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Abstract

Active travel (e.g., walking or cycling to reach a destination) provides a healthy,
environmentally friendly, and accessible mode of transportation. Unfortunately, active travel
among adolescents has decreased in Germany as well as in many other countries in recent
years. Therefore, increasing research has been performed to better understand the
mechanisms underlying travel mode choices. However, the majority of studies focus on
younger children rather than adolescents and include active school travel while ignoring
further destinations of adolescents’ daily lives. Additionally, although interventions in other
areas of physical activity emphasize the benefits of addressing motivation, specifically from
the Self-Determination Theory (SDT) perspective, research on motivation toward active travel
has only recently gained attention. This thesis aimed to enhance the knowledge of the
association of motivation from the perspective of SDT with active travel behavior during
decision-making on travel mode choice. Accordingly, this thesis includes validating a German
instrument to assess behavioral regulation in general active travel (i.e., active travel to various
destinations) in adolescent boys and girls. Further, it provides implications for sex/gender-
sensitive intervention development based on identified differences regarding the strength and
direction of the relationships between individual behavioral regulations with active travel in
boys and girls. Addressing the notion that behaviors are likely to be motivated based on
multiple reasons, this dissertation further examines clusters identifying six distinct profiles,
which helped to explain active travel behavior to and from school, to friends/relatives, to
shopping opportunities, and to leisure facilities. While not explicitly focusing on motivation,
the qualitative study provides a conceptualization of the decision-making process on travel
mode choice that helps to explore the complexities of motivation in decision-making. Overall,
this thesis provides implications for future research aiming to develop interventions to

promote active travel through motivational constructs based on SDT.

Keywords: active travel; motivation; basic psychological needs; self-determination theory;

health promotion; decision-making process



Zusammenfassung

Aktive Mobilitdt (z. B. eine Destination zu FuB oder mit dem Fahrrad erreichen) stellt eine
gesunde, umweltfreundliche und zugangliche Art der Fortbewegung dar. Leider ist die
Pravalenz der aktiven Mobilitdt unter Jugendlichen in Deutschland wie auch in vielen anderen
Lédndern in den letzten Jahren zurlckgegangen. Aus diesem Grund wurde zunehmend
Forschung betrieben, um die Mechanismen der Verkehrsmittelwahl besser zu verstehen. Die
meisten Studien konzentrieren sich jedoch eher auf jingere Kinder als auf Jugendliche und
beziehen sich auf den aktiven Schulweg, wéhrend andere Ziele des téaglichen Lebens von
Jugendlichen auBer Acht gelassen werden. Wahrend Interventionen in anderen Bereichen der
korperlichen Aktivitdt die Vorteile der Motivationsférderung, insbesondere aus der
Perspektive der Selbstbestimmungstheorie (SBT), betonen, hat die Forschung zu Motivation
im Kontext der aktiven Mobilitdt erst klrzlich an Bedeutung gewonnen. Ziel dieser
Dissertation war es daher, das Wissen Uber den Zusammenhang zwischen Motivation aus der
Perspektive der SBT und aktivem Mobilitdtsverhalten wéhrend der Entscheidungsfindung zur
Verkehrsmittelwahl zu erweitern. Daher beinhaltet diese Arbeit die Validierung eines
deutschen Instruments zur Erfassung der Verhaltensregulationen von Jungen und Madchen
im Bereich der generellen aktiven Mobilitat (d.h. des aktiven Reisens zu verschiedenen Zielen).
Es werden Implikationen fir die Entwicklung geschlechtsspezifischer Interventionen
aufgezeigt, die auf den festgestellten Unterschieden hinsichtlich der Beziehungen zwischen
Verhaltensregulationen und aktiver Mobilitat bei Jungen und Madchen beruhen. Aufgrund der
Annahme, dass Verhaltensweisen aus mehreren Griinden motiviert sind, wurden in dieser
Dissertation Profile identifiziert, die zur Erklarung des aktiven Mobilitdtsverhaltens auf dem
Weg zur und von der Schule, zu Freunden oder Verwandten, zu Einkaufsmoglichkeiten und
zu Freizeiteinrichtungen beitragen. Die qualitative Studie fokussiert zwar nicht explizit
Motivation, liefert aber eine Konzeptualisierung des Entscheidungsprozesses zur Wahl des
Verkehrsmittels, die dazu beitragt, die Komplexitdt der Motivation bei der
Entscheidungsfindung zu verstehen. Insgesamt liefert die Dissertation Implikationen fir
zukinftige Interventionen zur Férderung der aktiven Mobilitat durch motivationale Konstrukte
basierend auf der SBT.

Schltisselworter: aktive Mobilitat; Motivation; psychologische Grundbediirfnisse;

Selbstbestimmungstheorie; Gesundheitsférderung; Entscheidungsfindung
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1 Background

“More active people for a healthier world” — this vision was framed by the World Health
Organization (WHO) in the Global Action Plan on Physical Activity (WHO, 2018b). This aim to
increase physical activity among adults and adolescents is based on the many benefits of

physical activity.

Physical activity helps maintain and promote health as well as prevent various non-
communicable diseases. In children and adolescents, regular physical activity provides
benefits for several physical, psychological, social, and cognitive health outcomes (Janssen
& LeBlanc, 2010; Poitras et al., 2016). Among others, this includes the prevention of
overweight and obesity, the development of muscle and bone health, as well as improved
markers of metabolic and cardiovascular health (Alves & Alves, 2019; Janssen & LeBlanc,
2010; Poitras et al., 2016). Physical activity positively affects attention, executive functions,
and academic performance (de Greeff, Bosker, Oosterlaan, Visscher, & Hartman, 2018).
Furthermore, it contributes to improving mental health by reducing psychological ill-being
(i.e., depression, stress, body image dissatisfaction) while increasing psychological well-being
(i.e., self-image, satisfaction with life and happiness, body satisfaction) (Biddle & Asare, 2011;
Gualdi-Russo, Rinaldo, & Zaccagni, 2022; Rodriguez-Ayllon et al., 2019) and health-related
quality of life (Marker, Steele, & Noser, 2018; Wu et al., 2017). In addition, research suggests
that an active and healthy lifestyle established in childhood and adolescence may persist into
adulthood (Telama et al., 2014).

Despite these benefits, the prevalence of sufficient physical activity among adolescents is
concerning. Globally, in a sample of 1.6 million adolescents aged 11-17, more than 80%
(77.6% of boys, 84.7% of girls) engage less than one hour per day in moderate to vigorous
intensity physical activity (Guthold, Stevens, Riley, & Bull, 2020). In Europe, about two-thirds
of adolescents aged 10-18 are not sufficiently physically active (Steene-Johannessen et al.,
2020). Specifically in Germany, the Health Behavior in School-aged Children (HBSC) study
reports that only 10% of girls and 16.9% of boys aged 11, 13, and 15 years meet the WHO
physical activity recommendations of a daily minimum of 60 minutes of moderate to vigorous
physical activity (Bucksch et al., 2020). The Studie zur Gesundheit von Kindern und
Jugendlichen in Deutschland (KiGGS, engl. Study on health of children and adolescents in
Germany) found that in 11 — 13-year-olds only 16.5% of girls and 21.4% of boys, and in 14 —
17-year-olds only 7.5% of girls and 16% of boys meet the WHO’s recommendations (Finger,

Varnaccia, Borrmann, Lange, & Mensink, 2018).



To address this issue, the WHO summarizes different domains where adolescents can engage
in physical activity, including recreation, physical education, transportation, and household
chores (WHO, 2020). The transportation domain of physical activity refers to walking, cycling,
and wheeling for the purpose of reaching a destination (WHO, 2020). Correspondingly,
research findings support that active travel as a means of transportation can help to
accumulate physical activity throughout the day. A synthesis of evidence found that in
adolescents aged 12-17 years, active travel can contribute to 35-58% of daily moderate to
vigorous physical activity (Prince, Butler, Rao, & Thompson, 2019). A global cross-sectional
study in over 270,000 adolescents reports a 2.06 (95% ClI: 2.01-2.12) increase in the odds of
meeting the former WHO recommendations (at least 60 minutes of moderate- to vigorous-
intensity physical activity daily) if adolescents traveled to school actively more than three
times a week (Khan, Mandic, & Uddin, 2021). Additionally, active school travel can not only
contribute directly to increased levels of physical activity through the journey itself but also
through promoting a positive attitude towards physical activity, leading to more opportunities
for physical activity being sought (Lam, Jayasinghe, Ahuja, & Hills, 2023). Further,
interventions aiming to promote active travel behavior have the potential to successfully
increase overall physical activity since adolescents might not compensate for the physical
activity derived from active school travel on weekends or after school (Kek, Garcia
Bengoechea, Spence, & Mandic, 2019). This is supported by a review of walking interventions,
which emphasizes the potential to promote physical activity among children and adolescents
(Carlin, Murphy, & Gallagher, 2016), as well as by a review of 68 studies on the impact of
active school travel on daily physical activity (Larouche, Saunders, Faulkner, Colley, &
Tremblay, 2014).

1.1 Active travel in the context of the Sustainable Development Goals

In the 2030 Agenda for Sustainable Development, the United Nations (UN) established 17
interconnected global Sustainable Development Goals (SDGs) to ensure peace, prosperity,
and health while protecting the planet (UN, 2016). The goals target a range of social,
environmental, and economic issues, several of which can be addressed through people’s
transportation (UN, 2015). Although the potential of active travel is not yet explicitly addressed

in the targets of the SDGs, it is a cross-cutting topic that can help achieve various SDGs.

Active travel can support achieving SDG 3, which concerns ensuring good health and well-
being for all. First, research found associations of active travel with several markers of physical
fitness (Henriques-Neto et al., 2020), including healthier body composition and improved
cardiorespiratory health (Chillén et al., 2010; Lubans, Boreham, Kelly, & Foster, 2011; Martin-

Moraleda, Mandic, Queralt, Romero-Blanco, & Aznar, 2022). Further, significant associations
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were found with improved mental well-being (Larouche et al., 2014; Stark, Singleton, &
Uhlmann, 2019) and reduced prevalence of psychological health complaints (Kleszczewska
et al., 2020). Second, as outlined previously, active travel can contribute to increased physical
activity among adolescents, thereby fostering improved health and well-being. Considering
that physical activity can help explain socio-economic health differences in adolescents in
Germany (Reuter et al., 2024), active travel can contribute to SDG 10 (reduced inequalities),
providing an accessible and affordable travel mode for all individuals regardless of their socio-
economic status. Research already supports that active travel tends to be more prevalent in
more deprived areas (Corral-Abds et al., 2021; Molina-Garcia, Menescardi, Estevan, Martinez-
Bello, & Queralt, 2019; Olsen, Mitchell, Mutrie, Foley, & Ogilvie, 2017). Concerning health
benefits, research found that switching from motorized to active travel was associated with
more favorable body composition and that these effects were more substantial in adolescents
from more deprived groups (Anthony, Thomas, Anna, Yvonne, & Christopher, 2021).
Addressing another aspect of inequalities, SDG 5 focuses on gender equality and the
empowerment of women and girls. Current research points to persistently lower physical
activity levels in girls compared to boys globally (Guthold et al., 2020) and in Germany
(Bucksch et al., 2020; Finger et al., 2018). At the same time, evidence from Norway suggests
a stronger association of active travel with the compliance of WHQO’s physical activity
recommendations in girls than in boys (Dalene et al., 2018). Consequently, girls can
specifically benefit from active travel in terms of reaching physical activity recommendations,

thereby contributing to better health.

Traveling actively also aligns with SDG 13, which addresses climate change and calls for
urgent action. The WHO considers climate change the most significant health threat of the
21st century (WHO, 2018a). It directly (e.g., temperature change, drought, flood) and indirectly
(e.g., water and air quality, land use change, ecological change) impacts many aspects of
health such as mental iliness, (non-)communicable diseases, undernutrition, water-borne
diseases or heath strokes (WHO, 2018a). By reducing motorized transportation, active travel
can help reduce greenhouse gas emissions (Brand, Dons, et al., 2021; Brand, Gétschi, et al.,
2021) and thus help mitigate climate change. For instance, substituting about 42% of short
travel car trips (less than 3 miles) with walking or cycling could potentially reduce carbon
emissions by 5% (Neves & Brand, 2019). As some strategies to promote physical activity can
negatively influence climate and environments, active travel is unique as it provides both the
desired benefits for individual health as well as for planetary health (Abu-Omar, Chevance,
Tcymbal, Gelius, & Messing, 2023). Reducing motorized transportation with the help of active

travel is particularly relevant in urban areas, where the population is exposed to high traffic
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density, resulting in health costs such as air pollution, noise, or distress (Gdssling, Nicolosi, &
Litman, 2021). This highlights the potential of active travel to contribute to SDG 11, aiming at
sustainable cities and communities, which includes reducing the environmental impact of
cities, such as air pollution. Further, developing appropriate infrastructure to ensure safe and
accessible travel, as specified by SDG 11, can effectively promote increased active travel
since safety concerns are a major barrier to children’s and adolescents’ active travel (Aranda-
Balboa, Huertas-Delgado, Herrador-Colmenero, Cardon, & Chillén, 2020; Wangzom, White,
& Paay, 2023). This highlights the relationship between the role of active travel in advancing
SDG 11 and the opportunities to increase active travel by directing efforts toward fulfilling
SDG 11.

1.2 The need to understand and promote active travel behavior in
adolescence

Given the many benefits of active travel, its promotion might be particularly successful when

targeting adolescents.

First, health behaviors such as a physically active lifestyle are largely established at this age
(Mikkelsen et al., 2019). The Young Finns Study supports this regarding physical activity and
active travel: physical activity in three- to six-year-old children significantly predicted physical
activity in youth and early adulthood (Telama et al., 2014). Regular active travel in adolescents
was associated with higher physical activity in young adulthood after a follow-up period of 27
years (Yang et al.,, 2014). Additionally, a meta-analysis on physical activity during the
adolescence-adulthood transition emphasizes the need for behavior change interventions
during adolescence based on the increasing autonomy in adolescence and the potential that
physical activity behaviors established during that time will likely last into adulthood (Corder
et al., 2019). Further, during this stage of life, school transitions demonstrate valuable
opportunities to promote active travel (Klos, Burchartz, et al., 2023). Consequently,
adolescence might be one of the most sensitive and, at the same time, formative periods in

the development of travel preferences and habits (Fitch, Rhemtulla, & Handy, 2019).

Second, there is room for improvement regarding the prevalence of active travel among
adolescents living in Germany. Recent representative data from the MoMo study
demonstrated a decrease in active school travel in 11-17-year-old schoolchildren in Germany
from 2003 to 2017 (Reimers et al., 2021). While boys’ active travel to school remained
relatively stable, the prevalence in girls significantly decreased (Reimers et al., 2021). Overall,
21.5% of girls and 25.2% of boys reported regularly cycling to school, while less reported
walking (17.7% of girls and 20.2% of boys). Another study from Germany suggested that



44.4% of girls and 72.9% of boys regularly cycle to school (Schénbach, Brindley, Reimers,
Marques, & Demetriou, 2020). In a study from urban areas in Germany, about half of the
adolescents (50.7%) who participated in the survey reported active school travel (Wex et al.,
2023). While the prevalence of active travel to school is lower in some European countries,
such as Scotland (46%) and Wales (31%), other European countries, including the Czech
Republic (57%), Norway (59.4%), Spain (60%), and Switzerland (70%) exhibit higher
prevalence compared to Germany (Galvez-Fernandez et al., 2021; Grize, Bringolf-Isler,
Martin, & Braun-Fahrlander, 2010; Haug et al., 2021).

Third, appropriate intervention development is only possible when understanding the
perspective of the adolescents themselves and not that of their parents. Parents are the key
decision-makers in childhood regarding travel mode choice (Forsberg, Rutberg, Mikaelsson,
& Lindqvist, 2020; Mah et al., 2017). However, with increasing age, autonomy (Corder et al.,
2019) as well as independence from parents gain importance (Hadiwijaya, Klimstra, Vermunt,
Branje, & Meeus, 2017), also leading to an increase in independent mobility (Shaw et al.,
2015). Given that adolescents’ perspectives on barriers to active travel might differ from those
of their parents (Aranda-Balboa, Chillén, Saucedo-Araujo, Molina-Garcia, & Huertas-Delgado,
2021; K. Wilson, Clark, & Gilliland, 2018), understanding active travel behavior in adolescence

is essential for appropriate intervention development.

1.3 Adolescents’ motivation and active travel behavior

To develop successful interventions to promote active travel among adolescents, it is
necessary to understand the factors influencing their decision to choose an active travel
mode. From a socio-economic perspective, key factors of influence associated with active
travel operate on five levels: policy, built environment, community, interpersonal, and
individual (Larouche & Ghekiere, 2018). Several frameworks have been introduced to
conceptualize the relationships between these factors and how they lead to a decision on
travel mode (Gétschi et al., 2017).

An individual factor that has been found critical in changing and maintaining health behaviors
is motivation (Ng et al., 2012; Ntoumanis et al., 2021; Ryan & Deci, 2017). Existing evidence
advocates the use of theories to systematically identify determinants of health behaviors and
calls for the application of behavior change theories for more effective intervention
development (Gillison, Rouse, Standage, Sebire, & Ryan, 2019; Michie et al., 2017; Prestwich
et al., 2014). Nevertheless, research on promoting active travel among children and
adolescents widely lacks a theoretical foundation (Lu et al., 2014; Pang, Kubacki, & Rundle-

Thiele, 2017). One promising psychological theory for understanding behavior is the Self-
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Determination Theory (SDT; Deci & Ryan, 2000; Ryan & Deci, 2000, 2017), which has been

successfully applied in several health domains (Ntoumanis et al., 2021).

In SDT, motivation is distinguished according to the varying extent to which it is controlled

versus autonomous (see Figure 1).

Figure 1. Motivation Taxonomy adapted from Ryan & Deci, 2000, 2017.

Non-

Self-determined Self-determined
Amotivation | Extrinsic Motivation i Intrinsic Motivation
External Introjected Identified Integrated
regulation regulation regulation regulation i
| Internalization >
- e e T .
Lack of Motivation Controlled Motivation Autonomous Motivation

Intrinsic motivation represents the prototype of autonomous motivation and refers to self-
determined behaviors that people perform only for the inherent enjoyment and satisfaction it
brings. Extrinsic motivation, on the other hand, concerns behaviors performed for external
reasons and to achieve outcomes separate from the behavior itself. From an SDT point of
view, extrinsic motivation varies largely in the degree of autonomy, ranging from more
controlled forms (external and introjected regulation) to more autonomous forms (identified
and introjected regulation). The most controlled form of extrinsic motivation is external
regulation, which concerns engaging in a behavior solely to receive external rewards or to
avoid external punishment. Introjected regulation is more internalized than external regulation,
referring to behaviors driven to fulfill internal demands such as the desire to maintain one’s
self-esteem or avoid guilt or shame. Both external and introjected regulation are described as
controlled (non-self-determined) forms of motivation. The remaining two forms of extrinsic
motivation, identified and integrated regulation, share many qualities with intrinsic motivation
and thus can be combined to form autonomous (i.e., self-determined) motivation (Ryan &
Deci, 2000). However, they differ from intrinsic motivation in that the motivation is not entirely
internalized and pursues goals that are independent of the behavior itself. Identified regulation
reflects behaviors where a person consciously values the importance or benefits of that
behavior. Integrated regulation represents the most autonomous and internalized form of
extrinsic motivation, in which a person perceives a behavior to align with their values and
personality (Ryan & Deci, 2000, 2017). Although ordered along a continuum reflecting the

relative autonomy of the various forms of motivation, SDT recognizes that intentional



behaviors are often manifoldly motivated (Ryan & Deci, 2022). In SDT, the absence of both
intrinsic and extrinsic motivation is referred to as amotivation, which represents the lack of

any motivation or intention to perform a behavior.

Overall, SDT suggests that autonomous forms of motivation (intrinsic motivation, identified
regulation, integrated regulation) are particularly beneficial for the engagement, effort, and
maintenance of the respective behavior, whereas controlled forms of motivation (external
regulation and introjected regulation) and amotivation yield rather maladaptive outcomes
(Deci & Ryan, 2000; Ryan & Deci, 2000, 2017). Previous research on physical activity supports
the positive association of more autonomous forms of motivation with more or higher levels
of physical activity (Owen, Smith, Lubans, Ng, & Lonsdale, 2014). In the domain of active
travel, however, an SDT approach has only recently gained recognition. White, Parker, et al.
(2018) developed a questionnaire to assess adolescents’ motivation for active school travel
from an SDT perspective. Still, they only considered the higher-level order constructs of
autonomous motivation, controlled motivation and amotivation. In 2019, research from Spain
adapted the Spanish Behavioural Regulation in Exercise Questionnaire-3 (BREQ-3; Gonzalez-
Cutre, Sicilia, & Fernandez, 2010) to the context of active school travel and thus provided the
first validated tool to assess the six behavioral regulations of motivation in this context among
adolescents (Burguefio et al., 2019). This research was followed by translating and validating
the questionnaire in Portugal (Marques et al., 2022) and Sweden (Burgueno et al., 2022). In
the sample of adolescents from Spain, all three types of autonomous motivations were
positively associated with active school travel, while neither the two types of controlled
motivations nor amotivation was significantly associated (Burguefio et al., 2019). The positive
associations of intrinsic motivation, integrated regulation, and identified regulation with active
school travel were also found in the study from Sweden, which further identified a negative

association of amotivation with active school travel (Burguefio et al., 2022).

Consequently, the internalization of motivation, which describes a person’s natural tendency
to transform controlled motivations into more autonomous motivations (Deci & Ryan, 2000;
Ryan & Deci, 2000), is of central importance. To foster and sustain the internalization of
regulatory processes and intrinsic motivation, satisfying three basic psychological needs,
autonomy, competence, and relatedness, is essential (Deci & Ryan, 2000; Ryan & Deci, 2000,
2017). Autonomy concerns the feeling of being the origin of one’s behavior; competence
refers to the experienced sense of confidence or mastery while expressing one’s capabilities;
and relatedness includes the feeling of belonging and being a valuable member of a group
(Ryan & Deci, 2017, 2020). The first research on adolescents’ basic psychological need
satisfaction regarding active travel was published in 2020, which provided the first validated

7



questionnaire for the context of adolescents’ active school travel (Burguefio, Gonzalez-Cutre,
Sevil-Serrano, Herrador-Colmenero, Segura-Diaz, Medina-Casaubdn, & Chillon, 2020). Again,
this scale was translated and validated in Portugal (Marques et al.,, 2021) and Sweden
(Burgueno, Lindqvist, Nyberg, Chillon, & Rutberg, 2023). Autonomy, competence and
relatedness satisfaction were all significantly and positively associated with active school
travel in the study from Sweden (Burguefio et al., 2023) and Spain (Burguefo, Gonzalez-Cutre,
Sevil-Serrano, Herrador-Colmenero, Segura-Diaz, Medina-Casaubdn, & Chillon, 2020), while

research from Portugal did not investigate such associations (Marques et al., 2022).

1.4  Gaps of knowledge and aims of the thesis

This dissertation investigated adolescents’ decision-making regarding travel mode choices,
with particular emphasis on motivation for general active travel using an SDT perspective. By
focusing on adolescents' travel behavior, this research aims to fill a gap in the existing
literature, which mainly centers on younger children (Aranda-Balboa et al., 2020; Carlin et al.,
2016; Schoénbach, Altenburg, Marques, Chinapaw, & Demetriou, 2020). Additionally, this
thesis addresses the knowledge gap concerning active travel beyond the school domain.
Although research suggests that only 36% of trips are made by 10 to 19-year-olds to reach
school, while 40% are made related to leisure time activities (Nobis & Kuhnimhof, 2018),
existing studies on active travel in youth predominantly concentrate on commuting to and
from school (Carlin et al.,, 2016; Schoeppe, Duncan, Badland, Oliver, & Curtis, 2013).
Consequently, focusing solely on active school travel might waste potential to promote
physical activity among adolescents, as traveling to other leisure-related places holds the
same positive associations with physical activity as active travel to school (Schoeppe et al.,
2013).

Specifically, the research within this dissertation sought to examine the following facets of

adolescents’ travel mode choices:
a) Provide a German questionnaire to assess motivation for general active travel

To the best of our knowledge, no validated instrument is currently available for assessing the
six behavioral regulations of motivation regarding active travel among adolescents in the
German context. Questionnaires to assess behavioral regulation in active school travel were
validated in research from Spain (Burguerio et al., 2019), Portugal (Marques et al., 2022), and
Sweden (Burguefio et al., 2022). Nevertheless, the existing research is destination-specific,
concerning motivation for active travel to and from school. Thus, this dissertation provides
the first German questionnaire to assess boys’ and girls’ behavioral regulations in general

active travel without focusing solely on the school setting (Renninger et al., 2022).



b) Explore motivation from an SDT perspective as a determinant of active travel behavior

This dissertation includes a variable- and a person-centered approach to gain a
comprehensive understanding of motivation as a determinant of adolescents’ active travel

behavior.

