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Abstract (English)
Cycling is an important source of regular physical activity and an equitable mode
of transport for reaching the recommended daily hour of activity. This research
focusses on gaining insights in the travel behavior of young adults (12-20 years
old) and the influencing factors within students from the Dutch provinces of Limburg, Overijssel and Noord-Brabant, in order to stimulate cycling among this group.
Two sets of data were used for this research, the OViN data with 4116 young
adults in the Netherlands in 2016 that kept track of all of their out-of-home
trips during one day; and a tailored made survey with 592 respondents that was
distributed among different secondary and upper secondary schools from the three
provinces. Based on two different sets of data, different models were set up
explaining the level of influence of the personal characteristics, household characteristics, social, built and natural environment on the cycling behavior of young adults.
The results indicate that older teenagers are less likely to cycle than younger
teenagers and that the purpose of the trip also strongly influences the mode choice.
Other personal, household, social and built environment characteristics such as
ethnicity, household size, disposable income, friends’ behavior, distance and level
of urbanization are also found to have explanatory power. Within the research,
different models are set up explaining the influencing variables and the level of
influence of the variables analyzed. Based on the findings, measures and incentives
can be set up to stimulate the cycling behavior of teenagers.
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Fallstudie om faktorer som påverkar
cyklandet till skolan hos unga vuxna
i Nederländerna
Sammandrag (Svenska)
Cykling är en viktig källa till regelbunden motion men används också som
ett transportmedel med vilket man uppnår den rekommenderade vardagliga
motionen. Denna undersökning fokuserar på att öka förståelsen för unga vuxnas
(12-20 år gamla) resebeteende samt vilka faktorer som främjar cyklandet för
studenter från den nederländska regionerna Limburg, Overijssel och Noord-Brabant.
Två datamängder användes i denna undersökning, OViN enkätundersökning
innehållande samtliga resor 4116 unga vuxna i Nederländerna gjort under en
dag samt en enkät med 592 respondenter fördelade mellan högstadie- och
gymnasieelever från de tre provinserna. Undersökningen av datamängderna visade
samband mellan personliga egenskaper, hushållets karaktär, den byggda och
naturliga miljön samt samhällets påverkan och resebeteendet hos unga vuxna vad
gäller cykling.
Resultanterna visar att det är mindre sannolikt att äldre tonåringar cyklar jämfört med yngre tonåringar samt att resans syfte starkt påverkar valet av transportmedel. Övriga egenskaper som etnicitet, hushållets storlek, inkomstnivå, vänners beteende, reseavstånd samt urbaniseringsnivå har också en signifikant påverkan
på transportmedel. Undersökningen samanställde olika modeller som förklarade
olika faktorer samt de undersökta faktorernas påverkan. Resultatet visar att olika
åtgärder och incitament kan främja unga vuxnas resebeteende vad gäller cykling.
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Chapter 1
Introduction
Cycling is a sustainable transport mode which contributes to more liveable cities
and improve citizens’ health issues related to heart diseases and mental health
problems e.g. depression. As well, cycling is an equitable mode of transport since
it is inexpensive, does not require high skills and it just adds a little extra time
in short distance journeys. Moreover, cycling is an ecological transport mode,
which hardly produces any noise, does not cause air pollution or carbon emissions.
Moreover, cycling is an important source of daily physical activity when commuting
like this on a daily basis. Over time, physical activity in children and teenagers has
decreased considerably. They have adopted a more sedentary lifestyle, therefore,
decreasing rates of walking and cycling and increasing rates of overweight and
obesity among this group (Carver et. al., 2013).
According to the World Health Organization (WHO) (2018), children and
teenagers require at least 60 minutes of physical activity per day and cycling could
be an important provider in order to reach this goal. Besides improving their
health, youth who are active tend to perform better academically, have a better
behavior in class and miss less days of school. Finally, since children and teens are
in a phase where habits are being formed, they adopt an active lifestyle from an
early age that will be maintained throughout their lifespan.
Even though, during the last three decades, the rates of active school travel,
commuting to school by means of non motorized vehicles, have declined in a
concerning way across Western countries (Mitra, 2013), this topic is still relatively
underdeveloped, especially when comparing commuting to school and commuting
to work (van Goeverden and de Boer, 2013). Since commuting to school is a daily
activity, it could be an important factor to reach the goal of recommended physical
activity by the World Health Organization (Bere et. al., 2008); therefore, more
research about active school travel behavior is needed in the field of transport
research.
There are several studies where children’s and teens’ active transport behavior
in general is being addressed, and some others where also active school travel
behavior is included. The different studies relate active travel behavior to built
1

environment (Waygood, Sun and Letarte, 2015; Pucher and Bueler, 2008; Mitra,
2013; de Vries et. al., 2010; Kemperman and Timmerman, 2014;), parental
perceptions (He and Giuliano, 2017) and socio-demographic factors (Bere et. al.,
2008; Kemperman and Timmerman, 2014; Ghekiere et. al., 2017). Moreover,
studies relate active school travel behavior to the built environment (Race,
Sims-Gould, Lee, Frazer, Voss, Naylor & McKay, 2017; Curtis, Babb & Olaru,
2015) and parental perceptions (Mah, Nettlefold, Winters, Race, Voss, McKay,
2017; Henne, Tandon, Frank, Saelens, 2014). But few studies have examined
factors such as individual characteristics, social and environmental aspects related
to active school transport in the same study. As well, the results of this research
field depend on the context in which the study is being held. Most of the studies
have been performed in low cycling countries, where the popular active transport
mode is walking, such as in the United States and Australia (van Goeverden
and de Boer, 2013; de Vries et. al., 2010). On the other hand, there is vast
information about children (5-12 year-olds) active transport behavior , but youth
(12-20 year-olds) has been left out of the studies. It has been seen that during
these ages is where active transport starts to decrease. Therefore, the importance
to focus a study in youth.
Even though, the positive outcomes that active transport brings to children
are well known, in the last decades the proportion of children being transported
to school by car has increased (de Vries et. al., 2010). Since risk factors
for cardiovascular disease and obesity begin in childhood and continue through
adolescence (Hume et. al., 2009), it is important to increase physical activity
within children and teenagers. Nowadays more time is devoted to sedentary
activities such as watching television, playing video games, instead of devoting that
time to walk or cycle (Kemperman and Timmermans,2014). By promoting active
transport key factors are being addressed, such as equality, sustainability and health.
In this research, the country that will be studied is the Netherlands, a country
that has more bicycles than residents and its cycling culture is strong (BBC News,
2013). The 2016 data of Dutch Travel Survey [Onderzoek Verplaatsingen in
Nederland (OViN)] shows that cycling among Dutch youth quickly decreases after
the age of 16 years. For example, for 15-year-olds, 60% of the trips are made by
bicycle while for 16-year-olds drops up to 50%, 31% for 18-year-olds and as less
as 24% for 20-year-olds.

2

The aim of this project is formulated as follows: Gaining insight in the
travel behavior of teens (12-20-year-olds) and the influencing factors in order to
stimulate cycling among this group in the provinces of Limburg, Noord-Brabant
and Overijssel.
In order to conduct this study, different research questions will be answered
throughout this report. The main research question in this project is: Which factors
influence active travel behavior and transport mode choice among teens between
12 and 20-year-olds. This research question will be divided in three different subquestions:
1. Which trips do teens make (purpose, distance, transport mode)?
2. Which target groups can be distinguished among teens based on their bicycle
use?
3. What is the role of personal characteristics (age, gender), characteristics of
the built environment (distance to school, hills), and social networks (behavior
and opinion of parents influence of behavior of peers, cycling together)?
To answer these questions, a combination of different methods was used in this
research. This combination consists of analyzing secondary and primary data with
different statistical tests. For the secondary data, the information was obtained
from the ‘Onderzoek Verplaatsingen in Nederland’ (OViN). For the primary data,
a tailored-made survey was distributed among secondary schools from the regions
of Limburg, Noord-Brabant and Overijssel.
This report is part of the project Bike2School (see Appendix 1) which is
conducted by Eindhoven University of Technology together with the University
of Twente; this research is the first stage of said project. This first stage
consists of carrying on a literature review, analyzing already existing data, and
the development, distribution and analysis of a survey distributed among the
secondary and professional schools from the participating provinces. Therefore,
the contributions of this report for the whole project consist of the analysis of the
different factors that could influence cycling behavior among young adults in the
Netherlands. The results obtained in this report will be used as input for the next
stage of the project Bike2School. In this second stage, the researchers who are
involved in the project Bike2School can formulate and study different stimulating
measures. These methods could be implemented in schools in order to increase
cycling among this target group.

3

This report is structured in different sections starting with a short background
about cycling, its benefits, and the current cycling situation in the Netherlands.
In section 2 a literature review is shown, where the different factors influencing
cycling among young adults are studied considering the information from different
researchers around the world. Moreover, some stimulating measure for cycling
among teenagers are stated. As well, the theoretical framework this research is
based on is explained, to later on introduce the theoretical model that this research
use. On section 3, the methodology is stated, where the different methods and
analysis that were used to obtain the results are explained. In section 4, the
findings of this research are detailed, here not only the results are shown but
also a discussion about these results is mentioned. Finally, section 5 contains
the conclusion of this study with suggestions for policy changes and future research.

4

Chapter 2
Background and literature review
Throughout the years cycling patterns have changed, some might assume that
Europe’s cycling levels have always been high but this has not been true all the
time. From the years 1950-1975, in countries where cycling is popular nowadays,
the share of cycling trips dropped approximately two-thirds. For example, in the
Netherlands, from having between 50-85% trips made by bike in the 1950’s, it
decreased to 14-35% in 1975. In this 25 years’ time lapse, the use of private
car took over the streets, therefore infrastructure focused mainly on increasing
car accessibility. For these percentages to increase again, in the mid 1970’s, bike
infrastructure was improved and cars gained more restrictions, giving pedestrians
and cyclists priority once again. This shift made cycling trips to increase once
again, by 2006 the Netherlands’ cycling share trips had already increased to more
than half of how they were in the 1950’s. On the other hand, countries such as
UK never totally recovered from the private car shift; by 2006 the cycling level was
less than one seventh of that one in the 1950’s. Besides the Netherlands, other
countries that had a positive rebound from the car era, were Denmark and Germany,
where also the daily kilometers travel by bike increased. In such countries where
cycling is strong, this transport mode is gender, age and income neutral (Pucher
and Buehler, 2008; BBC News, 2013).

2.1

Active Transport

On the road, different modes of transport can be identified, they could be either
inactive or active. The first one refers to public transport, cars and other motorized
vehicles such scooters. While the second one refers to transport modes that must
use some physical energy for example, walking, skateboarding, cycling, etc. (Waygood, Sun, Letarte, 2015). Sometimes, public transport is also included in this
mode since the journey either starts or ends with the previously mentioned forms
in order to arrive to their destination (Villanueva et. al., 2008). For example, in
a study made in the Netherlands , it was estimated that Dutch population have
an average accumulation of active travel of roughly 11-14 min, in order to access
public transport (Waygood, Sun and Letarte, 2015). This report will mainly focus
on cycling, but some literature will be broader on active transport modes, such as
5
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walking. In this section, cycling will be discussed in more depth.

2.1.1

Benefits of Cycling

Several aspects make cycling important not only from the sustainable point of
view but also from an individual one; this transport mode has many, ecological,
social and economic benefits. In this section, these benefits will be discussed.
Ecological
Cycling is one of the most ecological transport modes, together with walking.
Comparing the ecological footprint of a bike and that one of a car; from a
manufacture process, producing bicycles is less contaminating than producing a car
since less resources are needed. During use, it produces barley or no noise and air
pollution, and non-renewable resources are not needed (Pucher and Bueler, 2008).
Therefore, these form of transport is vital in order to reduce carbon emissions
and the fossil fuel dependency, this way climate change can be contested (Carver
et. al. 2013). When reducing air pollution and greenhouse emissions, as well as
noise levels, beneficial health effects are present in society (Scheepers et. al., 2013).
Social
Socially, active transport also has its benefits for the general public and the
individual. When prioritizing active transport infrastructure, cycle and pedestrian
paths, more space is left for recreation areas and green spaces (Pucher and Bueler,
2008) since less space is needed for motorized vehicle infrastructure. Cycling is
also considered the most equitable transport mode. Regarding space distribution,
inequality is also addressed when prioritizing active transport over other modes,
since when designing an area for cars, those who cannot afford one can be
excluded from certain areas by not having a way to reach them (Steg, 2003).
Moreover, by commuting by bike there is more chance to meet with peers and
neighbors than when commuting by for example car, the social capital of a community increases, therefore creating more community cohesion (Bere et. al., 2008).
As already mentioned before, active transport requires one’s own energy,
therefore it is associated with physical and mental health benefits, this due to the
physical activity performed and to reduction in air and noise pollution. Obesity
is an issue that is concerning around the world. According to the World Health
Organization (WHO) an adult (18-64 years) has to do at least 150 minutes of
moderate-intensity aerobic physical active throughout the week (World Health
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Organization, 2018). By commuting through active transport, adults can, if not
achieve, get closer to the required amount of physical activity needed since this
mode is the most practical and sustainable way to increase physical activity on
a daily basis (Carver et. al. 2013). As well, cycling, has a positive effect on
cardiovascular outcomes, and help to tackle obesity, insulin levels and triglyceride
levels (Scheepers et. al., 2013). However, health benefits differ depending on the
age group, for example for “middle-aged and elderly people the benefits include
risk reduction related to cancer, cardiovascular diseases and obesity morbidity; for
working-aged adults the benefits are seen in cardiovascular risk factors. Finally, for
young people the benefits include health and functional benefits (Waygood, Sun
and Letarte, 2015).
Economic
Cycling economic benefits can be studied from a wide perspective and from an
individual one. Addressing the first one, an area can benefit by investing in cycling
infrastructure instead of investing in motorized vehicles infrastructure, not only
the government saves during construction, but also during maintenance since it
lasts longer and requires less care (Baskind, 2010). Considering indirect costs,
there are three different indirect costs that need to be analyzed when performing
a cost analysis in transport modes: climate change, air pollution and accidents
(Jakob, Craig, and Fisher, 2006; Steg, 2003). Therefore, social and ecological
factors can be translated into economic factors. These indirect costs are higher
when addressing private (car) transport in comparison to active transport. When
increasing active transport and decreasing car usage, all these costs reduce since
cycling does not produce air pollution and greenhouse emissions which cause
climate change.
From an individual perspective, defined as the “most equitable form of transport”
(Pucher and Bueler, 2008), for a person from a low socioeconomic status, and who
does not have the acquisition power to buy and/or maintain a car or pay for public
transport, cycling is the option for commuting either medium or short distances. As
well, on the long term, individuals also reduce their expenses by having a healthier
life due to active transport. In overall, society benefits from the reduction in traffic
collisions, air pollution and greenhouse gases (Waygood, Sun and Letarte, 2015).

2.1.2

Children and Active Transport

As already mentioned before, obesity is an important challenge of the 21st
century, and it is affecting adolescents worldwide. According to the World Health
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Organization, young people (aged 5-17 years) require at least 60 minutes of
moderate to vigorous daily physical activity in order to improve mental health,
have a healthy body composition and more muscle strength (World Health
Organization, 2018; Ghekiere et. al. 2017). By engaging in this recommended
amount of physical activity, health outcomes are not only seen during childhood
but also later in their lives by decreasing the odds of cardio-vascular diseases and
several cancers (Ghekiere et. al., 2017).
An important component of children’s active transport is independent mobility;
this refers to the ability of a child to move around without the need of adult’s
supervision (Carver et. al. 2013) This is a significant milestone in a child’s life,
since it is the moment where they gain independence and the ability to travel
faster and farther by themselves, being able to get to places that before were out
of their reach (McDonald, 2012).
Another factor that is benefited from independent mobility is that their
sense of community and their navigational and spatial skills improve. As well,
they increase their opportunities to bond with their peers (Carver et. al., 2013),
and give their own valuable contribution to urban life (Karsten and van Vliet, 2006).
As well, not only the child or teen has benefits by commuting independently,
but also the parents, since they do not have the burden of constantly supervising
their kids while they commute (ibid.).
Therefore, a child’s well-being is being positively affected in three domains:
physical, psychological and social, since they have a greater activation than
those commuting by car, and they have more positive emotions (Waygood,
Sun and Letarte, 2015), promote psychosocial skills and reduce risk factors for
cardiovascular disease and obesity (Carver et. al., 2013).
Active transport and independent mobility merge when a child commutes to
school by means of active travel modes. Since commuting to school is a daily activity, this activity can help the student to reach the recommended level of physical
activity (Bere et. al., 2008). Hence the projects’ focus on cycling to school. As
well, it has been proven that when children with these modes, they present to be
more active throughout the day (McDonald, 2012). Since children are in a phase
where they are forming behaviors and a healthy lifestyle obtained in this phase is
more likely to be maintained through their adulthood (Kemperman and Timmermans,2014). Therefore, the importance to create an active behavior from an early
age.
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2.2

Influencing Factors in Young Adult’s Active
Transport

A literature review was performed during this research. The objective was to gain
insight of the influential factors in active transport modes, specifically in cycling.
This review focused on both, children and teens, and it was a general analysis of
what researchers around the world have studied during the past ten years regarding
this groups and their active transport behavior. The literature review was also used
to create the theoretical model based on Bronfenbrenner’s theory of ecology of
human development, but adapted to cycling behavior and its influential factors.
The theoretical was later used to analyze the OViN data and to create the survey
that was applied to the students.
In this section several factors that influence teenager’s cycling behavior that
have been found in the literature will be mentioned. This will provide information
that will be tested later among young adults (12-20- year-olds) from the provinces
of Limburg, Noord-Brabant and Overijssel. The key factors that will be reviewed
are: personal characteristics, household, social, built and natural environment. In
order to obtain a deep knowledge, within these factors sub-factors will also be
studied.

