. Fyhri and Hjorthol (2009) 

supported this conceptual framework and found that in Norway, parents’ psychological 

factors, such as perceptions of road safety on the way to school based on past experiences, 

mediated the relationship between infrastructure (e.g. the percentage of pavement on the 

way to school) and their children’s transport behaviours.  

 

Nevertheless, some studies have found different results when investigating sustainable 

transport infrastructure. Among adolescents ages 11 to 13, Larsen et al. (2009) did not 

detect a relationship between active transport choices for commuting to school and 

sidewalk lengths around homes and schools in Canada. This finding could be because even 

under the same active transport infrastructure conditions, parents’ or adolescents’ 

perceptions of transport infrastructure not only depend on the quality of real sustainable 

transport infrastructure, but also depend on past transport experiences. For example, van 

der Vlugt et al. (2022) found that good experiences with using public transport (i.e. public 

transport control) influenced positive perceptions of the walkability of infrastructure to 

some extent. In addition, Cheng and Chen (2015) found that travellers’ perceptions of 

accessibility, mobility, and connectivity towards the same public transport system varied 

with age, the weekly frequency of physical activity, and pro-environmental attitudes. In 

essence, this observation underscores that parents in the same neighbourhood may interpret 

the same infrastructure differently due to past personal transportation experiences and 

psychological factors, which in turn influence adolescents’ sustainable transport choices 

for commuting to school. Hence, previous studies have found different results in the 

relationship between sustainable transport options for schooling and sustainable transport 

infrastructure. 
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Notably, built environment factors (Opportunity component) are related to the location of 

adolescents’ residences. Several studies have found differences in active transport choices 

to school among adolescents living in urban and rural areas (Babey et al., 2009; Kaplan et 

al., 2016; Rodríguez-López et al., 2017; Silva et al., 2011; Simons et al., 2017b). For 

example, Babey et al. (2009) indicated that in the United States, adolescents from urban 

areas were more likely to choose active transport for commuting to school. In Germany, 

urban children were more likely to switch to active transport to school as they grew into 

adolescents than rural children (Klos et al., 2023). In the UK (Sheffield), students living in 

the countryside were less likely to choose active transport modes for commuting to school 

(Ferrari and Green, 2013). Simons et al. (2017b) found that adolescents (secondary school 

students) living in rural areas in Belgium were less likely to walk to school. Given the lack 

of consideration of distances to school, they proposed that one potential explanation for 

this is the longer travel distances faced by adolescents in rural areas, which may discourage 

the use of active transportation. However, it is important to note that several studies have 

indicated that even when distance to school are accounted for, living in rural areas 

continues to be associated with lower rates of active transport to school (Babey et al., 

2009; Ferrari and Green, 2013). This suggests that other factors beyond distance may be 

contributing to the differences in active transport choice to school between urban and rural 

areas. Christiana et al. (2021) demonstrated differences in active transport choices between 

adolescents in the rural and non-rural United States. They attributed this difference 

primarily to the lack of resources, including the low quality and availability of active 

transport infrastructure, in rural areas. Urban areas tended to have well-developed active 

transport infrastructure with high walking accessibility (Rahman et al., 2020). It is worth 

noting that many previous studies have no considered variables on the quality of active 

transport infrastructure (Babey et al., 2009; Ferrari and Green, 2013). Therefore, 

differences in the quality of active transport infrastructure between urban and suburban 

areas may contribute to disparities in active transport choices for school commuting in 

these areas. 

 

In addition to the built environment factors included in the Opportunity component, the 

following will examine the Capability component which includes factors such as 

adolescents’ demographic characteristics and parents’ socio-economic status. Adolescents’ 

demographic factors also influence adolescents’ transport choices to school. In terms of 
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adolescents’ sex, several studies have revealed that male adolescents are more likely than 

female adolescents to utilise sustainable transport to school (Li et al., 2022; Marzi et al., 

2023; Silva et al., 2011; Van Dyck et al., 2010). Van Ristell et al. (2013) found that in the 

UK, girls were less likely to choose sustainable transport (i.e. buses and non-motorised 

transport) for commuting to school than boys. Frater and Kingham (2018) provided an 

explanation for why female adolescents were less likely to cycle to school; they suggested 

that female adolescents could be discouraged from cycling to school due to needing to 

wear helmets. Because wearing helmets could detract from their appearance (i.e. 

hairstyles), female adolescents might have given up cycling to school (ibid). However, this 

interpretation specifically addresses gender differences in cycling behaviours and does not 

fully account for the broader gender disparity in sustainable transport choices. In particular, 

it does not explain why girls are also less likely to walk or take public transport to school, 

which may be influenced by other factors. Moreover, this interpretation does not apply to 

all countries. For example, the UK does not legally require helmet use (Chandler, 2023). 

Therefore, gender differences in cycling behaviours related to helmet use may not be as 

pronounced in the U.K. context. In addition, Davison et al. (2008) speculated that gender 

differences in transport choices to school could be because parents were more protective of 

girls. Research in Australia demonstrated that boys were granted more freedom to travel 

independently, such as crossing major roads independently, than girls (Carver et al., 2012). 

Ghekiere et al. (2017) found the same results in Belgium and noted that parental concern 

for road safety was only associated with independent travel for girls, not boys. Hence, 

parents were more likely to drive their daughters to school, which limited the likelihood of 

female adolescents’ sustainable transport choices for commuting to school independently. 

Carver et al. (2013) highlighted that in Australia, the correlation between adolescents’ sex 

and their choice of non-car modes of transport to school was not statistically significant in 

a model controlling for parental safety concerns. To some extent, this indicates that the 

observed gender differences in school transport choices may primarily stem from varying 

parental safety concerns based on the child’s gender. It is worth noting that in UK, Van 

Ristell et al. (2013) did not effectively account for parents’ concerns about their children’s 

safety in their research, so it is reasonable to find gender differences in transport choices to 

school.  
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Considering adolescents’ ages, a positive correlation exists between their ages and the 

likelihood of choosing sustainable transport methods (active and public transport) for 

commuting to school (Irawan et al., 2022; Yeung et al., 2008). In England, the likelihood of 

students opting for sustainable transport (active or public transport) to school increases 

with age (Department for Transport, 2014; Van Ristell et al., 2013), which may result from 

parents not letting their younger children travel to school alone (Fyhri and Hjorthol, 2009; 

Lam and Loo, 2014). Moreover, parents’ concerns about threats to their children on the 

way to school are crucial in preventing their children from going to school alone in 

Australia and England (Carver et al., 2013; Department for Transport, 2014). Thus, parents 

may transport their younger children to school by car. However, as children age, parents 

may become more confident in their children handling potential hazards encountered on 

the way to school (van den Berg et al., 2020). This increased confidence may diminish 

parental worries about their children’s safety during commutes and subsequently increase 

the likelihood of adolescents choosing sustainable transport options. He and Giuliano 

(2017) found that children gained more independence from their parents as they matured.  

 

However, some studies have found opposite results. In the case of high school students 

(adolescents) in America, older students (e.g. those in the 12th grade) were found to be less 

likely to choose active transport to school than their younger counterparts in the ninth or 

11th grades (Evenson et al., 2003). This phenomenon could be related to extracurricular 

activities. Twelfth-grade students (i.e. older adolescents) in the United States were found to 

be more likely to participate in non-sport extracurricular activities (e.g. part-time work) 

than eighth graders (younger adolescents) (Meier et al., 2018). Wong et al. (2011) found 

that adolescents who needed to engage in extracurricular activities (e.g. part-time work) 

were less likely to choose active transport to and from school. Therefore, higher-grade or 

older adolescents were more likely to travel by car to optimise their time between 

extracurricular and school activities.  

 

Another demographic factor affecting sustainable transport to school is adolescents’ ethnic 

origins (Baig et al., 2009; Davison et al., 2008; Oliver et al., 2014; Pont et al., 2009; 

Rothman et al., 2018). The relationship between ethnicity and transport choices to school 

varies across countries. Existing research has found that in the United States, Hispanic 
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adolescents are more likely to choose active transport for commuting to school (Rothman 

et al., 2018). Moreover, in North Carolina, White high school students are less likely to 

walk or bike to school compared to their non-White counterparts (Evenson et al., 2003). 

Rothman et al. (2018) identified that due to the unique interplay of race, class, ethnicity, 

culture, and urban geography in the United States, these findings may not be directly 

applicable to contexts outside of the country. In the UK, adolescents with White 

backgrounds are more likely to walk/cycle to school, those with African Caribbean Black 

backgrounds are more likely to travel to school by public transport, and those with South 

Asian backgrounds are more likely to drive to school (Owen et al., 2012). A U.K. study 

offered a potential explanation that White British students travelled the shortest distances 

to school compared to other ethnicities, so they were more likely to walk or cycle to school 

(Easton and Ferrari, 2015).  

 

In addition, previous research has suggested that the potential reasons for these differences 

in the choice of sustainable transport to school by ethnicity may partly stem from cultural 

differences in parenting styles. For example, Chinese parents are less likely to allow their 

children to travel alone (Karsten, 2015). This forbiddance limits the likelihood of Chinese 

children walking or cycling to school alone. In addition, the intersection of racial 

background with other factors such as socioeconomic status (e.g. income and household 

car ownership) could be another reason. McDonald (2008a) found that minority groups, 

particularly Black and Hispanic students, were more likely to use active travel to school 

than White students in the United States. However, racial differences in transport choices 

to school disappeared after controlling for household income, car use, and distance 

between home and school (ibid).  

 

In addition to the adolescents’ demographic characteristics, Capability component also 

includes factors like parents’ socio-economic status. Parental and household 

socioeconomic factors are crucial in shaping adolescents’ transport choices to school. In 

terms of socioeconomic factors, Chinese children were found to be more likely to choose 

active transport for commuting to school when their parents are unemployed compared to 

when only the mother is employed (Wang et al., 2022). McDonald (2008b) found that in 

America, children were less likely to walk or cycle to school if their mothers worked in the 



44 

 

morning. Understandably, these mothers would incorporate driving their children to school 

during their commute to work. Aibar Solana et al. (2018) found that in Spain, parental 

commuting to work choices correlated with children’s commuting to school choices. In 

England, aside from distance, the most common reason for driving children to school was 

that both parents were employed (Ahern et al., 2017). However, the results have been 

inconsistent. Carver et al. (2013) found that adolescents from families with at least one 

parent not employed full-time were more likely to be driven to school in Australia. 

Agyeman and Cheng (2022) found that when parents worked part-time or did not work in 

Ghana, their children were less likely to walk to school. One possible explanation was that 

full-time employment could limit the time available for parents to drive their children to 

school, in contrast to parents who were not required to work full-time. In the United States, 

mothers who were employed full-time reduced their childcare time by more than 50 

minutes per day compared to their unemployed counterparts (Versantvoort, 2010).  

 

In terms of socioeconomic factors (e.g. household income), several studies have found that 

adolescents from lower-income households were more inclined to opt for active transport 

and public transport when commuting to school compared to their peers in more affluent 

families (Assi et al., 2018; Noonan, 2021; Silva et al., 2011; Woldeamanuel, 2016). For 

example, in England, children from low-income families are more likely to choose buses 

or non-motorised transport to attend school (Van Ristell et al., 2013). Previous studies have 

attributed this result to the fact that household income tends to be associated with families 

owning more cars. The number of cars in a household has been identified as a significant 

barrier to adolescents’ active and public transport to school (Agyeman and Cheng, 2022; 

Irawan et al., 2022). Another interpretation posits that higher-income families tend to have 

more options regarding school selection (Burgess and Briggs, 2010; Suppramaniam et al., 

2019). School selection (e.g. attending a private school) somewhat increases the distance 

between home and school. Fyhri et al. (2011) observed that between 1985/86 and 2008, the 

distance to school for adolescents (11–16 years old) increased in Great Britain. The authors 

partly attributed this finding to more students attending private schools over time. Due to 

the long distance from home to school, adolescents in private schools are more likely to 

travel to school by car than by active transport. In Spain, for example, adolescents who 

attended private schools were found to be less likely to choose active transport to school 

than those in public schools (Chillón et al., 2009).  
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Nonetheless, other studies have found opposing findings. For instance, Panter et al. (2010) 

found that in the UK, adolescents living in deprived neighbourhoods were less likely to 

choose to walk or cycle to school, even after controlling for travel distance and car 

ownership. One explanation posits that variations in residential environments stemming 

from income disparities contribute to this association. Specifically, research has shown that 

higher-income families typically live in neighbourhoods with better infrastructure, such as 

pedestrian and biking facilities (Sallis et al., 2011). Conversely, low-income families are 

likelier to live in areas with less-than-optimal sustainable transport infrastructure, crime 

rates, and pedestrian-vehicle accidents (Sallis et al., 2011; Zhu and Lee, 2008). These 

factors exacerbate the challenge of sustainable commuting to school for children from low-

income families. A study by Oliver et al. (2014) supported this interpretation to some 

extent using bivariate analyses. They found a positive correlation between household 

income and the probability of children opting for active transportation to school in New 

Zealand. However, this correlation diminished in statistical significance after controlling 

for the walkability of the residential area, distance to school, and household car access 

(ibid). 

 

In terms of parental education level, the higher the level of parental education, the higher 

the proportion of adolescents using cars to go to school (Assi et al., 2018). Male 

adolescents whose mothers had lower education were likelier to choose active transport for 

commuting to school independently (Chillón et al., 2009). In addition, Larouche et al. 

(2015) found that in Australia, Colombia, Kenya, Portugal, South Africa, the UK, and the 

United States, the more educated parents were, the less likely their children were to choose 

active transport to school. Previous studies have similarly attributed this result to the fact 

that parental educational levels tend to be positively associated with household income and 

car ownership, which increase adolescents’ propensity to be driven to school.  

 

Ermagun and Samimi (2015) provided an alternative explanation that highly educated 

parents may be more aware of risk, which may discourage them from letting their children 

use public transport or walk to school independently. In addition, similar to the higher-

income families mentioned above, Sandretto et al. (2024) identified that parents play an 
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important role in selecting schools for their children. Families with highly educated parents 

are also more likely to select schools for their children rather than enrolling them in the 

nearest school (Burgess et al., 2011; Jheng et al., 2022; Silvennoinen et al., 2015). School 

choice tends to be associated with longer commuting distances, which reduces the 

propensity of adolescents to choose sustainable modes of transport to school.  

 

In addition to the Capability component, Motivation components (e.g., parental 

psychological factors) also have correlation with their children’s transport choice to school 

in adolescence. Parental psychological factors also affect adolescents’ sustainable transport 

choices to school. As mentioned, parental concerns about children’s safety and their 

perceptions towards sustainable transport infrastructure highlight the role of parental 

psychological factors in adolescents’ sustainable transport choice for commuting to school 

(Fallah Zavareh et al., 2020a; Fyhri and Hjorthol, 2009; McMillan, 2005). In addition, the 

means of transportation children choose for their school commutes greatly depend on 

parental psychological factors related to the natural environment and environmental 

protection. For example, Black et al. (2001) found that parental awareness of the 

environment was negatively associated with adolescent children’s transport to school by 

car for attending school after controlling for car ownership, parental employment, parental 

road safety concerns about their children, and distance to school. Seemüller et al. (2024) 

explored the relationship between parents’ place of residence, demographic factors (such 

as age and gender), socioeconomic factors (such as education level), and parents’ pro-

environmental attitudes, which the authors refer to as parental environmental self-identity. 

Their findings revealed that only the place of residence was significantly associated with 

parents’ pro-environmental attitudes, with rural parents exhibiting weaker pro-

environmental attitudes compared to their urban counterparts. Furthermore, Seemüller et 

al. (2024) found a positive correlation between parents’ pro-environmental attitudes and 

their children’s likelihood of choosing active transport to school in adolescence, even after 

controlling for the distance to school. However, an important limitation of this study is that 

the authors did not account for other factors, such as parents’ place of residence, 

demographic characteristics, or socioeconomic status, when analysing the relationship 

between parents’ pro-environmental attitudes and their children’s active transport choices. 

This omission may affect the validity of the findings regarding the positive correlation 

between parents’ pro-environmental attitudes and adolescents’ active transport choices. 
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Specifically, the observed positive correlation may stem from the fact that parents with 

stronger pro-environmental attitudes tend to live in urban areas, where their children 

(adolescents) are more likely to have access to better active transport infrastructure in 

urban. As a result, the increased likelihood of adolescents choosing active transport may be 

more influenced by the availability of infrastructure than by their parents’ pro-

environmental attitudes. Additionally, Seemüller et al. (2024) did not assess adolescents’ 

pro-environmental attitudes, which could directly impact their attitudes towards active 

transport behaviours. This omission leaves the underlying mechanisms of the relationship 

between parents’ pro-environmental attitudes and children’s active transport choices in 

adolescence unclear. Seemüller et al. (2024) suggested that future research should consider 

incorporating adolescents’ pro-environmental attitudes to better understand the 

mechanisms of this relationship. 

 

However, some studies have reached different conclusions. For instance, Mehdizadeh et al. 

(2019a) found that parents’ sense of responsibility for mitigating environmental pollution 

did not correlate with their children’s sustainable transportation choices (active or public 

transport modes) for school commuting. In response, the authors explained that the study 

area could lack a built environment that supported sustainable transport options. Hence, 

even if the parents were aware of the environmental pollution caused by driving their 

children to school, the built environment factors that did not facilitate sustainable transport 

choices resulted in parents still choosing to drive their children. In addition, Nasrudin and 

Nor (2013) highlighted that although most parents are aware of the environmental hazards 

of car use, parents’ concerns about their children’s safety result in a reluctance to support 

their children’s use of sustainable transport modes for commuting to school. 

 

Indeed, parental psychological factors related to the natural environment and 

environmental protection are often expressed in their pro-environmental behaviours 

(Abrahamse et al., 2009; Bopp et al., 2011; Hidalgo-Crespo et al., 2022). Bopp et al. 

(2011) reported that people with eco-friendly attitudes (i.e. pro-environmental attitudes) 

were more likely to engage in pro-environmental behaviours such as sustainable transport 

behaviours (e.g. choosing active transport modes for commuting) and less likely to drive. 

Notably, parents’ sustainable transport behaviours have been found to correlate to their 
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children’s sustainable transport choices (Beck et al., 2023; Ehteshamrad et al., 2019; Siiba, 

2020). Evidence exists of a correlation between parents who actively commute (e.g. 

walking or cycling at least twice a week) and their children choosing similar active modes 

of transport for commuting to school (Siiba, 2020). Pro-environmental behaviours arising 

from parental psychological factors related to the natural environment and environmental 

protection (i.e. pro-environmental attitudes) can extend beyond sustainable transport 

behaviours to encompass various NTPEB such as eco-friendly purchasing behaviours and 

energy savings (Hidalgo-Crespo et al., 2022; Martinsson et al., 2011; Muposhi et al., 2021; 

Tamar et al., 2021). While the link between parents’ sustainable transport behaviours and 

adolescents’ transport preferences has received some attention, a significant research gap 

concerns the influence of parental NTPEB, such as engaging in eco-friendly purchasing 

behaviours and adopting energy-saving measures, on adolescents’ transport choices to 

school. 

 

2.2.3 Determinants of sustainable transport behaviours in young adulthood 

 

This subsection reviews the factors influencing sustainable transport behaviour in young 

adults. The young adult stage is typically defined as occurring between the ages of 18 and 

25 (Arnett, 2000; Higley, 2019; Konstam, 2007). In this subsection, the factors influencing 

the transport behaviour of young adults will continue to be reviewed based on the 

framework provided by Kafi et al. (2024) (mentioned in subsection 2.2.2). In this 

framework, influencing factors of young adults’ transport behaviours can be categorized 

into three key components: Capability, Opportunity, and Motivation. 

 

In terms of young adults’ transport behaviours, Capability components like young adults’ 

demographic status greatly influences their sustainable transport behaviours. In terms of 

sex, an existing study found that in Germany, France, the UK, Norway, and the United 

States, access to cars, measured by possessing a driver’s licence and family car ownership, 

had declined for men and women since the millennium. Moreover, young men’s access to 

cars declined more than young women’s since the millennium (Kuhnimhof et al., 2012a). 

Gender-based differences are apparent in sustainable transport choices. Nash and Mitra 

(2019) noted that in Toronto, male university students in young adulthood showed a greater 
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inclination towards walking or cycling for their daily transport needs than their female 

counterparts. Gender differences in sustainable transport behaviour also appear in 

commuting behaviour. For example, an Irish study reported that women’s participation in 

cycle commuting was significantly lower than men’s (Carroll et al., 2020). Research 

conducted in North Carolina revealed that female college students, faculty, and staff were 

less likely to choose non-motorised transport modes (e.g. walking and cycling) for 

commuting to college than males (Rodrı́guez and Joo, 2004). Moreover, young adult 

females may prefer public transport to active transport. Indeed, Newbold and Scott (2018) 

found that in Canada, females were more likely than males to commute using public 

transport. 

 

Ethnic background is another important demographic factor (Capability components). 

Specifically, young adults who are non-White were found to be more likely to use public 

transit in the United States (Brown et al., 2016). A pertinent study from the UK revealed 

that Black and Asian individuals typically accumulated fewer car miles than their White 

British peers (Mattioli and Scheiner, 2022). The authors explained that this disparity 

stemmed from socioeconomic differences (e.g. differences in car ownership) between 

racial groups. Klocker et al. (2015) somewhat supported this explanation and indicated that 

individuals born overseas with immigrant backgrounds and from ethnic minority groups 

had lower car ownership and fewer car trips.  

 

Moreover, Klocker et al. (2015) highlighted the role of different housing preferences in 

contributing to differences in transport behaviours between immigrants and Aboriginal 

people (different ethnic groups). Chatman and Klein (2009) demonstrated that new 

immigrants’ decisions regarding residential location were partly influenced by their 

preferred and desired mode of daily travel. For example, in Melbourne, Australia, Levin 

(2012) discovered that Chinese migrants deliberately selected neighbourhoods with 

convenient access to public transportation, along with educational and shopping amenities. 

The differences in residential preferences between native-born Australians and Chinese 

immigrants might also explain the observation made by Klocker et al. (2015) that 

immigrants were more likely to travel by public transport than native-born Australians. 
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Moreover, this It also explains why there are differences in traffic behaviour between 

immigrants and Aboriginal people (different ethnicities). 

 

In addition to the demographic status factors, Capability components also include life 

changes and socio-economic factors like young adults’ level of education, income, and 

employment status. These socio-economic factors often change in response to life changes, 

especially those related to the transition from adolescence to young adulthood. Life 

changes, especially those related to the transition from adolescence to young adulthood, are 

associated with the transport choices of young adults. For example, when adolescents 

typically transition to young adulthood, socioeconomic factors such as their level of 

education, income, and employment status change. These changes correlate with the 

transport behaviours of young adults (Chatterjee et al., 2018; Jamal and Newbold, 2020; 

Newbold and Scott, 2018; Simons et al., 2017a; Simons et al., 2017b).  

 

Regarding employment status, young adults can enrol in a tertiary institution (i.e. a college 

or university) to pursue a higher degree or to start working. Busch-Geertsema and 

Lanzendorf (2017) observed that in Germany, young adults tended to use cars more and 

public transit less once they completed their education and began working. Brown et al. 

(2016) found that among young adults in the United States, being a student had a stronger 

positive influence on public transit use than employment. Simons et al. (2017b) identified 

that in Belgium, young adults in university or college were most likely to walk and use 

public transport, while working young adults were most likely to use a car. In addition, 

existing research found that in the UK, Australia, and Norway, those who started working 

in adulthood were more likely to acquire driving licences than those who chose to enter 

university in pursuit of higher qualifications (Berrington and Mikolai, 2014; Delbosc and 

Currie, 2014; Hjorthol, 2016). As a result, young adults attending university are more 

inclined to engage in sustainable transport behaviours than those who are working. 

 

This difference in transport behaviours between working young adults and full-time young 

adult students may be due to differences in economic pressures and car availability (Busch-

Geertsema and Lanzendorf, 2017). Full-time students could be under financial pressure 

(low income) or without access to a car, so they choose sustainable transport. In terms of 
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economic factors (e.g. income), this variable has been extensively documented as a key 

determinant of commuting to work using a private car (Ahmad and Puppim de Oliveira, 

2016; Guerra, 2015). Young adults with lower incomes have lower proportions of driving 

licences and are more likely to use public transit for their journeys (Berrington and 

Mikolai, 2014; Newbold and Scott, 2018). Young middle-class adults tend towards car-

centric behaviour, while the less economically disadvantaged are less inclined to choose 

the car as a means of transport (Groth et al., 2021). In addition, owning a car has also been 

claimed to lower the likelihood of utilising sustainable forms of transportation among 

young adults (Giuliano and Dargay, 2006; Plaut, 2005).  

 

Furthermore, another explanation for the differences in transport behaviour between 

working and studying young adults is the result of differences in the transport-related 

infrastructure available between the two groups. Higher education campuses are usually 

located in densely populated urban areas, which usually means shorter distances to travel 

and better public transport facilities. Hence, sustainable transport options are more readily 

available there. Busch-Geertsema and Lanzendorf (2017) found that changes in commuting 

distances and the availability of railway transport were both associated with changes in the 

transport behaviour of young adults as they moved from university to employment.  

 

Differences in transport behaviour between working and studying young adults could also 

be due to differences in their educational qualifications. For example, Newbold and Scott 

(2018) found that in Canada, young adults with a university degree were more likely to use 

public transit than those whose highest educational level was high school or lower. 

Nonetheless, young adults with high education levels are more inclined to sustainable 

transport behaviours, even when they start working. In Belgium, young adults with higher 

levels of education were found to commute to work more frequently by train or bicycle 

than those with lower levels of education (De Vos and Alemi, 2020; Simons et al., 2017a). 

De Vos and Alemi (2020) suggested a plausible explanation for this phenomenon by 

positing that young adults with higher educational achievements frequently demonstrated 

more favourable attitudes towards sustainable transportation while maintaining less 

favourable attitudes towards car use. Young adults who choose to attend to university 

rather than start work as they enter young adulthood are often associated with obtaining 
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higher qualifications. Therefore, studying young adults are more likely to have positive 

attitudes towards sustainable transportation, which promotes sustainable transport 

behaviours. This correlation also somewhat explains the differences in transport behaviour 

between working and schooling young adults. 

 

In addition, moving away from the family home is another important life change for young 

adults, which is also correlated with their transport behaviours. Bayart et al. (2020) found 

that in France, young adults living with parents were less likely to have a driving licence 

and drive for all their trips throughout the day. Young adults who do not live with their 

parents tend to obtain a driving licence in Toronto (Nurul Habib, 2018). In addition, Zhou 

(2012) found that in Los Angeles, university students living alone were more likely to 

commute by car by themselves.  

 

Young adults’ marriages and parenthood are also important life changes. They are usually 

accompanied by a move away from the parental home. These life changes may necessitate 

young adults to assume the responsibilities and demands of family life, which increases the 

need for more convenient car transportation (Berrington and Mikolai, 2014; Hjorthol, 

2016; Licaj et al., 2012; Newbold and Scott, 2018). Berrington and Mikolai (2014) 

explained that young adults are more likely to obtain a driving licence when they are 

married or have children in the UK. In Canada, Norway, and France, young adults who 

become married or have children in their household are more inclined to drive and get a 

driver’s licence, while the likelihood of using sustainable transport declines (Hjorthol, 

2016; Licaj et al., 2012; Newbold and Scott, 2018). Whittle et al. (2022) found that people 

in the UK were less likely to increase their use of buses and trains when they had children. 

Thus, marriage and parenthood may partly explain why moving away from the parental 

home increases young adults’ car use.  

 

However, contrasting results have been found. For instance, Kuhnimhof et al. (2012b) 

noted that in Germany, the change from living with parents to an independent life was 

correlated with lower car ownership. This transition also reduced reliance on car 

commuting, possibly because of increased financial difficulties young adults experience 

when moving away from their parents’ homes, which can result in a lower likelihood of 
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using a car. These financial difficulties could hinder young adults’ car use and promote the 

use of sustainable transport behaviours. Indeed, buying a car or securing a driver’s licence 

heralds young adults’ profound life transition, which results in pushing for increased car 

dependency (Charreire et al., 2021; De Paepe et al., 2018; Licaj et al., 2012; Vale et al., 

2018). 

 

In addition to young adults’ demographic and socioeconomic factors, in terms of young 

adults’ transport behaviours Capability components could also include young adults’ past 

behaviours and transport habit. Because past sustainable transport behaviours and habits 

can reflect the ability of young adults to choose sustainable modes of transport. Regarding 

young adults’ past behaviours, several studies have found that young adults’ past transport 

behaviours are correlated with their sustainable transport behaviour or car use (De Vos et 

al., 2022; Mjahed et al., 2015; Muromachi, 2017). For example, Carrus et al. (2008) argued 

that the past behaviour of using public transport instead of a car to go to work positively 

correlated with the desire to use public transport to work. Thøgersen (2006) found that past 

behaviour is related to public transport behaviour and show that the effects of attitudes 

towards the use of public transport, perceptions of whether public transport meets personal 

transport needs and car ownership on bus use are weakened when past behaviour is taken 

into account. This stems from the concept that repeated past actions might develop into 

habits (Garling and Axhausen, 2003; Wood and Rünger, 2016). 

 

Habits are memory-based behaviour patterns created by prior events in stable 

environments or automatic correlations between expected outcomes and certain behaviours 

(Aarts and Dijksterhuis, 2000; Wood and Rünger, 2016). Bamberg and Schmidt (2003) 

highlighted the role of transport habits in transport behaviours. Moreover, Busch-

Geertsema and Lanzendorf (2017) argued that forming transport habits hindered the 

possibility of changing commuter transport options. The influence of traffic habits on 

behaviour is only likely to be interrupted after an event (e.g. moving to a new residence) 

that causes a change in the traffic scenario (Verplanken et al., 2008). 

 

In addition to the Capability components, Opportunity components such as built 

environment factors are also correlated with young adults’ sustainable transport 
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behaviours. In terms of built environment factors, the residential location and its 

surrounding infrastructure play an important role in influencing young adults’ sustainable 

transport behaviours. In terms of residential location, Hjorthol (2016) found that in 

Norway, the proportion of young adults living outside the city who held a driving licence 

was much higher than those living within the city. In addition, in Belgium, urban young 

adults are more likely to walk and less likely to drive than those living in rural areas 

(Simons et al., 2017b). Licaj et al. (2012) found that in France, controlling for a number of 

demographic variables, as well as household status (e.g. presence of children at home) and 

possession of a driving licence, a higher proportion of young people from rural areas and 

outer suburbs drive compared to those from urban centres. It is worth noting that this may 

be due to differences in car ownership between rural and urban households. Licaj et al. 

(2012) found the relationship between residential location and car use disappears after 

controlling for car ownership. Moreover, differences in transport behaviour between urban 

and rural areas may also be due to higher population densities in urban areas, where 

different land uses such as workplaces, educational centres, and recreational facilities are 

closely linked, thereby reducing transportation travel distances to some extent. This leads 

to a higher likelihood of travelling by active and public transport modes. Melia et al. 

(2018) found in the UK, there is a negative relationship between population density and the 

proportion of young adults driving cars for commuting to work. 

 

In addition, differences in young adults’ transport behaviour between urban and rural areas 

may also be related to the corresponding availability of sustainable transport infrastructure 

in different areas. Young adults’ transport choices are much influenced by active and public 

transport infrastructure (Ewing and Cervero, 2010; Habib et al., 2018; Hino et al., 2014; 

Kärmeniemi et al., 2018; Teuber and Sudeck, 2021; Zhou, 2012). In terms of active 

transport infrastructure, Stankov et al. (2020) reviewed 39 existing studies and found that 

the development of bike lanes seemed to effectively increase the usage of bicycles. 

Moreover, Sahlqvist et al. (2015) highlighted the role of constructing active transport 

infrastructure in Cardiff, Kenilworth, and Southampton (e.g. cycle lanes and footpaths) in 

promoting a greater proportion of people participating in active travel. According to 

Goodman et al. (2013), in the UK, the closer people live to the active transport 

infrastructure, the more likely they are to use the transport infrastructure for active 

transport travelling. In terms of public transport infrastructure, Stankov et al. (2020) found 
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that the development of bus rapid transit effectively increased the usage of buses. Arentze 

et al. (2001) pointed out that in the Netherlands, the completion of the railway station 

reduced the distance travelled by car.  

 

Notably, integrating active transport facilities and public transport facilities is necessary to 

promote sustainable transport behaviour better. Another study found that enhancing active 

transport infrastructure could shift 30% of trips under 5 km from cars and buses to active 

transport, while improving bus infrastructure could shift 50% of trips over 5 km from cars 

to buses (Jain and Tiwari, 2011). However, to optimise these outcomes, simultaneously 

improving active transport and bus infrastructure could increase these effects by 11% (Jain 

and Tiwari, 2011).  

 

Although the role of transport infrastructure in transport behaviours among young adults 

has been highlighted, Nash and Mitra (2019) presented a more intricate perspective. They 

proposed that the initial transport preferences of young adults could influence their 

decisions about where to live, which subsequently shape their transport behaviours. The 

authors presented relevant examples that individuals with a preference for cycling might be 

drawn to neighbourhoods with well-developed cycling infrastructure. In contrast, those 

with a preference for cars could opt for areas more accommodating to automobile use. This 

disparity underscores the intricate interplay between transport preferences, residential 

choices, and ensuing transport behaviours.  

 

Song et al. (2017) found that infrastructure alone might not be sufficient to promote 

sustainable transport behaviours. Most studies examining the interplay between the built 

environment and transport behaviours have also considered factors such as individual and 

household-level socioeconomic attributes. A paradox emerged from these investigations: 

communities with similar socioeconomic conditions exhibited diverse transport patterns. 

This finding underscores that although the influence of the built environment and 

socioeconomic factors at the individual and household levels is critical in young adults’ 

transport behaviours, the difference in transport behaviours implies that additional factors 

may influence transport behaviours. Early studies, such as one by Semin and Manstead 

(1979), suggested that psychological attributes should also be considered as determinants 
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of behaviours. Anable (2005) suggested that psychological factors could be an additional 

factor influencing young adults’ transport behaviour and found that such factors largely 

outweighed the influence of personal characteristics.  

 

In addition to the Capability and Opportunity components, Motivation such as young 

adults’ psychological factors are also correlated with young adults’ sustainable transport 

behaviours. Existing research has highlighted the role of young adults’ psychological 

factors in their transport behaviours (Hall and Allan, 2014; Jakovcevic and Steg, 2013; 

Kavta and Goswami, 2022; Matowicki et al., 2023; Scott-Parker et al., 2009; Simons et al., 

2017a; van der Werff et al., 2013b). Nilsson and Kuller (2000) called for a focus on the 

influence of basic attitudes on transport behaviour. Maio et al. (2018) highlighted the role 

of attitudes in predicting behaviour. Attitudes toward different transport modes have been 

found to be correlated with young adults’ transport behaviours (Busch-Geertsema and 

Lanzendorf, 2017; Lavieri et al., 2017; Zhou and Wang, 2019). For example, attitudes 

regarding cars, including pro-car attitudes associated with notions of independence and 

safety, influence car use (Nash and Mitra, 2019). Matowicki et al. (2023) highlighted that 

pro-car attitudes were negatively correlated with the willingness to abandon commuting by 

car. Zhou and Wang (2019) discovered notable distinctions among generational cohorts 

regarding their attitudes towards cars. Specifically, young adults exhibited less favourable 

attitudes towards private car ownership compared to older demographics (Zhou and Wang, 

2019), which partly illustrates the potential for promoting sustainable transport choices 

amongst young adults. Moreover, Lavieri et al. (2017) showed that young adults’ pro-car 

attitudes were positively associated with commuting by car, while pro-public transport 

attitudes contributed to their commuting by public transport.  

 

In addition to attitudes toward different transport modes, young adults’ pro-environmental 

psychological factors such as pro-environmental attitudes, environmental concerns, and 

attitudes towards environmental damage caused by car use increased the chances of using 

public and active transport with decreased driving (Bouscasse et al., 2018; Davis et al., 

2012; Kim and Lee, 2023; Nash and Mitra, 2019; Nilsson and Kuller, 2000). However, 

several studies based on general population have reported discrepancies between 

sustainable transport behaviours and their psychological factors. For example, Gardner and 
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Abraham (2008) found based on general population, the influence of pro-environmental 

perceptions on car use behaviour has been found to be quite weak. Squalli (2024) 

underscored that pro-environmental attitudes were not correlated with using electric cars (a 

potentially sustainable transport option). The author argued that this attitude reflects 

environmental hypocrisy, where individuals express pro-environmental attitudes but 

engage in behaviours that do not align with those beliefs (ibid). The difference between 

pro-environmental psychological factors and behaviours is even more evident in the choice 

of commuting transport. Based on general population, Hall and Allan (2014) noted that 

while there was a correlation between pro-environmental attitudes (e.g. attitudes toward 

climate change) and energy-saving behaviours and transport choices in specific non-

compulsory transport scenarios (e.g. shopping trips), this relationship did not apply to 

explaining sustainable transport choices on commuting journeys. In addition, pro-

environmental attitudes (e.g. eco-beliefs and environmental concerns) were not associated 

with intentions to choose a sustainable commuting transport mode (de Groot and Steg, 

2007; Sivasubramaniyam et al., 2020). A similar disconnect between psychological 

attitudes and transport behaviours has been observed among young adults. Zhou and Wang 

(2019) found no statistically significant effect of positive attitudes toward car use—

particularly regarding the perceived instrumentality of private vehicles—on car ownership 

and car use among young adults. Nash and Mitra (2019) also reported that among 

university students in Toronto, perceptions of buses as being less safe than cars were not 

linked to their likelihood of using public transport for commuting. Furthermore, while 

young adults recognize the environmental benefits of cycling, only a small proportion (8%) 

indicated that reducing traffic congestion or pollution would motivate them to choose 

cycling as a mode of travel (Swiers et al., 2017). This further underscores the divergence 

between psychological factors and commuting behaviours among young adults. 

 

Indeed, the differences between psychological factors and commuting transport behaviours 

may be attributed to three reasons. Firstly, attitudes generally influence actual behaviour 

through behavioural intentions (Ajzen, 1991). According to Zailani et al. (2016), past 

transport behaviours could influence the intention of transport choices. This idea offers the 

possibility that past car use may interrupt the transformation of pro-environmental attitudes 

into sustainable transport commuting behaviours by creating an intention to car commute. 

Moreover, past transport behaviour is often associated with forming transport habits. 
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Transport habits (i.e. the habit of using a car) may undermine the transformation of 

attitudes (e.g. positive attitudes towards trains) into behaviours (e.g. choosing trains) 

(Verplanken et al., 1994). Moreover, the stronger the traffic habit is, the weaker the 

attitude-behaviour relationship (Verplanken et al., 1994).  

 

Secondly, travel constraints during commuting to work (e.g. time constraints) can prevent 

pro-environmental attitudes from being translated into sustainable commuting behaviours. 

As the time pressures of commuting (especially to work) increase, it is reasonable to 

choose a more convenient car (Jeekel and Rijkswaterstaat, 2014).  

 

Thirdly, pro-environment attitudes may be less influential than attitudes towards transport 

modes (e.g. pro-car) when making commuting choices. Although car users are aware of the 

positive role that transport modes such as walking and cycling play in protecting the 

environment and health, these alternative modes of transport are not as good as the cars 

they use in terms of features such as convenience and flexibility (Anable and Gatersleben, 

2005). Hence, commuters drive. Moreover, Nogueira et al. (2023) found that while 

commuters’ attitudes related to environmental protection did not affect their transport 

choices, their attitudes towards transport modes had a significant effect. Kent (2014) also 

found that beyond choosing a car to save time, individuals’ decisions to commute by car 

stemmed from positive attitudes towards the flexibility and autonomy offered. Overall, 

these three reasons suggest that although young adults with pro-environmental attitudes 

have the possibility of choosing sustainable transport options for their commutes, the 

pressure of commuting time, preference for cars (pro-car attitudes), past experiences of 

driving, and car use habits lead them to eventually choose cars for their commutes. Ergo, 

pro-environmental attitudes are inconsistent with sustainable transport choices for 

commuting. 

 

Notably, in addition to the determinants of young adults’ sustainable transport behaviours 

mentioned above, Haustein et al. (2009) suggested expanding research on the determinants 

of sustainable transportation behaviours in young adults to encompass factors associated 

with the socialisation processes they experience before adulthood. This aspect is also not 

addressed by the conceptual framework proposed by Kafi et al. (2024). Socialisation, 
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defined by Bugental and Goodnow (1998), is the process through which individuals 

acquire the skills necessary to function effectively within their social group. This process is 

a collaborative effort between experienced members and newcomers, where the former 

helps the latter develop the attitudes, behaviours, values, and motivations essential for 

social integration. As experienced members, parental behaviours and attitudes during the 

socialisation phase before the children reach adulthood play an important role in children’s 

behaviours in young adulthood. Evans et al. (2018) found that if mothers demonstrated 

significant pro-environmental attitudes and behaviours, including those related to 

sustainable transportation, during their children’s socialisation, their children were likelier 

to emulate such behaviours in adulthood. However, Evans et al. (2018) summarized the 

pro-environmental behaviours of parents and their children into a generalization that 

included energy conservation, sustainable transportation, eco-friendly purchasing 

behaviour, recycling, and social engagement. Previous research has suggested that it is 

necessary to discuss each pro-environmental behaviour separately rather than as a 

generalised concept (Karlin et al., 2014; Stern, 2000). Lynn (2014) argued that sustainable 

transportation behaviours face greater constraints, including time costs, insufficient 

infrastructure, and the limited accessibility of sustainable transportation modes, than 

NTPEB, such as energy conservation and eco-friendly purchasing behaviour (e.g. using 

reusable shopping bags and buying recyclable products). Therefore, a separate analysis is 

needed concerning the relationship between parents’ behaviours and attitudes during their 

children’s pre-adulthood socialisation phase and their children’s sustainable transport 

behaviour in young adulthood.  

 

Considering sustainable transport behaviours, Klöckner and Matthies (2012) found that 

parental high frequency of public transport behaviours during their children’s adolescence 

(aged 15) negatively influenced their children’s car use behaviours as young adults. 

Moreover, this negative influence could be mediated by children’s car use habits as young 

adults (ibid). Döring et al. (2019) suggested that parents’ past attitudes towards car use and 

commuting trips did not directly correlate with their children’s car use in young adulthood. 

However, building on their previous 2014 research (Döring et al., 2014), Döring et al. 

(2019) speculated an indirect relationship between parents’ past behaviours and attitudes 

and their children’s transport behaviour in adulthood; the children’s attitudes towards car 

use in adulthood acted as a mediating variable. Mjahed et al. (2015) supported this 
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inference to some extent. Mjahed et al. (2015) identified that parental pro-car attitudes 

during children’s pre-adulthood socialisation (before high school) contributed to their 

children’s negative attitudes towards walking in adulthood, which negatively impacted 

children’s walking habits in young adulthood. Van Acker et al. (2019) showed that parental 

car ownership in their children’s childhood can influence their children’s public transport 

use in adulthood by influencing children’s attitudes towards travel in adulthood. Therefore, 

it is possible that parents’ transport related behaviours and attitudes before their children 

attain adulthood can shape their children’s transport behaviours in adulthood by 

influencing their children’s transport attitudes in adulthood. 

 

It is worth noting that Sigurdardottir et al. (2013) found in Denmark, mothers’ frequency of 

bicycle trips during their children’s adolescence may indirectly influence their children’s 

intentions to future cycle to work in adulthood by forming their children’s negative 

attitudes towards cars in adolescence. This suggests, to some extent, that the children’s 

transport attitudes in adulthood may have been developed before they reached adulthood 

by their parents’ transport behaviours and attitudes. Moreover, these attitudes developed by 

children before adulthood may be maintained into adulthood, thus influencing their 

transport behaviour in adulthood. This may be the underlying mechanism for the 

relationship between the transport behaviours and attitudes exhibited by parents during 

their children’s pre-adulthood socialization and their children’s transport behaviours in 

adulthood. 

 

Like previous research on adolescents’ transport choices to school, previous research on 

young adults’ sustainable transport behaviours has not analysed the role of parents’ other 

behaviours, such as eco-friendly purchasing behaviours and energy-saving behaviours (i.e. 

NTPEB) and pro-environmental attitudes before their children attain adulthood (i.e. during 

their children’s adolescence) in their children’s sustainable transport behaviours as young 

adults.  
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2.2.4 Summary of empirical study of sustainable transport behaviour in 

adolescence and young adulthood 

 

This section emphasizes the importance of a broad range of interconnected influencing 

factor of sustainable transport behaviours during adolescence and young adulthood by 

reviewing existing empirical research. In terms of adolescents’ sustainable transport 

behaviours, this thesis focuses on adolescents’ sustainable transport choices to school. 

Existing studies have revealed that adolescents’ demographic factors like age, gender, and 

ethnicity correlate with their inclination towards sustainable transport modes for 

commuting to school. Moreover, parental factors, including employment status, education 

level, income, and car ownership, are significantly correlated with their children’s choices 

of sustainable transport modes for commuting to school in adolescence. Adolescents from 

families with higher socioeconomic status commonly tend to use cars more.  

 

In addition, parental psychological factors such as perceptions of different modes of 

transport, pro-environmental attitudes, and concerns about their children’s safety influence 

sustainable transport to school during adolescence to some extent. It is worth noting that 

the correlation between the built environment and adolescent children’s transport choices 

for commuting to school varies across studies. This variability is often linked to the 

influence of parental psychological factors, which are affected by the parents’ own 

transport preferences, mediating the correlation between the built environment and 

adolescents’ transport choices. The urban or rural living environment also influences 

adolescents’ inclination towards active transport modes. In addition, an association exists 

between parental sustainable transport behaviour and their children’s sustainable transport 

to schools in adolescence. 

 

In young adulthood, demographic and socioeconomic factors (e.g. gender, ethnic 

background, employment status, and income level) are influential. Research has shown that 

young women are more likely to use public transport than men, and higher income often 

correlates with increased car usage. Key life transitions in young adulthood (e.g. moving to 

independent living, employment, marriage, and parenthood) significantly influence 

transport behaviours in young adulthood and often lead to a shift from reliance on 
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sustainable transport in adolescence to increased car use in young adulthood. Educational 

attainment remains an important factor, with higher education levels usually associated 

with lower car ownership and more frequent public transport use.  

 

The characteristics of the living environment, whether urban or rural, along with the built 

environment, continue to play a significant role in shaping the sustainable transport 

behaviours in young adulthood, with urban areas typically promoting more sustainable 

transport behaviours. In addition, transport habits formed by past behaviours impact 

sustainable transport behaviours in young adults. Furthermore, psychological factors, 

including young adults’ attitudes towards cars and pro-environmental attitudes, are pivotal 

in determining their transport preferences. It is important to acknowledge that the 

association between psychological factors and sustainable transport behaviours in young 

adults could undergo changes due to transportation constraints (such as time constraints 

during commuting to work) and transport habit formation resulting from past behaviours. 

Existing studies have also found that parental past sustainable transport behaviour may 

influence their children’s sustainable transport behaviour in young adulthood by 

influencing children’s psychological factors. 

 

In conclusion, this section outlined key variables related to sustainable transport 

behaviours among adolescents and young adults from the existing empirical research to 

augment understanding and provided a strong grounding for the subsequent research in this 

thesis. This section also highlighted a notable research gap based on previous research. 

Prior studies have established a connection between parental sustainable transport 

behaviours during their children’s socialisation (e.g. children’s adolescence) and their 

children’s sustainable transport behaviours during adolescence and young adulthood. 

However, it has not been explored whether there are similar links between parental 

NTPEB, such as eco-friendly purchasing behaviours and energy-saving practices, and their 

children’s sustainable transport behaviours in adolescence and young adulthood. The next 

section argues for these possible links by reviewing studies on the intergenerational 

transmission of NTPEB from parents to their children. 
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2.3 Behavioural intergenerational transmission in socialisation 

 

No research has investigated the correlations between parents’ NTPEB before their 

children reach adulthood (e.g. during children’ s adolescence) and their children’s 

sustainable transport behaviours during adolescence and young adulthood (the research gap 

mentioned in Section 2.2). This section is based on previous research, mainly from an 

empirical and theoretical perspective, which may help explain these potential correlations 

to some extent. Subsection 2.3.1 discusses socialisation in adolescence. Next, Subsection 

2.3.2 reviews existing empirical studies concerning the role of parental NTPEB during 

children’s adolescence socialisation in children’s similar behaviours and pro-environmental 

psychological factors during adolescence and young adulthood. Subsection 2.3.3 explains 

why there is a correlation between parents’ NTPEB during their children’s adolescence and 

their children’s pro-environmental psychological factors during the same period based on 

self-determination theory, as described. Subsection 2.3.4 mainly outlines two 

psychological models, which suggest that children’s these pro-environmental 

psychological factors, fostered by parental NTPEB, can potentially influence various 

behaviours, such as sustainable transport behaviours. Additionally, Subsection 2.3.5 

highlights the potential correlation between parents’ NTPEB during their children’s 

adolescence and children’s sustainable transportation behaviours during adolescence and 

adulthood. Finally, Subsection 2.3.6 elucidates the rationale behind prioritising mothers’ 

behaviours in this thesis. 

 

2.3.1 Socialisation in adolescence 

 

According to Bugental and Goodnow (1998), socialisation based on self-determination 

theory refers to the process by which individuals acquire the essential skills to function 

effectively as members of their social group. This process involves an ongoing 

collaboration between experienced individuals and newcomers, with experienced 

individuals assisting newcomers in developing attitudes, behaviours, values, standards, and 

motives necessary for their integration into the social community. The process of 

socialisation typically begins in childhood. In the case of children, socialisation leads to 

various outcomes, including the development of self-regulating emotions, thoughts, and 
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behaviours, as well as the acquisition of attitudes and values (Corsaro and Fingerson, 

2006). Moreover, the socialisation process is ongoing and remains a significant factor 

throughout adolescence, with a role similar to its function in childhood (Smetana et al., 

2015). Socialisation has several forms, such as travel and consumer socialisation 

(Baslington, 2008; Haustein et al., 2009; John, 1999). Travel socialisation mainly focuses 

on learning processes related to transport behaviours. 

 

According to social learning theory, during socialisation, the acquisition of behaviours 

often involves observing the behaviours of role models (Bandura and McClelland, 1977). 

Based on travel socialisation, children learn about transport modes through role models, 

much like how they learn about other aspects of behaviours (Baslington, 2008). Through 

qualitative interviews with children, Baslington (2008) showed that role models in the 

socialisation process influenced children’s preferences for different modes of transport and 

their attitudes towards driving or owning a car in the future. Role models can take various 

forms in socialisation, including parents, media figures, friends, and teachers. Among 

them, parents are crucial in the socialisation of their children (Grusec and Kuczynski, 

1997). 

 

Although parents’ influence is not as strong during their children’s adolescence 

socialisation as it is during childhood, adolescents still show some degree of attachment to 

their parents (Youniss and Smollar, 1985). Nazneen and Asghar (2018) highlighted that 

parental modelling plays a significant role in shaping their children’s behaviours and 

attitudes during adolescent socialisation. As role models, parents’ behaviours and attitudes 

correlate with their children’s formation of behaviours in socialisation (Grønhøj and 

Thøgersen, 2012; Guastello and Peissig, 1998; Nazneen and Asghar, 2018). The next 

subsection reviews empirical research on the relationship between the NTPEB of parents 

who act as role models during their children’s socialisation and their children’s behaviour 

in adolescence and young adulthood. 