The variable-centered approach addresses the lack of studies which adequately consider
sex/gender’ in the promotion of active travel in children or adolescents (Marzi et al., 2020),
despite the recognized importance of applying a sex/gender-sensitive approach to health
behaviors (Schlund et al., 2021). This lack of sex/gender-sensitive studies is concerning, given
the significant difference in the prevalence of active travel between boys and girls globally
(Costa, Adamakis, O’Brien, & Martins, 2020; Haug et al., 2021; Kek et al., 2019; Leslie, Kremer,
Toumbourou, & Williams, 2010). Although findings from Germany are conflicting regarding
significant differences between boys and girls (Reimers et al., 2021; Schdénbach, Brindley, et
al., 2020), a sex/gender gap regarding physical activity in Germany cannot be denied
(Bucksch et al., 2020; Finger et al., 2018). Consequently, a sex/gender-specific understanding
of the determinants of active travel that allows tailored interventions could help narrow the
sex/gender gap in physical activity. Nevertheless, none of the existing research on SDT in
active travel included an examination of differences between boys and girls in terms of
motivation for active travel (Burgueno et al., 2019; Burguefo et al., 2022; Marques et al.,
2022). The sex/gender-sensitive investigation of the relationship of behavioral regulations with
active travel behavior in adolescent boys and girls (Renninger et al., 2022) aims to contribute

to a more in-depth understanding of the determinants of active travel.

The person-centered approach aimed to identify clusters among adolescents that share
motivational characteristics. As this research specifically recognizes that behaviors are likely
to be motivated by several reasons simultaneously (Howard et al., 2020; Ryan & Deci, 2022),
all six behavior regulations of motivation (intrinsic motivation, integrated regulation, identified
regulation, introjected regulation, external regulation, and amotivation) were included.
Besides this, this person-centered approach aimed to improve understanding of the
composition of clusters by including satisfaction of the three basic psychological needs
(autonomy satisfaction, competence satisfaction, and relatedness satisfaction). Further, this
research aimed to investigate the relevance of profiles that are based on motivation for

general active travel for destination-specific active travel behavior that included travel to and

' Following the recommendations from the Cochrane Sex/Gender Methods Group , we use the term sex/gender
to acknowledge interconnection between socially induced gender-related factors and sex-based
biological/physiological attributes, impacting health behaviors.



from school, to friends/relatives, to shopping opportunities, and to leisure facilities
(Renninger, Bachner, et al., 2023). To the best of our knowledge, there are no comparable

studies yet that approach motivation for active travel from a person-centered perspective.

c) Conceptualize the decision-making process on travel mode choice from adolescents’

perspective

While extensive research has identified various quantitative determinants of active travel,
understanding and conceptualizing the relationships of all determinants with each other and
how they produce a decision for a travel mode is challenging (Goétschi et al., 2017). Based on
a review that discussed and summarized existing conceptual frameworks of travel behavior,
Gotschi et al. (2017) illustrated such relationships between determinants of active travel.
Alongside, they identified another key feature in the frameworks, which concerns a generic
choice process. This decision-making process represents the central pathway of choosing a
travel mode while considering all relevant factors influencing travel behavior (e.g., motivation).
Existing frameworks addressing travel mode choices among adolescents or children lack any
conceptualization or incorporation of such a decision-making process (Mandic et al., 2015;
McMillan, 2005; Mitra, 2013; Panter, Jones, & van Sluijs, 2008; Pont, Ziviani, Wadley, &
Abbott, 2011). Recognizing that all factors influencing travel mode choices are processed
during decision-making underscores the importance of conceptualizing the decision-making
process from adolescents' perspective. Thus, the research included in this dissertation
concerns the understanding of adolescents’ experiences of the decision-making process on
travel mode choice (Renninger, Reimers, et al., 2023). Filling this gap is essential for
understanding how motivation is integrated into the decision-making process and

subsequently impacts travel mode choices.
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2 Methods

2.1 The ARRIVE study

The three studies included in this thesis were conducted as part of the cross-sectional
ARRIVE study (Active tRavel BehaviouR in the Famlly EnVironmEnt), which aimed to evaluate
and understand the travel mode choices of adolescents living in Germany (Reimers et al.,
2022). In particular, the focus was to produce the first evidence dealing with adolescents’
travel behavior to several destinations of daily living. Thus, we utilized the term ‘general active

travel’ in the ARRIVE study, as opposed to the term ‘active school travel’.

We initially reviewed existing theoretical frameworks on youths’ travel behavior to develop a
theoretical framework for the ARRIVE study. Based on the conceptual framework proposed
by Panter et al. (2008), we conducted a second literature search on potential determinants of
active travel among adolescents. Subsequently, we incorporated the identified determinants
into an adapted version of the conceptual framework from Panter et al. (2008). The study’s
protocol presents the framework in detail (Reimers et al., 2022). Figure 2 provides an overview
version of the framework, highlighting the contribution of the research embedded in this thesis
within the ARRIVE study.

Figure 2. Conceptual Framework for the ARRIVE study, adapted from the study protocol (Reimers et
al., 2022).

Individual Factors

Parents
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Outcomes
Physical Environmental Parental Perception ¥ Actil\'e
Factors y| travel to
Dociai o / destination \ Youth
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Infrastructure . PercePtlon ofthe A < Active
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Safety & Social Environment ! \ Inactive Behavior
Furthercharacteristics B travel to
Adolescents’ s
Perception | destination
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Characteristics (i.e., socio-demographics, BM|)
Attitudes (i.e., Motivation, Basic Psychological Need Satisfaction)

Note: bold black lines outline the contribution of the studies included in this dissertation.

ARRIVE included a quantitative and a qualitative study. The quantitative research specifically

focused on the empirical evaluation of theoretical relationships of active travel and its
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determinants. For the qualitative study, semi-structured interviews with adolescents and their
parents were conducted to gain a deeper understanding of the decision-making on travel
mode choice from their perspectives. For both studies, we aimed to include families with
adolescents aged between 11 to 15 years. This was based on evidence from Germany, which
identified adolescents aged 11 to 17 at particularly high risk for passive school travel (Reimers
et al., 2021). Additionally, a sharp decrease in active travel to school was found in students
from Finland in the age range of 12-15 years (Yang et al., 2014). Lastly, international data
suggests a decrease in physical activity in this age group, which eventually stabilizes at the

age of 15 years (Steene-Johannessen et al., 2020).

2.2 Quantitative research (Publication 1 and 2)

The quantitative survey of the ARRIVE study consisted of two parts. Parents were asked to
complete the first section of the survey. Among other things, this section included questions
on their personal and their child’s characteristics (e.g., sociodemographic data, BMI), their
own travel behavior, and diverse perceived barriers or facilitators towards their child’s active
travel. After the parents finished this section, the adolescents answered the second section
independently. This section involved questions on the adolescent’s travel and physical activity
behavior, perceptions of support and environment, as well as questions on basic
psychological needs and motivation for active travel. A summary of all instruments used to
assess the individual constructs is provided in the study protocol (Reimers et al., 2022). Data
was collected in June 2021 using an existing nationwide online panel, which is representative
of the population in Germany in terms of age, sex/gender, education, and place of residence.
All adolescents were recruited via parents. Therefore, 1747 parents with at least one offspring
between 11-15 years were invited to participate in the survey. Within the ARRIVE study, we
aimed to recruit a nationwide balanced sample of approximately equal numbers of
participating fathers and mothers with roughly equal numbers of sons and daughters. This

resulted in 518 parents with 518 adolescents who completed the survey.

2.2.1 Questionnaire to assess adolescents’ behavioral regulation in general active
travel

To assess adolescents’ motivation for general active travel, we adapted the Spanish
Behavioral Regulation in Active Commuting to and from School (BR-ACS) Questionnaire,
which was found to be a valid and reliable tool in adolescents (Burgueno et al., 2019). To
address the issue of the focus on active school travel in the original Spanish BR-ACS, “to and
from school” was replaced with “cover a distance” (dt. “lege Wege zurlick”). During the
translation to the German context, which was conducted by two researchers independently,

we also considered the wording used in the German translation (Rausch Osthoff, 2017) of the
12



revised Behavioral Regulation in Exercise Questionnaire (P. M. Wilson, Rodgers, Loitz, &
Scime, 2006). We reviewed this first version of the questionnaire with three German experts
on children’s and adolescents’ physical activity and SDT-based motivation concerning
semantic, idiomatic, conceptual, and cultural appropriateness. Next, an independent
researcher back translated the German and reviewed items to check for consistency with the
content of the original items. Lastly, we asked four adolescents (two girls, two boys) to provide

feedback on the reviewed questionnaire, which resulted in the final German version.

After data collection, we validated the German version of the questionnaire. Therefore, we
conducted a confirmatory factor analysis (CFA) to test the six-factor structure (intrinsic
motivation, integrated regulation, identified regulation, introjected regulation, external
regulation, and amotivation) by the simplex structure of behavioral regulations according to
SDT (Markland & Tobin, 2004; P. M. Wilson et al., 2006). We refrained from validating a
hierarchical three-factor model including the higher-order factors autonomous motivation
(including intrinsic motivation, integrated regulation, and identified regulation as primary-order
factors), controlled motivation (including introjected and external regulation as primary-order
factors), and amotivation, although comparable research in the field included this analysis
(Burgueno et al., 2019; Burgueno et al., 2022; Marques et al., 2022). This was based on the
consideration that higher-order models are neither theoretically nor empirically supported and
that scores summarizing autonomous and controlled motivation reduce information and
explanatory value (Howard et al., 2020). Thus, we support using individual scores for the six
behavioral regulations. Fit measures used to inform about model fit included chi-squared test
(x*>-test), chi-square and degrees of freedom ratio (x?/df), comparative fit index (CFl), Tucker-
Lewis index (TLI), root mean square error of approximation (RMSEA), and standardized root
mean square residual (SRMR). To ensure the applicability of the instrument in boys and girls,
we performed a multi-group factor analysis of invariance across sex/gender. Thus, we tested
for configural invariance (same structure across sex/gender groups), metric invariance (same
factor loadings across sex/gender groups), scalar invariance (same item intercepts across
sex/gender groups), and error variance invariance (same error variance across sex/gender

groups) according to Milfont and Fischer (2010).

2.2.2 Behavioral regulations in general active travel using sex/gender-sensitive
analyses

In the first step, we assessed differences between boys (n = 263) and girls (n = 254) regarding
active travel behavior and the six behavioral regulations (intrinsic motivation, integrated
regulation, identified regulation, introjected regulation, external regulation, and amotivation).
One adolescent indicated a diverse gender and was excluded from the analysis as the sample
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size was too small to allow separate analyses. We used Levene’s test (with a significance level
of p < 0.05) to assess equality of variances across the sex/gender groups. As Levene’s test
indicated homoscedasticity regarding identified regulation, introjected regulation, external
regulation, and amotivation, a two-sided t-test (with a significance level of p < 0.05) was used
to test for sex/gender differences. Regarding intrinsic motivation and integrated regulation,
homoscedasticity could not be assumed; thus, Welch’s t-test was used (with a significance

level of p < 0.05).

Second, we assessed the association of adolescents’ active travel behavior with the six
behavioral regulations using logistic regression analyses. Thus, intrinsic motivation, integrated
regulation, identified regulation, introjected regulation, external regulation, and amotivation
served as the predictor variables, and active travel behavior as the dependent variable. Based
on a socio-ecological perspective, we included possible confounding variables from the
individual (age), social (social support), and environmental (degree of urbanization) levels. To
enable sex/gender-sensitive interpretation of the results, including identifying potentially most
beneficial or detrimental behavioral regulation specific for boys and girls, we performed
regression analyses for the whole sample and separately for boys and girls. The level of
significance for Wald test was set to p < 0.05. Finally, we calculated odds ratios with a 95%

Confidence Interval from regression coefficients.

2.2.3 Cluster analysis to identify profiles including motivation and basic
psychological needs satisfaction in general active travel

A person-centered approach was used to identify groups among adolescents who share
homogeneous characteristics regarding intrinsic motivation, integrated regulation, identified
regulation, introjected regulation, external regulation, amotivation, autonomy satisfaction,
competence satisfaction, and relatedness satisfaction regarding active travel. For this
purpose, self-organizing maps (SOM) analysis was conducted as this approach holds several
advantages. First, SOM visualizes the results plotted on two-dimensional maps, which
facilitates understanding of cluster composition as well as the relationships across input
variables and thus advances interpretation (Wehrens, 2009). Next, compared to other
clustering methods, SOM can produce more accurate results (Budayan, Dikmen, & Birgonul,
2009; Melo Riveros, Cardenas Espitia, & Aparicio Pico, 2019). Further, statistical power does
not decrease with an increase in input variables (Herrero-Herrero, Garcia-Masso6, Martinez-
Corralo, Prades-Pifidon, & Sanchis-Alfonso, 2017). Lastly, SOM employs an unsupervised
algorithm, specifically useful for non-linear models (Herrero-Herrero et al., 2017). This
corresponds to the exploratory approach of this study, which was based on the findings from

the first study that highlighted the specificity of the non-voluntary nature of traveling to a
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destination (Renninger et al., 2022), as well as on the assumption that behaviors might be
multiple motivated (Howard et al., 2020). The SOM analysis included three phases: 1) building
a neuron network, 2) assigning an initial weight to each input variable, and 3) iteratively
modifying the weights of neurons by training algorithms (Pellicer-Chenoll et al., 2015). After
identifying the map with the minimum error (Pellicer-Chenoll et al., 2015), neurons were
clustered into groups using k-means method. A six-cluster solution was chosen based on the
Davies-Bouldin index (Davies & Bouldin, 1979).

After identifying the six clusters, further analyses examined:

- differences between the six clusters in the nine input variables (Welch’s ANOVA
including Games-Howell post-hoc procedure; level of significance p < 0.05)

- differences between the six clusters in adolescents’ overall active travel (Welch’s
ANOVA including Games-Howell post-hoc procedure; level of significance p < 0.05)

- association of clusters with travel mode to and from school, friends or relatives,
shopping facilities, and leisure facilities (Chi-squared test; level of significance p <
0.05)

- association of clusters with travel distance to friends or relatives, shopping facilities,
and leisure facilities (Chi-squared test; level of significance p < 0.05)

- differences between the six clusters in distance to school (Welch’s ANOVA including
Games-Howell post-hoc procedure; level of significance p < 0.05)

- association of clusters with sex/gender (Chi-squared test; level of significance p <
0.05)

- differences between the six clusters in body mass index (BMI) and age (ANOVA, level

of significance p < 0.05)

2.3 Qualitative research (Publication 3)

Within the qualitative part of the ARRIVE study, we conducted semi-structured interviews with
13 adolescents, 12 mothers, and seven fathers. Interviews took place online from September
to November 2021. We interviewed adolescents and parents individually, one after the other,
when possible. Parents were not present during the interviews with the adolescent. For the
publication included in this dissertation, interviews with adolescents were used. The
development of the initial interview guide is explained in Renninger, Reimers, et al. (2023). The
interview guide was structured to depict two destinations an adolescent had recently reached.
Both destinations were discussed with adolescents concerning their experiences using both
an active travel mode and a passive travel mode. The English version of this initial interview

guide can be found in the protocol of the ARRIVE study (Reimers et al., 2022). During the data
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collection process, the conducted interviews were analyzed continuously with regard to the
research question. Thus, after the first seven interviews, we refined the interview guide to
obtain more information on decision-making regarding any travel mode and not solely
differentiating between active and passive travel. Further, this modified interview guide aimed
at a more open conversation with the participants. An English version of the interview guide

can be found in the supplementary material of Renninger, Reimers, et al. (2023).

We recorded the audio during the interviews, which was later transcribed verbatim. To analyze
the data, Thematic Analysis (Braun & Clarke, 2006; Braun, Clarke, & Weate, 2016) was used.
The analysis process was reflexive and iterative, including the six steps of Thematic Analysis:
1) Familiarizing yourself with the data, 2) Generating initial codes, 3) Searching for themes, 4)
Reviewing potential themes, 5) Defining and naming themes, 6) Producing the report (Braun
& Clarke, 2006). A deductive and inductive approach to the data was used during the
analyses. On the one hand, adolescents’ decision-making was inductively explored without
any predefined codes. Nevertheless, the analysis was informed by the theoretical background
of Panter et al. (2008), which assumes that all factors associated with adolescents' travel
behavior are processed during decision-making. We conducted the research from a realist's
perspective, considering that we could capture the actual experiences of adolescents through
their stories (Clarke & Braun, 2013).
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3.1 Publication 1: Motivation and active travel in adolescent girls and boys
in Germany - Findings from the ARRIVE study
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Title: Motivation and active travel in adolescent girls and boys in Germany - Findings
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Journal: Transportation Research Part F: Psychology and Behaviour

Doi: 10.1016/j.trf.2022.09.015

Summary:

Previous research lacks a comprehensive understanding of sex/gender differences in the
motivational determinants of active travel behavior among adolescents. Thus, this study
examined sex/gender differences in behavioral regulations towards general active travel in
263 boys and 254 girls living in Germany. Further, we addressed how the six behavioral
regulations relate to active travel behavior in boys compared to girls. Results indicate a
significant difference in active travel behavior, intrinsic motivation, and amotivation.
Compared to girls, boys reported higher levels of active travel behavior and intrinsic
motivation. Contrarily, girls demonstrated higher levels of amotivation. These results
suggested that boys might benefit from their higher levels of intrinsic motivation regarding
active travel behavior, while girls may be (qualitatively) less motivated to engage in active
travel. However, results from the regression analyses could not confirm this. In contrast to
SDT’s assumptions, intrinsic motivation was not significantly associated with active travel
behavior neither in boys nor in girls or when analyzing the whole sample. Identified regulation
was beneficial for promoting active travel behavior in boys, while integrated and external
regulation was more relevant for girls. Consistent with SDT, amotivation was negatively
associated with active travel in both boys and girls. First, findings emphasize the importance
of considering sex/gender differences in future analyses and intervention development to
contribute to understanding and promoting active travel behavior. Specifically, analyzing the
whole sample without differentiating between boys and girls would have masked these
differences and, correspondingly, would have allowed less tailored interventions. Regarding
intervention development, it might be particularly useful to promote identified regulation in
boys, while girls might benefit most from promoting integrated and external regulation.

Further, our findings emphasize the unique context of traveling, which implies that traveling
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is hardly undertaken merely for the enjoyment of traveling, but for the purpose to reach a
specific destination. This calls for further research within SDT in a context driven by external

demands.

Additionally, this research includes the validation of the survey instrument used to measure
behavioral regulation in general active travel. Although there are already validated
questionnaires for the target group of adolescents that deal with behavioral regulations, these
are validated for the languages Spanish, Portuguese, and Swedish and refer to active school
travel (Burguefio et al., 2019; Burguefio et al., 2022; Marques et al., 2022). Thus, this research
provides the first valid questionnaire in the population of German-speaking adolescent boys

and girls regarding behavioral regulation in general active travel.

The manuscript was submitted to Transportation Research Part F: Psychology and Behaviour
in March 2022 and accepted and published in September 2022. Transportation Research Part
F: Psychology and Behaviour is a peer-reviewed international journal (Q1, Impact Factor: 4.1)

that focuses on the psychological and behavioral aspects of traveling.
Contribution:

Denise Renninger was the leading author of this article and performed data analyses.
Together with Yolanda Demetriou she developed the idea for this publication. Denise
Renninger wrote the original draft of the article and made revisions based on the review and

editing from all other authors.
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active travel among adolescents an in-depth understanding of determinants from a sex/gender
perspective is needed. Within Self-Determination Theory (SDT), it is proposed that the quality of
an individuals’ motivation (i.e., the degree to which it is autonomous) determines the extent to
which they engage in particular behaviors and perform them effectively. As part of the ARRIVE
study, the aim of this research was to investigate the relationship between motivation and active
travel in adolescent boys (N = 263, Mage = 12.92) and girls (N = 254, Myge = 13.21) from a
nationwide German sample. Results showed significant group differences between male and fe-
male adolescents in the proportion of trips traveled actively, intrinsic motivation and amotiva-
tion. Logistic regression analyses demonstrated different relationships of the different types of
motivation proposed within SDT on active travel behavior depending on sex/gender. In the total
sample, integrated and identified regulation increased the odds of active travel (by 15.8 %, and
20.3 % respectively), whereas amotivation decreased the odds by 23.0 %. Intrinsic motivation
and controlled forms of extrinsic motivation (i.e. introjected and external regulation) did not
significantly change the odds of active travel. Separate sex/gender-specific analyses were con-
ducted. For boys, only identified regulation significantly increased the odds of active travel (by
40.2 %) and amotivation significantly decreased the odds (by 18.8 %). In girls, integrated (by
25.3 %) and external (by 20.3 %) regulation significantly increased the odds of active travel,
while amotivation (26.6 %) significantly decreased the odds. We conclude that disparities exist in
the relationship among different regulation types with active travel behavior between adolescent
boys and girls, and that findings contradictory to SDT might result from the specific context of
traveling to a destination. Considering the regression analyses findings, future interventions to
promote active travel among adolescents should incorporate sex/gender-sensitive development,
because some behavioral regulations might not be equally effective among girls and boys.
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D. Renninger et al. Transportation Research Part F: Psychology and Behaviour 90 (2022) 425-437
1. Introduction

The majority of young people in Europe and around the globe fail to meet the recommended amount of physical activity (PA)
(Guthold, Stevens, Riley, & Bull, 2020; Steene-Johannessen et al., 2020) of an average of at least 60 min/day across the week (Bull
etal., 2020; WHO, 2020). This is concerning because the health benefits of PA in childhood and adolescence are evidenced (Janssen &
LeBlanc, 2010; Poitras et al., 2016; WHO, 2020). Further, these PA-related health benefits as well as the PA behaviors can persist into
adulthood (Corder et al., 2019; Telama et al., 2014). Recent research reinforces a PA gap between boys and girls, with girls being
consistently less active across all age groups (Guthold et al., 2020; Steene-Johannessen et al., 2020). This is also evident in Germany
with girls meeting the WHO guidelines less frequently than boys (Burchartz et al., 2021).

Past research has shown that active travel (AT) (e.g. walking or cycling to a destination) does not only contribute to adolescents’
daily PA (Carlin, Murphy, & Gallagher, 2016; Larouche, Saunders, Faulkner, Colley, & Tremblay, 2014), but it can also enhance several
markers of physical fitness, such as cardiorespiratory fitness, muscular strength or body composition (Henriques-Neto et al., 2020).
Further, AT helped to reduce the prevalence of non-specific psychosomatic complaints (Kleszczewska et al., 2020).

However, recent research from several countries has demonstrated a declining or generally low prevalence of AT in adolescence
(Haug et al., 2021; Larouche, 2018). Internationally, differences between boys and girls in the prevalence of AT or in travel mode have
been identified, including Australia (Leslie, Kremer, Toumbourou, & Williams, 2010), Ireland (Costa, Adamakis, O’Brien, & Martins,
2020), Wales and Scotland (Haug et al., 2021), the Czech Republic (Pavelka et al., 2017), and New Zealand (Kek, Garcia Bengoechea,
Spence, & Mandic, 2019; Smith et al., 2019). In Germany, however, the MoMo Study did not find significant sex/ gender1 differences in
AT to school. Nevertheless, the prevalence of walking (girls: 17.7 %; boys: 20.2 %) and cycling (girls: 21.5 %; boys: 25.2 %) to school
was low among adolescents aged 11-17 years, which also indicated a tending difference in the choice of travel mode (Reimers et al.,
2020). Additionally, a study in Southern Germany among 12 to 15 year-olds showed that girls were significantly less likely to cycle to
school than boys (Schonbach, Brindley, Reimers, Marques, & Demetriou, 2020). Thus, there is still room for improvement for
adolescent boys and girls. Apart from the benefit both boys and girls could gain from increased AT, promoting girls’ AT might spe-
cifically contribute to reducing the sex/gender gap in PA, since girls generally demonstrate lower PA levels than boys (Guthold et al.,
2020; Steene-Johannessen et al., 2020). The importance of taking a sex/gender-differentiated approach to health behaviors has been
highlighted by recent research in the field of sex/gender (Schlund et al., 2021). Nevertheless, especially intervention studies con-
cerning the promotion of AT in children and adolescents do not sufficiently consider sex/gender (Marzi et al., 2020). To facilitate the
development of sex/gender-sensitive intervention programs, the determinants of adolescents’ travel behavior should be examined
from such a sex/gender perspective.

From a social-ecological standpoint, AT behavior is influenced by individual, interpersonal, community, built environment and
policy determinants (Larouche & Ghekiere, 2018). On the individual level, motivation has the potential to positively influence health
behaviors such as AT behavior (Ntoumanis et al., 2021; Ryan & Deci, 2017; Schonbach, Vondung, et al., 2020).

Among numerous psychological theories concerning motivation, Self-Determination Theory (SDT; Ryan & Deci, 2017) is an
established framework to examine motivational processes for health-related behaviors and to design interventions (Ng et al., 2012).
Research substantiates the applicability of SDT in PA settings (Teixeira, Carraca, Markland, Silva, & Ryan, 2012). More specifically
aligned with the current work, SDT has been applied in the context of children’s and adolescents’ PA participation (Owen, Smith,
Lubans, Ng, & Lonsdale, 2014; Vasconcellos et al., 2020) as well as more recently to the context of AT to and from school (Burgueno
et al., 2019; Burgueno et al., 2020; Marques et al., 2022; Marques et al., 2021).