2.2.1

Personal Characteristics

The personal characteristics are the most direct influences on the cycling pattern.
These characteristics are divided in socio-demographic factors, motives and
preferences, and the level of education. In the following sections, these factors will
be described.
Socio-Demographic Factors
As one of the most influential factors in a person’s behavior, the sociodemographic factors are analyzed on how they can influence active transport
modes.
Age
There is a difference when analyzing travel behavior of children, young adults
and adults. This “age-effect” may be related to a child’s physical/cognitive
development as an independent traveler (Mitra, 2013). For example, considering children and young adults, the older the child the more autonomous the
9
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travel becomes (Karsten & van Vliet, 2006; Ghekiere et al., 2017; Kemperman
& Timmermans, 2014; van Goeverden & de Boer, 2013), hence turning to
active transport modes. Moreover, considering these two groups (children and
young adults), cycling behavior first increases between the transition of children
(0-11) to young adult (12-20), but once the person reach driving age cycling
starts to decrease (McDonald, 2012). Moreover, with age also cycling skills improve (Hume et. al., 2009), making the child more confident of commuting by bike.
As children grow older other factors are also affected, for example the distances
they travel, the purpose of their travels, parental perception and the accessibility
for other transport modes. All these factors will be later explained, but it is
important to remember that some way or another they are linked with the age of
the student.
Gender
The differences in gender and their active cycling pattern are highly dependent
on the countries the research was conducted. In countries with low cycling rates,
there is a difference between gender, men tend to cycle more than women. For
example, USA and UK, where 76% and 72% respectively, of cycling trips are
made by men. On the other hand, in countries with high cycling rates, cycling
is a common transport mode between both men and women. For example, the
Netherlands , Germany and Denmark, where in the three countries women make
approximately 50% of the cyclist (Pucher and Buehler, 2008).
This research focusses on the Dutch cycling culture, where gender has no
relation with the participation in active travel behavior. However, minor differences
can occur due to parental perceptions of safety between boys and girls (Carver et
al., 2013; Kemperman & Timmermans, 2014; McDonald, 2012).
Ethnicity and Cultural Background
Another socio-demographic aspect that could influence a person’s cycling
behavior is his ethnicity and cultural background. It has been found that natives
tend to cycle more than immigrants do (van Goeverden & de Boer, 2013). For
example, in the case of countries where cycling culture is strong the natives are
used to this transport mode, therefore learning how to cycle becomes a milestone
in a child’s life (Steinbach, Green & Datta, 2011). If the child or teenager comes
from a cultural background or ethnicity that is not used to cycle, then it would be
harder to find them doing it.
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Moreover, cycling behavior also has to do with minorities, In the case of the
United States, minorities, such as blacks and Hispanics, use more active transport
modes (walking and cycling) than white students (Mcdonald, 2008). In this case,
minorities are also related to income, distance to school and transport accessibility,
which all of these topics will be later explained. In the contrary, in the case of
London, cycling is an activity that is related to white men rather than for minorities
(blacks, Asians), mainly because ethnic groups besides whites, think that cycling
does not give them enough status as the car would (Steinbach, Green & Datta,
2011).
Motives and Preferences
Another factors that belongs to personal characteristics and that can influence
cycling behavior in children and young adults are their motives and preferences.
These includes, the purpose of the trip, the perceptions towards cycling and the
number of trips.
Purpose
Another factor that affects cycling behavior is the purpose of the trip itself.
The purpose can vary between work, shopping, sports, leisure, social, and regarding
children and teenagers to school. When the child or teenager does not engage in
independent mobility, the purpose that predominates is shopping and in this case
they tend to travel as a passenger in a car (Kemperman & Timmermans, 2014).
Taking into account this group (children and teenagers), the most popular trip
purpose is school, but the use of active transport modes, cycling and walking,
depends on the country that is being studied. For example, in countries such
as the US, UK and Australia the car has become the predominant mode choice
for any type of purpose. While in countries such as the Netherlands, Denmark,
Germany and Japan parents have decided to not bring their children to school by
car (Garrard , 2009).
Moreover, previous research shows that the degree of active transport also
differs when the purpose of the trips is different from one another, for instance
when cycling is not used as a mean of transportation but as a way of recreation (de
Vries et al., 2010). Moreover, Carver et al. (2013) found that differences between
the built environment factors correlating with cycling for recreation, cycling for
transportation and cycling to or from school.
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Perceptions
Another factor that can affect cycling or active behavior is how the person
perceives the mode choice. According to de Souza, Sanches and Ferreira (2014),
there are four different aspects related to a positive perception towards cycling:
environmental benefits, health benefits, economy and feeling independent. On
the other hands, there are also aspects that could affect in a negative way the
perception towards cycling, for example the weather, social and traffic safety,
prestige, etc. It was found that those ones who have a strong positive perception
towards cycling perceive less barriers to perform the activity. The barriers that can
get affected because of perception are for example, topography, infrastructure,
time consumption, safety and weather. All these aspects will be analyzed in the
following sections. Moreover, the willingness to cycle has a positive impact in this
transport mode and has a negative effect on motorized transport modes such as
the car (Kamargianni & Polydoropoulou, 1996).
Number of trips
The number of trips during the day can also have an influence on mode choice
and cycling behavior. Those ones how have more trips during the day, have a
higher possibility to use different transport modes (Heinen & Chatterjee, 2015).
Level of education
In terms of level of education, children and young people are first affected by
their parents’ level of education. It has been found that the higher the level of
education the higher the willingness of the child to cycle or walk (Kamargianni
& Polydoropoulou, 1996). This can be due because the higher the level, the
more the parents value independent mobility (van Goeverden & de Boer, 2013).
Moreover, studies have found that higher levels of physical activity can be found
in more educated people (de Geus, de Bourdeaudhuij, Jannes and Meeusen, 2017)
Based on this information, one can assume that their child is going to follow that
same path regarding level of education.
Moreover, level of education as a factor is also connected with other factors
for example distance. As found in earlier research, the level of education is also
influencing cycling: secondary school students were nearly three times as likely to
cycling as a way of transport than vocational students. This is however also due
the fact that vocational students usually have to travel a greater home-to-school
distance than secondary school students (De Bruijn et al., 2005).
12
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2.2.2

Household

A very important factor that influences in children’s and teen’s modal choice is not
only what surrounds them in the environment, but also on what surrounds them
in their household. The household’s attitudes, socio-demographic characteristics,
norms, socio-economic status and even size of the household, all can influence
either in a positive or negative way in children’s active school transportation (Mitra,
2013). In this section the aspects that will be covered related to household are
socio-economic status, parental perceptions/rules, and the size of the household.
Socio-economic status
The socio-economic status of a household can influence in different ways,
children’s modal choices to school. One of the most influential aspects is the
transportation opportunities of the household, e.g. if each member of the family
has access to a bike or how many cars they have access to. There is a negative
correlation between the number of cars in the household and active travel behavior
of children. Children and teenagers that are in households where there are no
cars are more likely to use active transport modes (Mcdonald, 2007). However,
if a child owns his own bike, the chances of cycling increase (Kemperman and
Timmermans, 2014). Households that have a high incomes tend to have a lower
resistance to distance, therefore engaging more in the use of motorized transport
modes. As well, having a high car ownership, gives the parents more opportunity
to choose distant schools for their children (van Goeverden and de Boer, 2013;
Mitra, 2013).
Parental perceptions
Parents/caregivers are the ones who decide the distance that their kids can
travel independently (Ghekiere et. al., 2017). Parental perception is quite an
influential aspect regarding children’s and teen’s active school transportation and
independent mobility. There are several factors that can influence the parents’
decisions when it comes to active travel, such as their perception towards active
travel, the built environment, their employment status and their social network
of the neighborhood. Studies have shown that if the parents have a positive
attitude towards active transport, that they know the benefits that this mode
of transports has and themselves choose this mode, then the child will have a
higher probability to commute to school by means of active transport. On the
other hand, if the parents’ attitudes are positive towards using cars as mode of
transport, then the child is more likely to be driven to school (Mitra, 2013). For
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example, in the Netherlands , if parents cycle to work then the children cycle
to school, either independently or accompanied by their parents (McDonald, 2012).
Another parental perception that is important for parents to make decision
about their kid’s mode of transport is safety. Children may not perceive when
danger surrounds them, but parents do. Therefore, the parent’s perception of the
neighborhood’s safety is highly important because at the end of the day they are
the ones who decide if their kids commute independently, specially for younger
children. Nowadays, parent’s fear of violence, harassment and unsafe traffic
conditions has lead to a decrease in active transport within primary school-aged
children, and an increase in in-home activities (Kemperman and Timmermans,
2014).
Regarding traffic safety, if parents perceive that there are insufficient traffic
lights and pedestrian crossing it is less likely that the teen uses active transport
modes, and vice versa (Hume et. al., 2009). This also has to do with the perceptions of the parents towards their child’s cycling/ pedestrian skills (Ghekiere et.
al., 2017). If they believe that the child does not have enough skills and that traffic
safety is insufficient then it is less probable that active school transportation occurs.
For parents not only traffic safety matters, but also their perception of danger
from strangers (Ghekiere et. al., 2017; Craver et. al., 2013). A way in which
parental perception becomes positive about the neighborhood is when their
social network is strong. Children whose parents know many people from the
neighborhood are more likely to use active transport modes. This is also the case
when the child has many friends in the area (Hume et. al., 2009). Moreover,
active transport is positively related when parents perceive that the facilities and
opportunities for physical activity are in good conditions (Craver et. al., 2005)
Another factor that influences active school transportation, is the availability
of the parents to escort the children (Mitra, 2013). For example, if both parents
work, there is more chance that their schedules are more tight, therefore letting
the child to commute independently (Bere et. al., 2005). In this case the child’s
independent mobility depends on the parents’ work needs, if the parent has the
opportunity to escort the child on the way to work, then they are more likely to be
driven to school (Mitra, 2013).
The norms and cultural values of the household are also crucial for a child’s
active transport (Mitra, 2013). For example, if the parents think that it is more
dangerous for a girl than for a boy to commute independently, or that girls
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should have a stricter schedule, this will negatively affect the girls’ active school
transportation. Gender differences might decrease if the parents engage regularly
in walking and cycling (Karsten and van Vilet, 2006; McDonald, 2012).
Household Size
Finally, it has been found that the size of the household could also influence
active school transportation. In households where there are many children, it becomes more difficult for the parents to escort all of them, more if everyone has
different activities. Since organization becomes more challenging, then active transport modes for school become more likely to happen (van Goeverden and de Boer,
2013; Kemperman and Timmermans, 2014). Therefore, children and teenagers
that live in households that have more than one children tend to use more active
transport modes (Babey et al., 2009).

2.2.3

Social Environment

The Social Environment (friends, neighbors and other members of the community)
is another influencing active cycling amongst youngsters (Mitra, 2013). This
factor is divided in three subheadings: Social Safety, Social Influence and School
Environment.
Social Safety
With social safety, the focus is on the bonds that maintain stability in a certain
region. High levels of social control or social trust and knowing one’s neighbors
is important in reduction concern regarding strangers, which is a major reason
for parental restriction of their children’s active travel pattern and their physical
activity (Carver, Timperio, & Crawford, 2013). These levels of trust allow children
to move independently more often and have social contact with others. This
results in an indirect positive relation with the participation in biking by children
(Kemperman & Timmermans, 2014).
On the other hand, stranger danger and neighborhood crime are safety issues
that negatively correlate to the use of active transport among children (Hume et.
al., 2009). Therefore, children living in a safe environment showed higher levels
of physical activity than those who live in unsafe neighborhoods (Kemperman and
Timmermans, 2014).
Social Influence
A positive relation between social support and social cohesion can be noticed:
high levels of social cohesion among parents and children results in higher degrees
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of independent mobility of children (Carver et al., 2005). In other words, a child
is expected to cycle more actively when it is supported in the neighborhood and
others are cycling as well. Next to that, it is assumed that teens will ride their bike
more often if it is also a popular way of transport among peers.
School Environment
Next to influencing factors in the living environment, studies also show the impact of the perception of the schools regarding physical activity and active transport. For young people to be more attracted in using active transport modes, the
school environment they are involved in should be conductive to walking and cycling
(Buehler & Hamre, 2016). As a learning environment, the school can provide to
healthy physical activity patterns (van Kann, 2017).
Regarding to active transportation to and from school, primary schools are
involved in the development of initiatives such as ‘Safe Routes to School’ and
‘The Walking School Bus’ (van Kann, 2017). Initiatives that are also developed to
overcome social issues and focus on traffic safety.

2.2.4

Built Environment

One of the factors that influence mode choice indirectly is the built environment.
The urban design of an area has shown to be influential during mode choice
(Mitra, 2013). Urban design is a combination of infrastructure, accessibility to
facilities and public transport, safety, and green structures. In this section these
aspects will be analyzed in order to understand how each of them influences active
transport in teens on their trips to school.
Infrastructure
A cycling-friendly and walkable neighborhood increase independent mobility
among children and teens. To achieve this environment, cycling infrastructure,
low traffic density, regulated traffic speed and small residential blocks are needed
(Ghekiere et. al., 2017; Mitra, 2013). Therefore, infrastructure is an important
factor that could positively influence the use of active transport to school (Mitra,
2013). In order to positively relate this factor to this mode of transport, infrastructure needs to prioritize cyclists, and for this to happen a separation between
cycling facilities and motor vehicles traffic is crucial (Pucher and Buehler, 2012).
In order to make cycling a convenient transport mode, adequate infrastructure is
needed (Furth, 2012). There are different ways in which adequate infrastructure
can be achieved, for example to separate bikes from motor traffic, if the bike lane
is on street level just another type of painting is used in order to make difference
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between lanes, as well different levels can be used, where the bike lane is on a
median raised level. Moreover, in bike lanes, or cycle tracks, the cyclists cross a
few intersections, but most of the time the track is continuous (Furth, 2012).
Another way in which infrastructure can be used to influence cycling positively
is by creating bike routes which connect longer distances, for example between
towns and cities. This route can involve standalone paths, which go along blue
and green structures, like rivers and parks. With bike routes, not only the cyclist is
separated from motor vehicles, but also delays decrease due to the intersection-free
route (Furth, 2012).
Moreover, for children and teens, the complexity of the neighborhood is an
important aspect, the more land is used for vehicle infrastructure, the less likely
that children will use active transport modes to commute. Also, when there is
a higher percentage of vehicle infrastructure, the neighborhood is perceived as
unsafe, decreasing the percentage of independent mobility among children (6-12
year-olds) (Kemperman and Timmermans, 2014). As well, street connectivity
has presented positive correlation with active transport, when there are high
connections between streets and blocks are short (de Vries et. al., 2010; Berrigan,
Pickle and Dill, 2010; Mitra, 2013).
Infrastructure is especially important for children and teens, because of their
size, limited cognitive ability, and impulsiveness make them more vulnerable to
suffer an accident if there is no adequate cycling infrastructure in their journey
(Furth, 2012). At the end of the day, infrastructure provides safety and confidence
for children and teens to commute by active modes, moreover it provides parents the security that their children are going to have a safe journey no matter what.
Level of urbanization
For children and teens, the level of urbanization can influence their modal
choice, therefore living in an urban or rural area could make the difference if the
children choose active transport modes or they do not. The type of urbanization
is related to the amount of traffic there is in the area, for example in urban areas
it is more likely that more traffic and major street crossings are present, therefore,
reducing the percentage of trips made by active transport since comfort is being
affected (de Brujin et. al., 2005; Mitra, 2013). It has been studied that children’s
active transport increases as urbanization decreases, therefore children tendency
to bike is higher for those who live in less urbanized areas, than those who live
in strongly urbanized areas (Kemperman and Timmermans, 2014). As well, for
students whose school is situated in a less urbanized area, are twice as likely to
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bike to school than those whose school is located in an urban area (de Brujin
et. al., 2005). Moreover, safety is also negatively related to urban areas, also
affecting the use of active transport modes (van Goeverden and de Boer, 2013).
Together with the type or urbanization, it comes the aspect of density. This
factor becomes important when addressing active school transportation, since if
the population density is low, the school density is also low. For example, in the
Netherlands , there is a difference between Primary and Secondary schools, where
the first ones are located in small settlements, while the others are located in cities
or regional centers (van Goeverden and de Boer, 2013).
Accessibility to Facilities
Within the built environment factor an aspect that influences active transport
among teens is the accessibility to facilities. The facilities that are present near
home are important when choosing a mode of transport, for example, having
stores, sports fields, parks and cycle paths increases the chances for children and
teens to commute by active transport (de Vries et. al., 2010). Regarding facilities,
there is a difference when addressing recreational areas and forests, the first one
attracts more walking while the second one is more likely to encourage cycling.
This difference might be due to the amount of space; recreational areas are usually
compact areas while forests provide big areas accessible by bikes (Kemperman and
Timmermans, 2014).
Another aspect of accessibility is land-use pattern. This aspect is positively
correlated with active transport mode among teens and children when the land-use
pattern is of mix-use (Mitra, 2013; de Vries et. al., 2010). This can be related
to the high accessibility that these areas have, and as already mentioned before,
having a mix of housing and commerce place eyes on the street; giving a sense
of safety. Moreover, travel distances are shorter in this type of pattern, since
facilities and residential areas are closer to each other.
Transport Accessibility
The mobility options in the neighborhood influence students in whether they
chose non-active or active transport modes, especially for medium and long
distances. For example, if the student does not have access to public transport
to commute to school, then the only options that are left are to commute by
motorized transports , by bike or by foot. But also not only public transport should
be available, it should also be affordable for the students; i.e. having discount
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prices for students (Buehler & Hamre, 2016). Another mobility option that can
influence active transport is the transportation that the schools provides to their
students (Mitra, 2013). If these options are not available in the area, and the
student does not have access to a car either, then the probability of active school
transportation increases.
On the other hand, if the household in which the student grows has accessibility
to multiple cars, then the probability of actively commuting to school decreases.
This can be because having a high car ownership, the household has lower
resistance to distance, engaging more in the use of motorized vehicles (van
Goeverden and de Boer, 2013; Mitra, 2013). In the next section distance is being
described.
Distance
As already mentioned, distance to the destination is one of the most crucial
factors that influence in a children’s and teen’s modal choice, since it has
been shown that distance is a key barrier for active transport (Craver et. al.,
2013). In the case of the commute to school, not only the distance between
home-school is important, but also the location of the school regarding the
caregiver’s workplace (Mitra, 2013). For example, in a model by McDonald
(2008) it shows that living half a mile from school increases the likelihood to
use active transport to commute to school, this across all groups. The distance
to destination affects the quality of the trip, for example being closer to school
reduces the cost of travel, therefore parents are more willing to let their children
to commute to school independently (van Goeverden and de Boer, 2013; Mitra,
2013). Therefore, if a child goes to a school not located in their neighborhood,
this might imply to travel longer distances, decreasing the likelihood to use active
transport to commute to school (He and Giuliano, 2017). Though the distance
home-school is a specific example, no matter the purpose distance will always be
a key barrier to determine if the child or teenager travels by bike or not. The
longer the distances the less likely cycling will be the first choice in transport modes.
Traffic Safety
When studying children’s modal choice, a factor that cannot be denied as
important is safety, both traffic safety and social safety, and the built environment
truly influences this aspect (Mitra, 2013). For example, there is a positive
association between road-safety infrastructure and active transport among
school-aged children. This type of road safety refers to traffic lights, pedestrian
19

Influencing Factors in Young Adult’s Active Transport
crossings, low traffic volume, low speed streets and traffic conditions in general
(Craver et. al., 2009; de Vries et. al., 2010, Mcmillan, 2007). For example,
in a study made in Australia, it was shown that the need to cross busy-roads,
and poor access to lights and crossings was negatively correlated with both
walking and cycling (Timperio, et. al., 2006). But it does not only have to
do with infrastructure, but also is the students feel safe cycling in their environment.
Greenspace
In places where distance is not a barrier, such as in the Netherlands, other
aspects gain importance, and one of them is green structures (de Vries et. al.,
2010) Green structures is a factor that positively correlates with active transport.
Regarding this aspect, it is not only for school purpose trips but also using
active transport as leisure. As already mentioned before, because of their wide
open areas, forests and nature area have accessibility to bike tracks, therefore
encouraging cycling through these areas (Kemperman and Timmermans, 2014).
As well, having nature around when commuting increases, the comfort of the
cyclist.
Green spaces also increase the attractiveness of the area which is another factor
that influences active transport. For children and teens, the urban setting is related
to the experience they get from the journey, the more pleasant the experience the
more likely they are to chose active transport as a modal choice. The presence of
vegetation and narrow streets has shown positive relation to a pleasant and stress
free journey experience (Waygood, Friman, Olsson and Taniguchi, 2017). Other
aspects that influence in a positive way the travel journey is the presence of parks,
pedestrian-oriented buildings, and tree-line streets. These aspects also contribute
to the aesthetics of the neighborhood (Mitra, 2013; de Vries et. al., 2010).