 



65 

 

2.3.2 Empirical study on the role of parental NTPEB in children’s behaviours 

in adolescence and young adulthood 

 

Numerous studies have emphasised the crucial role of parental NTPEB in shaping their 

children’s NTPEB (Ando et al., 2015; Grønhøj and Thøgersen, 2009, 2012; Matthies et al., 

2012). These studies have primarily focused on the same NTPEB shared between parents 

and their children since these adolescents may copy their parents’ behaviours.  

 

Grønhøj and Thøgersen (2012) noted that parental NTPEB (e.g. appropriate waste 

management, environmentally friendly product purchases, and lower power consumption) 

influence the participation of adolescent children in the same behaviours. Grønhøj and 

Thøgersen (2012) found that compared with parental NTPEB, parental attitudes toward 

these behaviours had a less pronounced influence, which underscored that parental actions 

carry more weight than words in this context. Matthies et al. (2012) argued that the impact 

of parental behaviour on children varies according to the behaviour. For example, parents’ 

recycling behaviours and praise or punishment can influence how their children recycle 

(Matthies et al., 2012). However, parents’ paper reuse behaviours have a less pronounced 

effect on this behaviour in their children. Matthies et al. (2012) suggested that this 

difference is heavily attributed to the fact that behaviours such as reusing paper are less 

likely to be observed by their children to the extent that they cannot be imitated by their 

children. Moreover, de Leeuw et al. (2015) found that adolescent children’ intentions 

towards engaging in NTPEB (e.g. environmentally friendly product purchases and lower 

power consumption) is correlated not only with their own perceived ability to control 

behaviours but also with descriptive norms. Descriptive norms were defined as 

adolescents’ perceptions of their parents’ engagement in NTPEB (ibid). Collado et al. 

(2019) used structural equation model and found that parents’ NTPEB (e.g. waste disposal 

and resource conservation) and expectations of these NTPEB influenced their adolescent 

children’s similar actions.  

 

Importantly, parents’ NTPEB before their children reach adulthood (e.g. during childhood 

or adolescence) may also shape their children’s NTPEB in young adulthood. For example, 

in a longitudinal investigation, Evans et al. (2018) discovered that when mothers exhibited 
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substantial pro-environmental attitudes and behaviours before their children reached 

adulthood, these children were more inclined to adopt similar behaviours as young adults. 

Consequently, the NTPEB exhibited by parents during their children’s adolescence 

influenced similar behaviours during adolescence and young adulthood. 

 

Nevertheless, transmitting NTPEB from parents to their adolescent children is not solely a 

result of children observing and copying their parents. More significantly, parental NTPEB 

contribute to developing adolescent children’s pro-environmental psychological factors 

(e.g. pro-environmental attitudes, value, and intention). Once these pro-environmental 

psychological factors take root, adolescent children independently make informed 

decisions regarding NTPEB. For instance, Ando et al. (2015) found that parental NTPEB 

such as waste management behaviours influenced their adolescent children’s same 

behaviours directly (i.e. by serving as role models) and indirectly (i.e. by shaping their 

adolescent children’s perceptions that their parents expected waste management behaviours 

from them). Furthermore, de Leeuw et al. (2015) found that adolescent children’s NTPEB 

(including recycling, energy saving and green shopping behaviours) was indirectly related 

to same behaviours of their parents and others close to them, mediated by adolescent 

children’s intentions of these NTPEB. Similarly, Wallis and Klöckner (2018) identified a 

indirect association between parents and adolescents engaging in NTPEB such as energy-

saving behaviours. This indirect association was mediated by adolescents’ perceptions of 

their parents’ actions. Jia and Yu (2021) also reported similar results when examining 

NTPEB such as energy conservation, waste reduction, and disposal practices among 

parents and adolescents. Gong et al. (2022) asserted that parents’ NTPEB such as 

environmentally friendly consumption behaviours directly impacted adolescent children’s 

eco-friendly purchasing behaviour values.  

 

Collado et al. (2017) found that parents’ pro-environmental behaviour impacted 

adolescents’ pro-environmental attitudes, which, in turn, were crucial in shaping 

adolescents’ pro-environmental behaviours. Collado et al. (2017) employed different 

methods and scales to measure the pro-environmental behaviours of parents and children. 

The scale used to measure parents’ pro-environmental behaviours was the General 

Environmental Behaviours (GEB) scale, with over 50 items covering (1) energy 
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conservation, (2) transportation behaviours, (3) waste avoidance, (4) green consumption, 

(5) recycling, and (6) social commitment. In contrast, the scale used to measure children’s 

pro-environmental behaviours had only 29 items. Some aspects, such as eco-friendly 

purchasing behaviour, were not observed. For instance, in measuring children’s eco-

friendly purchasing behaviour, no items assessed behaviours like purchasing recycled 

products or refraining from buying products with excessive packaging since young people 

are generally less likely to engage in shopping independently. This discrepancy suggests 

that the relationship between parents’ and children’s pro-environmental behaviours may 

not be limited to identical behaviours. Moreover, parents’ NTPEB influence children’s pro-

environmental psychological factors (e.g. pro-environmental attitudes) in their children. 

Once a child’s pro-environmental psychological factors are formed, they are reflected in a 

range of behaviours, such as sustainable transport behaviours beyond the specific NTPEB 

initially observed in parents. 

 

These findings collectively argue that parents’ NTPEB can influence adolescent children’s 

same behaviours by shaping various associated pro-environmental psychological factors, 

including perceptions, values, attitudes, and intentions. The subsequent subsection uses 

self-determination theory to explain why parents’ NTPEB affect adolescents’ pro-

environmental psychological factors. 

 

2.3.3 Self-determination theory 

 

Self-determination theory is one approach to analysing human motivation and behaviours. 

The earliest work leading to self-determination theory began in the 1970s and was formally 

established in the 1980s (Deci and Ryan, 1980; Deci and Ryan, 1985). Since then, the 

formal theory and its applications have expanded significantly to a variety of life domains, 

including education, physical activity, health, and the prediction of pro-environmental 

behaviours (de Groot and Steg, 2010; Grolnick et al., 1997; Weiner, 1990). The theory 

suggests that motivation is a complex precursor of behaviours, which depend on various 

levels of self-determination (Deci and Ryan, 1980). Self-determination theory defines six 

types of motivation (Deci and Ryan, 2013), which differ according to the regulation type, 

causality, and associated regulatory processes, as shown in Figure 2-1. 
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Figure 2-1. Six motivation types in self-determination theory 

 

 

Firstly, amotivation reflects a lack of control, intention, or action without intent and 

represents the least self-determined motivation. Amotivation (e.g. not knowing why to 

participate in NTPEB) is negatively correlated with NTPEB such as recycling behaviours 

and purchasing environmentally friendly products (Green-Demers et al., 1997). In terms of 

transport behaviours, de Groot and Steg (2010) found that amotivation was negatively 

correlated with choosing a car that performed well in terms of environmental aspects. 

 

Intrinsic motivation represents the most self-determined type and is characterised by self-

regulation processes driven by personal satisfaction, inherent interest, and enjoyment 

derived from engaging in the behaviours (Deci and Ryan, 1980). Steg (2016) pointed out 

that intrinsic motivation to engage in action to pro-environmental is common, given the 

good sense of self that comes from protecting the environment. Furthermore, Steg (2016) 

argued that people are more likely to engage in pro-environmental behaviours driven by 

intrinsic motivation when they perceive that the behaviours engaged in are highly aligned 

with their own biospheric values. Based on self-determination theory, Tabernero and 

Hernández (2010) found a positive correlation between intrinsic motivation and 

engagement of NTPEB such as recycling behaviours. van der Werff et al. (2013a) pointed 

out that intrinsic motivation was associated with sustainable transport behaviours and 

NTPEB such as energy conservation, and recycling behaviour.  
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Between these two extreme motivations are four external motivation types: extrinsic 

motivation, introjected motivation, identified regulation, and integrated motivation. They 

are classified based on varying degrees of self-determination (Deci and Ryan, 2013). 

Individuals with a high level of self-determination regarding engagement in behaviours 

perceive themselves as the initiators of these actions. Conversely, individuals with lower 

levels of self-determination, who are coerced into behaviours, perceive a diminished sense 

of control and autonomy, which leads to an unstable basis for these actions that is unlikely 

to be sustained over time (ibid). Webb et al. (2013) confirmed this notion and found a 

statistically significant positive correlation between motivation with higher levels of self-

determination, such as identified regulation, integrated motivation, and energy-saving 

behaviours. In contrast, other motivations (i.e., lower levels of self-determination) did not 

correlate statistically with energy-saving behaviours. The four types of external motivation 

are elucidated below. 

 

Extrinsic motivation describes behaviours driven by external demands and expectations 

that signify a lack of self-determination.  

 

Introjected motivation involves engaging in behaviours to avoid guilt, shame, or 

disapproval from others and is less of a self-determined form.  

 

Identified regulation is a more self-determined form of external motivation, where 

individuals see the action as personally important and integrated into their identity.  

 

Finally, integrated motivation is the most self-determined form of external motivation, 

which indicates that behaviours are fully assimilated into the self and align with the 

individual’s values and attitudes. In terms of behaviour based on integrated motivation, 

although people may still not consider it interesting, they have accepted the reasons for this 

behaviour.  
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Several studies have found that during childhood, engagement in NTPEB is often driven 

by less self-determined external motivation, such as extrinsic motivation (e.g. parental 

expectations) or introjected motivation (e.g. guilt) (Ando et al., 2015; Pearce et al., 2021). 

Extrinsic motivation may be parental requirements and expectations. Ando et al. (2015) 

noted that parental expectations of children’s NTPEB such as paper-saving behaviour 

influence children’s that behaviour. Grønhøj and Thøgersen (2017) explained that 

children’s introjected motivation (e.g. feeling guilty for not engaging in NTPEB, such as 

sorting waste, buying organic or eco-friendly products, and conserving electricity) might 

motivate them to adopt these NTPEB. Moreover, introjected motivation might prompt 

children to emulate their parents’ NTPEB to evade guilt or seek parental approval.  

 

However, according to self-determination theory, several investigations have demonstrated 

that as children grow up as adolescents and young adults, they possess higher levels of 

self-determined external motivation, such as integrated motivation and identified 

regulation. These significantly influence the decision to partake in various NTPEB such as 

recycling and purchasing environmentally friendly products (Green-Demers et al., 1997). 

Among college students (i.e. young adults), the link between higher self-determined 

external motivation and NTPEB appears stronger for actions requiring more time, effort, 

and resources (Green-Demers et al., 1997).  

 

Differences in motivation for NTPEB in childhood, adolescence, and young adulthood 

may be due to the internalisation of motivation over time. Grolnick et al. (1997) found that 

extrinsic or introjected motivation (e.g. motivation with lower levels of self-determination) 

may evolve into more self-determined forms and more internalised motivation as 

individuals mature. Internalised motivation encompasses forms such as identified 

regulation and integrated motivation. Hence, although self-determination theory is not 

strictly a developmental theory, it offers valuable insights into the progression of 

internalised motivation as individuals mature. Chandler and Connell (1987) supported this 

developmental progression in internalising motivation with age and found that extrinsic 

motivation occurred more frequently at younger ages, while internalised motivation 

(integrated motivation) occurred more frequently at older ages. Chandler and Connell 

(1987) demonstrated that this shift process is rooted in advancing cognitive abilities. 
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Renaud-Dube et al. (2010) suggested that as individuals mature, the motivations behind 

NTPEB such as recycling, paper reuse, and energy conservation may gradually shift from 

lower self-determined motivation (e.g. extrinsic or introjected motivation) towards greater 

self-determined motivation (e.g. identified regulation or integrated motivation) and become 

integrated into their attitudes and value systems. Notably, this transformation from 

extrinsic or introjected motivation to integrated motivation from childhood to adolescence 

and young adulthood is coupled with the development of pro-environmental psychological 

factors such as pro-environmental attitudes. 

 

Transformation from introjected to integrated motivation partly explains why parents’ 

NTPEB correlate with their adolescent children’s pro-environmental psychological factors 

(mentioned in Subsection 2.3.2). Specifically, when children initially engage in NTPEB 

like reducing electricity use, eco-friendly purchasing behaviours, and recycling, the 

motivation tends to be derived from parental-influenced external motivation, such as 

introjected motivation. One explanation for introjected motivation is that children avoid 

parental disapproval by engaging in the same behaviours as their parents. This 

phenomenon partly elucidates the resemblance in NTPEB between parents and their 

children during this developmental stage. However, as children mature, the motivation to 

engage in NTPEB may be internalised, for example, into identified regulation and 

integrated motivation. This notion was supported by Grønhøj and Thøgersen (2017), who 

argued that adolescents do not merely mimic their parents’ NTPEB (e.g. eco-friendly 

purchasing behaviours, waste management, and energy conservation). Instead, adolescents’ 

internalised motivations (e.g. integrative motivations) for NTPEB develop through the 

continued imitation of parental behaviours.  

 

Parents who consistently practice NTPEB and encourage their children to participate in 

these activities as family practice not only conveys parental norms but also provide an 

opportunity for their children to develop an internalised motivation for such behaviours, as 

demonstrated by Matthies et al. (2012). Internalised motivation (e.g. integrated motivation) 

is usually aligned with pro-environmental psychological factors, such as pro-environmental 

attitudes and values. Consequently, a correlation develops between parental engagement in 

NTPEB and pro-environmental psychological factors in adolescents. Once these pro-
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environmental psychological factors are established in adolescence, they catalyse a range 

of behaviours beyond the specific NTPEB initially observed in parents. The next 

subsection focuses on the theories related to the influence of pro-environmental 

psychological factors on behaviour. 

 

2.3.4 Models and theories related to the relationship between behaviours 

and psychological factors 

 

Prior studies have demonstrated that parents’ NTPEB influence adolescent children’s pro-

environmental psychological factors such as pro-environmental attitudes and values. This 

subsection mainly explores two psychological models that separately elucidate the 

influence of attitudes and values on behaviours. 

 

Within the domain of transport research, theoretical models and theories emphasise the 

crucial role of psychological factors in shaping sustainable transport-related choices and 

performances. The psychological literature identifies a strong link between attitude, 

intention and behaviours, which is fundamental to theories such as the theory of reasoned 

action (Fishbein and Ajzen, 1977) and the theory of planned behaviour (Ajzen, 1991).  

 

According to the theory of reasoned action illustrated in Figure 2-2, the intention to 

perform a behaviour directly leads to the behaviour itself, which signifies a conscious 

choice to engage in the behaviour. This intention is mediated by two primary constructs: 

the individual’s attitudes towards the behaviour and subjective norms. Attitudes towards 

the behaviour are the extent to which a person potentially evaluates the behaviour in 

question positively or negatively based on beliefs and evaluations about the expected 

outcomes of the behaviour (Bohner and Dickel, 2010; Defleur and Westie, 1963; Eagly and 

Chaiken, 1993). In the context of transport studies, these attitudinal variables often relate to 

individuals’ attitudes towards different modes of transport, attitudes towards the transport 

infrastructure, and pro-environmental attitudes (Alcock et al., 2017; Arroyo et al., 2020; 

Đukičin Vučković et al., 2018). 
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Figure 2-2. Theory of reasoned action and theory of planned behaviour (Ajzen, 1991) 

 

 

Furthermore, subjective norms add another dimension to the interplay between attitudes 

and behaviours. Subjective norms pertain to the perceived social pressure that encourages 

or deters a person from engaging in a particular behaviour (Fishbein and Ajzen, 1977). In 

the theory of reasoned action, subjective norms are shaped by two main factors. The first is 

the behavioural decision-maker’s normative beliefs, which are influenced by the 

expectations and desires of others, as necessary to the decision-maker’s behaviours as 

consistent with extrinsic motivation in the self-determination theory described earlier. 

External factors such as parents’ expectations (and those of others important to the 

children) can influence children’s normative beliefs. Children can perceive their parents’ 

expectations, which shape their perceived social pressures, known as subjective norms, 

which ultimately influence children’s behaviours. The subjective norm is consistent with 

introjected motivation in the self-determination theory. Therefore, according to the theory 

of reasoned action, normative beliefs (i.e. extrinsic motivation) somewhat form subjective 

norms (i.e. introjected motivation). Hence, extrinsic motivation can influence the formation 

of introjected motivation, which supports the internalisation of motivation in Subsection 

2.3.3. Another major factor in forming subjective norms is the decision-maker’s motivation 

to comply with these expectations (Fishbein and Ajzen, 1977).  
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Despite its initial acceptance, the theory of reasoned action has faced criticism for not 

adequately addressing situations where individuals do not have complete control over their 

actions. Physical and social barriers and a lack of opportunities to learn certain behaviours 

can contribute to an inability to control these behaviours and can interfere with intentions 

and behaviours (Biggar and Ardoin, 2017). Ajzen (1991) developed the theory of planned 

behaviour to address this limitation as an extension of the theory of reasoned action. As 

depicted in Figure 2-2, the theory of planned behaviour introduces an additional 

component known as perceived behavioural control. Perceived behavioural control reflects 

individuals’ confidence in their ability to execute the action and usually consists of 

perceived control, perceived confidence, and perceived difficulty (Kraft et al., 2005). 

Perceived behavioural control influences the intention to partake in a behaviour (Sheeran et 

al., 2002) and directly affects behaviours by determining their feasibility (Terry and 

O’Leary, 1995). Ajzen and Madden (1986) stated that the theory of planned behaviour 

predicts intentions and behaviour more accurately than the theory of rational action. 

 

The theory of planned behaviour has been useful in comprehending human behaviour, 

particularly in the context of sustainable transportation behaviours and NTPEB. The 

engagement of NTPEB such as recycling (Chan and Bishop, 2013; Mannetti et al., 2004), 

waste management (Hu et al., 2021), and energy use (Clement et al., 2014) have all been 

clearly explained using this theory. Furthermore, several studies have shown the 

effectiveness of the theory of planned behaviour in analysing sustainable transport 

behaviours, including walking (Rhodes et al., 2006), cycling (Bird et al., 2018), and public 

transportation (Ali et al., 2023). 

 

Behavioural intention is a fundamental component from the standpoint of psychological 

elements described in the theory of planned behaviour. Several studies have incorporated 

behavioural intentions into the analysis of transport behaviour (Abdullah et al., 2021; 

Huang et al., 2022; Jaiswal et al., 2021). Existing research has found a notable association 

between intention and actual transport behaviours based on general population (Gardner 

and Abraham, 2008). By analysing transport behavioural intentions, planners and decision-

makers can gain an early understanding of an individual’s potential future transport choices 

(Gehlert et al., 2013).  
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Among the factors influencing intentions, perceived behavioural control is usually 

considered the significant factor related to intentions and behaviour within the framework 

of the theory of planned behaviour. Armitage and Conner (2001) showed that 

incorporating perceptual behavioural control into a model improves predictive power. In 

addition, subjective norms are crucial in influencing behaviour (Meng et al., 2024). 

Previous research on transport behaviours has shown that subjective norms influence 

behavioural intentions and actual behaviours (Ali et al., 2023). 

 

Finally, the significant role of attitudes in shaping the intention to engage in behaviours is 

acknowledged, with this intention subsequently determining the behaviours themselves. 

Numerous studies grounded in the theory of planned behaviour have examined the impact 

of pro-environmental attitudes on corresponding NTPEB such as waste management, 

energy efficiency, and water conservation (Liu et al., 2020; Millock and Nauges, 2010). 

Regarding transport research, Hess et al. (2013) highlighted that respondents who regularly 

use cars have weak pro-environmental attitudes. In addition, households of individuals 

who held pro-environmental attitudes possessed fewer cars and utilised them less 

frequently than those who did not exhibit pro-environmental attitudes (Flamm, 2009).  

 

In addition to attitudes, research has found a link between parents’ NTPEB and children’s 

values (Gong et al., 2022). The value-belief-norm model also provides a relationship 

between values and behaviour. The value-belief-norm model is designed to understand the 

factors that lead to altruistic actions (Schwartz, 1977), specifically those that benefit the 

environment at a personal cost (Stern et al., 1999). The value-belief-norm model comprises 

three core elements: the awareness of consequences, the ascription of responsibility, and 

personal norms, as shown in Figure 2-3.  

 

These elements create a sequential structure predicting altruistic behaviours, including 

adopting sustainable transport and NTPEB. Firstly, the awareness of consequences 

involves recognising the negative effects of environmentally harmful behaviours, like 

using cars (Ünal et al., 2019). Personal values such as altruistic, biospheric, and egoistic 
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values influence the awareness of environmental consequences and foster a stronger sense 

of responsibility to mitigate the adverse effects caused by environmentally harmful 

behaviours (Stern et al., 1999). A link between altruism, biosphere and egoistic values has 

also been noted (Aoyagi-Usui et al., 2003).  

 

The ascription of responsibility entails the perception of personal accountability for the 

environmental impact of one’s actions. Awareness of consequences and ascription of 

responsibility emphasises the importance of being aware of the consequences of one’s 

actions and personal responsibility for the consequences of behavioural choices. This 

awareness and responsibility category may derive from a person’s favourable or 

unfavourable evaluation of behaviour (i.e. attitude) in the theory of reasoned action and 

theory of planned behaviour. Lastly, the personal norms relate to the individual’s sense of 

moral duty to act for collective welfare (Schwartz, 1977). Personal norms refer to feelings 

of moral duty or obligation to perform specific actions. For example, a sense of personal 

responsibility to reduce one’s carbon footprint can lead to choosing more sustainable 

transport options. 

 

 

Figure 2-3. The value-belief-norm model (Stern et al., 1999) 

 

 

Research has extensively used the value-belief-norm paradigm to explain many NTPEB 

like waste sorting, recycling, and sustainable purchasing habits (Nketiah et al., 2022; 

Setiawan, 2021; Yang et al., 2020). In addition, these models have been extended to study 

transport-related behaviours (Ashraf Javid et al., 2021; Mehdizadeh et al., 2019a; 

Mehdizadeh et al., 2019b). For instance, Abrahamse et al. (2009) found that personal 
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norms, such as feeling a moral obligation to reduce car use and an awareness of the 

consequences, evaluated by the perceived severity of car-related environmental issues, 

were negatively correlated with car commuting in Canada. Likewise, personal norms have 

been demonstrated to forecast sustainable travel preferences in Norway (Lind et al., 2015). 

Furthermore, an awareness of the consequences influences personal norms, such as the 

willingness to reduce personal car use among the Swedish (Nordlund and Garvill, 2003).  

 

According to subsection 2.3.2, when parents demonstrate NTPEB, they can develop pro-

environmental psychological factors, such as pro-environmental attitudes and biosphere 

values, in their adolescent children. Pro-environmental attitudes and values can influence 

various NTPEB and sustainable transport behaviours. Consequently, parental NTPEB 

could foster a broader spectrum of behaviours in children beyond merely emulating 

observed parental NTPEB. The next subsection highlights the potential relationship 

between parents’ NTPEB during their children’s adolescence and their children’s 

sustainable transportation behaviours during adolescence and young adulthood. 

 

2.3.5 The correlation between parents’ NTPEB and their children’s 

sustainable transport behaviours in adolescence and young adulthood 

 

Evidence suggests that parents’ NTPEB, such as eco-friendly purchasing behaviours and 

energy savings, can influence the pro-environmental psychological constructs in adolescent 

children (mentioned in Subsection 2.3.2). Importantly, according to psycho-behavioural 

theory mentioned in Subsection 2.3.4, once these pro-environmental psychological (e.g. 

pro-environmental attitudes) are established, they can catalyse a range of behaviours that 

go beyond the specific NTPEB initially observed in parents, according to the theory of 

planned behaviours.  

 

As children become adolescents, their involvement in decision-making and autonomy 

increases (Horgan et al., 2015; Wray-Lake et al., 2010). As a result, adolescents may be 

involved in decision-making about school transport options and make appropriate transport 

decisions based on their psychological constructs (Tristram et al., 2023). Kamargianni et al. 
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(2015) emphasised the importance of including adolescents’ psychological factors (e.g. 

subjective attitudes) when analysing their transport choices for commuting to school. 

Therefore, fostering pro-environmental psychological constructs (e.g. pro-environmental 

attitudes) in adolescents through parental NTPEB can be hypothesised to increase 

adolescents’ inclination toward sustainable transport choice for commuting to school. 

 

In terms of children in young adulthood, although existing research has found a 

relationship between the NTPEB exhibited by parents during their children’s adolescence 

and children’s psychological factors during adolescence, whether this relationship persists 

into children’s young adulthood remains unknown. In other words, the connection between 

parents’ NTPEB during their children’s adolescence and children’s pro-environmental 

psychological factors in young adulthood is ambiguous.  

 

However, this relationship may exist to some extent based on previous studies on the 

relationship between past parental transport behaviours (or factors related to transport 

behaviours) and children’s transport-related psychological factors in young adulthood. For 

example, Van Acker et al. (2019) showed that parental car ownership can influence 

children’s attitudes towards travel in adulthood. Moreover, parents’ past attitudes towards 

transport modes (before their children attend high school) have a lasting impact on their 

children’s attitudes towards transport modes in adulthood (Mjahed et al., 2015).  

 

Sigurdardottir et al. (2013) found that mothers’ frequency of bicycle trips during their 

children’s adolescence may influence children’s intentions to cycle to work in adulthood. 

Therefore, parents’ transport behaviours (or other factors related to transport behaviours) 

before their children attain adulthood may shape children’s transport-related psychological 

factors in adulthood. Hence, parents’ NTPEB during their children’s adolescence can be 

hypothesised to potentially influence children’s pro-environmental attitudes in young 

adulthood. Given that pro-environmental attitudes in early adulthood are determinants of 

sustainable transport behaviours, children’s pro-environmental attitudes in early adulthood 

may mediate the relationship between parents’ NTPEB during children’s adolescence and 

their children’s sustainable transport behaviours in adolescence and adulthood.  
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2.3.6 Mothers as the main research target 

 

This thesis primarily aims to analyse the role of parental NTPEB on their children’s 

sustainable transport behaviours during adolescence and young adulthood. Moreover, this 

thesis prioritises the role of mother’s NTPEB. The decision to focus on mothers is 

underpinned by three key factors. 

 

Firstly, mothers spend more time with their children than fathers (Baxter and Smart, 2011). 

Given the longer time spent with their children, children may be more likely to observe 

their mothers’ NTPEB. It is important to note that parents’ NTPEB are seen as a 

prerequisite for intergenerational transmission of behaviours (Matthies et al.,2012). 

 

Secondly, mothers are responsible for more childcare than fathers (Hipp and Bünning, 

2021). Therefore, mothers’ NTPEB may have a greater influence on forming their 

children’s pro-environmental psychological factors and behaviours. Collado et al. (2019) 

highlighted that adolescents’ perceptions of their mothers’ NTPEB, such as recycling, have 

a more significant impact on their recycling behaviours than their perceptions of their 

fathers’ NTPEB. Thus, when mothers and fathers engage in the same NTPEB, the observed 

NTPEB of mothers have a more substantial influence on their children’s NTPEB than the 

fathers’ NTPEB. Moreover, adolescents’ perceptions of their mothers’ NTPEB may 

influence their pro-environmental psychological factors such as personal norms (e.g. 

whether they feel morally obliged to adopt NTPEB). However, adolescents’ perceptions of 

their fathers’ NTPEB do not influence their personal norms (Collado et al., 2019).  

 

Lastly, mothers also influence their children’s traffic behaviours more than fathers. 

Research conducted in Belgium, Greece, Hungary, Germany, and Norway has suggested 

that mothers’ health-positive behaviours, including walking and cycling, are likely to have 

a greater impact on adolescent children than fathers’ behaviours (Schoeppe et al., 2017). 

Additionally, research based on data from the UK National Travel Survey (2002–2006) 

demonstrated that mothers’ behaviours related to car usage have a more substantial impact 
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on influencing their children’s increased use of cars in their daily travel modes during pre-

adulthood compared to the influence of fathers (Susilo and Liu, 2016). Therefore, mothers’ 

transport behaviour has a greater impact on their children’s transport behaviour before 

adulthood, compared to fathers. This can be attributed to the fact that mothers often 

shoulder the responsibility of escorting children to and from school (Motte-Baumvol et al., 

2017). When mothers frequently use cars for work commutes, they tend to increase the 

likelihood of their children school commuting by car, which leads to a higher prevalence of 

car usage among their children. Hsu and Saphores (2014) further discovered that, in 

American, even among parents with similar concerns and attitudes regarding chauffeuring 

behaviours, mothers were more likely than fathers to chauffeur their children to school. A 

qualitative analysis by Tristram et al. (2023) noted that fathers were usually less aware of 

their adolescents’ travel behaviours and less involved in the decision-making process in 

Germany. These findings underscore the pivotal role of mothers in shaping their children’s 

behaviours. 

 

2.3.7 Summary of behavioural intergenerational transmission 

 

Section 2.3 explains how parents’ NTPEB during their children’s adolescence can 

potentially influence their children’s adoption of sustainable transport behaviours during 

adolescence and young adulthood by reviewing the research on intergenerational 

transmission of NTPEB from parents to children.  

 

Section 2.3 first explores the concept of adolescent socialisation and its key role in shaping 

individual attitudes, values, and behaviours. Subsequently, Section 2.3 considers the role of 

parents’ NTPEB during their children’s adolescence in their adolescent children’s same 

behaviours. Many studies have convincingly shown that parental NTPEB during their 

children’s adolescence can influence their adolescent children’s same NTPEB and pro-

environmental psychological factors such as pro-environmental attitudes. Once children’s 

pro-environmental psychological factors instilled by parents’ NTPEB are firmly 

established during children’s adolescence, they can extend to various NTPEB and 

sustainable transport behaviours. This extension may not be confined to the specific 

NTPEB of the parents that initially shaped their children’s pro-environmental 
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psychological factors. Consequently, this research hypothesises that parents’ NTPEB 

during their children’s adolescence may heighten adolescents’ inclination towards 

sustainable transport choice for commuting to school.  

 

Attention turns to the enduring impact of parental NTPEB during their children’s 

adolescence on children’s pro-environmental psychological factors and sustainable 

transport behaviours in young adulthood. This section posits that the connection between 

parents’ NTPEB during their children’s adolescence and the development of children’s pro-

environmental psychological constructs, such as pro-environmental attitudes, persists into 

young adulthood. This persistence may contribute to the relationship between parental 

NTPEB during their children’s adolescence and their children’s sustainable transport 

behaviours in young adulthood. Finally, Section 2.3 details why this study prioritises 

examining mothers’ behaviours. 

 

In summary, Section 2.3 underscored mothers’ pivotal role as influential role models in 

shaping their children’s pro-environmental psychological constructs and sustainable 

transport behaviours during adolescence and young adulthood. This section argued for the 

possible long-term impact of mothers’ NTPEB on developing their children’s pro-

environmental psychological factors, such as pro-environmental attitudes. These pro-

environmental psychological factors, in turn, influence children’s sustainable transport 

behaviours during adolescence and young adulthood. This theoretical framework serves as 

the foundation for the empirical research that follows in this thesis. The next chapter 

details the methodology used for the empirical research of this thesis.   
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Chapter 3. Methodology 

 

The purpose of this chapter is to describe the research methodology used for the 

subsequent empirical research in this thesis. Section 3.1 introduces the research hypotheses 

derived from the literature review (mentioned in Chapter 2) and the logical framework of 

these research hypotheses. Additionally, it delineates the adoption of quantitative analysis 

as the principal research methodology and the rationale for selecting the UK as the 

research location. Section 3.2 presents the UK Household Longitudinal Study, which 

constitutes the primary data source for this thesis. Subsequently, Section 3.3 presents an in-

depth explanation of the analytical methods and modelling techniques used throughout this 

dissertation. These methodologies encompass multinomial logistic regression modelling, 

structural equation modelling, and integrated choice and latent variable modelling. 

Moreover, section 3.3 considers the theoretical foundations associated with these statistical 

models. 

 

3.1 Study design 

 

This section describes the research design of this thesis, with the research hypotheses and 

their logical framework. It also expounds on adopting quantitative analysis as the primary 

research methodology and provides the rationale for selecting the UK as the research 

location. 

 

3.1.1 Main hypotheses based on previous studies  

 

This thesis conducted a literature review and provided an in-depth understanding of the 

research questions posed in Section 1.3. Moreover, hypotheses were formulated for the 

proposed research questions based on previous studies. Hypotheses are more formal 

predictions of the research findings (Barroga and Matanguihan, 2022). Based on the 

literature review, four main hypotheses were formulated for the main research questions. 

Figure 3-1 exhibits the underlying logic of these hypotheses.  
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The first hypothesis is that mothers’ NTPEB (e.g. eco-friendly purchasing and home 

energy conservation behaviours) during their children’s adolescence are correlated with 

their children’s choice of sustainable transport for commuting to school during 

adolescence.  

 

The second hypothesis is that mothers’ NTPEB during their children’s adolescence are 

related to the frequency of sustainable transport behaviours in their children’s young 

adulthood through children’s pro-environmental attitudes during their young adulthood. 

The frequency of sustainable transport behaviours contributes to understanding children’s 

overall propensity for sustainable transport in their daily lives during young adulthood. 

 

Figure 3-1. Logical framework of the hypothesis 
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The third hypothesis proposes an association similar to Hypothesis 2 between mothers’ 

NTPEB during their children’s adolescence and their children’s choice of sustainable 

transportation modes for commuting to work during young adulthood. Work-related trips 

often involve more constraints (e.g. time constraints) that may influence transportation 

choices differently. Therefore, this thesis separately analysed the role of mothers’ NTPEB 

in their children’s overall frequency of sustainable transportation behaviours and their 

choice of sustainable transportation mode for commuting to work in young adulthood. This 

differentiation was essential to account for potential variations in the impact of mothers’ 

behaviours across different contexts. By examining these aspects separately, this study 

provided a more precise and detailed understanding of the role of mothers’ NTPEB in 

shaping their children’s sustainable transportation behaviours in young adulthood.  

 

Finally, the fourth main hypothesis suggests an association between mothers’ NTPEB 

during their children’s adolescence and their children’s consistent selection of sustainable 

transportation choices for commuting to school in adolescence and commuting to work in 

young adulthood. The subsequent four empirical research tested these four hypotheses 

sequentially. 

 

3.1.2 Quantitative analyses 

 

The hypotheses presented in this thesis are grounded in the concept of travel socialization. 

Both quantitative and qualitative research methods have been widely applied in travel 

socialization studies (Baslington, 2008; Klöckner & Matthies, 2012; Sigurdardottir et al., 

2013). In terms of qualitative research methods, Mwita (2022) pointed out that in social 

science, qualitative methods offer flexibility, allow for in-depth insights, and accommodate 

diverse data collection approaches, they also help minimize data loss. However, it is 

important to acknowledge the limitations of qualitative research. Qualitative methods are 

limited by researcher subjectivity, restricted research scope, and challenges in 

generalizability and replicability (Mwita, 2022). Given the broad research big scope of this 
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study, which focuses on the entire UK context, qualitative methods may not be appropriate 

for testing the hypotheses proposed in this thesis. 

 

Therefore, to empirically test the hypotheses, this thesis adopts a quantitative research 

approach. The following reasons support the choice to use quantitative methods. Firstly, 

quantitative research has the advantage of validating or refuting these hypotheses through 

empirical evidence (Rana et al., 2020; Martin and Bridgmon, 2012). This thesis drew on 

the existing research to formulate four hypotheses regarding the relationships between 

mothers’ NTPEB during their children’s adolescence and their children’s sustainable 

transportation behaviours during adolescence and young adulthood. The quantitative 

methods allowed for examining correlations between variables and scrutinising theoretical 

propositions, facilitating rigorous statistical analyses, and testing hypotheses (Rana et al., 

2020). In addition, quantitative methods were used to assess the strength and direction of 

these hypothesised relationships through various data analysis methods to understand these 

relationships (Rana et al., 2020). Moreover, psychological variables, such as children’s 

pro-environmental attitudes in young adulthood, were addressed in the research questions 

of this thesis. The quantitative research provided an objective statistical theory and model 

(e.g. structural equation model and integrated choice and latent variable models) (see 

Subsections 3.3.3 and 3.3.4) to assess the impact of these psychological variables. Several 

existing studies have used quantitative research-based methods to analyse the relationship 

between psychological factors and sustainable transport behaviours (Asgari Toorzani and 

Rassafi, 2023; Ashraf Javid et al., 2021; Osman Idris et al., 2015). Therefore, this thesis 

utilizes data from the UKHLS and applies various quantitative research methods (detailed 

in Sections 3.2 and 3.3) to test the proposed hypotheses. 

 

3.1.3 Research location: the United Kingdom 

 

As described in Section 2.1, over the past few decades, there has been a continuous decline 

in sustainable transportation behaviours among UK adolescents, coupled with an increase 

in car usage. Cars remain the dominant mode of transport for young adults in the UK. 

Therefore, there is a need to identify a long-term influential factor that can effectively 

promote sustainable transportation behaviours during both adolescence and young 
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adulthood in the UK. This would provide a basis for long-term, effective UK interventions 

aimed at fostering sustainable transportation habits in the UK. Moreover, the UKHLS 

dataset offers a longitudinal dataset that reflects socio-economic and transportation 

behaviours changes at both the household and individual levels in the UK. This makes it an 

ideal data source for the research presented in this thesis. Consequently, the UK was 

selected as the primary research context for this study. Another significant reason for 

choosing the UK as the research location is that it provides a setting where the behaviours 

being studied—particularly those related to mothers’ NTPEB—are both prevalent and 

impactful. Additionally, the UK has a well-established transportation system with a variety 

of options available to adolescents and young adults, further making it an appropriate 

location for investigating the role of mothers’ NTPEB in shaping children’s transportation 

choices during adolescence and young adulthood. 

 

NTPEB such as energy savings and eco-friendly purchasing behaviours have become more 

prevalent in the UK. Based on nationally representative data from Wave 4 (2012/2013) and 

Wave 10 (2018/2019) of the UKHLS, Liu et al. (2022) identified three distinct categories 

of environmental attitudes in the UK: ‘Sceptical’, ‘Concerned’, and ‘Paradoxical’. The 

sceptical group tends to downplay the severity of climate change and questions the urgency 

or even the necessity of taking action. In contrast, the concerned group expresses anxiety 

about climate change risks and supports proactive measures to mitigate these risks. The 

paradoxical group acknowledges the reality of climate change impacts but does not 

endorse actions to reduce them (ibid). Notably, over time (between the two survey waves 

(2012-2020)), there was a general shift from the sceptical and paradoxical groups toward 

the concerned group (ibid). This trend suggests a growing awareness of climate change 

risks and an increasing willingness to support actions aimed at mitigating these risks in the 

UK. A survey in 2021 showed that three-quarters (75%) of U.K. adults worried about 

climate change’s effects. Moreover, women were found to be more likely than men to be 

worried about the effects of climate change and anxious about the environment’s future 

(Office for National Statistics, 2021).  

 

In the UK, the concept of “sustainable consumerism” has gained prominence in recent 

years, driven by heightened awareness of environmental conservation. In 2022, 64% of 
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respondents reported bringing shopping bags when shopping (Office for National 

Statistics, 2023). This percentage could also be because the UK implemented rules 

restricting the use of single-use plastic bags in July 2015, which decreased the use of one-

time plastic bags (Kish, 2018). Moreover, more U.K. shoppers have adopted more 

environmentally friendly shopping practices. In 2023, over one in five U.K. consumers 

claimed to have reduced their clothing purchases for sustainability reasons, with a similar 

proportion increasing their purchases of second-hand clothing (Office for National 

Statistics, 2023). Additionally, regarding energy-saving behaviours, more than one-half of 

the respondents indicated endeavours to conserve water and electricity at home (Office for 

National Statistics, 2023).  

 

Another primary rationale for selecting the UK as the focus of this thesis was its road 

transport system, which effectively caters to diverse travel preferences and requirements 

among adolescents and young adults. As discussed in subsection 2.1, there is a trend 

towards diversification of transportation choices among the adolescents and young adult 

groups. Although car trips still account for a large proportion of trips, the use of active 

modes of transportation and public transportation is also gradually increasing, and each 

account for a certain proportion of trips. This phenomenon suggests that the modes of 

travel of adolescents and young adults are not limited to car, but also include active modes 

of travel such as walking and bicycling, as well as other options such as public 

transportation.  

 

According to Pisu et al. (2015), the UK has historically allocated fewer resources to 

enhance its transportation infrastructure than its counterparts in the United States, France, 

Canada, and Switzerland. Since 2015, the UK has taken steps to increase its investments in 

transportation infrastructure by addressing the previous funding deficiency compared to 

similar nations. According to the Department for Transport (2021a), the total length of 

roads has increased over time. In 2020, the total length of roads increased by 2,600 miles 

(a 1.1% increase) from 2010 and 5,000 miles (a 2.1% increase) from 2000. Between 2012 

and 2019, the distance (miles) traveled by vehicles on motorways, ‘A’ roads, and minor 

roads all increased (Department for Transport, 2023b). Per U.K. legislation, individuals 

must reach the age of 17 to learn to drive a car. Subsequently, completing the theoretical 
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and practical driving tests at 17 is feasible. After passing these tests, individuals can obtain 

a full car licence that permits them to drive independently (GOV.UK, 2021).  

 

Regarding public transport systems, the UK has a nationwide rail network that is vital for 

commuting and long-distance travel. In the UK, the number of rail passenger journeys 

reached 1.61 billion between April 2023 and March 2024, an increase of nearly 19% 

during the same period in 2010–2011 (Office of Rail and Road, 2024). Almost 15,846 

kilometres of railways stretched across the UK as of March 2023, showing a growth of 

around 0.6% from 15,755 kilometres in 2014 (Office of Rail and Road, 2023). Moreover, 

bus services covered a wide range of urban centres and rural areas, while recent reforms 

aimed to improve the quality of service and environmental friendliness. Between March 

2022 to March 2023, bus services in England travelled a total of almost 1 billion miles 

(Department for Transport, 2024b). As of the year ending March 2023, local bus passenger 

journeys in England reached 3.4 billion, marking an increase19.3% compared to the 

previous year ending March 2022 (ibid). Over the period from March 2005 to March 2023, 

the trend in local bus usage in England shows an increase between March 2005 and March 

2009, followed by some fluctuations. However, there was a sharp decline in bus usage 

during the year ending March 2021, primarily due to travel restrictions imposed to curb the 

spread of COVID-19 throughout the year (ibid). In addition, some cities have developed 

tram and light rail systems as efficient urban transport solutions. The number of passengers 

traveling by light rail and tram steadily increased from 2011 to 2021, rising from 184 

million to 266 million in Great Britain (Department for Transport, 2021c). 

 

Furthermore, the UK has promoted active transport modes such as cycling and walking to 

reduce congestion and improve public health. An illustrative example of such initiatives is 

the Connect2 programme, which was designed to encourage greater participation in 

cycling and walking by improving frequently used routes to make them safer and more 

appealing while increasing accessibility. An investigation examined the effects of 

infrastructure projects within the Connect2 programme in Cardiff, Kenilworth, and 

Southampton (Sahlqvist et al., 2015). In 2011–2012, the proportion of participants 

reporting the use of new infrastructure increased by 3% in Cardiff, 9% in Kenilworth, and 

3% in Southampton. These infrastructures were predominantly utilised for recreational 
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walking, with 17% of individuals using them for commuting versus 39% who used them 

for leisure in these locations (Sahlqvist et al., 2015). Additionally, a study employing 

repeated before-and-after cross-sectional analyses of monitoring data from 84 locations in 

the UK revealed a significant increase in the use of upgraded paths associated with the 

Connect2 programme (Le Gouais et al., 2021). The median use of these upgraded routes by 

cyclists and pedestrians surged by 52% and 38%, respectively (Le Gouais et al., 2021). 

Furthermore, an investigation conducted by Brockman and Fox (2011) delved into a 

workplace transport scheme implemented at the University of Bristol, which aimed to 

enhance local road infrastructure and cycling facilities. This study revealed a sustained 

shift in behaviours, as observed over a nine-year period. Notably, self-reported car usage 

for commuting to work experienced a significant decline, plummeting from 50% to 33%. 

Simultaneously, the proportion of respondents who reported walking to and from work 

frequently (i.e. four to five times a week) witnessed an increase from 19% to 30%. 

Furthermore, there was a notable rise in the number of respondents who typically 

commuted by bicycle, which increased from 7% to 12%.  

 

In addition to the Connect2 programme, the U.K. Government’s Gear Change: A Bold 

Vision for Cycling and Walking document set an ambitious programme to transform 

cycling and walking in England (Department for Transport, 2020). This programme 

committed to developing better quality, safer, and more accessible infrastructure (e.g. 

segregated cycle lanes and traffic-free walking routes) and measures (e.g. lower speed 

limits and better traffic enforcement) to promote cycling and walking. To support the 

delivery of these objectives, the government committed £2 billion over five years and 

established Active Travel England to oversee and advise on the delivery of these projects 

(ibid). In 2024, Active Travel England announced that the government would allocate £101 

million in funding to enhance walking and cycling infrastructure across communities in 

England to improve the quality of these routes and increase public participation in active 

travel (GOV.UK, 2024). Similarly, devolved administrations in Scotland, Wales, and 

Northern Ireland each established specific strategies to promote active travel. Scotland’s 

commitment was reflected in its Cycling Action Plan for Scotland (Transport Scotland, 

2017). In Wales, active transport was prioritised in the Llwybr Newydd: The Wales 

Transport Strategy 2021 (The Department for Infrastructure, 2015). Northern Ireland also 

highlighted its dedication to active travel through the Northern Ireland Changing Gear – A 
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Bicycle Strategy for Northern Ireland. Hence, efforts have been made to promote active 

transport behaviour across the UK. 

 

In summary, the transportation systems discussed collectively shape the organisation of 

transportation in the UK to meet the diverse transportation needs of the populace. A robust 

transportation system is integral to this thesis since it indicates the availability of various 

modes of transportation for individuals to choose from when travelling.  

 

3.2 Data and variables 

 

This section first provides an in-depth description and introduction to the UK Household 

Longitudinal Study (UKHLS), which was the main data source for this thesis. Additionally, 

it outlines the number of mother-child pairs from UKHLS employed in the subsequent four 

empirical studies in Subsection 3.2.2. Subsection 3.2.3 also describes the key independent 

and dependent variables in each subsequent empirical study. 

 

3.2.1 UK Household Longitudinal Study  

 

Since the study focuses on individuals’ transport behaviours at different life stages 

(adolescence and early adulthood), a longitudinal dataset is required. Previous study has 

relied on retrospective methods, such as self-reported surveys, to collect data on past 

behaviours and attitudes based on participants’ memories (Haustein et al., 2009). However, 

such approaches are prone to recall bias, leading to discrepancies between reported and 

actual past behaviours (Müggenburg, 2021). In contrast, within the UK context, the UK 

Household Longitudinal Study (UKHLS) provides a robust longitudinal dataset, enabling a 

more accurate examination of individuals’ transport behaviours over time.  

 

Therefore, this thesis’s empirical research relies on data from the UKHLS, also known as 

the Understanding Society Survey (University of Essex, 2019). This extensive longitudinal 

survey was initiated in 2009 with approximately 40,000 households across the UK in its 
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first wave. Thirteen waves of surveys have been conducted to date. The primary objective 

of this survey is to gain insights into social and economic changes at the household and 

individual levels. The Economic and Social Research Council and various government 

departments fund the survey. The Institute for Social and Economic Research at the 

University of Essex is responsible for conducting this survey regularly.  

 

Davis-Kean et al. (2017) indicated that the UKHLS closely mirrors the U.K. population. 

Moreover, the UKHLS data are suitable for social research and policy analysis. Thus, to 

some extent, the socioeconomic attributes and behaviours observed in the survey sample 

are effectively generalised to the U.K. population (Davis-Kean et al., 2017). In addition, 

Fisher (2020) highlighted the similarities between the UKHLS and the UK Family 

Resources Survey concerning maternal attributes such as age, household size, ethnicity, 

and region. Hence, the UKHLS effectively represents this demographic within the U.K. 

population. 

 

In each wave of the UKHLS, the same group of individuals is surveyed at approximately 

12-month intervals (University of Essex, 2023b) to ensure the respondents are surveyed in 

approximately the same month annually. For example, if respondents were surveyed in 

January 2009 during Wave 1, they would be surveyed in January 2010 for Wave 2. Data 

collection for each wave of the survey spanned 24 months, which resulted in some overlap 

in the timing of the survey waves (Carpenter, 2020). For instance, the first data collection 

wave spanned January 2009 to December 2010 (24 months), while the second wave 

spanned January 2010 to December 2011. In a few cases, data collection could extend 

beyond the initial 24-month period, particularly for those who received survey invitations 

in the last two months of the second year of each wave (Carpenter, 2020). For instance, in 

cases where respondents were invited to participate in the survey during November or 

December 2010 during the first wave, it is likely that information about these respondents 

was not collected by December 2010 and extended into 2011.  

 

The UKHLS is comprised of three primary questionnaires (University of Essex, 2023a).  
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The first is the Household Survey (a), which focuses on household structure and 

socioeconomic factors, including geographic location (urban or rural) and household 

income.  

 

The second is the Individual Survey (b), which gathers data on the sociodemographic 

characteristics, behaviours, and attitudes of all individuals aged 16 and older in selected 

households. The survey includes variables such as gender, race, employment status, pro-

environmental attitudes, various NTPEB, and sustainable transport behaviours. It is 

important to note that not all waves of the UKHLS dataset include the NTPEB variables, 

which are the primary focus of this thesis. Only Waves 1, 4, and 10 contain the NTPEB 

variables. The questions related to NTPEB variables are asked only every few years, as 

these variables are expected to change less frequently, which helps to reduce the 

respondent burden by limiting the number of questions asked in each wave (University of 

Essex, 2024). 

 

Lastly, the Youth Survey (c) is designed to provide insights into the demographic 

characteristics of adolescents aged 10 to 15 and their behavioural patterns, such as their 

transport choice for commuting to school. 