In addressing motivation (i.e., why people are moved to act), SDT focuses not only on quantity but also on the quality of motivation.
According to SDT, two general types of motivation (i.e., controlled motivation and autonomous motivation) as well as the construct of
amotivation exist and are ordered along a continuum according to the degree of their autonomy (Ryan & Deci, 2017). At the one end of
the continuum, amotivation represents a state in which a person lacks any autonomy or intention to engage in a behavior. Ascending
according to the degree of relative autonomy, amotivation is followed by the controlled forms of motivation, which are regulated by
external factors such as receiving rewards or avoiding punishments (external regulation), or by internal desires for example to avoid a
feeling of guilt or maintain self-esteem (introjected regulation). Moving along the continuum, the autonomous forms of motivation are
the result of the conscious value a person ascribes to the behavior (identified regulation), the congruence with personal needs, values,
and goals (integrated regulation), or the mere interest, enjoyment and satisfaction that a person obtains by performing the behavior
(intrinsic motivation). In the literature, this dimensional structure results in different approaches to capture motivation (Howard et al.,
2020; Kelso et al., 2020). Recent research emphasizes the value of differentiating the motivational types according to their behavioral
regulation, as it can encourage meaningful intervention development, for example, by supporting decision-making on the conveying
focus of activities (e.g. enjoyment, meaning, reward) (Howard et al., 2020). In terms of sex/gender differences in behavioral regu-
lations, Teixeira et al. (2012) recommended that researchers acknowledge their potential existence and break down data across sex/
gender accordingly. Their findings suggest a disparity between males and females in the strength and effect of each behavioral
regulation on behavior. Specifically, they reported that certain behavioral regulations were more positively associated with exercise in
females while showing no or negative associations in males and vice versa. Although their research focuses on an adult population and
exercise, their findings and suggestions are still relevant to our investigation.

1 The term sex/gender aims to recognize the entanglement of the socially induced gender-related factors and the sex-based biological / physi-
ological attributes that interact to influence health behaviours. To recognize this, we follow the recommendations of the Cochrane Sex/Gender
Methods Group by using the term sex/gender (Sex/Gender Methods Group; Springer, Mager Stellman, & Jordan-Young, 2012).
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Research conducted in Spain provided initial evidence to support the relevance of the motivation types within SDT and AT to
school. Specifically, Burgueno et al. (2019) reported that the autonomous forms of motivation (i.e. intrinsic motivation, integrated
regulation, and identified regulation) positively predicted adolescents’ AT behavior to school. However, this study did not investigate
potential sex/gender differences in the six behavioral regulations or whether each regulatory style had equal influences on AT behavior
in adolescent girls and boys. Further, the research conducted by Burgueno et al. (2019) was limited to the school domain. Generally,
previous studies on AT predominantly focused on AT to/from school (Carlin et al., 2016; Schoeppe, Duncan, Badland, Oliver, & Curtis,
2013) although research suggests that school is just one among several destinations that adolescents frequently travel to in everyday
life (Nobis & Kuhnimhof, 2018). Moreover, most studies focus on younger children rather than adolescents (Aranda-Balboa, Huertas-
Delgado, Herrador-Colmenero, Cardon, & Chillon, 2020; Carlin et al., 2016; Schonbach, Altenburg, Marques, Chinapaw, & Demetriou,
2020), even though adolescence represents a critical life stage where changes in health behaviors (e.g. AT behavior) are likely to occur
and to be carried over into adulthood (Mikkelsen et al., 2019).

Therefore, the present study aims to specifically address these lacks of knowledge by i) taking a sex/gender oriented approach to
the motivational determinant of AT behavior; ii) focusing on AT in general by addressing more destinations of daily life than school;
and iii) including adolescents aged 11-15 years. To the best of our knowledge, no previous study has examined the motivational
mechanisms in general AT in adolescent boys and girls from a sex/gender-sensitive perspective.

Based on the reported importance to identify determinants of general AT behavior coupled with the outlined lack of knowledge, the
purposes of this work were twofold. First, this study aimed to systematically investigate whether sex/gender differences exist in the
different behavioral regulations for AT. Second, the aim was to examine whether there are disparities in the effects of different
regulation types on AT behavior between adolescent boys and girls. Overall, we hypothesize that the six behavioral regulations will
help to explain AT behavior in adolescent boys and girls. By investigating the relationships of the behavioral regulations with AT
behavior, this study contributes to the overarching aim of the ARRIVE study, to empirically evaluate the theoretical relationships of
diverse determinates with general AT behavior in adolescents (Reimers et al., 2022).

2. Methods
2.1. Study design

The present investigation is part of the ARRIVE (Active tRavel behavioR in the famlIly enVironmEnt) study, a cross-sectional study
to explore social and individual factors within the family environment that influence adolescents’ AT behavior (Reimers et al., 2022).
For this purpose, the ‘Conceptual Framework for the Environmental Determinants of Active Travel in Children’ by Panter, Jones, and
van Sluijs (2008) was used. The proposed categories of this framework were supplied with several evidence based determinants of
adolescents’ travel behavior.

2.2. Procedure of data collection

The data collection was conducted in June 2021 by the means of computer-assisted web interviewing. Adolescents were recruited
via their parents, by the use of an existing German-wide online panel (forsa.omninet), which is representative of the German popu-
lation with regard to age, gender, education, and place of residence. The sample was drawn purposively, in order to achieve an
approximately equal number of mothers and fathers with approximately equal number of daughters and sons aged 11-15 years. A
minimum sample size of 500 parents and 500 adolescents was targeted (Bujang, Sa’at, Sidik, & Joo, 2018). The survey questionnaires
were provided online using an online tool specifically developed by Forsa. Parents were recruited offline via telephone interviewing to
ensure the representation of people who rarely use the internet within the sample. After parents provided informed consent for
participation in the survey, they received a link to the questionnaire via e-mail. The survey was divided into two parts: parents
completed the first part of the survey and adolescents responded to the second part. First, parents were informed about the purpose of
the study and asked to answer the questions truthfully. After parents had completed the respective part of the questionnaire, they were
asked to provide the link to the adolescent so as to let the adolescents fill in the questionnaire on their own. Parents were advised to
only be available for possible comprehension questions. Then, adolescents received the information on the study’s purpose and how to
answer questions. Adolescents also provided informed consent for participation before responding to the remaining questions. Before
every new section of the questionnaire, adolescents were informed about the following content, reminded to answer the questions
truthfully, and told that there were no right or wrong answers to the study items. To ensure full completion of the questionnaires,
participants had to provide answers to every single item in order to move to the next page and to successfully complete the survey. In
the case of more adolescents within the age of 11-15 years in the family, parents were instructed to choose the adolescent whose first
name comes first in the alphabet. The current analyses are only based on the adolescent survey. In total, the adolescent survey took
about 15 min to complete.

2.3. Study population

The study population consisted of 254 girls (Mage = 12.92 =+ 1.35) and 263 boys (Mage = 13.21 =+ 1.33) from cities with>100,000
inhabitants (29.2 %), medium-sized towns consisting of 20,000-99,999 inhabitants (17.4 %), small towns with 5,000-19,999 in-
habitants (22.2 %), and regions with<5,000 inhabitants (30.8 %) across the whole of Germany. 87.2 % of adolescents reported no

migration background, 10.3 % indicated a migration background from one parent and 2.5 % reported a migration background from
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Table 1
Characteristics of the study population.

Total Boys Girls
N 517 263 (51 %) 254 (49 %)
Age
11 81 31 50
12 113 60 53
13 109 52 57
14 119 64 55
15 95 56 39
Residence
cities (>100,000 inhabitants) 151 78 73
medium-sized towns (20,000-99,999 inhabitants) 90 45 45
small towns (5,000-19,999 inhabitants) 115 59 56
rural areas (<5,000 inhabitants) 159 80 79
Missing 2
Type of school
Primary School 12 4 8
Secondary School (Mittelschule*) 24 13 11
Secondary School (Realschule*) 99 55 44
Secondary School (Gymnasium*) 294 140 154
Comprehensive secondary School* 74 43 31
Other 10 5 5
Missing 4
Migration background
Yes, from both parents 13 9 4
Yes, from one parent 53 27 26
No migration background 451 227 224
Perceived social support for AT from parents 5.50 (1.01) 5.54 (0.06) 5.48 (0.06)

Note:
* In Germany, students in secondary school are taught at different performance levels either in one school (comprehensive secondary school) or in
separate schools (Hauptschule, Realschule or Gymnasium).

" measured on a 7-point Likert Scale and expressed as a mean value (standard deviation); for detailed information on measurement please see
(Reimers et al., 2022).

both parents. Details on characteristics of the study population are presented in Table 1. One adolescent was excluded prior to analyses
because the adolescent indicated a diverse gender and the sample size of n = 1 was too small to allow for a separate analysis.

2.4. Measures

2.4.1. Travel behavior

Adolescents indicated transport mode (e.g. by bike, by bus, by car, etc.) to several destinations, which have previously been
identified as relevant in adolescent populations from Germany (Nobis & Kuhnimhof, 2018). Thus, the five ways assessed included the
way to and from school, to friends/relatives, to shopping facilities and to destinations for leisure-time activities. For this purpose, the
Mode and Frequency of Commuting To and From School Questionnaire (Segura-Diaz et al., 2020) was modified and translated to
German. The responses on mode of transport were given based on a questionnaire from the Mobility in Germany survey (Mobilitat in
Deutschland, MiD) (Eggs et al., 2018). Responses to the mode of transport for each trip were later coded into either active (e.g. walking,
cycling) or passive (e.g. being driven by car, using public transport). Subsequently, two sum scores for each participant were calcu-
lated, indicating the total number of ways traveled actively and passively (i.e. ranging from 0 to 5 ways traveled actively; 0 — 5 ways
traveled passively). However, some adolescents indicated, that they did not travel to some of the destinations at all. Therefore, a
second (additional) value was calculated for each adolescent: the proportion of ways traveled actively. For this purpose, we used the
total number of ways that an adolescent reported to undertake actively and passively (Nways traveled actively - Nways traveled passively)s
resulting in a value ranging from 0 to 5) and the number of ways traveled actively (Nways traveled actively)- From this, we calculated the
proportion of ways traveled actively for each participant:

Proportion of ways traveled actively = vays traveled actively x 100

ways traveled actively +Nwavx traveled passively

The same procedure was followed to calculate the proportion of ways traveled passively:
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N, wa; i
vays traveled passively
- £ - x 100

Proportion of ways traveled passively =
Nuays traveted actively + Nways iraveted passively

2.4.2. Behavioral regulation in active travel

The Spanish Behavioural Regulation in Active Commuting to and from School (BR-ACS) Questionnaire (Burgueno et al., 2019) was
translated to German and adapted to obtain information about behavioral regulation towards AT in general (with no exclusive focus on
AT to/from school). For this purpose, two independent researchers translated the BR-ACS into German and adapted the focus from the
original school setting (i.e. I walk or cycle to and from school because...) to general AT (i.e. I cover distances by foot or bike because...).
After the resulting two versions of the questionnaire were discussed to reach a consensual first German version, three experts in the
field of youth’s activity behaviors and motivation reviewed the first German version in terms of semantic, idiomatic, conceptual, and
cultural equivalences. The second version was then given to an independent translator to assess whether the German items reflected
the content of the original items. The resulting version was tested for acceptability and understanding by two boys and two girls. Based
on their feedback, the final German version of the BR-ACS questionnaire was established and used in the study. In total, 23 items on a 5-
point Likert Scale assessed behavioral regulation in AT including intrinsic motivation (four items; e.g. I cover distances by foot or bike
because it’s fun), integrated (four items; e.g. I cover distances by foot or bike because it is consistent with my own values), identified
(three items; e.g. I cover distances by foot or bike because I value the advantages), introjected (four items; e.g. I cover distances by foot
or bike because I feel guilty when I don’t do so) and external regulation (four items; e.g. I cover distances by foot or bike because other
people say I should do so), and amotivation (four items; e.g. I don’t see the sense of covering distances by foot or bike). For each
subscale measuring the respective regulation, an average value was calculated. The adapted German questionnaire including an
English translation is enclosed in the supplementary material (Supplementary 1).

2.5. Data analysis

Data analysis was performed in R (R Core Team, 2020) using the psych (Revelle, 2021) and car (Fox & Weisberg, 2019) packages.
According to the recommendation from Flake, Pek, and Hehman (2017), the validity of the German version of the questionnaire for
measuring behavioral regulation in AT was examined as it was translated and adapted from the original. The factor structure for the
translated German version of the BR-ACS was assessed via AMOS (version 27.0; Armonk, NY, USA).

First, descriptive statistics for travel behavior and for each subscale of the questionnaire on behavioral regulation in AT was
estimated for the whole sample, and separately for boys and girls.

Second, a confirmatory factor analysis (CFA) tested the six-factor structure of the questionnaire used for the present sample.
Maximum likelihood method with Bollen-Stine bootstrap correction (5000 samples) was used since Mardia’s test for normality
indicated that the data might not be normally distributed (total sample: Mardia’s coefficient = 128.756, critical ration (c.r.) = 43.165)
(Kline, 2015). According to the recommendation to use a combination of diverse fit measures (Hu & Bentler, 1999), the following fit
indices were considered to inform about model fit: chi-squared test (y*-test), chi-square and degrees of freedom ratio (y2/df), the
comparative fit index (CFI), the Tucker-Lewis index (TLI), the root mean square error of approximation (RMSEA) and the standardized
root mean square residual (SRMR). Because the sensitivity of the y>-test increases with sample size, even small deviations from a
perfect model lead to the rejection of the model (Hu & Bentler, 1999). Thus, we additionally included the ¥2/df, which is appropriate
with values below 3 (Kline, 2015). CFI and TLI indicate good model fit with values around 0.95. However, CFI and TLI values lower or
equal to 0.08 still indicate good model fit, if SRMR (<0.11) and RMSEA (<0.08) are also taken into account (Hu & Bentler, 1999).
Additionally, the 90 % confidence interval for the RMSEA should not include 0 and the upper border should not exceed 0.10 (Kline,
2015). The standardized regression weights values should be above 0.40 (Hair, Anderson, Babin, & Black, 2010) and correlations
among latent variables should not exceed values>0.85 so as to demonstrate an adequate conceptual discrimination (Kline, 2015).
Next, to test whether the item characteristics can be compared between girls and boys, a multi-group factor analysis of invariance
across sex/gender was performed according to Milfont and Fischer (2010). Whether the more restrictive model fits, was evaluated by
means of y>-difference test. Additionally, both models are considered to reflect the data structure equally well, as long as differences in
CFI and RMSEA remain below values of 0.010 and 0.015 respectively (Chen, 2007). For reliability analysis, internal consistency of the
subscales was calculated through Cronbach’s alpha with the respective values indicating excellent > 0.9, good > 0.8, acceptable > 0.7,
questionable > 0.6, poor > 0.5, and unacceptable < 0.5 fit (Blanz, 2021). Additionally, composite reliability was assessed indicating
good internal consistency with values greater or equal to 0.70 (Hair et al., 2010). Average Variance Extracted (AVE) indicates good
convergent validity with values equal to or>0.50 (Hair et al., 2010), yet, AVE values below 0.50 can still be accepted when composite
reliability is>0.60 (Fornell & Larcker, 1981).

Results of the CFA showed an appropriate fit of the data to the proposed model, sex/gender differences in behavioral regulations
towards AT were investigated in a third step. To test for equality of variances across the sex/gender groups, Levene’s test was carried
out for the variables of intrinsic motivation, integrated, identified, introjected and external regulation, amotivation and travel
behavior. If the resulting p-value indicated significance (<0.05), homoscedasticity could not be assumed. Thus, to test sex/gender
differences in those cases, the Welch’s t-test was conducted. When the Levene’s test did not reveal significant differences in variances, a
two-sided t-test was used. Differences in travel behavior between adolescent girls and boys were analyzed using the proportion of ways
traveled actively or passively, to account for the bias that some adolescents did not travel to all five destinations. A two-sided t-test was
used with the level of significance set to p <.05.

Lastly, to assess the effect of the behavioral regulations on AT behavior, a logistic regression analysis was conducted including the
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behavioral regulations as predictor variables and travel behavior as the dependent variable. For this purpose, the sum scores of ways
traveled actively and passively were supplied in the glm function in R to denote success (ways traveled actively) and failure (ways
traveled passively). This procedure takes the different amount of ways taken into account by calculating the probability of success
(traveling to a destination using an active mode of transport). In order to get a better understanding of how the six behavioral reg-
ulations operate within both sex/genders, the regression analysis was performed for the whole sample and separately for girls and
boys. Regression analyses were controlled for age, social support and degree of urbanization. Regression coefficients (b) were then
transformed to odds ratios (OR) via the exponential function of the regression coefficient (eb) (Szumilas, 2010). To determine statistical
significance, the obtained p-value from the Wald test was considered for each regression parameter and set to < 0.05 with a 95 %
confidence interval (95 %CI).

3. Results
3.1. Descriptive statistics of travel behavior

Across the whole sample, adolescents reported to usually cover 3.05 of the ways actively and 1.87 ways passively. On average, girls
used an active mode of transport for 2.83 trips whereas boys traveled actively 3.26 trips. A passive mode of transport was used on
average for 1.66 ways by boys and for 2.09 ways by girls. Four adolescents reported not to travel to friends/relatives, 18 adolescents
reported not traveling to leisure time facilities, and 18 adolescents reported not undertaking trips to shopping facilities. Including this
information, adolescents reported active travel to 62 % of ways on average and passive travel to 38 % of the ways on average. On
average, girls reported to actively travel 58 % of the ways and 42 % passively. Boys reported to actively travel 66 % of the ways and 34
% passively on average.

3.2. Confirmatory factor analyses of the questionnaire used to assess behavioral regulation in active travel

The CFA indicated acceptable model fit: Xz (215,N =517) =739.59, p =.00; xz/df: 3.44; CFI = 0.92; TLI = 0.91; SRMR = 0.079;
RMSEA[90 %CI] = 0.069 [0.063,0.074]; p-close = 0.000. Standardized regression weights ranged from 0.55 (item 7) to 0.89 (item 10).
The simplex structure proposed within SDT was supported, whereby the latent variables (i.e. the six behavioral regulations) were more
strongly and positively correlated to those that are theoretically adjacent than to more distant ones. Details on latent correlations
(ranging from —53 to 0.93) and factor loadings are provided in the supplementary material (Supplementary 2). In addition, and as
shown in Table 2, Cronbach’s alpha values ranged from 0.69 (introjected regulation) to 0.91 (intrinsic motivation), indicating
acceptable internal consistently for all subscales except for introjected regulation, where consistency was marginally below 0.70.
However, composite reliability values all remained equal or above 0.70 demonstrating good internal consistency. Average variance
extracted values ranged from 0.37 (introjected regulation) to 0.72 (intrinsic motivation).

3.3. Invariance analysis

Table 3 shows model fit indices for the three constrained models. Differences in CFI and RMSEA remained below 0.010 and 0.015,
respectively, supporting factor invariance across sex/gender.

3.4. Sex/gender differences

Compared to girls (M = 0.58; SD = 0.32), boys (M = 0.66; SD = 0.30) reported a significantly higher proportion of ways which they
usually travel actively, t(515) = 3.20; p =.001; d = 0.28. For the behavioral regulations, significant differences between boys and girls
were found in intrinsic motivation and amotivation (see Table 4 for means, standard deviations, p-values and effect sizes). Compared
to girls, boys expressed significant higher levels in intrinsic motivation and significant lower levels in amotivation. However, Hedges’ g
shows only small effects. No differences between boys and girls were found in integrated, identified, introjected or external regulation.
Descriptive statistics of the proportion of active and passive ways, and of the behavioral regulations are presented in Table 4 for the
overall sample and with regard to sex/gender.

Table 2
Cronbach’s alpha, composite reliability and average variance extracted for the six subscales from the questionnaire on behavioral
regulation towards active travel.

Cronbach’s alpha CR AVE
Intrinsic motivation 0.91 0.91 0.72
Integrated regulation 0.89 0.90 0.68
Identified regulation 0.72 0.73 0.48
Introjected regulation 0.69 0.70 0.37
External regulation 0.74 0.73 0.42
Amotivation 0.87 0.87 0.62

CR = composite reliability, AVE = average value extracted.
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Table 3
Factor invariance across sex/gender.
$ df ¥?/df  CFI TLI SRMR  RMSEA MC Ay? ACFI ARMSEA
[90 %CI]
Configural invariance 1020.983 430 2.374 0911 0.895 0.0809  0.052 [0.048, 0.056]
Metric invariance 1045.862 447 2340 0910 0.898  0.0842  0.051 [0.047,0.055] 2vs1  24.879 —0.001  —0.001
Scalar invariance 1099.543 470  2.339  0.905 0.898  0.0840  0.051 [0.047,0.055] 3vs2  40.155*  —0.005 0.000
Error variance invariance ~ 1174.404 514 2285 0.901  0.902 0.0891  0.050 [0.046, 0.054] 4vs3  74.861* —0.004 —0.001

MC = Model Comparison, 1 = Configural invariance model, 2 = Metric invariance model, 3 = Scalar invariance model, 4 = Error variance invariance
model.
" significant Chi-square difference with p <.05.

Table 4
Description of the six subscales from the questionnaire on behavioral regulation towards active travel and ways traveled actively and passively, for
total sample, boys and girls.

Mean, SD Skew Kurtosis p-value™”
Intrinsic motivation Total 3.51, 1.05 —-0.51 —-0.41
Boys 3.62, 0.97 —-0.51 -0.22 .01
Girls 3.39,1.12 —0.44 —0.68 g=022
Integrated regulation Total 3.01, 1.12 —0.01 —0.87
Boys 3.08, 1.07 0 -0.74 127
Girls 2.93,1.16 0.02 -1
Identified regulation Total 3.12,1.03 -0.18 —0.65
Boys 3.14, 1.00 -0.16 -0.57 .62"
Girls 3.10, 1.06 -0.19 -0.75
Introjected regulation Total 1.78, 0.76 1.02 0.72
Boys 1.80, 0.74 0.96 0.82 .63°
Girls 1.77,0.77 1.08 0.61
External regulation Total 2.12, 0.92 0.61 —0.45
Boys 2.06, 0.89 0.67 -0.19 a3°
Girls 2.19, 0.94 0.54 -0.7
Total 1.78, 0.99 1.32 1.08
Amotivation Boys 1.68, 0.95 1.58 2.08 02"+
Girls 1.88,1.02 1.09 0.35 g=0.20
Proportion of ways traveled actively Total 0.62, 0.31 -0.32 -0.99
Boys 0.66, 0.30 —0.47 —-0.78 .001"+
Girls 0.58, 0.32 -0.16 -1.13 g=0.26
Proportion of ways traveled passively Total 0.38, 0.31 0.32 —0.99
Boys 0.34, 0.30 0.47 —0.78 .001"+
Girls 0.42, 0.32 0.16 -1.13 g=0.26

SD = standard deviation.

@ Welch’s test was performed when Levene’s test (p <.05) indicated unequal variances of groups.
b two-sided t-test was performed when Levene’s test (p >.05) indicated equal variances of groups.
" significant difference between girls and boys with p <.05; for significant differences effect sizes (Hedges’ g) are presented below the p-value.

3.5. Association of behavioral regulations and active travel behavior in adolescents

Logistic regressions were performed to determine the relationship between intrinsic motivation, integrated regulation, identified
regulation, introjected regulation, external regulation, and amotivation on the likelihood of using an active mode of transport. Table 5
provides an overview of the regression parameters from the analysis for the total sample as well as for girls and boys separately.

In the overall sample, the model was significant (32 = 273.92, p <.001) and explained 42.1 % (Nagelkerke R?) of the variance in AT

behavior. Integrated and identified regulation as well as amotivation were significantly related to the likelihood of using an active
mode of transport. While an increase in integrated and identified regulation increases the odds of using an active mode of transport, an
increase in amotivation results in a decrease in the odds.

For boys, the model was significant (X2 =137.99, p <.001) and explained 41.9 % (Nagelkerke R?) of the variance in AT behavior.
Intrinsic motivation, integrated regulation, introjected regulation and external regulation were not significantly associated with the
odds of using an AT mode. Increasing identified regulation was significantly associated with an increase in the odds of using an AT
mode, whereas increasing amotivation decreased the odds of using an AT mode.

431



D. Renninger et al. Transportation Research Part F: Psychology and Behaviour 90 (2022) 425-437

Table 5
Association between behavioral regulations and traveling active for total, male and female sample.
Total Boys Girls
b OR [95 %CI] % b OR [95 %CI] % b OR [95 %CI] %
Intrinsic Motivation -0.07 0.93 —-6.9 -0.0.9 0.91 -9.1 -0.11 0.89 -10.8
[0.82, 1.06] [0.75, 1.1] [0.74, 1.08]
Integrated Regulation 0.15* 1.16 15.8 0.07 1.07 6.9 0.23* 1.25 25.3
[1.01, 1.33] [0.88, 1.29] [1.03, 1.53]
Identified Regulation 0.18" 1.20 20.3 0.34 1.40 40.2 0.07 1.07 7.2
[1.05, 1.38] [1.15,1.71] [0.88, 1.30]
Introjected Regulation 0.04 1.04 3.9 -0.04 0.96 —-4.0 0.12 1.12 12.6
[0.90, 1.21] [0.77, 1.19] [0.92, 1.39]
External Regulation 0.09 1.09 9.1 -0.01 0.99 -0.8 0.18* 1.20 20.3
[0.98, 1.22] [0.84,1.17] [1.03, 1.41]
Amotivation -0.26 0.77 -23.0 -0.21 0.81 —18.8 -0.31 0.73 —26.6
[0.69, 0.86] [0.70, 0.95] [0.63, 0.86]

Note: Regression analyses were adjusted for age, social support and level of urbanization.
b = regression coefficient; OR = odds ratio, calculated by exp(b); % = percentage decrease or increase of the odds of using an active mode of transport,
when the respective regression parameter increases by 1.

" significant regression coefficient with p <.05;

" significant regression coefficient with p <.01.

For girls, the model was significant (y? = 146.45, p <.001) and explained 44.8 % (Nagelkerke R?) of the variance in AT behavior.
The analysis revealed no significant association of intrinsic motivation, identified and introjected regulation with the odds of using an
AT mode. An increase in amotivation significantly decreased the odds of using an AT mode, whereas an increase in integrated or
external regulation significantly increased the odds.