2.2.5

Natural Environment

The natural environment is divided in the environmental conditions, the topography
and the weather.
Environmental Conditions
Although cycling is a sustainable way of transport and therefore beneficial for
the environmental conditions, the environmental conditions are also influencing
the active cycling. One of the most important aspects influencing the traveling
comfort is the quality of air. It is clear that clean and non-polluted air contributes
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to a healthier and nicer cycling environment.
Topography
Another factor influencing active cycling is topography (Mitra, 2013). One can
understand that the flatness of the route can be seen as a determinant in choosing
between means of transport (van Goeverden & de Boer, 2013). These differences
in height levels and the flatness of the route is however dependent on the region;
for example, the Dutch provinces of Overijssel and Noord-Brabant have less hills
than the province of Limburg.
Weather
As stated by Mitra (2013), weather and convenience are primary reasons for using
the car or public transport instead of cycling. For instance, when it is raining or
very windy, traveling by car is preferred over cycling. Next to that, temperature
is also of high importance, for it is the most influencing weather condition, stated
by Van Goeverden and De Boer (2013). The weather has a high impact on the
comfortability of the trip.

2.3

Stimulating Measures

As stated in the previous section (Influencing Factors in Teen’s Cycling Trips), there
are many factors that can influence a teen on whether they choose active transport
modes –cycling- to commute to school or not. Some of this factors are impossible
to manipulate, for example the environmental conditions, therefore teenagers need
an extra push to encourage them to commute by active transport modes. In this
section several measures will be analyzed, since they will also me tested throughout
the workshops that will be performed for this research.

2.3.1

Gamification

Nowadays technology has become part of everyone’s’ life including teenagers, as
they grow up using multiple types of technology, (Rekalde Aizpuru, 2015). Therefore, technology can be used to motivate teenagers to commute by active transport
modes. There are many mobile apps which address fitness, ride tracking, competition and transportation. Regarding cycling apps, they tend to focus on regular
cyclists and not precisely in casual and non-cyclists, who are the ones that need
encouragement to cycle on a daily basis (Navarro, et. Al., 2013). Besides having
the purpose of recording fitness details, routes and kilometers travelled, apps can
also consist on gamification. Gamification is the use of game design elements in
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non-game contexts. By the use of gamification, competition and social activity are
introduced into behavioral interventions (Yen, 2016). Gamification can transform
people’s physical activity levels by changing from one mode of transport to another.
An example of this is the UK initiative Beat the Street
(Intelligent health, 2018), which encourages their residents to walk and cycle for
health benefits. In Australia, a program called Healthy Active School Travel
, is a free, tailored program that helps primary school students, parents and teachers to use sustainable travel modes (walking, cycling, public transport) instead of
the car. Healthy Active School Travel
(Active Healthy kids, Australia, 2015) has helped to shift 35% of single family car
trips to active transport modes. These programs use leaderboards where scores can
be compared, therefore increasing peer competition and encouragement. Moreover,
low-cost rewards are also part of it, e.g. stickers, and prizes for “most children biking riding” (Yen,2016). The use of technology for transforming travel behavior is
still an unexplored field within teenagers, therefore as stated in the research methods, the influence of gamification will be studied within the workshops organized
for school-going teenagers.

2.3.2

Rewards

As already mentioned before, rewards can work together with gamification. With
the help of leaderboards, a record of who travels the most by active transport can
be saved and compared to others. Regarding students, not only competition will
to me promoted, but also the sense of community and it will strengthen their skills
of working together to achieve a goal. For example, in the project, EMPOWER
Take Up City
(Empower, 2018)in Odense, Denmark, a proportional draw is used; the more cycle
trips are tracked the better chances are for winning a prize. In this project, it was
shown that the prizes that were more popular within students were class prizes, for
example cinema tickets or field trips, eg. to the zoo, for the whole class. These
type of rewards do not only involve all the students but also their teachers, creating
a whole environment of physical activity. As stated before, weather conditions can
impact negatively on active transport mode, therefore, regarding rewards, cycling
during bad weather conditions can have an extra weight. This tackles a negative
factor with a positive incentive. For such project, the target group was between
10-14 year olds, therefore the types of rewards that could work for teenagers might
be different.
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2.4

Theoretical Framework

When addressing behavior and transport different theories or frameworks can be
used. They differ on the factors that are involved for the analysis. In this section,
the socio ecological model, which is based on Bronfenbrenner’s theory of human
development will be explained, and how it has been used in the field of travel
behavior and mode choice.
The social ecological model is based on Bronfenbrenner’s (1979) theory of
ecology of human development. In this theory a relation between an active,
growing human being, the changes in his immediate settings and the larger
contexts is made. According to Bronfenbrenner, the human being lives in an
ecological environment, which works as a set of nested structures, each inside
the next. This environment, does not only consider the immediate setting
but also considers the broader context in which the person is interacting with.
These structures are divided by layers that go from the most intimate to the
broadest level. The first layer consists of the immediate setting of the developing
person- e.g. the home and the school. In this first layer there can be dyad
or two-person system, e.g. a child and the caregiver, which means that if one
member of the pair undergoes a process of development the other will also
go through it. The second layer refers to the interactions that exists in the
first layer, immediate setting, for example the relation home-school. These
interconnections can be decisive for the development of events that take place in
a given setting. The third layer considers the events where the developing person
in not present, for example the parental employment conditions affecting the
child’s development. Finally, the fourth layer considers a phenomenon that affects
all the previous three layers of environment, for example culture and subculture.
Alterations in this layer result in changes in behavior and development of the person.
The ecological environment settings can also be analyzed in terms of their
structures. Each layer consists on one structure depending on the type of
interconnections. In the first layer the microsystem is located, which consists
of the interpersonal relations experienced by the developing person in a certain
setting with particular physical and material characteristics. In the second layer
the mesosystem is found, this one comprises the interconnections between two
or more settings where the developing person actually participates. Afterwards,
the exosystem is located in the third layer, where one or more settings, that do
not involve directly the developing person as an active participant, interact; but
the events that occur in this system do affect the developing person. Finally, the
fourth layer consist of the macrosystem, which refers to the consistencies of the
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lower-order systems. These layers and structures can be seen in Figure 2.1.

Figure 2.1: Ecological Environment model inspired by Bronfenbrenner
Within the ecological environment there are ecological events, these ones
affect the person’s development. The events that influence the most are those
ones that involve activities engaging the person directly and others. These events
lead to a sequence of nested ecological structures, meaning that what others do
motivates the developing person to do similar activities. Moreover, movements
can occur, this refers to the ecological transitions. These transitions happen when
the developing person moves from one position to the other, altering his role,
setting or both. For a child, a transition happens when a new sibling is born, entry
to school, graduating, etc., these transitions occur throughout the person’s life
span.
In this framework, behavior has multiple levels of influence, in the case of school
transportation, the considered aspects are the built environment, the caregiver,
household attitudes, social environment, socio-demographic characteristics and
individual beliefs (Mitra 2013, Hume et. al., 2009, Kemperman and Timmermans,
2014). In the research made by Kemperman and Timmermans (2014), this theory
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was used in order to study what are the set of variable that could be related
to active travel behavior of children. Moreover, the research by Hume et. al.
(2005) uses this theory to understand how inter and intra-personal characteristics,
social norms, organizational characteristics of the school, neighborhood design
and policies interplay in children’s modal choice in different levels. In the study of
Babey et al., (2009) this model is used to examine the factors from multiple levels
of ecological models in order to provide enough information to create policies
that encourage active travel to school by targeting those with the lowest rates
of actively commuting to school. The factors that were analyzed in this study
were sociodemographic, family, and environmental characteristics. Therefore, this
model has been used to understand children’s and teen’s physical activity, since
it studies the relation between the social and the physical environment and the
intrapersonal characteristics, which at the end influence health behavior (Carver
et. al., 2005); an important factor when studying teen’s and mode choice.
Besides the socio-ecological model, there are other theories that are also
used in transport behavior and mode choice field, but in the contrary to the
social ecological model, these ones do not consider all the influential factors
simultaneously, therefore not appropriate for the purpose of this research. For
example, the consumer choice-theory, where mode choice is related only to the
economic aspect and where the person analyzes the utility of the trip with the
cost of it. This theory has also been extended by urban planning, where the built
environment (land-use pattern, transportation infrastructure and urban design
feature) has been included as an aspect to be studied when addressing mode
choice (Boarnet and Crane, 2001).Regarding school transportation, an important
aspect that is left out of in this theory is the relationship between travel demand
and attitudes/preferences and cognitive processes. For example, considering
school transportation, the household characteristics are not considered in this
theory, but it is an important aspect that influences the modal choice of the children.
Another theory that does not consider all the aspects that are taken into
account in the socio-ecological model is the theory of planned behavior, where
a relation between the environment, travel-related attitudes and mode choice
is made. It relates the changes in behavior with the amount of opportunities
and resources that are available. This framework takes into account three
different psychological constructs: attitudes, subjective norms and perceived
behavior (Ajzen, 1991). This theory is not very strong in the field of travel
behavior research, because behavior is only conceptualized considering these three
psychological constructs. It is assumed that other attributes such as household,
built environment and socio-demographics, operate through the constructs of the
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theory (Mitra, 2013). For example, it does not consider directly the effects of the
built environment on mode choice.
Moreover, the human activity theory, this one makes the relationship between
household preferences and travel outcomes, forming the framework called activitytravel approach (Chapin, 1974). This framework, can be useful when addressing
school transportation behavior because of several reasons. For example, it considers
spatial and temporal aspects, so scheduling of the child and the parent/caregiver
are taken into account, therefore also the caregiver is contemplated in the modal
choice. Moreover, it considers that the caregiver could change their schedule in
order to fit the one of the child. And, it also considers the relationship between
environmental attitudes and travel outcomes (Mitra, 2013). In order to apply it to
modal choice, detailed data is unavailable and the design of the research is complex.
For this study, the same pattern as the studies that use the socio-ecological
model was followed but more set of factors were added to the research. By analyzing personal, household, social, built and natural environment all the layers from
the socio ecological framework were studied. Moreover, it only focused in three
provinces from the Netherlands and the target group consisted of young adults
from the ages of 12-20 years old.
In this study, the layers shown in figure 1 were analyzed in terms of factors, mentioned in section 2.2, that influence a young adult’s decision of whether they commute to school by bike, or not.

2.5

Theoretical Model

Considering the factors mentioned in section 2.2, the Bronfenbrenner model has
been modified in order to create one focusing on active school transportation,
especially by bike, see Figure 2.2. This theoretical model consists of five layers
of factors, with their respective sub-factors, starting with the most personal to
the broadest, just as in Bronfenbrenner’s model. Neither within these layers nor
within the sub-factors, a hierarchy of importance exists. Therefore, the model
is explained from the inner layer -Personal Characteristics- to the outer layer
–Natural Environment- within each layer from left to right, and at the very core of
the model the dependent variable –cycling- can be observed. Moreover, relations
between the factors are not presented as well as the strength between them. The
actual strengths of the relationships between factors will be tested by studying
the OViN data and the surveys that were handed out to secondary school students.
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Figure 2.2: Theoretical Model based on Bronfenbrenner’s Ecological Environment
Model shoring factors influencing active transport-cycling
As it can be seen from the literature review, most of the researches focus in
children but not on teenagers. In the Netherlands the major differences in cycling
behavior are seen among teenagers. Therefore, the importance of conducting a
research that focus in cycling behavior among young adults in the Netherlands.
Moreover, in contrary with previous studies, this research analyzes all the layers of
factors that might influence cycling behavior. Consequently, this study fills in the
gaps that are in existing studies.
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Chapter 3
Methodology
3.1

Case Study: The Netherlands

Every country and area is different, in culture, built environment, policies, etc.
Therefore, it is necessary to make country-specific studies in order to really understand the inter-country differences (Kemperman and Timmerman, 2014). Since
this research focuses in different provinces from the Netherlands - Noord-Brabant,
Limburg and Overijssel-, it is important to have an overview of how the cycling
situation is in this country. Therefore, the Netherlands’ general cycling situation
will be analyzed in this section.
The Netherlands is characterized as being cycle-friendly, and this categorization
is partially due to the infrastructure that can be seen around the country, cycling
facilities are well-designed, integrated, and separated from motor vehicles, see
Figure 3.1 and Figure 3.3, making cycling convenient and safe for everyone,
including children (Bere et. al., 2008; Auchapt, 2012). Besides having bike lanes
and routes which separate the cyclist from the motor vehicle, they also have
streets which combine both of this transport modes, called fietsstraat see Figure
3.2 or bike street. It is basically a bike lane but with the opportunity for cars
to also drive through it, but every time the cyclist has the priority. This culture
is perceived with the amount of share trips made by active transport, which is
relatively higher than other countries inside and outside Europe (Scheepers et. al.,
2013) This cycling tradition has made this activity more convenient and safer than
in other countries.
Short distance trips with different purposes such as commuting, sports and
taking or bring persons are usually made by active transport modes instead of by
car (Scheepers et. al., 2013). In a study made by Pucher and Bueler (2008)
it is shown that in the Netherlands, the share of cycling trips by purpose is the
following: travel to work or school is 32%, shopping has 22% of shares and
recreation has 27% of mode shares.
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Figure 3.1: Bike lanes in Eindhoven,NL separated from car and bus lanes

Figure 3.2: Fietsstraat in Eindhoven, NL
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Figure 3.3: Bike paths and car lanes at different levels

Cycling culture is not only strong within adults, but also among young
people. For example, between the years 2004 and 2006 the average kilometers
cycled among 12-16 year olds was 6 km/per day and walk approximately 0.33
km/day (Bere et. al., 2008). Moreover, in the Netherlands, 75% of the primary
schools’ schedule two lessons (approximately 45 minutes each) regarding physical
activity per week (van Kann, 2017). Besides the gym classes, it is also assumed
31

Case Study: The Netherlands
that children at primary school are also physically active during recess, whereas
teenagers at secondary school use recess to get lunch and are usually not physically
active. This high tendency of commuting by bike can be due to the fact that
Dutch children are required to take in-class on-the-road lessons in safe cycling
when they are in 3rd or 4th grade (Mcdonald, 2012). This reinforces the child’s
cycling skills from an early age, and makes them and their parents feel more
confident to independently commute. Another strategy to encourage cycling,
Dutch schools, have programs in which students from the same town are placed
in the same groups at school, this allows students to have the same schedule and
travel together from the town to the school. This strategy encourages the use of
active transport for the children that live farther away from school.
The trips that are popular to be made by active transport between young
people in this country are related to school, sports, clubs, and touring activities.
Regarding trips to/from school, 79% of them are made by either cycling or
walking, 45% by bike and 34% walking, and compared to other countries this is a
high percentage. In the Netherlands, the most popular purposes for cycling are
school related (48%), social contacts (15%), shopping (10%), touring (9%) and
sports/club activities (8%) (Kemperman and Timmermans, 2014). Besides the
aspect of having cycling lessons at school, another factor that may influence this
high percentage of active transport trips to school is that Dutch children usually
live in a 5-km radius from primary school, making this mode of transport convenient.
Compared to countries where cycling is not in their culture, in the Netherlands
there is no difference in gender when choosing active transport (Scheepers et. al.,
2013). In countries where safety is an issue, it is more common that boys choose
active transport modes than girls, because parents may be worried about their
daughters being exposed to insecurities (van Goeverden and de Boer, 2013). Even
though in the Netherlands there is no difference in gender, there is in ethnicity.
It has been found that children that come from a non-western background were
more likely to be non-active commuters or walkers. This might be because for
Dutch families, commuting by bike is a tradition and Dutch households have bikes
at home, while for other cultures commuting by bike is not a tradition (Bere et.
al., 2008).
The Netherlands is a country where its land-use pattern is focused on the
needs of cyclists and pedestrians, where distance is not a barrier for children to
commute to school since most of them live within 5-km away from school, and
cycling culture is strong within all ages (de Vries, 2010). Moreover, it is also a
country where the majority of its land is flat, also making cycling a convenient
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transport mode.
But even though the Netherlands has a high share of cycling trips, It has been
found that in average children in the Netherlands just spend 20 min per day on
active transport. This is one third of the required amount of physical activity
recommended by the World Health Organization. Moreover, his same organization
states that in 2015, only 28.5% of the Dutch 12-16 year-olds achieve the goal of
60 minutes per day of physical activity, while 35.5% does not achieve this goal any
single day. On the other hand, 37% of the 16-20 year-olds comply with the World
Health Organization’s recommendations every day.
As stated in the introduction, this research focuses on the study of the
different factors that influence a young adult’s (12-20 years old) mode choice
and what factors could influence the student to commute to school by bike or
not. Moreover, what strategies and actions can stimulate cycling among them.
This target group was defined between this ages because of the way the school
system is divided, which is explained in the next section. In order to conduct
this study several methods were used. The main methods consist of analysis of
primary, Surveys, and secondary data, OViN data. In this section, these methods
are explained on how they are going to be used throughout this research.