 

To ensure consistent tracking of the same respondents across various survey waves, the 

UKHLS assigns a distinct personal identifier to each participant, regardless of whether 

they are 16 years and above participating in the Individual Survey (b) or youth aged 10–15 

participating in the Youth Survey (c). This personal identifier remains consistent across 

different questionnaires. This unique identifier facilitates tracing the same individual who 

completes different questionnaires during various survey waves. For instance, in a scenario 

where an adolescent participates in the Youth Survey (c) during Wave 4, subsequently 

transitions into young adulthood, and participates in the Individual Survey (b) during Wave 

10, the individual identifier can serve as a means to merge Youth Survey (c) and Individual 

Survey (b) data. Additionally, to ensure the accurate identification of parents for the 

adolescent respondents, the Youth Survey (c) separately provides unique identifiers for the 

mother and father that can be cross-referenced with the personal identifier in the Individual 

Survey (b).  
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3.2.2 Mother-child pairs in subsequent empirical studies 

 

Figure 3-2 depicts the process of obtaining studied mother-child pairs and highlights 

variations in their sizes across the four empirical studies. The first empirical study 

examined the connection between mothers’ NTPEB (e.g. eco-friendly purchasing 

behaviours and home energy conservation) during their children’s adolescence and their 

children’s sustainable transport choices to school during the same period. This study was 

based on data from Wave 4 (2012/13) of the UKHLS since it contained the most important 

variables related to NTPEB for this thesis. Wave 4 data provide not only variables related 

to NTPEB for mothers who completed individual survey (b), but also variables related to 

transport choices to school for adolescents who completed the youth survey (c). In 

addition, the second and third empirical studies of this thesis were longitudinal studies of 

the relationship between mothers’ NTPEB during their children’s adolescence and their 

children’s sustainable transport behaviours in young adulthood. These studies were based 

on the Wave 4 and 10 of UKHLS. Therefore, using Wave 4 data in the first study provided 

an essential baseline for examining these longitudinal relationships. For instance, the 

children surveyed in Wave 4 as adolescents were tracked as they transitioned from 

adolescence to young adulthood in Wave 10.
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Figure 3-2. The process of mother-child pair acquisition and change in the size of mother-child pairs across the four empirical studies 
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Wave 4 of the UKHLS surveyed 25,817 UK households. Nearly three-quarters of the 

families were from England, while those from Wales, Scotland, and Northern Ireland each 

accounted for less than 10%. The Wave 4 UKHLS dataset comprised responses from 

47,071 individuals aged 16 and older who participated in the Individual Survey (b) 

discussed in Subsection 3.1.1. Additionally, 4,045 adolescents between 10 and 15 years old 

completed the Youth Survey (c). To match mother-child pairs, this study utilised unique 

mother identifiers from the Youth Survey (c) completed by adolescent respondents to 

match the unique personal identifiers from the Individual Survey (b) completed by their 

mothers. This matching method successfully connected child respondents from the Youth 

Survey with their mothers from the Individual Survey and resulted in 3,846 mother-child 

pairs. Because there were 4,045 adolescents in Wave 4, there should logically be 4,045 

mother-child pairs. The reduction in the number of mother-child pairs from 4,045 to 3,846 

was attributed to two main factors. Firstly, 126 child respondents who resided in 

households without a mother were excluded. Secondly, the remaining decrease was 

attributed to issues related to missing or inaccurate personal identifiers within the 

Individual Survey (b), which hindered the successful matching of mothers and their 

respective children. 

 

Among the 3,846 mother-child pairs, 557 had missing data on essential study variables for 

various reasons.  

 

Firstly, respondents could have encountered situations where they lacked the necessary 

knowledge to answer specific questions, which led to missing values. A total of 60 

respondent mothers exhibited this missing data, which was notably prevalent in variables 

related to NTPEB.  

 

Secondly, some respondents might not have chosen to provide answers, which resulted in 

missing data. Only one respondent (i.e. a mother) refused to answer a question about 

NTPEB.  
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Thirdly, for inquiries related to NTPEB, data were solely collected when respondents were 

engaged in face-to-face interviews and consented to self-completing the questionnaire or 

surveyed via phone or the internet. Therefore, this case resulted in 232 respondent mothers 

with missing data. In the first empirical study, this particular reason was the leading cause 

of data loss for mother-child pairs.  

 

Fourthly, recording errors by data recorders could have also contributed to the missing 

values. A total of 112 child respondents had this type of missing data, which was prevalent 

in the school transport selection variable.  

 

The last reason leading to missing data in the respondents used for the first empirical study 

of this thesis occurs where the original respondent declined to be surveyed, and as a result, 

some questions were answered by a family member on behalf of the original respondent. It 

is important to emphasise that the questions answered by family members on behalf of the 

original respondent did not encompass inquiries regarding self-reported NTPEB. A total of 

179 respondent mothers showed this type of missing data. After excluding mother-child 

pairs with missing data, 3,289 mother-child pairs resulted. Furthermore, 267 mother-child 

pairs were omitted from the first study due to the adolescent respondents’ selection of a 

combination of transportation modes for their school commutes in the Youth Survey (b). 

These exclusions were necessitated by the survey’s lack of clarity regarding the specific 

combination of transport modes chosen by the adolescent respondents. Therefore, the first 

empirical study analysed 3,022 mother-child pairs. 

 

In the second empirical investigation of this thesis, a longitudinal approach was employed 

to examine the role of mothers’ NTPEB during their children’s adolescence in their 

children’s frequency of sustainable transport behaviours. Data from UKHLS Wave 4 

(2012/13) and Wave 10 (2018/19) were utilised for this research. 

 

The choice of Wave 10 data from the UKHLS was primarily driven by several key factors. 

One of the most crucial reasons was its collection period, from January 2018 to December 

2019, which preceded the COVID-19 pandemic in the UK. This timing was significant 



97 

 

because the pandemic profoundly impacted sustainable transport behaviours, NTPEB, and 

attitudes (Downey et al., 2021; Ramkissoon, 2020; Shulman et al., 2022). Using data 

collected before the pandemic ensured an accurate representation of the behaviours and 

attitudes under investigation in this thesis. Another important reason for selecting Wave 10 

data was their comprehensive coverage of variables essential for the second empirical 

research. These included NTPEB and pro-environmental attitudes, the frequency of 

sustainable transport, and choices related to sustainable work commuting. Although the 

six-year interval between Wave 4 and Wave 10 was shorter than ideal (since not all child 

respondents aged 10–15 in Wave 4 were over 18 by Wave 10), it was the most feasible 

timeframe given the various constraints. Longer gaps were impractical due to disruptions 

caused by the pandemic and the absence of necessary variables in other waves (e.g. Waves 

11, 12, and 13 did not contain variables relating to NTPEB and pro-environmental 

attitudes). 

 

To create the mother-child pairs for the second empirical study, child respondents in the 

mother-child pairs (from youth survey (b) in wave 4 of UKHLS) of the first empirical 

study were linked with 34319 respondents aged 16 years and older who took part in the 

individual survey (b) in Wave 10 of UKHLS, facilitated by a unique personal identifier. 

The child respondents, initially adolescents (aged 10-15) during the first empirical study in 

wave 4, had mostly transitioned into young adulthood (aged 18 or older) by the time of the 

Wave 10 survey. After removing mother-child pairs with missing data, 121 child 

respondents were found to be under the age of 18 (the details of how to remove mother-

child pairs with missing data are explained later). The link between these child respondents 

and their mother was already established in the first empirical study. As a result, a unified 

dataset that included information about mothers during their children’s adolescence and 

information about their children during their young adulthood can be constructed for the 

second empirical study. Ultimately, the study obtained data from 977 mother-child pairs. 

  

A significant reduction in the size of mother-child pairs occurred; the number decreased 

from 3,022 in the first empirical study to 977 in the second empirical study. This decline 

was attributed to various factors, including natural attrition as a primary contributor 

(Benzeval et al., 2020; Carpenter and Burton, 2017; Lynn, 2013). Over time, as the 
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UKHLS survey progressed from Wave 4 to Wave 10, some respondents surveyed in 

previous waves dropped out. One contributing factor to this attrition was the movement of 

child respondents as they grew up and moved away from their parents’ homes (James, 

2023). Although the UKHLS tried to track and reassign household numbers for those who 

moved, many individuals could not be traced to their new addresses. The data indicated 

that, on average, the attrition rate was approximately 15% between each consecutive pair 

of waves in the UKHLS. As a result, 2,071 mother-child pairs were lost from the first 

empirical study to the second empirical study, with 1,775 mother-child pairs remaining. 

 

Moreover, the second empirical study included child respondents’ pro-environmental 

attitudes, sustainable transport behaviours in young adulthood, and other relevant factors, 

which led to fewer respondents than the previous study. This expansion of variables also 

resulted in missing data; the second empirical study had 1,775 mother-child pairs, yet 798 

pairs had missing data for various reasons. For instance, 45 child respondents lacked the 

knowledge to answer specific questions, while ten chose not to answer certain questions, 

particularly those related to pro-environmental attitudes. Moreover, 283 child respondents 

did not complete a face-to-face interview related to pro-environmental attitudes. 

Furthermore, recording errors by data recorders resulted in missing data for 54 child 

respondents. Finally, 285 child respondents had family members answer some of the 

questions on their behalf related to NTPEB. After excluding mother-child pairs with 

missing data, 1,098 remained in the second empirical study. In addition, as previously 

mentioned, the second empirical study focused on child respondents who reached young 

adulthood (aged 18 or above). By excluding child respondents under 18, the number of 

mother-child pairs was further reduced to 977. 

 

The third empirical study investigated the role of mothers’ NTPEB during their children’s 

adolescence in their children’s sustainable transport choices for commuting to work and 

necessitated a further narrowing of the mother-child pairs. This specific analysis 

concentrated on those child respondents who entered the labour market in young 

adulthood. Consequently, 497 child respondents from 977 mother-child pairs in the second 

empirical study who had not yet commenced their professional careers were excluded, 

which resulted in 480 mother-child pairs in the third empirical study. The fourth empirical 
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study used these 480 mother-child pairs to analyse the role of mothers’ NTPEB in their 

children’s maintenance of sustainable transport choices during adolescence to young 

adulthood.  

 

It is important to note that, although not the primary focus of this thesis, an attempt is also 

made to link fathers to their children using the same method outlined above. However, it 

was found that the number of father-child pairs is significantly lower than the number of 

mother-child pairs. In the first empirical study, there were only 1,745 father-child pairs, 

while in the second empirical study, this number dropped to 563 pairs. In the third and 

fourth empirical studies, the number of father-child pairs further decreased to 278. The 

primary reason for this data loss is the reluctance of father participants to participate in 

face-to-face interviews, agree to complete the questionnaire independently, or respond to 

surveys conducted via phone or the internet. Such substantial data loss undoubtedly 

impacts the representativeness of the research. This may also explain why, in all of the 

studies in this thesis, mother-child pairs were prioritized. The next subsection specifies 

each empirical study’s main independent and dependent variables. 

 

3.2.3 Main independent and dependent variables 

 

This subsection focuses on the main independent and dependent variables used in the four 

empirical studies. Four dependent variables are introduced. 

 

The dependent variable in the first empirical study: The first empirical study was a 

cross-sectional study of the relationship between mothers’ NTPEB during their children’s 

adolescence and their children’s sustainable transport choices to school during the same 

period, based on 3,022 mother-child pairs from Wave 4 of the UKHLS. Therefore, the 

dependent variable was the child respondents’ transport choices to school during 

adolescence, with three distinct categories: active transport, public transport, and cars.  
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This categorisation was based on the sustainability of the various modes of transport. Cars 

were regarded as the most unsustainable mode of transport due to their significant 

contribution to pollution. Public transport was considered a sustainable mode with a 

medium level of environmental sustainability. While it was motorised and contributed to 

environmental pollution, it offered the advantage of accommodating more passengers, 

which reduced per-capita emissions. Active transport (e.g. walking and cycling) was 

another type of sustainable transport that reflected the highest sustainability level 

(Bearman and Singleton, 2014). This categorisation was used in the existing literature on 

sustainable transport to school (Müller et al., 2008; Nordfjærn et al., 2016).  

 

These three dependent variables were aggregated based on the most frequently used modes 

of transportation to school, as answered by child respondents in the UKHLS Youth Survey 

(b) of Wave 4. Adolescents were asked if they usually walked, bicycled, went by car or 

train, or went by bus or subway to school. Specifically, selections indicating “walk all the 

way to school” or “bike all the way to school” were amalgamated under the “active 

transport” category of the dependent variable. The “public transport” category of the 

dependent variable subsumed those opting for “ride the bus or subway” or “ride the train”. 

The unaltered survey response of “car” continued to denote its distinct category (the “cars” 

category of the dependent variable).  

 

The dependent variable in the second empirical study: The second empirical study 

examined the correlation between mothers’ NTPEB during their children’s adolescence 

and the frequency of their children’s sustainable transport behaviours in young adulthood. 

Moreover, the role of the children’s pro-environmental attitudes during young adulthood in 

this correlation was also analysed. Hence, the dependent variable was the frequency of 

sustainable transport behaviours in the children’s young adulthood.  

 

Wave 10 of the UKHLS directly provides four survey items related to the frequency of 

various sustainable transport modes, such as cycling, buses, train and underground, tram or 

light rail. However, it is important to note that the UKHLS does not include information on 

the frequency of walking, which is one of the most common forms of sustainable transport. 

Furthermore, these four survey items related to frequency of transport use does not account 
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for the impact of travel distance. In addition, Wave 10 of the UKHLS includes two other 

survey items related to pro-environmental behaviours that can also capture the frequency 

of sustainable transport behaviour. The first item asks participants about the frequency 

with which they choose to walk or cycle (i.e., active transport) for shorter journeys, 

specifically those covering distances of two to three miles. The second item inquiries about 

the frequency of using public transport, such as buses or trains, instead of using cars. 

Participants responded on a scale from 1 (never) to 5 (always). These items were designed 

to capture the frequency of adopting active and public transport modes over car travel, 

making them reliable proxies for sustainable transport behaviours. By incorporating travel 

distance restrictions for active transport, the study effectively controls for the potential 

influence of distance on transport choices. Additionally, the public transport items reflect 

its role as a substitute for car use, further strengthening the focus on sustainable transport. 

Therefore, these two survey items were used as the dependent variables in the second 

empirical study. Moreover, the average of the responses to these two survey items was 

calculated to derive a composite score representing the overall frequency of sustainable 

transport behaviours. 

 

The dependent variable in the third empirical study: The third empirical study is an 

expansion of the second empirical study. The third empirical study aimed to test whether 

the correlation between mothers’ NTPEB and children’s overall frequency of sustainable 

transport behaviours in young adulthood, as analysed in the second empirical study, 

persisted specifically in the context of children’s commuting to work in young adulthood. 

Since the second empirical study focused on the overall frequency of sustainable transport 

behaviours, the third empirical study did not need to separate sustainable transport modes 

into categories like active transport and public transport. Instead, it focused on the overall 

use of sustainable transport for commuting. Therefore, in the third empirical study, the 

dependent variable—children’s transportation choices for commuting to work—was 

categorized into two groups: sustainable transport modes and cars. 

 

These categories were formulated based on the primary mode of transportation to work, as 

reported in Wave 10 of the UKHLS. Specifically, responses indicating “drive myself by car 

or van”, “being driven in a family car”, “getting a ride from someone outside their family”, 
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“motorbike”, and “taxi/minicab” were grouped under the “cars” classification of the 

dependent variable. Conversely, the “sustainable transport mode” classification 

encompassed individuals who chose “bus/coach”, “train”, “walk”, “cycle”, or 

“underground/Metro/tram/light railway”. 

 

The dependent variable in the fourth empirical study: The fourth empirical study 

focused on assessing the role of mothers’ NTPEB during their children’s adolescence in 

their children’s maintenance of sustainable transport choices from adolescence to young 

adulthood. The dependent variable was the maintenance of sustainable transport choices 

for children from adolescence to young adulthood.  

 

This research introduced the variable “consistent sustainable choice” (sustainable transport 

mode during both adolescence and young adulthood) to measure and quantify the 

persistence of sustainable transport choices among the sampled children from adolescence 

to young adulthood. As shown in Figure 3-3, this variable was derived from comparing the 

transport choices of the child respondents when they attended school during adolescence 

(Wave 4) with the transport choices they made when they went to work as they grew into 

young adults (Wave 10). If child respondents opted for walking, cycling, taking the train, 

or using the bus/subway to travel to school during adolescence (referring to the dependent 

variable in the first empirical study for specifics) and later chose sustainable transport 

modes for commuting to work as young adults (referring to the dependent variable in the 

third empirical study for specifics), it indicated a consistent preference for sustainable 

transportation from adolescence to young adulthood. 
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Figure 3-3. Measures of maintenance in sustainable transport choices from adolescence to 

young adulthood 

 

 

Concerning the independent variables, mothers’ NTPEB during their children’s 

adolescence were the main independent variables of all empirical studies in this thesis. 

Notably, the survey items related to mothers’ NTPEB during their children’s adolescence 

were consistent across all empirical studies. 

 

Mother’s NTPEB during their children’s adolescence: Emphasis was placed on 

everyday family activities with environmental relevance that mothers often participated in 

to understand the NTPEB of mothers during their children’s adolescence (see Table 3.1). 

Moreover, the observability of the mothers’ behaviours to the offspring was critical. 

Matthies et al. (2012) found that intergenerational transmission of NTPEB was only 

possible if the children observed their mothers’ NTPEB. Consequently, mothers’ eco-

friendly purchasing and energy conservation behaviours were chosen, which Grønhøj and 

Thøgersen (2017) showed to influence similar tendencies in their children. Accordingly, 

six survey items in Wave 4 were implemented to assess maternal engagement in energy 

conservation and eco-friendly purchasing practices within households during children’s 

adolescence. The survey items included inquiries about the frequency with which mothers 

turned off lights in unoccupied rooms and their regular use of their shopping bags when 
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shopping (see Table 3-1 for the other four survey items). Responses were measured on a 

scale from 1 (never) to 5 (always), with higher values indicating more frequent behaviours. 

 

Table 3-1. Mother’s NTPEB during their children’s adolescence 

 

In addition, the second and third empirical studies involved children’s pro-environmental 

attitudes in young adulthood. The survey items concerning children’s pro-environmental 

attitudes during young adulthood were consistent in both. 

 

Children’s pro-environmental attitudes in young adulthood: Six survey items 

concerning the extent of agreement or disagreement with the notion that “the changes 

made must be in line with my current lifestyle” that measured children’s pro-

environmental attitudes toward climate change in young adulthood were included in Wave 

10 survey of the UKHLS (see Table 3-2 for the other five survey items). They measured 

children’s pro-environmental attitudes in young adulthood, with responses rated on a 5-

point Likert scale (1 = strongly agree; 5 = strongly disagree). In this context, a higher score 

indicated a stronger pro-environmental attitude or more support for environmental 

conservation.  

 

These survey items originated from the New Ecological Paradigm Scale (Dunlap et al., 

2000), an instrument developed and continually improved by drawing from decades of 

environmentalist research commencing in the 1970s. These survey items aimed to 

represent a broad understanding of the environment while capturing fundamental 

Mother’s NTPEB (1. Never ~ 5. Always) 

Do not keep the tap running while you brush your teeth 

Turn off lights in rooms when not in use 

Not leaving the TV on standby for the night 

Not buying something because of too much packaging 

Buying recycled paper products 

Taking along a shopping bag for shopping 
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viewpoints and attitudes regarding the interplay between humanity and the natural 

environment.  

 

Table 3-2. Children’s pro-environmental attitudes in young adulthood 

 

Despite not being the primary independent variable in this thesis, mothers’ pro-

environmental attitudes in their children’s adolescence were included in all empirical 

studies. All survey items used to measure mothers’ pro-environmental attitudes in their 

children’s adolescence were the same as those used to measure their children’s pro-

environmental attitudes in young adulthood. However, the items used to measure mothers’ 

pro-environmental attitudes in their children’s adolescence were taken from Wave 4 of the 

UKHLS. Figure 3-4 shows the relationship between the main independent and dependent 

variables for all empirical studies in this thesis, with their sources.  

Children’s Pro-Environmental Attitudes (1 = strongly agree, 5 = strongly disagree) 

Any changes I make to help the environment must fit with my lifestyle. 

The so-called ‘environmental crisis’ has been greatly exaggerated. 

Climate change is beyond our control; it is too late to do anything. 

The effects of climate change will occur too far in the future to truly worry me. 

It is not worth me doing things to help the environment if others do not. 

It is not worth the UK combatting climate change because other countries will cancel out 

what it does. 
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Figure 3-4. The relationship between the main independent and dependent variables 
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3.3 Data analysis methods  

 

This section focuses on the specific data analysis methods employed for the four empirical 

analyses in this thesis. The first empirical study examines the relationship between 

mothers’ NTPEB during their children’s adolescence and the children’s school travel mode 

choices at the same stage. Given that the dependent variable—school travel mode choice 

during adolescence—is a categorical variable with three possible outcomes and there is no 

interaction of latent variables, multinomial logistic regression is employed (see Subsection 

3.3.1 for details). The second empirical study investigates the relationship between 

mothers’ NTPEB during their children’s adolescence and their children’s overall frequency 

of sustainable travel behaviours in young adulthood. Additionally, it explores the mediating 

role of children’s pro-environmental attitudes in young adulthood. Since the dependent 

variable in this study is continuous and the analysis involves latent variables (i.e., pro-

environmental attitudes in adulthood) as well as mediation effects, structural equation 

modelling is applied (see Subsection 3.3.2 for details). The third empirical study focuses 

on the relationship between mothers’ NTPEB during their children’s adolescence and their 

children’s use of sustainable commuting modes in young adulthood, with children’s pro-

environmental attitudes in young adulthood as a mediating factor. This study also involves 

mediation analysis and latent variables; however, given that the dependent variable—

sustainable commuting mode in adulthood—is binary, integrated choice and latent variable 

modelling is adopted (see Subsection 3.3.3 for details). The fourth empirical study extends 

the analysis by examining the relationship between mothers’ NTPEB during their 

children’s adolescence and their children’s persistence of sustainable commuting 

behaviours from adolescence to young adulthood. Similar to the third study, it incorporates 

mediation analysis and latent variables, and the dependent variable is also binary. 

Therefore, integrated choice and latent variable modelling is again employed (see 

Subsection 3.3.3 for details). 

 

3.3.1 Multinomial logistic model 

 

The dependent variable in the first empirical study was the child respondents’ choice of 

transport to school during adolescence. It was set as a categorical variable with three 
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categories: active transport, public transport, and cars (mentioned in Subsection 3.2.3). In 

the first empirical study, multinomial logistic regression was chosen, which allowed the 

dependent variables to be categorical variables with more than two different, separable, 

and unrelated categories (Kwak and Clayton-Matthews, 2002; So and Kuhfeld, 1995). In 

transport research, multinomial logistic regression has been applied to various aspects of 

transport users’ decision-making (McCafferty and Hall, 1982; Sharma et al., 2019; Thrane, 

2015). 

 

Multinomial logistic regression may be derived using random utility theory, which was 

first formalised by Manski (1977). Accordingly, decision-maker 𝑛 (𝑛 = 1…, N) chooses an 

alternative 𝑖 from a set of 𝐼 (𝑖 =  1, … , 𝐼) alternatives that are mutually exclusive, finite, 

and collectively exhaustive. The attractiveness of the available alternatives is expressed as 

the function of the attributes called utility (𝑈𝑛,𝑖). Hence, utility is interpreted as the 

attractiveness of the available alternatives to the decision-maker. This theory hypothesises 

that each decision-maker (e.g. the transport choice decision-maker) is rational, and each 

rational decision-maker can choose the alternative (𝑖) that has maximised utility (Cascetta, 

2009). The utility (𝑈𝑛,𝑖) of each alternative (𝑖) is usually determined by its characteristics 

or attributes and decision-maker 𝑛, which are measurable and observable by a researcher 

aiming to model the decision-maker’s choice behaviours. Notably, utility (𝑈𝑛,𝑖) also 

includes the unobserved factors by the researcher, so 𝑈𝑛,𝑖 must be represented by a random 

variable. 

 

According to random utility theory, the subsequent description provides the multinomial 

logistic regression in mathematical form. The mathematical forms of the first empirical 

study in this thesis were drawn from the formulas proposed by Sharma et al. (2019) and 

were modified to suit the specific research questions addressed in this study. In the first 

empirical study, each child 𝑛 (𝑛 = 1…, 3,022) had a set of mutually exclusive alternatives 

𝐼 (𝑖 = 1: active transport, 2: public transport, 3: car). In the first empirical study, 

alternatives signified the children’s choice of transport to school in adolescence. Child 𝑛 

chose alternative 𝑖, which yielded utility 𝑈𝑛,𝑖. Each alternative’s utility was described as a 

function of explanatory variables (𝑉𝑛,𝑖) forming the systematic part of the utility (i.e. the 

deterministic part), and disturbances (𝜀𝑛,𝑖), which represented the unobserved component 
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of the utility function of transport choice 𝑖 for respondent 𝑛. The deterministic part 𝑉𝑛,𝑖 of 

the utility equation depended on independent variables that could be correlated with 

children’s transport choice to school in adolescence. The choice of independent variables 

in the first empirical study of this thesis is described in detail in Subsection 4.1.3.2. 𝜀𝑛,𝑖 

was assumed to be independent and identically distributed while following the Gumbel 

probability distribution. Equation 1-1 shows the mathematical formulation of 𝑈𝑛,𝑖.  

 

𝑈𝑛,𝑖 = 𝑉𝑛,𝑖 + 𝜀𝑛,𝑖 (1-1) 

 

The multinomial logistic regression assumed the disturbances (𝜀𝑛,𝑖) of utility functions 

(Equation 1-1) were independent, identically distributed, and followed the Gumbel 

probability distribution. This assumption led to the probability of child 𝑛 choosing the 

alternative 𝑖 as given by Equation 1-2. Moreover, 𝑦𝑛,𝑖 was an indicator representing 

whether child 𝑛 chose 𝑖 (Equation 1-3).  

𝑃(𝑦𝑛,𝑖) =
𝑒𝑥𝑝(𝑉𝑛,𝑖)

∑ 𝑒𝑥𝑝(𝑉𝑛,𝑗)3
𝑗=1

 (1-2) 

 

 𝑦𝑛,𝑖 = {
1,   𝑖𝑓 𝑈𝑛,𝑖 ≥ 𝑈𝑛,𝑗  𝑖 ≠ 𝑗

0,                  𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 (1-3) 

 

Within the multinomial logistic regression, the baseline category served as a reference 

point for comparing it with other categories. In the first empirical study, the reference 

category was represented by the term “car”, which resulted in two comparisons: “active 

transport vs car” and “public transport vs car”. For the purpose of model interpretation, 

odds ratios were computed and employed to investigate how the independent variable 

influenced the choice of active or public transport compared to the baseline category (i.e. 

cars). Specifically, the odds ratios for an independent variable indicated the extent of 

increase (odds ratios > 1) or decrease (odds ratios < 1) in the likelihood of opting for a 

specific sustainable transport choice (active and public transport) relative to the base 

category (cars) (Adams and Conway, 2021). The odds ratios of each independent variable 

were calculated by exponentiating the estimated coefficients of each independent variable. 
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These odds ratios ranged from 0 to +∞. The multinomial logistic regression model used the 

maximum likelihood estimation to estimate the regression coefficient. 

 

Concerning the goodness of fit in multinomial logistic regression, a frequently employed 

criterion is the likelihood ratio index, commonly known as the McFadden pseudo 𝑅2 

(McFadden, 1972; Smith and McKenna, 2013). McFadden pseudo 𝑅2 is on a scale ranging 

from 0 to 1, with higher values indicating better model fit (Hossain, 2023). McFadden 

pseudo 𝑅2 can be expressed by the following mathematical equation (Abdulhafedh, 2017): 

 

𝑀𝑐𝐹𝑎𝑑𝑑𝑒𝑛′𝑠 𝑅 − 𝑠𝑞𝑢𝑎𝑟𝑒 =  1 −  
ln 𝐿𝑀

ln 𝐿0
 (1-4) 

 

Here, 𝐿0 represents the value of the likelihood function for a model with no predictors (i.e. 

an intercept-only model) while 𝐿𝑀 is the likelihood function for the model being estimated 

(model with all variables). McFadden pseudo 𝑅2 measures the improvement of the full 

model over the intercept-only model. When comparing two models on the same data, 

McFadden’s pseudo 𝑅2 is higher for the model with the greater likelihood, which indicates 

a better fit (Abdulhafedh, 2017).  

 

Moreover, the Akaike information criterion was used to assess the fit of the multinomial 

logistic regression model to the data (Akaikei, 1973). Lower Akaike information criterion 

values represented a better model fit (Cavanaugh and Neath, 2019). The Akaike 

information criterion value is related to the goodness of fit and the number of parameters in 

the model. It penalises a model that uses more parameters. Therefore, if two models have 

the same fit, the model with fewer parameters has a lower Akaike information criterion 

score (Cavanaugh and Neath, 2019). Numerous studies have provided empirical support 

for the effectiveness of the Akaike information criterion value as a measure of model fit 

when comparing various models (e.g. assessing which model better fits the data) (Cafiso et 

al., 2010; Ma et al., 2016; Sasidharan and Menéndez, 2014). The Akaike information 

criterion value is calculated using Equation 1-5, drawn from Sasidharan and Menéndez 

(2014). 
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Akaike information criterion = 2𝑞 − 2 𝑙𝑛(𝐿) (1-5) 

 

where 𝑞 represents the number of parameters in the model, and 𝐿 corresponds to the 

maximum likelihood value of the fitted model.  

 

In addition, the multicollinearity of independent variables was also checked in the first 

empirical study. Multicollinearity is a statistical issue where independent variables in the 

multinomial logistic regression model exhibit a linear relationship (Blalock, 1963). This 

problem can arise from various sources, including variable selection, data collection 

methods, sampling techniques, and respondent outliers (Schroeder et al., 1990). 

Multicollinearity reduces the precision of the estimated coefficients and increases the p-

value, which results in variables that should be statistically significant but are not 

(Thompson et al., 2017). Sometimes, multicollinearity even changes the sign of the 

coefficients (from a positive to a negative correlation). Although multicollinearity affects 

the coefficients and p-values, it does not influence the prediction of new observations or 

goodness-of-fit statistics (Neter et al., 1996). The variance inflation factor value is usually 

used to detect the severity of multicollinearity in multinomial logistic regression 

(Thompson et al., 2017). It quantifies how much the variance of an estimated regression 

coefficient is inflated due to collinearity. When the variance inflation factor value exceeds 

10, multicollinearity exists in the independent variables (Emmanuel and Maureen, 2021).  

 

3.3.2 Structural equation model 

 

The second empirical study sought connections between mothers’ NTPEB during their 

children’s adolescence, their children’s pro-environmental attitudes, and their children’s 

frequency of overall sustainable transport behaviour in their adult years. Thus, structural 

equation model was used.  
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Structural equation model offers more than just insights into direct relationships between 

variables; it is adept at unveiling indirect associations via mediating variables (Kaplan, 

2008). The influence of one variable on another is categorised into three types: direct 

effect, indirect effect, and total effect (Kang and Ahn, 2021). Direct effects represent the 

direct links between the dependent and independent variables, which are unaffected by a 

mediator. In contrast, indirect effects encompass all effects between two variables that 

involve a mediating variable. The total effect is the sum of the direct and indirect effects 

(Bollen, 1987).  

 

This approach aligned seamlessly with the aim of this research: to investigate the 

mediating role of pro-environmental attitudes of children during early adulthood in the 

relationship between their mothers’ NTPEB during the children’s adolescence and the 

frequency of sustainable transport behaviours these children make in their young adult life. 

Structural equation model has been used extensively in transport studies (Golob, 2003). 

 

Structural equation model traditionally comprises two main components: a measurement 

model and a structural model (Ullman and Bentler, 2012). The measurement model 

establishes a connection between the latent variables (i.e. constructs) and their respective 

indicators (i.e. survey items) (Hair et al., 2021). Measurement modelling is also called 

confirmatory factor analysis (Mueller and Hancock, 2001). In the simplest case, a linear 

factor model is appropriate for describing the mapping of these latent variables on the 

indicators using the following measurement equation (2-1). 

 

 𝐼𝑁𝐷n,z
𝑘 = 𝛬𝑘latent variables𝑧 + 𝜆𝑛,𝑘,𝑧 (2-1) 

 

Here, each respondent 𝑛 (𝑛 = 1…, N) has a set of latent variables 𝑧 (𝑧 = 1…, Z). 𝐼𝑁𝐷𝑘 

signifies the indicators 𝑘 (𝑘 = 1 … , 𝐾) employed to measure the respective latent variables 

𝑧. 𝐼𝑁𝐷n,z
k  denotes the indicator (𝑘) used to measure the latent variable (𝑧) of the 

respondents (𝑛). The coefficients 𝛬𝑘 (factor loadings) represents the influence of the latent 

variables (z) within the measurement models. Factor loadings can vary between –1 and 1. 

The closer the factor loading is to –1 or 1, the greater the effect on the variable. A factor 
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loading of 0 indicates no effect. In addition, factor loadings of an indicator are inadequate 

if they are less than 0.3 since they contribute less than 10% to the variation in the latent 

variable measured (Boateng et al., 2018). Moreover, 𝜆𝑛,𝑘,𝑧corresponds to the error 

component of the measurement equation. This error term is characterised by a 0 mean and 

a predefined standard deviation, which encapsulates the variability unexplained by the 

model. Corresponding factor scores for the latent variables are calculated after 

measurement modelling. These scores range from –3.0 to +3.0 and have a mean value of 0, 

similar to standardised Z-score metrics (DiStefano et al., 2009). 

 

In structural equation model, latent variables are exogenous or endogenous. Structural 

models measure the influence of exogenous latent variables (𝜏) on endogenous latent 

variables (𝜃). The structural model is formulated as equation (2-2), where 𝛼 are the 

regression coefficients to be estimated. The terms 𝜂 values are random error variables. 

Without latent variables, structural equation model with only observed variables resembles 

path analysis.  

 

Endogenous latent variables𝑛,𝜃 =  𝛼 ∗ Exogenous latent variables𝑛,𝜏 + 𝜂𝑛  (2-2) 

 

In structural equation model, regression coefficients 𝛼 are usually estimated by analysis of 

covariance by finding model parameters 𝛼 so that the variance and covariance implied by 

the structural equation modelling system are as close as possible to the observed 

respondents’ variance and covariance (Ullman and Bentler, 2012). In this context, 

estimation methods of structural equation model include the maximum likelihood, 

generalised least squares, weighted least squares, the weighted least squares mean 

adjustment, and the weighted least squares mean square variances adjustment (Tarka, 

2017).  

 

Kaplan (2008) highlighted the need to consider each method’s underlying assumptions, the 

variables’ scale properties, the respondents’ size, and the complexity of the structural 

equation model when selecting an appropriate estimation method of structural equation 

model. For instance, the most frequently used estimation method of structural equation 
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model is the maximum likelihood, predicated on the assumption of the multivariate normal 

distribution of all continuous endogenous variables (including all observed and latent 

endogenous variables) in the model (Mindrila, 2010). Nevertheless, this assumption does 

not hold in empirical studies such as this thesis’s second empirical section; thus, deviations 

from normality led to estimation bias and model non-convergence (Mindrila, 2010). In 

contrast, the weighted least squares mean square variances estimation does not rely on the 

normality assumption and alleviates the need for large sample sizes by reducing the 

computational intensity of traditional weighted least squares estimation (Finney and 

DiStefano, 2006), which applies to the analyses in the second empirical study. 

 

Regarding model evaluation, various criteria assess overall goodness of fit in structural 

equation model. For example, the chi-square statistic 𝜒2 is a traditional method of 

assessing the overall fit of the structural equation model by evaluating the extent to which 

the covariance matrices of the sample differ from the fitted covariance matrix in the 

structural equation model constructed (Hu and Bentler, 1999). A smaller 𝜒2 value typically 

suggests a better fit of the structural equation model. Regarding the p-value of the chi-

square, a well-fitting model should produce an insignificant result. Specifically, for a 

model to be considered well-fitted at a significance level of 0.05, the p-value should be 

greater than 0.05. However, the 𝜒2 statistic is impacted by sample size (Schermelleh-Engel 

et al., 2003). In the case of large samples, even a minor deviation from a perfect fit can 

yield statistically significant chi-square test results (Alavi et al., 2020). Therefore, the chi-

square statistic does not contribute to understanding the fit of models with large sample 

sizes (e.g., the model for the second empirical study). To address the negative effect of 

large sample sizes on the chi-square statistic, relative or normalised chi-squares (
𝜒2

𝑑.𝑓.
) 

mitigate the effect of sample size. Values (
𝜒2

𝑑.𝑓.
) less than 5 are generally considered 

acceptable (Wheaton et al., 1977). This adjusted statistic allows for a more robust 

assessment of model fit, especially in cases where the traditional 𝜒2 statistic does not 

provide an accurate assessment due to large sample sizes. 

 

Furthermore, the normative fit index measures the degree of fit in structural equation 

model. The normative fit index evaluates the model by comparing the 𝜒2 value of the 
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model to that of the null model, which represents the worst-case scenario in which all 

measured variables are uncorrelated. A value of the normative fit index above 0.90 

generally indicates an acceptable model fit (Marsh and Hau, 1996).  

 

Based on the normative fit index, the Tucker-Lewis index, also known as the non-

normalised fit index, assesses the difference between the 𝜒2 of the hypothetical structural 

equation model and the 𝜒2 value of the null (empty) model. The Tucker-Lewis index adds 

a penalty for increased parameters to the normative fit index. The Tucker-Lewis index 

value above 0.90 or 0.95 is acceptable (Hu and Bentler, 1999).  

 

The comparative fit index is an improved version of the normative fit index that considers 

the respondents’ size. It measures the ratio between the discrepancy of the target model and 

that of the independence model. Values closer to 1 generally indicate an acceptable fit.  

 

The goodness of fit index and the adjusted goodness of fit index measure how well the 

proposed model explains the observed covariance. A higher goodness of fit index indicates 

a better fit. Similarly, value above 0.90 is acceptable. 

 

In addition, the root mean square error of approximation assesses the population 

discrepancy per degree of freedom by considering the effects of model complexity. The 

root mean square error of approximation values below 0.06 suggest a good fit, while values 

up to 0.08 represent a reasonable fit.  

 

Finally, the standardised root mean squared residual is the square root of the 

discrepancy between the residuals of the respondent’s covariance matrix and the 

hypothesised covariance model. Values below 0.08 indicate a good fit (Hu and Bentler, 

1999).  
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Attention should also be paid to testing the reliability and validity of multiple indicators 

used to measure the structure of latent variables in measurements of structural equation 

model (Hair et al., 2021). The concepts of reliability and validity are essential for assessing 

the effectiveness of various methods, techniques, and tests. Reliability refers to the 

consistency with which a certain measurement is obtained (Fornell and Larcker, 1981). 

Therefore, if the measurement is repeated under similar conditions, the results should be 

consistent each time (Cheung et al., 2024). In comparison, validity relates to the accuracy 

of the measurement results. It assesses whether the measurement results accurately reflect 

the concept or structure to be measured. Thus, reliability is concerned with the 

measurement process, while validity refers to whether the measurement accurately 

captures the essence of what is being measured.  

 

In terms of the reliability of indicators, in structural equation model, structural reliability, 

also known as composite reliability, is often used as a measure of reliability (Raykov, 

1997). Hair et al. (2021) stated that the minimum composite reliability value is 0.7, while 

0.6 is also feasible in exploratory research. Regarding the validity of indicators, composite 

reliability focuses on the internal consistency of indicators intended to measure the same 

construct (Bagozzi, 1981). Hence, different measures or questions to assess the same 

concept should highly correlate (Carmines and Zeller, 1979). The average variance 

extracted metric can be used to test convergent validity (Cheung et al., 2024). The average 

variance extracted metric measures the amount of variance a construct explains in its 

indicators compared to the total variance. According to the criteria, for a construct to 

demonstrate acceptable convergent validity, its average variance extracted value should be 

no less than 0.5 (Cheung et al., 2024). This threshold implies that the construct should 

explain at least 50% of the variance in its indicators (Fornell and Larcker, 1981). 

 

3.3.3 Integrated choice and latent variable models 

 

The third empirical study assessed the connections between mothers’ NTPEB during their 

children’s adolescence and their children’s adoption of sustainable transport choices for 

commuting to work in young adulthood. Hence, the Integrated choice and latent variable 
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model was employed as a sophisticated analytical framework combining latent variable 

and discrete choice models. 

 

The latent variable model is a multiple-indicator, multiple-cause model with two 

components: structural models and measurement models. The latent variable model is 

consistent with the structural equation model described above, so the formula is not 

repeated here. This subsection uses the formulas shown in the structural equation model for 

illustration. Thus, the relationship between exogenous and endogenous latent variables was 

analysed in the structural model of the latent variable model as represented using 

Formulation 2-2. The measurement model established a connection between the latent 

variables and their respective indicators (i.e. questions). In the simplest case, a linear factor 

model is appropriate for describing the mapping of these latent variables on the indicators, 

which leads to the following measurement equation (2-1). Another component of the 

integrated choice and latent variable model, the discrete choice model, was used to assess 

the relationship of the latent variable and all of its control variables with the dependent 

variable. The discrete choice model of the integrated choice and latent variable model can 

be viewed as a multinomial logistic regression model. Therefore, the mathematical 

formulations (1-1, 1-2, and 1-3) of the multinomial logistic regression model were also 

consistent with the mathematical formulas of the discrete choice model of the integrated 

choice and latent variable model. 

  

Two primary methods estimate the parameters within the integrated choice and latent 

variable model: sequential and simultaneous. The sequential approach is a two-tiered 

process that initially estimates latent variable models. Next, latent variables derived from 

the first step are incorporated into choice models (Bahamonde-Birke and Ortúzar, 2014). 

While this method offers the advantage of simplicity and compatibility with standard 

software designed for discrete choice and latent variables models (Raveau et al., 2010), it 

does not account for the interplay among latent variables.  

 

Hence, the empirical studies of this thesis adopted the simultaneous estimation method. 

The estimation utilised the maximum likelihood approach, while Monte Carlo simulation 

was employed for integration. However, the integrated choice and latent variable model 
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was used in the fourth empirical study concerning the role of mothers’ NTPEB in 

children’s persistent sustainable transport choices from adolescence to adulthood because 

the dependent variable was categorical and contained potential independent variables. 

 

3.4 Summary of methodology 

 

This chapter focused on the research data and methodological framework for all empirical 

studies in this thesis. The Understanding Society Survey (i.e. the UKHLS) dataset was 

used. The first empirical investigation adopted a cross-sectional methodology for 

Hypothesis 1 to examine the link between mothers’ NTPEB and their children’s choice of 

sustainable transportation modes to school in adolescence. This analysis employed 

multinomial logistic regression on the dataset comprising 3,022 mother-child pairs from 

Wave 4 of the UKHLS. 

 

The second empirical study tested Hypothesis 2, which explored overarching sustainable 

transport behaviours (e.g. the frequency of sustainable transport behaviours) of children in 

young adulthood. The investigation examined the role of maternal NTPEB during their 

children’s adolescence in the frequency of sustainable transport behaviours of children in 

young adulthood, alongside the mediating effect of the children’s pro-environmental 

attitudes in young adulthood. This exploration was facilitated through structural equation 

model, which integrated data from Waves 4 and 10 of the UKHLS involving 977 mother-

child pairs. The third empirical study tested Hypothesis 3 with 480 mother-child pairs from 

Waves 4 and 10 concerning the association between mothers’ NTPEB during their 

children’s adolescence and their children’s sustainable transport choices for commuting to 

work in young adulthood using the integrated choice and latent variable model. The 

reduced size of respondents was because the study of children’s sustainable transport 

behaviours to work as young adults focused only on those children who had started 

working while excluding those not yet employed. The fourth empirical research persisted 

with the same subset of 480 mother-child pairs and applied the integrated choice and latent 

variable model to investigate the correlation of maternal NTPEB during the children’s 

adolescence with the persistence of children’s sustainable transport choices from 
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adolescence to young adulthood. The next chapter presents the results of the four empirical 

studies.  
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Chapter 4. Results 

 

This chapter presents the results of the four empirical studies conducted to fulfil each study 

objective. This chapter also provides an introductory subsection and restates the 

hypotheses of the studies to provide a clearer picture of each. The primary method used in 

each empirical study is also described. 

 

4.1 The relationship between mothers’ NTPEB and their children’s choice of 

sustainable transport modes for commuting to school during adolescence 

 

4.1.1 Introduction  

 

The section focuses on the first empirical study, which sought to fulfil objective A. As 

discussed in Subsection 2.2.2, previous research has identified parental factors as 

determinants of adolescents’ school travel choices. These factors include 

sociodemographic aspects such as parental employment status and education level, as well 

as psychological components such as parental positive attitudes towards the natural 

environment and environmental protection (i.e. pro-environmental attitudes), in 

influencing adolescents’ transport choices to school. Parental transport-related pro-

environmental behaviours (i.e. sustainable transport behaviours) are important factors 

related to adolescents’ sustainable transport choices.  

 

While prior research has highlighted the correlation of parents’ sustainable transport 

behaviours with adolescents’ sustainable transport choices to school, the correlation of 

parents’ other behaviours, such as eco-friendly purchasing behaviours and energy-saving 

practices (i.e. NTPEB), with adolescents’ transport choices for commuting to school has 

not been examined. According to previous research reviewed in Subsection 2.3.5, a 

relationship may be apparent. Parents’ NTPEB (e.g. energy-saving behaviours, waste 

management, and resource conservation behaviours) can influence similar behaviours in 

adolescents by affecting adolescents’ pro-environmental psychological factors such as 
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perceptions, values, and attitudes. It is worth noting that once such pro-environmental 

psychological factors are developed in adolescents, they may influence not only a range of 

NTPEB but also sustainable transport behaviours. Hence, as summarised in Subsection 

2.3.7, the hypothesis is that mothers’ NTPEB (e.g. eco-friendly purchasing behaviours and 

energy-saving practices) correlate with a greater inclination towards sustainable transport 

to school among adolescents. The first empirical study sought to test this hypothesis based 

on objective A of this thesis. 

 

In addition to this primary research objective A, the first empirical study also aims to 

differentiate the strength of correlation of mothers’ NTPEB and pro-environmental 

attitudes with adolescents’ transport choice to school. While prior studies have noted a rise 

in pro-environmental attitudes and their prevalence, disparities persist between pro-

environmental attitudes and behaviours. This is mentioned in subsection 2.2.3.  

 

It is therefore necessary to explore in depth the different strength of correlation of parental 

pro-environmental attitudes and NTPEB with adolescent behaviours. Grønhøj and 

Thøgersen (2012) argued that compared to parents’ pro-environmental attitudes, their 

NTPEB, including eco-friendly purchasing behaviour, recycling, and energy conservation, 

have a more substantial impact on their children’s same behaviours. They proposed that 

parental pro-environmental attitudes indirectly shape adolescent NTPEB, such as 

shopping, recycling, and energy conservation, primarily through occasional family 

discussions. These indirect influences are perceived as less potent than the direct effects of 

parental NTPEB. Hence, it can be assumed that compared with maternal pro-

environmental attitudes, maternal NTPEB have a stronger strength correlation with their 

children’s sustainable transport to school in adolescence. 

 

4.1.2 Research hypotheses 

 

The first empirical study was conducted in the UK to test this hypothesis. It focused on 

adolescents aged 10–15 and their mothers (see the rationale in Subsection 2.3.6). Based on 

the existing literature, the first empirical study included Hypotheses 1.1 and 1.2: 
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Hypothesis 1.1: The NTPEB of mothers is correlated with sustainable transport to school 

for adolescents. 

 

Hypothesis 1.2: Maternal NTPEB have a stronger correlation with adolescents’ sustainable 

transport to school than maternal pro-environmental attitudes. 

 

4.1.3 Methods and data 

 

4.1.3.1 Mother-child pairs 

 

This research conducted cross-sectional studies based on data from the 2012/13 (Wave 4) 

data of the UKHLS (University of Essex, 2019) to examine these two hypotheses. The 

final respondents comprised 3,022 mother-adolescent pairs in Wave 4. The details of the 

respondents’ size can be found in Subsection 3.2.2. 

 

4.1.3.2 Variables 

 

The dependent variable was defined as adolescents’ mode of transportation to school and 

included three distinct categories: active transport, public transport, and cars (see 

Subsection 3.2.3 for details). Moreover, regarding the key independent variables (i.e. 

mothers’ NTPEB), six survey items were implemented to assess the degree of maternal 

engagement in energy conservation and eco-friendly purchasing practices within 

households (see Subsection 3.2.3 for details). The items included inquiries about the 

frequency of mothers turning off lights in unoccupied rooms and regularly bringing 

shopping bags when shopping (see Table 4-1 for the other four questions). The responses 

were measured on a scale from 1 (never) to 5 (always), with higher values indicating more 

frequent behaviours. 
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Additionally, this research aims to compare the difference in strength of the relationship of 

mothers’ NTPEB and their pro-environmental attitudes with adolescents’ sustainable 

transport choices to school. As a result, mothers’ pro-environmental attitudes are also 

included as an independent variable. 

 

To measure mothers’ pro-environmental attitudes, six items (e.g. the extent of agreement 

or disagreement with the notion that “the changes made must be in line with my current 

lifestyle”) that measured mothers’ pro-environmental attitudes towards climate change 

were included in Wave 4 survey of the UKHLS to measure mothers’ pro-environmental 

attitudes (see Table 4-1 for the other five questions), with responses rated on a 5-point 

Likert scale (1 = strongly agree; 5 = strongly disagree). In this context, a higher score 

indicated a stronger pro-environmental attitude or more support for environmental 

conservation. These six items were consistent with the survey items that measured 

children’s pro-environmental attitudes in the second, third, and fourth empirical studies. 

More information appears in Subsection 3.2.3. 
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Table 4-1. Definition of the variables in the first empirical study 

 

 

Variable  Definition 

Adolescents’ Demographic Traits 

A_age Adolescents’ ages: 10, 11, 12, 13, 14, 15 years 

A_sex Adolescents’ sexes: male or female 

A_ethnicity Adolescents’ ethnicity: White or other ethnicities 

Mother’s Sociodemographic Traits and Travel Behaviours 

M_Job Mother’s employment status at the time of survey: working 

or not working. 

M_Qualification Mother’s education level: degree or higher, or no degree 

M_bikefeq Mother’s frequency of travelling by bike: At least one time 

a week or less than one time a week 

M_busfeq Mother’s frequency of travelling by ordinary bus: At least 

once a week or less than once a week 

Household Factors 

Income  Net household income, where “net” refers to the net of 

taxes on earnings and national insurance contributions: 

<£1,000, £1,000–£2,000, or >£2,000 per month. 

Urban or rural Binary indicator of whether an address is in an urban or 

rural area derived from the Office for National Statistics 

Rural and Urban Classification of Output Areas 2001. The 

indicator assumes a value of (0) if the address falls within 

urban settlements with a population of 10,000 or more or 

(1) otherwise. 

Car Number of cars owned by the household: none, one, or 

more than one. 

Mother’s NTPEB (1. Never ~ 5. Always) 

Do not keep the tap running while you brush your teeth. 

Turn off lights in rooms when not in use. 

Not leaving the TV on standby for the night 

Not buying something because of too much packaging 

Buying recycled paper products 

Taking along a shopping bag for shopping 

Mother’s pro-environmental attitudes (1-strongly agree, 5-strongly disagree) 

Any changes I make to help the environment must fit with my lifestyle. 

The so-called ‘environmental crisis’ has been greatly exaggerated. 

Climate change is beyond our control; it is too late to do anything. 

The effects of climate change will occur too far in the future to truly worry me. 

It is not worth me doing things to help the environment if others do not. 

It is not worth the UK combatting climate change because other countries will cancel out 

what it does. 

Dependent variable 

school transport choice Transport choices for adolescents commuting to school: 

cars, public transport, and active transport. 
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This research incorporated a variety of control variables to enhance the reliability and 

robustness of the study based on the relevant literature reviewed in Subsection 2.2.2. The 

variables included adolescents’ demographic characteristics (i.e. age, gender, and 

ethnicity); household factors (e.g. household income; whether they lived in an urban or 

rural area; and car ownership) and maternal sociodemographic elements (i.e. employment 

status and education level). This research also considered mothers’ sustainable transport 

behaviours: frequency of cycling and public transportation use. This consideration was 

important since mothers’ travel behaviours could partially reflect the quality of sustainable 

transport infrastructure and services available in their respective regions. The details of 

these variables are presented in Table 4-1. 

 

4.1.3.3 Data analysis 

 

This study began with reliability and validity tests for the survey items used to measure 

mothers’ NTPEB as well as their pro-environmental attitudes (see subsection 3.3.2 for 

more information on the reliability and validity tests). These 6 survey items used to 

measure mothers’ pro-environmental attitudes were found to have acceptable reliability 

and convergent validity (both Cronbach’s 𝛼 and the composite reliability value exceeds the 

recommended threshold of 0.7, and the average variance extracted metric for mothers’ pro-

environmental attitudes exceeded 0.5). Thus, mothers’ pro-environmental attitudes can be 

considered as a latent variable in this study. However, for these 6 survey items used to 

measure mothers’ NTPEB, there was not acceptable reliability and validity (Cronbach’s 𝛼 

and the composite reliability value below the recommended threshold of 0.7).  