4. Discussion

The present work sought to gain a better understanding of the relationship between the motivational types proposed within SDT
and travel behavior in adolescents with emphasis on the distinction between girls and boys. Thus, we investigated sex/gender dif-
ferences in behavioral regulation towards AT. To allow a more individualized perspective, we examined the relationship between
behavioral regulations and AT behavior in adolescent boys and girls separately.

Prior to proceeding to our main analyses, a CFA was conducted to evaluate the measurement model and to assess whether the
responses to the questionnaire aligned with a simplex pattern of associations (i.e., reflective of the continuum of relative autonomy
within SDT) (Flake et al., 2017). The obtained fit indices showed an acceptable model fit of the data to the model. Factor loadings were
adequate with values ranging from 0.55 (item 7) to 0.89 (item 10). Correlation values among the latent variables were consistent with
the theoretical assumptions of the autonomy continuum from SDT (Ryan & Deci, 2017), supported by the presence of the proposed
simplex structure of association (Ryan & Connell, 1989). This simplex structure is also evident in the original questionnaire concerned
with behavioral regulation in exercise (Markland & Tobin, 2004; Wilson, Rodgers, Loitz, & Scime, 2006). Even though our results
suggest high correlations between the three autonomous motivations, this is in line with the findings from the original BR-ACS by
Burgueno et al. (2019) and with the Portuguese version of BR-ACS by Marques et al. (2022). Cronbach’s alpha and composite reli-
ability values provided support for acceptable internal consistency. Even though AVE values fall below 0.50, convergent validity of the
construct is still adequate since composite reliability is higher than 0.60 (Fornell & Larcker, 1981). Invariance analysis across sex/
gender for the six-factor structure supports the use of the questionnaire to evaluate sex/gender differences in the behavioral regula-
tions towards AT. This is in line with the original Spanish questionnaire (Burgueno et al., 2019). We conclude that the questionnaire
applied in this study is appropriate to assess behavioral regulations towards AT in the sample of German speaking adolescent boys and
girls.

The examined sex/gender differences in behavioral regulation showed significantly higher levels of intrinsic motivation and
significantly lower levels of amotivation in boys compared to girls. Additionally, boys reported significantly more trips for which they
used an active mode of transport than girls. These results support the tenets within SDT that intrinsic motivation (or high quality
motivation) is linked to the adoption and execution of the desired behavior whereas amotivation is rather detrimental (Ryan & Deci,
2017). To the best of our knowledge, no previous study has systematically examined sex/gender differences in the behavioral regu-
lations towards the AT context. In the context of PA and exercise, some studies have investigated sex/gender differences (Gillison,
Standage, & Skevington, 2006; Lauderdale, Yli-Piipari, Irwin, & Layne, 2015; Luque-Casado, Mayo, Lavin-Pérez, Jiménez, & Del Villar,
2021), however, evidence is rare. Similar to our results, a mixed-methods study based on SDT reported significantly lower levels of PA
and autonomous forms of motivation in adolescent girls compared to boys (Luque-Casado et al., 2021). A study among British ado-
lescents revealed that boys who reported significantly more leisure-time exercise than girls, also expressed more intrinsic goals for
exercise participation while girls expressed more extrinsic goals (Gillison et al., 2006). In contrast, a study with college students found
that, even though males reported more internal motives for PA engagement than females, PA levels were not significantly different
between males and females (Lauderdale et al., 2015). This study not only demonstrated sex/gender differences in the behavioral
regulations, but also builds on the findings reported by Teixeira et al. (2012) that, depending on sex/gender, the individual regulations
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may cause different effects on the respecting behavior. In this sense, a study from Germany showed that different behavioral regulation
profiles were associated with different PA levels: girls with a specific combination of intrinsic and external regulations had the highest
moderate-to-vigorous PA levels in physical education (Bachner, Sturm, Garcia-Masso, Molina-Garcia, & Demetriou, 2020).

Results from the regression analysis showed that intrinsic motivation had no significant association with AT in the total sample.
Although somewhat contradictory to SDT, these findings might originate from the AT context. Specifically, traveling a distance to a
certain location is mostly not performed for the pure interest and enjoyment of traveling nor does it offer other attributes inherent to
intrinsic motivation (e.g., optimal challenge), yet merely to reach a destination. Thus, extrinsic forms of motivation are highly relevant
and applicable to the AT context (e.g., only method of travel, because of health benefits). This issue was also considered by Burgueno
et al. (2019) who found that integrated and identified regulation were more beneficial in promoting AT to/from school than intrinsic
motivation. White et al. (2018) reported that 32 % of students walk to school because they ‘have to’ as it is their only form of transport.
These authors also found that approximately half of their sample reported experiencing negative affect, feeling forced into the action,
and being bored in terms of AT. Such results are consistent with the notion that controlled (or poor quality) forms of motivation yield
psychological costs. These issues withstanding, the non-significant relationship in the current work is surprising and should receive
attention in further research. Looking at girls and boys separately, the association remains non-significant. This is an important finding
that should be considered for intervention development: promoting intrinsic motivation for AT in adolescents might not result in a
change of travel behavior.

In contrast to intrinsic motivation, integrated regulation significantly increased the odds for AT in the total sample (15.8 %), which
is in line with SDT (Ryan & Deci, 2000). Burgueno et al. (2019) also reported strong positive associations between integrated regu-
lation and AT behavior in adolescence. In our study, integrated regulation in girls showed the strongest positive relation with AT
behavior (25.3 %) but only a small and non-significant relationship in boys. This suggests that adolescent girls are more likely to travel
actively when they consider themselves as ‘that type of person who travels actively’ because it fits their values and needs (integrated
regulation). Thus, in contrast to boys, it seems important that girls internalize this activity as part of their own identity.

Similar to integrated regulation, and again consistent with SDT, identified regulation significantly increased the odds for AT (20.3
%) when analyzing the total sample. In the separate analyses for boys and girls, the increase in the odds for AT was significant only in
boys (40.2 %). Providing a meaningful rationale for AT could be a particularly effective strategy (see SDT behavior change techniques
by Teixeira et al. (2020) for more strategies) to increase AT among boys because they are more likely to use an active mode of transport
when they personally value its importance. However, based on our results, this strategy would have no effect on AT in girls.

Introjected regulation showed no significant association in the whole sample or in either of the sex/gender subsamples. Considering
the theoretic origin of the desire to avoid failure and the resulting wording of the items (see Supplementary 1) to capture introjected
regulation, this result might also be attributed to AT in adolescence. As described above, traveling includes the non-optional
component of ‘must arrive somewhere’. Additionally, adolescents seem to be mostly unaware, on how much PA is needed to ach-
ieve a healthy lifestyle (Lago-Ballesteros, Garcia-Pascual, Gonzalez-Valeiro, & Fernandez-Villarino, 2021). Thus, if one manages to
reach a destination somehow, adolescents might not perceive choosing a passive mode of transport as ‘failure’ because one still has
achieved to arrive at the desired destination. It should be considered that introjected regulation reached a low AVE value of 0.37,
which is still acceptable with a composite reliability value over 0.50, however, this might have contributed to the null finding.

External regulation showed no significant association with AT in the total sample. This was also found in boys. In girls, external
regulation increased the odds for AT by 20.3 %. These results suggest that adolescent girls are more likely to travel actively when they
are influenced or feel pressured by other people (i.e., feeling forced to undertake the behavior). As they tend to evaluate negative
interpersonal responses as more stressful than boys (Rudolph, 2002), the strong relationship of external regulation and AT behavior in
order to please others or avoid conflicts, seems plausible. However, the positive relationship between external regulation and AT
behavior is contradictory to SDT. Previous research has also reported a non-significant relationship of external regulation and AT to/
from school, which is commensurate with our findings from the analysis of the total sample (Burgueno et al., 2019). Again, this
emphasizes the importance of sex/gender-sensitive analysis.

In accordance with SDT, amotivation showed the strongest negative association with AT behavior. This association was present in
all three regression analyses (total sample: —23.0 %; boys:-18.8 %; girls:-26.6 %). From a theoretical perspective, the negative asso-
ciation of amotivation and AT behavior makes logical sense, as amotivation describes the absence of motivation (Ryan & Deci, 2017).
Nevertheless, in previous research, such a relation was not observed (Burgueno et al., 2019).

In summary, the results from the regression analyses emphasize the importance of sex/gender-sensitive analyses. Analyzing the
associations of the single behavioral regulations only for the total sample, without differentiating between boys and girls, would have
masked the fact that some behavioral regulations are beneficial or disadvantageous for girls but not for boys and vice versa. This
suggests that the promotion of some behavioral regulations might not be equally effective among adolescent girls and boys. However,
this is the first study to address this issue and the results provide initial indications that need to be further explored.

Meanwhile, our findings have important implications for the development of interventions to promote AT among adolescents. First,
interventions should incorporate a sex/gender-sensitive development. Second, interventions concerning AT promotion among
adolescent boys should aim to establish AT as a meaningful and important opportunity (identified regulation). Third, interventions
designed for adolescent girls should mainly focus on integrating AT as an important part of their personality (integrated regulation).
Lastly, external encouragement, especially from family and friends (external regulation), should be considered when designing in-
terventions for girls. With these findings in mind, and in the context of SDT (Ryan & Deci, 2017), it would be interesting to examine
whether external regulation yields poor quality experience and wellbeing outcomes in the AT context prior to promoting such con-
tingencies via intervention.

This study has several strengths worth mentioning. First, our study included a nationwide sample of adolescents in Germany, who
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are under-researched compared to younger populations and at a high risk regarding physical inactivity. Second, we aimed for a
comprehensive analysis of travel behavior among adolescents and covered several important destinations e.g. friends/relatives or
shopping destinations, rather than focusing only on the school setting. Third, when analyzing the behavioral regulations, we decided
not to collapse single regulations into aggregated measures of controlled and autonomous motivation to allow rich interpretations with
great opportunities for tailored interventions. Lastly, we used a questionnaire which was previously proven to be valid in the
adolescent population (Burgueno et al., 2019). Because we translated and slightly adapted this questionnaire, we additionally
examined the psychometric properties of this tool.

Nevertheless, the study has limitations that need to be addressed. The present investigation is of cross-sectional design and, thus,
does not allow conclusions about causation. Further, the purposeful sampling method prevents generalizability of the results. Along
with this limitation, a further problem may arise from performing the validation in a single data set, an issue that which has been
discussed previously as a limitation by work (Bujang et al., 2018) that our study followed as a guideline. In terms of the CFA, the
sample size of 517 participants might have compromised the results somewhat, because a ratio of at least 10 cases per parameter is
recommended (Kline, 2015). Nevertheless, the study’s sample size exceeds those of comparable studies in this field (e.g., Burgueno
et al., 2019; Marques et al., 2022). Further, the assessment of AT behavior was based on the usual mode of transport to the described
destinations, which does not account for the frequency these ways were undertaken. Additionally, the assessments were based on self-
reported data, which are prone to bias due to its subjective nature and the corresponding issues of social desirability and recall bias.
The aspect of common-method variance should also be kept in mind. Another critical aspect concerns the data collection which took
place during the COVID-19 pandemic. We cannot estimate the extent to which the COVID-regulations might have impacted the usual
choice of transportation mode, however, data collection was conducted in June 2021 when restrictions were low.

5. Conclusion

Sex/gender differences in AT behavior and behavioral regulations for AT reflected SDT assumptions that more autonomous forms
of motivation support the adoption and execution of the respective behavior. However, when examining the relationships of the in-
dividual behavioral regulation types with AT in adolescents, results were brought to light that do not completely match the SDT.
Presumably, the context of AT is responsible for these results. When designing interventions or assessing motivational constructs
concerning AT promotion, further research should take these findings into account by acknowledging the purpose of AT to reach a
destination. Further, the disparities found between adolescent boys and girls in the association of the individual behavioral regulations
on AT are particularly noteworthy. These results emphasize the need to develop tailored interventions that address to the different
needs of girls and boys. This could substantially contribute to developing effective and target group specific interventions to promote
AT among adolescent boys and girls.
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Summary:

In this study, a person-centered approach was employed to identify clusters among
adolescents that encompass behavioral regulations and psychological needs toward active
travel. A person-centered approach was chosen as it advances the understanding of the co-
existence of multiple regulations at the same time (Friederichs, Bolman, Oenema, & Lechner,
2015; Howard et al., 2020; Ryan & Deci, 2020). From a health promotion perspective, this can
contribute to developing more tailored interventions by identifying the unique needs of
specific groups (Vansteenkiste & Mouratidis, 2016). Using SOM analysis, six clusters were
identified from the nine input variables (intrinsic motivation, integrated regulation, identified
regulation, introjected regulation, external regulation, amotivation, autonomy satisfaction,
competence satisfaction, and relatedness satisfaction). First, the resulting profiles were
evaluated based on the theoretical background of SDT, specifically in terms of motivation
quantity and quality, as well as corresponding levels of satisfaction of basic psychological
needs. Regarding motivation, cluster compositions revealed profiles with unimodal
distributions (e.g., profiles characterized by a single dominant regulation with a smoothly
decreasing endorsement of regulations in relation to the simplex structure of motivation) and
profiles with more equal levels of non-adjacent behavioral regulations. The cluster that
featured the highest autonomous types of motivation in combination with low controlled types
of motivation and amotivation was found to be most beneficial. In contrast, the clusters with
higher controlled types of motivation and amotivation in combination with low autonomous
types of motivation showed less favorable travel behavior outcomes. The relevance of the
satisfaction of basic psychological needs could only be interpreted to a limited extent, as all
six profiles exhibited almost comparable values. Besides assessing differences between
general active travel, this publication includes a destination-specific perspective including the

association of clusters with travel modes and travel distance to and from school, to
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friends/relatives, to shopping opportunities, and to leisure facilities. Further, we assessed
associations with age, sex/gender, and BMI. Overall, the findings indicate that the
motivational profiles appear relevant to explain travel behavior to a diverse set of destinations

regardless of distance or adolescents’ sex/gender, age, and weight status.
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Abstract: Active travel in adolescence contributes to improved health outcomes. Self-Determination
Theory suggests that motivation and basic psychological needs influence travel behavior. Person-
centered approaches can examine interrelationships of these constructs underlying travel behavior.
The aim of this study was to investigate (i) which clusters can be identified in adolescents, (ii) whether
clusters explain overall active travel behavior, (iii) whether clusters were associated with travel mode
to various destinations or distance, and (iv) whether differences across clusters appear regarding
sex/gender, age, and weight status. The sample included 517 (263 male, 254 female) adolescents from
Germany, aged 11-15. Self-organizing maps analysis identified six clusters from nine input variables:
intrinsic motivation, integrated regulation, identified regulation, introjected regulation, external
regulation, amotivation, autonomy satisfaction, competence satisfaction, and relatedness satisfaction.
The most beneficial cluster regarding active travel demonstrated highest basic psychological needs
satisfaction and autonomous motivation with low controlled motivation and amotivation. The
most vulnerable cluster was characterized by generally low levels of motivation except for external
regulation and amotivation. Clusters were not associated with distance to school, friends/relatives,
shopping facilities, or leisure facilities. The findings support the importance of high quality and high
quantity of motivation for active travel in adolescents.

Keywords: active transport; commuting; youth; health promotion; behavioral regulation; ARRIVE

1. Introduction

Engaging in regular physical activity (PA) in youth promotes overall health and
contributes to the prevention of non-communicable diseases [1-3]. Thus, the global action
plan calls for more active people and reduced physical inactivity [4]. However, PA levels
among adolescents are alarmingly low worldwide [5,6]. This also applies to Germany, with
only four percent (device-base measured PA) or nine percent (self-reported PA) of children
and adolescents adhering to the WHO recommendations of 60 min moderate-to-vigorous
PA per day [7]. One opportunity to integrate PA on a daily basis is to use an active travel
(AT) mode such as walking or cycling to reach destinations [4]. Research emphasizes the
importance of AT to increase PA in adolescents [8,9]. Furthermore, adolescents who travel
actively can benefit from improved psychological well-being [10,11], physical fitness [9,12],
and emotional health [13]. Besides this, AT is a sustainable and environmental-friendly
way of traveling [14]. However, AT is declining in many countries all over the world [4]. In
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Germany, only a minority of adolescents regularly walk or cycle to destinations such as
school [15,16].

This lack of AT in adolescence emphasizes the need for interventions. In order to
develop successful interventions, a thorough understanding of modifiable factors and
mechanisms of AT is needed. Self-determination theory (SDT) is a widely acknowledged
motivational framework for psychological processes and factors that underlie a certain
behavior [17,18]. SDT suggests that not only the quantity of motivation but also the quality
determines whether a behavior is performed or not [18]. SDT conceptualizes motivation
as a construct with two general forms of motivations: intrinsic and extrinsic motiva-
tion [17-20]. Intrinsic motivation represents the most autonomous (or self-determined)
form of motivation stemming from the inherent pleasure and enjoyment of performing the
behavior [18,19]. Extrinsic motivation refers to behaviors that are performed for external
reasons rather than for the inherent satisfaction caused by performing the behavior [17,20].
Based on these various (extrinsic) reasons, extrinsic motivation is further distinguished.
The most autonomous form of extrinsic motivation is integrated regulation, which means
that the person’s identity, personal values, and goals align with performing the behavior. A
less self-determined (but still autonomous) form is identified regulation, which originates
from the importance a person attributes to the behavior. Introjected regulation is defined as
a more controlled form of extrinsic motivation, where the behavior is driven by internal
pressure to avoid guilt or to improve one’s self-esteem. The most controlled form is external
regulation, which results from external pressure from other people in order to obtain re-
wards or to avoid punishments. SDT arranges these different forms of motivation along the
continuum of self-determination [17,20]. Decreasing in their degree of self-determination,
the three autonomous forms of motivation (intrinsic motivation, integrated regulation,
and identified regulation) are followed by the controlled forms (introjected regulation
and external regulation). At the non-self-determined end of the continuum, amotivation
represents a complete lack of motivation or intention to engage in the behavior [17,20].

SDT proposes that in order to foster self-determination, the satisfaction of the three
basic psychological needs (BPNs), autonomy, competence, and relatedness, is fundamen-
tal [17,18]. A more self-determined form of motivation increases the likelihood of per-
forming or maintaining a certain behavior. In PA settings, previous research concerning
adolescents supports the positive association of autonomous motivation and PA or exer-
cise [21,22] as well as the positive effect of BPNs satisfaction on PA [23,24]. Despite these
positive effects, SDT has only recently gained recognition in the context of AT. Specifically,
research from Spain, Portugal, and Sweden supports the applicability of SDT in the context
of AT to/from school [25-29]. Intrinsic motivation, integrated regulation, and identified
regulation positively predicted active school travel in Spanish secondary students [25].
The research from Sweden identified similar positive associations of theses autonomous
forms of motivation with active school travel and an additional negative association of
amotivation with active school travel [29]. However, SDT-based research in relation to
different destinations other than school is lacking. Furthermore, theses aforementioned
studies provide good examples of the variable-based approaches traditionally used in
SDT-based research. Such approaches examine relationships between motivation or BPNs
and a behavior (e.g., [21,30-33]). With regard to motivation, this typically involves pitting
the different forms of motivation against each other to identify the most beneficial or
detrimental one for a specific behavior. By doing so, variable-based approaches are unable
to fully incorporate SDT’s theoretical conceptualization of motivation, which includes
recognizing that behavior can be motivated by multiple reasons simultaneously [20]. Thus,
they neglect the notion of the co-existence of different forms of motivation within groups of
individual to varying degrees [34]. This supports the call for more person-centered research
such as cluster analyses [35]. These kind of approaches can depict the heterogeneity of
motivation by capturing the interplay of the single forms within a person [35,36]. Thus,
profiles of naturally occurring combinations of different motivational types within groups
of people can be identified, which illustrate specific motivational patterns underlying a
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behavior [34-36]. Given the theoretically proposed simplex structure of motivation [18,37],
a profile with a single dominant form of motivation combined with some endorsement
of proximate forms and decreasing endorsement of more distant ones (i.e., displaying an
unimodal curve) would be more common than profiles that exhibit matching levels of
opposing forms of motivation [36]. Based on SDT, research has been conducted aiming to
identify profiles representing groups of people who share certain motivational characteris-
tics regarding, for example, motivation for physical education [38-40], physical activity [41],
or exercise [42,43]. Throughout these studies, research identified various clusters that com-
prised distinct combinations of the different motivational types. This included both clusters
that somewhat followed theoretical assumptions by demonstrating either higher levels of
controlled and lower levels of autonomous motivation or vice versa and clusters that were
characterized by comparable levels in autonomous and controlled motivation.

Person-centered research has also been conducted to identify profiles concerning BPNs
satisfaction [41,44,45]. Considering the theoretical perspective that autonomy, competence,
and relatedness constitute key nutriments of high quality motivation [18,20], profiles with
high BPNs satisfaction would be observed in combination with higher autonomous moti-
vation. Agreeing with SDT, research from physical education found higher autonomous
motivation in clusters of students with high BPNs satisfaction compared to clusters of
lower BPNs satisfaction [41,45]. However, in clusters of university students, the cluster
characterized by mainly extrinsic motives for PA exhibited higher levels of autonomy
satisfaction than the cluster of intrinsic motives [44].

These findings, once again, exemplify the ability of person-centered analyses to cap-
ture the diverse composition of subgroup characteristics that could not be fully captured
using variable-based analyses. More broadly, this enables the identification of particularly
vulnerable and resilient groups, and thus can contribute to the production of more tailored
intervention programs [35]. With regard to the debate on the heterogeneity of motivation,
the person-centered approach may be specifically helpful to gain a better understanding of
the motivational mechanisms underlying AT in adolescents. To the best of our knowledge,
no previous study has examined SDT-based clusters of AT behavior in adolescents. Thus,
this research aims to answer the following research questions:

1. Which clusters comprising motivation and BPNs satisfaction regarding AT behavior
can be identified in adolescents? To gain a better understanding of the co-existence of
the psychological determinants of AT, clusters will be generated using self-organizing
maps (SOM) analysis. The resulting profiles will be evaluated based on the theoretical
assumptions of SDT [17,18].

2. Does overall AT behavior differ between the generated clusters? Current variable-
based research indicates that both motivation and BPNs satisfaction affect AT behav-
ior [25,26]. Thus, we assume that, if the SOM analysis results in theory-consistent
profiles, differences in overall AT behavior between the clusters will be observable.
Overall AT behavior should be higher in clusters with higher levels of autonomous
motivation and higher BPNs satisfaction compared to clusters with higher levels of
controlled motivation or amotivation and lower levels of BPNs satisfaction.

3. Istravel mode or travel distance associated with cluster membership when consid-
ering different destinations? Most research on travel behavior has been conducted
on travel behavior to and from school [8]. However, adolescents frequently travel
to other destinations in everyday life, such as to shopping or leisure facilities [46].
Therefore, we aim to examine whether an association occurs between the number of
adolescents who choose an active travel mode and their cluster membership by con-
sidering different destinations. Additionally, distance to a destination has been found
to strongly influence travel mode choice [47-49]. Accordingly, we will investigate
whether the distance traveled to a certain destination differs between clusters and
whether this might contribute to explain travel mode choices.

4. Are there differences across the clusters in terms of sex/gender, age, and weight
status? Sex/gender and age predicted cluster membership in a study on motivational
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profiles in physical education [50]. Additionally, previous research illustrates lower
levels of AT in older youth [15] and female adolescents [16]. Further, research suggests
a negative association between AT behavior and body-mass-index (BMI) [51,52]. Thus,
differences in the distribution of male and female adolescents, age, and weight status
might also occur across the clusters.

2. Materials and Methods
2.1. The ARRIVE Study

The present research is conducted within the ARRIVE (Active tRavel behavioR in
the famlly enVironmEnt) study. This cross-sectional study aimed to gain a deeper under-
standing of the social and individual factors that influence adolescents” AT behavior [53].
The study addressed several gaps of current research in AT among youth. Specifically
relevant for the present investigation is that ARRIVE focused on travel behavior, including
more destinations instead of being restricted to the school domain like most prevailing
research [8,53]. Additionally, it addresses the population of adolescents, which is rather
under-researched compared to younger children [8,54,55]. A detailed description of the
ARRIVE study and all theoretical underpinnings can be found in the study protocol [53]. By
exploring SDT-based clusters in the adolescent population, the present study contributes to
the overall aim of the ARRIVE study to gain a deeper understanding of the diverse factors
involved in the decision-making process on travel mode choice.

2.2. Study Participants

The target population included adolescents aged 11-15 years and one of their par-
ents. In total, 517 parent-adolescent dyads comprise the study’s population. In total,
263 boys and 254 girls with a mean age of 13.11 years (male: Mage = 13.21 + 1.33; female:
Mage = 12.92 4 1.35) constituted the study sample. Adolescents were from cities with more
than 100,000 inhabitants (29.2%), medium-sized towns consisting of 20,000-99,999 inhabi-
tants (17.4%), small towns with 5000-19,999 inhabitants (22.2%), and living areas with less
than 5000 inhabitants (30.8%) in Germany. Adolescents’ average BMI was 19.23 kg/m?
(SD = 3.32, N =405, min = 12.48, max = 34.36). For some adolescents, height or weight was
not available, thus BMI was calculated for 405 participants.

2.3. Data Collection

The survey took place in June 2021. The sample was drawn from a nation-wide online
panel (forsa.omninet), which is representative of the German population with regard to
age, gender, education, and place of residence. The study collected data from adolescents
and one of their parents. Parents were recruited purposively, aiming at an approximately
equal number of fathers and mothers and approximately equal number of male and female
adolescents aged 11-15 years. Parents were initially contacted by telephone, asking if
they were interested in participating in the study. Afterwards, they received detailed
information on the study aim and a link to the online questionnaire via e-mail. Prior to
study participation, parents and adolescents were asked for their consent to participate.
Only if consent was provided, participants were able to start the survey. The questionnaire
was structured in two sections: parents completed the first part of the questionnaire. After
that, parents were asked to let the adolescent fill out the second part on his or her own.