3.1.1

Levels of education

In the Netherlands, secondary schools are divided by levels of education, these
ones vary depending on the needs and skills of the students. Because the target
group of this research is students from 12-20 years old, the levels that were part of
this research were: VMBO, HAVO, VWO and MBO, see Appendix 2 for diagram
of the Dutch educational system (EducationGPS, 2018). WO was not considered
because some of the students are already older than the target group. Between
the ages, 12-18 approximately, Dutch students attend secondary school, which is
divided in the levels VMBO, HAVO and VWO.
The VMBO level (voorbereidend middelbaar beroepsonderwijs), or lowersecondary general and pre-vocational education, is oriented to students who want
to have a vocational training but also some theoretical education. This level
typically lasts four years, and students are between 12-16 years old, which can
change depending on the student. Another level is the HAVO (hoger algemeen
voortgezet onderwijs), or senior general secondary education. This level consists of
five years (12-17 year olds) and it focuses on students who want to achieve a higher
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vocational education. Finally, the level VWO (voorbereidend wetenschappelijk
onderwijs), or university preparatory education, focuses to students whom their
goal is to attend a university. It is divided into athenaeum and gymnasium, where
the only difference is the type of languages they learn. This level lasts six years,
therefore students’ age ranges between 12-18 years. These levels can be located
all together in the same school facilities, when this is the case, they are usually
located in small towns (rural areas). When the levels are separate they can be in
both small towns or larger cities. Therefore, for these levels both rural and urban
settings were studied (Nuffic, 2016).
After secondary school, students attend a higher level (secondary vocational
education), in this case the MBO level (middelbaar beroepsonderwijs), or vocational education and training, which is oriented to vocational training. This
level lasts between one to four years, and students are between 17-22 years old.
Because the target group of this study consists of students between the ages of
12-20 year olds, the levels that were taken into account are levels 1 and 2, where
the majority of the 20 year olds and younger are. Moreover, MBO schools are
typically located in large cities, therefore the survey only focused in MBO’s located
in an urban setting (Nuffic, 2016).

3.2
3.2.1

Primary and Secondary Data
Secondary Data (OViN Data)

In order to obtain most updated data regarding cycling behavior in the Netherlands,
the data from 2016 collected by the Centraal Bureau voor de Statistiek (CBS),
or Statistics Netherlands, regarding the mobility of people in the Netherlands
was analyzed. The purpose of the Onderzoek Verplaatsingen in Nederland
(OViN) data or Research of Displacements in the Netherlands, is to obtain
adequate information regarding the mobility of the Dutch population and use it
for the development and testing of traffic and transport policies in the Netherlands.
This data provided if there are significant relations between some of the
factors that are mentioned in section “2.2 Influencing Factors in Teen’s Active
Transport” and mode choice within young adults. Answers of this survey are based
on the respondent’s travel diaries of a certain day of the year. In these diaries
they keep information such as where they went that day, which transport modes
they used, for what purpose and how long it takes to get to their destinations.
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Besides this, respondents also answer questions related to household and personal
characteristics.
For the purpose of this research, this data was used to analyze some of the
sub-factors from personal characteristics, household and built environment: sociodemographic aspects (age, gender, ethnicity), motives and preferences, socioeconomic status, household size, level of urbanization, amount of trips and distance. Therefore, the analysis of the OViN data addresses sub-questions 1 and
partially 3:
1. Which trips do teens make (purpose, distance, transport mode)?
3. What is the role of personal characteristics (age, gender), characteristics of
the built environment (distance to school, hills), and social networks (behavior
and opinion of parents influence of behavior of peers, cycling together)?
Sample and Representativeness
This survey is distributed randomly within individuals around the whole country,
via internet, telephone or face-to-face. The 2016 survey obtained a response of
the 0,2% of the Dutch population. The total amount of respondents was 37,229
from the ages between 0 and older. For the purpose of this research, the only ages
that were considered were between 12-20 years old, therefore all the analysis that
is shown in section 5 -Findings- is based only in this target. The total amount of
respondents within this target is 4,416.
The OViN data counts the total displacements during the day of the respondent, these displacements are divided in several trip legs and for every trip leg the
transport mode is selected. The total amount of trips made by all the respondents
is 114,348 while the total amount of trips made within the target group was
13,192. For this research the information was analyzed using both respondent
level and trip level.
For this study, the goal is to see how the independent variable influences mode
choice among 12-20 year olds. To do so, all trip legs must be considered, and
every trip leg can be made with a different mode of transport. The modes of
transport that are used most frequently are seen as the most popular modes of
transport among this target group. However, the number of trips and the total
travelled distance are tested on respondent level, since they are the sum of all trips
for one single respondent. In table 3.1 an overview of the variables and how they
were analyzed is shown. To see an overview of the frequencies of the variables
that are being analyzed see Appendix 3.
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Table 3.1: Variables, Level of Measurement and Analysis Method OViN Data

In order to test the representativeness of the variables, a Chi-Square Goodness
of fit test was used. The test compares the observed sample distribution with the
expected probability distribution. This by following the Chi-Square formula:

X (obser v ed − expected)2
χ =
expected
2

(3.1)

The observed frequencies were compared to data from Statistics Netherlands
(Centraal Bureau voor Statistiek) in 2016, the same year the OViN data was retrieved in. However, no 2016 data was present for the variables Income and Level
of UrbanizationḞor the comparison of these variables, data from 2015 was used.
Moreover, the representativeness for the variables Purpose, Number of Trips and
Distance could not be tested, since no comparison data was present.
In order to determine if the calculated values are significant, they are compared
with the Chi-square distribution table (5), cross referenced with the degrees of
freedom: (c − 1) ∗ (r − 1) where c is the number of columns and r the number
of rows in the table. The calculated values are compared to the values with a
probability level of 0.05. By comparing the observed and expected frequencies, and
the Chi-square scores, combined with the level of significance, it was concluded that
the sample is only representative for the variable gender Ṫhis result was expected
since the variables were compared to the whole Dutch population and the variables
are just considering the target group (12-20 year olds). Therefore, it is important
to notice that the results and findings from the OViN data cannot be generalized
for the population. The results of the Chi-Square Goodness of fit test can be seen
in 5.
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3.2.2

Primary Data (Surveys)

Since the OViN data does not provide enough information to analyze all the
factors involved in cycling behavior and specifically cycling to school, a survey was
used in order to cover the missing factors. The complete survey in English can be
seen in Appendix 6. This research focuses in three provinces of the Netherlands Noord-Brabant, Limburg and Overijssel. In order to study these areas specifically,
surveys were distributed to different schools from these provinces. Also, to have a
complete overview of the situation, several educational levels were addressed.
In order to conduct this research many young adults from different locations
needed to be contacted and the most efficient way of doing so was through online
surveys. This method is ideal for this study since it is the fastest way for collecting
data compared to other methods such as face-to-face interviews and paper and
pencil surveys. By conducting this method, it is also more efficient to process the
data gathered from the survey since it is automatically stored in a database; and
giving less probability of error when transcribing information. Also, by applying
online surveys, the respondent can answer at any time of the day when he/ she is
available and by his/her own pace, becoming more convenient for the respondent.
Moreover, in terms of cost, conducting an online survey is relatively cheap since
no for example no transport expenses are needed. On the other hand, online
surveys have also some disadvantages, for example since the interviewer is not
present, there is a possibility that the respondent gets bored or tired of the survey,
therefore not finishing it. Also, taking into account the target group, it is possible
that the respondent just fills in the survey in order to get the incentive, giving not
trusty answers (Sincero, 2012). For this study, a tailored-made online surveys were
the best method to compliment the factors lacking in the OViN data, therefore
answering completely sub questions 1, 2 and 3:

1. Which trips do teens make (purpose, distance, transport mode)?
2. Which target groups can be distinguished among teens based on their bicycle
use?
3. What is the role of personal characteristics (age, gender), characteristics of
the built environment (distance to school, hills), and social networks (behavior
and opinion of parents influence of behavior of peers, cycling together)?
For this research the target group is young students (12-20 year olds) that
are involved in secondary school (VMBO, HAVO and VWO) and upper-secondary
school (MBO). As already mentioned before, the reason for selecting these
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specific ages is because of how the education system is divided in the Netherlands,
where the start secondary school approximately at the age of 12 and finish upper
secondary school at the age of 20. The online survey was distributed among these
levels of education and in schools located in the provinces of Noord-Brabant,
Limburg and Overijssel. The version that the students received was in Dutch, but
first written in English by the author of this report.
The research group from both Eindhoven University of Technology and
University of Twente, see Appendix 1, first contacted the participating provinces in
order to have feedback and approval of the survey. Once the provinces approved
the survey, it was sent to different schools in these provinces and more feedback
was provided. Afterwards, the final version of the survey was sent, as a link through
e-mail, to all the schools that showed wanted to participate in the research. This
final version of the survey was done using the Berg Enquête System 2, provided
by Eindhoven, University of Technology.
About the respondents Once the school accepted to be part of the study,
the school directors’ sent the survey link to their students. The survey was design
to take approximately 15 min to fill it in, but there was no time limit for it to be
finish. The first finish survey was received on the 5th of April, 2018 and the last
response was on the 1st of June. During this time, the students got a 2-week
holiday, end of april until the beginning of may, where almost no responses were
obtained. The total amount of finish surveys expected were 900 but the total
amount that were received by the date of the 1st of June was 592. From this
amount of respondents, the majority was from the province of Overijssel with
362 respondents, in second was Noord-Brabant with 211 and finally Limburg with
just 19 respondents, see Appendix 7 for the complete frequency table of the survey.
Survey Structure The purpose of this survey was to test the theoretical
model that was previously developed through the literature review. Through
this method, knowledge on how the influential factors relate to each other,
and the strength of this relations was obtained. Even though the survey covers
all the factors mentioned in the theoretical model, except for environmental
conditions, which was not tested since the provinces that are being studied do
not present a hazardous air quality; they are not structured as in the models.
For example, the first section includes factors from the first, second and fourth
layer of the theoretical model. The survey was design in this way so it was easier
for the student to fill out. It is divided in four sections, which will be described next.
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From the first part of the survey- Personal Information- the aim was to get
to know the respondent in general and their mode choice behavior. Therefore, in
this section the following factors were involved: socio-demographic aspects, level
of education, motivation and preferences (purpose of trip), household size and
postal code. This last aspect was later related to the distance home-school and
to the level of urbanization. The distance home-school was measured by using
an online source (Afstand berekenen) which automatically calculates the shortest
distance by bike between two postal codes. Level of urbanization was considered
as the mean number of addresses per squared kilometer within a circle with a
radius of one kilometer. The scale that was used was the one provided by the
Statistics Netherlands, where it goes from 5 “very urban” (>2,500), 4 “urban”
(1,500-2,500), 3 “neutral” (1,000-1,500), 2 “rural” (500-1,000) and 1 “very rural”
(<500) (lasa-vu.nl, 2014).
On the second section -Household and Social Environment- the aim was to
get insight of the environment the teen lives in. Therefore, the factors that were
included in this section are: socio-economic status, parental perceptions and
social influence. Socio-economic status is related to the parent’s employment
status, amount of cars in the household and disposable income of the household.
This factor does not only give information about socio-economic status but also
about the schedule flexibility of the parents. Parental perceptions also address the
parent’s travel behavior.
The third section of the survey -School Environment- as it name says, the
goal of this part was to gain knowledge of how the environment is at the school,
regarding cycling facilities and physical activity. By gaining insight of the school
environment, it was known if the school takes physical activity into account in their
agenda. Moreover, the respondent’s perception of the route to school was asked
in this section, therefore the factors that were analyzed are: social and traffic
safety, infrastructure, topography, and weather. As well, the factor social influence
was taken into account in this section, by knowing with whom the respondent
travels with on their way to school. Furthermore, this section also included five
statements addressing satisfaction with daily school travel, which were used in
a study by Bergstad, et., al, (2010) and for the purpose of this report are not
addressed.
Finally, the fourth section -Motivation, preferences and personal opinions insight about what personally motivates or demotivates the teen was obtained. As
well as their opinions about cycling. Therefore, the factors that will be addressed
are: motivation and preferences, and weather.
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3.2.3

Statistical Analysis of Primary and Secondary Data

Both the OViN data and the survey were analyzed by using the software for
statistical analysis SPSS (Social Package for the Social Sciences). With this
software, different tests can be conducted. Depending on the level of measurement
of both the independent and the dependent variable a specific test is used. In table
3.2 an overview of possible tests is shown.

Table 3.2: Analysis Methods

An overview of the tested variables, both independent and dependent, their
measurement level and the analysis methods are displayed in 3.1. Besides the
measurement of the sample, the table also indicates whether variables are analyzed
on respondent or on trip level.
Chi-Square
The Chi-square (x2) test is used to test the statistical significance of
the observed relationship with respect to the expected relationship. It is used
to determine whether a relationship exists or not and is calculated with formula 3.1.
In order to determine if there is indeed a relationship between two variables,
the probability of obtaining a value of chi square should be larger than the obtained
values from the chi-square tests of cross tabulation (Statistics Solutions, 2018).
In this research, the Chi-square is used to determine whether a relationship
exists between the independent variables from the theoretical framework (Personal
Characteristics, Household, Social Environment, Built Environment and NaturalEnvironment) and the dependent variable Mode Choice or Cycling to Schoolİn
some cases, Chi-square analyses are also conducted to see if relationships between
the independent variables also exist. Regarding the factors: Social and Natural
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Environment these factors were analyzed only using the data gathered from the
tailored made survey, because these factors were not present in the OViN data.
Anova
The ANOVA test assesses differences in an interval/ratio level dependent
variable by a nominal level variable with 2 or more categories. The ANOVA used in
this research is a one-way ANOVA where there is one independent variable. In this
research, ANOVA is used to find the average distances cycled per age category
and per mode of transport. As well as to test the statements that were present
on the survey. With this test it can be seen whether differences exist between the
means of the groups of respondents that never cycle, sometimes or on a daily
basis cycle to school.
Logistic Regression Analysis
In order to test the strength and significance of the factors from the theoretical
model- personal characteristics, household, social, built and natural environmentregarding cycling behavior of young adults in the Netherlands, a logistic regression
was performed. Both the data gathered from the OViN data and the Survey were
used for this analysis.
Regarding the analysis of the OViN data the factors, and sub-factors, that
could be analyzed the available information were: personal characteristics (sociodemographic aspects, motivation and preferences), household (socio-economic
status and household size) and built environment (level of urbanization and travel
distance). The rest of the factors and sub-factors were not analyzed using the
OViN data because there is no information regarding such factors. These were
later analyzed using the information gathered from the primary data (survey). The
regression analysis is a statistical process for estimating the relationships among
variables. More precisely, it helps one understand how the dependent variable
changes when an independent variable is adjusted (IBM, 2018). Within this
research, both the independent and the dependent variables in the regression are
not of an interval or ratio level, making the logistic regression the best applicable
regression analysis.
Two tests were used to measure the significance and strength of the influential
factors. First a bivariate correlation test and then a decision tree test, both using
SPSS software. The bivariate correlation test was conducted in order to exclude
any high correlating variables. Moreover, the decision tree test was conducted in
order to determine the level of hierarchy within the factors. Within this test the factors are displayed in different levels of importance/ strength, the first level being the
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one of highest strength and the fourth layer being the one with the lowest strength.
The indicated tests were conducted using IBM SPSS Statistics 25. The
significance has a value of 0.05 which correspondents with an alpha of 5.0%.
Further explanation and results of the conducted tests are explained in chapter 4.
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Findings
For the following results, primary (survey) and secondary (OViN) data were analyzed. The tests that were conducted for such data were bivariate analysis and
logistic regression. For the first analysis the tests of crosstab analysis, chi-square
and ANOVA were conducted. For the logistics regression analysis, a correlation
and decision tree test were used.

4.1

Bivariate Analysis

In the following sections, the findings obtained from the OViN Data and the
survey are shown. Regarding the first one, as mentioned before, the factors that
are addressed are: personal characteristics, household and built environment.
All the results are based on microdata from Statistics Netherlands regarding
the ’Onderzoek Verplaatsingen in Nederland’ (OViN), which are derived from
Rijkswaterstaat. Regarding the results gathered from the survey, all the factors in
the theoretical model are analyzed.
The bivariate analysis shows how the different factors relate to mode choice.
The tests that were conducted are crosstab analysis, chi-square test and the
ANOVA test, depending on the variable that is being analyzed.

4.1.1

Personal Characteristics

Using the data from the OViN data and the survey, information from the subfactors, socio-demographic aspects and motivation and preferences, from the first
layer of the theoretical model, personal characteristics, was found. Moreover, the
survey also provides information regarding the level of education of the teenagers.
The following sections show how these factors are related to mode choice, cycling
to school, and if there is a significant link between the factors and transport modes.
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Socio-Demographic Aspects
Age
Travel behavior changes according to age, and with this mode choice. As an
individual grows older trip purposes change, there is more accessibility for other
modes of transport and commuting distances tend to increase. Therefore, age is
an important factor when analyzing mode choice. In Figure 4.1 it can clearly be
seen that all modes of transport show a difference of importance when changing
age groups. For example, the use of car as a driver and passenger, as the first
one increases with age the second one decrease, one reason for this could be
related to car ownership and being legally to drive a car. Regarding cycling, the
group that uses the bike the most is between the ages of 12-17, with almost
56% of their trips done by bike. Within this group, a decrease in the percentage
of walking trips is notable compared to the rest of the other groups, where
the highest percentage is done within the ages of 0-5, with 29% of the trips.
On the other hand, public transport is popular between the ages of 18-20 with 21%.

Figure 4.1: Mode choice depending on age in the Netherlands (OViN data);
N=114,348, X 2 = 32425.808, df = 582, p=0.000
As already mentioned before, for the rest of the results, the only ages that will
be considered are between 12-20 years old. Therefore, a more in depth analysis
regarding mode choice can be done.
In Figure 4.2, it can be seen seen that as already stated before, cycling
decreases between the ages of 15-20, on the other hand between the ages
12-14 there is no significant difference. For example, within the 15 year olds,
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approximately 60% of their trips are made by bike, while for 16 year olds this
percentage drops to approximately 50%, for 17 year olds to 40%, 31% for 18
year olds, 21% for 19 year olds. Finally, there is a slight increase for 20 year olds
since almost 25% of the trips are made using this mode of transport. It can also
be seen that between such ages, other modes of transport gain popularity, for
example Public Transport, where a high increase of usage is perceived at the age
of 18 and 19, and by 20 years it decreases once again.