 

Therefore, in this study, the overall NTPEB score for each mother was calculated by 

averaging their responses to the six questions, with higher scores indicating greater 

engagement of NTPEB. The overall NTPEB score for each mother was then used as 

independent variables in subsequent analyses. The method to determining scores for 

mothers’ NTPEB was informed by research based on UKHLS data of Hand (2020). The 

rationale behind this method stems from the recognition that NTPEB do not necessarily 

exhibit internal consistency. For instance, a mother might be actively engaged in certain 

NTPEB (e.g. turn off the lights) but not in others. As a result, treating NTPEB as a latent 
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variable, which assumes internal consistency among the behaviours, is not appropriate. 

Instead, these behaviours are more accurately conceptualized as a formative construct by 

calculating the mean. In a formative construct of mother’s NTPEB, mother’s each 

behaviour contributes to the overall construct of NTPEB, but they do not have to correlate 

strongly with one another, acknowledges the multifaceted and heterogeneous nature of pro-

environmental actions (Coltman et al., 2008).  

 

After completing the initial reliability and validity tests, this research applied confirmatory 

factor analysis as the measurement model within structural equation model (see Subsection 

3.3.2). The confirmatory factor analysis investigated relationships between the latent 

variables (pro-environmental attitudes) and the observed items (the six questions related to 

pro-environmental attitudes). The confirmatory factor analysis model was run in R (R Core 

Team, 2021), using the weighted least squares mean square variances estimator, as all 

modelled observed variables were ordered as categorical variables with non-normal 

distributions. R codes were referenced by Beaujean (2014). 

 

Like structural equation model, an essential stage of confirmatory factor analysis involves 

evaluating the goodness of fit of the proposed model and measuring how well the model 

matches the observed data (see Subsection 3.3.2 for details). Therefore, the indices 

discussed in Subsection 3.2.3 were used to assess the goodness of the confirmatory factor 

analysis for this study. After conducting confirmatory factor analysis, factor scores for pro-

environmental attitudes (latent variable) were computed for each mother’s responses in this 

research. These factor scores were then used as independent variables in subsequent 

analyses.  

 

This research uses the multinomial logistic model (See subsection 3.3.1 for details) to 

examine the association between sustainable transport modes (active and public transport) 

employed by adolescents for commuting to school and NTPEB of their mothers. It is worth 

noting that in order to compare the differences in the strength of the association of 

mother’s pro-environmental attitudes and her NTPEB with adolescents’ sustainable 

transport to school, these two variables were sequentially included in the model. Thus, two 

multinomial logistic models were formulated. Model 1 was constructed considering only 
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the mothers’ pro-environmental attitudes, while Model 2 further incorporated the mothers’ 

NTPEB. Additionally, each model included 10 control variables. In all the models, the 

dependent variable was classified into three distinct transport modes employed by 

adolescents for commuting to school: active transport, public transport, and by car. Among 

these, the car was designated as the reference category, hence its parameters were fixed at 

zero. To aid in the interpretation of the models, odds ratios were computed. 

 

Subsequently, all control variables were tested for multicollinearity (see Subsection 3.3.1 

for details). The variance inflation factor of most of the controlled variables were <5. 

Among all the control variables, household car ownership, household income, mother’s 

work status, and frequency of mother’s bus travels had the variance inflation factor 

values >5 but <10. Therefore, this study was free from multicollinearity. 

 

This study also examined the model fit goodness-of-fit statistic such as the Akaike 

Information Criterion (see subsection 3.3.1 for details). Lower Akaike information 

criterion values represent better model fit. The Akaike information criterion value is not 

only related to model fit, but also to the number of parameters in the model. The Akaike 

information criterion penalises models that use more parameters. Thus, if Model 2 (which 

considers both mothers’ NTPEB and mothers’ pro-environmental attitudes) has a smaller 

Akaike information criterion value than Model 1 (which considers only mothers’ pro-

environmental attitudes), then it can be argued that the Model 2 model is a better fit for the 

data. This could also indicate that compared with mothers’ pro-environmental attitudes, 

mothers’ NTPEB can better explain children’s transport choices to school. 

 

4.1.4 Results 

 

Table 4-2 provides descriptive statistics on survey items related to mothers’ NTPEB and 

pro-environmental attitudes. Among mothers’ NTPEB, turning off the lights in a spare 

room (mean = 3.26), not leaving the TV on standby in the evening (mean = 3.33), carrying 

a shopping bag (mean = 3.65), and not turning on the tap when brushing the teeth (mean = 

4.37) were the more common and frequent behaviours. Conversely, not buying an item 
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because of excessive packaging (mean = 1.79) and buying recycled paper products (mean 

= 2.51) were practised less frequently.  

 

Concerning items relating to pro-environmental attitudes, mothers were more likely to 

disagree with the following: the UK does not deserve to work on climate change because 

other countries will counteract what the UK is doing (mean = 3.41); it is not worth my 

while to do something for the environment if other people do not (mean = 3.40); and the 

impacts of climate change are happening too far into the future for me to really worry 

about them (mean = 3.48). However, mothers were more likely to agree that any changes 

to the environment must align with their lifestyle (mean = 2.77). This finding partly 

explained the different levels of participation in various NTPEB. Since this study included 

a wide range of NTPEB with different motivations, opportunities, and abilities to 

participate, some behaviours (e.g. not purchasing goods due to over-packaging and 

purchasing recycled paper products) could change previous lifestyles. Hence, participation 

in them was not high. The relatively high standard deviations for the behaviours “not 

putting the TV on standby at night” (SD = 1.66) and “turning off the lights in a room that is 

not in use” (SD = 1.79) also suggested a large variation in these behaviours among 

respondents. 
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Table 4-2. Descriptive statistics of survey items related to mothers’ NTPEB and pro-

environmental attitudes in the first empirical study (n = 3,022) 

 Survey items Wave 4 

Respondents 

Mean (SD) 

Mother’s NTPEB 

Do not keep the tap running while you brush your teeth 4.37 (0.882) 

Turn off lights in rooms when not in use 3.26 (1.79) 

Not leaving the TV on standby for the night 3.33 (1.66) 

Not buying something because of too much packaging 1.79 (1.02) 

Buying recycled paper products 2.51 (1.29) 

Taking along a shopping bag for shopping 3.65 (1.44) 

Mother’s pro-environmental attitudes  

Any changes I make to help the environment must fit with my lifestyle. 2.77 (0.881) 

The so-called environmental crisis has been greatly exaggerated. 3.06 (0.880) 

Climate change is beyond our control; it is too late to do anything. 3.39 (0.896) 

The effects of climate change will occur too far in the future to truly 

worry me. 

3.48 (0.923) 

It is not worth me doing things to help the environment if others do not. 3.40 (1.03) 

It is not worth the UK combatting climate change because other 

countries will cancel out what it does. 

3.41 (0.994) 

SD = standard deviation 

 

 

Table 4-3 displays the standardised factor loadings for latent variable (mothers’ pro-

environmental attitudes) in confirmatory factor analysis. All standardised factor loadings 

are statistically significant and are higher than the 0.3 (Boateng et al., 2018). The latent 

variable “mothers’ pro-environmental attitudes” had the greatest effect (and therefore the 

highest factor loading) on the items (“It is not worth the UK combatting climate change 

because other countries will cancel out what it does”).   
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Table 4-3. factor loadings and goodness of fit in confirmatory factor analysis of the first 

empirical study 

Survey items Wave 4 P-value 

Mother’s pro-environmental attitudes  

Any changes I make to help the environment must fit with my 

lifestyle. 

0.417 0 

The so-called environmental crisis has been greatly exaggerated. 0.533 0 

Climate change is beyond our control; it is too late to do 

anything. 

0.661 0 

The effects of climate change will occur too far in the future to 

truly worry me. 

0.732 0 

It is not worth me doing things to help the environment if others 

do not. 

0.803 0 

It is not worth the UK combatting climate change because other 

countries will cancel out what it does. 

0.838 0 

Model chi-square 502.08   

P-value (model chi-square)  0   

Goodness of fit index 0.99  

Adjusted goodness of fit index 0.95  

Root mean square error of approximation 0.04   

Comparative fit index 0.98  

Cronbach’s 𝛼 0.787  

Composite reliability value 0.788  

Average variance extracted metric 0.502   

 

Table 4-3 also illustrates model fit indices of the confirmatory factor analysis, in which the 

goodness of fit index, adjusted goodness of fit index, and comparative fit index >0.9, 

whereas the value of the root mean square error of approximation was <0.05, which 

indicated an acceptable confirmatory factor analysis fit. Moreover, Table 4-3 provides 

insight into the reliability and validity indicators for the latent variable construct “mother’s 

pro-environmental attitudes” in the confirmatory factor analysis model. Both Cronbach’s 𝛼 

and the composite reliability value exceeded the recommended threshold of 0.7, which 

established good reliability for the latent variable construct. Additionally, the average 

variance extracted metric for the latent variable construct exceeded 0.5, which 

demonstrated that the research scale exhibited acceptable convergent validity. No 

discriminant validity test was conducted since only one latent variable existed in the 

confirmatory factor analysis.  
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Table 4-4. Descriptive statistics of adolescents’ demographic and school transport choice, 

mothers’ sociodemographic, and household factors in the first empirical study (n = 3,022) 

Variable   Wave 4 

Adolescents’ Demographic Traits  

A_gender  Male 1,542 (51.0%) 

 Female 1,480 (49.0%) 

A_age (years) 10 447 (14.8%) 

 11 516 (17.1%) 

 12 482 (15.9%) 

 13 546 (18.1%) 

 14 517 (17.1%) 

 15 514 (17.0%) 

A_ethnicity White 2,496 (82.6%) 

 Other ethnic groups 526 (17.4%) 

Mother’s Sociodemographic Traits and Travel Behaviours 

M_Qualification  No degree 1,805 (59.7%) 

 Degree or other higher degree 1,217 (40.3%) 

M_Job  Working  2,159 (71.4%) 

 Not working  863 (28.6%) 

M_busfeq At least one time a week 476 (15.8%) 

 Less than one time a week 2,546 (84.2%) 

M_bikefeq At least one time a week 220 (7.3%) 

 Less than one time a week 2,802 (92.7%) 

Household Factors  

Car No car 376 (12.4%) 

 One car 1,204 (39.8%) 

 More than one car 1,442 (47.7%) 

Net_Income Less than £1,000 873 (28.9%) 

 £1,000–2,000 1,695 (56.1%) 

 More than £2,000  454 (15.0%) 

Living area Urban area 2,246 (74.3%) 

 Rural area 776 (25.7%) 

Dependent Variable  

A_school transport choice Active transport 1,381 (45.7%) 

 Public transport 775 (25.6%) 

 Car 866 (28.7%) 

n   3,022 

 

 

Table 4-4 illustrates the descriptive statistics of the respondents. The demographic 

composition of the adolescent respondents was predominantly comprised of White 

individuals, accounting for 82.6%. Approximately half of the adolescents surveyed 

identified as male. Regarding mothers’ employment statuses, 30.5% were unemployed. 

Additionally, 40.3% reported possessing a degree or higher qualification. Regarding family 
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characteristics, a significant proportion, 74.3%, resided in urban areas. Car ownership was 

prevalent among most families. Furthermore, over half of the families reported a monthly 

net income between £1,000 and £2,000. Notably, the average adjusted household income 

for all households in the Wave 4 survey of the UKHLS also fell within this range. 

Regarding the dependent variable, the utilisation of public transport to school among 

adolescents had the lowest percentage, whereas the adoption of active transport modes for 

commuting to school had the highest percentage.  

 

Table 4-5 presents the descriptive statistical analysis regarding the NTPEB and pro-

environmental attitudes of mothers, which served as the independent variables in this 

research. The analysis revealed that mothers whose children opted for public transport for 

their school commute exhibited the highest average scores in pro-environmental attitudes 

and behaviours. Conversely, the mothers whose children preferred commuting to school by 

car showed the lowest average scores in these areas. This outcome aligned with 

expectations. 

 

Table 4-5. The distribution of scores for NTPEB and pro-environmental attitudes of 

mothers in the first empirical study 

 Wave 4 

Transport choice Active transport 

(N = 1,381) 

Public transport  

(N = 775) 

Car  

(N = 866) 

Mother’s NTPEB  

Mean (SD) 3.15 (0.703) 3.22 (0.671) 3.12 (0.686) 

Mother’s pro-environmental attitudes  

Mean (SD) –0.00674 (0.385) 0.0208 (0.384) –0.00961 (0.308) 

Note:  

• The scores for mothers’ NTPEB were computed by taking the average of the 

responses (ranging from 1, indicating “never”, to 5, indicating “always”) across 

all behavioural items. 

• Mothers’ pro-environmental attitudes were derived from the factor scores 

obtained through confirmatory factor analysis. 

 

Table 4-6 presents the results of the multinomial logistic regression based on 3,022 mother-

adolescent pairs from Wave 4 of the UKHLS. Adolescents’ demographic characteristics 

(i.e. age, gender, and ethnicity), mothers’ sociodemographic characteristics and transport 

behaviours (i.e. mother’s job, educational qualifications, frequency of bus and bicycle 
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trips), and household factors (i.e. car ownership, living in the rural area, household income) 

were included as control variables in each model. Comparing the differences in the 

strength of the association between mothers’ pro-environmental attitudes and their NTPEB 

with adolescents’ sustainable transport to school required these two variables to be 

sequentially included in the model. Thus, Model 1 focused on control variables and 

mothers’ pro-environmental attitudes, while Model 2 further included mothers’ NTPEB. 

Each model utilised the same dependent variable categories: active transport (A), public 

transport (P), and cars (C). Car use was defined as a reference category.  

 

Concerning control variables, several control variables, including adolescent age, ethnicity, 

mother’s job status, bicycle and bus use frequency, car ownership, and living area, showed 

statistically significant associations with the choices of transport choice to school across all 

models. Among these variables, the age of the adolescents, status of mothers needing to 

work are significantly and positively associated with the adolescents’ choice of active 

transport or public transport to school in model 1 and model 2. In contrast, adolescents 

with Non-White ethnicity, mothers with degree or higher, mothers with lower frequency of 

bus or bicycle trips, and low household car ownership are significantly negatively 

associated with adolescents’ choice of active transport or public transport to school. 

Notably with respect to the family’s residential address (rural or urban), in Models 1 and 2, 

adolescents who lived in the rural area were less likely to use active transport to attend 

school than those who lived in the urban (OR= 0.51, 0.50). However, adolescents living in 

the rural area were more likely to choose public transport to school than those living in the 

urban (OR= 2.97, 2.94).  
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Table 4-6. Odds ratios of multinomial logit model in first empirical study 

    Model 1 (attitude): Wave 4 Model 2 (attitude + behaviour): 

Wave 4 

Variable Level Odds Ratio (A|C) 

and 95% CI 

Odds Ratio (P|C) 

and 95% CI 

Odds Ratio (A|C) 

and 95% CI 

Odds Ratio (P|C) 

and 95% CI 

Adolescents’ Demographic Traits  

A_age  10 (reference) 

 11 1.26 5.02***  1.25 4.98***  

(0.95, 1.67) (2.93, 8.60) (0.94, 1.66) (2.90, 8.55) 

 12 1.39* 13.7***  1.39* 13.7***  

(1.02, 1.89) (8.05, 23.2) (1.02, 1.88) (8.04, 23.2) 

 13 1.28* 15.4***  1.27* 15.3***  

(0.95, 1.73) (9.13, 25.9) (0.94, 1.72) (9.07, 25.8) 

 14 1.60** 12.6***  1.59** 12.5***  

(1.18, 2.15) (7.40, 21.3) (1.18, 2.15) (7.38, 21.2) 

 15 1.46* 14.2***  1.44* 14.1***  

(1.07, 1.97) (8.40, 24.1) (1.06, 1.96) (8.33, 23.9) 

A_gender Female (reference) 

 Male 1.02 0.89 1.01 0.88 

(0.85, 1.21) (0.72, 1.09) (0.85, 1.21) (0.72, 1.09) 

A_ethnicity  White (reference)  

 Other ethnic groups 0.68** 1.01 0.66***  0.99 

(0.53, 0.86) (0.75, 1.37) (0.51, 0.84) (0.73, 1.33) 

Mother’s Sociodemographic Traits and Travel Behaviours 

M_Job  Not working (reference) 

 Working  1.16* 1.31* 1.19* 1.34* 

(0.93, 1.45) (1.01, 1.71) (0.95, 1.48) (1.03, 1.75) 

M_Qualification No Degree (reference)  

 Degree or Other higher 

degree 

0.77** 1.03 0.75** 1.01 

(0.63, 0.92) (0.82, 1.28) (0.62, 0.91) (0.80, 1.25) 
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M_busfeq At least one time a week 

(reference) 

 

 Less than one time a week 0.52***  0.30***  0.53***  0.31***  

(0.37, 0.72) (0.21, 0.43) (0.38, 0.73) (0.21, 0.44) 

M_bikefeq At least one time a week (reference) 

 Less than one time a week 0.63* 0.82 0.65* 0.85 

(0.44, 0.90) (0.53, 1.25) (0.45, 0.93) (0.56, 1.31) 

Household Factors  

M_Car  No car (reference) 

 One car 0.25***  0.24***  0.25***  0.24*** 

(0.16, 0.39) (0.15, 0.39) (0.16, 0.38) (0.15, 0.39) 

 More than 1 0.18*** 0.22*** 0.17***  0.21*** 

(0.11, 0.28) (0.13, 0.36) (0.11, 0.27) (0.13, 0.36) 

Urban or rural  Urban area (reference) 

 Rural area 0.51*** 2.97*** 0.50*** 2.94*** 

(0.41, 0.64) (2.35, 3.76) (0.40, 0.63) (2.33, 3.72) 

Income  Less than £1,000 (reference) 

 £1,000–2,000 0.97 1.02 0.97 1.01 

(0.78, 1.22) (0.78, 1.34) (0.77, 1.21) (0.77, 1.33) 

 More than £2,000  1.02 0.99 1.02 0.97 

(0.74, 1.40) (0.69, 1.44) (0.73, 1.37) (0.67, 1.40) 

Mother’s Pro-Environmental Attitude 1.25 1.37*  1.13 1.2 

(0.98, 1.59) (1.03, 1.83) (0.92, 1.52) (0.95, 1.70) 

Mother’s NTPEB  1.18 1.27* 

(0.99, 1.29) (1.02, 1.41) 

Akaike information criterion  5,806.79 5,805.29 

McFadden pseudo 𝑅2 0.109 0.11 

Note: *p < 0.05; **p < 0.01; ***p < 0.001   

CI: Confidence Interval  

Odds ratios: m|n for an explanatory variable is the odds ratio for a unit increase in the explanatory variable of mode m ∈ (A, P) versus 

mode n ∈ (C), where A denotes active transport (walking/biking), C denotes car, and P denotes public transport (train, subway or bus).  
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In terms of independent variables, in Model 1, a positive relationship was detected between 

a mother’s pro-environmental attitudes and her child’s use of public transport to school 

(OR = 1.37, p < 0.05). However, in Model 2, this correlation was statistically insignificant 

after the mothers’ NTPEB were included (OR = 1.20, p > 0.05). Moreover, there was a 

statistically significant positive correlation between mothers’ NTPEB and adolescents’ 

choice of public transport to school in Models 2 (OR = 1.27, p < 0.05). Notably, mothers’ 

pro-environmental attitudes and NTPEB did not correlate with adolescents’ choices of 

active transport to school. Additionally, the model encompassing controlled variables, 

mothers’ pro-environmental attitudes and NTPEB (model 2) offers a superior fit for the 

data compared to the model that solely incorporates controlled variables and mothers’ pro-

environmental attitudes (model 1), as indicated by the Akaike Information Criterion 

(5,806.79>5,805.29). 

 

4.2 The relationship between mothers’ NTPEB during their children’s 

adolescence and their children’s frequency of sustainable transport 

behaviour during young adulthood 

 

4.2.1 Introduction  

 

The preceding section identified a noteworthy correlation between mothers’ NTPEB 

during their children’s adolescence and their children’s adoption of sustainable transport 

choices to school during the same period. This section shifts to investigate whether this 

correlation persisted into the young adulthood of these children. Specifically, Section 4.2 

focuses on the second empirical study concerning whether the NTPEB exhibited by 

mothers during their children’s adolescent years were a correlating factor in their 

children’s frequency of overall sustainable transport behaviours (for all trip purposes) in 

young adulthood. The second empirical study focused on objective B of this thesis. 

 

According to subsection 2.3.5, parental NTPEB might foster the children’s pro-

environmental psychological factors prior to reaching adulthood (e.g. children’s 

adolescence). Although there is no research on the connection between parents’ NTPEB 
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during their children’s adolescence and children’s pro-environmental attitudes in young 

adulthood, this relationship could exist to some extent based on previous studies (for more 

information, please refer to 2.3.5). Therefore, it can be hypothesized that parents’ NTPEB 

preceding the adulthood of their children (e.g., adolescence) have the potential to influence 

their children’s pro-environmental attitudes in adulthood. Moreover, given that pro-

environmental attitudes in young adulthood are seen as determinants of sustainable 

transport behaviours (please refer to 2.2.3), it can be hypothesized that children’s pro-

environmental attitudes in young adulthood may mediate the relationship between parents’ 

NTPEB during their children’s adolescence and children’s sustainable transport behaviours 

in young adulthood. 

 

This longitudinal study (second empirical study in this thesis), therefore, aims to test this 

hypothesis. This study still focuses on mothers. Specifically, this second empirical study 

examines the associations between mother’s NTPEB during their children’s adolescence 

and their children’s frequency of sustainable transport behaviours in young adulthood. It is 

essential to underscore that this second analysis concentrates on evaluating the frequency 

of sustainable transport behaviours (for all trip purposes) in young adulthood. This second 

study explores the role of children’s pro-environmental attitudes in young adulthood in 

shaping these relationships.  

 

 

4.2.2 Research hypotheses 

 

Based on the previous literature, the second empirical study tested Hypotheses 2.1, 2.2, and 

2.3. 

 

Hypothesis 2.1: The NTPEB exhibited by mothers during their children’s adolescence 

influence their children’s pro-environmental attitudes in young adulthood. 
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Hypothesis 2.2: Mothers’ NTPEB during their children’s adolescence indirectly influence 

their children’s frequency of sustainable transport behaviour in young adulthood. 

 

Hypothesis 2.3: Children’s pro-environmental attitudes in young adulthood mediate the 

relationship between mothers’ NTPEB in their children’s adolescence and their children’s 

frequency of sustainable transport behaviours in young adulthood. 

 

4.2.3 Method 

 

4.2.3.1 Mother-child pairs 

 

This second empirical study adopted a longitudinal research approach that utilised data 

from Waves 4 (2012/13) and 10 (2018/19) of the UKHLS (University of Essex, 2019) to 

examine these three hypotheses. The final respondents comprised 977 mother-child pairs. 

The details of the respondents’ size can be found in Subsection 3.2.2. 

 

4.2.3.2 Variables  

 

The primary variables examined were the pro-environmental attitudes, the frequency of 

sustainable transport behaviours of children in young adulthood, and the NTPEB of their 

mothers during their children’s adolescence.  

 

According to Subsection 3.2.3, the second study employed two specific survey items in 

Wave 10 of the UKHLS to gauge the frequency of sustainable transport behaviours of 

children in young adulthood. The first pertained to the frequency with which child 

respondents chose to walk or cycle (i.e. active transport) for shorter journeys, specifically 

those covering a distance of two to three miles. The second survey item was concerned 

with the frequency of using public transport (e.g. buses and trains) as an alternative to 

driving. Children’s responses ranged from 1 (never) to 5 (always). Regarding the pro-
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environmental attitudes of children in young adulthood, the second study incorporated six 

survey items. For example, an illustrative survey item was, “The ‘environmental crisis’ 

facing humanity is significantly exaggerated”. Respondents rated their agreement on a 5-

point Likert scale, with 1 representing “strongly agree” and 5 denoting “strongly disagree”. 

In this framework, a higher score signified intensified pro-environmental convictions or 

heightened endorsement of environmental preservation. The other five research questions 

are listed in Table 4-7. Regarding mothers’ NTPEB, the measurement of survey items 

remained unchanged from the first empirical study.  

 

This second empirical study drew from the existing literature (see Subsection 2.2.3 for 

details) to incorporate a wide range of control variables to understand the sustainable 

transport behaviours of children in young adulthood, including age, sex, and ethnicity. 

Household income levels and geographical settings (urban vs rural) were also considered. 

The study also controlled for children’ socioeconomic attributes in young adulthood by 

considering their employment situations, whether they owned cars, had driving licences, 

and lived with their parents. The study also reflected on the past transport behaviour of 

children during their adolescent years by especially focusing on their transport choices to 

school.  

 

Previous research has demonstrated that the pro-environmental attitudes of parents 

contribute to similar pro-environmental attitudes formed by their children (Leppänen et al., 

2012). Therefore, the second empirical study considered the pro-environmental attitudes of 

mothers during their children’s adolescence. The survey items measuring mothers’ pro-

environmental attitudes remained unchanged from the first empirical study. Moreover, the 

study also considered mothers’ frequency of overall sustainable transport behaviours 

during children’s adolescence. Therefore, as mentioned above, these two survey items were 

consistent with the children’s frequency of sustainable transport behaviours in young 

adulthood. The survey items relating to mothers’ sustainable transport behaviours during 

their children’s adolescence were from Wave 4 of the UKHLS, as were mothers’ NTPEB 

and pro-environmental attitudes during their children’s adolescence. For a more detailed 

explanation of each variable, see Table 4-7.
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Table 4-7. Definitions of variables in the second empirical study 

Variables Definition 

Children’s demographic and socioeconomic traits in young adulthood (Wave 10) 

Age Children’s age in young adulthood 

Female Children’s sex: categorised as Male = 0, Female = 1 

Non-White ethnicity Children’s ethnicity: White = 0, Other ethnicities = 1  

Employment Children’s employment status in young adulthood (at the time of survey): categorised as Full-time student, 

Employed, and Unemployed 

Highest_qualification (ordered 

categorical variable) 

Children’s highest educational level in young adulthood (at the time survey)  

1: Below the level of GCSE or without any certifications. 

2: Equivalent to GCSE level. 

3: Equivalent to A level. 

4: Includes diplomas, teaching credentials, and nursing certifications, etc. 

5: Bachelor’s degree and above, including BSc, BA, MSc, MA, PhD, etc. 

Children’s life change in young adulthood (Wave 10) 

Have_car_use Children’s access to a car or van for unrestricted use in young adulthood: Yes = 1, No = 0 

Have_licence  Children’s possession of a driving license: Yes = 1, No = 0 

Not_live_parents Children in young adulthood already not living with parents: Yes = 1, No = 0 

Children’s past transport behaviour during adolescence (Wave 4) 

Sustainable_transport_to_school  Children use sustainable modes of transport other than cars while going to school during adolescence: Yes = 1, No = 

0 

Household factors (Wave 10) 

Income  Monthly household net income, denoted post-tax and national insurance deductions (in thousands of GBP), is 

adjusted for household size and composition using an equivalence scale. This equivalised income is calculated by 

dividing the net income by the provided equivalisation factor. 

Rural Children live in rural areas in young adulthood: Yes = 1, No = 0 This is derived from the Office for National 

Statistics Rural and Urban Classification of Output Areas 2001.  

Children’s pro-environmental attitudes in young adulthood (1. Strongly Agree ~ 5. Strongly Disagree) (Wave 10) 

Any changes I make to help the environment must fit with my lifestyle. 
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The so-called environmental crisis has been greatly exaggerated. 

Climate change is beyond our control; it is too late to do anything. 

The effects of climate change will occur too far in the future to truly worry me. 

It is not worth me doing things to help the environment if others do not. 

It is not worth the UK combatting climate change because other countries will cancel out what it does. 

Children’s sustainable transport behaviours in young adulthood (1. Never ~ 5. Always) (Wave 10) 

Opting for public modes of transport, such as buses or trains, over car travel 

Walk or cycle for short journeys of less than two to three miles. 

Mother’s NTPEB during their children’s adolescence (1. Never ~ 5. Always) (Wave 4) 

Do not keep the tap running while you brush your teeth. 

Turning off lights in rooms when not in use 

Not leaving the TV on standby for the night 

Not buying something because of too much packaging 

Buying recycled paper products 

Taking along a shopping bag for shopping 

Mother’s sustainable transport behaviours during their children’s adolescence (1. Never ~ 5. Always) (Wave 4) 

Opting for public modes of transport, such as buses or trains, over car travel 

Walk or cycle for short journeys of less than two to three miles. 

Mother’s pro-environmental attitudes during their children’s adolescence (1. Strongly Agree ~ 5. Strongly Disagree) (Wave 4) 

Any changes I make to help the environment must fit with my lifestyle. 

The so-called environmental crisis has been greatly exaggerated. 

Climate change is beyond our control; it is too late to do anything. 

The effects of climate change will occur too far in the future to truly worry me. 

It is not worth me doing things to help the environment if others do not. 

It is not worth the UK combatting climate change because other countries will cancel out what it does. 
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4.2.3.3 Structural equation modelling  

 

The study utilised structural equation model to uncover intricate connections between 

mothers’ NTPEB during their children’s adolescence, their children’s pro-environmental 

attitudes, and the frequency of sustainable transport behaviour in young adulthood. 

According to Subsection 3.3.2, structural equation model offers insights into direct 

relationships between variables while unveiling indirect associations via mediating 

variables. Thus, the overall approach encapsulated direct and mediated influences, which 

aligned seamlessly with the aim of this research: to investigate the mediating role of pro-

environmental attitudes of children during young adulthood in the relationship between 

their mothers’ NTPEB during the children’s adolescence and these children’s frequency of 

sustainable transport behaviours in their young adulthood. 

 

According to Subsection 3.3.2, it was necessary to test the reliability and validity of survey 

items measuring mothers’ pro-environmental attitudes, NTPEB, and sustainable transport 

behaviours during their children’s adolescence, as well as their children’s pro-

environmental attitudes and sustainable transport behaviours in young adulthood before 

building the structural equation model. This approach helped to decide whether these 

variables could be used as latent variables in the structural equation model. The validity 

and reliability (i.e. Cronbach’s 𝛼 and composite reliability value below the recommended 

threshold of 0.7) of the survey items used to measure NTPEB and sustainable transport 

behaviours of mothers during their children’s adolescence and sustainable transport 

behaviours of their children during young adulthood were unsatisfactory. Therefore, as in 

the first empirical study, the score was calculated for each behaviour by calculating the 

mean of the survey items measuring each behaviour. These scores separately represented 

the overall frequency of each behaviour, with higher scores indicating higher levels of 

behavioural engagement. This approach acknowledged the multifaceted and heterogeneous 

nature of NTPEB and sustainable transport behaviours. However, the validity and 

reliability of the survey items used to measure mothers’ pro-environmental attitudes during 

their children’s adolescence and their children’s pro-environmental attitudes during young 

adulthood were satisfactory. Therefore, mothers’ pro-environmental attitudes during their 
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children’s adolescence and their children’s pro-environmental attitudes during young 

adulthood were latent variables. 

 

Utilising structural equation model and considering the available data and factors, a model 

was constructed to elucidate this study’s complex relationships under investigation. As 

illustrated in Figure 4-1, mothers’ pro-environmental attitudes during their children’s 

adolescence and their children’s pro-environmental attitudes in young adulthood were 

latent variables derived from the observable survey items associated with each. The 

exogenous variables of structural equation model encompassed children’s demographic 

and socioeconomic attributes (i.e. age, gender, race, employment status, and highest 

educational level achieved), children’s life change in young adulthood (i.e. car ownership, 

possession of a driver’s licence, and cohabitation with mothers), children’s past transport 

behaviours (i.e. transport choices to school during adolescence), household attributes (i.e. 

household income and residential location), and mothers’ pro-environmental attitudes 

during their children’s adolescent years. Conversely, the child’s pro-environmental 

attitudes in early adulthood and sustainable transport behaviours were treated as 

endogenous variables. Since mothers’ NTPEB and sustainable transport behaviours during 

their children’s adolescence were shaped by their pro-environmental attitudes, these 

behaviours also qualified as endogenous variables. In Figure 4-1, ovals denote latent 

variables, while rectangles signify measured variables. Variables in purple symbolise 

endogenous factors, and those in yellow illustrate exogenous factors. 
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Figure 4-1. Conceptual framework illustrating the anticipated associations within the 

structural equation model 

 

 

Existing studies have suggested that sustainable transport actions potentially influence 

transport attitudes in reverse (Kroesen et al., 2017). This suggestion is consistent with the 

self-perception theory that posits behaviours can shape attitudes (Bem, 1972) since 

behaviours come before attitudes. Hence, individuals shape or adjust their attitudes by 

observing their own behaviours and experiences. This phenomenon is attributed to 

repetitive behaviours enhancing individuals’ beliefs in their capabilities to perform these 

actions, which enhances the perceived behavioural control in the theory of planned 

behaviours and affects their attitudes and intentions regarding future behaviours. However, 

this research failed to identify any notable inverse effect when evaluating the two-way 

relationship between young adults’ pro-environmental attitudes and sustainable transport 

behaviours. Hence, only one-way connections were considered in the final model. 
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The model was implemented within the Mplus framework by employing the weighted least 

squares mean square variances estimator, given the non-normal distribution of the 

dependent ordered categorical variables. Various goodness-of-fit indices were employed to 

assess the appropriateness of the structural equation model. Typically, Mplus provides 

metrics such as the chi-squared (χ2) statistic, the root mean square error of approximation, 

the Tucker-Lewis index, the comparative fit index, and the standardised root mean squared 

residual. Since the relationship between various exogenous and endogenous variables was 

considered, only examining the multicollinearity of all exogenous variables was necessary. 

None of the exogenous variables had the variance inflation factor values exceeding 10, 

which indicated freedom from multicollinearity. 

 

4.2.4 Results  

 

Table 4-8 shows each variable’s distribution among the 977 mother-child pairs. The data 

showcased that 53.5% of the child respondents were females. The child respondents had 

grown to be young adults in the second empirical study. The average age of the child 

respondents was between 19 and 20 years. Moreover, those from non-White ethnic 

backgrounds represented 15.1% of the child respondents. A significant 90.7% of child 

respondents resided with their parents in young adulthood, while 49.1% were paid 

employees in young adulthood. The slightly higher rate of young adults living with parents 

in this study could have been due to their younger ages (average 19.4 years, SD = 1.16), as 

many were not yet ready to move out. Additionally, during the UKHLS survey, tracking 

respondents who left home was challenging and resulted in the attrition of these 

respondents, which increased the proportion of respondents reportedly living with their 

parents.
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Table 4-8. Descriptive statistics of variables in the second empirical study (N = 977) 

Variables N (%) / Mean (SD) 

Children’s demographic and socioeconomic traits in young adulthood (Wave 10) 

Age 19.4 (1.16) 

Female 523 (53.5%) 

Non-White ethnicity 148 (15.1%) 

Employment  

Full-time student  381 (39.0%) 

Employed 480 (49.1%) 

Unemployed  116 (11.9%) 

Highest_qualification (ordered categorical variable)  

1: Below the level of GCSE or without any certifications. 90 (9.2%) 

2: Equivalent to GCSE level. 291 (29.8%) 

3: Equivalent to A-level. 466 (47.7%) 

4: Includes diplomas, teaching credentials, and nursing certifications, etc. 67 (6.9%) 

5: Bachelor’s degree and above, including BSc, BA, MSc, MA, PhD, etc. 63 (6.4%) 

Children’s life change in young adulthood (Wave 10) 

Have_car_use 461 (47.2%) 

Have_license  520 (53.2%) 

Not_live_parents 91 (9.3%) 

Children’s past transport behaviour during adolescence (Wave 4) 

Sustainable_transport_to_school 771 (78.9%) 

Household factors (Wave 10) 

Income  1.81 (0.990) 

Rural 259 (26.5%) 

Children’s pro-environmental attitudes in young adulthood (1. Strongly Agree ~ 5. Strongly Disagree) (Wave 10) 

Any changes I make to help the environment must fit with my lifestyle. 2.85 (0.879) 

The so-called environmental crisis has been greatly exaggerated. 3.54 (1.04) 

Climate change is beyond our control; it is too late to do anything. 3.51 (0.954) 

The effects of climate change will occur too far in the future to truly worry me. 3.66 (1.07) 
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It is not worth me doing things to help the environment if others do not. 3.34 (1.05) 

It is not worth the UK combatting climate change because other countries will cancel out what it does 3.63 (1.07) 

Children’s sustainable transport behaviours in young adulthood (1. Never ~ 5. Always) (Wave 10) 

Opting for public modes of transport, such as buses or trains, over car travel 2.83 (1.43) 

Walk or cycle for short journeys less than 2 or 3 miles 2.99 (1.42) 

Mother’s NTPEB during their children’s adolescence (1. Never ~ 5. Always) (Wave 4) 

Do not keep the tap running while you brush your teeth 3.48 (1.63) 

Turning off lights in rooms when not in use 4.41 (0.90) 

Not leaving the TV on standby for the night 3.28 (1.79) 

Not buying something because of too much packaging 1.81 (1.01) 

Buying recycled paper products 2.52 (1.27) 

Taking along a shopping bag for shopping 3.79 (1.39) 

Mother’s sustainable transport behaviours during their children’s adolescence (1. Never ~ 5. Always) (Wave 4) 

Opting for public modes of transport, such as buses or trains, over car travel 1.92 (1.21) 

Walk or cycle for short journeys less than 2 or 3 miles 2.83 (1.38) 

Mother’s pro-environmental attitudes during their children’s adolescence (1. Strongly Agree ~ 5. Strongly Disagree) (Wave 4) 

Any changes I make to help the environment must fit with my lifestyle 2.82 (0.879) 

The so-called environmental crisis has been greatly exaggerated 3.09 (0.889) 

Climate change is beyond our control; it is too late to do anything 3.42 (0.885) 

The effects of climate change will occur too far in the future to truly worry me 3.52 (0.914) 

It is not worth me doing things to help the environment if others do not. 3.42 (1.03) 

It is not worth the UK combatting climate change because other countries will cancel out what it does 3.40 (1.01) 

n 977 
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Nearly 80% of the child respondents chose sustainable transport to school during their 

adolescence. Over half of these child respondents in young adulthood either held or were 

pursuing an A-level or more advanced qualification. Furthermore, about half of the child 

respondents in young adulthood possessed a valid driving licence and could access a car 

without restrictions. A substantial 70% or more resided in urban settings. The adjusted 

average net household income was £1,810 per month. 

 

In the realm of pro-environmental attitudes measured during Wave 10 for child 

respondents in young adulthood and Wave 4 for mother respondents, a reverse coding 

system was used for the pro-environmental attitudes. Thus, higher scores signified a 

stronger disagreement with the given statements, which translated to more pro-

environmental attitudes.  

 

The child respondents cohort demonstrated a distinct pro-environmental leaning due to 

their evident disagreement with the notion that the effects of climate change would occur 

too far in the future to truly worry them (mean = 3.66). Similarly, mothers during their 

children’s adolescence also tended to disagree that the effects of climate change would 

occur too far in the future to truly worry them (mean = 3.52). Regarding sustainable 

transport behaviour, neither the children nor the mothers preferred public transport (e.g. 

buses or trains) over car travel. However, a stronger tendency was observed in both groups 

towards walking or cycling for shorter distances, such as journeys under two to three miles. 

Concerning mothers’ NTPEB during their children’s adolescence, behaviours such as 

turning off lights in rooms not in use were most prevalent (mean = 4.41). Additionally, the 

practice of carrying shopping bags when shopping was widespread (mean =3.79). 

However, regarding consumer choices, mothers appeared less inclined to avoid products 

with excessive packaging (mean = 1.81).
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Table 4-9. Factor analysis estimates and model fit indices in the second empirical study (N = 977) 

Survey items Standardised 

Parameter 

Estimate 

P-Value Composite 

Reliability  

Average 

variance 

extracted  

Children’s pro-environmental attitudes in young adulthood 0.8 0.593 

Any changes I make to help the environment must fit with my lifestyle 0.377  0.000   

The so-called environmental crisis has been greatly exaggerated 0.714  0.000   

Climate change is beyond our control; it is too late to do anything 0.618  0.000   

The effects of climate change will occur too far in the future to truly worry me 0.771  0.000   

It is not worth me doing things to help the environment if others do not. 0.661  0.000   

It is not worth the UK combatting climate change because other countries will cancel out 

what it does 

0.816  0.000   

Mother’s pro-environmental attitudes during their children’s adolescence   0.771 0.58 

Any changes I make to help the environment must fit with my lifestyle 0.370  0.000   

The so-called environmental crisis has been greatly exaggerated 0.519  0.000   

Climate change is beyond our control; it is too late to do anything 0.567  0.000   

The effects of climate change will occur too far in the future to truly worry me 0.693  0.000   

It is not worth me doing things to help the environment if others do not. 0.794  0.000   

It is not worth the UK combatting climate change because other countries will cancel out 

what it does 

0.832  0.000     

Goodness-of-fit indices   

Chi-square  846.328 (d.f. = 252, p-value = 0.000) 

Tucker-Lewis index   0.928 

Comparative fit index   0.937 

Root mean square error of approximation   0.049 

Standardised root mean squared residual   0.089 
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Table 4-9 presents the goodness-of-fit indices, which suggested that the model was 

generally well-fitted to the data. This research calculated the values of Tucker-Lewis 

index, comparative fit index, and root mean square error of approximation. The values 

of Tucker-Lewis index and comparative fit index exceeded the often-recommended 

threshold of 0.90, which indicated a good fit. Furthermore, the value of root mean 

square error of approximation was below the preferred level of 0.05, and the value of 

standardised root mean squared residual was under the benchmark of 0.08, so the 

model’s robustness was further corroborated (Hu and Bentler, 1999). The standardised 

parameter estimates for the 12 survey items relating to pro-environmental attitudes 

among child and mother respondents are provided in the same table. Each observed 

survey item aligned well with its associated latent factor, as evidenced by the factor 

loadings. Notably, these loadings were predominantly satisfactory and exceeded the 

commonly accepted threshold of 0.3 (Boateng et al., 2018). In addition, Table 4-9 

provides reliability and validity indicators for each latent variable in the factor analysis 

model. Composite reliability value exceeded the recommended threshold of 0.7. In 

addition, average variance extracted metric for latent variables exceeded 0.5, which 

indicated that the adopted research scales had acceptable convergent validity. In 

addition, the correlation coefficients between these two latent variables were not higher 

than 0.7. Therefore, discriminant validity was achieved for all latent variables. 

 

Table 4-10 illustrates the standardised direct and indirect effects of mothers’ pro-

environmental attitudes, sustainable transport behaviours, and NTPEB during their 

children’s adolescence on the children’s pro-environmental attitudes in adulthood. 

Mothers’ pro-environmental attitudes during their children’s adolescence significantly 

positively influenced the children’s NTPEB and sustainable transport behaviour during 

the same period. Given that standardised coefficients could indicate the strength of 

these influences, the data suggested that the mother’s pro-environmental attitudes had a 

stronger direct influence on their NTPEB than on their sustainable transport behaviours 

(β = 0.273 > 0.07).  
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Table 4-10. Standardised coefficients for direct and total indirect influences among 

latent variables in the second empirical study 

Influence   Direct 

effect 

Total 

indirect 

effect 

    

Mother’s NTPEB during their children’s 

adolescence 

Dependent 

variable 

  

Mother’s pro-environmental attitudes during 

their children’s adolescence 

Independent 

variable 

0.273***  

Mother’s sustainable transport behaviours 

during their children’s adolescence 

Dependent 

variable 

  

Mother’s pro-environmental attitudes during 

their children’s adolescence 

Independent 

variable 

0.070*  

Children’s pro-environmental attitudes in 

young adulthood 

Dependent 

variable 

  

Mother’s NTPEB during their children’s 

adolescence 

Independent 

variable 

0.339***  

Mother’s sustainable transport behaviours 

during their children’s adolescence 

Independent 

variable 

0.043  

Mother’s pro-environmental attitudes during 

their children’s adolescence 

Independent 

variable 

0.211*** 0.096*** 

* Indicates significance at 0.05 level. 

** Indicates significance at 0.01 level. 

*** Indicates significance at 0.001 level. 

 

Mothers’ pro-environmental attitudes and NTPEB during their children’s adolescence 

directly influenced their children’s pro-environmental attitudes in young adulthood (β = 

0.211 and 0.339). In addition, the results underscore that compared to the mothers’ pro-

environmental attitudes, the mothers’ NTPEB during their children’s adolescence 

demonstrate a stronger direct influence on their children’s pro-environmental attitudes 

in young adulthood. However, the positive impact of mothers’ sustainable transport 

behaviours during their children’s adolescence on their children’s pro-environmental 

attitudes in young adulthood was not statistically significant (β = 0.043, p > 0.05).  

 

Table 4-11 presents the standardised coefficients of the direct and indirect influence of 

1) various control variables, 2) mothers’ pro-environmental attitudes during their 

children’s adolescence, 3) mothers’ NTPEB during their children’s adolescence, and 4) 

children’s pro-environmental attitudes in young adulthood on their children’s overall 

frequency of sustainable transport behaviours in young adulthood in the structural 

equation model. Regarding control variables, compared to their White counterparts, 
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child respondents from non-White ethnicities displayed a heightened propensity 

towards sustainable transport behaviours in young adulthood (β = 0.167, p < 0.05). 

Moreover, those employed (with full-time students as the reference group) exhibited a 

diminished sustainable transport inclination (β = –0.304, p < 0.001). Education level 

was positively correlated with sustainable transport behaviours among the child 

respondents in young adulthood (β = 0.079, p < 0.001).  

 

 

Table 4-11. Standardised coefficients of the direct influence on children’s sustainable 

transport behaviours in young adulthood in the second empirical study 

Variables Direct 

effect 

Total 

indirect 

effect 

Children’s demographic and socioeconomic traits in 

young adulthood 

  

Age 0.022  

Female –0.050  

Non-White ethnicity 0.167*  

Employment (reference = Full-time student)   

Employed –0.304***  

Unemployed  –0.162  

Highest_qualification  0.079**  

Children’s life change in young adulthood   

Have_car_use –0.738***  

Have_licence  –0.208**  

Not_live_parents –0.122  

Children’s past transport behaviour during 

adolescence 

  

Sustainable_transport_to_school 0.345***  

Household factors   

Income  0.05  

Rural –0.104*  

Children’s pro-environmental attitudes in young 

adulthood 

0.095***  

Mother’s NTPEB during their children’s adolescence 0.019 0.032* 

Mother’s sustainable transport behaviours during 

their children’s adolescence 

0.140*** 0.004 

Mother’s pro-environmental attitudes during their 

children’s adolescence 

0.086 0.044*** 

* Indicates significance at 0.05 level. 

** Indicates significance at 0.01 level. 

*** Indicates significance at 0.001 level. 

Dependent variable is children’s sustainable transport behaviour in young 

adulthood 
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As expected, having a driver’s license and unrestricted access to a car adversely 

impacted child respondents’ inclination towards the frequency of sustainable transport 

behaviours in young adulthood (β = –0.208 and –0.738). Past experiences related to 

sustainable transport to school during child respondents’ adolescence (with cars as the 

reference group) revealed a positive association with their frequency of sustainable 

transport practices in young adulthood (β = 0.345, p < 0.001). Furthermore, child 

respondents’ pro-environmental attitudes in young adulthood served as vital 

contributing factors towards the frequency of sustainable transport behaviours in young 

adulthood (β = 0.095, p < 0.001). Moreover, the maternal frequency of sustainable 

transport behaviours during children’s adolescence impacted the children’s frequency 

of sustainable transport behaviour in young adulthood (β = 0.140, p < 0.001).  

 

The direct effects of mothers’ pro-environmental attitudes and NTPEB during their 

children’s adolescent years on their children’s sustainable transport behaviours in 

young adulthood were not statistically significant. However, a significant indirect effect 

was observed when factoring in the children’s pro-environmental attitudes in young 

adulthood (β = 0.044 and 0.032, p < 0.001). Considering the seven potential mediation 

paths identified in the research model, a detailed exploration of these mediating 

influences was undertaken. 

 

Table 4-12 shows the seven paths of indirect influence of mothers’ pro-environmental 

attitudes and NTPEB during their children’s adolescence on the frequency of 

sustainable transport behaviours of those children in their young adulthood. Firstly, 

mothers’ pro-environmental attitudes during their children’s adolescence played a 

pivotal role. When mothers’ attitudes influenced their sustainable transport behaviours, 

they had a ripple effect on their children’s sustainable transport behaviours in young 

adulthood (β = 0.010, p < 0.001).  
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Table 4-12. Standardised coefficients of the path of specific indirect effects on young 

adults’ sustainable transport behaviours in the second empirical study 

Path Standardised 

coefficients 

Indirect influence of mother’s pro-environmental attitudes  

Specific indirect 1 0.005 

- Mother’s pro-environmental attitudes during their children’s 

adolescence→ Mother’s NTPEB during their children’s adolescence→ 

Children’s sustainable transport behaviours in young adulthood 

 

Specific indirect 2 0.010*** 

- Mother’s pro-environmental attitudes during their children’s 

adolescence→ Mother’s sustainable transport behaviours during their 

children’s adolescence→ Children’s sustainable transport behaviours in 

young adulthood 

 

Specific indirect 3 0.020* 

- Mother’s pro-environmental attitudes during their children’s 

adolescence→ Children’s pro-environmental attitudes in young 

adulthood→ Children’s sustainable transport behaviours in young 

adulthood 

 

Specific indirect 4 0.009* 

- Mother’s pro-environmental attitudes during their children’s 

adolescence→ Mother’s NTPEB during their children’s adolescence→ 

Children’s pro-environmental attitudes in young adulthood→ Children’s 

sustainable transport behaviours in young adulthood 

 

Specific indirect 5 0.0002 

- Mother’s pro-environmental attitudes during their children’s 

adolescence→ Mother’s sustainable transport behaviours during their 

children’s adolescence→ Children’s pro-environmental attitudes in 

young adulthood→ Children’s sustainable transport behaviours in young 

adulthood 

 

  

Indirect influence of mother’s NTPEB  

Specific indirect 0.032* 

- Mother’s NTPEB during their children’s adolescence→ Children’s 

pro-environmental attitudes in young adulthood→ Children’s 

sustainable transport behaviours in young adulthood 

 

  

Indirect influence of mother’s sustainable transport behaviours  

Specific indirect 0.004 

- Mother’s sustainable transport behaviours during their children’s 

adolescence→ Children’s pro-environmental attitudes in young 

adulthood→ Children’s sustainable transport behaviours in young 

adulthood 

  

* Indicates significance at 0.05 level. 

** Indicates significance at 0.01 level. 

*** Indicates significance at 0.001 level. 
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Another statistically significant pathway emerged from the mothers’ pro-environmental 

attitudes during their children’s adolescence, which proceeded through their children’s 

pro-environmental attitudes in young adulthood and culminated in children’s 

sustainable transport behaviours in young adulthood (β = 0.02, p < 0.05). Mothers’ 

NTPEB during their children’s adolescence influenced their children’s pro-

environmental attitudes and shaped children’s sustainable transport behaviours in 

young adulthood (β = 0.032, p < 0.05).  