2.4. Measures
2.4.1. Sociodemographic Data

Socio-demographic data was obtained from the parental section of the questionnaire.
Parents indicated adolescents’ sex/gender, age, height, and weight.

2.4.2. Motivation towards Active Travel

To assess adolescents” motivation towards AT, the items from the Spanish Behavioural
Regulation in Active Commuting to and from School (BR-ACS) Questionnaire [25] were
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translated into German. Additionally, items were adapted to focus on motivation towards
AT in general (no exclusive focus on AT to/from school). Thus, the expression “to and
from school” was replaced with “cover a distance”. The translation process commenced
with the translation of the original BR-ACS by two independent researchers and the
discussion of the resulting two translations. After reaching consensus, the items were
reviewed by three experts in the field of youth activity behavior and SDT and subsequently
retranslated to ensure the consistency of the German items with the original items. The
resulting questionnaire was given to four adolescents (two boys, two girls) to evaluate the
acceptability and understanding of the questionnaire. Their feedback resulted in the final
German version of the BR-ACS which was used in the study.

The questionnaire comprised six subscales that aimed to assess adolescents’ intrinsic
motivation (four items; e.g., “I cover distances by foot or bike because it’s fun”), integrated
(four items; e.g., “I cover distances by foot or bike because it fits to who I am”), identified
(three items; e.g., “I cover distances by foot or bike because I value the advantages”),
introjected (four items; e.g., “I cover distances by foot or bike because I feel guilty when I
don’t do s0”) and external regulation (four items; e.g., “I cover distances by foot or bike
because other people say I should do so”), and amotivation (four items; e.g., “I don’t see
the sense of covering distances by foot or bike”) regarding AT. Participants responded on a
5-point Likert scale, from 0 (do not agree at all) to 4 (completely agree). For each subscale,
a mean value was calculated for each participant. Previous research demonstrated an
appropriate fit of the 6-factor model representing the six motivational types in Spanish,
Portuguese, and Swedish adolescents, and supported the simplex structure proposed by
SDT [25,27,29]. In the present sample, internal consistency coefficients ranged from 0.69
to 0.91.

2.4.3. Basic Psychological Needs Satisfaction towards Active Travel

Adolescents’ BPNs satisfaction was assessed using an adapted version of the Spanish
Basic Psychological Need Satisfaction in Active Commuting to and from School (BPNS-
ACS) Questionnaire [26]. The items were translated into German and adapted in the same
way as it was done with the motivational questionnaire. The questionnaire comprised
three subscales that aimed to assess adolescents” autonomy (four items, e.g., “I can choose
how I cover distances”), competence (four items, e.g., “I feel that I have the necessary
skills to cover distances on foot or by bicycle”), and relatedness (four items, e.g., “I feel
very comfortable with the people who accompany me”) satisfaction regarding AT. The
twelve items were answered using a 5-point Likert scale, from 0 (do not agree at all) to 4
(completely agree). For each of the three subscales, a mean value was calculated for each
participant. Previous research showed an acceptable fit of the 3-factor model (autonomy,
competence, and relatedness) and found that the questionnaire was valid and reliable in a
sample of adolescents [26,27]. For the present study, internal consistency coefficients for
autonomy, competence, and relatedness satisfaction were 0.75, 0.85, and 0.76, respectively.

2.4.4. Travel Behavior

Adolescents’ travel mode (e.g., by bike, by bus, by car, etc.) was assessed for relevant
destinations in adolescence [46]: to school, from school, to friends/relatives, to shopping op-
portunities, and to leisure facilities. The assessment was based on the Mode and Frequency
of Commuting To and From School Questionnaire [56] and the Mobility in Germany survey
(Mobilitét in Deutschland, MiD, [57]). The given answers regarding the usual travel mode
on the way to the respective destinations were subsequently categorized into either active
(e.g., walking, cycling) or passive (e.g., being driven by car, using public transport). Thus,
we obtained a dichotomous variable (active or passive) for each destination. Additionally,
travel distance to each destination was assessed. Parents reported the distance to school.
Distance to shopping facilities, friends/relatives, and leisure facilities was obtained from
adolescents’ self-reports. Adolescents were asked to indicate the distance to the respective
destinations according to the following categories: less than 500 m, between 500 m and
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1 km, between 1 km and 2 km, between 2 km and 3 km, between 3 km and 5 km, and more
than 5 km.

To depict adolescents’ overall travel behavior, we first calculated the total number of
destinations a participant usually reached actively and the total number of destinations
reached passively. The adolescents were also asked to report whether they usually visit the
different destinations at all. In a next step, we calculated the “proportion of ways traveled
actively’ by dividing the total number of destinations a participant usually reached actively
by the sum of all destinations a participant reported to travel to.

2.5. Data Analysis

SOM analysis was used to classify participants into clusters and provide profiles
according to participants’ similarities regarding the input variables [58]. The nine variables
intrinsic motivation, integrated regulation, identified regulation, introjected regulation,
external regulation, amotivation, autonomy satisfaction, competence satisfaction, and
relatedness satisfaction were used as input variables. The SOM analysis was conducted
with the Matlab R2018a program (Mathworks Inc., Natick, MA, USA) and the SOM toolbox
(version 2.0 beta) for Matlab [59]. The procedure to obtain the SOM contained three
steps [58]: network building, initialization, and training. During network building, a
neuron network was constructed, by selecting the lattice size of 14 x 8 neurons based on
the sample size of this study. Thereby, each neuron is represented by an empty vector
with length equal to the number of input variables. Second, during the initialization, a
starting weight (-value) is assigned to each neuron. This is performed for each input
variable and in two different ways: randomized and linear initialization. In the third step,
two training algorithms (i.e., sequential and batch) were applied to modify the initially
assigned weights of the neurons [60]. The modification of the neuronal weights in each
iteration of the training process is influenced by several factors. After an input vector
(representing a study participant’s characteristics in the input variables) is introduced to
the neuron network, the neurons compete in order to win the input vector. The neuron
with the smallest Euclidean distance to the input vector is the winning neuron. Thus, the
winning neuron exhibits the weight vector with the closest values to the input vector’s
values. Subsequently, all neurons in the network adapt their weight values to the values of
the input vector [61]. A neuron’s ability to adapt, in turn, depends on the learning ratio and
the neighborhood function. The learning ratio commences with a high value and decreases
as the training proceeds. The neighborhood function maximizes the adaption magnitude of
the winning neuron and its closest neighbors and decreases the adaption magnitude of the
neurons that are further away in the network. This adaption process repeatedly continues
until the training process is completed [58,61]. Due to random procedures included in
the SOM analysis (i.e., initialization and entry order of the input vector), this process was
iterated 100 times. This increases the odds of finding the best solution to the problem.
Finally, 1600 SOMs resulted from the two training algorithms, four neighborhood functions,
and two initialization methods (i.e., 100 x 2 x 4 x 2). Topographical and quantization
errors (the average Euclidean difference between participants’ input vectors and the weight
vectors of the neuron that they are assigned to) were multiplied and the map with the
minimum error was selected [61,62]. Subsequently, to categorize neurons into groups
according to the values of the input variables (intrinsic motivation, integrated regulation,
identified regulation, introjected regulation, external regulation, amotivation, autonomy
satisfaction, competence satisfaction, and relatedness satisfaction), a k-means method was
used. In order to enable a solution that allows reasonable interpretations by avoiding an
excessive amount of clusters, the number of clusters was restricted to range between 2 and
10. The final number of clusters was chosen depending on the Davies-Bouldin index [63]
(see Figure 1). The resulting clusters represent typical profiles of adolescents with regard to
their AT-related behavioral regulation and BPNs satisfaction.
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Figure 1. Component planes, clusters (C1-C6), and hits obtained by the SOM analysis. (A) Com-
ponent planes of the nine input variables (intrinsic motivation, integrated regulation, identified
regulation, introjected regulation, external regulation, amotivation, autonomy satisfaction, compe-
tence satisfaction, and relatedness satisfaction). Yellow neurons indicate comparatively high values;
dark blue neurons indicate comparatively low values, depending on the sample’s distribution. (B) Hit
map with the six clusters (C1-C6). The bigger the green filling of a neuron, the higher the number
of adolescents assigned to the neuron. (C) Quantization error according to the possible number of
clusters selected. (D) Overview on number of participants in every cluster.

Further analyses were conducted with IBM SPSS Statistics 27. Referring to research
question 1, differences in the input variables between the identified clusters were tested
using Welch’s-ANOVA and the Games—-Howell post-hoc test (level of significance p < 0.05),
due to no homogeneity of variances (Levene’s tests, p < 0.05). Effect sizes were calculated
using the adjusted omega squared (est. w?) test. To answer research question 2, whether
overall AT differed between clusters, differences in the proportion of ways traveled actively
were assessed using Welch’s-ANOVA and the Games—-Howell post-hoc test (level of signifi-
cance p < 0.05) because the assumption of homogeneity of variance was not met (Levene’s
test, p < 0.05). Research question 3 addressed whether travel mode and travel distance were
associated with cluster membership, when destinations are considered individually. Asso-
ciation of travel mode and cluster membership was assessed using the Chi-Squared test
(level of significance p < 0.05); Cremér’s V was estimated to indicate effect size according to
Cohen [64]. Since adjusted residuals follow a z-distribution, a value of +/—1.96 indicated
significant differences between the observed number of adolescents using a travel mode
(active or passive) to a destination in a cluster and the expected number. Difference between
clusters in distance to school was assessed using Welch’s-ANOVA (level of significance
p < 0.05) due to the lack of homogeneity of variance (Levene’s test, p < 0.05). Association of
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distance to friends or relatives, shopping facilities, and leisure facilities with cluster mem-
bership was assessed using the Chi-Squared test (level of significance p < 0.05); Cremér’s V
was estimated to indicate effect size according to Cohen [64]. Lastly, to answer research
question 4, the Chi-Squared test (level of significance p < 0.05) was applied to analyze
whether cluster membership was associated with sex/gender. Additionally, differences
between the clusters regarding BMI and age were tested by ANOVAs with a significance
level of p < 0.05.

3. Results
3.1. Cluster Description

The results of the SOM analysis are presented in Figure 1. For each of the nine input
variables, component planes were created (Figure 1A) in which neurons are presented as
hexagons. Each adolescent remains in the same neuron in each of the nine component
planes. Further, participants located in the same neuron exhibit similar values regarding
the input variables. Neurons were grouped into clusters (C1, C2, C3, C4, C5, C6), which
are presented in different colors in Figure 1B. The quantization error suggested six clusters
(Figure 1C). Figure 1D presents how many adolescents were assigned to each cluster
(nc1 =81; nep = 70; ncs = 69; ncyg = 79; ncs = 84; ncg = 134).

Welch’s-ANOVAs indicated significant difference between clusters in every input
variable (intrinsic motivation: F(5, 217.66) = 209.90, p < 0.001, est. w? = 0.67; inte-
grated regulation: F(5, 223.34) = 329.77, p < 0.001, est. w? = 0.76; identified regulation:
F(5,223.83) = 218.63, p < 0.001, est. w? = 0.68; introjected regulation: F(5, 227.40) = 71.59,
p <0.001, est. w? = 0.41; external regulation: F(5, 221.70) = 83.98, p < 0.001, est. w? = 0.45;
amotivation: F(5, 208.82) = 72.04, p < 0.001, est. w? =0.41; autonomy: F(5, 211.84) = 80.34,
p < 0.001, est. w? = 0.43; competence: F(5, 198.80) = 29.84, p < 0.001, est. w? = 0.22; related-
ness: F(5,212.04) = 26.69, p < 0.001, est. w? = 20. The means and standard deviations of
the nine input variables and for the proportion of ways traveled actively for each of the
six clusters are presented in Table 1. Post-hoc comparisons were conducted to examine
significant differences in the input variables between the clusters.

In the following, the profiles of the clusters are described based on the distribution of
the six motivational types within each cluster and in consideration of the cluster’s mean
scores in the motivational and BPNs satisfaction variables relative to the mean scores of the
complete sample (in each variable).

Cluster 1: Controlled-amotivated—Iless satisfied. Autonomous forms of motivation
and introjected regulation were below the sample’s average scores. All average values of
autonomous forms of motivation were lowest in this cluster. External regulation was above
the sample’s average and average amotivation was highest in this cluster. The distribution
of the motivational types clearly represented a non-self-determined profile. Satisfaction of
all BPNs was below the sample’s average.

Cluster 2: Low-autonomously motivated—Iess satisfied. All autonomous and con-
trolled forms of motivation were below the sample’s average. Amotivation was close to the
sample’s average. The distribution of the motivational types was slightly in favor of the
autonomous forms of motivation and specifically of intrinsic motivation. Satisfaction of all
BPNs was below the sample’s average.

Cluster 3: Mixed moderately motivated—Iless satisfied. Autonomous forms of motiva-
tion were below the sample’s average, while controlled forms and amotivation were above.
The distribution of the motivational types was balanced. Satisfaction of competence and
relatedness were close, yet still below the sample’s average. Autonomy satisfaction was
below the sample’s average.

Cluster 4: Moderate-autonomously motivated—more satisfied. Intrinsic motivation
was above the sample’s average, and integrated and identified regulation were close to
average. Both controlled forms of motivation and amotivation were below the sample’s
average. Average amotivation was second lowest in this cluster. The distribution was in
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favor of the autonomous forms of motivations. Satisfaction of all BPNs was above the
sample’s average.

Cluster 5: Mixed highly motivated—Iless satisfied. All autonomous forms of motiva-
tion were above the sample’s average. Amotivation was close to the sample’s average. The
distribution of the motivational types tended towards a self-determined profile; however,
controlled forms of motivation were also above the sample’s average. Satisfaction of all
BPNs was below the sample’s average.

Cluster 6: High-autonomously motivated—more satisfied. All autonomous forms
of motivation were highest in this cluster. Introjected regulation was above the sample’s
average, while external regulation was below. Adolescents expressed lowest average
amotivation in this cluster. Motivational types were clearly distributed towards a self-
determined profile. Satisfaction of all BPNs was above the sample’s average.

An additional bar chart of the mean values of the input variables of the six clusters is
provided in Figure 2 to visualize the motivational distribution, amount of motivation, and
BPNss satisfaction within each cluster.

Table 1. Means (standard deviation) and pairwise comparison of SOM input variables and proportion
of ways traveled actively for all six clusters and for the total sample.

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Total

Intrinsic Motivation 1.90 (0.70) 3.02 (0.66) 3 3.09 (0.57) 2 3.86 (0.58) 5 3.88 (0.52) 4 4.51 (0.50) 3.51 (1.05)

Integrated 4 3

Regulation 1.49 (0.46) 2.20 (0.61) 2.69 (0.53) 2.78 (0.61) 3.64 (0.50) 4.24 (0.62) 3.01(1.12)
Identified Regulation 1.75 (0.54) 2.27 (0.64) 2.91 (0.55) 4 3.09 (0.56) 3 3.77 (0.48) 4.11 (0.66) 3.12 (1.03)

Introjected 24 14 6 1.2 3

Regulation 1.30 (0.41) 1.25 (0.30) 2.03 (0.56) 1.35 (0.39) 2.64 (0.81) 1.94 (0.70) 1.78 (0.76)
External Regulation 2.48 (0.98)° 1.43 (0.40) © 2.91(0.72)° 1.81 (0.70) © 2.85(0.76) 13 1.60 (0.63) 2*  2.12(0.92)

Amotiation 2.88(1.15)3 1.56 (0.62) 5 2.52 (0.80) ! 1.21 (0.35) © 1.82 (0.98) 2 1.15(0.39)4  1.78(0.99)

Autonomy 23 135 12 5 24

Satisfaction 3.25 (0.81) 3.60 (0.72) 3.40 (0.66) 4.00 (0.56) 3.80 (0.48) 458 (0.42) 3.87 (0.77)

Competence 235 13,5 1,2,5 6 12,3 4

Satisfaction 4.09 (0.98) 437 (0.74) 4.34 (0.64) 4.80 (0.32) 4.45 (0.57) 4.89 (0.23) 454 (0.67)

gg{fstfa‘ift‘lisrf 3.97(0.85) 235  3.90(0.72) 135  4.19 (0.69) 1>° 4.60 (0.45) © 3.97 (0.65) 123 457(0.43)*%  4.24(0.69)

Proportion of ways
traveled actively (all ~ 0.47(0.34)2%  0.54 (0.34) 3%  0.58 (0.33) 12456 (.65 (0.26) >>>°  0.69 (0.28) 346 0.71 (0.28) 345  0.62 (0.31)
destinations)

Note: Pairwise comparisons between clusters (Games—Howell post-hoc) were significant (p < 0.05) except those
marked with superscript numbers (1, 2, 3, 4, 5, 6), which indicate non-significant differences to the respective
cluster (e.g., Cluster 1, introjected regulation 2* = introjected regulation of Cluster 1 is not significantly different
from introjected regulation of Cluster 2 or Cluster 4).
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Figure 2. Overview on mean values of SOM input variables across the six clusters.
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3.2. Overall Active Travel Behavior

Proportion of ways traveled actively was significantly different between clusters,
F(5,219.78) = 7.85, p < 0.001, est. w? = 0.06. Post-hoc-tests showed that some clusters did
not differ significantly from each other in the proportion of ways traveled actively (see
Table 1). C1 had the lowest proportion of ways traveled actively compared to all clusters
but was only significantly different from C4-C6. C3 did not differ significantly from any
other cluster. Adolescents in C5 or C6 reported significantly higher proportions of ways
traveled actively compared to adolescents from C1 and C2.

3.3. Travel Mode and Distance to Specific Destinations

Travel mode was significantly associated with cluster membership for travel to school,
x? (5) = 20.23, p = 0.001, V = 0.20; travel from school, x? (5) = 15.63, p = 0.008, V = 0.17;
to friends or relatives, x? (5) = 29.43, p < 0.001, V = 0.24; travel to shopping facilities, x>
(5) =13.05, p = 0.023, V = 0.16; and travel to leisure facilities, x> (5) = 23.37, p < 0.001,
V = 0.22. For travel mode to school, from school, to friends or relatives, and to leisure
facilities, adjusted residuals exceeded the threshold of +/—1.96 in C1 and C6. Across those
destinations, significantly more adolescents than expected used a passive travel mode
in C1, while significantly more adolescents than expected used an active travel mode in
C6. Additionally, adjusted residuals exceeded +/—1.96 in C5 for AT to school. Thus, in
C5, more adolescents than expected traveled to school actively. Regarding travel mode
to shopping facilities, adjusted residuals exceeded the threshold of +/—1.96 only in C2,
indicating that significantly more adolescents than expected used a passive travel mode.
Across all destinations, a similar trend was observable: the percentage of adolescents
traveling actively increases from C1 to C6, while it decreases for passive travel. Detailed
information on count, expected count, percentage values, and adjusted residuals for travel
mode to the various destinations are presented in the supplementary material (Table S1).

There was no significant difference in distance to school between clusters,
F(5, 213.58) = 1.28, p = 0.272. No significant association was found for cluster membership
with distance to friends or relatives, x? (25) = 32.54, p = 0.143; with distance to shopping
facilities, x2 (25) = 29.68, p = 0.236; or with distance to leisure facilities, x2 (25) = 17.01,
p = 0.881. The distribution of adolescents across distance categories across the six clusters
is provided in the supplementary material as well as mean distance to school per cluster
(Table S2).

3.4. Cluster Membership and Sex/Gender, Age, and Weight Status

Table 2 shows the respective number of boys and girls as well as mean age and BMI of
the adolescents in each cluster. Adolescents” weight status was assessed in 405 participants.
No significant difference appeared between clusters and age, F(5, 511) = 1.49, p = 0.192; or
BMI, E(5, 399) = 0.70, p = 0.627. Further, association of sex/gender and cluster membership,
x% (5) =7.30, p = 0.20 was not significant.

Table 2. Description of the clusters by sex/gender, age, and weight status.

N Male/Female Age * BMI *

Total 517 (100%) 263 (50.9%) /254 (49.1%) 13.11(1.33) 1923 (3.32)
Cluster 1 81 (15.7%) @ 31 (38.3%)/50 (61.7%) 1311 (1.26) 1955 (3.47)
Cluster 2 70 (13.5%) 36 (51.4%)/34 (48.6%) P 1331 (1.46)  19.18 (3.12)
Cluster 3 69 (13.3%) 2 37 (53.6%)/32 (46.4%) 13.06 (1.36)  19.31 (4.04)
Cluster 4 79 (15.3%) @ 43 (54.4%)/36 (45.6%) P 12.86 (1.32)  19.27 (2.93)
Cluster 5 84 (16.2%) @ 41 (48.8%) /43 (51.2%) P 12.85(1.33)  18.54 (2.75)
Cluster 6 134 (25.9%) 2 75 (56.0%) /59 (44.0%) P 1317 (1.34)  19.41 (3.45)

* Age and BMI: Data are expressed as mean and standard deviation. ? Percentage refers to total amount of
participants (N = 517). P Percentage of male and female adolescents referring to the total amount of participants
assigned to the respective cluster.
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4. Discussion

This study aimed to explore naturally occurring profiles in adolescents with regard to
motivation and BPNs satisfaction in AT. Using SOM analysis, six clusters were identified
based on the six different motivational types (amotivation, external regulation, introjected
regulation, identified regulation, integrated regulation, and intrinsic motivation) and the
satisfaction of the three BPNs (autonomy, competence, relatedness). The clusters were
used to explain differences in AT behavior among adolescents. Additionally, we compared
the characteristics (i.e., sex/gender, age, and weight status) of adolescents in each cluster.
Before discussing the findings, it is worth reflecting upon the potential problem of reification
described by Vansteenkiste and Mouratidis [35] regarding the person-centered approach
used. Even though every adolescent is categorized by the psychological characteristics
of the specific cluster, it is important to note that some adolescents are more prototypical
than others. Thus, cluster membership might better be understood as probability than
determination [35]. This should be kept in mind throughout the following discussion
of results.

First, concerning research question 1, the clusters are regarded against the theoretical
background of SDT [17,18,20]. The six identified clusters were distinct in the composition of
the motivational characteristics. To a varying extend, the motivational pattern for AT in C2,
C4, and C6 tended towards an autonomous profile focusing on the self-determined end of
the continuum. C6 exhibited the most prototypical profile in terms of an unimodal distribu-
tion of motivation for AT [36]. C4 and C2 did not completely align to the proposed simplex
structure of motivation [18,37], however, the overall impression was still autonomous (see
Figure 2). C1 presented a profile of overall low quantity motivation for AT, which also
showed a tendency toward the non-self-determined end of the continuum and thus was
classified as controlled. In this case, the particularly high values of amotivation explain
the low level of motivation in this profile, because according to definition, amotivation
represents the lack of motivation [18]. C3 demonstrated a profile of mixed motivation for
AT with comparable levels in all forms of motivation. In C5, the motivational distribution
tended towards a more self-determined profile, however, controlled types of motivation
were also high. Thus, no clear focus could be identified, leading to the impression of a
mixed motivated profile. C3 and C5 exemplify that AT behavior in adolescents could be
regulated by autonomous and controlled motivation simultaneously. Overall, our findings
suggest the existence of distinct motivational profiles among adolescents regarding AT,
including profiles characterized by a mainly autonomous or controlled pattern, as well as
profiles with a more heterogeneous motivational distribution. Our findings are supported
by research from diverse backgrounds, investigating motivation via person-centered ap-
proaches. Throughout different studies, profiles with unimodal curves were identified, as
well as profiles that substantiate the heterogeneity of motivation [38—40,42,50,65,66].

Further, SDT assumes higher satisfaction of the BPNs as precondition for the au-
tonomous forms of motivation [17,18]. In our study, all clusters showed comparatively high
levels of BPNs satisfaction towards AT (see Table 1 and Figure 2). Overall, BPNs satisfaction
was significantly higher in C4 and C6, both of which demonstrated high values in the
autonomous forms of motivation and corresponding low values in the controlled forms
and amotivation. This is congruent with the assumptions of SDT that BPNs satisfaction
fosters autonomous forms of motivation [17]. Likewise, person-centered studies found
that BPNs satisfaction was higher in clusters that expressed higher values in autonomous
motivation [41] or were rated as high quality profiles [38,45]. However, C5 also exhibited
high values in autonomous motivation but lower satisfaction of the BPNs compared to
C4 or C6. The higher values of the controlled forms of motivation in C5 compared to C4
and C6 might yet be explained by the lower BPNs satisfaction in C5. Nevertheless, all
clusters demonstrated high levels of BPNs satisfaction and differences between clusters
in the BPNs were small (even though sometimes statistically significant, effect sizes were
small), especially regarding competence and relatedness. Thus, satisfaction of the BPNs
seems to play a minor role for the motivation for AT in adolescents.
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Regarding research questions 2 and 3, the clusters are used to explain the difference in
overall AT and travel mode choice to the individual destinations. Concerning BPNs satis-
faction in AT, the previously mentioned high values across all clusters limit the explanatory
possibilities with regard to AT behavior. Therefore, in the following, the explanation for
differences in AT behavior is based primarily on the motivational patterns of the clusters.
Nevertheless, it needs to be considered, that variable-based research found a positive
association of BPNs satisfaction with AT to and from school [26]. This stresses the need for
more person-centered research explicitly focused on BPNs in AT.