Figure 4.2: Mode choice among young adults (12-20 year olds) in the Netherlands
(OViN data); N=13,192, X 2 = 3188.161, df = 48, p=0.000

Such results are expected because of several reasons: more choices in transport
modes, longer distances and change in purpose all later explained in the following
sections. Motivation and Preferences. In the Netherlands, once students graduate
from secondary school and go to MBO, HBO or WO (approximately at the age
of 17-18), they have access to a student public transport (OV) card, which allows
them to travel for free during weekdays or weekends. Therefore, encouraging
teens to use PT as their main transport mode. Besides public transport, in the
graph, an increase of scooter usage can be seen at the age of 16. Teenagers
are allowed to get their scooter license from that age on, which also contributes
to a decrease of cycling among this target group. As well, from the age of 18,
teenagers are allowed to drive a car by themselves, also affecting bike usage. Consequently, increasing the popularity of other transport modes such as public transport.
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Figure 4.3: Cycling to school among young adults (12-20 year olds) in the Netherlands (survey data); N=592, X 2 = 133.986, df = 16, p=0.000
Regarding only the trips to school, the survey shows that the use of bike
for this purpose is also significantly related to age. From Figure 4.3, it can
be seen that between the ages 12-15, that more than 90% of the respondents
go to school bike by on a daily basis. While for the ages between 16-20,
the use of bike daily drops and more teenagers just go by bike sometimes or
never. For example, for the age of 18, 18% of the respondents go to school
by bike sometimes and never and 63% go to school by bike on a daily basis.
While for 14 year olds, 95% of the respondents go to school by bike on a
daily basis. As the results obtained from the OViN data, these results are as
expected. As already explained before, this is because the older the teenagers
get, the more possibilities in mode choice they have. As it can be seen in Figure 4.2.
Gender
Another socio-demographic factor which influences mode choice is gender.
But as already mentioned before, the correlation between this factor and active
transport modes is highly dependent on the country that is being studied. Taking
into account the ages between 12-20 years and using the OViN data it is clear
that this factor is a determinant on mode choice. In some cases, the difference
is not that significant, for example, for walking trips, 19.1% of the trips for
men are made by walking while for women the percentage is just slightly higher
with 19.9%. For cycling trips the difference becomes bigger since 47.9% of
trips of men are made by bike, while for women 44.3% are made by bike. The
biggest difference between both groups is with car as a passenger, with a difference
of 5.4%. In figure 4.4 the difference between transport modes and gender is shown.
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Figure 4.4: Mode choice depending on gender among young adults (12-20 year
olds) in the Netherlands (OViN data); N=13,192, X 2 = 151.2701, df = 6, p=0.000
Since the Netherlands has a strong cycling culture, it was expected that cycling
behavior was the same among boys and girls (Pucher and Buehler, 2008; Scheepers
et. al., 2013). However, as mentioned in the literature review, this difference
can be due to parental perceptions, and safety differences between boys and girls
within this target group (Carver et al., 2013; Kemperman & Timmermans, 2014;
McDonald, 2012).

Figure 4.5: Cycling to school depending on gender among young adults (12-20 year
olds) in the Netherlands (survey data); N=1592, X 2 = 0.314, df = 2, p=0.855
According to the survey, gender is not significantly related with cycling to
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school. In figure 4.5, it can be seen that 88.9% of the males cycle to school
on a daily basis and 89.8% of the females do so. As the results obtained from
the OViN data, these results are as expected. Within the OViN data there were
also statistically insignificant differences regarding cycling behavior and gender.
However, a significant relation does exist between gender and mode choice as it
can be seen in figure 4.4.
Ethnicity and Cultural Background
Besides age and gender, ethnicity and cultural background is another sociodemographic factor that influences mode choice. In the case of the Netherlands
the difference in cycling can be seen between the Non-Western immigrants, Dutch
and Western-Immigrants. Between these two last groups, there is no significant
difference. In figure 4.6, the relation between different transport modes and
preference according to ethnicity is shown.

Figure 4.6: Mode choice depending on ethnicity among young adults (12-20 year
olds) in the Netherlands (OViN data); N=13,192, X 2 = 458.249, df = 12, p=0.000
It can be seen that Dutch persons and Western immigrants travel most by bike
(nearly 50% of the trips are made by bike) while for non-Western immigrants, this
percentage decreases to 32%. On the other hand, for the non-Western immigrants,
33% of the trips are made by foot, while this is only 16% for the Dutch persons
and 20% for the Western immigrants. Moreover, public transport is also more
popular among the non-Western immigrants, than it is within the other two groups.
This result was expected because as shown by several researches, native Dutch
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students are more likely to use a bicycle than immigrant students (De Bruijn,
Kremers, Schaalma, Van Mechelen, & Brug, 2005; van Goeverden & de Boer,
2013). One of the explanations can be found within the Dutch cycling culture
where the majority of the people is able to ride a bike. Dutch native students grow
up in a cycling oriented environment. Moreover, they learn how to cycle from a
very young age, both from their parents and their schools (Mcdonald, 2012). As
well, Dutch native students are encouraged by their parents to use active transport
modes. Next to that, it can be related to the fact that in the Netherlands, a large
number of immigrant adolescents live in larger cities and differences in culture
influence the mode of commuting to school (Bere, van der Horst, Oenema, Prins,
& Brug, 2008). Therefore, people with a non western background are likely to
cycle less due to a variation in habits and perceptions.
When analyzing the data of the survey for the factor of ethnicity, the variable
that was considered was the ethnicity of the parents because of the amount of
respondents. If one of the parents was Dutch, then both parents are considered
Dutch. On the other hand, if one of the parents was not European and the
other has no Dutch-European background, both the parents were considered not
European. From Figure 4.7, it can be seen that the ethnicity of the parents is not
influencing cycling behavior to school on teenagers.

Figure 4.7: Cycling to school depending on parental ethnicity among young adults
(12-20 year olds) in the Netherlands (survey data); N=592, X 2 = 5.293, df = 4,
p=0.259
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Motivation and Preferences
Purpose
Another factor that changes with age is the trip purpose, which is also related
to mode choice. A clear difference can be seen when looking at some of the
purposes, for instance at work and social recreation. For example, between 12
and 20, the percentages of the trips for work purposes increase from 0,6% up to
over 20%. Contrary to work, the percentage of trips for social and recreational
purposes decreases from 43% to 34% between the ages of 12 and 20, see results
in figure 4.8. This can be due that when teenagers get older, more time is being
spent at work than on recreational events. On the other hand, the percentage
of school trips practically stays the same between the ages of 12 to 17 (app.
43%) and decreases from age of 18 and over. In the Netherlands, education is
compulsory for children between 5 to 16 years. After that, they are allowed to
work full time (as long as they have a HAVO, VWO or MBO level 2 diploma)
(Rijksoverheid.nl, 2018). Therefore, this decrease can be due to the fact that
more people will prefer work over school at the age of 17/18 in the targeted
education groups.

Figure 4.8: Types of purposes among young adults (12-20 year olds) in the Netherlands (OViN data); N=13,192, X 2 = 811.078, df = 32, p=0.000
Purpose is not only related to age but also to mode choice and there is a
high relation between the two variables. Bike is always the most popular mode
of transport for all different purposes, however it does differ between them. For
example, for school travelling, 55% of the teenagers use their bike, while for
shopping and services, only 32% does so. This difference can be explained due
to the high frequency of young adults going to school. Not only cycling differs
between purposes, but also the other modes of transport differ strongly per
purpose; this because possibilities in mode of transport are affected by the type of
purpose. In Figure 4.9. it is shown how the transport modes differs depending on
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the purpose of the trip.

Figure 4.9: Mode choice depending on purpose among young adults (12-20 year
olds) in the Netherlands (OViN data); N=13,192, X 2 = 2251.784, df = 24, p=0.000
Since the purpose –school- is the most popular one among the target group,
such purpose was analyzed in survey among the students from the provinces.
In figure 4.10 it can be seen that with 89% the bike is by far the most popular
transport mode regarding commuting to school. Next to that it can be seen that
the car, as a passenger, is the second most popular transport mode, with almost
60% of the respondents choosing it to commute to school sometimes.
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Figure 4.10: Transport modes to commute to school among young adults (12-20
year olds) in the Netherlands (survey data); N=592
Purpose was also analyzed in a different manner than in the OViN data
analysis. The survey addresses the amount of time cycled for each purpose. In
figure 4.11 it can be seen that the purpose where this target group spends more
time cycling is school, with an average of 141 minutes per week. Meaning that
on average, this target group spends 14 minutes cycling from home-school and
vice-versa. On the other hand, it can be seen that this target group spends the
least amount of time on traveling to work (12 minutes). These results are as
expected, because as it can be seen in figure 4.8, school is the most popular
purpose among this target group. It is important to consider that these average
times are for all the survey sample. When the average time to travel to work is
analyzed only considering those who actually go to work (216 respondents), the
average time to work is 33 minutes per week. In this case, shopping and groceries
is the purpose where the least amount of time cycled, 13 minutes, is spent. These
results are also as expected, since the purpose of work is more popular than the
purpose of shopping and services, see figure 4.11.
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Figure 4.11: Average time cycled per purpose per week among young adults (12-20
year olds) in the Netherlands (survey data); N=592
Number of Trips per Day
Another factor that was found that influences mode choice is the amount
of trips that are made per day. As already mentioned before, the OViN Data
divides trips in trip legs. In this section those trip legs are considered. From
Figure 4.12. it can be seen that the bike is the most popular mode of transport
when the respondent makes one trip per day. This transport mode presents a
high decrease as the number of trips increase, giving more popularity to public
transport and walking. When the number of trips increases, the bike is used as
a way to get to another transport mode, e.g. bus stop, train station, etc. This
result is as expected because as Heinen and Chatterjee (2015) mention, the higher
the number of trips the higher the chances of other transport modes to be used.
Perceptions Towards Cycling
In order to test the perceptions of the target group towards cycling and the
relationship with cycling to school, the following different statements were asked
to the respondents: cycling is fun, cycling is good for your health, cycling is time
consuming, cycling is exhausting, cycling is environmentally friendly and I prefer
cycling over other modes of transport. From the ANOVA test, see figure 4.13,
it was found that those respondents who had a positive image of cycling were
the ones who cycled to school on a daily basis. For example, it is very clear in
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Figure 4.12: Mode choice depending on number of trips among young adults (1220 year olds) in the Netherlands (OViN data); N=4,416, X 2 = 6056.153, df = 24,
p=0.000

the statement of cycling is exhausting where it has the lower score among all the
other statements in the cycling daily to school. On the other hand, even though
the respondents thought that cycling was time consuming, they still cycle, this
may be because that is the only option they have as a transport mode.
Moreover, among this statements the one that received the highest score
was Cycling is environmentally friendly with an average score of 4.47. For the
statement of cycling is good for your health, the average score was 4.42 meaning
that the respondents agree on this statement. For the statement Cycling is fun
the average score was 3.42, therefore students are neutral towards this statement.
For the “negative” statements towards cycling (Cycling is time consuming and
Cycling is exhausting) the first one got an average of 2.7, meaning that the
respondents do not agree that cycling is time consuming. And for the second
statement the average score was 3.06, meaning that the students are neutral for
such statement. From this results it can be seen that this target group is in overall
positive towards cycling.
To know more about how the respondents, feel about cycling, they were asked
about reasons not to cycleİn figure 4.14 it can be see that the most popular reason
not to cycle (43%) among this target group is the presence of bad weather (e.g.
rain, wind, snow). In second place comes the reason of cycling in dark areas, where
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Figure 4.13: Cycling to school among young adults (12-20 year olds) in the Netherlands and personal perceptions towards cycling (survey data); N=592

30% of the respondents think that that is a reason for not cycling. Comparing these
two statements, it can be seen that the first one cannot be changed by the respondent, while the other may be altered if a different route is selected. However, there
is a 34% of the respondents that no matter the reasons, they always ride their bike.
Level of Education
From the information gathered from the survey, it could be analyzed how
the factor of level of education influences cycling to school. As expected from
the literature review, it was found that cycling to school is significant related to
the level of education of the respondent. These results can be related to what
van Goeverden & de Boer (2013) mention, that more educated people value
more independent mobility and what de Geus, de Bourdeaudhuij, Jannes and
Meeusen, 2017 state that higher levels of physical activity are found between
more educated people. Within this variable we can compare for example VWO
and HAVO, which are most of the times at the same facilities, therefore distance
is not an issue. In figure 4.15 it can be seen that almost 95% of those in VWO
cycle to school on a daily basis, while those in HAVO that cycle to school on
a daily basis is 91%. Even though the difference is not very big, a difference
still exists. The most important difference can be seen in those enrolled in
MBO, where only 32% respondents cycle to school on a daily basis while 39%
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Figure 4.14: Reasons not to cycle among young adults (12-20 year olds) in the
Netherlands (survey data); N=592

never do. Regarding this last level of education, other aspects should also
be considered, for example that the distances home-school become longer and
that they have access to a weekly or weekend public transport (OV) transport card.

Figure 4.15: Cycling to school and level of education among young adults (1220 year olds) in the Netherlands (survey data); N=592, X 2 = 168.344, df = 10,
p=0.000
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4.1.2

Household

In this section the factors related to the second layer of the theoretical model,
household, are analyzed. The OViN data and the survey provided information
for the following sub-factors: socio-economic status and household size. In the
following sections these results are shown. The data from the survey also provided
information about the parental perceptions sub-factor.
Socio-Economic Status
Disposable Income
Another factor that was analyzed within the OViN data was the disposable
income of the household and if this influences mode choice (Figure 4.16), it was
found that there is a significant relation between both variables. Even though,
the bike is always the most popular transport mode, there is a difference between
incomes and the use of bike. For incomes lower than 20,000 per year, 41% of
the trips are made by bike, while for the income of more than 40,000 per year
this percentage increases to 51%. On the other hand, walking decreases as income increase, with a difference of 10% between the lowest income and the highest.

Figure 4.16: Mode choice depending on household disposable income among young
adults (12-20 year olds) in the Netherlands (OViN data); N=13,192, X 2 = 174.005,
df = 18, p=0.000
This result is not as expected when taking into account the literature review.
As Pucher and Bueler (2008) mentioned, it was expected that this factor was not
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going to influence cycling behavior, this because of the Netherlands’ strong cycling
culture. On the other hand, if income did influence cycling behavior it was going
to be the other way around as stated in the literature review. The higher the
income the less teenagers were going to cycle (van Goeverden and de Boer, 2013;
Mitra, 2013). A reason for these results might be due to what van Goeverden and
de Boer (2013) address when referring to the parent’s level of education. The
higher their education the more they value independent mobility which for this
ages independent mobility is mainly done by bike.
In the survey the respondents were asked what they consider their household
disposable income to be in comparison to what they though most of the Dutch
households have, where the average household disposable income is approximately
25,000 euros per year. From the survey, figure 4.17, it can be observed that there
is no significant difference between household income levels regarding cycling to
school. In contrary to the OViN data (figure 4.16) where differences do exist
regarding mode choice, as well as in cycling. Considering the outcomes of studies,
these results differ from the expected ones, since the surveys shows that teenagers
with household with the highest incomes cycle to school more often compared to
the other income levels. On the other hand, Pucher and Bueler (2008), state that
no big difference between income levels should be observed in the Netherlands due
to the cycling culture.

Figure 4.17: Cycling to school and household disposable income among young
adults (12-20 year olds) in the Netherlands (survey data); N=592, X 2 = 5.947, df
= 4, p=0.203
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Number of cars
Also related to income, the number of cars in the household aspect was
analyzed in order to know if there is a relation between this variable and mode
choice. A significant relation was found between both variables. As seen in Figure
4.18 the major difference occurs when the household has 3 or more cars, within
this group only 33.7% of the trips are made by bike and 24.5% of the trips are
made by car as a driver. It can also be seen that when there are between 1 and
2 cars in the household, cycling has its mayor percentage of trips, 49 and 48%
respectively. On the other hand, teenagers with cero cars in their household bike
only 36% of their trips, but public transport gains popularity within this group,
with 20% of the trips.

Figure 4.18: mode choice depending on number of cars in household among
young adults (12-20 year olds) in the Netherlands (OViN data); N=13,192, X 2
= 1446.487, df = 18, p=0.000
These results are as expected. This factor can be related to income, the higher
the income the more car ownership a household is going to have. Even though
the results of income show that the higher the income the more trips are made
by bike, here it can be seen the higher accessibility to cars the less teenagers will
tend to cycle. This can be because having a high car ownership, the household
has lower resistance to distance, engaging more in the use of motorized vehicles
(van Goeverden and de Boer, 2013; Mitra, 2013).
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Moreover, the survey also shows a negative correlation with cycling to school
and the amount of cars in the household. In Figure 4.19, it can be seen that those
with tree cars or more have the lowest percent of teenagers cycling to school on
a daily basis. As well, they are the ones with the highest percentages of never
cycling to school. This can be due to reasons such as: that the parents drive
them to school or they have their own car. For the last reason, it is only possible
for those teenagers between 18-20. As well, it can also be seen that those ones
without any cars, also present a lower percentage of cycling to school on a daily
basis than those with one or two cars. This can be related to the fact that they
use more public transport, as it can be seen in figure 4.2 from the OViN data.
On the other hand, in contrary to the OViN data, the survey does not present a
significant relation between the number of cars and cycling to school, but this can
be due to amount of respondents, since the same tendency can be observed from
both data sets.

Figure 4.19: Cycling to school depending on the mount of cars in the household
among young adults (12-20 year olds) in the Netherlands (survey data); N=592,
X 2 = 13.228, df = 8, p=0.104
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Parental Perceptions
As mentioned in the literature review the parental perceptions are really
important when it comes to active transport of children and young adults, but
mainly with children. For this report the parents of the students were not
surveyed and for the respondents to answer about their parent’s perceptions would
have been difficult. However, there were two statements that address parental
perception towards cycling: My parents encourage me to ride my bike and How
often my parents use the bike. From the first statement, the parental perceptions
towards social and traffic safety can be implied, if the parents encourage their kids
to bike that would mean that they are fine with the safety aspects.
In figure 4.20 the results of the first statement are shown. It can be seen
that those respondents who agree and strongly agree that their parents encourage
them to cycle, are the ones with higher percentages of cycling to school on a
daily basis. Moreover, those who strongly disagree are the ones that have higher
percentages of never cycling to school. While the ones who disagree are the ones
with the lowest percent of cycling to school on a daily basis. These results are as
expected since it can be stated that if parents encourage cycling it means that the
parents have a positive perception towards the transport mode, and the traffic and
social safety that comes with it.