 

4.3 The relationship between mothers’ NTPEB during their children’s 

adolescence and their children’s choice of sustainable transport modes 

for commuting to work during young adulthood 

 

4.3.1 Introduction  

 

 

The previous section elucidated the indirect correlation between mothers’ NTPEB 

during their children’s adolescence and the frequency of their children’s overall 

sustainable transport behaviours (for all travel purposes) in young adulthood, mediated 

by their children’s pro-environmental attitudes in young adulthood. This section mainly 

focuses on the children’s sustainable transport choice for specific transport purposes, 

such as work-related purposes.  

 

Therefore, the third empirical investigation analysed whether an indirect relationship 

existed between mothers’ NTPEB during their children’s adolescence and their 

children’s choice of sustainable transport modes for commuting to work during young 

adulthood, mediated by their children’s pro-environmental attitudes in young 

adulthood. This focus correlated with objective C of this thesis. 

 

According to previous research (Subsection 2.2.3), since transport behaviours are 

demand-driven by specific transport purposes, any attempt to analyse them would be 
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incomplete without considering their purposes. In particular, transport behaviours for 

work-related purposes face stringent constraints, such as time limitations, compared to 

leisure trips. In such circumstances, individuals often prioritise convenience and time 

efficiency, which leads to preferring personal vehicles for commuting. Given the 

heightened constraints on transportation behaviours for work, it was crucial to 

investigate whether mothers’ NTPEB during their children’s adolescence continued to 

exhibit an indirect correlation with their children’s sustainable work-purposed transport 

behaviours in young adulthood. This focus aimed to differentiate between the 

generalised correlation of mothers’ NTPEB on children’s overall sustainable transport 

behaviours in young adulthood and the more specific correlation on transport choices to 

work in young adulthood under different situational constraints. This distinction was 

crucial because mothers’ impact could vary across different contexts. For example, 

mothers’ NTPEB might significantly shape children’s transport choices for leisure 

transport but have a lesser impact on commuting choices for work due to external 

constraints like commuting time pressure. By analysing these two aspects separately, 

the study offered a more accurate and detailed understanding of mothers’ NTPEB role 

in shaping children’s sustainable transport behaviours during young adulthood. 

 

Therefore, the third empirical investigation was a longitudinal analysis set in the UK to 

examine whether an indirect relationship existed between mothers’ NTPEB during their 

children’s adolescence and their children’s selection of sustainable transport modes for 

commuting to work in young adulthood. Furthermore, this empirical research analysed 

the mediating role of the children’s pro-environmental attitudes in young adulthood in 

this indirect correlation.  

 

4.3.2 Research hypotheses 

 

Based on the second empirical study and the previous research, this third empirical 

study focused on Hypothesis 3. 
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Hypothesis 3: Mothers’ NTPEB during their children’s adolescence indirectly correlate 

with their children’s sustainable transport choices for commuting to work in young 

adulthood by mediating their children’s pro-environmental attitudes in young 

adulthood. 

 

4.3.3 Method  

 

4.3.3.1 Mother-child pairs 

 

The third empirical study adopted a longitudinal approach that utilised data from 

Waves 4 (2012/13) and 10 (2018/19) of the UKHLS (University of Essex, 2019) to test 

Hypothesis 3. It included 480 mother-child pairs. Subsection 3.2.2 details the specifics 

of the number of respondents. 

 

4.3.3.2 Variables  

 

The primary variables were children’s pro-environmental attitudes, transport choices 

for commuting to work in young adulthood, and mothers’ NTPEB during their 

children’s adolescence.  

 

The dependent variable was children’s transport choices for commuting to work in their 

young adulthood, delineated into two classifications: sustainable transport mode and 

cars. These categories were formulated based on primary modes of transportation to 

work, as reported in Wave 10 of the UKHLS. Specifically, responses indicating “drive 

myself by car or van”, “being driven in a family car”, “getting a ride from someone 

outside their family”, “motorbike”, or “taxi/minicab” were grouped under the “cars” 

classification of the dependent variable. Conversely, the “sustainable transport mode” 

classification encompassed individuals who chose “bus/coach”, “train”, “walk”, 

“cycle”, or “underground/Metro/tram/light railway”. Concerning the other key 

variables, the survey items used to measure children’s pro-environmental attitudes in 
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young adulthood and mothers’ NTPEB during their children’s adolescence remained 

consistent with those in the first and second empirical studies. The specific survey 

items are detailed in Table 4-13. 
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Table 4-13. Definition of variables in the third empirical study 

Variables Definition 

Dependent variable  

Transport choice to work Children’s transport choice to work in young adulthood (Wave 10): Car = 0, Sustainable transport mode = 1 

Children’s demographic and socioeconomic traits in young adulthood (Wave 10) 

Age Children’s age in young adulthood 

Female Children’s sex: categorised as Male = 0, Female = 1 

Non-White ethnicity Children’s ethnicity: White = 0, Other ethnicities = 1  

Employed full-time  Children’s employment status in young adulthood: Part-time = 0, Full-time (i.e. greater than 30 hours per week) = 1. 

Highest_qualification (ordered 

categorical variable) 

Children’s highest educational level in young adulthood (at the time survey)  

1: Below the level of GCSE or without any certifications. 

2: Equivalent to GCSE level. 

3: Equivalent to A level. 

4: Includes diplomas, teaching credentials, and nursing certifications, etc. 

5: Bachelor’s degree and above, including BSc, BA, MSc, MA, PhD, etc. 

Children’s life change in young adulthood (Wave 10) 

Have_car_use Children’s access to a car or van for unrestricted use in young adulthood: Yes = 1, No = 0 

Have_licence  Children’s possession of a driving license: Yes = 1, No = 0 

Not_live_parents Children in young adulthood already not living with parents: Yes = 1, No = 0 

Children’s past transport behaviour during adolescence (Wave 4) 

Sustainable_transport_to_school Children use sustainable modes of transport other than cars while going to school during adolescence: Yes = 1, No = 0 

Household factors (Wave 10) 

Income  Monthly household net income, denoted post-tax and national insurance deductions (in thousands of GBP), is adjusted 

for household size and composition using an equivalence scale. This equivalised income is calculated by dividing the 

net income by the provided equivalisation factor. 

Rural Children live in rural areas in young adulthood: Yes = 1, No = 0. This is derived from the Office for National Statistics 

Rural and Urban Classification of Output Areas 2001. 

Distance  Distance, in miles, of residence from the usual place of work. 

Children’s pro-environmental attitudes in young adulthood (1. Strongly Agree ~ 5. Strongly Disagree) (Wave 10) 
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Any changes I make to help the environment must fit with my lifestyle. 

The so-called environmental crisis has been greatly exaggerated. 

Climate change is beyond our control; it is too late to do anything. 

The effects of climate change will occur too far in the future to truly worry me. 

It is not worth me doing things to help the environment if others do not. 

It is not worth the UK combatting climate change because other countries will cancel out what it does. 

Mother’s NTPEB during their children’s adolescence (1. Never ~ 5. Always) (Wave 4) 

Do not keep the tap running while you brush your teeth 

Turning off lights in rooms when not in use 

Not leaving the TV on standby for the night 

Not buying something because of too much packaging 

Buying recycled paper products 

Taking along a shopping bag for shopping 

Mother’s sustainable transport behaviours during their children’s adolescence (1. Never ~ 5. Always) (Wave 4) 

Opting for public modes of transport, such as buses or trains, over car travel 

Walk or cycle for short journeys less than two or three miles 

Mother’s pro-environmental attitudes during their children’s adolescence (1. Strongly Agree ~ 5. Strongly Disagree) (Wave 4) 

Any changes I make to help the environment must fit with my lifestyle. 

The so-called environmental crisis has been greatly exaggerated. 

Climate change is beyond our control; it is too late to do anything. 

The effects of climate change will occur too far in the future to truly worry me. 

It is not worth me doing things to help the environment if others do not. 

It is not worth the UK combatting climate change because other countries will cancel out what it does. 

n   
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The third empirical study incorporated insights from the existing literature and control 

variables. It considered all control variables from the second empirical study, such as 

children’s age, sex, and educational level in young adulthood, as well as mothers’ 

sustainable transport behaviours and pro-environmental attitudes during children’s 

adolescence. Given that this study focused on children’s transport choices for 

commuting to work during their young adulthood, this study incorporated the 

commuting distance variable with the control variables from the second empirical 

study. In addition, regarding employment status, this study considered whether the 

children had full-time employment in adulthood. All variables are listed in Table 4-13. 

 

The third study continued to represent the extent of mothers’ involvement in NTPEB 

and sustainable transport behaviours during their children’s adolescence by calculating 

the mean of all survey items used to measure these behaviours, as in the second 

empirical study. Mothers’ pro-environmental attitudes during their children’s 

adolescence and their children’s pro-environmental attitudes during their young 

adulthood were considered latent variables. 

 

4.3.3.3 Integrated choice and latent variable model 

 

This third empirical study employed an integrated choice and latent variable model to 

elucidate the intricate connections between mothers’ NTPEB during their children’s 

adolescence and their children’s pro-environmental attitudes and choices of sustainable 

transport for commuting to work in young adulthood. According to Subsection 3.3.3, 

integrated choice and latent variable model offers the advantage of accommodating 

categorical dependent variables, incorporating multiple latent variables, and the ability 

to comprehensively analyse direct and indirect relationships between variables.  

 

This analytical approach aligned with the study’s objective, which was to investigate 

the mediating role of children’s pro-environmental attitudes in early adulthood in the 

relationship between mothers’ NTPEB during their children’s adolescence and the 

children’s sustainable transport choice for commuting to work in their adulthood. The 
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integrated choice and latent variable model is a complex analytical framework that 

combines a structural model (a1) and a measurement model (a2) with a discrete choice 

model (b). Figure 4-2 reveals the analytical framework of this third empirical study. 



163 

 

Figure 4-2. Conceptual framework illustrating the anticipated associations within the integrated choice and latent variable model in the third 

empirical study 
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In structural model (a1), the influence of mothers’ pro-environmental attitudes and NTPEB 

during their children’s adolescence on their children’s pro-environmental attitudes in early 

adulthood were analysed. Moreover, the influence of mothers’ pro-environmental attitudes 

on their sustainable transport behaviour and NTPEB during their children’s adolescence 

was also considered. The measurement model (a2), which established a connection 

between the latent variables (i.e. mothers’ pro-environmental attitudes during their 

children’s adolescence and children’s pro-environmental attitudes in young adulthood) and 

their respective indicators (i.e. survey items), is emphasised in yellow. The specifics of the 

indicators (i.e. survey items) used to infer these latent variables are detailed in Table 4-13.  

 

Discrete choice modelling (b) assessed the direct and indirect relationship of the children’s 

pro-environmental attitudes in young adulthood, the mothers’ NTPEB during their 

children’s adolescence, and all control variables with children’s transport choices for 

commuting to work in young adulthood (i.e. a categorical dependent variable). Control 

variables included, for example, children’s age, sex, and educational levels in young 

adulthood, as well as their mothers’ sustainable transport behaviours and pro-

environmental attitudes during the children’s adolescence. 

 

Section 4.2 noted that mothers’ NTPEB and pro-environmental attitudes during their 

children’s adolescence did not directly correlate with their children’s overall frequency of 

use of sustainable transport in young adulthood. Therefore, the third empirical study did 

not explore the direct relationship of mothers’ NTPEB and pro-environmental attitudes 

during their children’s adolescence with their children’s choice of sustainable transport 

modes for commuting to work in young adulthood. Instead, it investigated the indirect 

relationship. Moreover, the third empirical study explored the role of children’s pro-

environmental attitudes in young adulthood in this indirect relationship. 

 

The dependent variable was a two-category variable that encompassed cars and sustainable 

transport modes. The “cars” category was the reference group. This third empirical study 

adopted the simultaneous estimation method (see Subsection 3.3.3 for details). The 

model’s estimation was facilitated using Mplus software. The estimation utilised the 

maximum likelihood estimation approach, and Monte Carlo simulation was employed for 
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integration. Multicollinearity should also be noted when performing integrated choice and 

latent variable modelling analyses. As the potential relationships of the variables (e.g. the 

relationship between maternal pro-environmental attitudes, their sustainable transport 

behaviour and NTPEB) were considered, this study only investigated multicollinearity for 

all control variables and mothers’ pro-environmental attitudes. The variance inflation 

factor values for these variables were all <10, which indicated an acceptable 

multicollinearity level. 

 

4.3.4 Results 

 

Table 4-14 shows the distribution of variables in the 480 mother-child pairs. The results 

showed that 56.5% of the children surveyed were female, while the average age was 

between 19 and 20. Notably, 15% of the children surveyed were from non-White ethnic 

backgrounds. In addition, 90.5% lived with their parents, while 54.1% were employed full-

time. Nearly 80% of the children had chosen a sustainable transport mode to school during 

adolescence. Over one-half of these sought or had gained qualifications at the A-level or 

higher. In addition, over one-half had valid driving licences or cars. Of the children 

surveyed, most (approximately 70% or more) lived in an urban environment. The average 

adjusted net household income was approximately £1,970 per month, which exceeded the 

second empirical study. This finding could be because the children in this study were 

already in the workforce, which undoubtedly increased the family income. 
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Table 4-14. Descriptive statistics of control variables and survey items measuring mothers’ 

NTPEB and sustainable transport behaviours during their children’s adolescence in the 

third empirical study (N = 480) 

Variables N (%) / Mean (SD) 

Dependent variables  

Transport choice to work:  

Sustainable transport mode 228 (47.5%) 

Car  252 (52.5%) 

Children’s demographic and socioeconomic traits in young adulthood (Wave 10) 

Age 19.5 (1.14) 

Female 271 (56.5%) 

Non-White ethnicity 72 (15.0%) 

Employed full-time 260 (54.1%) 

Highest qualification (ordered categorical variable)  

1: Below the level of GCSE or without any certifications. 37 (7.7%) 

2: Equivalent to GCSE level. 153 (31.9%) 

3: Equivalent to A level. 213 (44.3%) 

4: Includes diplomas, teaching credentials, and nursing 

certifications, etc. 

44 (9.2 %) 

5: Bachelor’s degree and above, including BSc, BA, MSc, 

MA, PhD, etc. 

33 (6.9%) 

Children’s life change in young adulthood (Wave 10) 

Have_car_use 303 (63.1%) 

Have_license  323 (67.2%) 

Not_live_parents 46 (9.5%) 

Children’s past transport behaviour during adolescence (Wave 4) 

Sustainable_transport_to_school  386 (80.4%) 

Household factors (Wave 10) 

Income  1.97 (0.895) 

Rural 145 (30.2%) 

Distance 6.73 (8.42) 

Mother’s NTPEB during their children’s adolescence (1. Never ~ 5. Always) (Wave 

4)  

Do not keep the tap running while you brush your teeth 3.34 (1.67) 

Turning off lights in rooms when not in use 4.43 (0.85) 

Not leaving the TV on standby for the night 3.13 (1.80) 

Not buying something because of too much packaging 1.75 (0.96) 

Buying recycled paper products 2.41 (1.23) 

Taking along a shopping bag for shopping 3.74 (1.43) 

Mean score 3.13 (0.70) 

Mother’s sustainable transport behaviours during their children’s adolescence (1. 

Never ~ 5. Always) (Wave 4)  

Opting for public modes of transport, such as buses or trains, 

over car travel 

1.80 (1.10) 

Walk or cycle for short journeys less than 2 or 3 miles 2.79 (1.36) 

Mean score 2.29 (1.01) 

n 480 
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Regarding the overall scores for mothers’ sustainable transport behaviours and NTPEB 

during their children’s adolescence, mothers were more engaged in NTPEB, consistent 

with Lynn’s (2014) findings. 

 

Table 4-15 displays the distribution of survey items for each latent variable with the 

standardised factor loadings of these survey items and indicators used to evaluate model 

goodness in the integrated choice and latent variable model. All standardised factor 

loadings of the survey items were statistically significant and exceeded the 0.3 critical 

value. The reliability and validity of the latent variables were satisfactory. According to 

Subsection 3.3.2, the goodness of fit index, normative fit index, and comparative fit index 

should ideally exceed 0.9, while the root mean square error of approximation should be 

0.06 or lower to indicate a good fit (Hu and Bentler, 1999; Marsh and Hau, 1996). In this 

third study, all goodness of fit index, comparative fit index, and normative fit index values 

surpassed 0.9, and the value of the root mean square error of approximation was 0.045. 

Therefore, the model effectively captured the relationships between the observed survey 

items and the latent variables, which supported the validity and reliability of the 

measurement instrument employed in this study.
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Table 4-15. Measurement model estimates and model fit indices in the third empirical study (N = 480) 

Survey items Mean (SD) Factors 

loading 

Composite 

Reliability  

Average variance 

extracted  

 

Children’s pro-environmental attitudes in young adulthood 0.763 0.523 

Any changes I make to help the environment must fit with my lifestyle 2.83 (0.823) 0.329***   

    

The so-called environmental crisis has been greatly exaggerated 3.42 (1.01) 0.820***   

Climate change is beyond our control; it is too late to do anything 3.47 (0.881) 0.519***   

The effects of climate change will occur too far in the future to truly worry me 3.61 (1.03) 0.537***   

It is not worth me doing things to help the environment if others do not. 3.29 (1.03) 0.722***   

It is not worth the UK combatting climate change because other countries will 

cancel out what it does 

3.54 (1.07) 0.843***   

Mother’s pro-environmental attitudes during their children’s adolescence 0.801 0.535 

Any changes I make to help the environment must fit with my lifestyle 2.81 (0.886) 0.359***   

The so-called environmental crisis has been greatly exaggerated 3.06 (0.881) 0.678***   

Climate change is beyond our control; it is too late to do anything 3.40 (0.892) 0.752***   

The effects of climate change will occur too far in the future to truly worry me 3.51 (0.932) 0.633***   

It is not worth me doing things to help the environment if others do not. 3.40 (1.04) 0.801***   

It is not worth the UK combatting climate change because other countries will 

cancel out what it does 

3.35 (1.01) 0.809***   

Goodness-of-fit indices   

Normative fit index    0.902   

Comparative fit index    0.907   

Root mean square error of approximation    0.046   

Goodness of fit index   0.901   
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Table 4-16 presents standardised correlation coefficients of the structural model in 

integrated choice and latent variable model. The result indicated significant and positive 

relationships between mothers’ pro-environmental attitudes during their children’s 

adolescence and both types of behaviours (i.e. sustainable transport behaviours and 

NTPEB; β = 0.106 and 0.315). Moreover, this result was consistent with the second 

empirical study, which demonstrated that mothers’ pro-environmental attitudes during their 

children’s adolescence had a greater impact on their NTPEB during the same period than 

sustainable transport behaviours. 

 

 

Table 4-16. Results of the structural model in integrated choice and latent variable model 

of the third empirical study 

Influence   

Standardised 

coefficients 

for direct 

correlation 

t-statistic 

    

Mother’s NTPEB during their 

children’s adolescence 

Dependent 

variable 

 
 

Mother’s pro-environmental attitudes 

during their children’s adolescence 

Independent 

variable 
0.315*** 3.793 

    

Mother’s sustainable transport 

behaviours during their children’s 

adolescence 

Dependent 

variable 

 

 

Mother’s pro-environmental attitudes 

during their children’s adolescence 

Independent 

variable 
0.106** 2.826 

    

Children’s pro-environmental attitudes 

in young adulthood 

Dependent 

variable 

 
 

Mother’s NTPEB during their children’s 

adolescence 

Independent 

variable 
0.306*** 4.642 

Mother’s pro-environmental attitudes 

during their children’s adolescence 

Independent 

variable 
0.266*** 3.769 

* Indicates significance at 0.05 level. 

** Indicates significance at 0.01 level. 

*** Indicates significance at 0.001 level. 
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Moreover, mothers’ pro-environmental attitudes and NTPEB during their children’s 

adolescence exhibited direct relationships with their children’s pro-environmental attitudes 

in young adulthood (β = 0.266 and 0.306). Consistent with the findings of the second 

empirical study, mothers’ NTPEB had a stronger influence on their children’s pro-

environmental attitudes in young adulthood. 

 

Table 4-17 illustrates standardised coefficients of direct correlation of various control 

variables and the children’s pro-environmental attitudes in young adulthood, with 

children’s sustainable transport to work in young adulthood in the integrated choice and 

latent variable model. Regarding socioeconomic factors, non-White children were likelier 

to adopt sustainable transport modes for commuting to work in young adulthood than their 

White counterparts (β = 0.508, p < 0.01). The propensity for sustainable commuting to 

work was reduced for children in full-time employment in young adulthood compared to 

those in part-time employment (β = –0.225, p < 0.05). In addition, children’s possession of 

a driving licence and car in young adulthood was negatively associated with their 

sustainable commuting to work (β = –1.058 and –0.873, p < 0.001).  

 

The likelihood of choosing sustainable transportation for commuting to work was 

negatively correlated with the distance to the workplace (β = –0.126, p < 0.01). Past 

experiences of choosing sustainable transport options to school during adolescence were 

statistically significantly related to their choices of sustainable transport modes for 

commuting to work in young adulthood (β = 0.273, p < 0.01). Moreover, mothers’ 

sustainable transport behaviours during their children’s adolescence were positively 

correlated with their children’s sustainable transport to work in young adulthood (β = 

0.138, p < 0.05). Importantly, children’s pro-environmental attitudes in young adulthood 

exhibited a positive association with their sustainable transport commuting to work (β = 

0.098, p < 0.05). Compared to the results of the second empirical study, the correlation 

between living in rural areas and sustainable transport choices for commuting to work was 

not statistically significant in this study.  
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Table 4-17. Results of the discrete choice model in the integrated choice and latent 

variable model of the third empirical study 

Variables Sustainable transport to work 

(Reference group = car) 

 Standardised 

coefficients  

t-statistic 

Young adult’s Demographic and Socioeconomic Traits (Wave 10) 

Age 0.135** 2.828 

Female –0.065 –0.651 

Non-White ethnicity 0.508** 2.973 

Employed full-time –0.225* –2.091 

Highest_qualification (ordered categorical 

variable) 

0.137 1.502 

Young adult’s life change (Wave 10)   

Have_car_use –0.873*** –6.472 

Have_license  –1.058*** –7.274 

Not_live_parents 0.061 1.386 

Household Factors (Wave 10)   

Income  –0.027 –0.492 

Rural –0.055 –0.273 

Distance –0.126** –2.408 

Children’s past transport behaviour during adolescence (Wave 4) 

Sustainable_transport_to_school  0.273** 2.119 

Mother’s sustainable transport behaviours 

during their children’s adolescence 

0.138* 2.077 

Children’s pro-environmental attitudes in 

young adulthood 

0.098* 2.054 

Intercepts –1.219 –1.236 

* Indicates significance at 0.05 level.   

** Indicates significance at 0.01 level.   

*** Indicates significance at 0.001 level.   

Akaike information criterion 16,853.90  

McFadden pseudo 𝑹𝟐 0.455 

Initial log-likelihood –15,317.315  

Final Log-likelihood –8,343.968  

 

 

Table 4-18 displays the standardised coefficients illustrating the indirect connection of 

mothers’ pro-environmental attitudes and their NTPEB during their children’s adolescence 

with their children’s adoption of sustainable transport for commuting to work in young 

adulthood. 
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Table 4-18. Standardised coefficients of indirect correlation in the third empirical study 

Path Standardised 

coefficients 

t-statistic 

Indirect correlation of mother’s pro-environmental 

attitudes 

  

Specific indirect 1 0.026* 2.042 

- Mother’s pro-environmental attitudes during their 

children’s adolescence→ Children’s pro-environmental 

attitudes in young adulthood→ Children’s sustainable 

transport to work in young adulthood 

  

Specific indirect 2 0.0094 1.018 

- Mother’s pro-environmental attitudes during their 

children’s adolescence→ Mother’s NTPEB during their 

children’s adolescence→ Children’s pro-environmental 

attitudes in young adulthood→ Children’s sustainable 

transport choice to work in young adulthood 

  

Indirect correlation of mother’s NTPEB   

Specific indirect 0.030* 2.034 

- Mother’s NTPEB during their children’s adolescence→ 

Children’s pro-environmental attitudes in young 

adulthood→ Children’s sustainable transport choice to 

work in young adulthood 

  

   

* Indicates significance at 0.05 level.   

** Indicates significance at 0.01 level. 

*** Indicates significance at 0.001 level. 

 

 

The results showed that mothers’ pro-environmental attitudes during their children’s 

adolescence indirectly correlated with their children’s sustainable transport choices to work 

in young adulthood through the mediation of their children’s pro-environmental attitudes 

in young adulthood (β = 0.026, p < 0.05). Similarly, children’s pro-environmental attitudes 

in young adulthood also played a mediating role in the indirect correlation between 

NTPEB exhibited by mothers during their children’s adolescence and their children’s 

sustainable transport choices to work in young adulthood (β = 0.030, p < 0.05). Ergo, this 

study showed that mothers’ NTPEB during their children’s adolescence were associated 

not only with their children’s overall frequency of sustainable transport behaviours in 

adulthood but also with their children’s sustainable transport choice for commuting to 

work in young adulthood. 
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4.4 The relationship between mothers’ NTPEB during their children’s 

adolescence and their children’s maintenance in sustainable transport 

choice from adolescence to young adulthood 

 

4.4.1 Introduction 

 

The primary objective of this section was to achieve objective D by analysing the 

relationship between the NTPEB exhibited by mothers during their children’s adolescence 

and their children’s maintenance of sustainable transport choices from adolescence into 

early adulthood. The first (Section 4.1) and third (Section 4.3) empirical studies found that 

mothers’ NTPEB during their children’s adolescence were correlated with their children’s 

choices of sustainable transport mode for commuting to school during adolescence and 

commuting to work in young adulthood. Hence, mothers’ NTPEB during their children’s 

adolescence were hypothesised to play a role in maintaining the adoption of sustainable 

transport choices for commuting to school during adolescence and commuting to work in 

young adulthood. The fourth empirical study tested the fourth main hypothesis of this 

thesis.  

 

4.4.2 Research hypotheses 

 

The fourth empirical study focused on Hypothesis 4, based on the first and third empirical 

studies. 

 

Hypothesis 4: Mothers’ NTPEB during their children’s adolescence are correlated with 

their children’s maintenance of sustainable transport choices for commuting to school 

during adolescence and commuting to work in young adulthood. 
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4.4.3 Method 

 

4.4.3.1 Mother-child pairs 

 

The fourth empirical study adopted a longitudinal research approach and utilised data from 

Waves 4 (2012/14) and 10 (2018/20) of the UKHLS. The research included a final sample 

of 480 mother-child dyads. Specifics regarding the sample size are detailed in Subsection 

3.2.2. The mother-child pairs used in this fourth empirical study were consistent with those 

in the third empirical study of this thesis. 

 

4.4.3.2 Variables 

 

The dependent variable was the respondents’ maintenance of sustainable transport choices 

of children from adolescence to young adulthood. This fourth empirical study introduced 

the variable “consistent sustainable choice” to measure and quantify the maintenance or 

consistency of sustainable transport choices among the child respondents from adolescence 

to young adulthood. In order to achieve this variable, this research compared the child 

respondents’ transport choices to school, answered in Wave 4, with their transport choices 

to work, answered in Wave 10. This variable was binary, where a value of 1 denoted 

inclusion with consistent sustainable transportation choices across both waves while a 

value of 0 denoted otherwise. This variable is described in Subsection 3.2.3.  

 

The primary independent variables were the NTPEB of mothers during their children’s 

adolescence. The survey items used in this study to measure mothers’ NTPEB during their 

children’s adolescence were consistent with those used in previous empirical studies in this 

thesis (see Table 4-19). Moreover, their scores across the six survey items were averaged 

to gauge the mothers’ overall involvement in these behaviours. 
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Table 4-19. Definition of variables in the fourth empirical study 

Variables Definition 

Dependent variable  

Consistent sustainable choice 
Whether children consistently choose sustainable modes of transport when they go to school in adolescence and to 

work in young adulthood Yes = 1, No = 0 

Children’s demographic and socioeconomic traits in young adulthood (Wave 10) 

Age Children’s age in young adulthood 

Female Children’s sex: categorised as Male = 0, Female = 1 

Non-White ethnicity Children’s ethnicity: White = 0, Other ethnicities = 1  

Employed full-time  Children’s employment status in young adulthood: Part-time = 0, Full-time (i.e. greater than 30 hours per week) = 1. 

Highest_qualification 

(ordered categorical variable) 

Children’s highest educational level in young adulthood (at the time survey)  

1: Below the level of GCSE or without any certifications. 

2: Equivalent to GCSE level. 

3: Equivalent to A level. 

4: Includes diplomas, teaching credentials, and nursing certifications, etc. 

5: Bachelor’s degree and above, including BSc, BA, MSc, MA, PhD, etc. 

Children’s life change in young adulthood (Wave 10) 

Have_car_use Children’s access to a car or van for unrestricted use in young adulthood: Yes = 1, No = 0 

Have_licence  Children’s possession of a driving license: Yes = 1, No = 0 

Not_live_parents Children in young adulthood already not living with parents: Yes = 1, No = 0 

Household factors in children’s young adulthood (Wave 10) 

Income  

Monthly household net income, denoted post-tax and national insurance deductions (in thousands of GBP), is adjusted 

for household size and composition using an equivalence scale. This equivalised income is calculated by dividing the 

net income by the provided equivalisation factor. 

Rural 
Children live in rural areas in young adulthood: Yes = 1, No = 0. This is derived from the Office for National Statistics 

Rural and Urban Classification of Output Areas 2001. 

Distance  Distance, in miles, of residence from the usual place of work. 

Mother’s NTPEB during their children’s adolescence (1. Never ~ 5. Always) (Wave 4) 

Do not keep the tap running while you brush your teeth. 

Turning off lights in rooms when not in use 
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Not leaving the TV on standby for the night 

Not buying something because of too much packaging 

Buying recycled paper products 

Taking along a shopping bag for shopping 

Mother’s sustainable transport behaviours during their children’s adolescence (1. Never ~ 5. Always) (Wave 4) 

Opting for public modes of transport, such as buses or trains, over car travel 

Walk or cycle for short journeys less than two to three miles 

Mother’s pro-environmental attitudes during their children’s adolescence (1. Strongly Agree ~ 5. Strongly Disagree) (Wave 4) 

Any changes I make to help the environment must fit with my lifestyle. 

The so-called environmental crisis has been greatly exaggerated. 

Climate change is beyond our control; it is too late to do anything. 

The effects of climate change will occur too far in the future to truly worry me. 

It is not worth me doing things to help the environment if others do not. 

It is not worth the UK combatting climate change because other countries will cancel out what it does. 

n   
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This study drew on the existing literature and incorporated a range of control variables to 

understand the maintenance of children’s transport choices from adolescence to young 

adulthood. As in the third empirical study, this study considered the same control variables 

related to the children’s demographic, socioeconomic traits, and life-change and household 

factors in young adulthood. In addition, this fourth study considered mothers’ pro-

environmental attitudes and sustainable transport behaviours during their children’s 

adolescence, similar to the other empirical studies. Moreover, to gauge mothers’ overall 

involvement in sustainable transport behaviours during their children’s adolescence, their 

answers across the two survey items were averaged. Mothers’ pro-environmental attitudes 

during their children’s adolescence were treated as latent variables. For a more detailed 

explanation of each variable, see Table 4-19.  

 

4.4.3.3 Integrated choice and latent variable model 

 

The dependent variable examined in this study was dichotomous. The study incorporated a 

latent variable: mothers’ pro-environmental attitudes during their children’s adolescence. 

Therefore, consistent with the third empirical study, this fourth empirical study used an 

integrated choice and latent variable model. This study examined the dependent variable 

“consistent sustainable choice”, which signified the continuity in sustainable transportation 

preference from adolescence to young adulthood. This variable was dichotomous, with a 

value of 1 indicating the presence of consistent sustainable transportation choices and a 

value of 0 denoting the opposite. Figure 4-3 illustrates the analytical framework employed 

in this study. The simultaneous estimation method was also applied. In addition, the 

maximum likelihood estimation approach was employed for estimation, with Monte Carlo 

simulation utilised for integration purposes. Since the variables and data used in this study 

were consistent with the third study’s empirical evidence in this thesis, there was no 

multicollinearity in the variables. 
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Figure 4-3. Conceptual framework illustrating the associations within the integrated choice and latent variable model in the fourth empirical 

study 
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4.4.4 Results 

 

The data in this fourth empirical study were consistent with the third previous empirical 

study (Subsection 4.3.4), so the distribution of variables across the 480 mother-child pairs 

was not repeated. This information appears in Tables 4-14 in Subsection 4.3.4. Table 4-20 

shows the standardised factor loadings of the survey items related to the latent variable. 

 

Table 4-20. Measurement model estimates and model fit indices in the fourth empirical 

study (N = 480) 

Survey items Mean (SD) Factors 

loading 

P-Value 

Mother’s pro-environmental attitudes during their children’s adolescence 

Any changes I make to help the environment must fit 

with my lifestyle 

2.81 (0.886) 0.361*** 

The so-called environmental crisis has been greatly 

exaggerated 

3.06 (0.881) 0.649*** 

Climate change is beyond our control; it is too late to 

do anything 

3.40 (0.892) 0.754*** 

The effects of climate change will occur too far in the 

future to truly worry me 

3.51 (0.932) 0.625*** 

It is not worth me doing things to help the environment 

if others do not. 

3.40 (1.04) 0.814*** 

It is not worth the UK combatting climate change 

because other countries will cancel out what it does 

3.35 (1.01) 0.822*** 

Goodness-of-fit indices 

Normative fit index   0.902 

Comparative fit index   0.904 

Root mean square error of approximation  0.048 

Goodness of fit index   0.903 

Cronbach’s 𝛼  0.780 

Composite reliability value  0.782 

Average variance extracted metric  0.501 

 

The measurement items of latent variable (i.e. mothers’ pro-environmental attitudes during 

their children’s adolescence) were also consistent with the third study. In contrast to the 

third empirical study, which examined two latent variables, the fourth empirical study 

focused on a single latent variable: mothers’ pro-environmental attitudes during their 

children’s adolescence. As a result, the factor loadings of the survey items differed slightly 

from those in the third study. Nevertheless, the standardized factor loadings for all items 
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were statistically significant and surpassed the 0.3 threshold. Furthermore, all indicators 

used to assess the model’s goodness of fit met the required criteria.  

 

Furthermore, Table 4-21 showcases the standardised coefficients of correlation of maternal 

pro-environmental attitudes with their sustainable transport behaviours and NTPEB during 

their children’s adolescence. The analysis revealed significant, positive correlations 

between maternal pro-environmental attitudes during their children’s adolescence and both 

categories of behaviours (β = 0.366 and 0.108). 

 

Table 4-21. Results of the structural model in the integrated choice and latent variable 

model of fourth empirical study 

Influence  Standardised 

coefficients 

for direct 

correlation 

t-

statistic 

    

Mother’s NTPEB during their 

children’s adolescence 

Dependent 

variable 

  

Mother’s pro-environmental attitudes 

during their children’s adolescence 

Independent 

variable 

0.366** 3.493 

    

Mother’s sustainable transport 

behaviours during their children’s 

adolescence 

Dependent 

variable 

  

Mother’s pro-environmental attitudes 

during their children’s adolescence 

Independent 

variable 

0.108* 2.026 

* Indicates significance at 0.05 level. 

** Indicates significance at 0.01 level. 

*** Indicates significance at 0.001 level. 
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Table 4-22 displays the result of integrated choice and latent variable model, which used 

“no consistent sustainable choices” as the reference category for the dependent variable.  

 

Table 4-22. Results of the discrete choice model in the integrated choice and latent 

variable model of the fourth empirical study 

Variables Consistent sustainable choices 

(Reference group = NO) 

 Standardised coefficients  t-statistic 

Young Adult’s Demographic and Socioeconomic Traits (Wave 10) 

Age –0.102 1.0313 

Female –0.326 –1.235 

Non-White ethnicity 0.534 1.281 

Employed full-time –0.339 –1.287 

Highest_qualification (ordered 

categorical variable) 

–0.079 –1.056 

Young adult’s life change (Wave 10)   

Have_car_use –0.872*** –4.014 

Have_license  –0.874*** –3.881 

Not_live_parents –0.198* –2.083 

Household Factors (Wave 10)   

Income  –0.013 –0.150 

Rural –0.297 –1.403 

Distance –0.210** –3.254 

Mother’s NTPEB during their 

children’s adolescence (Wave 4) 

0.126* 2.492 

Mother’s sustainable transport 

behaviours during their children’s 

adolescence (Wave 4) 

0.248** 3.374 

Mother’s pro-environmental attitudes 

during their children’s adolescence 

(Wave 4) 

0.097 0.942 

Intercepts –3.696 –2.770 

* Indicates significance at 0.05 level.   

** Indicates significance at 0.01 level.   

*** Indicates significance at 0.001 

level. 

  

Akaike information criterion 9,934.40  

McFadden pseudo 𝑹𝟐 0.557 

Initial log-likelihood –11,096.955  

Final Log-likelihood -4,916.20  

 

 

Obtaining a driver’s licence or having cars during young adulthood were less likely to 

maintain sustainable transport options established in adolescence (β = –0.874 and –0.872). 
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In addition, respondents who moved away from their parents’ homes in young adulthood 

were less likely to persist in choosing sustainable transport modes for commuting (β = –

0.198, p < 0.05). As commuting distances to work increased, young adults were less likely 

to consistently choose sustainable transport modes (β = –0.210, p < 0.01). The results 

showed that mothers’ sustainable transport behaviours during their children’s adolescence 

were positively associated with maintenance in children’s sustainable transport choices 

from adolescence to young adulthood (β = 0.248, p < 0.01). A positive correlation was 

observed between mothers’ NTPEB during their children’s adolescence and the 

maintenance of their children’s sustainable transport choices from adolescence to young 

adulthood (β = 0.126, p < 0.05). This observation directly confirmed Hypothesis 4.  

 

4.5 Summary of the empirical research results 

 

This section focuses on the results of four empirical studies in this thesis. The first 

empirical study adopted a cross-sectional methodology to test the correlation between 

mothers’ NTPEB and their children’s choice of sustainable transportation modes to school 

in adolescence (Hypothesis 1.1). The findings validated Hypothesis 1.2, which states that 

maternal NTPEB correlate more strongly with adolescents’ sustainable transport to school 

than maternal pro-environmental attitudes. The first empirical study also found that some 

control variables, such as mothers’ educational level and transport behaviours, correlated 

with their children’s sustainable transport choice to school during adolescence. 

 

The second and third empirical studies separately tested the correlation of mothers’ 

NTPEB during their children’s adolescence with the frequency of overall sustainable 

transport behaviours and sustainable transport choices for commuting to work of children 

in young adulthood. These two empirical studies demonstrated that mothers’ NTPEB 

during their children’s adolescence were associated with their children’s pro-

environmental attitudes in young adulthood (Hypothesis 2.1). This pro-environmental 

attitude of children in young adulthood mediated the indirect correlation between mothers’ 

NTPEB during their children’s adolescence and their children’s frequency of overall 

sustainable transport behaviours and sustainable transport choices for commuting to work 

in young adulthood (Hypotheses 2.2, 2.3, and 3). Similarly, both studies found that a range 
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of control variables in young adulthood (i.e. children’s ethnicity, the highest level of 

education, and possession of a driver’s licence or car) were associated with sustainable 

transport behaviours.  

 

Finally, the fourth empirical study verified Hypothesis 4, based on this thesis’s first three 

empirical studies. It posited that mothers’ NTPEB during their children’s adolescence was 

related to their children’s consistent choice of sustainable transport from adolescence to 

young adulthood.  

 

The next chapter focuses on explaining the relevant findings of each of the empirical 

studies. Furthermore, based on the findings related to the main research variable of this 

thesis (i.e. mothers’ NTPEB), the discussion also suggests potential applications for 

promoting sustainable transport behaviour among adolescents and young adults. 
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Chapter 5. Discussion 

 

This chapter begins by individually explaining the results related to the control variables in 

the four empirical studies (Section 5.1). Next, Section 5.2 highlights the results of the main 

research variable of this thesis (i.e. mothers’ NTPEB during their children’s adolescence). 

Consequently, a series of applications are presented in Section 5.3.  

 

5.1 Interpretation of findings related to control variables 

 

Section 5.1 has three subsections, 5.1.1–5.1.3, which discuss the results of the control 

variables of the four empirical studies in this thesis. These results relating to the second 

and third empirical studies’ control variables are discussed together in Subsection 5.1.2. 

 

5.1.1 Interpretation of control variables in the first empirical study 

 

The first empirical study focused on the correlation between mothers’ NTPEB and their 

children’s sustainable transportation choices for school during adolescence. Several control 

variables, including the children’s age, ethnicity, the mothers’ job status, bicycle and bus 

use frequency, car ownership, and living area type, showed statistically significant 

associations with the children’s transport choices to school in adolescence.  

 

As children age, the likelihood of choosing active transport over cars increases, even more 

so for public transport. This assertion is consistent with the results of previous studies 

(Irawan et al., 2022; Yeung et al., 2008). It is important to note that, in this study, 10-year-

old adolescents (the reference group) could have shorter commute distances compared to 

adolescents of other ages, such as those aged 11-15 years. This may be due to the fact that 

10 year olds are still attending primary school and will be moving on to secondary school 

at the age of 11-12 years, which usually requires an increase in the distance travelled to 

school. For example, in England in 2023, 52% of students aged 5-10 years had a school 

commute of less than one mile, while 22% commuted between one and two miles, 17% 
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between two and five miles, and 9% commuted over five miles (Department for Transport, 

2023c). In contrast, for students aged 11-16, 33% had a school commute of less than one 

mile, 26% between one and two miles, 24% between two and five miles, and 18% 

commuted over five miles (ibid). This difference suggests that older adolescents (11-15 

years old) typically face longer school commuting distance compared to younger 

adolescents (10 years old) in the study, which should be associated with a lower likelihood 

of using sustainable transport. However, both previous research and the present study 

indicate that as children grow older, they are more likely to use active transport or public 

transport to get to school. This shift may be attributed to increasing independence from 

parents as children age. For instance, He and Giuliano (2017) found that children gained 

more independence from their parents as they aged. As children mature, parents may 

become more confident in their ability to cope with potential dangers encountered on the 

way to school. This may somewhat reduce parental safety concerns about their child’s 

commuting safety (van den Berg et al., 2020) and increase the likelihood of their children 

travelling to school independently and, correspondingly, the likelihood of choosing a 

sustainable mode of transport. Since parental safety concerns were not considered in the 

model of the first empirical study, a statistically significant correlation between the 

children’s age and active and public transport to school was seen.  

 

Additionally, the first empirical study found that compared with children with White 

ethnicity, children from Non-White ethnic backgrounds exhibited a lower propensity to opt 

for active transport to school. This is consistent with the findings of a previous UK study 

(Owen et al., 2012). Owen et al. (2012) found that in the UK, adolescents with White 

backgrounds are more likely to walk/cycle to school, those with African Caribbean black 

backgrounds are more likely to travel to school by public transport, and those with South 

Asian backgrounds are more likely to go to school by cars. Easton and Ferrari (2015), also 

studying the UK offer the potential explanation that White British students travel the 

shortest distances to school compared to other ethnicities, which leads to them being more 

likely to walk or cycle to school.  

 

Regarding socioeconomic variables, this first empirical study found that the number of 

private vehicle in a household was negatively correlated with the likelihood of choosing 
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active and public modes of transport to school. This is reasonable, and several previous 

studies have found the same result (Agyeman and Cheng, 2022; Irawan et al., 2022). In 

addition, the first empirical study found a clear relationship between working mothers and 

an increased likelihood of adolescents choosing active and public transport to school. This 

finding is somewhat consistent with the findings of Agyeman and Cheng (2022), who 

showed that children of full-time working parents were likelier to walk to school than 

parents who worked part-time or did not work. One possible explanation is that full-time 

employment may limit the time for parents to drive their children to school, while parents 

who are not required to work full-time have more time to do so. Hence, parents’ long 

working hours reduce their chances of escorting their children to school (He and Giuliano, 

2017) and decrease the likelihood of driving them to school in a car.  

 

In addition, the first empirical study found that when mothers had a degree or higher 

qualification, their children were less likely to choose active transport to school as 

adolescents. Larouche et al. (2015) found the same result in Australia, Colombia, Kenya, 

Portugal, South Africa, the UK, and the United States. Ermagun and Samimi (2015) 

explained that highly educated parents may be more aware of risk, which may discourage 

them from letting their children use public transport or walk to school independently. In 

addition, parents with higher levels of education are more likely to choose schools (e.g. 

selecting private schools) for their children (Burgess et al., 2011; Jheng et al., 2022). The 

selection of private schools could increase the distance between home and school. Fyhri et 

al. (2011) partly attributed the increases in distance to school for adolescents (11–16 years 

old) in Great Britain to more students attending private schools over time. In the UK, the 

number of students enrolled in private schools in 2022 rose by 16.9% over 1990 (Coe, 

2023). According to the Independent Schools Council (2023), 554,316 pupils in 2022 were 

enrolled in private schools across the UK, which represented approximately 5.9% of the 

total student population. As the distance to school increases, the likelihood of using active 

transport diminishes, particularly since parents with higher levels of education are more 

likely to choose private schools, which further extends the distance their children must 

travel.  
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Furthermore, the first empirical study found a negative relationship between net household 

income and the preference of adolescents to choose active and public transport options. 

This is consistent with the result of previous research in the UK. For example, in England, 

children from low-income families are more likely to choose buses or non-motorised 

transport to attend school (Van Ristell et al., 2013). Previous studies have attributed this 

result to the fact that household income tends to be associated with families owning more 

cars. However, in the first empirical study, the negative correlation between household 

income and the likelihood of choosing sustainable transport to school remained after 

controlling for household car ownership. Therefore, there may be another interpretation for 

the differences in the transport choice for commuting to school for adolescents in 

households with different incomes level. Another interpretation posits that higher-income 

families tend to have more options regarding school selection (Burgess and Briggs, 2010; 

Silvennoinen et al., 2015; Suppramaniam et al., 2019). This ability also results in longer 

travel distances to school and, consequently, a reduced likelihood of using sustainable 

transport to school. 

 

The first empirical study found that children living in rural areas were less likely to choose 

active transport for commuting to school. This finding is consistent with findings from 

previous research. For example, Babey et al. (2009) indicated that adolescents from urban 

areas were more likely to choose active transport for commuting to school. Simons et al. 

(2017b) found that adolescents living in rural areas were less likely to reach their schools 

via active transport. Disparities in the state of the built environment related to active 

transport in urban and rural areas could also explain this difference. Christiana et al. (2021) 

demonstrated differences in active transport choices between adolescents in rural and non-

rural areas and attributed this difference primarily to the lack of resources, including the 

low quality and availability of active transport infrastructure in rural areas. Compared with 

rural areas, urban areas have well-developed active transport infrastructure with high 

walking accessibility (Rahman et al., 2020). These amenities also somewhat increase the 

likelihood that urban adolescents choose active transport for commuting to school. 

 

In contrast, the results of the first empirical study showed that children residing in rural 

areas were more likely to use public transport to travel to school than those living in urban 
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areas. This finding may be due to differences in school bus subsidies between rural and 

urban authorities. This subsidy provides free school bus transport to schools for 

adolescents over three miles from the school in the UK (Department for Education, 2010; 

GOV.SCOT, 2022; GOV.WALES, 2014). Since most of the studied mother-child pairs in 

the first empirical study were from English households, the example of England is used 

here. According to 2010 data in England, the average expenditure by all urban authorities 

on school bus subsidies was just under £1 million, while the average expenditure of rural 

authorities was nearly £9.6 million (Van Ristell et al., 2015). The total expenditure on 

secondary school bus transport for adolescents (the adolescent group was the same as the 

group first studied in this thesis) was £275 million, of which nearly 83% (£228 million) 

was spent on school bus services in rural areas (Van Ristell et al., 2015). The difference in 

school bus subsidies between rural and urban authorities made adolescents living in rural 

areas likelier to choose school bus trips than those living in urban areas. Since the public 

transport categories of the dependent variable in this first empirical study of the thesis also 

included school buses, this explanation is somewhat plausible. 

 

In addition, the first empirical study found that children whose mothers cycled infrequently 

(less than once weekly) demonstrated a lower propensity for selecting active transport 

modes to school in adolescence than those whose mothers engaged in cycling at least once 

per week. This observation aligns with Siiba (2020), who documented a positive 

correlation between parental the frequency of active transport behaviours and their 

offspring’s the likelihood of active transport to school. It is worth noting that the first 

empirical study also found that mothers who used buses less frequently each week were 

less likely to have children who chose either active or public transport to school than those 

who used buses at least once per week. This discovery expands upon Siiba (2020) by 

demonstrating that not only parental active transport behaviours are linked to adolescents’ 

active commuting to school, but also parental public transport behaviours are connected to 

adolescents’ active transport to school. 

 

One potential explanation for these results is that children may mimic their mothers’ 

sustainable transport behaviours and develop sustainable transport preferences. Moreover, 

mothers’ sustainable transport behaviours significantly influence their adolescent children’s 
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negative attitudes towards car use (Sigurdardottir et al., 2013). Children’s negative 

attitudes towards car use, in turn, influence their sustainable transport choices when 

commuting to school. In addition, since the first empirical study could not successfully 

control for the quality of sustainable transport-related infrastructure around the household, 

a potential explanation is that mothers and children may live in the same community 

surrounded by high-quality, sustainable transport-related infrastructure, which somewhat 

contributes to the consistency of sustainable transport behaviours between mothers and 

children. 

 

5.1.2 Interpretation of control variables in the second and third empirical 

studies  

 

The second and third empirical studies focused on the indirect correlation of mothers’ 

NTPEB during their children’s adolescence with their children’s overall frequency of 

sustainable transport behaviours and sustainable transport choices for commuting to work 

in young adulthood. Moreover, the second and third empirical studies also explored the 

mediating role of children’s pro-environmental attitudes as young adults in these indirect 

correlations. Both empirical studies considered the same control variables (except for 

distance from the workplace, which was considered in the third empirical study). 

Therefore, the results of these control variables are discussed together in Subsection 5.1.2. 

 

Regarding control variables, non-White ethnicity children showed a higher overall 

frequency of sustainable transport behaviours in adulthood and were more likely to choose 

sustainable transport modes to go to work compared to their White counterparts. This is 

consistent with results of previous British study (Mattioli and Scheiner, 2022). Prior 

research has indicated that variations in transport behaviours among different ethnic groups 

are primarily attributed to socioeconomic disparities (e.g. differences in car ownership) 

between these groups (Klocker et al., 2015; Mattioli and Scheiner, 2022). However, in this 

thesis’s second and third studies, even after controlling for variables related to young 

adults’ socioeconomic status (i.e. household income, car ownership, and employment 

status), differences in sustainable transport behaviours among ethnic groups remained 

observable. Thus, other influencing factors contribute to differences in transport behaviour 
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between different ethnic groups. Klocker et al. (2015) emphasised that variations in 

housing preferences contributed to differences in transport behaviours among ethnic 

groups. For instance, Levin (2012) found that non-White ethnic groups (e.g. Chinese ethnic 

groups) deliberately selected neighbourhoods with convenient access to public transport, 

which increased their likelihood of relying on public transport. As the second and third 

empirical studies was unable to include detailed spatial information in its analyses, it is not 

possible to directly assess the extent to which the lower level of car use among non-white 

ethnics reflects their concentration in areas with good public transport provision and/or 

walkability. 