Even though some clusters did not significantly differ in their AT behavior, two ben-
eficial clusters and one disadvantageous cluster were detected. The two most beneficial
clusters for overall AT in adolescents constituted C5 (mixed highly motivated—Iess satis-
fied) and C6 (high-autonomously motivated—more satisfied), with a significantly higher
proportion of active ways than C1 (controlled-amotivated—Iless satisfied) and C2 (low-
autonomously motivated—Iless satisfied). Both C5 and C6 had similar levels in overall AT.
Additionally, when considering the destinations individually, either C6 or C5 contained the
highest percentage of adolescents using an active mode across all destinations. For most
destinations (except for travel to shopping facilities), C6 exceeded the expected number of
adolescents traveling actively. C5 exceeded this number for travel to school. Even though
the motivational distribution showed a more autonomous pattern in C6 compared to C5,
the higher values of controlled forms of motivation in C5 might not have been harmful be-
cause autonomous forms were appropriately present. Indeed, controlled motivation might
have complemented autonomous motivation, resulting in a high motivation quantity. This
is in line with person-centered research from physical education and leisure-time PA [40,41].
However, in the context of AT, research from Spain and Sweden assumed that adolescents
benefit only from autonomous forms of motivation but not from controlled forms [25,29].
This might be attributed to their variable-centered approach, which assumes a homoge-
neous population of participants and thus, focuses on the effect of motivation rather than
on identifying subgroups in a population with similar motivational characteristics.

Additionally, no significant difference in overall AT behavior was observable between
C5 and C6 on the one side and C4 (moderate-autonomously motivated—more satisfied)
on the other side. Even though adolescents in C4 exhibited lower levels of autonomous
forms of motivation compared to adolescents in C6, C4 still featured an autonomous profile.
Nevertheless, overall motivation quantity (i.e., amount of autonomous and controlled
motivation) of C4 appeared lower compared to C5 and C6. This might have contributed
to the finding that overall AT behavior in C4 was significantly higher than in C1 but not
compared to C2. Thus, not only motivation quality (i.e., autonomous pattern) but also
quantity (i.e., high autonomous and controlled motivation) was decisive for AT. This is in
line with research from physical education, which found that in-class performance was
rated equally for students allocated in the autonomously motivated (corresponding to high
quality) profile and in the high motivation (corresponding to high quantity) profile [65].
Nevertheless, considering the single destinations, C4 contained a higher percentage of
adolescents traveling actively to friends or relatives than C5. This might be attributed to
the context of traveling to friends. Presumably, this destination allows more freedom of
choice (e.g., when to travel, what to carry) than other destinations. Thus, adolescents might
be more likely to decide for their preferred travel mode (e.g., the travel mode for which
they are most autonomously motivated). This would indicate the great relevance of a more
autonomously motivated and higher satisfied profile in travel contexts with less external
constrains.

The most vulnerable profile is represented by C1 (controlled-amotivated—Iess satis-
fied). Adolescents in C1 reported significantly lower overall AT compared to adolescents
assigned to C4, C5, or C6. Considering the destinations individually, C1 had the highest
percentage of adolescents traveling passively to and from school, to friends or relatives, and
to leisure facilities. C1 was classified as controlled-amotivated due to the low values in the
more self-determined types of motivation and the corresponding higher values in external
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regulation and amotivation. The low levels of AT in this cluster are in line with research
on students in physical education, which demonstrated lower levels of effort in physical
education in more controlled profiles compared to more autonomous profiles [38]. Com-
pared to C5, adolescents allocated to C1 expressed comparable levels of external regulation
and even lower values in introjected regulation. Considering the definition of introjected
regulation [18], adolescents in this cluster might not yet have internalized external sources
of motivation, thus cannot make use of them. Only amotivation was significantly higher
in C1 compared to C5. This illustrates the advantage of a profile that expresses a high
motivation quantity (i.e., high autonomous and controlled motivation) in combination with
low amotivation (i.e., no motivation).

Interestingly, travel distance to school, to friends or relatives, to shopping facilities,
and to leisure facilities was not associated with clusters. Therefore, distance did not seem
to be a decisive factor in determining adolescents’ composition of motivation and BPNs
satisfaction. This is conflicting with previous research suggesting that among other factors,
adolescents’ personal barriers increase with increasing distance [67]. Future research might
consider additional factors associated with adolescents’ travel behavior (e.g., general PA,
neighborhood walkability, safety concerns) and investigate whether such factors differ
between clusters.

Regarding research question 4, clusters did not differ in terms of sex/gender, age,
or BMI. This supports the idea that the profiles found in our study appear equally in
male and female adolescents, and across age and BMI groups. However, regarding age,
the non-significant difference may result from the small overall age range of the study
population. Concerning sex/gender, previous variable-based approaches have found
inconsistent results concerning differences in the individual motivational types [29,68].
Further, even though not significant, the proportion of boys was lowest in C1 (identified as
most vulnerable cluster for AT) and highest in C6 (identified as one of the most beneficial
clusters for AT). Future research might specifically concern the identification of clusters
in boys and girls separately to address this issue. Additionally, it needs to be noted
that some data were missing regarding BMI, which might have contributed to the non-
significant results. Overall, comparison with other studies’ results is difficult due to the
diverse settings, variables, and the nature of the person-center approach, which aims to
create subgroups from populations. This impedes generalizability of results, thus makes
comparisons of studies complicated. Thus, further research, including person-centered
analyses, is needed regarding motivation and BPNs satisfaction in AT.

4.1. Implications

Opverall, our findings support the applicability of SDT in the context of AT. The cluster
solution enabled a better understanding of the SDT-based determinants of AT within
adolescents by identifying specifically vulnerable (i.e., adolescents in C1) and resilient
(i.e., adolescents in C5 and C6) groups of adolescents. Adolescents who exhibited high
quantity of motivation (i.e., high autonomous and controlled motivation) in combination
with a tendency towards a higher motivation quality pattern (i.e., a focus towards the
self-determined end of the continuum) and highest BPNs satisfaction were most likely to
choose an AT mode. Nevertheless, a profile of lower quality due to high levels of controlled
motivation seemed to be equally beneficial, as long as autonomous motivations were
appropriately present and high values of introjected regulation indicated internalization.
Thus, intervention programs should incorporate appropriate behavior-change techniques
that aim at creating motivational profiles resembling the profile of C6 (high-autonomously
motivated—higher satisfied) or C5 (mixed highly motivated—Iless satisfied) to enable AT
to several destinations in adolescents’ daily life. Even if a profile comparable to C6 might
not be achieved, a profile resembling C1 should be avoided in any case. More specifically,
the amount of both controlled and autonomous forms of motivation should be increased,
which subsequently would involve a reduction of amotivation. Ideally, autonomous
motivation should exceed controlled motivation, creating high-quality motivation profiles.
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However, future research should consider two issues that arise from this finding. First,
we found that for destinations offering greater freedom of choice, profiles characterized
by a more autonomous distribution of motivation and higher BPNs satisfaction might be
more beneficial for choosing an AT mode. Thus, research should put special emphasis
on examining diverse destinations that offer varying degrees of freedom to clarify the
utility of profiles that differ in their composition of motivation and BPNs satisfaction. This
directly relates to the second issue of a potentially poorer quality travel experience, when
adolescents face a high number of controlled motivations. Thus, longitudinal studies
might contribute to clarify long-term consequences, specifically, whether profiles involving
high levels of controlled motivation provide a sustainable way of promoting AT behavior.
Taking into account that distance did not differ between clusters highlights the benefits of
motivational intervention programs to increase AT to destinations regardless of distance.
Further, the association of cluster and travel mode across all examined destinations supports
the relevance of the clusters in the context of a variety of destinations in the daily life of
youth and not just in the context of school travel. Thus, programs might not necessarily
have to be placed in the context of a specific destination, but addressing motivation towards
AT in general could enhance AT to several destinations.

4.2. Strength and Limitations

To the best of our knowledge, this was the first study to use a person-centered ap-
proach to analyze motivational variables in the context of general AT in adolescence in
order to identify typical occurring profiles. A strength of the study was the focus on the
adolescent population, which is at risk for physical inactivity and is rather under-researched
in the field of AT compared to younger children [54,55]. Assessing AT behavior without
focusing exclusively on the school context demonstrated another unique feature of the
ARRIVE study compared to most other research in this field [53]. Using a person-centered
approach allowed identifying groups of adolescents that share specific combinations of
motivational characteristics and helped identify particularly vulnerable adolescents (e.g.,
C1). Additionally, this analysis acknowledged the assumption that the presence of a single
form of motivation does not neglect the absence of any other form [35]. Further, this re-
search benefited from the detailed assessment of intrinsic motivation, integrated regulation,
identified regulation, introjected regulation, external regulation, and amotivation, without
collapsing them to a single score, which subsequently allowed an understanding of the
unique composition within each cluster. Lastly, to assess motivation towards AT and
BPNs satisfaction, we made use of questionnaires, which have previously been used and
validated in the population of adolescents [25-29]. The limitations of the study included the
purposely drawn sample that prevents the generalizability of the results, the exclusive use
of self-report data, as well as its cross-sectional design. A longitudinal design could have
specifically helped clarify whether the small deviations in BPNs satisfaction contributed to
the motivational differences across clusters. Regarding the assessment of motivation and
BPNs satisfaction, it needs to be noticed that adolescents did not answer the questionnaires
separately for each of the destinations, but once for active travel in general. Future research
might consider this and investigate whether these determinants of AT differ when a specific
reference to a destination is given. Additionally, AT behavior assessment was based on the
usual travel mode which does not take the actual quantity of AT into account. Further, we
collapsed several travel modes into a dichotomous variable ‘active” and ‘passive’ travel
behavior. Even though research suggests the analysis of the precise modes (e.g., walking,
cycling, car etc.) [69], we aimed to enable a more concise presentation of the already detailed
analysis. Regarding the assessment of distance to the analyzed destinations, it needs to be
mentioned that distance was not assessed uniformly across destinations. While distance to
school was assessed via parents and by a continuous variable, distance to the remaining
destinations was assessed via adolescents and by categories. Lastly, it is worth mentioning,
that the survey was conducted during the COVID-19 pandemic. Even though data were
collected in June 2021 when restrictions were low in Germany, we cannot estimate the
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extent to which this might have impacted the results. For example, temporary interventions,
such as pop-up bicycle lanes, might have temporarily altered travel patterns during the
pandemic [70].

5. Conclusions

Based on intrinsic motivation, integrated regulation, identified regulation, introjected
regulation, external regulation, amotivation, and the satisfaction of autonomy, competence,
and relatedness, the SOM analysis revealed six distinct clusters. The clusters helped to
explain differences in AT behavior in adolescents. High motivation quality in combination
with high quantity of motivation was most beneficial for AT behavior. Additionally, high
levels of controlled forms of motivation did not appear harmful with regard to AT behavior
as long as the cluster was still in favor of the autonomous forms. However, future research
should investigate whether controlled motivation might provide poor quality experiences
and thus do not constitute a sustainable way of promoting AT behavior. The most vul-
nerable cluster was characterized by low motivation quantity and quality in combination
with high levels of amotivation. Interpretation of the relevance of BPNs satisfaction was
limited, as the values hardly differed between the clusters. Nevertheless, even slightly
higher BPNs satisfaction seemed to increase the chance of a more autonomously moti-
vated profile. Associations of clusters with travel mode across all examined destinations
highlight the applicability of our findings to a variety of destinations beyond the school
destination. Findings regarding distance suggest that interventions to promote AT in the
sense of achieving a high-autonomously motivated profile might be successful regardless
of distance to a destination.
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Summary:

The main aim of this publication was to explore the decision-making process on travel mode
choice from adolescents' perspective. Although various studies have identified multiple
factors associated with active travel, there is a lack of a comprehensive understanding of how
these factors are processed by adolescents during decision-making. Thus, we conducted 13
interviews with adolescents aged 11 to 14 and analyzed them using thematic analysis (Braun
& Clarke, 20086). A gradual process of decision-making was conceptualized according to the
four generated themes: Theme 1) Travel mode is dependent on the context (i.e., situational
circumstances and destination); Theme 2) Availability of travel mode choice options is
influenced by factors beyond the individual’s perceived control; Theme 3) Travel mode choice
is dependent on pros and cons assessment; Theme 4) Decision is guided by habitually used
travel mode. These themes and the conceptualization of the decision-making process provide
various implications for promoting active travel and several entry points for interventions.
Specifically, the findings suggest considering contextual circumstances such as day
schedules and various destinations as well as individual travel modes (e.g., walking, skating,
cycling) rather than addressing ‘active travel’. Further, interventions must balance enabling
various choices to foster autonomous decision-making and promoting the advantages of
active travel modes. Finally, interventions to promote healthy travel behaviors should include
practices that encourage conscious processing during decision-making, specifically in

habitual travel mode choices.

Although this research did not specifically focus on the processing of motivation during
decision-making, the conceptualization of the decision-making process helps to understand
the role of motivation during decision-making. Motivation is an individual factor that influences

(perceived) availability of travel modes (part of Theme 2) and thus can have an effect on the
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pros and cons assessment (part of Theme 3). Moreover, motivation exhibits interactive

dynamics with habits (Theme 4) during habit formation and in endeavors of behavior change.
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Abstract

Active travel can contribute to multiple health benefits in youth. Previous research has identified several factors influencing travel
behavior. This study investigates how adolescents process these factors during their decision-making process on travel mode
choice. Semi-structured interviews were conducted with 13 adolescents (11-14 years) and analysed using deductive-inductive
thematic analysis. Four themes were generated from which the decision-making process on mode choice was conceptualized
according to adolescents. The step-by-step process in which travel mode options were gradually reduced, was dependent on the
context (Theme 1), the perceived availability of travel mode choice options, which was influenced by factors beyond the individu-
al's perceived control (Theme 2), and on adolescents’ pros/cons assessment to identify the most convenient option. Adolescents’
habitually used travel mode influenced the decision at several stages throughout the process (Theme 4). To promote healthy
travel behaviors, interventions should consider contextual circumstances, balance between enabling autonomous choices and
promoting advantages of active travel modes, address individual travel modes and include practices that foster conscious pro-
cessing of decision-making.

Keywords: active travel, sustainable travel, health promotion, decision-making, transport

BACKGROUND prevalence of non-specific psychosomatic complaints
(Kleszczewska et al., 2020). These benefits emphasize

the importance of active travel in youth. Research
has identified multiple correlates with active travel
behavior, including complex interactions at environ-

, . .o, . . o mental, social and individual levels (Panter et al.,

lescents® physical activity on a daily bas1§ (.Chlllon.et 2008; Larouche and Ghekiere, 2018; Reimers et al.,

al., 2010; Larouche et al., 2014), associations with 2020)

several health outcomes were found. Such outcomes A ) h h a1 he individ
include improved markers of physical fitness mong other psychosocial constructs on the individ-

may inc ual level, self-efficacy toward active travel (Verhoeven

(Henriques-Neto et al., 2020), a more favorable . . )
body composiion (Larovuche er al., 2014), improved & % 7% Vo0 o1 4 20 T pereenes ebavio
cardiovascular health (Chillon et al., 2010; Andersen tional characteristics (Burguefio et al, 2019, 2020)

et al., 2011) and mental well-being (Larouche et o ;
al., 2014; Stark et al., 2018), as well as a reduced ha\{e been found to enable the decision of choosing an
active travel mode.

Active travel (e.g. cycling or walking to destinations)
provides a valuable opportunity to integrate physi-
cal activity into adolescents’ everyday lives (WHO,
2018). Besides holding the potential to increase ado-
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- Active travel (e.g. cycling or walking) offers
numerous benefits to physical, mental, and
social health while constituting a sustaina-
ble way of traveling.

- Worldwide, levels of active travel in ado-
lescents are declining or remain low, which
emphasizes the need to understand adoles-
cents’ decision-making.

- This article explores how adolescents
experience the decision-making process
on travel mode choice to enable more tai-
lored interventions to promote active travel
behavior.

- The conceptualization of the decision-mak-
ing process provides various starting points
for intervention development.

- Specifically, the description of unconscious
and conscious processes contributes to
a better understanding of adolescents’
decision-making.

Regarding social factors, social modeling, social
norms and social support or encouragement from fam-
ily or friends were also found to influence travel mode
(Panter et al., 2010; Ducheyne et al., 2012; Verhoeven
et al.,2016). Parent’s influence on travel mode is largely
grounded in their attitudes toward active travel and
their perception of barriers, such as safety concerns,
built environment, weather conditions and their child’s
abilities (Panter et al., 2010; Trapp et al., 2011; Chillon
et al., 2014; Esteban-Cornejo et al., 2016; Aranda-
Balboa et al., 2019).

Research on the built environment illustrates the
importance of adequate infrastructure for choosing an
active travel mode (Moran et al., 2016; Smith et al.,
2017; Hasanzadeh et al., 2022). Furthermore, distance
to a destination largely showed negative associations
with active travel and is one of the most documented
correlates of active travel (Panter et al., 2008; Pont
et al., 2009; Tkeda et al., 2018; Aranda-Balboa et al.,
2019). In other studies, however, even when distance
was feasible to walk or cycle, no active mode of travel
was chosen (Nelson et al., 2008; Westman et al., 2017).

Despite the extensive amount of studies on the
determinants of travel behavior, gaining a holistic and
comprehensive understanding of all the factors and
their relationships remains a challenge (Gotschi et al.,
2017). In order to visualize such relationships sev-
eral studies have proposed conceptual frameworks to
explain travel behavior including socio-demographic,
psychosocial and built environmental factors (Gotschi
etal.,2017).

D. Renninger et al.

At the core, these frameworks position a choice pro-
cess that is triggered by a demand for traveling to a des-
tination and results in a behavioral response (Alfonzo,
2005; Panter et al., 2008; Burbidge and Goulias, 2009;
Gotschi et al., 2017). Commonly, this process is under-
stood as the central pathway, during which all influ-
encing factors are considered in order to decide on a
travel mode. Some studies have aimed to conceptualize
this generic process for travel mode choices (Gotschi
et al., 2017). However, the existing literature does
not provide a conception of how adolescents experi-
ence decision-making. Research presenting conceptual
frameworks for adolescents’ travel behavior mainly
examines correlates of active travel by summarizing
existing quantitative findings (Panter et al., 2008; Pont
et al., 2011; Mitra, 2013; Mandic et al., 2015). This
involves identifying the factors that influence travel
mode decisions, however, only Panter et al. (2008)
incorporate a ‘decision-making process on [travel] mode
choice’ within their framework. Nevertheless, the actual
process of adolescents’ decision-making is not concep-
tualized. For this purpose, a qualitative approach might
be particularly useful to unravel the complexity of the
decision-making process underlying adolescents’ travel
behavior (Clifton and Handy, 2003). Thereby, adoles-
cents’ perspective appears decisive. First, health behav-
ior habits are established in adolescence (Mikkelsen et
al.,2019). Second, investigating adolescents’ experiences
might produce different knowledge than examining
parental perspectives, as their perceptions might differ
(Wilson et al., 2018). Although parents play an essential
role in decision-making during childhood (Faulkner ez
al.,2010; Forsberg et al., 2020), this might progressively
change during adolescence due to adolescents’ matu-
ration (Blakemore and Robbins, 2012) and their striv-
ing for autonomy (Spear and Kulbok, 2004). Existing
qualitative research on adolescents’ perspectives mainly
concerns the experience of specific barriers or facil-
itators to determine their influence on travel behavior
(Simons et al., 2013; Sweeney and Von Hagen, 2016;
Moller et al., 2018; White et al., 2018; Roberts et al.,
2019; Mindell et al., 2021; Levi and Baron-Epel, 2022;
Buttazzoni et al., 2023). Again, adolescents’ experience
of the decision-making process, in which influencing
factors assemble and produce a decision, remains unex-
plored. To close this gap of knowledge, the aim of the
present work is to explore the decision-making process
from the perspective of adolescents and to conceptualize
this process.

METHODS

To report the methods of this study, we adhere to the
consolidated criteria for reporting qualitative studies
(COREQ) checklist (Tong et al., 2007).
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Decision-making process on travel mode choice

The ARRIVE study

This research is part of the cross-sectional ARRIVE
study (Active tRavel behaviouR in the famlly enVi-
ronmEnt). The study comprised a qualitative and a
quantitative survey that aimed to gain a better under-
standing of the mechanisms underlying adolescents’
travel mode choices (Reimers et al., 2022). The study
received approval from the ethics commission of the
Friedrich-Alexander-Universitit Erlangen-Niirnberg,
Germany (Reg. 249_21 B).

Semi-structured interviews

Interviews were conducted in 2021 from September
to November. After participants gave informed
consent, an online appointment was scheduled, in
order not to unnecessarily compromise health dur-
ing the Covid-19 pandemic. Participants were asked
to attend the meeting from home in an undisturbed
place. Since interviewers were unknown to the ado-
lescents they interviewed, participants were first
introduced to the interviewing researchers including
their interest in the topic. Second, participants were
informed again about the procedure, purpose and
voluntary nature of the interview. After clarifying the
participants’ questions, the audio recording started
and the interview began. During the interviews, par-
ents were not present.

Two female researchers (D.R. and [.M.) with exper-
tise in children’s and adolescents’ active travel behavior
conducted the interviews. Prior to data collection, both
researchers received formal training from an expert in
the field. During the training, difficulties, and improve-
ment strategies for interviewing were discussed and
practiced until sample interviews were conducted sat-
isfactorily. To ensure consistency in interviewing, inter-
viewers used a previously developed interview guide
and discussed each interview post-conduction in terms
of issues, adaptations and new perspectives expressed
by participants.

To construct the interview guide, two researchers
independently mapped topics of interest. Next, the
researchers compared both mind maps, discussed
similarities and deviations until they reached a con-
sensus. Based on the resulting mind map, various ques-
tions were formulated. Under the consultation of two
more researchers, unsuitable questions were deleted,
remaining questions were gathered and sorted into
an interview guide. The interview guide was finalized
based on the feedback of an expert in the field and
after completing sample interviews, which should
ensure the comprehensiveness and appropriateness of
questions.

The interview guide depicted two different recently
traveled destinations. First, interviewees were asked

to ‘think about yesterday. Where did you go or
drive?’. Adolescents shared their experiences on
this trip with yesterday’s travel mode and there-
after with the opposite travel mode (active or pas-
sive). Key questions concerned the situation before
traveling (‘Think again exactly about the situation
before you [mode of travel]. Can you describe how
it came about that you [mode of travel]?; “Tell me
about how all went with your parents.”), the phys-
ical environment (“Think about where you drove/
walked along. Can you describe the way exactly so
that I can get an idea of it?”), and the social environ-
ment (“Did anyone accompany you on the way? Can
you describe the situation on the way in detail?”).
Then interviewees summarized why they decided for
either the passive or active travel mode in the differ-
ent situations. This was repeated for a second desti-
nation. The complete interview guide can be found
open access in the study’s protocol’ (Reimers et al.,
2022). After completing the first seven interviews
(11:45-20:33 min) and initial analysis, we modified
the interview guide to obtain more information on
the decision-making experience related to any travel
mode without differentiating between active and pas-
sive travel. Interviews guided by the modified guide
took between 21:01 and 21:48 min. This interview
guide is provided in the supplementary material
(Supplementary File S1). After ending the interviews
and audio recording, sociodemographic data (ado-
lescents’ age, school type, residence, and migration
background) were collected via parents.

Sampling strategy and participants

We recruited participants through the researcher’s
social networks (7 = 12) and social media advertising
(n = 1). During the recruitment, we adhered to theoret-
ical sampling (Nagl-Cupal, 2013) to enable a balanced
sample in terms of sex/gender and environmental
conditions (e.g. urban and rural living locations).
Furthermore, interviews were analyzed continuously
throughout the process of interviewing and recruiting
with regard to the research question. Thus, data satu-
ration marked the point at which no further interviews
were necessary.

After initial contact with the families, all invited ado-
lescents were willing to participate in the study. This
resulted in a total of 13 adolescents aged 11-14 years
(7 boys, 6 girls) from secondary schools in Germany.
Details on adolescents’ sociodemographic are provided
in Supplementary File S2.

Data analysis

Four student assistants transcribed interviews verbatim
according to Dresing and Pehl (2018) using f4transcript
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(audiotranskription.de). To maintain consistency, stu-
dent assistants received formal training that included
familiarization with guidelines and software, and tran-
scription of sample interviews. Researchers answered
emerging questions from the student assistants during
the transcription phase and checked the resulting text
files for correctness. For the purpose of this article,
the example quotes were translated from German to
English by one researcher (D.R.) and proofread by the
remaining authors in terms of appropriateness.

One researcher (D.R.) performed data analysis in
f4analyse (audiotranskription.de) using thematic anal-
ysis (Braun and Clarke, 2006). The six steps of thematic
analysis guided the analysis: data familiarization, initial
coding, theme development, theme refinement, defin-
ing and naming themes, and writing a report (Braun
and Clarke, 2006; Braun et al., 2016). However, this
process was reflexive and iterative involving moving
forward and backward across the steps. Throughout
the analysis, we adhered to the checklist of criteria
for good thematic analysis (Braun and Clarke, 2006).
We used a combination of a deductive and induc-
tive approach to the data. The deductive part of the
research was driven by theoretical assumptions that all
factors influencing travel mode choice are processed in
the decision-making process on travel mode choice as
conceptualized by Panter et al. (2008). Exploring the
process of decision-making was then performed in a
data-driven, inductive way. The research was grounded
in a realist’s perspective assuming that language ena-
bled adolescents to articulate their experiences and
researchers to capture participants’ actual experiences.

RESULTS

Adolescents experienced decision-making on travel
mode choice as a step-by-step process in which travel
mode options were gradually reduced, leading to the
final choice. Thematic analysis generated three themes
(1-3) that guided this decision-making and one theme
(Theme 4) that informed the process at several stages.
In the following, we describe the themes and their
interactions and include example quotes.