Figure 4.20: Cycling to school and encouragement of the parents to cycle among
young adults (12-20 year olds) in the Netherlands (survey data); N=592, X 2 =
20.052, df = 8, p=0.010
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Moreover, in figures 4.21 and 4.22 it can be seen that there is a significant
relation between parental cycling behavior and cycling to school among young
adults. It can be observed that when the parents/caregivers use their bike on a
daily basis, the percentage of students cycling to school is higher. Considering the
literature review, this result is what was expected, as Mitra (2013) states, when
parents present a positive attitude towards cycling, the adolescent will also have
a positive attitude towards this transport mode. For example, if parents cycle to
work then the adolescent cycles to school, either independently or accompanied
by their parents (McDonald, 2012).

Figure 4.21: Cycling to school and parental cycling behavior (survey data); N=592,
X 2 = 17.650, df = 4, p=0.001
The flexibility of the parents can also affect young adult’s cycling to school
behavior. In the survey, respondents were asked what was the working status
of their parents/caregivers. In figure 4.23 it can be seen that on the first three
categories the tendency of cycling to school on a daily basis starts decreases when
the parents have more free time (no full time jobs). It can be seen that 95%
those with parents in with full time jobs go to school by bike on a daily basis while
86% of those with parents with part time-part time jobs cycled to school daily. It
can also be seen that those students who both of their parents have no paid job,
with 80%, are the ones that have the lowest percentage of respondents going to
school by bike on a daily. On the other hand, those who have part time- no paid
job 100% cycle to school every day. This last result, can be due to the fact that
only four respondents answered this category. It can also be seen that statistically
there is no strong significance between cycling to school and parental working
status, but this can be due to the amount of respondents.
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Figure 4.22: Cycling to school and parental cycling behavior (survey data); N=564,
X 2 = 12.137, df = 4, p=0.016

Figure 4.23: Cycling to school and parental working status (survey data); N=592,
X 2 = 15.884, df = 10, p=0.103
As mentioned in the literature review these results were as expected, where
Mitra (2013) mentions that the more time the parents spend on their jobs,
full-time jobs, the less time they have to their their children to school. Therefore,
engaging more in active transport behaviors, in this case cycling.
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Household Size
As stated in the literature, household size can also influence mode choice
among teenagers. From the information of the OViN Data, it was found that
there is a correlation between these variables. As shown in figure 4.24, the bigger
the household, the more teenagers use bike on their trips. It is important to notice
that this also depends on the household composition, if the teenager lives with
both parents or not, or if they live by themselves.

Figure 4.24: mode choice depending on household size among young adults (12-20
year olds) in the Netherlands (OViN data); N=13,192, X 2 = 284.123, df = 30,
p=0.000

This result is as expected. As stated by Kemperman & Timmermans (2014)
and van Goeverden & de Boer (2013), this results can be due to the increase of
difficulty of the parents to escort all of their children to school or other places.
And since bike is the most popular transport mode among this target group, then
cycling and independent mobility increase.
In figure 4.25, it can be seen that household size is significantly related with
cycling to school. It can be observed that the bigger the household, the higher the
percentages of cycling to school on a daily basis. These results were as expected,
just as shown in figure 4.24, from the OViN data results.
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Figure 4.25: Cycling to school and household size (survey data); N=592, X 2 =
50.635, df = 10, p=0.000

4.1.3

Social Environment

On the third layer of the theoretical model, figure 2.2, the social environment is
considered. In this layer it can be seen the factors of social safety, social influence
and school environment. Regarding all this layer, only the survey was used since
the OViN data does not provide information regarding this specific factors.
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Social Safety
As one of the factors only tested on the tailor made survey, social safety shows
that there is a relation on how safe the teenager feels when cycling to school and
using the bike as main mode of transport for such purpose. In figure 4.26, it can
be seen that those who do not feel safe on their route to school, choose other
modes of transport over bike on their daily basis. On the other hand, it can also
be seen that even though they agree on being afraid to cycle by themselves during
day or night, the teenagers still go by bike on a daily basis. This might be due
because they do not have any other choice. In terms of statistical significance,
the only statement that does show a difference between groups is the one of I
feel safe when traveling to school on my own/ (p = 0.001), meaning that is the
only factor that could impact on cycling behavior to school. The statements of I
am afraid to cycle by myself during the day (p = 0.562) and I am afraid to cycle
by myself during the night (p = 0.034) showed no significant difference between
those who never cycle to school and those who cycle to school on a daily basis.

Figure 4.26: Cycling to school and social safety among 12-20 year olds in the
Netherlands (survey data); N=592
Social Influence
As it can be observed in figure 4.27, social influence is a factor that has
significant relation with cycling to school. It can be seen that those respondents
who most (80%-100%) of their friends cycle to school have a higher percentage of
cycling to school on a daily basis. Moreover, those who answered that 0%- 20%
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of their friend’s cycle to school, are the ones with less percentage of cycling to
school on a daily basis (48%), and the highest percent of never cycling to school
(34%). This result is as expected, just as Carver et al. (2005) mentions, that it is
expected that a person cycles more when they are supported by their peers to do so.

Figure 4.27: Cycling to school and social influence (percentage of friends that cycle
to school) among 12-20 year olds in the Netherlands (survey data); N=592, X 2 =
162.231, df = 8, p=0.000
Moreover, the survey also included that statement I prefer cycling with other
over cycling by myself Ḟor this statement, no significant difference was found
between those who never cycle to to school and those who cycle to school on a
daily basis. This might be due to the fact that even though the student prefers to
cycle with his friends, if he does not have the possibility to do so, he will anyway
cycle to school by himself.
School Environment
Regarding the school environment, several questions were asked to the
teenagers. First they were asked about their opinion concerning school facilities
(bike parking), the condition of the parking and its accessibility. As well it was
asked if the school encourage them to cycle to school. Finally, it was asked how
many class hours they have for physical education. These variable were analyzed
to know if they had an influence on whether the teenager cycles to school on a
daily basis or not.
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School Facilities
As mentioned before, the teenagers were asked to give their opinion about the
school facilities regarding bike parking. In figure 4.28, the first statement There are
enough places to store your bike is shown. It can be seen that there is no significant
relation between this statement and cycling to school behavior of young adults.
Though it can be seen that those who strongly agree are the w=ones with the
highest percentage (91%) of cycling to school on a daily basis. And the lowest percentage (86%) are those who disagree that their schools have enough bike parking.

Figure 4.28: Cycling to school and bike parking at school (survey data); N=592,
X 2 = 4.072, df = 8, p=0.851

Moreover, the ANOVA test of this statement shows that in average (3.53),
students are between neutral and agree. Meaning that the schools that participated
in this research are fine in terms of bike parking facilities.
In figure 4.29, the results for the second statement All the bike storages have
a roof / are shown. It can be seen that as in the first statement, there is no
significant relation between this statement and cycling to school. It can be seen
that the more the respondents disagree with the statement the more they cycle
to school on a daily basis, this can be interpreted that most of the students
disagree on the statement but it does not affect in a negative way on their cycling
behavior. On the other hand, from the ANOVA test the result was that in average (2.04) students disagree on that all the bike parking at their school are covered.
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Figure 4.29: Cycling to school and covered bike parking at school (survey data);
N=592, X 2 = 5.106, df = 8, p=0.748
Finally, in figure 4.30 the results from the third statement regarding school
facilities The bike storages at our school are properly accessible are shown. As in
the previous statements regarding school facilities, no strong significant relation
was found between this variable and cycling to school. From the ANOVA test it
was found that in average (3.35) students think neutrally about the accessibility
to bike parking at the participating schools.

Figure 4.30: Cycling to school and safe accessibility to bike parking at school
(survey data); N=592, X 2 = 11.081, df = 4, p=0.026
The results from these statements are as expected since taking into account
the context of the research (the Netherlands), it is known that even though the
bike facilities at school are not perfect the students will still take the bike because
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they do not have another transport option. But not meaning that schools should
not take care of their bike facilities, on the contrary it can be seen that their
students are not completely satisfied with the bike facilities nowadays at their
schools.
Encouragement to Cycle to School
Also regarding school environment, respondents were asked if they are encouraged of schools to cycle to school, in figure 4.31 the results of the survey are
shown. It can be observed that the only ones who obtained a 100% of cycling daily
to school are those who strongly agree that the school encourage them to cycle.
Even though this result is as expected, there was no significant relation between
this statement and cycling to school. This result can be due to the cycling culture
that the Netherlands already has, also because of the size of the sample. Anyway,
a tendency can still be seen that the more the school encourage their students to
cycle the more probability it exists that they will do so. Moreover, the ANOVA
test shows that in average (2.43) students do not agree that their school are
actually encouraging them to cycle to school.

Figure 4.31: Cycling to school and encouragement from school to cycle (survey
data); N=592, X 2 = 4.277, df = 8, p=0.831
Physical Education Class Hours
Finally, the students had to mention how many class hours they have per week
dedicated to physical education. A significant relation was found between the
amount of physical education class hours the respondents receive at school and
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cycling to school. In figure 4.32, it can be seen that those who just have one
class hour of physical education are those who have the lowest percentage (57%)
in cycling to school on a daily basis. On the other hand, those who have 2 class
hours per week show the highest percentages (94%) of cycling to school on a
daily basis. Moreover, this answer was the most frequent among respondents.

Figure 4.32: Cycling to school and physical education class hours among 12-20
year olds in the Netherlands (survey data); N=592, X 2 = 75.056, df = 10, p=0.001

4.1.4

Built Environment

The fourth layer of the theoretical model, built environment, was analyzed using
the OViN data. The sub-factors that could be analyzed were level of urbanization
and travel distance. From the survey the sub-factors that were analyzed were:
infrastructure, distance to school, traffic safety and green spaces.
Infrastructure
Regarding the factor of infrastructure, the respondents had to answer if the agreed
or not if the route to school was cycle-friendly, for example that there are cycle
lanes separated from the motor vehicles and if there are cycle streets. The results
show that the more the respondents agreed on this statement, the more they
would cycle on a daily basis to school. These results can be seen in figure 4.33.
Even though there is no strong statistical relation between cycling to school and
infrastructure, the tendency is very clear. This result might be due to the amount
of respondents.
These results are as expected, since as mentioned in the literature review,
infrastructure if done correctly (cycle-friendly) it will for sure affect in a positive
way cycling behavior. Moreover, this aspect is of great importance because of
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Figure 4.33: Cycling to school and cycling infrastructure among young adults in
the Netherlands (survey data); N=592, X 2 = 17.607, df = 8, p=0.024
the target group (12-20 year olds), specially the younger ones, they are more
vulnerable to suffer an accident if no adequate infrastructure is present in their
route to school (Furth, 2012).
Level of Urbanization Another factor that could be analyzed using the
information from the OViN data was level of urbanization. Using this variable it
was found that it is indeed related to mode choice. As it can be seen in Figure
4.34 the level of urbanization where the bike is used the most is in neutral (in
between urban and rural), with almost 52% of the trips made by bike, while the
lowest one is in very urban conditions, with almost 40%. On the other hand, it
can be seen that public transport and walking are the highest percent’s within very
urbanized areas compared to the others.
As expected, this can be related to the fact that in high urbanized areas there
is a presence of different modes of transport which makes the difference between
modes of transport smaller compared to the other areas. Moreover, in highly
urbanized areas there is a high density of facilities, resulting in more popularity
regarding walking compared to the other types of urbanization. Furthermore,
urbanized areas present more traffic and major street crossings, which also reduces
bike usage (de Brujin et. al., 2005; Mitra, 2013).
On the other hand, level of urbanization was also analyzed using the data
gathered from the tailored made survey. In figure 4.35, the results are shown, it
can be seen that the one with the highest percent (100%) of cycling to school
on a daily basis are those who live in a very urban area. The ones that presented
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Figure 4.34: mode choice depending on level of urbanization among young adults
(12-20 year olds) in the Netherlands (OViN data); N=13,192, X 2 = 411.910, df =
24, p=0.000

the lowest percentage of respondents cycling to school on a daily basis are those
who live in very rural areas. This result could be due the amount of respondents,
for example, for very urban there were only 6 respondents while for the other
categories it ranged between 99 and 174. Said this, it can be seen that as in the
OViN data, those who live in a neutral area also show a high percentage (91%)
of cycling to school on a daily basis. Moreover, with this set of data, level of
urbanization did not have a significant relation with cycling to school.
Transport Accessibility
Regarding the factor of transport accessibility, the respondents answered
if they had access to the public transport card (OV card). As mentioned
previously, this card is given to students when they are done with secondary
school, approximately at the age of 17-18. This card gives free access to public
transport either during the week or during the weekends. From the survey,
figure 4.36, it can be seen that there is a significant relation between having
the student card and cycling to school. Those respondents who do not own a
card at all are the ones with the highest percentage (93%) of students cycling
to school on a daily basis. While of those ones who own the student OV-card
only 23% cycle to school on a daily basis. This result is as expected, since public transport is being promoted and it can cover longer distances than the bike does.
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Figure 4.35: Cycling to school and level of urbanization among young adults in the
Netherlands (survey data); N=592, X 2 = 13.283, df =8, p=0.102

Figure 4.36: Cycling to school and ownership of OV-card among 12-20 year olds
in the Netherlands (survey data); N=592, X 2 = 238.095, df = 4, p=0.000
Distance
Through the information gathered from the OViN Data it was found that
between the ages of 12-20, the average distance cycled does change with age. In
contrary to the rest of the analysis, to measure the significance between age and
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average distance cycled a one-way ANOVA test was performed. Which indicates
that there is a significant relation between both variables. In Figure 4.37 it can
be seen that the 19 year olds cycle the longer distances, with an average of 10.6
km per day. This result is expected regarding school traveling since as stated by
Craver et. Al. (2013), distance is a key barrier for active transport. As mentioned
by van Goeverden and de Boer (2013), in the Netherlands, the density of schools
decreases with the change of education level (more primary schools per km2 than
secondary schools); leading to an increase in the distance to school. With regards
of purpose changing with age (figure 4.8), it is assumed that not only school
distance increase, but the entire distance travel per respondent increases. Within
this target group the average distance cycled per day is 8.2 km.

Figure 4.37: Average distance cycled per age category among young adults (12-20
year olds) in the Netherlands (OViN data); N=4,416, F = 8.656, p=0.000
Besides knowing what are the average distance cycled per day within this
target group, it is important to know the relation between distance and mode
choice. From the Figure 4.38, it can be seen that when distances are less than
1km the most popular way for commuting is walking. However, as soon as the
distance increasing, a high increasing in cycling behavior is present. It remains the
most popular mode of transport up and until distances between 10-15 km where
motorized transport (car, public transport and scooter) takes over. Between 30-40
km a small decrease in motorized vehicles can be seen due to a slight stabilization
within cycling behavior. It is assumed that these changes are due to cycling and
other modes of transport used for recreational purposes.
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Figure 4.38: Tendency of usage of transport modes depending on distance traveled
among young adults (12-20 year olds) in the Netherlands (OViN data); N=13,192
Distance to School
To measure the distance, home-school of the respondents, they were asked
the postal code of their house to later calculate the distance. From the results,
figure 4.39, it can be seen that the distance home-school where the students
tend to cycle the most on a daily basis to school is 3-4km, just as shown in
the OViN data (figure 4.38). Moreover, between the first six categories, <1km
to 10km, the one with less percentage of cycling to school on a daily basis is
the first category, <1km. this result is also as expected, since also considering
the data from the OViN data, that is the distance where young adults prefer
to walk. From the category 10-15km the percentages of respondents cycling
to school on a daily basis start to drop until 40% with 20-30km and 0% for >30km.

76

Bivariate Analysis

Figure 4.39: Cycling to school and distance home-school among 12-20 year olds
in the Netherlands (survey data); N=494, X 2 = 85.628, df = 18, p=0.000
Traffic Safety
The factor of traffic safety was measured using the survey, the respondents
were asked to mention if they feel safe, traffic wise on their route to school. The
results, figure 4.40, show that the more the students agree on feeling safe the
more they cycle on a daily basis to school. On the other hand, they were also
asked about the amount of motor traffic they experienced on their route to school.
In figure 4.40 results show that the more traffic there is, the less they cycle to
school on a daily basis.Even though there is no significant difference between those
cycling never, sometimes and daily (p = 0.0.017, p = 0.569), the trend can still
be visible. These results are as expected since as shown in the literature review,
traffic safety can be either negative or positive related to cycling (Craver et. al.,
2009; de Vries et. al., 2010, Mcmillan, 2007). In this case it is evident how
not feeling safe could affect cycling behavior. Even though the relation between
these statements and cycling behavior can be seen, both of them do not have a
statistical significance correlation with cycling to school. This can be due to the
amount of respondents.
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Figure 4.40: Cycling to school and traffic safety among 12-20 year olds in the
Netherlands (survey data); N=592
Greenspace
For the factor of greenspace, the respondents needed to answer if they agreed
or disagreed if their route to school is attractive for them. In results shown in figure
4.41 it can be seen that there is not a significant difference (p = 0.379) between
those who never, sometimes and daily cycle to school depending on their reaction
towards this statement. It was expected that attractiveness (greenspace) would
have a bigger impact on cycling behavior, but the reason for this result might be
due to the fact that no matter if the route is not attractive enough, the students
still need to go to school by bike and through a specific route. The average score
that students gave to this statement was 2.92, meaning that the respondents in
average disagree that their route is attractive. Probably a bigger impact would
have been present for other purposes, i.e. leisure, rather than school.
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Figure 4.41: Cycling to school and greenspace among 12-20 year olds in the Netherlands (survey data); N=592

4.1.5

Natural Environment

The fifth layer of the theoretical model, figure 2.2, -Natural Environment- was
only analyzed using the Survey Data, since in the OVIN data this information
is not included. From this set of factors, the aspects that were analyzed were
topography and weather.

Topography

Regarding the factor of topography, the respondents were asked whether they
agreed or not if their route to school contained many obstacles like bridges and
hills. In figure 4.42 the results can be shown, it can be seen that there is a clear
significant relation between this factor and cycling to school on a daily basis. It is
shown that the more the students agreed on having many obstacles the less they
would cycle less to school. This result is as expected, since the more hills a route
has, the more effort or skills the person needs to get to her or his destination,
making other modes of transport more desirable.
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Figure 4.42: Cycling to school topography among 12-20 year olds in the Netherlands (survey data); N=494, X 2 = 23.079, df = 8, p=0.003
These differences in height levels and the flatness of the route is however
dependent on the region; for example, the Dutch provinces of Overijssel and
Noord-Brabant have less hills than the province of Limburg. Due to the amount
of respondents of Limburg (19), a clear difference between provinces could not be
made.
Weather
Weather is another factor that can affect cycling behavior, this factor was
analyzed from the survey by asking the respondents if having bad weather would
be a reason not to cycle. In this case 43% mentioned that indeed having bad
weather would be a reason not to cycle, but still more than half mentioned that it
is not a reason not to cycle. This result is as expected taking into account that
the case study is the Netherlands, and where no matter what if you do not have
another mode choice the bike will be the primary mode choice. On the other hand,
there is still a large percent of students that do agree that having bad weather is
a reason not to cycle, but this does not mean that they would not cycle at all.