 

The second empirical study found that those employed (with full-time students as the 

reference group) exhibited a diminished sustainable transport inclination. Busch-

Geertsema and Lanzendorf (2017) observed the same result: young adults tended to use 

cars more and public transit less once they completed their education and began working. 

Moreover, Brown et al. (2016) found that the full-time student status of young adults had a 

greater positive impact on public transit use than the employment status of young adults. 

Simons et al. (2017b) underscored that young adults studying in university or college were 

likelier to walk and use public transport while working young adults were likelier to use 

cars. This difference in transport behaviours between working young adults and full-time 

young adult students may be due to differences in economic pressure and car availability 

(Busch-Geertsema and Lanzendorf, 2017). Another explanation for these differences is the 

differences in the available transport-related infrastructure between the two groups. 

Geertsema and Lanzendorf (2017) found that changes in commuting distances and the 

availability of railway transport were associated with changes in the transport behaviour of 

young adults as they moved from university to employment. Higher education campuses 

are usually located in densely populated urban areas, which usually means shorter 

distances to travel and better public transport facilities. Hence, sustainable transport 

options are more available for full-time students.  

 

The third empirical study found that young adults were less likely to choose sustainable 

transport modes for commuting to full-time work than part-time work. This finding is 

somewhat consistent with the findings of Newbold and Scott (2018). A study in the UK 
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reported that full-time workers spent much more time commuting to work than part-time 

workers (McQuaid and Chen, 2012), perhaps because full-time workers had longer 

commutes that were more time-intensive than part-time workers. Therefore, full-time 

workers were more inclined to choose potentially faster or more convenient car travel 

options.  

 

The second empirical study also found that education levels were positively correlated with 

the overall frequency of sustainable transport behaviours among children in young 

adulthood. Several studies have found the same results. For example, Newbold and Scott 

(2018) found that young adults with a university degree were likelier to use public transit 

than those whose highest educational level was high school or less. Young adults with 

higher levels of education commuted to work more frequently by train or bicycle than 

those with lower levels of education (De Vos and Alemi, 2020; Simons et al., 2017a). De 

Vos and Alemi (2020) suggested a plausible explanation for this phenomenon by positing 

that young adults with higher educational achievements frequently demonstrated more 

favourable attitudes towards sustainable transportation while maintaining less favourable 

attitudes towards car use. Children’s favourable attitudes towards sustainable transportation 

in young adulthood somewhat correlate to their frequency of overall sustainable transport 

behaviour for all trip purposes.  

 

However, considering greater time pressures, the third empirical study did not find a 

statistically significant relationship between educational levels and sustainable transport 

choices for commuting to work. According to the theory of planned behaviour mentioned 

in Subsection 2.3.4, attitudes usually influence actual behaviour and are mediated by 

intentions. However, perceived behavioural control can severely influence behavioural 

intentions (Webb et al., 2013; Zailani et al., 2016), which interferes with the transition from 

attitude to behaviour. Perceived behavioural control reflects people’s control perceptions, 

confidence levels, and behavioural difficulties (Kraft et al., 2005). Perceived difficulties in 

commuting using sustainable transport due to commuting time pressures disrupt the 

pathways by which children’s positive attitudes towards sustainable transport in young 

adulthood influence their actual sustainable transport choice for commuting to work. For 

example, higher educational attainment is associated with forming positive attitudes 
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towards sustainable transport, which can encourage intentions to choose sustainable modes 

for commuting. However, time pressures on the commute to work may compel young 

adults to prioritise faster or more convenient car journeys over sustainable transport modes. 

Hence, a link with education level was observed for overall sustainable transport 

behaviour, but no such result was observed for sustainable transport choices for specific 

commuting to work. 

 

As expected, the second and third empirical studies found that having a driver’s licence 

and unrestricted access to a car negatively correlated with children’s overall frequency of 

sustainable transport behaviours in young adulthood and their sustainable transport choices 

for commuting to work in young adulthood. These observations align with prior research 

findings (Vale et al., 2018). In addition, the third study found a negative correlation 

between distance to work and the likelihood of children choosing sustainable transport to 

work in young adulthood. This result was also expected.  

 

In the second empirical study, children living in urban areas were more likely to engage in 

sustainable transport behaviours as young adults than those living in rural areas. Licaj et al. 

(2012) found the same result, with a higher proportion of young adults from rural areas or 

outer suburbs driving than those from urban centres. Urban young adults are more likely to 

cycle than those living in rural areas (Simons et al., 2017b), which may be due to 

differences in travel distances between urban and rural areas. Champion (2009) noted that 

in England, commuting distances are longer in rural than urban areas. However, the third 

empirical study found no statistically significant correlation between living in urban areas 

and children’s choice of sustainable transport options for commuting to work as young 

adults, which may be the reason for controlling for distance to work in the third empirical 

study.  

 

Moreover, the second and third empirical studies also found that children’s past 

experiences related to sustainable transport to school during adolescence (with cars as the 

reference group) revealed a positive association with children’s overall frequency of 

sustainable transport practices and sustainable transport to work in young adulthood. 

Several studies have found the same results (De Vos et al., 2022; Mjahed et al., 2015; 
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Muromachi, 2017), which emphasise the enduring nature of early-life transport behaviours. 

Chronic repetitive transport behaviours in adolescence tend to evolve into ingrained habits 

in adulthood. When adolescents consistently choose sustainable transport options, this 

behaviour becomes the default choice in later years. Hence, promoting sustainable 

transport habits early on can yield long-term benefits and steer choices in adulthood. 

Moreover, since neither the second nor third empirical study controlled for the built 

environment related to sustainable transport behaviours around the household, another 

possible explanation for results of consistency between past transport behaviours and 

current transport behaviours is that children in young adulthood are likely to remain in the 

same areas with well-developed sustainable transport infrastructure as they did as 

adolescents. Thus, they continue to prefer sustainable transport behaviours in adolescence 

and young adulthood.  

 

The maternal frequency of sustainable transport behaviours during children’s adolescence 

positively correlated with children’s frequency of sustainable transport behaviour and 

sustainable transport choice for commuting to work in young adulthood in the second and 

third empirical studies. According to Sigurdardottir et al. (2013), mothers’ sustainable 

transport behaviours during their children’s adolescence may indirectly influence their 

children’s intention to commute in sustainable transport as young adults. Children’s 

intentions to commute using sustainable transport can determine their actual transport 

behaviour in young adulthood. Furthermore, according to social learning theory, another 

possible explanation is that if mothers predominantly engage in sustainable transport 

methods (e.g. public transport, walking, or bicycling) instead of primarily relying on cars, 

their children are likely to emulate these behaviours. In the long run, consistent exposure to 

these sustainable practices may form a habit of children using these same sustainable 

modes. This ingrained habit from adolescence can then carry forward and influence their 

transport preferences as young adults. Klöckner and Matthies (2012) somewhat supported 

this explanation and found that parents’ sustainable transport behaviour during their 

children’s adolescence influenced their children’s transport behaviour in adulthood by 

shaping their children’s transport habits. Similarly, a potential explanation could be that 

even after moving out, children in their young adult years often reside in the same areas 

with well-developed sustainable transportation infrastructure as they did during 

adolescence. This situation may lead to a resemblance between the sustainable 
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transportation behaviours observed in parents during adolescence and those of the children 

in adulthood. 

 

Moreover, the second empirical study also considered the relationship between mothers’ 

sustainable transport behaviours during their children’s adolescence and their children’s 

pro-environmental attitudes in young adulthood. While not the main focus of this thesis, it 

was still worth specifying. The results suggested that mothers’ sustainable travel 

behaviours during their children’s adolescence did not directly affect their children’s pro-

environmental attitudes in adulthood. A plausible explanation for this observation may be 

that children may not perceive their mothers’ sustainable transport choices as a deliberate 

environmental action due to the myriad of constraints associated with sustainable transport. 

The multiple constraints surrounding sustainable transport may inadvertently obscure the 

pro-environmental motivations behind these decisions. As a result, children may fail to 

recognise and internalise the pro-environmental concepts behind their mothers’ sustainable 

transport choices so that they do not influence their pro-environmental attitudes as adults. 

This notion emphasises the need to enhance children’s understanding of the motivations 

behind their parents’ sustainable transport. Previous research has posited that meaningful 

conversations between parents and their children about environmental protection can be 

instrumental in aiding the younger generation to truly understand and appreciate the 

motivation behind parental pro-environmental behaviours. 

 

5.1.3 Interpretation of control variables in the fourth empirical study  

 

The fourth empirical study focused on the relationship between mothers’ NTPEB during 

their children’s adolescence and their children’s consistent choice of sustainable transport 

modes for commuting from adolescence to young adulthood. Notably, as commuting 

distances increase, young adults are more inclined to forego sustainable transport options, 

given that longer distances often necessitate faster and more direct modes of transportation 

(e.g. cars). Whether using sustainable transport or driving a car to school in adolescence, 

driving to work is more likely when faced with longer commuting distances in adulthood. 

Unsurprisingly, life changes from adolescence to young adulthood, such as obtaining a 

driver’s licence, owning a car, and moving out of the parental home, are often associated 
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with changes in children’s transport choices from adolescence to young adulthood. This is 

also consistent with previous findings (Charreire et al., 2021; De Paepe et al., 2018; Licaj 

et al., 2012; Vale et al., 2018; Bayart et al., 2020). 

 

Moreover, the results of the fourth empirical study showed that mothers’ sustainable 

transport behaviours during their children’s adolescence were positively associated with 

maintaining children’s sustainable transport choices from adolescence to young adulthood. 

As mentioned earlier, parental modelling is crucial, especially during adolescence. Thus, 

mothers’ sustainable transport behaviours during their children’s adolescence help their 

children develop corresponding sustainable transport habits, which are often also deeply 

rooted and continue from adolescence to young adulthood. 

 

5.2 Results of examination of research hypotheses 

 

Section 5.2 mainly discusses the hypotheses that were tested in each empirical study. 

 

5.2.1 Research hypotheses in the first empirical study 

 

The first empirical study found a positive correlation between the degree to which mothers 

engaged in NTPEB during their children’s adolescence and the likelihood of their children 

using public transport to attend school in adolescence. This result confirmed Hypothesis 

1.1 in Subsection 4.1.2.  

 

One possible interpretation of this correlation is that mothers can invariably convey the 

importance of environmental protection to adolescents through their daily NTPEB, such as 

energy conservation and environmentally conscious shopping. These habits foster 

adolescents’ pro-environmental psychological constructs, such as pro-environmental 

attitudes and awareness of responsibility for environmental protection. Once formed, these 

adolescents’ psychological constructs may catalyse a range of behaviours, such as public 
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transport to school, beyond the scope of parental NTPEB that initially influenced the form 

of psychological constructs. This finding enriches the existing literature on the 

intergenerational transmission of pro-environmental behaviours. Therefore, this 

transmission should not be limited solely to similar behaviours between parents and 

children. Significant intergenerational transmission may also occur among different pro-

environmental behaviours between parents and children. 

 

The first empirical study also discovered the positive connection between mothers’ pro-

environmental attitudes and children’s use of public transport when travelling to school in 

adolescence. This could be because that parental pro-environmental attitudes indirectly 

correlate with their children’s choices in using sustainable transport methods to school, 

primarily through the parents’ sustainable transport practices. However, in this study, when 

controlling for mothers’ sustainable transport behaviour, mothers’ pro-environmental 

attitudes remained associated with their children’s public transport to school in 

adolescence. However, this correlation became statistically insignificant after the mothers’ 

NTPEB were included in the model. In other words, the association between mothers’ pro-

environmental attitudes and children’s public transport to school in adolescence was no 

longer statistically significant when mothers’ NTPEB and sustainable transport behaviours 

were considered. Therefore, this result underscores the intricate link between maternal pro-

environmental attitudes and adolescents’ transport choices to school. The correlation 

between mothers’ pro-environmental attitudes and adolescents’ use of public transport to 

school may be mediated by mothers’ transport behaviours and by NTPEB.  

 

Moreover, the model encompassing mothers’ pro-environmental attitudes and NTPEB 

offers a superior fit for the data compared to the model that solely incorporates mothers’ 

pro-environmental attitudes, as indicated by the Akaike information criterion value. 

Therefore, this result also demonstrates that mothers’ NTPEB have a stronger correlation 

with adolescents’ public transport choice of commuting to school than mothers’ pro-

environmental attitudes. This conclusion aligns with Hypothesis 1.2 in Subsection 4.1.2.  

 

Notably, compared to other factors, such as mothers’ frequency of public transportation 

use, bicycle use, family car ownership, and residential location (rural vs. urban), the 
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strength of associations between mothers’ pro-environmental attitudes, NTPEB and the 

likelihood of their adolescent children choosing public transportation for school are 

weaker. These associations are likely indirect, mediated by adolescents’ own pro-

environmental psychological factors, whereas the direct relationships between the other 

variables and adolescent children’s school travel mode choice are relatively stronger. 

Although the strength of relationships between mothers’ pro-environmental attitudes, 

NTPEB and the likelihood of their adolescent children choosing public transportation for 

school is smaller, this study confirms the existence of these association—a key objective of 

this research. This finding offers a novel perspective for analysing school travel behaviours 

among adolescents. 

 

5.2.2 Research hypotheses in the second and third empirical studies 

 

The second and third empirical studies tested whether the correlation found in the first 

empirical study (i.e. between mothers’ NTPEB during their children’s adolescence and 

their children’s sustainable transport behaviour during adolescence) persisted into 

children’s young adulthood. Specifically, the second and third empirical studies 

underscored the indirect correlation of mothers’ NTPEB during their children’s 

adolescence with the frequency of sustainable transport behaviours and the choice of 

sustainable transport for children’s commuting to work in young adulthood. Children’s 

pro-environmental attitudes in young adulthood mediated this indirect correlation.  

 

Firstly, the second and third empirical studies examined the direct and indirect associations 

between mothers’ pro-environmental attitudes, sustainable transport behaviours, NTPEB 

during their children’s adolescence, and their children’s pro-environmental attitudes in 

young adulthood. For children’s pro-environmental attitudes in young adulthood, mothers’ 

pro-environmental attitudes and their NTPEB during their children’s adolescence directly 

influenced the children’s pro-environmental attitudes later in life. This result also directly 

supported Hypothesis 2.1 in Subsection 4.2.2. The direct influence of mothers’ NTPEB 

may be due to the observation and internalisation of these behaviours by their children 

during adolescence, which subsequently facilitates the development of pro-environmental 

attitudes.  
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Moreover, the results of the second and third empirical studies underscored that mothers’ 

NTPEB during their children’s adolescence demonstrated a stronger direct influence on 

their children’s pro-environmental attitudes in adulthood than mothers’ pro-environmental 

attitudes observed within the same period. This finding aligns with Grønhøj and Thøgersen 

(2012), who found that mothers’ NTPEB, rather than pro-environmental attitudes, more 

significantly influenced their children’s NTPEB. This finding highlights the pivotal role of 

maternal behaviours in instilling lasting pro-environmental attitudes and practices in 

subsequent generations.  

 

Secondly, the results of the second and third empirical studies found that the direct 

correlation between mothers’ NTPEB during their children’s adolescent years and 

children’s sustainable transport behaviours in young adulthood were not statistically 

significant when factoring in the young adults’ pro-environmental attitudes. In this case, a 

significant indirect correlation was observed. This finding supports Hypothesis 2.2 in 

Subsection 4.2.2, which proposed that the NTPEB of mothers during their children’s 

adolescence indirectly influence the children’s sustainable behaviours in young adulthood. 

Moreover, these two studies found that the mothers’ NTPEB during their children’s 

adolescence were related to these children’s pro-environmental attitudes in young 

adulthood. Hence, the mothers’ behaviours indirectly correlate with their children’s overall 

frequency of sustainable transport behaviours and sustainable transport to work in young 

adulthood.  

 

These findings validate Hypotheses 2.3 and 3 in Subsections 4.2.2 and 4.3.2 and suggest 

that mothers’ NTPEB during their children’s adolescence indirectly shape their children’s 

sustainable transport behaviours in young adulthood by moulding their pro-environmental 

attitudes. The results highlight the broader influence of mothers’ pro-environmental 

attitudes and behaviours and suggest that promoting mothers’ pro-environmental attitudes 

or any form of sustainable behaviour, even if not directly related to transport, can indirectly 

shape sustainable transport actions in future generations. This finding presents a novel 

perspective for promoting sustainable travel behaviours in future endeavours.  
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Similarly, the strength of indirect associations between mothers’ pro-environmental 

attitudes and NTPEB during their children's adolescence and the children's sustainable 

transport behaviours in young adulthood are weaker than the direct associations of other 

factors, such as children's car access in adulthood, driver's license acquisition, and their 

own pro-environmental attitudes in young adulthood. Notably, the relatively weaker 

strength of the indirect associations compared to the direct relationships is expected. 

Despite the smaller strength, the findings confirm the existence of these associations 

between mothers’ pro-environmental attitudes and NTPEB during their children's 

adolescence and the children's sustainable transport behaviours in young adulthood, 

aligning with the objectives of the second and third research. 

 

5.2.3 Research hypotheses in the fourth empirical study 

 

The main aim of the fourth empirical study was to test the hypothesis established based on 

the findings of the first (Section 4.1) and third (Section 4.3) empirical studies. The 

hypothesis asserted a relationship between the NTPEB exhibited by mothers during their 

children’s adolescence and their children’s maintenance of sustainable transport choices 

from adolescence into early adulthood.  

 

The results of the fourth empirical study directly confirmed Hypothesis 4 (see Subsection 

2.4.2). This finding agrees with the previous literature and can be attributed to the role of 

mothers’ NTPEB during their children’s adolescence that foster children’s pro-

environmental psychological factors (e.g. pro-environmental attitudes) during adolescence. 

These attitudes nurtured during adolescence promote sustainable transport choices to 

school. Furthermore, these psychological factors tend to endure into young adulthood and 

influence individuals’ sustainable transport choices as they transition to the workforce in 

adulthood.  

 

5.3 Implications 
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The central finding of this thesis is the link between mothers’ pro-environmental 

behaviours (i.e. NTPEB and sustainable transport behaviours) during their children’s 

adolescence and their children’s adoption of sustainable transport behaviours in 

adolescence and young adulthood. These results have several significant implications. 

Firstly, these results suggest that interventions promoting sustainable transport behaviours 

among adolescents or young adults should extend beyond the immediate target 

demographic to include mothers (i.e. parents). Jaime et al. (2023) noted that enduring 

changes in children’s pro-environmental behaviours require direct interventions targeting 

children with additional strategies focused on parents. Indeed, increasing mothers’ 

consciousness about their pivotal role in nurturing sustainable transport habits in their 

children could have a profound impact. Campaigns targeting parents should emphasise that 

mothers act as pivotal role models in promoting sustainable transport behaviours among 

their children, even as they mature. In addition, due to the findings indicating that mothers’ 

NTPEB wield greater influence than their pro-environmental attitudes, mothers should be 

encouraged to make their pro-environmental actions visible to their children.  

 

Secondly, the result demonstrating the correlation between mothers’ NTPEB during 

children’s adolescence and children’s sustainable transport during adolescence has crucial 

implications for assessing interventions to enhance NTPEB in mothers. Previous studies 

have highlighted the significance of comprehensively assessing the effectiveness of 

interventions aimed at fostering environmentally friendly behaviours (Steg and Vlek, 

2009). This thesis argues that interventions targeting mothers’ NTPEB could influence 

their children’s behaviours beyond NTPEB, such as sustainable transport behaviours. 

Therefore, when evaluating the effectiveness of interventions aimed at fostering NTPEB 

within the target group, it is crucial to consider the potential changes in the diverse 

behaviours of the target group’s children. For example, when assessing the impact of an 

intervention on maternal energy-saving or eco-friendly purchasing behaviours, it is 

necessary to include an evaluation of any shifts in children’s sustainable transport 

behaviours, which may arise concurrently with changes in maternal practices. 

 

Thirdly, the second and third empirical studies highlight that the pro-environmental 

attitudes of children in young adulthood significantly influence their sustainable transport 
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behaviours in young adulthood. This finding underscores the importance of targeted 

interventions to foster pro-environmental attitudes among this demographic, including 

incorporating environmental education into school and higher education syllabuses (Jaime 

et al., 2023). Additionally, given the significant role of new media in the lives of young 

adults, it can serve as a platform for disseminating content related to sustainability issues to 

foster the development of pro-environmental attitudes and engagement with sustainable 

transport behaviours (Shen et al., 2023). This perspective emphasises the dual strategy of 

education and media engagement to inspire pro-environmental attitudes in young adults 

and promote their sustainable transport behaviour. 

 

Fourthly, the results of the second and third empirical studies suggest that mothers’ 

sustainable transport behaviours during their children’s adolescence do not directly affect 

their children’s pro-environmental attitudes in adulthood. This finding may be due to the 

multiple constraints surrounding sustainable transport. Therefore, children may fail to 

recognise and internalise the pro-environmental concepts behind their mothers’ sustainable 

transport choices so that they do not influence their pro-environmental attitudes as adults. 

Therefore, the need exists to enhance children’s understanding of the motivations behind 

their parents’ sustainable transport behaviours. Previous research has suggested that 

meaningful conversations between parents and their children about the contribution of 

sustainable transport to environmental protection can be instrumental in helping children 

truly understand and appreciate the motivation behind parental behaviours (Jia and Yu, 

2021), which can lead to children’s sustainable behaviours.  
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Chapter 6. Conclusion 

 

The thesis presented four empirical studies that sought to establish the correlation between 

mothers’ NTPEB during their children’s adolescence and the sustainable transport 

behaviours exhibited by their children during adolescence and young adulthood. These 

studies effectively addressed research gaps in the current empirical literature by offering 

several noteworthy academic contributions. Section 6.1 summarises these academic 

contributions, while Section 6.2 concludes with the limitations of this thesis and proposes 

future research in this domain. 

 

6.1 Main contribution 

6.1.1 The role of mothers’ NTPEB 

 

This thesis found a statistically significant correlation between mothers’ NTPEB during 

their children’s adolescence and their children’s use of public transport to school during 

adolescence. This finding contributes to the existing literature on the intergenerational 

transmission of pro-environmental behaviours between parents and children. It indicates 

that this transmission is not solely confined to similar behaviours between parents and 

children. Instead, significant transmissions can occur across different pro-environmental 

behaviours between parents and children. In addition, this thesis found that this 

intergenerational transmission may persist into children’s young adulthood.  

 

Specifically, this thesis underscores the indirect correlations of mothers’ NTPEB during 

their children’s adolescence on their children’s frequency of sustainable transport 

behaviours and sustainable transport choice for commuting to work in young adulthood, 

mediated by the children’s pro-environmental attitudes in young adulthood. These findings 

suggest that mothers’ NTPEB are not solely linked to their children’s sustainable transport 

behaviours during adolescence but may extend into adulthood. Another contribution of 

these results suggests potential mechanisms for the intergenerational transmission of 

mother-child pro-environmental behaviours: mothers’ NTPEB during their children’s 

adolescence shapes their children’s pro-environmental attitudes in young adulthood, which 
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subsequently influences their children’s pro-environmental behaviours such as sustainable 

transport behaviours in adulthood.  

 

The findings of the first and third empirical studies found a correlation between mothers’ 

NTPEB during their children’s adolescence and their children’s adoption of sustainable 

transport to school during adolescence, as well as their sustainable transport choices for 

work in adulthood. Thus, a potential link exists between mothers’ NTPEB during their 

children’s adolescence and their children’s consistent engagement in sustainable transport 

behaviours from adolescence to young adulthood. This thesis was designed to investigate 

this hypothesis, and the results confirmed its validity. This finding contributes to the 

existing research by demonstrating that mothers’ NTPEB during their children’s 

adolescence influence their children’s adoption of sustainable transport behaviours in 

adolescence and young adulthood, with the potential to steer their children towards 

consistent engagement in sustainable transport behaviours from adolescence to young 

adulthood. 

 

6.1.2 Mothers’ pro-environmental attitudes versus mothers’ NTPEB 

 

This thesis examined mothers’ NTPEB as the primary research variable while considering 

mothers’ pro-environmental attitudes. Firstly, this thesis suggests that the strength of the 

correlation between mothers’ NTPEB and adolescents’ choice of public transport for 

commuting to school is greater than that of mothers’ pro-environmental attitudes. This 

assertion reaffirms the previous finding that parents’ NTPEB exert a stronger influence on 

children’s similar behaviours than parents’ pro-environmental attitudes do while providing 

a deeper understanding of this result and the continued application of this rule in the 

intergenerational transmission of different behaviours between parents and children.  

 

Moreover, this thesis also reveals that mothers’ pro-environmental attitudes and their 

NTPEB during their children’s adolescence directly impact their children’s pro-

environmental attitudes in young adulthood. Notably, these studies have demonstrated that 

mothers’ NTPEB during their children’s adolescence exert a stronger direct influence on 
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their children’s pro-environmental attitudes in young adulthood than the mothers’ pro-

environmental attitudes observed within the same period. This finding echoes a previously 

identified pattern: in the realm of parental influence on adolescents’ NTPEB, parental 

behaviours consistently exhibit a more pronounced impact than their attitudes (Grønhøj 

and Thøgersen, 2012). Therefore, this thesis significantly extends this understanding by 

emphasising that this principle also holds when examining parental influences on the pro-

environmental attitudes of their offspring in their adult years. 

 

6.1.3 The role of mothers’ sustainable transport behaviours 

 

Regarding mothers’ sustainable transport behaviours during their children’s adolescence, 

although this variable was not the focus of this thesis, the findings deepened the 

understanding of this variable’s role in their children’s sustainable transport behaviours. 

The first three empirical studies established a correlation between mothers’ adoption of 

sustainable transport practices during their children’s adolescence and their children’s 

embrace of sustainable transport behaviours during adolescence and subsequent young 

adulthood, which corroborated prior research findings. However, the fourth empirical 

investigation uncovered a novel relationship wherein mothers’ sustainable transport 

behaviours during their children’s adolescent years significantly correlated with their 

children’s continued preference for sustainable transport options from adolescence to 

young adulthood. This relationship underscores the pivotal role of parental modelling, 

particularly during adolescence, in shaping children’s practical, sustainable transport habits 

while instilling deeper values and attitudes behind sustainable transport choices. By 

embodying sustainable transport practices, mothers impart intrinsic attitudes and long-term 

benefits related to sustainable transport behaviours to their children and foster the 

development of pro-sustainable transport attitudes as they transition into young adulthood, 

which reinforces a steadfast commitment to sustainable commuting.  

 

Moreover, this thesis found that, unlike mothers’ NTPEB during their children’s 

adolescence, the correlation between mothers’ adoption of sustainable transport practices 

during their children’s adolescence and their children’s uptake of sustainable transport 

behaviours during adolescence and subsequent young adulthood was not mediated by their 
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children’s pro-environmental attitudes in adulthood. According to the results of the second 

and third studies, mothers’ sustainable transport behaviours during their children’s 

adolescence do not directly affect their children’s pro-environmental attitudes in adulthood. 

A plausible explanation for this observation may be that the constraints surrounding 

sustainable transport, such as inadequate infrastructure, may inadvertently obscure the pro-

environmental motivations behind these decisions. As a result, children may fail to 

recognise and internalise the pro-environmental concepts behind their mothers’ sustainable 

transport choices so that they do not influence their pro-environmental attitudes as adults. 

 

6.2 Limitations 

 

The four empirical studies in this thesis had limitations. Generally, the four studies focused 

on maternal behaviours and omitted the influence of fathers and other family members. 

While including fathers and other family members was beyond the scope of this PhD 

research, it opens a valuable direction for future studies. Furthermore, due to limitations in 

data availability, this research focused only on mothers with female biological sex without 

considering non-heteronormative family structures or parents from the LGBTQI+ 

community. This limitation underscores a gap in the current literature and indicates a 

pertinent area for future research. In addition, all four empirical studies used UKHLS data. 

While most households participating in the UKHLS survey were from England, a smaller 

proportion of households were from Wales, Scotland, and Northern Ireland. Due to the 

disproportionately high representation of families from England in the sample, the findings 

of this thesis are likely more reflective of the situation in England and less representative 

of Wales, Scotland, and Northern Ireland, which affects the generalizability and external 

validity of the research. Additionally, the regional bias in the sample may hinder the 

study’s ability to capture these regions’ unique social, economic, and cultural factors while 

overlooking the impact of regional differences.  

 

In the empirical studies of this thesis, there are varying degrees of limitations when 

controlling for built environment factors, primarily due to the lack of relevant variables in 

the UKHLS dataset. Previous transport studies using the UKHLS dataset have explored 

alternative methods, such as incorporating built environment factors based on Lower Super 
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Output Areas (LSOAs) (Clark et al., 2016a; Clark et al., 2016b). The UKHLS dataset 

includes a special release dataset (which requires a specific request) containing LSOA 

codes for each wave of respondents. LSOAs are population-based geographical units, and 

by utilizing these LSOA codes, the standard UKHLS data (the primary dataset used in this 

thesis) can be linked to other government datasets containing LSOA-level built 

environment factors, such as the number of bus stops within each LSOA. In terms of 

population, for example, LSOA areas in England and Wales typically consist of between 

400 and 1,200 households, with a usually resident population ranging from 1,000 to 3,000 

individuals in 2021(Office for National Statistics, 2021). In Scotland, data zones (the 

equivalent of LSOAs) typically have a smaller population, ranging from 500 to 1,000 

people (GOV.SCOT, 2022). 

 

However, this approach does not appear to be suitable for the four empirical studies in this 

thesis. Previous studies that used LSOA-based built environment factors have focused 

solely on the English regions, without considering Scotland, Wales, or Northern Ireland 

(Clark et al., 2016a; Clark et al., 2016b). This differs from the research in this thesis, which 

examines the entire UK. Additionally, the geographic size of LSOAs varies considerably. 

As LSOAs are population-based, those with lower population densities tend to cover larger 

geographic areas, while those with higher population densities are geographical smaller. 

Larger geographic areas are more likely to encompass a greater amount of sustainable 

transport infrastructure (e.g., bus stops), leading to spatial discrepancies that complicate the 

fair comparison of the quality of sustainable transport infrastructure across different 

LSOAs. As a result, using LSOA-based built environment factors could lead to errors 

stemming from these geographic size variations. 

 

Lack of built environment factors does affect the interpretation of some findings in this 

thesis. For example, the second and third study found that children who used sustainable 

transport during adolescence were more likely to continue doing so in young adulthood. 

Existing research suggests this might be due to habits formed during adolescence carrying 

over. However, it could also be because children lived in areas with strong sustainable 

transport infrastructure both during adolescence and adulthood, which could have 

supported these sustainable behaviours throughout. Similarly, although the second and 
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third empirical studies controlled the children’s places of residence (urban vs rural), lack of 

built environment factors limitation impacted the precision in understanding the reasons 

behind the observed relationship, such as the relationship between mothers’ sustainable 

transport behaviours during their children’s adolescence and their children’s sustainable 

transport behaviours in adulthood. Consequently, this research could only offer potential 

explanations, as listed below. Firstly, mothers’ behaviours during their children’s 

adolescence might influence their children’s attitudes towards sustainable transport in 

adulthood and children’s transport behaviours in young adulthood. Secondly, even after 

moving out in young adulthood, children might continue living in areas with built 

environments suitable for sustainable transport similar to their adolescence, which leads to 

a connection between mothers’ transport behaviours during children’s adolescence and 

children’s behaviours in young adulthood. 

 

It is important to note that the absence of built environment data may not undermine the 

validity of the core contribution of this thesis: the association between mothers’ NTPEB 

during their children’s adolescence and their children’s sustainable transport behaviours 

over time. The transport-related built environment is not directly associated with whether 

mothers engage in NTPEB. For instance, living in an area with good public transportation 

does not necessarily increase the likelihood of engaging in behaviours such as recycling or 

energy conservation. There is no evidence to suggest that areas with better sustainable 

transport infrastructure are associated with greater engagement in NTPEB. The transport-

related built environment typically associates with transport behaviours by mediating 

psychological factors, such as individuals’ perceptions of safety or convenience (see more 

details in subsection 2.2.3). However, this thesis demonstrates that mothers’ NTPEB during 

their children’s adolescence are associated with their children’s sustainable transport 

behaviours through children’s pro-environmental attitudes. This indicates that the pathways 

through which the transport-related built environment and mothers’ NTPEB are associated 

with children’s transport behaviours are distinct. Therefore, while the inclusion of built 

environment data could have provided additional insights, its absence does not undermine 

the validity of the main contribution of this thesis. 
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In addition to these general limitations, each study had weaknesses, as described next. 

Given the secondary data (i.e. UKHLS) used in the first empirical study, certain pertinent 

variables, such as maternal safety concerns, transport-related attitudes, and adolescents’ 

pro-environmental attitudes could not be accounted for since they were not included in the 

original dataset. Despite this limitation, their absence did not fundamentally diminish the 

credibility of this research for these reasons. Firstly, the impact of maternal safety concerns 

on adolescents’ school transport choices is expected to decrease with child age. The target 

population, adolescents aged 10–15 years, is a group in which these concerns are less 

influential. Secondly, while the first empirical study did not thoroughly investigate 

maternal transport-related attitudes and potentially introduced an omitted variable bias, it 

importantly considered maternal transport behaviours. Such behaviours inherently mirror 

transport attitudes and serve as their practical manifestations. Therefore, indirectly 

accounting for these maternal transport behaviours encapsulated the corresponding 

attitudes to mitigate potential biases. Finally, adolescents’ pro-environmental attitudes, 

while of interest, are potentially an intermediary variable as parental NTPEB could shape 

them and may correlate with adolescents’ sustainable transport choice to school. As the 

first empirical study primarily examined the relationship between parental behaviours and 

adolescents’ school transport choices, the absence of data on adolescents’ attitudes was 

unlikely to skew results significantly.  

 

Moreover, the first empirical study excluded children who used multiple transport modes 

to attend school since the UKHLS dataset did not indicate transport modes (see Subsection 

3.2.3 for more details). The exclusion of adolescents who used multiple transport modes 

could bias the results for certain sustainable transport choices, given that multimodal 

journeys likely involve at least one eco-friendly method, such as walking, biking, or public 

transport. Despite this limitation, the “multiple modes” category constituted a small 

fraction of the total responses (8% from Wave 4), so its exclusion was unlikely to 

significantly skew this research’s overall analysis and findings. Additionally, the first 

empirical study solely focused on walking and cycling as active transport modes to school 

while overlooking other active transport forms such as scooters. However, according to the 

Department for Transport (2022), in England, the utilisation of these other active transport 

forms for adolescents commuting to school was less than 1% in 2014 (during the data 
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collection for Wave 4 of the UKHLS). Therefore, the lack of other active transport modes 

was unlikely to seriously affect this overall analysis and results.  

 

The second and third empirical studies also had limitations due to their reliance on 

secondary data, which hindered control over psychological factors like attitudes towards 

specific transport modes and built environment factors. Moreover, in the second and third 

empirical studies, only the socioeconomic factors of the children in adulthood were 

considered, without accounting for the socioeconomic factors of the family during the 

children’s adolescence.  In addition, the third empirical study, like the first, ignored other 

modes of commuting, such as scooter-electric bikes. However, the proportion of these 

other transport modes was too small to impact the study results. 

 

In addition, the fourth empirical study only focused on one scenario where children 

consistently chose sustainable transport modes for commuting from adolescence to young 

adulthood. This delimitation was made because, based on the results of the first and third 

empirical studies, one could only hypothesise about a correlation between the mothers’ 

NTPEB during their children’s adolescence and the children’s consistent choice of 

sustainable transport modes for commuting from adolescence to young adulthood. 

However, three other changes occur in children’s transport commuting choices from 

adolescence to young adulthood: 1) the persistent use of a car for commuting from 

adolescence to young adulthood, 2) the shift from car commuting to sustainable transport 

commuting from adolescence to young adulthood, and 3) the shift from sustainable 

transport commuting to car commuting from adolescence to young adulthood. These 

changes were not considered in the fourth empirical study.  

 

In conclusion, although this thesis provides insights into the relationship between mothers’ 

NTPEB and their children’s sustainable transport behaviours during adolescence and 

young adulthood, it is important to acknowledge several limitations outlined across all 

empirical studies. A primary constraint is the reliance on secondary data across all four 

studies, which omitted relevant variables such as mothers’ safety concerns, transport-

related attitudes, and built environment factors due to their absence from the original 
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dataset. In addition, this thesis did not consider the potential role of the behaviours of 

fathers and other family members.  

 

6.3 Future research 

 

This thesis suggests several avenues for future research that could further enhance the 

understanding of the relationship between parental NTPEB and children’s sustainable 

transport behaviours during adolescence and young adulthood. A natural next step in this 

line of future research would be to address the role of the NTPEB of fathers and other 

family members in shaping adolescents’ sustainable transport behaviours. Given the role of 

mothers’ NTPEB in children’s sustainable transport behaviours observed in this thesis, it 

would be valuable to expand the analysis to include the contributions of fathers and other 

family members to better understand the intergenerational transmission of sustainable 

transport behaviours.  

 

Additionally, further research could examine whether the relationship between mothers’ 

NTPEB and children’s transport behaviours varies across the four nations of the UK—

Northern Ireland, Wales, England, and Scotland. Moreover, extending the research beyond 

the UKHLS dataset to include participants from other countries or cultural backgrounds 

would offer the opportunity to assess the generalizability of the findings. This would allow 

for an evaluation of whether the relationships between parental NTPEB and children’s 

transport behaviours are consistent across different socio-economic, cultural, and policy 

contexts, contributing to a broader understanding of the global applicability of these 

findings. 

 

Given that this study tracked the relationship between mothers’ NTPEB during children’s 

adolescence and children’s sustainable transport behaviours during young adulthood over a 

six-year period, a longer-term longitudinal study would offer deeper insights into how this 

relationship evolve over time. Moreover, this thesis focused primarily on mothers’ NTPEB, 

such as green shopping and energy-saving behaviours. Future research could expand this 

focus to include other types of NTPEB, such as recycling, to assess whether the corrlation 
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between mother’s NTPEB and children’s sustainable transport behaviours identified in this 

thesis are specific to certain mothers’ NTPEBs. 

 

Building on the limitations noted in this thesis, future research could also integrate built 

environment data—such as neighbourhood walkability, access to public transport, and 

urban density—to examine how contextual factors interact with parental NTPEB in 

shaping their children’s transport behaviours. Additionally, employing different data 

collection methods, including qualitative approaches such as interviews or focus groups, 

could provide richer insights into the mechanisms through which parental transport 

behaviours and pro-environmental attitudes are transmitted across generations.   



212 

 

References 

 

Aarts, H. and Dijksterhuis, A. 2000. Habits as knowledge structures: Automaticity in goal-

directed behavior. Journal of Personality and Social Psychology. 78(1), pp.53-63. 

Abdulhafedh, A. 2017. Incorporating the multinomial logistic regression in vehicle crash 

severity modeling: A detailed overview. Journal of Transportation Technologies. 7(03), 

pp.279-303. 

Abdullah, M., Ali, N., Dias, C., Campisi, T. and Javid, M.A. 2021. Exploring the Traveler’s 

Intentions to Use Public Transport during the COVID-19 Pandemic While Complying with 

Precautionary Measures. Applied Sciences. 11(8), article no: 3630 [no pagination]. 

Abrahamse, W. 2019. Chapter 3 - Behaviour Change Interventions. [Online]. San Diego: 

Academic Press. [Accessed 3 May 2021]. Available from: 

https://www.sciencedirect.com/science/article/pii/B9780128113592000032 

Abrahamse, W., Steg, L., Gifford, R. and Vlek, C. 2009. Factors influencing car use for 

commuting and the intention to reduce it: A question of self-interest or morality? 

Transportation Research Part F: Traffic Psychology and Behaviour. 12(4), pp.317-324. 

Adams, M.A. and Conway, T.L. 2023. Odds Ratio. In: Maggino, F. ed. Encyclopedia of 

Quality of Life and Well-Being Research. [Online].  Cham: Springer International Publishing, 

pp.4812-4814. [Accessed 3 May 2024]. Available from: https://doi.org/10.1007/978-3-031-

17299-1_1999 

Agyeman, S. and Cheng, L. 2022. Determinants and dynamics of active school travel in 

Ghanaian children. Journal of Transport & Health. 24, article no: 101304 [no pagination]. 

Ahern, S.M., Arnott, B., Chatterton, T., de Nazelle, A., Kellar, I. and McEachan, R.R.C. 2017. 

Understanding parents’ school travel choices: A qualitative study using the Theoretical 

Domains Framework. Journal of Transport & Health. 4, pp.278-293. 

Ahmad, S. and Puppim de Oliveira, J.A. 2016. Determinants of urban mobility in India: 

Lessons for promoting sustainable and inclusive urban transportation in developing 

countries. Transport Policy. 50, pp.106-114. 

Aibar Solana, A., Mandic, S., Generelo Lanaspa, E., Gallardo, L.O. and Zaragoza Casterad, 

J. 2018. Parental barriers to active commuting to school in children: does parental gender 

matter? Journal of Transport & Health. 9, pp.141-149. 

Ajaps, S. and McLellan, R. 2015. “We don’t know enough”: Environmental education and 

pro-environmental behaviour perceptions. Cogent Education. 2(1), article no: 1124490 [no 

pagination]. 

Ajzen, I. 1991. THE THEORY OF PLANNED BEHAVIOR. Organizational Behavior and 

Human Decision Processes. 50(2), pp.179-211. 

Ajzen, I. and Madden, T.J. 1986. Prediction of goal-directed behavior: Attitudes, intentions, 

and perceived behavioral control. Journal of Experimental Social Psychology. 22(5), pp.453-

474. 

Akaikei, H. 1973. Information theory and an extension of maximum likelihood principle. In: 

Bickel, P., et al. eds. Springer Series in Statistics. [Online].  New York: Springer, pp.199-

213. [Accessed 3 May 2023]. Available from: https://doi.org/10.1007/978-1-4612-1694-

0_15 

Alavi, M., Visentin, D.C., Thapa, D.K., Hunt, G.E., Watson, R. and Cleary, M. 2020. Chi-

square for model fit in confirmatory factor analysis. JOURNAL OF ADVANCED NURSING. 

76(9), pp.2209-2211. 

Alcock, I., White, M.P., Taylor, T., Coldwell, D.F., Gribble, M.O., Evans, K.L., Corner, A., 

Vardoulakis, S. and Fleming, L.E. 2017. ‘Green’ on the ground but not in the air: Pro-

environmental attitudes are related to household behaviours but not discretionary air travel. 



213 

 

Global Environmental Change. 42, pp.136-147. 

Ali, N., Nakayama, S. and Yamaguchi, H. 2023. Using the extensions of the theory of 

planned behavior (TPB) for behavioral intentions to use public transport (PT) in Kanazawa, 

Japan. Transportation Research Interdisciplinary Perspectives. 17, article no: 100742 [no 

pagination]. 

AlKheder, S. 2021. Promoting public transport as a strategy to reduce GHG emissions from 

private vehicles in Kuwait. Environmental Challenges. 3, article no: 100075 [no pagination]. 

Anable, J. 2005. ‘Complacent Car Addicts’ or ‘Aspiring Environmentalists’? Identifying 

travel behaviour segments using attitude theory. Transport Policy. 12(1), pp.65-78. 

Anable, J. and Gatersleben, B. 2005. All work and no play? The role of instrumental and 

affective factors in work and leisure journeys by different travel modes. Transportation 

Research Part A: Policy and Practice. 39(2), pp.163-181. 

Ando, K., Yorifuji, K., Ohnuma, S., Matthies, E. and Kanbara, A. 2015. Transmitting pro-

environmental behaviours to the next generation: A comparison between Germany and Japan. 

Asian Journal of Social Psychology. 18(2), pp.134-144. 

Aoyagi-Usui, M., Vinken, H. and Kuribayashi, A. 2003. Pro-environmental Attitudes and 

Behaviors: An International Comparison. Human Ecology Review. 10(1), pp.23-31. 

Aranda-Balboa, M., Huertas-Delgado, F., Herrador-Colmenero, M., Cardon, G. and Chillón, 

P. 2020. Parental barriers to active transport to school: A systematic review. International 

journal of public health. 65, pp.87-98. 

Arentze, T., Borgers, A., Ponjé, M., Stams, A. and Timmermans, H. 2001. Assessing Urban 

Context-Induced Change in Individual Activity Travel Patterns: Case Study of New Railway 

Station. Transportation Research Record. 1752(1), pp.47-52. 

Armitage, C.J. and Conner, M. 2001. Efficacy of the theory of planned behaviour: A meta‐

analytic review. British journal of social psychology. 40(4), pp.471-499. 

Arnett, J.J. 2000. Emerging adulthood: A theory of development from the late teens through 

the twenties. American Psychologist. 55(5), pp.469-480. 

Arroyo, R., Ruiz, T., Mars, L., Rasouli, S. and Timmermans, H. 2020. Influence of values, 

attitudes towards transport modes and companions on travel behavior. Transportation 

Research Part F: Traffic Psychology and Behaviour. 71, pp.8-22. 

Asgari Toorzani, A. and Rassafi, A.A. 2023. Pro-environmental Attitude and Adherence to a 

Travel Mode in an Integrated Choice and Latent Variable (ICLV) Model: Results from a 

Revealed Preference Survey. International Journal of Civil Engineering. 21(2), pp.235-249. 

Ashraf Javid, M., Abdullah, M., Ali, N. and Dias, C. 2021. Structural equation modeling of 

public transport use with COVID-19 precautions: An extension of the norm activation model. 

Transportation Research Interdisciplinary Perspectives. 12, article no: 100474 [no 

pagination]. 

Assi, K.J., Nahiduzzaman, K.M., Ratrout, N.T. and Aldosary, A.S. 2018. Mode choice 

behavior of high school goers: Evaluating logistic regression and MLP neural networks. 

Case Studies on Transport Policy. 6(2), pp.225-230. 

Attard, M. and Shiftan, Y. 2015. Sustainable Urban Transport – An Introduction. Sustainable 

Urban Transport (Transport and Sustainability). 7, pp.15-26. 

Babey, S.H., Hastert, T.A., Huang, W. and Brown, E.R. 2009. Sociodemographic, Family, 

and Environmental Factors Associated with Active Commuting to School among US 

Adolescents. Journal of Public Health Policy. 30(1), pp.203-220. 

Bagozzi, R.P. 1981. Evaluating Structural Equation Models with Unobservable Variables 

and Measurement Error: A Comment. Journal of Marketing Research. 18(3), pp.375-381. 

Bahamonde-Birke, F.J. and Ortúzar, J.d.D. 2014. On the variability of hybrid discrete choice 

models. Transportmetrica A: Transport Science. 10(1), pp.74-88. 

Baig, F., Hameed, M.A., Li, M., Shorthouse, G., Roalfe, A.K. and Daley, A. 2009. 

Association between active commuting to school, weight and physical activity status in 



214 

 

ethnically diverse adolescents predominately living in deprived communities. Public Health. 

123(1), pp.39-41. 

Bamberg, S. and Schmidt, P. 2003. Incentives, Morality, Or Habit? Predicting Students’ Car 

Use for University Routes With the Models of Ajzen, Schwartz, and Triandis. Environment 

and Behavior. 35(2), pp.264-285. 

Bandura, A. and McClelland, D.C. 1977. Social learning theory. [Online]. Englewood Cliffs, 

N.J.: Prentice Hall. [Accessed 24 May 2022]. Available from: 

https://psycnet.apa.org/record/1979-05015-000 

Banister, D. 2007. SUSTAINABLE TRANSPORT: CHALLENGES AND 

OPPORTUNITIES. Transportmetrica. 3(2), pp.91-106. 

Barroga, E.A.-O. and Matanguihan, G.A.-O. 2022. A Practical Guide to Writing Quantitative 

and Qualitative Research Questions and Hypotheses in Scholarly Articles. J Korean Med Sci. 

37(16), article no: e121 [no pagination]. 

Baslington, H. 2008. Travel Socialization: A Social Theory of Travel Mode Behavior. 

International Journal of Sustainable Transportation. 2(2), pp.91-114. 

Baxter, J. and Smart, D. 2011. Fathering in Australia Among Couple Families with Young 

Children: Research Highlights. Family Matters. 88, pp.15-26. 

Bayart, C., Havet, N., Bonnel, P. and Bouzouina, L. 2020. Young people and the private car: 

A love-hate relationship. Transportation Research Part D: Transport and Environment. 80, 

article no: 102235 [no pagination]. 

Bearman, N. and Singleton, A.D. 2014. Modelling the potential impact on CO2 emissions 

of an increased uptake of active travel for the home to school commute using individual level 

data. Journal of Transport & Health. 1(4), pp.295-304. 

Beaujean, A.A. 2014. Basic Latent Variable Models. [Online]. New York: Routledge. 

[Accessed 2 September 2021]. Available from: https://doi.org/10.4324/9781315869780 

Beck, F., Marzi, I., Renninger, D., Demetriou, Y., Engels, E.S., Niermann, C. and Reimers, 

A.K. 2023. Associations of parents’ and adolescents’ active travel behavior across various 

destinations – a sex/gender analysis. BMC Public Health. 23(1), article no: 522 (2023) [no 

pagination]. 

Bem, D.J. 1972. Self-Perception Theory. Advances in Experimental Social Psychology. 6, 

pp.1-62. 

Benzeval, M., Bollinger, C.R., Burton, J., Crossley, T.F. and Lynn, P. 2020. The 

representativeness of Understanding Society. [Online]. [Accessed 12 October 2022]. 

Available from: https://www.understandingsociety.ac.uk/wp-content/uploads/working-

papers/2020-08.pdf 

Berrington, A. and Mikolai, J. 2014. Young adults’ licence-holding and driving behaviour in 

the UK: full findings. [Online]. [Accessed 17 March 2024]. Available from: 

https://www.racfoundation.org/wp-content/uploads/2017/11/Young-Adults-Licence-

Holding-Berrington-Mikolai-DEC-2014.pdf 

Biggar, M. and Ardoin, N.M. 2017. More than good intentions: the role of conditions in 

personal transportation behaviour. Local Environment. 22(2), pp.141-155. 

Bird, E.L., Panter, J., Baker, G., Jones, T. and Ogilvie, D. 2018. Predicting walking and 

cycling behaviour change using an extended Theory of Planned Behaviour. Journal of 

Transport & Health. 10, pp.11-27. 

Black, C., Collins, A. and Snell, M. 2001. Encouraging walking: The case of journey-to-

school trips in compact urban areas. Urban Studies. 38(7), pp.1121-1141. 

Blalock, H.M., Jr. 1963. Correlated Independent Variables: The Problem of Multicollinearity. 

Social Forces. 42(2), pp.233-237. 

Boateng, G.O., Neilands, T.B., Frongillo, E.A., Melgar-Quiñonez, H.R. and Young, S.L. 

2018. Best practices for developing and validating scales for health, social, and behavioral 

research: a primer. Frontiers in public health. 6, article no: 149 [no pagination]. 



215 

 

Bohner, G. and Dickel, N. 2010. Attitudes and Attitude Change. Annual Review of 

Psychology. 62(1), pp.391-417. 

Bollen, K.A. 1987. Total, direct, and indirect effects in structural equation models. 

Sociological methodology. 17, pp.37-69. 

Bopp, M., Kaczynski, A.T. and Wittman, P. 2011. The Relationship of Eco-friendly Attitudes 

With Walking and Biking to Work. Journal of Public Health Management and Practice. 

17(5), pp.9-17. 