Theme 1:Travel mode choice is dependent on
the context

Adolescents did not decide on one exclusive travel
mode (e.g. cycling to any destination), but considered
every decision in the context of the respective destina-
tion they wanted to reach and the current situational
circumstances (e.g. time of day, seasonal conditions,
day schedules). For example, after asking for the pre-
ferred travel mode regardless of destination an adoles-
cent explained how it was impossible to determine a
single exclusive travel mode.

D. Renninger et al.

It depends, I can’t say exactly only one thing. |[...]
when I go to [town name] with my friends, to go
shopping or something, I prefer to take the train
[...]. But [...] to get to my friend or something or to
the supermarket I prefer to cycle. (Adolescent 11,
girl, aged 13)

From the adolescents’ perspective, the travel mode
choice also depended on the current situational cir-
cumstances (e.g. time of day, seasonal conditions, day
schedules). For example, day schedules require an ado-
lescent to use a specific travel mode.

Interviewer: And do you get there by bus every time
[...]2 Adolescent: At the moment actually, yes. I do
horse riding there on Mondays and Thursdays and
I have school in the afternoon on both days and
that’s why 1 go there immediately afterwards on
both days. (Adolescent 11, girl, aged 13)

Changes in the situational context challenged the
habitual response of choosing a particular travel mode
to a destination (interaction Theme 4). For example, a
boy, who usually drives to school by bus gets driven,
when day schedules change.

Ob, 1 get driven when school starts a little earlier
or ends a little later, or because it was a school field
trip or something like that. (Adolescent 3, boy, aged
14)

Another quote illustrates how newly created circum-
stances challenge habitual travel decisions.

We had that once because I somehow misplaced
my bus ticket and that’s why 1 always have to
buy bus tickets and we thought it would be more
effective if I just bought an hourly ticket in the
afternoon instead of spending more money on a
day ticket for two trips. [...] so we did it that way
that I am driven every morning. (Adolescent 8,
girl, aged 14)

However, habitually choosing a particular travel
mode to a specific destination could also facilitate the
decision to use the same travel mode in specific circum-
stances (interaction Theme 4), even though the situa-
tion included unfavorable conditions (e.g. bad weather,
lack of motivation). Like in the following example,
the destination served as a cue that triggered a certain
travel mode choice.

I actually always cycle [to school], so even when it
rains and stuff. [...] I just put on rain pants and a
rain jacket and stuff, that’s okay. (Adolescent 10,
boy, aged 13)
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Theme 2: Availability of travel mode choice
options is influenced by factors beyond the
individual’s perceived control

Within the context of destination and situation, ado-
lescents processed the availability of different travel
mode options. Adolescents experienced the availability
of travel mode options as influenced by various factors
such as natural and built environmental factors (e.g.
distance, infrastructure), social environmental factors
(e.g. parents, siblings, friends), and/or personal factors
(e.g. motivation, capabilities).

So the distance is very far. And otherwise I would
have to cycle. So if I had to cycle I would drive
about an hour or an hour and a half. (Adolescent
6, girl, aged 11)

just want to sit around and do nothing and sometimes
I have phases where I'm like: I have to do sports now,
otherwise 'l just feel bad somehow. [...] And at that
time it was just such a phase and then I just said that,
or simply because I wanted to go together with my
sister or we just wanted to go together. But somehow,
well those phases always ended because I then some-
how didn’t feel like it anymore, or I didn’t have the
strength anymore, or it was just too exhausting for
me. (Adolescent 11, girl, aged 13)

Well, I could also walk, but I just drove with the
scooter (to the bus station). [...] it depends on
whether I'm allowed (by parents) to ride a scooter
or not. (Adolescent 2, boy, aged 12)

[The way to school] is along the highway, because a
bicycle route has been built near us, and I'll be able
to cycle there soomn, [...] then 1 will definitely cycle
more often, because it’s just around the corner from
me and goes all the way to my school. (Adolescent
9, boy, aged 13)

It was raining very hard, but not in such a way that
I would say, come on, I'll go by car now. At first 1
said that I would walk, but then my parents told me
to go by car. (Adolescent 13, boy, aged 13)

There is a bus connection (to leisure activity), but
only for me, and then that just doesn’t make sense if
I leave him (friend) standing there alone [...] I guess
there’s no other option. [...] 1 could still take the
bus, then I would have to walk a little bit, but for
him there is no option. (Adolescent 9, boy, aged 13)

If she'd say, yes alright 1 can still imagine to cycle
now, which she just doesn’t do, [...] [then] I would
also let myself be persuaded and then also cycle
together in the afternoon, but alone and so on, no.
Interviewer: [...] And could you persuade her, do you
think? Adolescent: You know, I have no motivation
to do so myself. (Adolescent 12, girl, aged 13)

Habit operated as an additional influencing factor
by limiting the (perceived) availability of options to the
habitually chosen travel mode (interaction Theme 4).

Interviewer: So what happens at home when you
think about planning the way to school tomorrow?
Adolescent: That I'm going to cycle. [...] I don’t
really do anything the night before. Interviewer:
Because it’s clear that you're going by bicycle?
Adolescent: Yes! (Adolescent 1, boy, aged 13)

Theme 3: Travel mode choice is dependent on
pros and cons assessment

After adolescents considered the context, they weighed
pros and cons of the remaining available travel modes.
During this, adolescents either actively engaged in the
pros and cons assessment or passively evaluated the
outcome. The active assessment was either focused on
the advantages of a travel mode that outweighed the
disadvantages of others or on the disadvantages of
all available travel modes. In the following example,
the adolescent focused on the prevailing advantages
of cycling to town that made all other available travel
mode options appear unattractive.

I like to cycle with my friends, because [...] we
always have to cycle to the city train and then we
can cycle directly into town. Going by bus is just so

Adolescents experience these influencing factors as
something given and beyond their control. The follow-
ing quotes exemplify how adolescents described their
inability to influence the availability of choice options
as it depended on factors, which they perceived as
beyond their control (friend’s or sibling’s travel mode
and own motivation; parents’ decision).

boring at some point. You can also listen to music
while cycling. 1t doesn’t make any difference. You
can do sports while you're doing it, that’s also quite
nice. And you’re not so tied to the city train. That
means you can just go home when you want and you
don’t have to wait for the city train or bus and stuff.
(Adolescent 4, girl, aged 14)

Most of the time it was just that I either agreed with
my friend that we would cycle (to school) [...] because
I just, I don’t know, sometimes I have phases where 1

Overall, adolescents aimed to identify the most con-
venient or least inconvenient travel mode that they
expected to provide the least stressful experience.
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Adolescents’ individual preferences regarding their
general attitude toward a travel mode influenced this
identification process, as illustrated in the following
example.

Well, it’s like this, I would also cycle, so 1 think
cycling is better. But I feel that it’s just too much
for me in the morning, because then I have to get
up even earlier [...] and that’s just stressful for me
and then I'd rather, [...] take the bus than the car,
for example, because that’s just better for the envi-
ronment than the car. (Adolescent 11, girl, aged 13)

In contrast, another adolescent describes other
preferences:

I don’t really feel like it (going to school by bus). [...]
because there just, I don’t know why, but I don’t like
going by bus so much and then I'd rather cycle and
then just be outside again before I sit in class all the
time and stuff. (Adolescent 10, boy, aged 13)

During the passive evaluation, adolescents mentioned
the advantages and disadvantages of travel modes, how-
ever, they remained in an observing position without
engaging in active decision-making. This was mostly the
case, when adolescents felt restricted to only one avail-
able travel mode by the influencing factors (Theme 2)
or by the habit of choosing this travel mode (interac-
tion Theme 4). For example, when one adolescent felt
restricted to his usual travel mode (bus), he did not
actively intervene by asking his parents to drive him.

Well, by car is difficult in the early morning, because
most of the time my parents have to work. And
walking wouldn’t work either, because it’s too far.
And cycling would also be too far. That’s why the
bus was the only option. [...] of course it would be
nice to be driven every morning, but of course that’s
not possible and then the bus is actually alright.
(Adolescent 3, boy, aged 14)

The habitual response of choosing a certain travel
mode was challenged, when the travel mode was
perceived as inconvenient (interaction Theme 4).
Furthermore, a rating of inconvenience after the pros
and cons assessment could lead adolescents to seek to
expand the availability of travel mode options (inter-
action Theme 2). The interview excerpts in section ‘The
decision-making process’ illustrate this.

Theme 4: Decision is guided by habitually
used travel mode

The interviews revealed that on ways to frequently
visit destinations, adolescents had already established a
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habit of using a specific travel mode. This is seen when
adolescents describe how they decide on their travel
mode to school, which is rather an automatic process
than conscious decision-making.

Interviewer: Can you tell me why you decided to
take the train yesterday? Adolescent: Because I do
that every day (Adolescent 12, girl, aged 13)

Interviewer: Is there anything you plan before
you have to go (to school)? Adolescent: For four
years now it is actually the same, so nothing really
changes there. Except maybe with the seasons,
when it’s cold, then of course I put on something
warm. (Adolescent 3, boy, aged 14)

The decision-making process

In Figure 1, we conceptualize the gradual deci-
sion-making process from the presented themes and
their interactions.

Excerpts from an interview (adolescent 8, girl, aged
14) exemplify the entire experience of the decision-mak-
ing process. The way to school constituted the frame
of the decision-making (Theme 1). The adolescent
recounted perceived restrictions on travel mode options
from environmental (distance excluded walking) and
personal factors (‘cycle lover’ identity excluded cycling),
which were beyond her control (Theme 2).

Adolescent: But I can hardly walk to school in the
morning [...] because it’s too far. [...] Interviewer:
Would cycling be an option for you? Adolescent:
Not really. First of all I don’t like cycling and my
bicycle is at my dad’s place. [...] Yeah, I'm not a
cycle lover.

Initially, she was left with traveling by bus as the only
available option; however, her perceived inconvenience
of bus travel and the loss of the bus ticket challenged
this habit (interaction Themes 1 and 4). Additionally,
the adolescent perceived several disadvantages (costly
and stressful experience) of traveling by bus compared
to the advantages (later departure, less stressful, con-
venient compatibility with mother’s work) of being
driven by car (Theme 3).

Adolescent: It’s (driving by car) just not as stressful
as when I take the bus in the morning. [...] And I
don’t have to get up as early as if 1 took the bus,
and well, 1 feel it’s quieter than with all the people.
Interviewer: Alright, don’t you like to be around
people? Adolescent: No. Interviewer: [...] does
your mom combine that with her way to work [...]?
Adolescent: She, works [...] somewhat close to my
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Fig. 1: Decision-making process according to adolescents.

school, about a five minute drive I think, so that fits
perfectly, she would also drive by when she goes to
work.

Despite being aware of environmental disadvan-
tages, she concludes that traveling by car is the most
convenient option, which is why she asked her mother
to drive her to school (interaction Themes 3 and 2,
interaction Themes 3 and 4). Thus, by agreeing to her
daughter’s request, the mother enlarged travel mode
options by enabling the travel mode ‘car’ (Theme 2).

DISCUSSION

The aim of this study was to gain a deeper understand-
ing of the process of adolescents’ decision-making on
travel mode choice. Thematic analysis generated three
themes (Themes 1, 2 and 3), which shaped the deci-
sion-making process, and one theme (Theme 4) that
reoccurred throughout the process.

Adolescents made the decision on travel mode with
regard to the travel context (Theme 1). Thus, there was
no universal decision for one travel mode regardless of
destination and situation. Considering previous find-
ings from Germany indicating that youth aged 10-19
travel more ways for leisure purposes than to school
(Nobis and Kuhnimhof, 2018), our findings empha-
size the need for future research to consider multiple
destinations of adolescents’ daily living. Furthermore,

this implies that interventions to promote, for exam-
ple, cycling to school, cannot be expected to influence
cycling to other destinations. When considering des-
tinations that were frequently traveled using specific
travel modes, this travel mode appeared to be estab-
lished as a habit (Theme 4). Habits describe automat-
ically executed actions, which are triggered by the
context associated with the respective behavior (Wood
and Neal, 2007; Lally et al., 2010). Given that a cer-
tain destination acted as such a trigger, the established
travel mode was used even in unfavorable circum-
stances. Concerning the situational context, interven-
tions might benefit from approaches that consider
adolescents’ daily schedules including, for example, lei-
sure activities after school that demand certain travel
modes. Additionally, creating situations that deviate
from daily practices can potentially provoke adoles-
cents to reconsider habitual travel mode choices.

Next in the decision-making process, adolescents
experienced different factors (i.e. environmental,
social and personal) that restricted or enlarged travel
mode choice options (Theme 2). Previous research
has demonstrated the influence of such factors on
travel mode choice (Panter et al., 2008; Larouche and
Ghekiere, 2018). Theme 2 illustrates adolescents’ pro-
cessing of such factors during their decision-making.
Adolescents perceived these factors and the respective
influence on the availability of travel mode choice as
beyond their control. Similarly, the research found that
adolescents differed individually in their perception of
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what factors and to what extent they restricted travel
mode choices (Moller et al., 2018). Although adoles-
cents in our study varied individually in the extent of
the perceived restrictions, improving these factors to
create favorable (environmental and individual) con-
ditions, might contribute to adolescents’ perception of
having multiple options rather than being restricted.
This is particularly relevant, since the opportunity to
freely choose what to do is inherent to the concept
of autonomy (Deci and Ryan, 1987). Besides the fact
that autonomy is essential for adolescents’ develop-
ment (Spear and Kulbok, 2004), experiencing limited
freedom of choice and thus constraints on autonomy
satisfaction, might also negatively impact adolescents’
well-being (Deci and Ryan, 2000; Yu et al., 2018).

Considering adolescents’ control beliefs, built and
social environmental, as well as individual factors were
perceived as uncontrollable. Specifically, regarding the
built environment this calls for policy actions to enable
more healthy and sustainable options. On the individ-
ual level, adolescents perceived, for example, motiva-
tion or capability as externally controlled. This might
have resulted from the habitual use of a certain travel
mode (Theme 4). Since habitual actions are triggered
by external cues, motivational processes and conscious
attention are less required for action initiation (Lally
et al.,2011). This may have led to the personal factors
being perceived as externally controlled. Therefore,
behavioral interventions might benefit from appropri-
ate behavior change techniques (Michie et al., 2013;
Gillison ef al., 2019) that address adolescents’ per-
sonal factors (e.g. motivation, capability). This might
increase perceived control leading to a reduction of
unconscious barriers in habitual travel and an increase
of available travel modes when traveling to less fre-
quently visited destinations.

In the social environment, adolescents perceived an
external locus of control and considered themselves
unable to influence their friends’ decisions. This might
explain previous findings of the strong influence of
friends on adolescents’ travel behavior (Ducheyne et
al., 2012; Roberts et al., 2019). Therefore, shifting
adolescents’ locus of control internally might not only
increase (perceived) availability of travel mode options,
but could additionally influence friends’ choices. In
our study, parents had a special role within the social
factors. Many quantitative studies show that even in
adolescence, parents still influence decision-making on
travel mode (Aranda-Balboa et al., 2019; Mandic et al.,
2020). This is consistent with our findings, especially
when parents restricted adolescents to one travel mode.
Along with this, adolescents primarily perceived par-
ents as a potentially expanding option of travel modes,
specifically for traveling by car (interaction of Theme
2 with Theme 3). In regard to health promotion, two
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implications result from this finding. First, concerning
adolescents, reinforcing the disadvantages of driving
by car could shift the pros and cons assessment toward
judging car use as disadvantageous. This might sub-
sequently prevent adolescents’ action taking to ask
their parents to drive them. Second, parents need to be
aware that they are the providers of this travel mode
option. Thus, making this option not available to the
adolescent, would restrict choice options to potentially
more healthy or sustainable travel modes (e.g. wak-
ing, cycling, public transport). Additionally, targeting
parents, who regularly drive their child, might help to
shift adolescents’ decision-making toward a conscious
process. Convincing parents to stop providing the car
could inhibit unreasoned habitual car use and requires
conscious processing of alternatives. Therefore, in the
sense of health promotion, increasing adolescents’
travel mode options should be balanced between ena-
bling adolescents’ sense of autonomy (i.e. choosing
freely) and focusing on active travel mode options.
Overall, our findings provide first insights into how
the construct of perceived behavioral control (Ajzen,
1991), which has previously been found to influence
travel decisions (Murtagh et al., 2012; Zaragoza et al.,
2020), is experienced during decision-making.

Finally, during decision-making, adolescents weighed
the pros and cons of the (perceived) available travel
modes to identify the most convenient option (Theme
3). Overall, this assessment provides good implica-
tions for promoting active travel, for example, through
favorable attitudes or outcome expectations. Previous
research has identified the potential benefit of increas-
ing environmental awareness for travel mode choices
in terms of adolescents’ pros and cons assessment
(Moller et al., 2018). Establishing positive attitudes
toward active travel, such as experiencing a travel
mode as pleasurable, can at least increase the intention
to use that travel mode (Stark and Hossinger, 2018).
Still, travel mode priorities (i.e. what was evaluated as
advantageous or disadvantageous) appeared to differ
between individuals in our study. Previous research on
university students has identified relationships between
specific priorities (e.g. flexibility, exercise) and travel
mode choice (Egset and Nordfjern, 2019). Thus,
future research should consider assessing such relation-
ships in the adolescent population. However, previous
research has highlighted that the value an individual
ascribes to a travel mode and the resulting priority
assessment is highly subjective and limited by the indi-
viduals’ perception (Gotschi et al., 2017). In our study,
adolescents predominantly favored convenient travel
modes that involved the least stressful experience. This
might be related to the increase in schoolwork pres-
sure and decreasing mental well-being among adoles-
cents in Germany (Cosma et al., 2020). Since physical
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activity can sufficiently contribute to reducing ado-
lescents’ mental load (Kudligek et al., 2016), raising
adolescents’ awareness of this compensatory potential
can contribute to a more positive assessment of active
travel modes. Additionally, it is important to note that
especially in habitual travel, such assessment might not
be consciously processed to a large extent (Lally et al.,
2011) and habits might persist even when the eval-
uation of travel modes has been altered (Gardner et
al., 2011). Since habit substitution can be achieved by
directing attention to behavioral alternatives (Gardner
et al., 2020), the pros and cons assessment could still
provide a good starting point for interventions. In such
instances, promoting the convenience and advantages
of active travel might increase the likelihood of con-
sciously processing them during the assessment process
leading to prioritizing active travel modes.

Lastly, adolescents did not decide to ‘travel actively’
or to ‘travel passively’. Sometimes, during the weigh-
ing of pros and cons, adolescents considered physical
activity as a concomitant of a travel mode, but dur-
ing the decision-making process, all travel modes were
considered individually. Against the background of the
conceptual discussion of the term ‘active travel’ (Cook
et al., 2022), adolescents’ focus on individual travel
modes appears logical. Future studies should consider
this, especially when designing interview guides or
questionnaires, by referring to individual travel modes.
This is also suggested by recent quantitative research
(Mandic et al., 2022).

Summarizing, the interviews revealed that for most
destinations adolescents had already established a
habitual behavior of using a specific travel mode. In
those cases, choosing a travel mode was rather an auto-
matic contextual response than a conscious process.
However, sometimes adolescents report deviations
from habitual choices. Conscious decision-making was
enabled when the usual travel mode was judged more
inconvenient compared to other travel modes or the
context changed. Such disruptions of the contextual
triggers of a habitual response have previously been
found to enable conscious processing of information
(Wood et al., 2005; Verplanken et al., 2008).

The study has several strengths worth mentioning.
We focused on the population of adolescents and
included several destinations of daily living. The flex-
ibility of the semi-structured interviews allowed par-
ticipants to express topics that were not included in
the interview guide. Yet, the interview guide facilitated
to discuss all topics of interest. Online interviews were
conducted to ensure that participants would not be
exposed to any unnecessary health risks during the
Covid-19 pandemic. In an adult population, online
interviews were found to be an acceptable and appro-
priate tool (Gray et al., 2020). Additionally, the online

interviews might have benefited from the somewhat
more face-to-face experience compared to telephone
interviews, and the resulting improved interpretation
of nonverbal cues (Novick, 2008). The thematic anal-
ysis demonstrates a suitable method in health research
to capture participants’ experiences of a certain topic
(Braun and Clarke, 2006, 2014). The combination of
deductive and inductive coding allowed a largely data-
driven analysis process without neglecting theoretical
considerations. Furthermore, analysis and conclusions
drawn from the data were repeatedly discussed and
negotiated within the research team.

However, the study has some limitations that need to
be mentioned. Despite the strength of the online inter-
views, bad internet connection sometimes disrupted
the narrative flow. Potential recall bias and socially
desirable responses should be considered. Furthermore,
thematic analysis is limited in its ability to uncover
discrepancies across the interviews as statements are
aggregated into consistent opinions (Braun and Clarke,
2006). In light of this opinion formation, the small
number of interviews represents a potential influence
on the results. Lastly, it is important to acknowledge
the researcher’s active participation in identifying and
selecting themes, and in reporting (Braun and Clarke,
2006).

CONCLUSION

In our study, adolescents experience the decision-mak-
ing process on travel mode choice as highly contex-
tual dependent (destination and situation). In the
case of frequently traveled destinations, this results in
unreasoned action-taking, where conscious processes
are largely missed and a destination serves as a trig-
ger for a habitual travel mode choice. This indicates
the need for interventions to other destinations than
school to consider situational circumstances. Next,
adolescents consider the availability of travel modes,
which they experienced as influenced by various fac-
tors (i.e. built environment, social and individual)
beyond their control. In habitual travel, adolescents’
perception is restricted to one available travel mode
(i.e. the one that is usually used to the respective des-
tination). Interventions should be balanced between
increasing adolescents’ sense of control and thus the
(perceived) availability of travel mode options and
promoting the advantages of active travel modes.
Such advantages are processed in the last step dur-
ing adolescents’ decision-making to identify the
most convenient option. However, interventions
should consider that the decision to use an ‘active
travel mode’ is only partially based on the advan-
tage of increased physical activity and limited by
adolescents’ preferences. Thus, interventions should
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be specific to individual travel modes and focus on
a variety of benefits associated with them. Since the
assessment process is largely missed in habitual travel
resulting in a passive judgment of the usually used
travel mode, future interventions should incorporate
components that lead to the conscious processing of
health-enhancing alternatives during decision-mak-
ing. Particularly, parents could help shift adolescents’
unreasoned decision-making toward conscious pro-
cessing of alternatives by precluding certain travel
modes that might be detrimental to health.
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4 Discussion

Promoting active travel offers a powerful solution to global challenges, including combating
health consequences from physical inactivity, mitigating climate change through sustainable
transportation, and promoting equality by providing all adolescents with an accessible
opportunity for physical activity. To guide evidence-based interventions and policies, a
comprehensive understanding of the factors underlying active travel behavior is needed. This
thesis addressed motivation as a determinant of active travel in adolescents' decision-making
process regarding travel mode choice. It provides a validation of the first German
questionnaire to assess behavioral regulation in general active travel in adolescent boys and
girls. Further, this dissertation explored sex/gender differences in behavioral regulations and
their varying relationship with active travel behavior among boys and girls. Using a person-
centered approach, the dissertation identifies clusters of adolescents with similar motivational
characteristics, including intrinsic motivation, integrated regulation, identified regulation,
introjected regulation, external regulation, amotivation, as well as the satisfaction of the three
basic psychological needs autonomy, competence, and relatedness. Lastly, the
conceptualization of the decision-making process on travel mode choice enhances the

knowledge on how adolescents process motivation during decision-making.

4.1  Assessing motivation for general active travel

4.1.1 German questionnaire to assess behavioral regulations in general active travel
The results of the CFA indicate that the translated and adapted questionnaire is a valid tool
to assess motivation for general active travel in adolescent boys and girls. However, as
outlined in the decision-making process on travel mode choice (Renninger, Reimers, et al.,
2023), choosing an active travel mode highly depended on the specific destination an
adolescent aimed to reach. This aligns with quantitative results indicating that using an active
travel mode varies across destinations (Renninger, Bachner, et al., 2023, Supplement 1), as

illustrated by Figure 3.
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Figure 3. Percentage of adolescents included in the ARRIVE study traveling actively to school, home
from school, to friends or relatives, to shopping facilities, or to leisure facilities (Renninger, Bachner, et
al., 2023).
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69,3%
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This questions whether assessing motivation toward general active travel is appropriate to
explain active travel behavior to specific destinations. For this purpose, findings from the
cluster analysis can be considered (Renninger, Bachner, et al., 2023). The identified clusters,
based on motivation for general active travel, were significantly associated with choosing an
active travel mode to and from school, to friends or relatives, to leisure facilities, and to
shopping facilities. For instance, in C6 and C5 more adolescents traveled to school actively,
while more adolescents traveled passively in C1 (Supplement 1, Renninger, Bachner, et al.,
2023). Therefore, although not destination-specific, motivational profiles were relevant in

explaining active travel behavior to specific destinations.

To explain this, the Hierarchical Model of Intrinsic and Extrinsic Motivation (Vallerand, 1997,
2007) can be utilized (see Figure 4). The model proposes that intrinsic motivation, extrinsic
motivation, and amotivation operate at three levels of generality: on a situational (or state),
contextual (or life domain), and global level (or personality). The global level describes an
individual’s general (or global) motivational orientation. At the contextual level, motivation
refers to an individual’s motivation in a specific life context, such as education, work, or
exercise. Situational motivation addresses an individual’s motivation to engage in a particular
activity at a specific time. Thus, motivation for general active travel, as assessed in this

dissertation, can be understood as contextual motivation.
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Figure 4. The hierarchical model of intrinsic and extrinsic motivation adapted from Vallerand (2007) to
illustrate how multiple contextual motivations might influence travel behavior.
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Note: IM = intrinsic motivation, EM = extrinsic motivation, AM = Amotivation; Motivation for physical activity and
pro-environmental behavior are examples of further contextual motivation in this figure based on the various

benefits of active travel.