4.2

Logistic Regression Analysis

In order to test the significance and strength of the different variables, mentioned
in the theoretical model, with cycling behavior, a logistic regression analysis was
performed. For the logistic regression to be conducted, two different tests had to
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be done. The first a bivariate correlation test was conducted, the aim of this test
is to exclude any highly correlating variables. In Appendix 8, the results for the
correlation test for the OViN data are shown. Besides the correlation, a decision
tree test was used to determine the level of hierarchy within the variables. In this
test, the variables are displayed in order of influence.

From the correlation test, it can be observed that all variables were influencing
the choice for modes of transport in a meaningful way, since there are no remarkably
high correlations between variables. If correlation would have existed, only one of
the correlating variables would have been used in the logistic regression. Therefore,
all variables were used in the logistic regression analysis. Since the aim of this
research is to study how cycling behavior is affected by the different variables,
the dependent variable Mode Choice was recorded into two categories, Cycling:
Yes/No. The outcome of the logistic regression indicates how cycling behavior
changes when variables are adjusted.

In the following sections the results of the logistic regression regarding every
variable are explained. The findings are explained using table 4.1, which shows the
different models from the logistic regression. The regression is divided into three
models; this way it is clear to notice the differences between the sets of variables.
The first model consists of the Personal Characteristics Ṫhe second model adds the
Household factor and finally the third model shows all the three factors that are
being tested: Personal characteristics, Household and the Built Environment Ḟrom
the Theoretical model, it can be seen that the factors of Social Environment and
Natural Environment were left out of the regression analysis, this because no data
is present in the OViN data set. The results of every model are shown in Appendix 9.

The table shows the chance (Exp(B)) that a teenager will ride his or her bike
depending on the variable. The percentage mentioned in the text is calculated in
the following way: (Exp(B) − 1) ∗ 100. Besides that, at the bottom of the table,
the chi-square values for each model are shown, together with the Cox & Snell R2
and the Nagelkerke R2 , which indicate the goodness of fit of the model. For every
result, it should be kept in mind that the outcomes of this logistic regression are
for the specific age group of teenagers from 12-20 years old.
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Table 4.1: Logistic Regression Results for OViN data

* Since new variables are added in each model, the Exp(B) of previous variables can experience
minor changes

4.2.1

Model 1: Personal Characteristics

Age: Every year a teenager gets older, chances of using cycling as a way of
transport drop by 14.3%.
Gender: Within the variable Gender, results are compared to the null category,
which was male. Logistic regression shows that there is a 13% smaller chance
that a respondent will use a bike when the respondent is a female.
Ethnicity: The null category within the variable Ethnicity was Non-western
Immigrants. Logistic regression shows that a western immigrant is one-and-a-half
times more likely to cycle than a non-western immigrant. For Dutch teenagers,
chances are almost twice as high.
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Purpose: The different purposes are compared to the purpose ‘other’ which
was the null category. It shows that for every different purpose, chances of cycling
increase with an eleven times higher chance of cycling when a teenager is traveling
to school.
Number of Trips: When the number of trips increases by one, chances of
cycling drop by 67.6%.

4.2.2

Model 2: Personal Characteristics & Household

disposable Income: When the spendable income is increased with one class,
chances of a teenager using a bike as a mode of transport increase by 11.8%, compared to households with a spendable income that is less or equal to 20,000 per year.
Number of Cars: When the number of cars in the household goes up with
one, chances of cycling drop with 27.8%, compared to households without cars.
Household Size: Compared to single person households, chances of cycling
increase by 9.60% every time the household size increases with one person.

4.2.3

Model 3: Personal characteristics, Household & Built Environment

Level of Urbanization: Compared to high urbanized areas, chances of a teenager
cycling when he or she lives in a neutrally urbanized area increase by 32,8%. For
teenagers living in rural areas, the chances increase by 7,30% compared to highly
urbanized areas.
Distance Traveled: For every time the distance increases by one hectometer,
chances of cycling drop by 0.4%. In other words, every time the distances increases
by one kilometer, there is a 4% lower chance that a teenager will use his or her bike.
Concluding from the analysis, all models have a Cox and Snell R2 and a
Nagelkerke R2 higher than 0.2, indicating a good model fit. However, differences
between each model can be observed when looking at the Chi-square values,
which indicates the grade of influence of each set of variables. Showing a
Chi-square value of 3783.367, one can see that the set belonging to the Personal
Characteristics is the most influencing one. The second most influencing set of
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variables is the Built Environment with an added Chi-square value of 458.322.
Finally, the model belonging to the Household is the least influencing one, with an
added Chi-square value of 114,502. An overview of the results obtained from the
logistic regression is shown in figure 4.43.

Figure 4.43: Overview of logistic regression analysis for OViN data
Considering the Socio-Ecological Model (Figure 2.1), based on Bronfenbrenner’s Theory of Ecology of Human Development these results are expected.
According to this theory, the events that happen within the Microsystem-layer, the
immediate environment, are the ones that have the most influence in a person’s
behavior. Since the Theoretical Model is an adaption of the Socio-Ecological
Model, the Microsystem is converted into the layer of Personal Characteristics.
Even though theory shows that the immediate environment is the most
influencing factor, it also shows that all the other layers surrounding a person,
influence his or her behavior. This can also be stated for cycling behavior, regarding
84

Logistic Regression Analysis
the results of the conducted analyses that state the level of influence of the layers
in the Theoretical Model (Figure 2.2).
From these results, it can be concluded that the teenagers most likely to use a
bike as a mode of transport are boys from the age of 12 with a Dutch background
that are travelling to school. The distance to school is relatively low and they do
not have to make any other trips that day. They live in a neutrally urbanized area
in a relatively large household with a relatively high income and a low number of cars.

4.2.4

Logistic Regression Survey Data

In order to test the logistic regression model from the survey the correlation test
was done, in this test there was no significant information. Therefore, all the
variables were used in the logistic regression analysis. In comparison to the logistic
regression obtained from the OVIN data, in this one the variables turned out not
to be significant. See results in Appendix 10.
As in table 4.1, the results of the logistic regression test of the survey data
show the chance (Exp(B)) that the respondents will ride his or her bike depending
on the variable. Besides that, at the bottom of the table, the chi-square values
for each model are shown, together with the Cox & Snell R2 and the Nagelkerke
R2 , which indicate the goodness of fit of the model. For every result, it should be
kept in mind that the outcomes of this logistic regression are for the specific age
group of teenagers from 12-20 years old. See Appendix 11 for the results of every
logistic regression model from the survey data.
Since none of the variables were significant, the values of the Exp(B) were
not explained as in the section of the OViN data model.
On the other hand, like in the OVIN data model, this model does show which
set of factors are more influencing in cycling behavior to school. From the results,
the chi-squares can be compared to see the level of influence. It can be see
that as in the OVIN data model, the set of Personal Characteristics is the most
influencing set of aspects with a Chi-square value of 56.222. Following, the second
most influential set of factors was Household with a Chi-square value of 31.213.
After those come, Built Environment with a Chi-square value of 21.102, then
Social Environment with a value of 6.894 and finally Natural Environment with a
value of 0.001.
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Logistic Regression Analysis
Considering the Socio-Ecological Model (Figure 2.1), based on Bronfenbrenner’s Theory of Ecology of Human Development these results follow the same
order of importance. Having in first place the factors within the Microsystem-layer,
the immediate environment, or in terms of the theoretical model (figure 2.2) the
Personal Characteristics Ṫhe difference between Bronfenbrenner’s model and the
one tested in this project is that the Built Environment has more influence than
the Social Environment Ṫhis result can be explained by the respondents basing
their route and behavior on the built environment, while the social environment
has to do more with preferences. For example, for the statement of “I prefer
cycling with others over cycling by myself”, the respondents may prefer to cycle
with others but that does not mean they will stop cycling because they cannot
cycle with others. On the contrary a dangerous crossing could mean that they will
change their route in a certain way to avoid it.
However, it can still be seen that all the layers’ influence in one way or the
other on cycling behavior to school, no matter the hierarchical position they are
all important. Just as in Bronfenbrenner’s theory, that shows that everything that
surrounds the person will affect his or her behavior.
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Chapter 5
Conclusion
Cycling is a mode of transport that is not only equitable and environmentally
friendly but also healthy. As an opportunity for physical activity, cycling to school
on a daily basis can help children and young adults reach the recommended amount
of physical activity per day recommended by the World Health Organization.
A vast number of studies about active travel behavior have been conducted
with children as the target group (e.g. Kemperman and Timmerman, 2014;
Waygood, Sun and Letarte, 2015). On the other hand, young adults have been
overlooked in this field of research, and existing studies only focus on countries
where active behavior does not have a high percentages of trips (e.g. Babey
et al., 2009; van Goeverden & de Boer 2013). More importantly, most of the
studies do not address all the influencing factors that might affect the young
adult in their mode choice. Therefore, this study focused on young adults (12-20
year olds), living in a country with a strong cycling culture (the Netherlands)
and the factors that can influence on their mode choice and more specifically
their behavior regarding cycling to school. A literature review of previous studies
was conducted in order to obtain all the possible factors that could influence
their mode choice and therefore include them in a theoretical model. To study
the relationship between the factors and cycling behavior two sets of data were
used. Primary data consisted of a tailored-made survey that was distributed
to 12-20 year-old students from the provinces of Limburg, Noord-Brabant and
Overijssel, the number of respondents was 592. The secondary data consisted of the OViN data from 2016, which includes the whole country but the
research was narrowed down to the target group, ending up with 4116 respondents.
To analyze the data two different analysis were conducted: a bivariate analysis,
which consisted of the Pearson Chi-square test and an ANOVA test, a logistic
regression analysis. It was found that among young people from 12-20 years old,
the most popular trip purpose is school, following by social and recreation. The
least popular purposes were shopping and services and other. For the purpose
of work, it was found that this trip increases with age among this target group.
Even though that for all the purposes, except other, the bike was the most
popular, transport mode does differ depending on the purpose of the trip. For
example, for social and recreation and shopping and services, public transport’s
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popularity increases significantly. In terms of distance, young adults in the
Netherlands cycle an average of 8.2 kilometers. Between 2-10 km the bike is the
most popular transport mode while for distances less than 2 km, walking is the
most popular transport mode. Moreover, when the distances start to increase,
after 10 km, motorized transport modes are the most popular choice. From
the survey, it was found that the majority of the respondents live in a radius of
3-4 km from the school, making cycling the most common transport mode to
commute to school. In terms of time, Dutch students tend to cycle an average
of 140 minutes per week on their commute to school, meaning that they cycle
approximately 14 minutes each way every day. Social and recreation was the second purpose where students spend more time on cycling, with 23 minutes per week.
From the results of this research, it was also found that the ones that cycle the
most were those who had a positive attitude towards cycling. For example, the
groups that can be found are: those who think cycling is healthy, those who like it
because is fun, and those who do not like it because they thing it is exhausting.
It was found that those who cycle on a daily basis to school tend to have high
scores for the perspective that cycling is environmentally friendly and good for your
health. Those that never cycle to school tend to think that cycling is exhausting.
All of the set of factors analyzed in this research influence mode choice and
therefore cycling behavior in a certain way. From both sets of data, it was found
that the layer of personal characteristics is the most influential in cycling behavior
of young adults. It is shown that the probability to cycle for young adults decreases
significantly as age increases. Also in this layer, as already mentioned before the
purpose of the trip influences cycling behavior.
The role of factors from Household and Built Environment differed between
datasets. From the OVin data, the built environment had more influence than the
household. Young adults who live in low urbanized areas have a higher probability
to cycle than those living in urban areas; and that the longer the distance, the
less probable the bike will be the first mode choice. In the survey data, the results
were the other way around. Where household factors had more influence when it
comes to using the bike as a transport mode when commuting to school. On the
other hand, household was found to be the third most influential set of factors in
the OViN data. In both sets of data different number of factors were used and
this created the difference between results.
The set of factors that were found to be in the fourth place of influence
regarding young adults cycling to school is social environment. It was found
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that young adults are influenced by how their peers behave in terms of active
school transport. And the last and least influential set of factors was the Natural
Environment, which is also the layer with less factors to analyze. It is important
to remember that the case study is the Netherlands, where no matter the weather
there will always be people commuting by bike.
These results are due to the fact that the closer an environment is to a
person the more it will have an effect on his development just as Bronfenbrenner’s
model indicates. I believe that the layer of personal characteristics has the most
influential effect on mode choice and cycling behavior because this layer also
has an indirect impact on the other ones. For example, age is the factor that
determines in which level of education the person is, whether if he is in primary,
secondary or professional school. Therefore, also determining how far the school
will be from the person’s house. Moreover, age also determines how much
influence parental perceptions will have on the young adult’s decisions; the older
the child or young adult gets the less impact the parents will have. From personal
experience, I have seen how ethnicity has a direct impact on cycling behavior, for
example you can see Dutch people cycling no matter how the weather is, but I
have heard from acquaintances that are not Dutch that they do not want to grab
the bike when the weather is bad and that they prefer taking public transport or car.
Furthermore, I believe that physical activity has decreased over the years
because of several reasons. One of them being social safety. I think that
now the world is more unsafe, that kids are more in danger if they are by
themselves playing outside or on their daily commute. With the survey I had
the chance to read different alarming answers regarding safety. For example,
there was a 14-year-old girl that said she did not like cycling to school because
she and her friends were being bullied on their route. That several times,
other kids try hurting them by throwing rocks and branches at them as well as
calling them names. Besides safety, I think people are becoming lazy and way
too addicted to technology. Also from the survey, I read statements such as
I do not want to cycle because it is exhausting and that they preferred other
transport modes because they wanted to use their phone actively while commuting.
Considering these findings, schools and governments can work together to
encourage cycling behavior among young adults and this research has shown on
which aspects to focus to achieve this. Since nowadays many young people engage
with technology on a regular basis gamification is a potential route to reach young
adults and motivate them to cycle to school on a daily basis. Moreover, incentives
to make use of gamification could for example involve competitions between
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schools and classes where prizes are rewarded to the most active groups or that
students receive points or discounts at local stores per kilometer cycled. Knowing
that the perspective towards cycling is a factor that influences cycling behavior,
schools could also give more information about all the personal and world benefits
that cycling brings. Moreover, policies are a tools that could also influence on
cycling behavior, for example, being able to bring your bike on public transport.
Overall, this study shows that personal characteristics is the most influential
set of factors when it comes to cycling to school among 12-20 year olds. Although
this research already provides valuable insights for schools and provinces, it has
some shortcomings that can lead to further research.
The first thing that should be done is get a bigger number of respondents,
specially from the older ages (18-20 year olds) and from the students from
Limburg, this in order to calculate another regression analysis that could be more
precise like the one done with the OViN data. Moreover, workshops are necessary
in order to talk to the students and get more insights about the different measures
that could work to stimulate cycling to school. Finally, insights from part of the
schools are necessary to know what exactly could be done to stimulate cycling.
This can be obtained by interviewing school boards and discuss the outcomes of
the survey and the workshops with the students. It is important to remark that
this further research will be done in the further stages of the project Bike2School,
and this research was the first stage of the complete project.
Further research is also needed in the interaction between other modes of
transport (e.g. public transport) and bicycles. Moreover, studying cycling behavior
is a field that has to be constantly under research in order to test the different
measures that have been applied. Additionally, successful measures could be tested
in countries where cycling is not a popular mode choice, therefore stimulating it
as in countries where cycling is strong. Furthermore, e-bikes are slowly gaining
popularity among young adults and adults since longer distances can be covered
and less effort is needed. Therefore, more research on this topic would be
interesting to investigate.
Cycling is important and will continue to be so in the future. this study has
shown that cycling is an equitable, ecological and healthy mode of transport, that
does not only provide a way to commute but also a way to be physically active.
By getting insights from the factors that could influence cycling behavior, further
stimulating ,measures and incentives for young adults can be study ans applied by
schools and governments.
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Appendix 1: Bike2School Project
Bike2School is a project conducted by two universities in the Netherlands,
Eindhoven University of Technology and University of Twente. This project is
being sponsored by the Dutch provinces of Limburg, Noord-Brabant and Overijssel.
The objective of these provinces is to stimulate cycling among their young adults,
hence this project.
Both universities have researchers involved in this project, from Eindhoven
University of Technology the researchers are professors Pauline van den Berg, and
Astrid Kemperman, as well as the students Ana Karen Alanis Jimenez and Daan
Kropman. From Twente University the researchers are professors Karst Geurs and
Tiago Fioreze.
This project consists of different stages. The first involves the study of the
factors that influence students between 12-20 years old to commute by bike to
school trough conducting a tailored made survey. Next, interviews with school
directors are held to find strategies so the school can also motivate the students
to cycle to school on a daily basis. The final stage is to conduct workshops with
some students to talk about strategies to motivate this target group to cycle
more. One of the strategies that will be studied is gamification and how it can
motivate students of these provinces to bike to school more often.
My involvement in this project is mainly on the first stage of the project, where
the factors that influence cycling to school are being studied. In this first stage
Daan Kropman was also involved in formulating the survey and analyzing the data.
With the information gathered from the first stage, the other stages will take part.
Interviews will be held with the schools that took part in the survey. For the final
stage the researchers from Twente University and the researchers from Eindhoven
University of Technology will each organize three workshops with students. The
final delivery will be a report that will be handed to the provinces involved in the
project.
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Appendix 3: Transport Mode Frequencies for OViN Data

Appendix 4: Chi-square Distribution Table
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Appendix 5: Chi-square Goodness of Fit Test OViN Data
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Appendix 6: Survey (English)

Survey Bike2School
This survey is part of Bike2School, a study conducted by Eindhoven, University of
Technology, commissioned by the provinces of Limburg, Noord-Brabant and Overijssel.

This project focusses on how to stimulate teenagers to keep travelling to school by bike,
which makes them healthier and more active and results in getting higher grades at school.

Among the respondents of the survey, a smartwatch and several cinema coupons are
raffled.

The results of this survey are confidential and are handled with care.