Bouscasse, H., Joly, I. and Bonnel, P. 2018. How does environmental concern influence 

mode choice habits? A mediation analysis. Transportation Research Part D: Transport and 

Environment. 59, pp.205-222. 

Boussauw, K., Neutens, T. and Witlox, F. 2012. Relationship between Spatial Proximity and 

Travel-to-Work Distance: The Effect of the Compact City. Regional Studies. 46(6), pp.687-

706.  
Boyes, E. and Stanisstreet, M. 2012. Environmental Education for Behaviour Change: 

Which actions should be targeted? International Journal of Science Education. 34(10), 

pp.1591-1614. 

Braza, M., Shoemaker, W. and Seeley, A. 2004. Neighborhood Design and Rates of Walking 

and Biking to Elementary School in 34 California Communities. American Journal of Health 

Promotion. 19(2), pp.128-136. 

Brockman, R. and Fox, K.R. 2011. Physical activity by stealth? The potential health benefits 

of a workplace transport plan. Public Health. 125(4), pp.210-216. 

Brown, A.E., Blumenberg, E., Taylor, B.D., Ralph, K. and Voulgaris, C.T. 2016. A taste for 

transit? Analyzing public transit use trends among youth. Journal of Public Transportation. 

19(1), pp.49-67. 

Brundtland, G.H. 1987. Our Common Future World Commission On Environment And 

Developement. [Online]. [Accessed 10 July 2024]. Available from: 

https://docenti.unimc.it/elena.borin/teaching/2019/21812/files/lessons-and-recommended-

readings-1/Our%20Common%20future%201987.pdf 

Bugental, D.B. and Goodnow, J.J. 2006. Socialization Processes. In: Damon, W., et al. eds. 

Handbook of child psychology: Social, emotional, and personality development. [Online]. 5 

ed. Hoboken, NJ, US: John Wiley & Sons, Inc., pp.389-462. [Accessed 2 November 2022]. 

Available from: https://books.google.co.uk/books?hl=zh-

CN&lr=&id=sg4Qr7qZrXYC&oi=fnd&pg=PR7&dq=Handbook+of+child+psychology:+S

ocial,+emotional,+and+personality+development&ots=YCKip_VkrQ&sig=FV9NYzviVvv

ta8ltMTB8RIT7uxI#v=onepage&q=Handbook%20of%20child%20psychology%3A%20S

ocial%2C%20emotional%2C%20and%20personality%20development&f=false 

Burgess, S. and Briggs, A. 2010. School assignment, school choice and social mobility. 

Economics of Education Review. 29(4), pp.639-649. 

Burgess, S., Greaves, E., Vignoles, A. and Wilson, D. 2011. Parental choice of primary 

school in England: what types of school do different types of family really have available to 

them? Policy Studies. 32(5), pp.531-547. 

Busch-Geertsema, A. and Lanzendorf, M. 2017. From university to work life–Jumping 

behind the wheel? Explaining mode change of students making the transition to professional 

life. Transportation research part A: policy and practice. 106, pp.181-196. 

Byrne, L., Bach, V. and Finkbeiner, M. 2021. Urban transport assessment of emissions and 

resource demand of climate protection scenarios. Cleaner Environmental Systems. 2, article 

no: 100019 [no pagination]. 

Cafiso, S., Di Graziano, A., Di Silvestro, G., La Cava, G. and Persaud, B. 2010. Development 

of comprehensive accident models for two-lane rural highways using exposure, geometry, 

consistency and context variables. Accident Analysis & Prevention. 42(4), pp.1072-1079. 

Campos-Sánchez, F.S., Abarca-Álvarez, F.J., Molina-García, J. and Chillón, P. 2020. A GIS-



216 

 

Based Method for Analysing the Association Between School-Built Environment and 

Home-School Route Measures with Active Commuting to School in Urban Children and 

Adolescents. International Journal of Environmental Research and Public Health. 17(7), 

article no: 2295 [no pagination]. 

Carmines, E.G. and Zeller, R.A. 1979. Reliability and validity assessment. [Online]. New 

York: Sage publications. [Accessed 3 May 2023]. Available from: 

https://books.google.co.uk/books?hl=zh-

CN&lr=&id=o5x1AwAAQBAJ&oi=fnd&pg=PA5&dq=Reliability+and+validity+assessm

ent&ots=2M3HmwEKDW&sig=dfSnVpjsndh687fq5FZ9D-

oj3n8#v=onepage&q=Reliability%20and%20validity%20assessment&f=false 

Carpenter, H. 2020. UK Household Longitudinal Study Wave 10 technical report. [Online]. 

Available from: https://www.understandingsociety.ac.uk/wp-

content/uploads/documentation/main-survey/technical-reports/6614-main-survey-

technical-report-w10.pdf 

Carpenter, H. and Burton, J. 2017. Moving Understanding Society to mixed mode: effects on 

response and attrition. [Online]. [Accessed 14 April 2024]. Available from: 

https://www.understandingsociety.ac.uk/scientific-conference-2017/papers/145 

Carroll, J., Brazil, W., Morando, B. and Denny, E. 2020. What drives the gender-cycling-

gap? Census analysis from Ireland. Transport Policy. 97, pp.95-102. 

Carrus, G., Passafaro, P. and Bonnes, M. 2008. Emotions, habits and rational choices in 

ecological behaviours: The case of recycling and use of public transportation. Journal of 

Environmental Psychology. 28(1), pp.51-62. 

Carver, A., Timperio, A. and Crawford, D. 2013. Parental chauffeurs: what drives their 

transport choice? Journal of Transport Geography. 26, pp.72-77. 

Carver, A., Timperio, A.F. and Crawford, D.A. 2012. Young and free? A study of independent 

mobility among urban and rural dwelling Australian children. Journal of Science and 

Medicine in Sport. 15(6), pp.505-510. 

Cascetta, E. 2009. Random Utility Theory. [Online]. 2 ed. Boston: Springer US. [Accessed 

3 March 2022]. Available from: https://doi.org/10.1007/978-0-387-75857-2_3 

Cavanaugh, J.E. and Neath, A.A. 2019. The Akaike information criterion: Background, 

derivation, properties, application, interpretation, and refinements. WIREs Computational 

Statistics. 11(3), article no: e1460 [no pagination]. 

Champion, T. 2009. Urban–Rural Differences in Commuting in England: A Challenge to the 

Rural Sustainability Agenda? Planning Practice & Research. 24(2), pp.161-183. 

Chan, L. and Bishop, B. 2013. A moral basis for recycling: Extending the theory of planned 

behaviour. Journal of Environmental Psychology. 36, pp.96-102. 

Chandler, C.L. and Connell, J.P. 1987. CHILDRENS INTRINSIC, EXTRINSIC AND 

INTERNALIZED MOTIVATION - A DEVELOPMENTAL-STUDY OF CHILDRENS 

REASONS FOR LIKED AND DISLIKED BEHAVIORS. British Journal of Developmental 

Psychology. 5, pp.357-365. 

Chandler, M. 2023. Do You Have to Wear a Helmet on a Bike in the UK? [Online]. [Accessed 

30 June 2024]. Available from: https://discerningcyclist.com/do-you-have-to-wear-a-

helmet-on-a-bike-uk/ 

Charreire, H., Roda, C., Feuillet, T., Piombini, A., Bardos, H., Rutter, H., Compernolle, S., 

Mackenbach, J.D., Lakerveld, J. and Oppert, J.M. 2021. Walking, cycling, and public 

transport for commuting and non-commuting travels across 5 European urban regions: 

Modal choice correlates and motivations. Journal of Transport Geography. 96, article no: 

103196 [no pagination]. 

Chatman, D.G. and Klein, N. 2009. Immigrants and Travel Demand in the United States: 

Implications for Transportation Policy and Future Research. Public Works Management & 

Policy. 13(4), pp.312-327. 



217 

 

Chatterjee, K., Goodwin, P., Schwanen, T., Clark, B., Jain, J., Melia, S., Middleton, J., 

Plyushteva, A., Ricci, M. and Santos, G. 2018. Young people’s travel: what’s changed and 

why? Review and analysis. [Online]. [Accessed 18 May 2023]. Available from: 

https://assets.publishing.service.gov.uk/media/5a82a485ed915d74e3402d3e/young-

peoples-travel-whats-changed.pdf 

Chaudhury, H., Mahmood, A., Michael, Y.L., Campo, M. and Hay, K. 2012. The influence 

of neighborhood residential density, physical and social environments on older adults’ 

physical activity: An exploratory study in two metropolitan areas. Journal of Aging Studies. 

26(1), pp.35-43. 

Cheng, Y.-H. and Chen, S.-Y. 2015. Perceived accessibility, mobility, and connectivity of 

public transportation systems. Transportation Research Part A: Policy and Practice. 77, 

pp.386-403. 

Cheung, G.W., Cooper-Thomas, H.D., Lau, R.S. and Wang, L.C. 2024. Reporting reliability, 

convergent and discriminant validity with structural equation modeling: A review and best-

practice recommendations. Asia Pacific Journal of Management. 41(2), pp.745-783. 

Chillón, P., Ortega, F.B., Ruiz, J.R., Pérez, I.J., Martín-Matillas, M., Valtueña, J., Gómez-

Martínez, S., Redondo, C., Rey-López, J.P., Castillo, M.J., Tercedor, P., Delgado, M. and 

Group, A.S. 2009. Socio-economic factors and active commuting to school in urban Spanish 

adolescents: the AVENA study. European Journal of Public Health. 19(5), pp.470-476. 

Chillón, P., Evenson, K.R., Vaughn, A. and Ward, D.S. 2011. A systematic review of 

interventions for promoting active transportation to school. International Journal of 

Behavioral Nutrition and Physical Activity. 8(1), p10. 

Christiana, R.W., Bouldin, E.D. and Battista, R.A. 2021. Active living environments mediate 

rural and non-rural differences in physical activity, active transportation, and screen time 

among adolescents. Preventive Medicine Reports. 23, article no: 101422 [no pagination]. 

Clark, B., Chatterjee, K. and Melia, S. 2016a. Changes in level of household car ownership: 

the role of life events and spatial context. Transportation. 43(4), pp.565-599. 

Clark, B., Chatterjee, K. and Melia, S. 2016b. Changes to commute mode: The role of life 

events, spatial context and environmental attitude. Transportation Research Part A: Policy 

and Practice. 89, pp.89-105. 

Clement, C.A., Henning, J.B. and Osbaldiston, R. 2014. Integrating factors that predict 

energy conservation: the theory of planned behavior and beliefs about climate change. 

Journal of Sustainable Development. 7(6), pp.46-69. 

Coe, H. 2023. Private School Statistics UK 2023 – Independent Schools. [Online]. [Accessed 

15 December 2023]. Available from: https://tutorful.co.uk/blog/private-school-statistics-uk-

independent-schools 

Collado, S., Evans, G.W. and Sorrel, M.A. 2017. The role of parents and best friends in 

children’s pro-environmentalism: Differences according to age and gender. Journal of 

Environmental Psychology. 54, pp.27-37. 

Collado, S., Staats, H. and Sancho, P. 2019. Normative influences on adolescents’ self-

reported pro-environmental behaviors: the role of parents and friends. Environment and 

Behavior. 51(3), pp.288-314. 

Coltman, T., Devinney, T.M., Midgley, D.F. and Venaik, S. 2008. Formative versus reflective 

measurement models: Two applications of formative measurement. Journal of Business 

Research. 61(12), pp.1250-1262. 

Commission of the European Communities. 1999. The future development of the common 

transport policy, A global approach to the construction of a Community framework for 

sustainable mobility. [Online]. [Accessed 17 September 2021]. Available from: 

http://aei.pitt.edu/1116/1/future_transport_policy_wp_COM_92_494.pdf 

Corsaro, W.A. and Fingerson, L. 2006. Development and Socialization in Childhood. In: 

Delamater, J. ed. Handbook of Social Psychology. [Online].  Boston, MA: Springer US, 



218 

 

pp.125-155. [Accessed 3 March 2021]. Available from: https://doi.org/10.1007/0-387-

36921-X_6 

Dalton, M.A., Longacre, M.R., Drake, K.M., Gibson, L., Adachi-Mejia, A.M., Swain, K., 

Xie, H. and Owens, P.M. 2011. Built Environment Predictors of Active Travel to School 

Among Rural Adolescents. American Journal of Preventive Medicine. 40(3), pp.312-319. 

Davis-Kean, P., Chambers, R.L. and Davidson, L.L. 2017. Longitudinal Studies Strategic 

Review: Report to the Economic and Social Research Council. [Online]. [Accessed 18 

March 2022]. Available from: https://www.ukri.org/wp-content/uploads/2022/03/ESRC-

020222-Longitudinal-Studies-Strategic-Review.pdf 

Davis, B., Dutzik, T. and Baxandall, P. 2012. Transportation and the new generation: Why 

young people are driving less and what it means for transportation policy. [Online]. 

[Accessed 12 March 2022]. Available from: 

http://www.ospirg.org/reports/orf/transportation-and-new-generation 

Davison, K.K., Werder Jl Fau - Lawson, C.T. and Lawson, C.T. 2008. Children’s active 

commuting to school: current knowledge and future directions. Preventing chronic disease. 

5(3), article no: A100 [no pagination]. 

de Groot, J. and Steg, L. 2007. General beliefs and the theory of planned behavior: The role 

of environmental concerns in the TPB. Journal of Applied Social Psychology. 37(8), 

pp.1817-1836. 

de Groot, J.M. and Steg, L. 2010. Relationships between value orientations, self-determined 

motivational types and pro-environmental behavioural intentions. Journal of Environmental 

Psychology. 30(4), pp.368-378. 

de Leeuw, A., Valois, P., Ajzen, I. and Schmidt, P. 2015. Using the theory of planned behavior 

to identify key beliefs underlying pro-environmental behavior in high-school students: 

Implications for educational interventions. Journal of Environmental Psychology. 42, 

pp.128-138. 

De Paepe, L., De Vos, J., Van Acker, V. and Witlox, F. 2018. Changes in travel behavior 

during the transition from secondary to higher education. Journal of Transport and Land 

Use. 11(1), pp.477-498. 

de Sa, T.H., Garcia, L.M.T., Mielke, G.I., Rabacow, F.M. and de Rezende, L.F.M. 2015. 

Changes in travel to school patterns among children and adolescents in the São Paulo 

Metropolitan Area, Brazil, 1997–2007. Journal of Transport & Health. 2(2), pp.143-150. 

De Vos, J. and Alemi, F. 2020. Are young adults car-loving urbanites? Comparing young and 

older adults’ residential location choice, travel behavior and attitudes. Transportation 

Research Part A: Policy and Practice. 132, pp.986-998. 

De Vos, J., Waygood, E.O.D., Letarte, L. and Cao, M. 2022. Do frequent satisfying trips by 

public transport impact its intended use in later life? Transportation. 49(4), pp.1245-1263. 

Deci, E.L. and Ryan, R.M. 1980. The empirical exploration of intrinsic motivational 

processes. Advances in experimental social psychology. 13, pp.39-80. 

Deci, E.L. and Ryan, R.M. 1985. The general causality orientations scale: Self-determination 

in personality. Journal of research in personality. 19(2), pp.109-134. 

Deci, E.L. and Ryan, R.M. 2013. Self-Determination Theory. In: Maggino, F. ed. 

Encyclopedia of Quality of Life and Well-Being Research. [Online].  Cham: Springer 

International Publishing, pp.1-7. [Accessed 14 March 2024]. Available from: 

https://doi.org/10.1007/978-3-319-69909-7_2630-2 

Defleur, M.L. and Westie, F.R. 1963. ATTITUDE AS A SCIENTIFIC CONCEPT. Social 

Forces. 42(1), pp.17-31. 

Delbosc, A. and Currie, G. 2014. Changing demographics and young adult driver license 

decline in Melbourne, Australia (1994–2009). Transportation. 41(3), pp.529-542. 

Department for Education. 2010. S251 Workbooks: Budget 2009–2010. [Online]. [Accessed 

15 September 2022]. Available from: http://www.education.gov.uk/b0069079/s251-



219 

 

workbooks-budget-2009-10/  

Department for Transport. 2014. National Travel Survey 2014: Travel to school. [Online]. 

[Accessed 14 October 2022]. Available from: 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_da

ta/file/476635/travel-to-school.pdf 

Department for Transport. 2020. Gear Change A bold vision  for cycling and walking. 

[Online]. [Accessed 14 October 2022]. Available from: 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_da

ta/file/904146/gear-change-a-bold-vision-for-cycling-and-walking.pdf 

Department for Transport. 2021a. Road Lengths in Great Britain: 2020. [Online]. [Accessed 

26 June 2024]. Available from: https://www.gov.uk/government/statistics/road-lengths-in-

great-britain-2020/road-lengths-in-great-britain-2020 

Department for Transport. 2021b. Transport and environment statistics: Autumn 2021. 

[Online]. [Accessed 14 October 2022]. Available from: 

https://www.gov.uk/government/statistics/transport-and-environment-statistics-autumn-

2021/transport-and-environment-statistics-autumn-2021 

Department for Transport. 2021c. Transport Statistics Great Britain: 2021. [Online]. 

[Accessed 14 October 2022]. Available from: 

https://www.gov.uk/government/statistics/transport-statistics-great-britain-2021/transport-

statistics-great-britain-2021 

Department for Transport. 2022. Trips to and from school by main mode: England, from 

1995/97. [Online]. [Accessed 28 June 2023]. Available from: 

https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fassets.publishing.ser

vice.gov.uk%2Fgovernment%2Fuploads%2Fsystem%2Fuploads%2Fattachment_data%2Ff

ile%2F1101170%2Fnts0613.ods&wdOrigin=BROWSELINK 

Department for Transport. 2023a. Usual mode of travel to school by age: England, 1995 

onwards. [Online]. [Accessed 3 June 2024]. Available 

from:https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fassets.publishi

ng.service.gov.uk%2Fmedia%2F66ce0f10bc00d93a0c7e1f70%2Fnts0615.ods&wdOrigin=

BROWSELINK 

Department for Transport. 2023b. Road Traffic Estimates in Great Britain, 2022: Traffic in 

Great Britain by Road Type. [Online]. [Accessed 3 June 2024]. Available from: 

https://www.gov.uk/government/statistics/road-traffic-estimates-in-great-britain-2022/road-

traffic-estimates-in-great-britain-2022-traffic-in-great-britain-by-road-type 

Department for Transport. 2023c. Trips to and from school for main mode by trip length and 

age, aged 5 to 16: England. [Online]. [Accessed 3 June 2024]. Available from: 

https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fassets.publishing.ser

vice.gov.uk%2Fmedia%2F66ce0f1025c035a11941f650%2Fnts0614.ods&wdOrigin=BRO

WSELINK 

Department for Transport. 2024a. Average number of trips, stages and distance travelled by 

sex, age and mode: England, 2002 onwards. [Online]. [Accessed 17 June 2024]. Available 

from:https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fassets.publishi

ng.service.gov.uk%2Fmedia%2F66ce0f1425c035a11941f654%2Fnts0601.ods&wdOrigin=

BROWSELINK 

Department for Transport. 2024b. Annual bus statistics: year ending March 2023 (revised). 

[Online]. [Accessed 17 June 2024]. Available from: 

https://www.gov.uk/government/statistics/annual-bus-statistics-year-ending-march-

2023/annual-bus-statistics-year-ending-march-2023 

DiStefano, C., Zhu, M. and Mindrila, D. 2009. Understanding and using factor scores: 

Considerations for the applied researcher. Practical Assessment, Research, and Evaluation. 

14(1), article no: 20 [no pagination]. 

https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fassets.publishing.service.gov.uk%2Fgovernment%2Fuploads%2Fsystem%2Fuploads%2Fattachment_data%2Ffile%2F1101170%2Fnts0613.ods&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fassets.publishing.service.gov.uk%2Fgovernment%2Fuploads%2Fsystem%2Fuploads%2Fattachment_data%2Ffile%2F1101170%2Fnts0613.ods&wdOrigin=BROWSELINK
https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fassets.publishing.service.gov.uk%2Fgovernment%2Fuploads%2Fsystem%2Fuploads%2Fattachment_data%2Ffile%2F1101170%2Fnts0613.ods&wdOrigin=BROWSELINK


220 

 

Döring, L., Albrecht, J., Scheiner, J. and Holz-Rau, C. 2014. Mobility Biographies in Three 

Generations – Socialization Effects on Commute Mode Choice. Transportation Research 

Procedia. 1(1), pp.165-176. 

Döring, L., Kroesen, M. and Holz-Rau, C. 2019. The role of parents’ mobility behavior for 

dynamics in car availability and commute mode use. Transportation. 46(3), pp.957-994. 

Downey, L., Fonzone, A., Fountas, G. and Semple, T. 2021. Impact of COVID-19 on travel 

behaviour, transport, lifestyles and location choices in Scotland. [Online]. [Accessed 17 

September 2022]. Available from: https://europepmc.org/article/PPR/PPR343163 

Đukičin Vučković, S., Đorđević, J., Milanković Jovanov, J., Ivanović Bibić, L., Protić, B., 

Đorđević, T. and Ivkov, M. 2018. The development of transport infrastructure and attitudes 

of the local population: a case study from the Republic of Serbia. Geografisk Tidsskrift-

Danish Journal of Geography. 118(1), pp.101-113. 

Dunlap, R.E., Van Liere, K.D., Mertig, A.G. and Jones, R.E. 2000. New trends in measuring 

environmental attitudes: measuring endorsement of the new ecological paradigm: a revised 

NEP scale. Journal of social issues. 56(3), pp.425-442. 

Eagly, A.H. and Chaiken, S. 1993. The psychology of attitudes. [Online]. San Diego: 

Harcourt brace Jovanovich college publishers. [Accessed 26 July 2021]. Available from: 

https://psycnet.apa.org/record/1992-98849-000 

Easton, S. and Ferrari, E. 2015. Children’s travel to school—the interaction of individual, 

neighbourhood and school factors. Transport Policy. 44, pp.9-18. 

Ehteshamrad, S., Saffarzadeh, M., Mamdoohi, A., Saffarzadeh, S. and Figueira, F.M. 2019. 

Car Use Behavioral Study for Commuting Trips: Parents’ Work Trips and Children’s School 

Trips. International Journal of Transportation Engineering. 6(3), pp.207-216. 

Emmanuel, B.O. and Maureen, N.T. 2021. Investigating heteroscedastic disturbances in 

some transformed economic models while eliminating multicollinearity. International 

Journal of Statistics and Applied Mathematics. 6(5), pp.1-7. 

Ermagun, A. and Samimi, A. 2015. Promoting active transportation modes in school trips. 

Transport Policy. 37, pp.203-211. 

Evans, G.W., Otto, S. and Kaiser, F.G. 2018. Childhood Origins of Young Adult 

Environmental Behavior. Psychological science. 29(5), pp.679-687. 

Evenson, K.R., Huston, S.L., McMillen, B.J., Bors, P. and Ward, D.S. 2003. Statewide 

Prevalence and Correlates of Walking and Bicycling to School. Archives of Pediatrics & 

Adolescent Medicine. 157(9), pp.887-892. 

Ewing, R. and Cervero, R. 2010. Travel and the Built Environment. Journal of the American 

Planning Association. 76(3), pp.265-294. 

Ewing, R., Schroeer, W. and Greene, W. 2004. School Location and Student Travel Analysis 

of Factors Affecting Mode Choice. Transportation Research Record. 1895(1), pp.55-63. 

Fallah Zavareh, M., Abolhasannejad, V., Mamdoohi, A. and Nordfjærn, T. 2020a. Barriers 

to children’s walking to school in Iranian and Chinese samples. Transportation Research 

Part F: Traffic Psychology and Behaviour. 73, pp.399-414. 

Fallah Zavareh, M., Mehdizadeh, M. and Nordfjærn, T. 2020b. Active travel as a pro-

environmental behaviour: An integrated framework. Transportation Research Part D: 

Transport and Environment. 84, article no: 102356 [no pagination]. 

Ferrari, E. and Green, M.A. 2013. Travel to School and Housing Markets: A Case Study of 

Sheffield, England. Environment and Planning A: Economy and Space. 45(11), pp.2771-

2788. 

Finney, S.J. and DiStefano, C. 2006. Non-normal and categorical data in structural equation 

modeling. Structural equation modeling: A second course. 10(6), pp.269-314. 

Fishbein, M. and Ajzen, I. 1977. Belief, attitude, intention, and behavior: An introduction to 

theory and research. Philosophy and Rhetoric 10(2), pp.130-132. 

Fisher, P. 2020. An assessment of the national representativeness of new mothers and women 



221 

 

of childbearing age in Understanding Society. [Online]. [Accessed 17 September 2021]. 

Available from: https://www.understandingsociety.ac.uk/wp-content/uploads/working-

papers/2020-06.pdf 

Flamm, B. 2009. The impacts of environmental knowledge and attitudes on vehicle 

ownership and use. Transportation Research Part D: Transport and Environment. 14(4), 

pp.272-279. 

Fornell, C. and Larcker, D.F. 1981. Evaluating Structural Equation Models with 

Unobservable Variables and Measurement Error. Journal of Marketing Research. 18(1), 

pp.39-50. 

Frater, J. and Kingham, S. 2018. Gender equity in health and the influence of intrapersonal 

factors on adolescent girls’ decisions to bicycle to school. Journal of Transport Geography. 

71, pp.130-138. 

Fyhri, A. and Hjorthol, R. 2009. Children’s independent mobility to school, friends and 

leisure activities. Journal of Transport Geography. 17(5), pp.377-384. 

Fyhri, A., Hjorthol, R., Mackett, R.L., Fotel, T.N. and Kyttä, M. 2011. Children’s active 

travel and independent mobility in four countries: Development, social contributing trends 

and measures. Transport Policy. 18(5), pp.703-710. 

Gardner, B. and Abraham, C. 2008. Psychological correlates of car use: A meta-analysis. 

Transportation Research Part F: Traffic Psychology and Behaviour. 11(4), pp.300-311. 

Garling, T. and Axhausen, K.W. 2003. Introduction: Habitual travel choice. Transportation. 

30(1), pp.1-11. 

Gehlert, T., Dziekan, K. and Gärling, T. 2013. Psychology of sustainable travel behavior. 

Transportation Research Part A: Policy and Practice. 48, pp.19-24. 

Ghekiere, A., Deforche, B., Carver, A., Mertens, L., de Geus, B., Clarys, P., Cardon, G., De 

Bourdeaudhuij, I. and Van Cauwenberg, J. 2017. Insights into children’s independent 

mobility for transportation cycling—Which socio-ecological factors matter? Journal of 

science and medicine in sport. 20(3), pp.267-272. 

Giuliano, G. and Dargay, J. 2006. Car ownership, travel and land use: a comparison of the 

US and Great Britain. Transportation Research Part A: Policy and Practice. 40(2), pp.106-

124. 

Golob, T.F. 2003. Structural equation modeling for travel behavior research. Transportation 

Research Part B: Methodological. 37(1), pp.1-25. 

Gong, Y., Li, J., Xie, J., Zhang, L. and Lou, Q. 2022. Will “Green” Parents Have “Green” 

Children? The Relationship Between Parents’ and Early Adolescents’ Green Consumption 

Values. Journal of Business Ethics. 179(2), pp.369-385. 

Goodman, A., Sahlqvist, S. and Ogilvie, D. 2013. Who uses new walking and cycling 

infrastructure and how? Longitudinal results from the UK iConnect study. Preventive 

Medicine. 57(5), pp.518-524. 

Goodwin, P., Hallett, S., Kenny, F. and Stokes, G. 1991. Transport: the new realism. 

Transport Studies Unit, University of Oxford. 67, pp.73-85. 

Goulden, M., Ryley, T. and Dingwall, R. 2014. Beyond ‘predict and provide’: UK transport, 

the growth paradigm and climate change. Transport Policy. 32, pp.139-147. 

GOV.SCOT. 2022. Free school transport. [Online]. [Accessed 03 March 2024]. Available 

from: https://www.mygov.scot/free-school-transport 

GOV.SCOT. 2022. Small area statistics. [Online]. [Accessed 03 March 2025]. Available 

from: https://www.gov.scot/collections/small-area-statistics/ 

GOV.UK. 2021. Apply for your first provisional driving licence. [Online]. [Accessed 8 April 

2024]. Available from: https://www.gov.uk/apply-first-provisional-driving-licence 

GOV.UK. 2024. £101 million investment to boost cycling and walking nationwide. [Online]. 

[Accessed 03 July 2024]. Available from: https://www.gov.uk/government/news/101-

million-investment-to-boost-cycling-and-walking-nationwide 

https://www.gov.scot/collections/small-area-statistics/


222 

 

GOV.WALES. 2014. Learner Travel: The Law on Travel to School. [Online]. [Accessed 18 

April 2024]. Available from: https://www.gov.wales/sites/default/files/publications/2018-

03/the-law-on-travel-to-school-easy-

read.pdf#:~:text=You%20can%20have%20free%20transport%20if%20you%20live,or%20

more%20from%20your%20nearest%20suitable%20secondary%20school. 

GOV.WALES. 2021. Llwybr Newydd: the Wales transport strategy 2021. [Online]. 

[Accessed 22 May 2024]. Available from: https://www.gov.wales/llwybr-newydd-wales-

transport-strategy-2021-html#65094 

Green-Demers, I., Pelletier, L.G. and Ménard, S. 1997. The impact of behavioural difficulty 

on the saliency of the association between self-determined motivation and environmental 

behaviours. Canadian Journal of Behavioural Science / Revue canadienne des sciences du 

comportement. 29(3), pp.157-166. 

Grolnick, W.S., Deci, E.L. and Ryan, R.M. 1997. Internalization within the family: The self-

determination theory perspective. In: Grusec, J.E. and Kuczynski, L. eds. Parenting and 

Children’s Internalization of Values: A Handbook of Contemporary Theory. [Online]. 

pp.135-161. [Accessed 14 March 2022]. Available from: 

https://selfdeterminationtheory.org/wp-

content/uploads/2020/10/1997_GrolnickDeciRyan.pdf 

Grønhøj, A. and Thøgersen, J. 2009. Like father, like son? Intergenerational transmission of 

values, attitudes, and behaviours in the environmental domain. Journal of Environmental 

Psychology. 29(4), pp.414-421. 

Grønhøj, A. and Thøgersen, J. 2012. Action speaks louder than words: The effect of personal 

attitudes and family norms on adolescents’ pro-environmental behaviour. Journal of 

Economic Psychology. 33(1), pp.292-302. 

Grønhøj, A. and Thøgersen, J. 2017. Why young people do things for the environment: The 

role of parenting for adolescents’ motivation to engage in pro-environmental behaviour. 

Journal of Environmental Psychology. 54, pp.11-19. 

Groth, S., Hunecke, M. and Wittowsky, D. 2021. Middle-Class, Cosmopolitans and Precariat 

among Millennials between Automobility and Multimodality. Transportation Research 

Interdisciplinary Perspectives. 12, article no: 100467 [no pagination]. 

Grusec, J.E. and Kuczynski, L.E. 1997. Parenting and children’s internalization of values: 

A handbook of contemporary theory. [Online]. New York: John Wiley & Sons Inc. [Accessed 

26 July 2021]. Available from: https://psycnet.apa.org/record/1997-36410-000 

Guastello, D.D. and Peissig, R.M. 1998. Authoritarianism, environmentalism, and cynicism 

of college students and their parents. Journal of Research in Personality. 32(4), pp.397-410. 

Guerra, E. 2015. The geography of car ownership in Mexico City: a joint model of 

households’ residential location and car ownership decisions. Journal of Transport 

Geography. 43, pp.171-180. 

Gutiérrez, M., Hurtubia, R. and Ortúzar, J.d.D. 2020. The role of habit and the built 

environment in the willingness to commute by bicycle. Travel Behaviour and Society. 20, 

pp.62-73. 

Habib, K.N., Weiss, A. and Hasnine, S. 2018. On the heterogeneity and substitution patterns 

in mobility tool ownership choices of post-secondary students: The case of Toronto. 

Transportation Research Part A: Policy and Practice. 116, pp.650-665. 

Hair, J.F., Hult, G.T.M., Ringle, C.M., Sarstedt, M., Danks, N.P. and Ray, S. 2021. An 

Introduction to Structural Equation Modeling. [Online]. Cham: Springer International 

Publishing. [Accessed 3 May 2022]. Available from: https://doi.org/10.1007/978-3-030-

80519-7_1 

Hall, C. and Allan, F. 2014. Influencing carbon behaviours: What psychological and 

demographic factors contribute to individual differences in home energy use reduction and 

transportation mode decisions. Energy and Environment Research. 4(1), pp.1-14. 



223 

 

Hand, C. 2020. Biology and being green: The effect of prenatal testosterone exposure on 

pro-environmental consumption behaviour. Journal of Business Research. 120, pp.619-626. 

Hands Up Scotland Survey. 2021. Hands Up Scotland Survey 2021. [Online]. [Accessed 12 

May 2022]. Available from: 

https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.sustrans.org.u

k%2Fmedia%2F10590%2Fhands-up-scotland-2021_national-

results.xlsx&wdOrigin=BROWSELINK 

Haug, E., Smith, O.R.F., Bucksch, J., Brindley, C., Pavelka, J., Hamrik, Z., Inchley, J., 

Roberts, C., Mathisen, F.K.S. and Sigmundová, D. 2021. 12-year trends in active school 

transport across four european countries—Findings from the health behaviour in school-

aged children (HBSC) study. International journal of environmental research and public 

health. 18(4), article no: 2118 [no pagination]. 

Haustein, S., Klöckner, C.A. and Blöbaum, A. 2009. Car use of young adults: The role of 

travel socialization. Transportation Research Part F: Traffic Psychology and Behaviour. 

12(2), pp.168-178. 

He, S.Y. and Giuliano, G. 2017. Factors affecting children’s journeys to school: a joint 

escort-mode choice model. Transportation. 44(1), pp.199-224. 

Hess, S., Shires, J. and Jopson, A. 2013. Accommodating underlying pro-environmental 

attitudes in a rail travel context: Application of a latent variable latent class specification. 

Transportation Research Part D: Transport and Environment. 25, pp.42-48. 

Hidalgo-Crespo, J., Coello-Pisco, S., Reyes-Venegas, H., Bermeo-Garay, M., Amaya, J.L., 

Soto, M. and Hidalgo-Crespo, A. 2022. Understanding citizens’ environmental concern and 

their pro-environmental behaviours and attitudes and their influence on energy use. Energy 

Reports. 8, pp.103-109. 

Higley, E. 2019. Defining young adulthood. [Online]. [Accessed 9 June 2023]. Available 

from: 

https://repository.usfca.edu/cgi/viewcontent.cgi?article=1017&context=dnp_qualifying#:~:

text=Young%20adulthood%20is%20a%20unique%20developmental%20period%20that,ad

ult%20to%20participate%20in%20self-exploration%20and%20identity%20formation. 

Hino, A.A.F., Reis, R.S., Sarmiento, O.L., Parra, D.C. and Brownson, R.C. 2014. Built 

Environment and Physical Activity for Transportation in Adults from Curitiba, Brazil. 

Journal of Urban Health. 91(3), pp.446-462. 

Hipp, L. and Bünning, M. 2021. Parenthood as a driver of increased gender inequality during 

COVID-19? Exploratory evidence from Germany. European Societies. 23(sup1), pp.658-

673. 

Hjorthol, R. 2016. Decreasing popularity of the car? Changes in driving licence and access 

to a car among young adults over a 25-year period in Norway. Journal of transport 

geography. 51, pp.140-146. 

Hobson, K. 2001. Sustainable Lifestyles: Rethinking Barriers and Behaviour Change. In: 

Cohen, M.J. and Murphy, J. eds. Exploring Sustainable Consumption. [Online].  Oxford: 

Pergamon, pp.191-209. [Accessed 3 May 2023]. Available from: 

https://www.sciencedirect.com/science/article/pii/B9780080439204500148 

Horgan, D., Forde, C., Parkes, A. and Martin, S. 2015. Children and Young people’s 

Experiences of Participation in Decision-Making at Home, in Schools and in their 

Communities. [Online]. [Accessed 9 July 2021]. Available from: 

https://cora.ucc.ie/server/api/core/bitstreams/11e5700a-30bd-4856-af3d-

b8fcd789aed2/content 

Hossain, M.S. 2023. Estimation of a Logistic Regression Model to Determine the Effects of 

the Factors Associated with the Likelihood of Skilled Workers in the Garment Sector of 

Bangladesh. European Journal of Business and Innovation Research. 11(7), pp.1-34. 

Houghton, J. 2005. Global warming. Reports on progress in physics. 68(6), p1343. 



224 

 

Hsu, H.-P. and Saphores, J.-D. 2014. Impacts of parental gender and attitudes on children’s 

school travel mode and parental chauffeuring behavior: results for California based on the 

2009 National Household Travel Survey. Transportation. 41(3), pp.543-565. 

Hu, J., Tang, K., Qian, X., Sun, F. and Zhou, W. 2021. Behavioral change in waste separation 

at source in an international community: An application of the theory of planned behavior. 

Waste Management. 135, pp.397-408. 

Hu, L.t. and Bentler, P.M. 1999. Cutoff criteria for fit indexes in covariance structure analysis: 

Conventional criteria versus new alternatives. Structural Equation Modeling: A 

Multidisciplinary Journal. 6(1), pp.1-55. 

Huang, Y., Yang, F., Zhang, D. and Ding, Z. 2022. The Car-Purchasing Intention of the Youth 

in the Context of Online Car-Hailing: The Extended Theory of Planned Behavior. Journal 

of Advanced Transportation. 2022, article no: 5300088 [no pagination]. 

Independent Schools Council 2023. ISC CENSUS AND ANNUAL REPORT 2023. [Online]. 

[Accessed 12 June 2024]. Available from: 

https://www.isc.co.uk/media/9316/isc_census_2023_final.pdf 

International Energy Agency 2018. Transport sector CO2 emissions by mode in the 

Sustainable Development Scenario, 2000-2030. [Online]. [Accessed 12 June 2024]. 

Available from: https://www.iea.org/data-and-statistics/charts/transport-sector-co2-

emissions-by-mode-in-the-sustainable-development-scenario-2000-2030 

Irawan, M.Z., Bastarianto, F.F., Rizki, M., Belgiawan, P.F. and Joewono, T.B. 2022. 

Exploring the frequency of public transport use among adolescents: a study in Yogyakarta, 

Indonesia. International Journal of Sustainable Transportation. 16(11), pp.978-988. 

Jaime, M., Salazar, C., Alpizar, F. and Carlsson, F. 2023. Can school environmental 

education programs make children and parents more pro-environmental? Journal of 

Development Economics. 161, article no: 103032 [no pagination]. 

Jain, D. and Tiwari, G. 2011. Impact of strategies changing the infrastructure for NMV and 

buses on accessibility of urban residents. [Online]. [Accessed 3 May 2022]. Available from: 

https://www.researchgate.net/publication/346060974_Impact_of_strategies_changing_the_

infrastructure_for_NMV_and_buses_on_accessibility_of_urban_residents 

Jaiswal, D., Kaushal, V., Kant, R. and Kumar Singh, P. 2021. Consumer adoption intention 

for electric vehicles: Insights and evidence from Indian sustainable transportation. 

Technological Forecasting and Social Change. 173, article no: 121089 [no pagination]. 

Jakovcevic, A. and Steg, L. 2013. Sustainable transportation in Argentina: Values, beliefs, 

norms and car use reduction. Transportation Research Part F: Traffic Psychology and 

Behaviour. 20, pp.70-79. 

Jamal, S. and Newbold, K.B. 2020. Factors associated with travel behavior of millennials 

and older adults: A scoping review. Sustainability. 12(19), article no: 8236 [no pagination]. 

James, N. 2023. Respondents for Nearly Three Decades: How do loyal sample members 

differ from others? 17, pp.15-36. 

Jamal, S., Newbold, K.B. and Scott, D.M. 2022. A comparison of young and older adults’ 

attitudes and preferences towards different travel modes and residential characteristics: A 

study in Hamilton, Ontario. Canadian Geographies / Géographies canadiennes. 66(1), 

pp.76-93. 

Janic, M. 2006. Sustainable Transport in the European Union: A Review of the Past Research 

and Future Ideas. Transport Reviews. 26(1), pp.81-104. 

Jeekel, H. and Rijkswaterstaat, P.O. 2014. Time, time scarcity and car mobility. [Online]. 

[Accessed 14 March 2022]. Available from: https://www.wctrs-society.com/wp-

content/uploads/abstracts/rio/selected/997.pdf 

Jheng, Y.-j., Lin, C.-w., Chang, J.C.-c. and Liao, Y.-k. 2022. Who is able to choose? A meta-

analysis and systematic review of the effects of family socioeconomic status on school 

choice. International Journal of Educational Research. 112, article no: 101943 [no 



225 

 

pagination]. 

Jia, F. and Yu, H. 2021. Action, communication, and engagement: How parents “ACE” 

Children’s pro-environmental behaviors. Journal of Environmental Psychology. 74, article 

no: 101575 [no pagination]. 

John, D.R. 1999. Consumer socialization of children: A retrospective look at twenty-five 

years of research. Journal of Consumer Research. 26(3), pp.183-213. 

Kafi, M., Zakaria, I., Faris Indriya Himawan, A., Hamid, S., Chuah, L.F., Rozar, N., Razik, 

M. and Ramasamy, R. 2024. A conceptual framework for understanding behavioral factors 

in public transport mode choice in Southeast Asia. Journal of Infrastructure, Policy and 

Development. 8, article no: 4915 [no pagination]. 

Kamargianni, M., Dubey, S., Polydoropoulou, A. and Bhat, C. 2015. Investigating the 

subjective and objective factors influencing teenagers’ school travel mode choice–An 

integrated choice and latent variable model. Transportation Research Part A: Policy and 

Practice. 78, pp.473-488. 

Kang, H. and Ahn, J.-W. 2021. Model Setting and Interpretation of Results in Research 

Using Structural Equation Modeling: A Checklist with Guiding Questions for Reporting. 

Asian Nursing Research. 15(3), pp.157-162. 

Kaplan, D. 2008. Structural equation modeling: Foundations and extensions. [Online]. 

United States of America: SAGE publications. [Accessed 9 August 2022]. Available from: 

https://books.google.co.uk/books?hl=zh-

CN&lr=&id=LwZ1AwAAQBAJ&oi=fnd&pg=PP1&dq=Structural+equation+modeling:+

Foundations+and+extensions&ots=--28JIEsFk&sig=ZkRHTOh5ySpR-

lddITUNNj9X14I&redir_esc=y#v=onepage&q=Structural%20equation%20modeling%3A

%20Foundations%20and%20extensions&f=false 

Kaplan, S., Nielsen, T.A.S. and Prato, C.G. 2016. Walking, cycling and the urban form: A 

Heckman selection model of active travel mode and distance by young adolescents. 

Transportation Research Part D: Transport and Environment. 44, pp.55-65. 

Karlin, B., Davis, N., Sanguinetti, A., Gamble, K., Kirkby, D. and Stokols, D. 2014. 

Dimensions of Conservation: Exploring Differences Among Energy Behaviors. 

Environment and Behavior. 46(4), pp.423-452. 

Kärmeniemi, M., Lankila, T., Ikäheimo, T., Koivumaa-Honkanen, H. and Korpelainen, R. 

2018. The Built Environment as a Determinant of Physical Activity: A Systematic Review 

of Longitudinal Studies and Natural Experiments. Annals of Behavioral Medicine. 52(3), 

pp.239-251. 

Karsten, L. 2015. Middle-class childhood and parenting culture in high-rise Hong Kong: on 

scheduled lives, the school trap and a new urban idyll. Children’s Geographies. 13(5), 

pp.556-570. 

Kasemir, B., Jäger, J.J. and Villalba, J.D.T. 2003. Collage processes and citizens’ visions for 

the future. Public participation in sustainability science: a handbook.  Cambridge University 

Press, pp.81-104. 

Kavta, K. and Goswami, A.K. 2022. Estimating mode choice of motorized two-wheeler 

commuters under the influence of combined travel demand management measures: An ICLV 

modeling approach. Transport Policy. 126, pp.327-335. 

Kearns, R.A., Collins, D.C.A. and Neuwelt, P.M. 2003. The walking school bus: extending 

children’s geographies? Area. 35(3), pp.285-292. 

Kelly, J.A. and Fu, M. 2014. Sustainable school commuting - understanding choices and 

identifying opportunities A case study in Dublin, Ireland. Journal of Transport Geography. 

34, pp.221-230. 

Kent, J.L. 2014. Driving to save time or saving time to drive? The enduring appeal of the 

private car. Transportation Research Part A: Policy and Practice. 65, pp.103-115. 

Kerret, D., Orkibi, H., Bukchin, S. and Ronen, T. 2020. Two for one: achieving both pro-



226 

 

environmental behavior and subjective well-being by implementing environmental-hope-

enhancing programs in schools. The Journal of Environmental Education. 51(6), pp.434-448. 

Kim, J. and Lee, B. 2023. Campus commute mode choice in a college town: An application 

of the integrated choice and latent variable (ICLV) model. Travel Behaviour and Society. 30, 

pp.249-261. 

Kish, R.J. 2018. USING LEGISLATION TO REDUCE ONE-TIME PLASTIC BAG 

USAGE. Economic Affairs. 38(2), pp.224-239. 

Klaniecki, K., Wuropulos, K. and Hager, C.P. 2016. Behaviour change for sustainable 

development. In: Leal Filho, W. ed. Encyclopedia of Sustainability in Higher Education. 

[Online].  Cham: Springer International Publishing, pp.1-10. [Accessed 9 July 2021]. 

Available from: https://doi.org/10.1007/978-3-319-63951-2_161-1 

Klocker, N., Toole, S., Tindale, A. and Kerr, S.-M. 2015. Ethnically Diverse Transport 

Behaviours: An Australian Perspective. Geographical Research. 53(4), pp.393-405. 

Klöckner, C.A. and Matthies, E. 2012. Two Pieces of the Same Puzzle? Script‐Based Car 

Choice Habits Between the Influence of Socialization and Past Behavior 1. Journal of 

Applied Social Psychology. 42(4), pp.793-821. 

Klos, L., Burchartz, A., Niessner, C., Reimers, A.K., Thron, M., Woll, A. and Wäsche, H. 

2023. Active school transport routines during school transitions: Socio-structural predictors 

of changes from childhood into early adulthood. Health & Place. 81, article no: 103005 [no 

pagination]. 

Konstam, V. 2007. Emerging and young adulthood. [Online]. 2 ed. Cham: Springer 

[Accessed 9 July 2021]. Available from: https://doi.org/10.1007/978-3-319-11301-2 

Kraft, P., Rise, J., Sutton, S. and Røysamb, E. 2005. Perceived difficulty in the theory of 

planned behaviour: Perceived behavioural control or affective attitude? British Journal of 

Social Psychology. 44(3), pp.479-496. 

Kroesen, M., Handy, S. and Chorus, C. 2017. Do attitudes cause behavior or vice versa? An 

alternative conceptualization of the attitude-behavior relationship in travel behavior 

modeling. Transportation Research Part A: Policy and Practice. 101, pp.190-202. 

Kuhnimhof, T., Armoogum, J., Buehler, R., Dargay, J., Denstadli, J.M. and Yamamoto, T. 

2012a. Men shape a downward trend in car use among young adults—evidence from six 

industrialized countries. Transport Reviews. 32(6), pp.761-779. 

Kuhnimhof, T., Wirtz, M. and Manz, W. 2012b. Decomposing young germans’ altered car 

use patterns: Lower incomes, more students, decrease in car travel by men, and more 

multimodality. Transportation research record. 2320(1), pp.64-71. 

Kurisu, K. 2015. What Are Pro-Environmental Behaviors (PEBs)? [Online]. Tokyo: Springer 

Japan. [Accessed 23 June 2021]. Available from: https://doi.org/10.1007/978-4-431-55834-

7_1 

Kwak, C. and Clayton-Matthews, A. 2002. Multinomial Logistic Regression. Nursing 

Research. 51(6). 

Lam, W.W.Y. and Loo, B.P.Y. 2014. Determinants of children’s independent mobility in 

Hong Kong. Asian transport studies. 3(2), pp.250-268. 

Lamb, W.F., Wiedmann, T., Pongratz, J., Andrew, R., Crippa, M., Olivier, J.G., Wiedenhofer, 

D., Mattioli, G., Al Khourdajie, A. and House, J. 2021. A review of trends and drivers of 

greenhouse gas emissions by sector from 1990 to 2018. Environmental research letters. 

16(7), article no: 073005 [no pagination]. 

Larouche, R. and Mendoza, J.A. 2018. 15 - Walking School Buses and Bicycle Trains. In: 

Larouche, R. ed. Children’s Active Transportation.  Elsevier, pp.217-228. 

Larouche, R., Sarmiento, O.L., Broyles, S.T., Denstel, K.D., Church, T.S., Barreira, T.V., 

Chaput, J.P., Fogelholm, M., Hu, G., Kuriyan, R., Kurpad, A., Lambert, E.V., Maher, C., 

Maia, J., Matsudo, V., Olds, T., Onywera, V., Standage, M., Tremblay, M.S., Tudor-Locke, 

C., Zhao, P., Katzmarzyk, P.T. and for the, I.R.G. 2015. Are the correlates of active school 



227 

 

transport context-specific? International Journal of Obesity Supplements. 5(2), pp.89-99. 

Larsen, K., Gilliland, J., Hess, P., Tucker, P., Irwin, J. and He, M. 2009. The Influence of the 

Physical Environment and Sociodemographic Characteristics on Children’s Mode of Travel 

to and From School. American Journal of Public Health. 99(3), pp.520-526. 

Larsen, K., Gilliland, J. and Hess, P.M. 2012. Route-Based Analysis to Capture the 

Environmental Influences on a Child’s Mode of Travel between Home and School. Annals 

of the Association of American Geographers. 102(6), pp.1348-1365. 

Lavieri, P.S., Garikapati, V.M., Bhat, C.R. and Pendyala, R.M. 2017. Investigation of 

Heterogeneity in Vehicle Ownership and Usage for the Millennial Generation. 

Transportation Research Record. 2664(1), pp.91-99. 

Le Gouais, A., Panter, J.R., Cope, A., Powell, J.E., Bird, E.L., Woodcock, J., Ogilvie, D. and 

Foley, L. 2021. A natural experimental study of new walking and cycling infrastructure 

across the United Kingdom: The Connect2 programme. Journal of Transport & Health. 20, 

article no: 100968 [no pagination]. 

Leppänen, J.M., Haahla, A.E., Lensu, A.M. and Kuitunen, M.T. 2012. Parent-Child 

Similarity in Environmental Attitudes: A Pairwise Comparison. The Journal of 

Environmental Education. 43(3), pp.162-176. 

Levin, I. 2012. Chinese migrants in Melbourne and their house choices. Australian 

Geographer. 43(3), pp.303-320. 

Levinson, D.M. and Kumar, A. 1997. Density and the Journey to Work. Growth and Change. 

28(2), pp.147-172. 

Li, H., Han, L., Ao, Y., Wang, Y. and Wang, T. 2022. Influences of the Built Environment on 

Rural School Children&rsquo;s Travel Mode Choice: The Case of Chengdu. International 

Journal of Environmental Research and Public Health. 19(15), article no: 9008 [no 

pagination]. 

Licaj, I., Haddak, M., Pochet, P. and Chiron, M. 2012. Individual and contextual 

socioeconomic disadvantages and car driving between 16 and 24 years of age: a multilevel 

study in the Rhône Département (France). Journal of transport geography. 22, pp.19-27. 