The model proposes bottom-up (situational motivation - contextual motivation > general
motivation) as well as top-down (general motivation - contextual motivation - situational
motivation) effects between the levels of generality (Vallerand, 2007). This helps explain why
motivation for general active travel (i.e., non-destination-specific) helps to understand

destination-specific active travel behavior.

4.1.2 Methodological considerations from variable-centered and person-centered
approaches

To enhance the understanding of motivation as a determinant of active travel, two studies
examined associations of behavioral regulations with active travel behavior, using two
different statistical approaches (variable-centered and person-centered). While the variable-
centered approach (Renninger et al., 2022) assessed the strength and direction of the
relationship between behavioral regulations and active travel behavior, the person-centered
approach (Renninger, Bachner, et al., 2023) identified clusters of adolescents that share

similar motivational characteristics.

Findings concerning sex/gender illustrate the differences in approaching motivation via a
variable- or person-centered approach. When running regression analyses separately for
boys and girls, sex/gender differences emerged in the behavioral regulation-travel behavior

relationship, suggesting that girls would benefit most from external and integrated regulation,
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while identified regulation provided the most advantages for boys (Renninger et al., 2022).
When assessing motivational profiles, we could not find an association with sex/gender,
suggesting these profiles appear equally in boys and girls (Renninger, Bachner, et al., 2023).
Thus, equally for boys and girls, a profile of high autonomous motivation with low controlled
motivation and low amotivation appears most advantageous regarding active travel, and a
profile of high controlled motivation and amotivation with low autonomous motivation appears
most disadvantageous. However, it is noteworthy that although the association of sex/gender
and cluster has not reached statistical significance, a descriptive difference is observable (see

Figure 5).

Figure 5. Boys and girls in the six clusters (Renninger, Bachner, et al., 2023).
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Despite these differences, using both a variable- and person-centered approach, the findings
from the two studies can complement each other, helping to better understand motivation in

the context of active travel.

Both approaches uniformly recognize that amotivation demonstrates a barrier toward general
active travel. The person-centered approach (Renninger, Bachner, et al., 2023) illustrates that
clusters with low quantity of motivation (low levels of autonomous and controlled types of
motivation) and corresponding high amotivation included adolescents with the lowest active
travel behavior. Similarly, the variable-based approach (Renninger et al., 2022) identified a
significant negative association between amotivation with active travel. Further, the role of
intrinsic motivation becomes more apparent when results from both studies are considered
simultaneously. The variable-based approach (Renninger et al., 2022) found no association
of intrinsic motivation with active travel behavior, suggesting that this type of motivation is not
relevant in promoting active travel behavior among adolescents. However, the inspection of

the profiles produced by the cluster analysis (Renninger, Bachner, et al., 2023) reveals that
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the clusters with the highest active travel behavior featured highest intrinsic motivation. These
findings indeed point to the relevance of intrinsic motivation. Considering both findings
together, they indicate that intrinsic motivation may either demonstrate a prerequisite upon
which additional behavioral regulations can operate to make decisions, or a concomitant
stemming from the perceived enjoyment while traveling actively, even though other
motivational types were responsible for choosing an active travel mode. Following this, the
person-oriented approach (Renninger, Bachner, et al., 2023) discloses that while controlled
types of motivation are essential to create a profile that is high in motivation quantity, high
levels of autonomous types of motivation within the same cluster remain crucial in terms of
creating an advantageous profile for active travel. In contrast, the variable-based approach
(Renninger et al., 2022) highlights the significant role of for instance extrinsic regulation,

particularly for girls, regardless of autonomous types of motivation.

4.2  Motivation during decision-making on travel mode choice

In SDT, it is assumed that individuals who are autonomously motivated, particularly highly
intrinsically motivated, are more likely to perform and maintain behavior compared to those
with lower-quality motivation (Deci & Ryan, 2000; Ryan & Deci, 2000). Thus, autonomous
types of motivation, particularly intrinsic motivation, were expected to express a strong
association with higher active travel behavior in adolescents, while controlled types of
motivation would express none or negative associations. However, as previously described,
findings from the quantitative studies only partially align with these assumptions (Renninger,
Bachner, et al., 2023; Renninger et al., 2022). Using the findings from the qualitative study
(Renninger, Reimers, et al., 2023) helps to delve deeper into the complexities of motivation

during decision-making on travel mode choice.

4.2.1 Navigating the interplay of controlled and autonomous motivation to reduce
amotivation

Findings from the two quantitative studies emphasize the detrimental impact of amotivation
on active travel behavior (Renninger, Bachner, et al., 2023; Renninger et al., 2022).
Additionally, the conceptualization outlining the decision-making process on travel mode
choice suggests that lacking motivation involves perceiving fewer travel mode options to
choose from (Renninger, Reimers, et al., 2023). In other words, a lack of motivation excludes
the respective travel mode from those options that an adolescent perceives as available to
choose. Therefore, it initially seems necessary that motivation is present, regardless of
whether it is controlled or autonomous. This assumption can also be inferred from the
quantitative findings. The regression analysis suggests a particular benefit from external

regulation for girls (controlled type of motivation), as well as benefits from autonomous types
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of motivation for boys and girls (Renninger et al., 2022). Findings from cluster analysis suggest
that a profile high in motivation quantity is more beneficial in terms of active travel behavior
compared to a profile with low motivation quantity. There was no statistically significant
difference in active travel behavior between a profile with mainly high levels of autonomous
types of motivation (C6 and C4) compared to a profile with high levels of controlled types in
addition to high levels of autonomous types of motivation (C5) (Renninger, Bachner, et al.,
2023).

Considering the qualitative findings (Renninger, Reimers, et al., 2023), it becomes more
apparent when fostering autonomous types of motivation might be more beneficial and when

promoting controlled types of motivation is worthwhile.

Indications that autonomous types of motivation could be more favorable than controlled
types are disclosed in the final stage of decision-making, where adolescents intentionally
evaluate the pros and cons of various travel modes to determine the most convenient option
that minimizes stress (Theme 3; Renninger, Reimers, et al., 2023). To illustrate, motivation
might interact with the general attitude toward a travel mode: consciously valuing active travel
modes because of the provided health or environmental benefits (relating to identified
regulation) or expecting fun while traveling actively (relating to intrinsic motivation) might
prompt a decision favoring an active travel mode. Such associations between motivation and
attitude have been addressed in previous research that integrates SDT and the Theory of
Planned Behavior (TPB) (Hagger & Chatzisarantis, 2007, 2009). The proposed Integrated
Behavior Change Model for physical activity (Hagger & Chatzisarantis, 2014) posits a direct
relationship between motivation and TPB's constructs (attitude, subjective norm, and
perceived behavioral control), as well as an indirect impact of motivation on behavioral

intention through these constructs (see Figure 6).

Findings suggest that autonomous motivation was significantly related to attitudes and
perceived behavioral control and showed a significant indirect effect on behavioral intentions
through these constructs (Hagger & Chatzisarantis, 2007, 2009). The postulate of a formative
relationship between motivation and TPB’s constructs (Hagger & Chatzisarantis, 2007)
resonates with our conceptualization of the decision-making process, indicating that
motivation has the potential to shape personal attitudes. Considering the non-significant
association of intrinsic motivation with active travel in the first publication (Renninger et al.,
2022), it would be interesting to assess whether attitudes toward active travel might mediate

this influence.
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Figure 6. Integrated Behavior Change Model for physical activity (according to Hagger & Chatzisarantis,
2014).
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Note: Solid lines represent the pathways suggested by TPB, and dotted lines complement the TPB toward the
Integrated Behavior Change Model.

Nevertheless, there are instances wherein controlled types of motivation are needed, for
instance, when a decision on travel mode is habitually initiated (Gardner, 2015)°. Habits are
likely to develop through frequent, successful participation in a behavior in specific contexts,
leading to a shift from consciously and volitionally performing the behavior toward a more
automatic, non-conscious performance (Gardner, 2015; Hagger, 2019). As the behavior
becomes habituated, it is executed due to external environmental cues, while conscious
motivation diminishes (Gardner, 2015). In the interviews, this was expressed, where habitually
selecting a travel mode to a specific destination led to a passive evaluation of that travel mode
rather than actively (i.e., consciously) engaging in decision-making (Renninger, Reimers, et
al., 2023). Breaking existing habits to form new habits requires consciously engaging in
alternative actions (Hagger, 2019). While autonomous forms of motivation are more likely to
contribute to maintaining behavior and forming habits (Deci & Ryan, 2000; Hagger, 2019;
Ryan & Deci, 2000), strong habits were found to fully mediate the significant effect of
autonomous motivation on intention to switch from car to another travel mode (public
transport, walking or cycling) (Rejeb, Bouscasse, Chalabaev, & Mathy, 2023). Therefore,
external influences are required at the initial stage of behavior change (Gillison, Osborn,
Standage, & Skevington, 2009; Vansteenkiste, Soenens, & Vandereycken, 2005). The
resulting controlled types of motivation (external and introjected regulation) might assist in
becoming familiar and competent in performing a new behavior (Gillison et al., 2009;
Vansteenkiste et al., 2005), providing the base for internalizing motivation in the long-term.

Subsequently, fostering autonomous types of motivation to regularly engage in a behavior

2 Habitual behavior can be distinguished between habitually initiated behavior and habitually
performed behavior (Gardner, 2015).
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can then help support habit formation (Hagger, 2019). Research in the domain of physical
activity suggests that habits develop more quickly and stronger when the activities are based
on autonomous motivation, and specifically intrinsic motivation (Gardner & Lally, 2013, 2018;
Maltagliati et al., 2021). It is assumed that the interaction between past behavior and
enjoyment of the activity reinforces the relationship between past performance and habit
strength (Gardner & Lally, 2013).

When considering whether to promote autonomous or controlled types of motivation, it is
crucial to reflect on the potential long-term costs associated with promoting controlled
motivation, particularly concerning the maintenance of travel behavior and psychological
wellbeing. Regarding travel behavior, individuals with autonomous motivation are more likely
to maintain the behavior in the long-term (Deci & Ryan, 2000; Ryan & Deci, 2000). Research
from physical activity settings supports this. Maintenance of leisure-time exercise in
adolescents was positively predicted by autonomous motivation (Gillison, Standage, &
Skevington, 2011). Intrinsic motivation significantly affected adolescents’ maintenance of
physical activity during the COVID-19 pandemic (Liu et al., 2023). While intrinsic motivation
was found in adolescents who maintained high levels of physical activity throughout
adolescence, a shift from intrinsic to extrinsic motivation was found in those adolescents
whose physical activity levels had declined with age (Martins, Marques, Sarmento, & Carreiro
da Costa, 2015). This questions whether adolescents from our research will sustain their
active travel patterns despite their controlled motivations. Given the existing data on
adolescents’ travel behavior in Germany and the presented decline in active travel as age

increases (Reimers et al., 2021), a plausible connection could be assumed.

Regarding psychological well-being, SDT suggests that behaviors resulting from autonomous
motivation are associated with better psychological well-being than behaviors performed
based on controlled motivation, which are likely to yield psychological costs (Deci & Ryan,
2008). In physical education and exercise, results from structural equation modeling revealed
that autonomous motivation towards exercise positively predicted health-related quality of
life in secondary school students (Standage, Gillison, Ntoumanis, & Treasure, 2012). Previous
research on schoolchildren’s travel to school has already found that although autonomous
motivation was not associated with active travel behavior, it showed a positive association
with affective well-being (White, Parker, et al., 2018). In a qualitative study, White, Olson,
Parker, Astell-Burt, and Lonsdale (2018) concluded that individuals might only psychologically
benefit from active travel when they are autonomously motivated and choose to walk or cycle,

although alternatives would be possible.
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4.2.2 Supporting internalization of motivation

The previous chapter illustrates that autonomous types of motivations, as well as controlled,
types can result in active travel behavior, while amotivation should be reduced as much as
possible. With this in mind, it is essential to consider that motivation, as an individual factor
influencing the perceived availability of travel mode options (Theme 2; Renninger, Reimers, et
al., 2023), is experienced by adolescents as beyond their control, thereby arising and
disappearing without them being able to deliberately influence their motivation. Thus, when
motivation, whether autonomous or controlled vanishes, this results in a state of lacking
motivation that is amotivation. Consequently, considering SDT, internalization of motivation
appears essential. During internalization, behavioral regulations are assimilated to someone’s
values and later transformed into their own (Ryan & Deci, 2000). Accordingly, highly
internalized motivation relies less on external influences, which could lead to more consistent
motivation and prevent adolescents from experiencing an abrupt lack of motivation. For
instance, drawing from quotes from the third publication (Renninger, Reimers, et al., 2023),
when an adolescent identifies as a “bicycle lover”, this motivation (integrated regulation) for
choosing an active travel mode might be more persistent than motivation based on the
internal pressure to avoid “feeling bad somehow” (introjected regulation). This is specifically
relevant considering that girls benefited significantly from external regulation, where external
influences, such as social factors (e.g., parents), drive an individual's engagement in an
activity (Renninger et al., 2022). Since controlled types of motivation tend to sustain behaviors
only in the presence of the controlling contingencies (Hagger & Hamilton, 2021), with
increasing age and maturation, this external influence might lose its effectiveness to create
external regulation. This emphasizes the importance of internalizing motivation and
addressing more types of motivation to compensate for a potential loss of relevance of one

type of motivation.

To support the internalization of motivation to foster self-determined types of motivation,
satisfying the three basic psychological needs of autonomy, competence, and relatedness is
essential (Deci & Ryan, 2000; Ryan & Deci, 2000, 2017). Therefore, findings from cluster
analysis can be considered (Renninger, Bachner, et al., 2023). Based on SDT, high levels of
autonomy, competence, and relatedness satisfaction would correspond to high levels of
autonomous types of motivation with low levels of controlled types of motivation and vice
versa. Although findings demonstrated high levels of needs satisfaction across all clusters,
significant differences could still be observed (Renninger, Bachner, et al., 2023). The findings
align with SDT, emphasizing the importance of promoting autonomy, competence, and

relatedness satisfaction in the domain of active travel to foster profiles including high levels
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of autonomous types of motivation. While autonomy satisfaction was high in Cluster C5 (and
comparable to C4), lower levels of relatedness and competence may have been responsible
for the higher levels in controlled types of motivation. Such high levels of controlled types of
motivation were not observed in Cluster C4 and C6, which expressed highest levels in
relatedness and competence and higher levels of autonomy satisfaction, resulting in profiles
featuring an autonomous distribution in the types of motivation. Further, considering that
alongside autonomy satisfaction, active travel was highest and increased from C4 < C5 < C6,

suggesting that providing autonomy plays a unique role in promoting active travel.

To enhance autonomy and, consequently, foster autonomous motivation, providing choice
options is an important behavior-change technique (Gillison et al., 2019). Drawing on the
conceptualization of the decision-making process, deliberately choosing a specific travel
mode is only possible when adolescents perceive multiple options as available (Renninger,
Reimers, et al., 2023). This is in line with Salvo, Jauregui, Adlakha, Sarmiento, and Reis (2023),
who illustrate that the presence of multiple feasible travel mode options demonstrates a
precondition for autonomous choices. To increase the availability of feasible travel mode
options, environmental, social, and personal factors need to be considered (Theme 2;
Renninger, Reimers, et al., 2023). This could introduce tension between measures to promote
active mobility and autonomous decision-making. Concerning the built environment,
infrastructure and safety measures are crucial in providing travel mode choices. However,
policies aiming at increasing costs, for example, for car users, thus making it unaffordable for
families, might not be beneficial in supporting autonomous choices. In the social environment,
friends’ travel mode choices strongly influence adolescents’ choices, thus potentially
reducing perceived choice options. Likewise, parents sometimes prohibit specific travel
modes or decide on behalf of their child. Although parent’s decisions might be based on the
intention to promote their child’s active travel, this would result in a reduction in the number
of travel modes from which the adolescent can choose, thus thwarting their child’s autonomy.
This emphasizes the importance of providing a supportive social environment (Gillison et al.,
2019; Teixeira et al., 2020) to facilitate the satisfaction of autonomy, competence, and
relatedness to foster autonomous motivation despite a potential reduction in the available
travel mode options. Drawing on the previous example, when parents limit their child's travel
mode options to active travel modes, they can still promote need satisfaction and
autonomous motivation. This can be achieved, for instance, when parents “provide a
rationale” (SDT 3%, Gillison et al., 2019; MBCT* 5, Teixeira et al., 2020) for favoring active travel

3 SDT X = Number of strategy to promote need satisfaction identified by Gillison et al., 2019.
4 MBCT = Moativation and Behavior Change Techniques classified by Teixeira et al., 2020
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modes, “acknowledge the perspectives and feelings” (MBCT 8, Teixeira et al., 2020) of their
child, or “provide support and encouragement” (SDT 15, Gillison et al., 2019) for traveling

actively.

4.3 Future research directions

The findings from the three studies included in this thesis provide implications for developing
interventions to promote active travel in adolescents through their motivation. One goal of
such future intervention studies should be the reduction of amotivation, while providing
support for autonomous types and controlled types of motivation depending on the prevailing
circumstances. Hence, directing efforts to increase autonomous types of motivation, such as
making active travel fun and enjoyable (intrinsic motivation), a part of adolescents’ identity
(integrated regulation), or meaningful (identified regulation), would be particularly effective to
sustain active travel in adolescents. To achieve behavior change, interventions might initially
benefit more from integrating aspects that introduce external incentives and pressures
(external regulation) or internalized pressures (introjected regulation). Findings from
Renninger, Reimers, et al. (2023) suggest including a sex/gender-sensitive development of

such interventions.

However, to gain a more comprehensive understanding, the present research suggests a
need for future research to incorporate additional variables when investigating motivation as
a determinant of active travel. Relating to the Integrated Behavior Change Model for physical
activity (Hagger & Chatzisarantis, 2014), research should consider including variables such as
attitudes or perceived behavioral control to clarify the issue of the non-significant finding
regarding intrinsic motivation for general active travel (Renninger et al., 2022). Further, given
the disparities in the relationship between the autonomous behavioral regulations and active
travel in boys and girls (Renninger et al., 2022), sex/gender-sensitive analyses when
addressing the variables from Integrated Behavior Change Model (Hagger & Chatzisarantis,

2014), is highly recommended.

To enable conclusions about autonomous travel mode choices, the amount of available travel
modes should be assessed with regard to the destination under investigation. This aligns with
previous research proposing household transportation options as a key determinant for active
school travel (Lu et al., 2014). Regarding the findings from cluster analysis, which showed that
adolescents in C6 reported both the highest autonomy satisfaction as well as the highest
active travel (Renninger, Bachner, et al., 2023), it would be interesting to investigate whether
disparities in the number of available travel modes existed between clusters. Further, future

research needs to take into account whether a travel mode choice is habitually initiated or
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based on conscious decision-making. Although habits are believed to develop during
adolescence (i.e., Mikkelsen et al., 2019), findings from the qualitative study suggest that
habits have already been established for traveling to some destinations (Renninger, Reimers,
et al., 2023). Thus, the interplay between habit and the various behavioral regulations is of
particular interest for understanding travel behavior as well as behavior change. Regarding
variables specific to SDT research, autonomy support is of particular interest (Burguefio,
Gonzalez-Cutre, Sevil-Serrano, Herrador-Colmenero, Segura-Diaz, Medina-Casaubdn, &
Chillén, 2020) to develop a holistic understanding of the motivational mechanisms underlying
travel mode choices. In particular, with regard to our research, this can contribute to
understanding the development and composition of the motivational profiles and the
motivation—active travel relationship. Additionally, as multiple contextual motivations might
influence travel behavior (Vallerand, 1997, 2007), future research might benefit from including
various relevant contextual motivations, such as motivation for pro-environmental behavior or

physical activity, to explain active travel behavior.

Recognizing the limitations of the present work, future research can improve the current
understanding of adolescents’ motivation for active travel. Against the theoretical background
established for the ARRIVE study (Reimers et al., 2022), the present research is currently
limited to examining the individual factor “motivation” as a determinant of adolescents’ active
travel. However, to fulfill the demand of gaining a comprehensive understanding of
adolescents’ active travel, subsequent investigations should incorporate adolescents’
perception of the environment as well as parental involvement in adolescents' travel mode
choices (Reimers et al., 2022). Addressing parental barrier perceptions, previous research
found that children’s motivation helped to reduce parents’ barriers toward active travel
(Rutberg & Lindqvist, 2018). Therefore, it would be exciting to assess the interactive dynamics
between parental perceived barriers, adolescents' motivation, and their impact on travel
mode decisions. Further, previous research underlines the influence of adolescents’
perceived environment (e.g., safety, infrastructure, walkability, and urban aesthetics) on travel
mode decisions (Klos, Eberhardt, et al., 2023; Klos et al., 2024). Consequently, investigating
the relationships between motivation and perceived environment can enhance the
comprehensive understanding of the determinants influencing travel mode choices, thus

informing targeted policy making.

Although travel modes were assessed individually (e.g., walking, cycling, car, bus, train) within
the ARRIVE study (Reimers et al., 2022), we collapsed the modes into “active” and “passive”
travel for quantitative analyses. This procedure is in line with most studies in the field of travel
behavior (Klos, Burchartz, et al., 2023; Lam et al., 2023). However, analyzing motivation for
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each mode individually might produce new knowledge, specifically given the findings from
our qualitative study, where adolescents considered each mode individually during decision-

making (Renninger, Reimers, et al., 2023).

Addressing the research’s limitation of its cross-sectional design, longitudinal research is
needed to provide more comprehensive insights into the complex interplay of autonomous
and controlled types of motivation. Considering the findings discussed in the previous
chapters, it seems tempting to promote extrinsic motivation, eventually even low internalized
types. However, one should question the long-term implications that might arise from this.
Longitudinal research will contribute to understanding the impact of controlled motivation on

well-being and how motivation development can be optimized for maintaining active travel.

Lastly, methodological implications arise from the presented research that can inform future
research. This thesis provides the first valid questionnaire to assess adolescents’ behavioral
regulation in general active travel in the German language (Renninger et al., 2022). Both the
theoretical consideration from the Hierarchical Model of Intrinsic and Extrinsic Motivation
(Vallerand, 1997, 2007) and the empirical findings regarding the significance of the identified
motivational clusters to explain destination-specific travel active behavior (Renninger,
Bachner, et al., 2023) hold implications for assessing motivation for active travel. They
suggest that the questionnaire (as validated in Renninger et al., 2022) designed to assess
motivation for general active travel (i.e., not confined to a particular destination such as
school) is suitable for application across diverse travel destinations. This will facilitate future
research, particularly in terms of ease of use, as only one questionnaire is required to assess
motivation for active travel to evaluate multiple relationships between motivation and travel
behavior to various destinations. Such analysis of contextual motivation for general active
travel with multiple destination-specific active travel behavior should specifically be included
in intervention studies. Considering that travel mode choices are highly context-dependent
(Lam et al., 2023; Renninger, Reimers, et al., 2023), such analyses could help to clarify
whether interventions to promote for instance motivation for active travel to school can

translate to increased active travel to other destinations.

Regarding the variable-centered and person-centered approaches to analyze the relationship
of motivation with active travel behavior, the findings enable a comprehensive view by
including both approaches. This indicates that integrating both approaches provides the most
detailed understanding of motivation, however, methodology is best guided by the research
question under investigation. Following on this, further implications emerge when

emphasizing a sex/gender-sensitive approach. While no (significant) association was
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identified between sex/gender and cluster membership (Renninger, Bachner, et al., 2023),
differences emerged in the interaction of active travel and behavioral regulations in boys and
girls (Renninger et al., 2022). Drawing on previous research (Gillison et al., 2009), the reasons
underlying the behavioral regulations might differ between boys and girls, questioning the
unique motives of boys and girls within the same cluster. This indicates the need of
investigating motivational clusters separately for boys and girls, as well as understanding their

distinct experiences of the behavioral regulations.

80



5 Conclusion

This thesis advances the knowledge of motivation for general active travel in the decision-
making on travel mode choice. Although choosing an active travel mode is highly destination-
dependent, motivation for general active travel is associated with destination-specific active
travel. Thereby, aiming for high motivation (quantity) for active travel to reduce amotivation
appears essential. Initially, it does not seem to be decisive whether this includes autonomous
or controlled types of motivation. Specifically recognizing the potential to break “unhealthy”
habits, controlled types of motivation may serve as a promising initial step in becoming
familiar with new behaviors. Nevertheless, the potential long-term implications of promoting
controlled types of motivation need to be considered. Given that i) highly internalized extrinsic
motivation is positively (and significantly) associated with active travel (Renninger et al., 2022),
ii) high autonomous profiles are associated with higher active travel (Renninger, Bachner, et
al., 2023), and iii) autonomous motivation might influence travel mode choice through the
attitude of the specific travel mode (Renninger, Reimers, et al., 2023), fostering high
internalization of extrinsic motivation appears crucial for long-term adherence. Appropriate
behavior-change techniques can support the satisfaction of autonomy, competence, and
relatedness, which are essential for internalizing motivation. Although motivation helped
explain adolescents’ travel behavior, further research is required to address interactive
dynamics of adolescents’ motivation. To gain a more comprehensive understanding of
adolescents’ decision-making on travel mode choice additional relevant determinants need

to be considered.
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