Lin, J.-J. and Chang, H.-T. 2010. Built Environment Effects on Children’s School Travel in 

Taipai: Independence and Travel Mode. Urban Studies. 47(4), pp.867-889. 

Lind, H.B., Nordfjærn, T., Jørgensen, S.H. and Rundmo, T. 2015. The value-belief-norm 

theory, personal norms and sustainable travel mode choice in urban areas. Journal of 

Environmental Psychology. 44, pp.119-125. 

Liu, P., Teng, M. and Han, C. 2020. How does environmental knowledge translate into pro-

environmental behaviors?: The mediating role of environmental attitudes and behavioral 

intentions. Science of The Total Environment. 728, article no: 138126 [no pagination]. 

Liu, T., Shryane, N. and Elliot, M. 2022. Attitudes to climate change risk: classification of 

and transitions in the UK population between 2012 and 2020. Humanities and Social 

Sciences Communications. 9(1), article no: 279 [no pagination]. 

Lynn, P. 2013. Alternative Sequential Mixed-Mode Designs: Effects on Attrition Rates, 

Attrition Bias, and Costs. Journal of Survey Statistics and Methodology. 1(2), pp.183-205. 

Lynn, P. 2014. Distinguishing dimensions of pro-environmental behaviour. [Online]. 

[Accessed 14 April 2024]. Available from: 

https://www.iser.essex.ac.uk/research/publications/working-papers/iser/2014-19.pdf 

Ma, L., Wang, G., Yan, X. and Weng, J. 2016. A hybrid finite mixture model for exploring 

heterogeneous ordering patterns of driver injury severity. Accident Analysis & Prevention. 

89, pp.62-73. 

Macdonald, L., McCrorie, P., Nicholls, N. and Olsen, J.R. 2019. Active commute to school: 

does distance from school or walkability of the home neighbourhood matter? A national 

cross-sectional study of children aged 10–11 years, Scotland, UK. BMJ Open. 9(12), article 

no: e033628 [no pagination]. 



228 

 

Mackett, R., Lucas, L., Paskins, J. and Turbin, J. 2005. Walking buses in Hertfordshire: 

Impacts and lessons. [Online]. [Accessed 12 February 2025]. Available from: https://my. wpi. 

edu/bbcswebdav/pid-162797-dt-content-rid-867904_1/courses/ID2050-D13-D01/Walking 

bus report-UCL. pdf. 

Maio, G.R., Verplanken, B. and Haddock, G. 2018. The psychology of attitudes and attitude 

change. [Online]. London: SAGE Publications Ltd. [Accessed 9 August 2022]. Available 

from: https://us.sagepub.com/en-us/nam/the-psychology-of-attitudes-and-attitude-

change/book257922#preview 

Mannetti, L., Pierro, A. and Livi, S. 2004. Recycling: Planned and self-expressive behaviour. 

Journal of Environmental Psychology. 24(2), pp.227-236. 

Manski, C.F. 1977. The structure of random utility models. Theory and Decision. 8(3), 

pp.229-254. 

Marsh, H.W. and Hau, K.-T. 1996. Assessing goodness of fit: Is parsimony always desirable? 

The journal of experimental education. 64(4), pp.364-390. 

Martin, W.E. and Bridgmon, K.D. 2012. Quantitative and statistical research methods: From 

hypothesis to results. [Online]. United States of America: John Wiley & Sons. [Accessed 15 

March 2023]. Available from: https://books.google.co.uk/books?hl=zh-

CN&lr=&id=rJK8rr9-

xY8C&oi=fnd&pg=PR17&dq=Quantitative+and+statistical+research+methods:+From+hy

pothesis+to+results&ots=0d7CR5UU1K&sig=rxP73N4YwhJbpovTuF73nWyFDeE#v=on

epage&q=Quantitative%20and%20statistical%20research%20methods%3A%20From%20

hypothesis%20to%20results&f=false 

Martinsson, J., Lundqvist, L.J. and Sundström, A. 2011. Energy saving in Swedish 

households. The (relative) importance of environmental attitudes. Energy Policy. 39(9), 

pp.5182-5191. 

Marzi, I., Beck, F., Engels, E., Renninger, D., Demetriou, Y. and Reimers, A.K. 2023. 

Adolescents’ travel behavior in Germany: Investigating transport mode choice considering 

destination, travel distance, and urbanization. Journal of Transport Geography. 112, article 

no: 103694 [no pagination]. 

Marsden, G., Dales, J., Jones, P., Seagriff, E. and Spurling, N. 2018. All Change? The future 

of travel demand and the implications for policy and planning. [Online]. [Accessed 8 

February 2025]. Available from: 

https://www.researchgate.net/publication/327272933_All_Change_The_future_of_travel_d

emand_and_the_implications_for_policy_and_planning 

Matowicki, M., Pecherkova, P. and Pribyl, O. 2023. The potential of changing habitual car 

user travel modes: The case of Czech towns. International Journal of Transportation Science 

and Technology. 12(4), pp.986-995. 

Matthews, H.D. and Caldeira, K. 2008. Stabilizing climate requires near-zero emissions. 

Geophysical Research Letters. 35(4), article no: L04705 [no pagination]. 

Matthies, E., Selge, S. and Klockner, C.A. 2012. The role of parental behaviour for the 

development of behaviour specific environmental norms - The example of recycling and re-

use behaviour. Journal of Environmental Psychology. 32(3), pp.277-284. 

Mattioli, G. and Scheiner, J. 2022. The impact of migration background, ethnicity and social 

network dispersion on air and car travel in the UK. Travel Behaviour and Society. 27, pp.65-

78. 

McCafferty, D. and Hall, F.L. 1982. The use of multinomial logit analysis to model the 

choice of time to travel. Economic Geography. pp.236-246. 

McDonagh, J.E., Ambresin, A.-E., Boisen, K.A., Fonseca, H., Kruse, P.J., Meynard, A., 

Stronski, S., Michaud, P.-A. and Takeuchi, Y.L. 2018. The age of adolescence… and young 

adulthood. The Lancet Child & Adolescent Health. 2(4), article no: e6 [no pagination]. 

McDonald, N.C. 2008a. Critical Factors for Active Transportation to School Among Low-

https://www.researchgate.net/publication/327272933_All_Change_The_future_of_travel_demand_and_the_implications_for_policy_and_planning
https://www.researchgate.net/publication/327272933_All_Change_The_future_of_travel_demand_and_the_implications_for_policy_and_planning


229 

 

Income and Minority Students: Evidence from the 2001 National Household Travel Survey. 

American Journal of Preventive Medicine. 34(4), pp.341-344. 

McDonald, N.C. 2008b. Household interactions and children’s school travel: the effect of 

parental work patterns on walking and biking to school. Journal of Transport Geography. 

16(5), pp.324-331. 

McDonald, N.C., Brown, A.L., Marchetti, L.M. and Pedroso, M.S. 2011. US school travel, 

2009: an assessment of trends. American journal of preventive medicine. 41(2), pp.146-151. 

McFadden, D. 1972. Conditional logit analysis of qualitative choice behavior. [Online]. UC 

Berkeley: Institute of Urban and Regional Development. [Accessed 2 November 2022]. 

Available from: https://escholarship.org/uc/item/61s3q2xr 

McMillan, T.E. 2005. Urban form and a child’s trip to school: The current literature and a 

framework for future research. Journal of Planning Literature. 19(4), pp.440-456. 

McQuaid, R.W. and Chen, T. 2012. Commuting times – The role of gender, children and 

part-time work. Research in Transportation Economics. 34(1), pp.66-73. 

Mehdizadeh, M., Nordfjaern, T. and Mamdoohi, A. 2019. Environmental norms and 

sustainable transport mode choice on children’s school travels: The norm-activation theory. 

INTERNATIONAL JOURNAL OF SUSTAINABLE TRANSPORTATION. 14(2), pp.137-149. 

Mehdizadeh, M., Zavareh, M.F. and Nordfjaern, T. 2019. Mono- and multimodal green 

transport use on university trips during winter and summer: Hybrid choice models on the 

norm-activation theory. Transportation Research Part A: Policy and Practice. 130, pp.317-

332. 

Meier, A., Hartmann, B.S. and Larson, R. 2018. A Quarter Century of Participation in 

School-Based Extracurricular Activities: Inequalities by Race, Class, Gender and Age? 

Journal of Youth and Adolescence. 47(6), pp.1299-1316. 

Melia, S., Chatterjee, K. and Stokes, G. 2018. Is the urbanisation of young adults reducing 

their driving? Transportation Research Part A: Policy and Practice. 118, pp.444-456. 

Meng, F., Wang, X., Zong, W., Wang, S. and Sun, S. 2024. Analyzing the deviation between 

bus behavioral intention and actual behavior: a case study in Suzhou, China. Transportation 

Planning and Technology. 47(6), pp.1-32. 

Millock, K. and Nauges, C. 2010. Household Adoption of Water-Efficient Equipment: The 

Role of Socio-Economic Factors, Environmental Attitudes and Policy. Environmental and 

Resource Economics. 46(4), pp.539-565. 

Mindell, J.S., Ergler, C., Hopkins, D. and Mandic, S. 2021. Taking the bus? Barriers and 

facilitators for adolescent use of public buses to school. Travel Behaviour and Society. 22, 

pp.48-58. 

Mindrila, D. 2010. Maximum likelihood (ML) and diagonally weighted least squares 

(DWLS) estimation procedures: A comparison of estimation bias with ordinal and 

multivariate non-normal data. International Journal of Digital Society. 1(1), pp.60-66. 

Mjahed, L.B., Frei, C. and Mahmassani, H.S. 2015. Walking Behavior: The Role of 

Childhood Travel Experience. Transportation Research Record. 2495(1), pp.94-100. 

Mohiuddin, H., Rahman Bhuiya, M.M., Jamal, S. and Chen, Z. 2022. Exploring the Choice 

of Bicycling and Walking in Rajshahi, Bangladesh: An Application of Integrated Choice and 

Latent Variable (ICLV) Models. Sustainability. 14(22), article no: 14784 [no pagination]. 

Molina-García, J., Campos, S., García-Massó, X., Herrador-Colmenero, M., Gálvez-

Fernández, P., Molina-Soberanes, D., Queralt, A. and Chillón, P. 2020. Different 

neighborhood walkability indexes for active commuting to school are necessary for urban 

and rural children and adolescents. International Journal of Behavioral Nutrition and 

Physical Activity. 17(1), article no: 124 [no pagination]. 

Molina-García, J., García-Massó, X., Estevan, I. and Queralt, A. 2019. Built environment, 

psychosocial factors and active commuting to school in adolescents: clustering a self-

organizing map analysis. International journal of environmental research and public health. 



230 

 

16(1), article no: 83 [no pagination]. 

Molina-García, J., Queralt, A., Castillo, I. and Sallis, J.F. 2015. Changes in Physical Activity 

Domains During the Transition Out of High School: Psychosocial and Environmental 

Correlates. Journal of Physical Activity and Health. 12(10), pp.1414-1420. 

Mori, N., Armada, F. and Willcox, D.C. 2012. Walking to school in Japan and childhood 

obesity prevention: new lessons from an old policy. American journal of public health. 

102(11), pp.2068-2073. 

Motte-Baumvol, B., Bonin, O. and Belton-Chevallier, L. 2017. Who escort children: mum 

or dad? Exploring gender differences in escorting mobility among parisian dual-earner 

couples. Transportation. 44(1), pp.139-157. 

Mueller, R.O. and Hancock, G.R. 2001. Factor Analysis and Latent Structure, Confirmatory. 

International Encyclopedia of the Social & Behavioral Sciences. pp.5239-5244. 

Müller, S., Tscharaktschiew, S. and Haase, K. 2008. Travel-to-school mode choice modelling 

and patterns of school choice in urban areas. Journal of Transport Geography. 16(5), pp.342-

357. 

Müggenburg, H. 2021. Beyond the limits of memory? The reliability of retrospective data in 

travel research. Transportation Research Part A: Policy and Practice. 145, pp.302-318. 

Mwita, K. 2022. Strengths and weaknesses of qualitative research in social science studies. 

International Journal of Research in Business and Social Science (2147- 4478). 11. 

Muposhi, A., Mpinganjira, M. and Wait, M. 2021. Influence of personal value orientations 

on pro-environmental behaviour: a case of green shopping bags. International Journal of 

Environment and Waste Management. 28(1), pp.76-92. 

Muromachi, Y. 2017. Experiences of past school travel modes by university students and 

their intention of future car purchase. Transportation Research Part A: Policy and Practice. 

104, pp.209-220. 

Mutrie, N., Carney C Fau - Blamey, A., Blamey A Fau - Crawford, F., Crawford F Fau - 

Aitchison, T., Aitchison T Fau - Whitelaw, A. and Whitelaw, A. 2002. "Walk in to Work Out": 

a randomised controlled trial of a self help intervention to promote active commuting. (0143-

005X (Print)). 

Nash, S. and Mitra, R. 2019. University students’ transportation patterns, and the role of 

neighbourhood types and attitudes. Journal of transport geography. 76, pp.200-211. 

Nasrudin, N.a. and Nor, A.R.M. 2013. Travelling to School: Transportation Selection by 

Parents and Awareness towards Sustainable Transportation. Procedia Environmental 

Sciences. 17, pp.392-400. 

Nazneen, L. and Asghar, M. 2018. Parental Modeling, a Determinant of Pro-Environmental 

Attitude and Behavior in Youth. Peshawar Journal of Psychology and Behavioral Sciences 

(PJPBS). 4(1), pp.33-43. 

Neter, J., Kutner, M.H., Nachtsheim, C.J. and Wasserman, W. 1996. Applied linear statistical 

models. 

Neves, A. and Brand, C. 2019. Assessing the potential for carbon emissions savings from 

replacing short car trips with walking and cycling using a mixed GPS-travel diary approach. 

Transportation Research Part A: Policy and Practice. 123, pp.130-146. 

Newbold, K.B. and Scott, D.M. 2018. Insights into public transit use by Millennials: The 

Canadian experience. Travel Behaviour and Society. 11, pp.62-68. 

Nilsson, M. and Kuller, R. 2000. Travel behaviour and environmental concern. 

Transportation Research Part D-Transport and Environment. 5(3), pp.211-234. 

Nketiah, E., Song, H., Cai, X., Adjei, M., Obuobi, B., Adu-Gyamfi, G. and Cudjoe, D. 2022. 

Predicting citizens’ recycling intention: Incorporating natural bonding and place identity into 

the extended norm activation model. Journal of Cleaner Production. 377, article no: 134425 

[no pagination]. 

Nogueira, M., Dias, F. and Santos, V. 2023. Sustainable mobility choices: Exploring the 



231 

 

impact of consumers’ values, attitudes, perceived behavioural control and subjective norms 

on the likelihood to choose sustainable mobility options. Journal of Consumer Behaviour. 

22(2), pp.511-528. 

Noonan, R.J. 2021. Family income matters! Tracking of habitual car use for school journeys 

and associations with overweight/obesity in UK youth. Journal of Transport & Health. 20, 

article no: 100979 [no pagination]. 

Nordfjærn, T., Simsekoglu, Ö. and Rundmo, T. 2016. Active transport, public transport and 

electric car as perceived alternatives in a motorized Norwegian sample. Transportation 

Research Part F: Traffic Psychology and Behaviour. 42, pp.70-79. 

Nordlund, A.M. and Garvill, J. 2003. Effects of values, problem awareness, and personal 

norm on willingness to reduce personal car use. Journal of Environmental Psychology. 23(4), 

pp.339-347. 

Nurul Habib, K. 2018. Modelling the choice and timing of acquiring a driver’s license: 

Revelations from a hazard model applied to the University students in Toronto. 

Transportation Research Part A: Policy and Practice. 118, pp.374-386. 

O’Fallon, C. 2010. Bike Now: Encouraging cycle commuting in New Zealand [Online]. 

[Accessed 12 February 2025]. Available from: https://www.semanticscholar.org/paper/Bike-

Now%3A-encouraging-cycle-commuting-in-New-

O%27fallon/744b95699438b88293c2fed2e46ee306aa33d44b 

Office for National Statistics. 2021. Three-quarters of adults in Great Britain worry about 

climate change. [Online]. [Accessed 12 June 2023]. Available from: 

https://www.ons.gov.uk/peoplepopulationandcommunity/wellbeing/articles/threequartersof

adultsingreatbritainworryaboutclimatechange/2021-11-05 

Office for National Statistics. 2021. Census 2021 geographies Guidance about the different 

geographies used for the results of Census 2021, for analysts and researchers using census 

data. [Online]. [Accessed 12 January 2025]. Available from: 

https://www.ons.gov.uk/methodology/geography/ukgeographies/censusgeographies/census

2021geographies#lower-layer-super-output-areas-lsoas- 

Office for National Statistics. 2023. Share of sustainable shopping behaviors among UK 

shoppers in 2022 and 2023. [Online]. [Accessed 12 June 2024]. Available from: 

https://www.statista.com/statistics/1056522/sustainable-shopping-behavior-of-uk-shoppers/ 

Office of Rail and Road. 2023. Table 6320: Infrastructure on the mainline, Great Britain, as 

of 31 March, 1986 to 2023. [Online]. [Accessed 24 June 2024]. Available from: 

https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fdataportal.orr.gov.uk

%2Fmedia%2F1528%2Ftable-6320-infrastructure-on-the-

mainline.ods&wdOrigin=BROWSELINK 

Office of Rail and Road. 2024. Table 1220: Passenger journeys, Great Britain, January 1872 

to March 2024. [Online]. [Accessed 24 June 2024]. Available from: 

https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fdataportal.orr.gov.uk

%2Fmedia%2F1652%2Ftable-1220-passenger-journeys.ods&wdOrigin=BROWSELINK 

Oliver, M., Badland, H., Mavoa, S., Witten, K., Kearns, R., Ellaway, A., Hinckson, E., 

Mackay, L. and Schluter, P.J. 2014. Environmental and socio-demographic associates of 

children’s active transport to school: a cross-sectional investigation from the URBAN Study. 

International Journal of Behavioral Nutrition and Physical Activity. 11(1), article no: 70 [no 

pagination]. 

Olivier, J.G., Schure, K. and Peters, J. 2017. Trends in global CO2 and total greenhouse gas 

emissions. PBL Netherlands Environmental Assessment Agency. 5, pp.1-11. 

Organisation for Economic Co-operation and Development. 2001. Policy Instruments for 

Achieving Project Environmentally Sustainable Transport. [Online]. [Accessed 6 May 2023]. 

Available from: http://www.oecd.org 

Osman Idris, A., Habib, K.M.N., Tudela, A. and Shalaby, A. 2015. Investigating the effects 

https://www.ons.gov.uk/peoplepopulationandcommunity/wellbeing/articles/threequartersofadultsingreatbritainworryaboutclimatechange/2021-11-05
https://www.ons.gov.uk/peoplepopulationandcommunity/wellbeing/articles/threequartersofadultsingreatbritainworryaboutclimatechange/2021-11-05
https://www.ons.gov.uk/methodology/geography/ukgeographies/censusgeographies/census2021geographies#lower-layer-super-output-areas-lsoas-
https://www.ons.gov.uk/methodology/geography/ukgeographies/censusgeographies/census2021geographies#lower-layer-super-output-areas-lsoas-


232 

 

of psychological factors on commuting mode choice behaviour. Transportation Planning 

and Technology. 38(3), pp.265-276. 

Owen, C.G., Nightingale, C.M., Rudnicka, A.R., van Sluijs, E.M.F., Ekelund, U., Cook, D.G. 

and Whincup, P.H. 2012. Travel to School and Physical Activity Levels in 9–10 Year-Old 

UK Children of Different Ethnic Origin; Child Heart and Health Study in England (CHASE). 

PLOS ONE. 7(2), article no: e30932 [no pagination]. 

Panter, J.R., Jones, A.P. and van Sluijs, E.M.F. 2008. Environmental determinants of active 

travel in youth: A review and framework for future research. International Journal of 

Behavioral Nutrition and Physical Activity. 5, article no: 34 [no pagination]. 

Panter, J.R., Jones, A.P., Van Sluijs, E.M.F. and Griffin, S.J. 2010. Neighborhood, Route, and 

School Environments and Children’s Active Commuting. American Journal of Preventive 

Medicine. 38(3), pp.268-278. 

Pearce, H., Hudders, L., Van de Sompel, D. and Cauberghe, V. 2021. Motivating Children to 

Become Green Kids: The Role of Victim Framing, Moral Emotions, and Responsibility on 

Children’s Pro-Environmental Behavioral Intent. Environmental Communication. 15(7), 

pp.969-985. 

Pisu, M., Pels, B. and Bottini, N. 2015. Improving infrastructure in the United Kingdom. 

Plaut, P.O. 2005. Non-motorized commuting in the US. Transportation Research Part D: 

Transport and Environment. 10(5), pp.347-356. 

Pont, K., Ziviani, J., Wadley, D., Bennett, S. and Abbott, R. 2009. Environmental correlates 

of children’s active transportation: A systematic literature review. Health & Place. 15(3), 

pp.849-862. 

Prasetiyo, W.H., Ishak, N.A., Basit, A., Dewantara, J.A., Hidayat, O.T., Casmana, A.R. and 

Muhibbin, A. 2020. Caring for the environment in an inclusive school: The Adiwiyata Green 

School program in Indonesia. Issues in Educational Research. 30(3), pp.1040-1057. 

R Core Team. 2021. R: A Language and Environment for Statistical Computing. [Online]. 

[Accessed 3 May 2022]. Available from: https://www.R-project.org/ 

Rahman, M.L., Pocock, T., Moore, A. and Mandic, S. 2020. Active Transport to School and 

School Neighbourhood Built Environment across Urbanisation Settings in Otago, New 

Zealand. International Journal of Environmental Research and Public Health. 17(23), article 

no: 9013 [no pagination]. 

Ramirez-Corredores, M.M., Goldwasser, M.R. and Falabella de Sousa Aguiar, E. 2023. 

Carbon Dioxide and Climate Change. In: Ramirez-Corredores, M.M., et al. eds. 

Decarbonization as a Route Towards Sustainable Circularity. [Online].  Cham: Springer 

International Publishing, pp.1-14. [Accessed 3 May 2024]. Available from: 

https://doi.org/10.1007/978-3-031-19999-8_1 

Ramkissoon, H. 2020. COVID-19 Place Confinement, Pro-Social, Pro-environmental 

Behaviors, and Residents’ Wellbeing: A New Conceptual Framework. Frontiers in 

Psychology. 11, article no: 2248 [no pagination]. 

Ramos, É.M.S., Bergstad, C.J. and Nässén, J. 2020. Understanding daily car use: Driving 

habits, motives, attitudes, and norms across trip purposes. Transportation Research Part F: 

Traffic Psychology and Behaviour. 68, pp.306-315. 

Rana, J., Gutierrez, P.L. and Oldroyd, J.C. 2020. Quantitative Methods. In: Farazmand, A. 

ed. Global Encyclopedia of Public Administration, Public Policy, and Governance. [Online].  

Cham: Springer International Publishing, pp.1-6. [Accessed 21 July 2023]. Available from: 

https://doi.org/10.1007/978-3-319-31816-5_460-1 

Raveau, S., Álvarez-Daziano, R., Yáñez, M.F., Bolduc, D. and de Dios Ortúzar, J. 2010. 

Sequential and Simultaneous Estimation of Hybrid Discrete Choice Models: Some New 

Findings. Transportation Research Record. 2156(1), pp.131-139. 

Raykov, T. 1997. Estimation of Composite Reliability for Congeneric Measures. Applied 

Psychological Measurement. 21(2), pp.173-184. 



233 

 

Renaud-Dube, A., Taylor, G., Lekes, N., Koestner, R. and Guay, F. 2010. Adolescents’ 

Motivation Toward the Environment: Age-Related Trends and Correlates. Canadian Journal 

of Behavioural Science-Revue Canadienne Des Sciences Du Comportement. 42(3), pp.194-

199. 

Rhodes, R.E., Brown, S.G. and McIntyre, C.A. 2006. Integrating the Perceived 

Neighborhood Environment and the Theory of Planned Behavior When Predicting Walking 

in a Canadian Adult Sample. American Journal of Health Promotion. 21(2), pp.110-118. 

Richardson, B.C. 1999. Toward a Policy on a Sustainable Transportation System. 

Transportation Research Record. 1670(1), pp.27-34. 

Rodríguez-López, C., Salas-Fariña, Z.M., Villa-González, E., Borges-Cosic, M., Herrador-

Colmenero, M., Medina-Casaubón, J., Ortega, F.B. and Chillón, P. 2017. The Threshold 

Distance Associated With Walking From Home to School. Health Education & Behavior. 

44(6), pp.857-866. 

Rodrı́guez, D.A. and Joo, J. 2004. The relationship between non-motorized mode choice and 

the local physical environment. Transportation Research Part D: Transport and 

Environment. 9(2), pp.151-173. 

Rothman, L., Macpherson, A.K., Ross, T. and Buliung, R.N. 2018. The decline in active 

school transportation (AST): A systematic review of the factors related to AST and changes 

in school transport over time in North America. Preventive Medicine. 111, pp.314-322. 

Sachs, J.D., Schmidt-Traub, G., Mazzucato, M., Messner, D., Nakicenovic, N. and 

Rockström, J. 2019. Six Transformations to achieve the Sustainable Development Goals. 

Nature Sustainability. 2(9), pp.805-814. 

Sahlqvist, S., Goodman, A., Jones, T., Powell, J., Song, Y., Ogilvie, D. and on behalf of the 

iConnect, c. 2015. Mechanisms underpinning use of new walking and cycling infrastructure 

in different contexts: mixed-method analysis. International Journal of Behavioral Nutrition 

and Physical Activity. 24, article no: 12 [no pagination]. 

Sallis, J.F., Slymen, D.J., Conway, T.L., Frank, L.D., Saelens, B.E., Cain, K. and Chapman, 

J.E. 2011. Income disparities in perceived neighborhood built and social environment 

attributes. Health & Place. 17(6), pp.1274-1283. 

Sandretto, S., Bengoechea, E.G., Wilson, G., Kidd, G. and Mandic, S. 2024. Adolescents’ 

Active Transport to School and Parental Perspectives in a School Choice Policy 

Environment. Active Travel Studies. 4(1), pp.1-20. 

Sasidharan, L. and Menéndez, M. 2014. Partial proportional odds model—An alternate 

choice for analyzing pedestrian crash injury severities. Accident Analysis & Prevention. 72, 

pp.330-340. 

Sawyer, S.M., Azzopardi, P.S., Wickremarathne, D. and Patton, G.C. 2018. The age of 

adolescence. The lancet child & adolescent health. 2(3), pp.223-228. 

Scheepers, C.E., Wendel-Vos, G.C.W., den Broeder, J.M., van Kempen, E.E.M.M., van 

Wesemael, P.J.V. and Schuit, A.J. 2014. Shifting from car to active transport: A systematic 

review of the effectiveness of interventions. Transportation Research Part A: Policy and 

Practice. 70, pp.264-280. 

Scheepers, E. and Hoogendoorn-Lanser, S. 2018. State-of-the-art of incentive strategies – 

Implications for longitudinal travel surveys. Transportation Research Procedia. 32, pp.200-

210. 

Schermelleh-Engel, K., Moosbrugger, H. and Müller, H. 2003. Evaluating the Fit of 

Structural Equation Models: Tests of Significance and Descriptive Goodness-of-Fit 

Measures. Methods of Psychological Research Online. 8, pp.23–74. 

Schoeppe, S., Vandelanotte, C., Bere, E., Lien, N., Verloigne, M., Kovács, É., Manios, Y., 

Bjelland, M., Vik, F.N. and Van Lippevelde, W. 2017. The influence of parental modelling 

on children’s physical activity and screen time: Does it differ by gender? European Journal 

of Public Health. 27(1), pp.152-157. 



234 

 

Schroeder, M.A., Lander, J. and Levine-Silverman, S. 1990. Diagnosing and Dealing with 

Multicollinearity. Western Journal of Nursing Research. 12(2), pp.175-187. 

Schwartz, S.H. 1977. Normative Influences on Altruism. In: Berkowitz, L. ed. Advances in 

Experimental Social Psychology. [Online].  Academic Press, pp.221-279. [Accessed 21 May 

2022]. Available from: 

https://www.sciencedirect.com/science/article/pii/S0065260108603585 

Scott-Parker, B., Watson, B. and King, M.J. 2009. Understanding the psychosocial factors 

influencing the risky behaviour of young drivers. Transportation Research Part F: Traffic 

Psychology and Behaviour. 12(6), pp.470-482. 

Seemüller, S., Beck, F., Tristram, C., Marzi, I., Renninger, D., Demetriou, Y. and Reimers, 

A.K. 2024. The role of parental environmental self-identity in active travel behavior within 

parent–adolescent dyads. German Journal of Exercise and Sport Research. 54(1), pp.135-

144. 

Semin, G.R. and Manstead, A.S.R. 1979. Social psychology: Social or psychological? 

British Journal of Social and Clinical Psychology. 18(2), pp.191-202. 

Seneviratne, S., Zhang, X., Adnan, M., Badi, W., Dereczynski, C., Di Luca, A., Ghosh, S., 

Iskandar, I., Kossin, J. and Lewis, S. 2021. Weather and Climate Extreme Events in a 

Changing Climate. In: Arias, P., et al. eds. Climate Change 2021: The Physical Science Basis. 

Contribution of Working Group I to the Sixth Assessment Report of the Intergovernmental 

Panel on Climate Change. [Online].  Cambridge: Cambridge University Press, pp.1513–

1766. [Accessed 23 May 2023]. Available from: 

https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-11/ 

Seraj, S., Sidharthan, R., Bhat, C.R., Pendyala, R.M. and Goulias, K.G. 2012. Parental 

Attitudes Toward Children Walking and Bicycling to School Multivariate Ordered Response 

Analysis. Transportation Research Record. 2323(1), pp.46-55. 

Setiawan, B. 2021. Personal norm and pro-environmental consumer behavior: an application 

of norm activation theory. ASEAN Marketing Journal. 13(1), pp.40-49. 

Shackley, S., McLachlan, C. and Gough, C. 2004. The public perceptions of carbon capture 

and storage. Tyndall Centre for Climate Change Research, Manchester, UK. 

Sharma, B., Hickman, M. and Nassir, N. 2019. Park-and-ride lot choice model using random 

utility maximization and random regret minimization. Transportation. 46(1), pp.217-232. 

Sheeran, P., Trafimow, D., Finlay, K.A. and Norman, P. 2002. Evidence that the type of 

person affects the strength of the perceived behavioural control-intention relationship. 

British Journal of Social Psychology. 41(2), pp.253-270. 

Shen, J., Liang, H., Zafar, A.U., Shahzad, M., Akram, U. and Ashfaq, M. 2023. Influence by 

osmosis: Social media green communities and pro-environmental behavior. Computers in 

Human Behavior. 143, article no: 107706 [no pagination]. 

Shulman, D., Halperin, E. and Reifen-Tagar, M. 2022. Personal experience with Covid-19 

is associated with increased environmental concern and pro-environmental behavioral 

intentions. Current Research in Ecological and Social Psychology. 3, article no: 100031 [no 

pagination]. 

Sigurdardottir, S.B., Kaplan, S., Møller, M. and Teasdale, T.W. 2013. Understanding 

adolescents’ intentions to commute by car or bicycle as adults. Transportation Research Part 

D: Transport and Environment. 24, pp.1-9. 

Siiba, A. 2020. Active travel to school: Understanding the Ghanaian context of the 

underlying driving factors and the implications for transport planning. Journal of Transport 

& Health. 18, article no: 100869 [no pagination]. 

Silva, K.S., Nahas, M.V., Borgatto, A.F., Oliveira, E.S., Del Duca, G.F. and Lopes, A.S. 2011. 

Factors Associated With Active Commuting to School and to Work Among Brazilian 

Adolescents. Journal of Physical Activity and Health. 8(7), pp.926-933. 

Silvennoinen, H., Kalalahti, M. and Varjo, J. 2015. Why Fix Something That Is Not Broken? 



235 

 

The Implementation of School Choice Policy and Parental Attitudes towards Equality and 

Uniformity of Comprehensive School System in Finland. Athens Journal of Education. 2(1), 

pp.37-51. 

Simons, D., De Bourdeaudhuij, I., Clarys, P., De Cocker, K., de Geus, B., Vandelanotte, C., 

Van Cauwenberg, J. and Deforche, B. 2017a. Psychosocial and environmental correlates of 

active and passive transport behaviors in college educated and non-college educated working 

young adults. PLOS ONE. 12(3), article no: e0174263 [no pagination]. 

Simons, D., De Bourdeaudhuij, I., Clarys, P., De Geus, B., Vandelanotte, C., Van 

Cauwenberg, J. and Deforche, B. 2017b. Choice of transport mode in emerging adulthood: 

Differences between secondary school students, studying young adults and working young 

adults and relations with gender, SES and living environment. Transportation research part 

A: policy and practice. 103, pp.172-184. 

Sivasubramaniyam, R.D., Charlton, S.G. and Sargisson, R.J. 2020. Mode choice and mode 

commitment in commuters. Travel Behaviour and Society. 19, pp.20-32. 

Sjolie, A.N. and Thuen, F. 2002. School journeys and leisure activities in rural and urban 

adolescents in Norway. Health Promotion International. 17(1), pp.21-30. 

Skippon, S., Veeraraghavan, S., Ma, H., Gadd, P. and Tait, N. 2012. Combining technology 

development and behaviour change to meet CO2 cumulative emission budgets for road 

transport: Case studies for the USA and Europe. Transportation Research Part A: Policy and 

Practice. 46(9), pp.1405-1423. 

Smetana, J.G., Robinson, J. and Rote, W.M. 2015. Socialization in adolescence. Handbook 

of socialization: Theory and research. 2, pp.66-84. 

Smith, T.J. and McKenna, C.M. 2013. A comparison of logistic regression pseudo R2 indices. 

Multiple Linear Regression Viewpoints. 39(2), pp.17-26. 

So, Y. and Kuhfeld, W.F. 1995. Multinomial logit models. [Online]. Available from: 

https://support.sas.com/techsup/technote/mr2010g.pdf 

Song, F., Zhang, G.J., Ramanathan, V. and Leung, L.R. 2022. Trends in surface equivalent 

potential temperature: A more comprehensive metric for global warming and weather 

extremes. Proceedings of the National Academy of Sciences. 119(6), article no: e2117832119 

[no pagination]. 

Song, Y., Preston, J. and Ogilvie, D. 2017. New walking and cycling infrastructure and 

modal shift in the UK: A quasi-experimental panel study. Transportation Research Part A: 

Policy and Practice. 95, pp.320-333. 

Squalli, J. 2024. Environmental hypocrisy? Electric and hybrid vehicle adoption and pro-

environmental attitudes in the United States. Energy. 293, article no: 130670 [no pagination]. 

Staunton, C.E., Hubsmith, D. and Kallins, W. 2003. Promoting Safe Walking and Biking to 

School: The Marin County Success Story. American Journal of Public Health. 93(9), 

pp.1431-1434. 

Stankov, I., Garcia, L.M.T., Mascolli, M.A., Montes, F., Meisel, J.D., Gouveia, N., 

Sarmiento, O.L., Rodriguez, D.A., Hammond, R.A., Caiaffa, W.T. and Diez Roux, A.V. 2020. 

A systematic review of empirical and simulation studies evaluating the health impact of 

transportation interventions. Environmental Research. 186, article no: 109519 [no 

pagination]. 

Steg, L. 2007. SUSTAINABLE TRANSPORTATION: A Psychological Perspective. IATSS 

Research. 31(2), pp.58-66. 

Steg, L. 2016. Values, Norms, and Intrinsic Motivation to Act Proenvironmentally. Annual 

Review of Environment and Resources. 41(Volume 41, 2016), pp.277-292. 

Steg, L. and Vlek, C. 2009. Encouraging pro-environmental behaviour: An integrative 

review and research agenda. Journal of Environmental Psychology. 29(3), pp.309-317. 

Stern, P.C. 2000. New Environmental Theories: Toward a Coherent Theory of 

Environmentally Significant Behavior. Journal of Social Issues. 56(3), pp.407-424. 



236 

 

Stern, P.C., Dietz, T., Abel, T., Guagnano, G.A. and Kalof, L. 1999. A Value-Belief-Norm 

Theory of Support for Social Movements: The Case of Environmentalism. Human Ecology 

Review. 6(2), pp.81-97. 

Suppramaniam, S., Kularajasingam, J. and Sharmin, N. 2019. Factors influencing parents 

decision in selecting private schools in Chittagong city, Bangladesh. International Journal 

of Recent Technology and Engineering. 7(5), pp.318-330. 

Susilo, Y.O. and Liu, C. 2016. The influence of parents’ travel patterns, perceptions and 

residential self-selectivity to their children travel mode shares. Transportation. 43(2), 

pp.357-378. 

Swift, S., Green, M., Hillage, J. and Nafilyan, V. 2016. Impact of the Cycle to Work Scheme 

[Online]. Available from: https://www.employment-

studies.co.uk/system/files/resources/files/509.pdf. 

Tabernero, C. and Hernández, B. 2010. Self-Efficacy and Intrinsic Motivation Guiding 

Environmental Behavior. Environment and Behavior. 43(5), pp.658-675. 

Swiers, R., Pritchard, C. and Gee, I. 2017. A cross sectional survey of attitudes, behaviours, 

barriers and motivators to cycling in University students. Journal of Transport & Health. 6, 

pp.379-385. 

Tamar, M., Wirawan, H., Arfah, T. and Putri, R.P.S. 2021. Predicting pro-environmental 

behaviours: the role of environmental values, attitudes and knowledge. Management of 

Environmental Quality: An International Journal. 32(2), pp.328-343. 

Tarka, P. 2017. The comparison of estimation methods on the parameter estimates and fit 

indices in SEM model under 7-point Likert scale. Archives of Data Science. 2(1), pp.1-16. 

Terry, D.J. and O’Leary, J.E. 1995. The theory of planned behaviour: The effects of 

perceived behavioural control and self-efficacy. British Journal of Social Psychology. 34(2), 

pp.199-220. 

Teuber, M. and Sudeck, G. 2021. Why Do Students Walk or Cycle for Transportation? 

Perceived Study Environment and Psychological Determinants as Predictors of Active 

Transportation by University Students. International Journal of Environmental Research 

and Public Health. 18(4), article no: 1390 [no pagination]. 

The Department for Infrastructure. 2015. Northern Ireland Changing Gear – A Bicycle 

Strategy for Northern Ireland. [Online]. [Accessed 6 December 2023]. Available from: 

https://www.infrastructure-ni.gov.uk/sites/default/files/publications/drd/a-bicycle-strategy-

for-northern-ireland.pdf 

Thøgersen, J. 2006. Understanding repetitive travel mode choices in a stable context: A panel 

study approach. Transportation Research Part A: Policy and Practice. 40(8), pp.621-638. 

Thompson, C.G., Kim, R.S., Aloe, A.M. and Becker, B.J. 2017. Extracting the Variance 

Inflation Factor and Other Multicollinearity Diagnostics from Typical Regression Results. 

Basic and Applied Social Psychology. 39(2), pp.81-90. 

Thrane, C. 2015. Examining tourists’ long-distance transportation mode choices using a 

Multinomial Logit regression model. Tourism Management Perspectives. 15, pp.115-121. 

Transport Canada. 1999. Towards Sustainable Transportation [Online]. [Accessed 21 

December 2023]. Available from: http://www.tc.gc.ca/envaffairs/english 

Transport Canada. 2021. Transportation in Canada 2021. [Online]. [Accessed 12 June 2023]. 

Available from: https://tc.canada.ca/sites/default/files/2022-06/transportation-canada-

2021.pdf 

Transport Scotland. 2017. Cycling Action Plan for Scotland 2017-2020. [Online]. Available 

from: https://www.transport.gov.scot/publication/cycling-action-plan-for-scotland-2017-

2020/ 

Tristram, C., Reimers, A.K., Renninger, D., Beck, F., Demetriou, Y. and Marzi, I. 2023. 

Parental perspectives on the decision-making process on transport mode choice in 

adolescents: a qualitative study with mothers and fathers. Frontiers in Psychology. 14, article 



237 

 

no: 1227612 [no pagination]. 

Tsirimpa, A., Polydoropoulou, A., Pagoni, I. and Tsouros, I. 2019. A reward-based 

instrument for promoting multimodality. Transportation Research Part F: Traffic 

Psychology and Behaviour. 65, pp.121-140. 

U.S. Environmental Protection Agency. 2023. Fast Facts on Transportation Greenhouse 

Gas Emissions. [Online]. [Accessed 12 June 2024]. Available from: 

https://www.epa.gov/greenvehicles/fast-facts-transportation-greenhouse-gas-emissions 

Uddin, R., Mandic, S. and Khan, A. 2019. Active commuting to and from school among 

106,605 adolescents in 27 Asia-Pacific countries. Journal of Transport & Health. 15, article 

no: 100637 [no pagination]. 

Ullman, J.B. and Bentler, P.M. 2012. Structural Equation Modeling. In: Weiner, I.B., et al. 

eds. Handbook of Psychology. [Online]. 2 ed., pp.661-690. [Accessed 14 March 2024]. 

Available from: https://doi.org/10.1002/9781118133880.hop202023 

Ünal, A.B., Steg, L. and Granskaya, J. 2019. “To support or not to support, that is the 

question”. Testing the VBN theory in predicting support for car use reduction policies 

inRussia. Transportation Research Part A: Policy and Practice. 119, pp.73-81. 

University of Essex. 2019. Understanding Society: Innovation Panel, Waves 1-11, 2008-

2018. [Online]. [Accessed 14 February 2024]. Available from: 

https://www.understandingsociety.ac.uk/ 

University of Essex. 2023a. Questionnaires. [Online]. [Accessed 12 June 2024]. Available 

from: https://www.understandingsociety.ac.uk/documentation/mainstage/questionnaires/ 

University of Essex. 2023b. Survey timeline. [Online]. [Accessed 12 June 2024]. Available 

from: https://www.understandingsociety.ac.uk/documentation/mainstage/survey-timeline/ 

University of Essex. 2024. Questions that are not asked every year. [Online]. [Accessed 12 

June 2024]. Available from: 

https://www.understandingsociety.ac.uk/documentation/mainstage/user-guides/main-

survey-user-guide/questions-that-are-not-asked-every-year/ 

Vale, D.S., Pereira, M. and Viana, C.M. 2018. Different destination, different commuting 

pattern? Analyzing the influence of the campus location on commuting. Journal of Transport 

and Land Use. 11(1), pp.1-18. 

Van Acker, V., Mulley, C. and Ho, L. 2019. Impact of childhood experiences on public 

transport travel behaviour. Transportation Research Part A: Policy and Practice. 130, 

pp.783-798. 

van den Berg, P., Waygood, E.O.D., van de Craats, I. and Kemperman, A. 2020. Factors 

affecting parental safety perception, satisfaction with school travel and mood in primary 

school children in the Netherlands. Journal of Transport & Health. 16, article no: 100837 

[no pagination]. 

van der Vlugt, A.-L., Curl, A. and Scheiner, J. 2022. The influence of travel attitudes on 

perceived walking accessibility and walking behaviour. Travel Behaviour and Society. 27, 

pp.47-56. 

van der Werff, E., Steg, L. and Keizer, K. 2013. It is a moral issue: The relationship between 

environmental self-identity, obligation-based intrinsic motivation and pro-environmental 

behaviour. Global Environmental Change. 23(5), pp.1258-1265. 

van der Werff, E., Steg, L. and Keizer, K. 2013. The value of environmental self-identity: 

The relationship between biospheric values, environmental self-identity and environmental 

preferences, intentions and behaviour. JOURNAL OF ENVIRONMENTAL PSYCHOLOGY. 

34, pp.55-63. 

Van Dyck, D., De Bourdeaudhuij, I., Cardon, G. and Deforche, B. 2010. Criterion distances 

and correlates of active transportation to school in Belgian older adolescents. International 

Journal of Behavioral Nutrition and Physical Activity. 7(1), article no: 87 [no pagination]. 

Van Dyck, D., De Bourdeaudhuij, I., Deliens, T. and Deforche, B. 2015. Can Changes in 

https://www.understandingsociety.ac.uk/documentation/mainstage/user-guides/main-survey-user-guide/questions-that-are-not-asked-every-year/
https://www.understandingsociety.ac.uk/documentation/mainstage/user-guides/main-survey-user-guide/questions-that-are-not-asked-every-year/


238 

 

Psychosocial Factors and Residency Explain the Decrease in Physical Activity During the 

Transition from High School to College or University? International Journal of Behavioral 

Medicine. 22(2), pp.178-186. 

Van Ristell, J., Quddus, M., Enoch, M., Wang, C. and Hardy, P. 2013. Quantifying the 

transport-related impacts of parental school choice in England. Transportation. 40(1), pp.69-

90. 

Van Ristell, J.A., Quddus, M.A., Enoch, M.P., Wang, C. and Hardy, P. 2015. Quantifying the 

impacts of subsidy policies on home-to-school pupil travel by bus in England. 

Transportation. 42(1), pp.45-69. 

Verplanken, B., Aarts, H., Vanknippenberg, A. and Vanknippenberg, C. 1994. ATTITUDE 

VERSUS GENERAL HABIT - ANTECEDENTS OF TRAVEL MODE CHOICE. Journal 

of Applied Social Psychology. 24(4), pp.285-300. 

Verplanken, B., Walker, I., Davis, A. and Jurasek, M. 2008. Context change and travel mode 

choice: Combining the habit discontinuity and self-activation hypotheses. Journal of 

Environmental Psychology. 28(2), pp.121-127. 

Versantvoort, M.C. 2010. How work affects care–A comparative analysis for the Netherlands, 

Norway, and the United States. 24orMore—Increasing Female Labour Participation. 22, 

pp.74-92. 

Verma, R. and Grover, P. 2022. Role of social media in promotion of green school initiatives 

by government green schools in India. Journal of Public Affairs. 22(4), pe2643. 

Wallis, H. and Klöckner, C. 2018. The Transmission of Energy-Saving Behaviors in the 

Family: A Multilevel Approach to the Assessment of Aggregated and Single Energy-Saving 

Actions of Parents and Adolescents. Environment and Behavior. 52(3), pp.275-304. 

Wang, Y., Liu, Y., Song, S., Gittelsohn, J., Ouellette, M., Ma, Y. and Wen, D. 2022. Individual, 

parental and built environmental features as influencing factors of active travel to school in 

northeast China: findings from a cross-sectional study. BMJ Open. 12(1), article no: e047816 

[no pagination]. 

Webb, D., Soutar, G.N., Mazzarol, T. and Saldaris, P. 2013. Self-determination theory and 

consumer behavioural change: Evidence from a household energy-saving behaviour study. 

Journal of Environmental Psychology. 35, pp.59-66. 

Wee, B., Mason, H., Abdilla, J. and Lupardus, R. 2018. Nationwide perceptions of US green 

school practices: implications for reform and research. International Research in 

Geographical and Environmental Education. 27(4), pp.283-294 

Weiner, B. 1990. History of motivational research in education. Journal of educational 

Psychology. 82(4), article no: 616 [no pagination]. 

Wheaton, B., Muthén, B., Alwin, D.F. and Summers, G.F. 1977. Assessing Reliability and 

Stability in Panel Models. Sociological Methodology. 8, pp.84-136. 

Whittle, C., Whitmarsh, L., Nash, N. and Poortinga, W. 2022. Life events and their 

association with changes in the frequency of transport use in a large UK sample. Travel 

Behaviour and Society. 28, pp.273-287. 

Woldeamanuel, M. 2016. Younger teens’ mode choice for school trips: Do parents’ attitudes 

toward safety and traffic conditions along the school route matter? International Journal of 

Sustainable Transportation. 10(2), pp.147-155. 

Wong, B.Y.-M., Faulkner, G., Buliung, R. and Irving, H. 2011. Mode shifting in school travel 

mode: examining the prevalence and correlates of active school transport in Ontario, Canada. 

BMC Public Health. 11(1), article no: 618 [no pagination]. 

Wood, W. and Rünger, D. 2016. Psychology of Habit. Annual Review of Psychology. 67, 

pp.289-314. 

Wray-Lake, L., Crouter, A.C. and McHale, S.M. 2010. Developmental Patterns in Decision-

Making Autonomy Across Middle Childhood and Adolescence: European American Parents’ 

Perspectives. Child Development. 81(2), pp.636-651. 



239 

 

Yang, R., Wei, J., Lu, L. and Li, L. 2020. Air pollution and green consumption of consumers 

in China’s urban areas: a norm activation perspective. Human and Ecological Risk 

Assessment: An International Journal. 26(7), pp.1988-2010. 

Yeung, J., Wearing, S. and Hills, A.P. 2008. Child transport practices and perceived barriers 

in active commuting to school. Transportation Research Part A: Policy and Practice. 42(6), 

pp.895-900. 

Youniss, J. and Smollar, J. 1985. Adolescent relations with mothers, fathers and friends. 

[Online]. Chicago: University of Chicago press. [Accessed 3 May 2021]. Available from: 

https://books.google.co.uk/books?hl=zh-

CN&lr=&id=n3c54lXVp7MC&oi=fnd&pg=PP5&dq=Adolescent+relations+with+mothers

,+fathers+and+friends&ots=Ljw9Vklvpp&sig=MC7ZfUI5Ep26wxGL4p6DNYLLas4#v=o

nepage&q=Adolescent%20relations%20with%20mothers%2C%20fathers%20and%20frie

nds&f=false 

Yusliza, M.Y., Amirudin, A., Rahadi, R.A., Nik Sarah Athirah, N.A., Ramayah, T., 

Muhammad, Z., Dal Mas, F., Massaro, M., Saputra, J. and Mokhlis, S. 2020. An 

Investigation of Pro-Environmental Behaviour and Sustainable Development in Malaysia. 

Sustainability. 12(17), article no: 7083 [no pagination]. 

Zailani, S., Iranmanesh, M., Masron, T.A. and Chan, T.-H. 2016. Is the intention to use public 

transport for different travel purposes determined by different factors? Transportation 

Research Part D: Transport and Environment. 49, pp.18-24. 

Zhang, J. 2020. Chapter 16 - To connect the past with the future. In: Zhang, J. ed. Transport 

and Energy Research.  Elsevier, pp.393-416. 

Zhou, J. 2012. Sustainable commute in a car-dominant city: Factors affecting alternative 

mode choices among university students. Transportation Research Part A: Policy and 

Practice. 46(7), pp.1013-1029. 

Zhou, M. and Wang, D. 2019. Generational differences in attitudes towards car, car 

ownership and car use in Beijing. Transportation Research Part D: Transport and 

Environment. 72, pp.261-278. 

Zhu, X. and Lee, C. 2008. Walkability and Safety Around Elementary Schools: Economic 

and Ethnic Disparities. American Journal of Preventive Medicine. 34(4), pp.282-290. 

Zsóka, Á., Szerényi, Z.M., Széchy, A. and Kocsis, T. 2013. Greening due to environmental 

education? Environmental knowledge, attitudes, consumer behavior and everyday pro-

environmental activities of Hungarian high school and university students. Journal of 

Cleaner Production. 48, pp.126-138. 

Zulkefli, S.H., Barr, A., Singh, A., Carver, A., Mavoa, S., Scheurer, J., Badland, H. and 

Bentley, R. 2020. Associations between Public Transport Accessibility around Homes and 

Schools and Walking and Cycling among Adolescents. Children. 7(4), article no: 30 [no 

pagination]. 


	Thesis Cover Sheet (My Version)
	2025LiJinpengphd_edited