Thank you in advance for participating in the survey!
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Survey Bike2School
Which is the name of your school:
School
What is your postal code?
Postal code (e.g. 1234 AB)
What is your current level of education?
o
o
o
o
o

VMBO
HAVO
VWO (Athenaeum/Gymnasium)
MBO
Other:

Personal Information
1. What is your age?
▼Age
2. What is your gender?
o Male
o Female
3. What is your country of birth?
o Dutch
o Non-Dutch, European
o Non-European
4. How many people does your household consist of (including you)?
o 1
o 2
o 3
o 4
o 5
o 6 or more
5. Do you have a physical ability that makes you not able to ride a bike?
o No
o Yes
6. What type of OV-card do you have?
o Regular OV-card
o Student OV-card (week)
o Student OV-card (weekend)
o I don’t have an OV-card

Survey Bike2School

7. Please state how often you use the following modes of transport:
Never

A few times
per year

Monthly

Weekly

2-5 times a
week

Daily

Walking

O

O

O

O

O

O

Bike

O

O

O

O

O

O

E-bike

O

O

O

O

O

O

Scooter

O

O

O

O

O

O

Car
(passenger)

O

O

O

O

O

O

Car
(driver)

O

O

O

O

O

O

Public
Transport

O

O

O

O

O

O

Other,
specify:

O

O

O

O

O

O

8. Please state how long you cycle for the following purposes:

School
Sports
Work
Shopping/Groceries
Social Activities (going out, meeting friends)
Fun
Other

:
:
:
:
:
:
:

minutes
minutes
minutes
minutes
minutes
minutes
minutes

Survey Bike2School
Household and Social Environment
1. What is the country of birth of your parents/caregivers?
o Parent/caregiver 1
o Dutch
o Non-Dutch, European
o Non-European
o Parent/caregiver 2 (optional)
o Dutch
o Non-Dutch, European
o Non-European
2. What is the working status of your parents/caregivers?
o Parent/caregiver 1
o Full time (every weekday)
o Part time (not every weekday/half days)
o No paid job
o Parent/caregiver 2 (optional)
o Full time (every weekday)
o Part time (not every weekday/half days)
o No paid job
3. Which of the following statements about income fits best to your home situation?
o The income of our household is higher than that of most Dutch households.
o The income of our household is about the same as that of most Dutch
households.
o The income of our household is lower than that of most Dutch households.
4. How many cars do you have at home?
o None
o 1
o 2
o 3
o 4 or more

Survey Bike2School
5. Please state how often your parents/caregivers use the following modes of transport:
Parent/caregiver 1
Never

A few times
per year

Monthly

Weekly

2-5 times a
week

Daily

Walking

O

O

O

O

O

O

(E-)Bike

O

O

O

O

O

O

Scooter

O

O

O

O

O

O

Car
(passenger)

O

O

O

O

O

O

Car
(driver)

O

O

O

O

O

O

Public
Transport

O

O

O

O

O

O

Other,
specify:

O

O

O

O

O

O

Never

A few times
per year

Monthly

Weekly

2-5 times a
week

Daily

Walking

O

O

O

O

O

O

(E-)bike

O

O

O

O

O

O

Scooter

O

O

O

O

O

O

Car
(passenger)

O

O

O

O

O

O

Car
(driver)

O

O

O

O

O

O

Public
Transport

O

O

O

O

O

O

Other,
specify:

O

O

O

O

O

O

Parent/caregiver 2 (optional)

Survey Bike2School
School Environment
1. Please answer the following statements regarding the cycling facilities at your school:
Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

There are enough places at school to
store your bike.

O

O

O

O

O

All the bike storages at our school
are covered

O

O

O

O

O

The bike storages at our school are
properly accessible (multiple
entrances)

O

O

O

O

O

2. Does your school encourage you to cycle?
o No
o I don’t know
o Yes
In what way? (optional)
3. How many class hours does your school weekly spend on physical education?
o 1
o 2
o 3
o 4
o 5
o 6 or more

Survey Bike2School

4. Please state how often you travel to school with the following modes of transport:
Never

A few times
per year

Monthly

Weekly

2-4 times a
week

Daily

Walking

O

O

O

O

O

O

Bike

O

O

O

O

O

O

E-bike

O

O

O

O

O

O

Scooter

O

O

O

O

O

O

Car
(passenger)

O

O

O

O

O

O

Car
(driver)

O

O

O

O

O

O

Public
Transport

O

O

O

O

O

O

Other,
specify:

O

O

O

O

O

O

5. With whom do you usually travel to school? You can choose multiple answers.
□ Alone
□ With friends
□ With siblings
□ With parents/caregivers
□ Other, specify: ________________
6. How many of your friends cycle to school?
o 0 – 20%
o 20% - 40%
o 40% - 60%
o 60% - 80%
o 80% - 100%

Survey Bike2School
7. Please state for the following statements to what extent you agree with them:
Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

My route to school contains a lot of
obstacles (hills, bridges, etc.)

O

O

O

O

O

The infrastructure of my route to
school is very cycling friendly
(lanes apart from driving lane,
cycling streets, etc.)

O

O

O

O

O

The route to school is safe (trafficsafety)

O

O

O

O

O

On my way to school, I am fully
aware of the surrounding
environment

O

O

O

O

O

There is a lot of traffic on my route
to school

O

O

O

O

O

I feel safe when travelling to school
on my own (social safety)

O

O

O

O

O

The route to school is very
attractive

O

O

O

O

O

I am satisfied with my daily school
travel

O

O

O

O

O

My trip to school facilitates my daily
life

O

O

O

O

O

When I think of my trip to school,
the advantages outweigh the
disadvantages

O

O

O

O

O

I wouldn’t want to change anything
about my trip to school

O

O

O

O

O

My trip to school makes me feel
good

O

O

O

O

O

Survey Bike2School
Motivation, preferences and personal opinions
1. Which of the following statements are a reason for you not to cycle to school? You
can choose multiple answers.
□
□
□
□
□
□
□

None, I always cycle
Bad weather (rain, wind, snow)
Not possible to cycle together with others
Long distances
The possibility to be taken to school (car, scooter, etc.)
Cycling in the dark, forest/parks/remote areas
Other, specify: ________________

2. Please state for the following statements to what extent you agree with them:
Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

Cycling is fun

O

O

O

O

O

Cycling is good for your health

O

O

O

O

O

Cycling is time consuming

O

O

O

O

O

Cycling is exhausting

O

O

O

O

O

Cycling is environmentally friendly

O

O

O

O

O

I am afraid to cycle by myself
during the day

O

O

O

O

O

I am afraid to cycle by myself
during the night

O

O

O

O

O

I prefer cycling with others over
cycling by myself

O

O

O

O

O

When cycling, I use my phone a lot
(texting, calling, listening to music)

O

O

O

O

O

My parents/caregivers encourage
me to cycle

O

O

O

O

O

My school encourages me to cycle

O

O

O

O

O

Survey Bike2School
Workshop

As a part of Bike2School, several workshops are organized. During these workshops we,
together with you and your classmates, look at the cycling behavior of teenagers and think of
ways to stimulate this cycling behavior.
The workshop will take about two class hours and all participants will be rewarded with a
cinema coupon.
Would you like to take part in the workshop if it is being organized at your school? If yes,
please fill in your email at the end of the page.
o
o

Yes
No

Prize

Among the participants of the survey, three smart watches and multiple cinema coupons are
ruffled. If you want to participate in the ruffle, please select your preference for a smartwatch
and fill in your email.
o
o
o
o

Apple Watch (Series 3)
Samsung Gear S3
Kate Spade (smartwatches)
Fossil Q

E-mail:

Besides contacting the participants of the workshop and announcing the winners of the
prizes, your email will not be used for other purposes
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Appendix 11: Results of Every Logistic Regression Model, Survey Data

Block 1: Personal Characteristics:

Level
Level
Level
Level
Level
Level

of
of
of
of
of
of

Gender:
Gender:
Ethnicity:
Ethnicity:
Ethnicity:
Education
Education
Education
Education
Education
Education

Age
Male
Female
Dutch
Western Immigrant
Non-Western Immigrant
VMBO
VMBO/HAVO
HAVO
HAVO/VWO
VWO
MBO
Constant

B

S.E.

Wald

df

Sig.

-0,075

0,104

0,516

1

0,473

Exp(B)
0,928

0,419

0,347

1,456

1

0,228

1,520

-0,386

1,058

0,133

1

0,715

0,680

-1,416

1,548

0,837

1

0,360

0,243

3,123

0,806

14,997

1

0,000

22,705

22,406

12393,651

0,000

0,999

5382497416,747

3,364

0,714

22,224

1

0,000

28,910

2,916

0,944

9,543

1

0,002

18,461

3,992

0,724

30,386

1

0,000

54,157

2,262

0,002

1

0,963

1,111

Exp(B)

Reference category

Reference category
1

Reference category
0,106

Chi-square: 56.222; df: 9; Cox & Snell R2: 0.108; Nagelkerke R2: 0.220

Block 2: Personal Characteristics & Household:

Gender:
Gender:
Ethnicity:
Ethnicity:
Ethnicity:
Level of Education
Level of Education
Level of Education
Level of Education
Level of Education
Level of Education
Disposable Income
Disposable Income
Disposable Income
Parental Perception
Parental Perception
Parental
Parental
Parental
Parental
Parental
Parental

Working Status
Working Status
Working Status
Working Status
Working Status
Working Status

Age
Male
Female
Dutch
Western Immigrant
Non-Western Immigrant
VMBO
VMBO/HAVO
HAVO
HAVO/VWO
VWO
MBO
Above average
Average
Below average
Number of Cars
Parents Cycle on Daily Basis
Parents Encourage Cycling
Household Size
Full Time - Full Time
Full Time - Part Time
Full Time - No Paid Job
Part Time - Part Time
Part Time - No Paid Job
No Paid Job - No Paid Job
Constant

B

S.E.

Wald

df

Sig.

-0,075

0,104

0,516

1

0,473

0,928

0,419

0,347

1,456

1

0,228

1,520

-0,386

1,058

0,133

1

0,715

0,680

-1,416

1,548

0,837

1

0,360

0,243

3,123

0,806

14,997

1

0,000

22,705

22,406

12393,651

0,000

0,999

5382497416,747

3,364

0,714

22,224

1

0,000

28,910

2,916

0,944

9,543

1

0,002

18,461

3,992

0,724

30,386

1

0,000

54,157

-0,240

0,900

0,071

1

0,790

0,787

-0,008

0,837

0,000

1

0,993

0,992

-0,142

0,291

0,239

1

0,625

0,867

1,269

0,470

7,300

1

0,007

3,559

0,295

0,165

3,213

1

0,073

1,343

0,604

0,237

6,506

1

0,011

1,829

3,082

1,601

3,707

1

0,054

21,808

1,648

1,538

1,148

1

0,284

5,198

2,084

1,612

1,671

1

0,196

1,668

1,572

1,126

1

0,289

5,301

20,395

10867,687

0,000

1

0,999

719960411,860

3,027

3,977

1

0,046

0,002

Exp(B)

Reference category

Reference category
1

Reference category

Reference category

8,039

Reference category
-6,037

Chi-square: 87.435; df: 20; Cox & Snell R2: 0.162; Nagelkerke R2: 0.331

Block 3: Personal Characteristics, Household & Social Environment:

Gender:
Gender:
Ethnicity:
Ethnicity:
Ethnicity:
Level of Education
Level of Education
Level of Education
Level of Education
Level of Education
Level of Education
Disposable Income
Disposable Income
Disposable Income
Parental Perception
Parental Perception
Parental
Parental
Parental
Parental
Parental
Parental

Working Status
Working Status
Working Status
Working Status
Working Status
Working Status
Social Safety
Social Influence
Social Influence
School environment
School environment
School environment
School environment
School environment

Age
Male
Female
Dutch
Western Immigrant
Non-Western Immigrant
VMBO
VMBO/HAVO
HAVO
HAVO/VWO
VWO
MBO
Above average
Average
Below average
Number of Cars
Parents Cycle on Daily Basis
Parents Encourage Cycling
Household Size
Full Time - Full Time
Full Time - Part Time
Full Time - No Paid Job
Part Time - Part Time
Part Time - No Paid Job
No Paid Job - No Paid Job
Route to School
Percentage of Friends Cycling
Preference for Cycling with Friends
Enough Bike Sheds
Roofed Bike Sheds
Accessible and Safe
Class hours
School Encourages Cyling
Constant

B

S.E.

Wald

df

Sig.

-0,075

0,104

0,516

1

0,473

0,928

0,419

0,347

1,456

1

0,228

1,520

-0,386

1,058

0,133

1

0,715

0,680

-1,416

1,548

0,837

1

0,360

0,243

3,123

0,806

14,997

1

0,000

22,705

22,406

12393,651

0,000

0,999

5382497416,747

3,364

0,714

22,224

1

0,000

28,910

2,916

0,944

9,543

1

0,002

18,461

3,992

0,724

30,386

1

0,000

54,157

-0,240

0,900

0,071

1

0,790

0,787

-0,008

0,837

0,000

1

0,993

0,992

-0,142

0,291

0,239

1

0,625

0,867

1,269

0,470

7,300

1

0,007

3,559

0,295

0,165

3,213

1

0,073

1,343

0,604

0,237

6,506

1

0,011

1,829

3,082

1,601

3,707

1

0,054

21,808

1,648

1,538

1,148

1

0,284

5,198

2,084

1,612

1,671

1

0,196

1,668

1,572

1,126

1

0,289

5,301

20,395

10867,687

0,000

1

0,999

719960411,860

0,131

Reference category

Reference category
1

Reference category

Reference category

8,039

Reference category
0,210

0,388

1,000

0,534

1,140

0,335

0,175

3,646

1,000

0,056

1,398

-0,017

0,179

0,009

1,000

0,925

0,983

0,189

0,171

1,228

1,000

0,268

1,208

0,020

0,162

0,015

1,000

0,903

1,020

-0,096

0,188

0,262

1,000

0,609

0,908

0,103

0,246

0,174

1,000

0,677

1,108

-0,043

0,206

0,043

1,000

0,835

0,958

-7,971

3,691

4,664

1

0,031

0,000

Chi-square: 94.329 df: 28; Cox & Snell R2: 0.174; Nagelkerke R2: 0.355
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Block 4: Personal Characteristics, Household, Social Environment & Built Environment:

Gender:
Gender:
Ethnicity:
Ethnicity:
Ethnicity:
Level of Education
Level of Education
Level of Education
Level of Education
Level of Education
Level of Education
Disposable Income
Disposable Income
Disposable Income
Parental Perception
Parental Perception
Parental
Parental
Parental
Parental
Parental
Parental

Working Status
Working Status
Working Status
Working Status
Working Status
Working Status
Social Safety
Social Influence
Social Influence
School environment
School environment
School environment
School environment
School environment
Infrastructure
Level of Urbanzation
Level of Urbanzation
Level of Urbanzation
Traffic Safety
Traffic Safety
Greenspace

Age
Male
Female
Dutch
Western Immigrant
Non-Western Immigrant
VMBO
VMBO/HAVO
HAVO
HAVO/VWO
VWO
MBO
Above average
Average
Below average
Number of Cars
Parents Cycle on Daily Basis
Parents Encourage Cycling
Household Size
Full Time - Full Time
Full Time - Part Time
Full Time - No Paid Job
Part Time - Part Time
Part Time - No Paid Job
No Paid Job - No Paid Job
Route to School
Percentage of Friends Cycling
Preference for Cycling with Friends
Enough Bike Sheds
Roofed Bike Sheds
Accessible and Safe
Class hours
School Encourages Cyling
Cycle Friendly
Urban
Sub-Urban
Rural
Travel Distance
Route to School is Safe
Large Amount of Traffic on Route to School
Route to School is Attractive
Constant

B

S.E.

Wald

df

Sig.

-0,075

0,104

0,516

1

0,473

Exp(B)
0,928

0,419

0,347

1,456

1

0,228

1,520

-0,386

1,058

0,133

1

0,715

0,680

-1,416

1,548

0,837

1

0,360

0,243

3,123

0,806

14,997

1

0,000

22,705

22,406

12393,651

0,000

0,999

5382497416,747

3,364

0,714

22,224

1

0,000

28,910

2,916

0,944

9,543

1

0,002

18,461

3,992

0,724

30,386

1

0,000

54,157

-0,240

0,900

0,071

1

0,790

0,787

-0,008

0,837

0,000

1

0,993

0,992

-0,142

0,291

0,239

1

0,625

0,867

1,269

0,470

7,300

1

0,007

3,559

0,295

0,165

3,213

1

0,073

1,343

0,604

0,237

6,506

1

0,011

1,829

3,082

1,601

3,707

1

0,054

21,808

1,648

1,538

1,148

1

0,284

5,198

2,084

1,612

1,671

1

0,196

1,668

1,572

1,126

1

0,289

5,301

20,395

10867,687

0,000

1

0,999

719960411,860

0,131

Reference category

Reference category
1

Reference category

Reference category

8,039

Reference category
0,210

0,388

1

0,534

1,140

0,335

0,175

3,646

1

0,056

1,398

-0,017

0,179

0,009

1

0,925

0,983

0,189

0,171

1,228

1

0,268

1,208

0,020

0,162

0,015

1

0,903

1,020

-0,096

0,188

0,262

1

0,609

0,908

0,103

0,246

0,174

1

0,677

1,108

-0,043

0,206

0,043

1

0,835

0,958

0,393

0,220

3,197

1

0,074

1,481

-0,098

0,599

0,027

1

0,870

0,907

0,472

0,564

0,699

1

0,403

1,603

-0,015

0,005

10,676

1

0,001

0,985

0,255

0,291

0,765

1

0,382

1,290

0,169

0,224

0,569

1

0,451

1,185

0,004

0,207

0,000

1

0,986

1,004

-8,059

4,029

4,001

1

0,045

0,000

Reference category

Chi-square: 115.431 df: 35; Cox & Snell R2: 0.208; Nagelkerke R2: 0.425

Block 5: Personal Characteristics, Household, Social Environment, Built Environment & Natural Environment:

Gender:
Gender:
Ethnicity:
Ethnicity:
Ethnicity:
Level of Education
Level of Education
Level of Education
Level of Education
Level of Education
Level of Education
Disposable Income
Disposable Income
Disposable Income
Parental Perception
Parental Perception
Parental
Parental
Parental
Parental
Parental
Parental

Working Status
Working Status
Working Status
Working Status
Working Status
Working Status
Social Safety
Social Influence
Social Influence
School environment
School environment
School environment
School environment
School environment
Infrastructure
Level of Urbanzation
Level of Urbanzation
Level of Urbanzation
Traffic Safety
Traffic Safety
Greenspace
Topography

Age
Male
Female
Dutch
Western Immigrant
Non-Western Immigrant
VMBO
VMBO/HAVO
HAVO
HAVO/VWO
VWO
MBO
Above average
Average
Below average
Number of Cars
Parents Cycle on Daily Basis
Parents Encourage Cycling
Household Size
Full Time - Full Time
Full Time - Part Time
Full Time - No Paid Job
Part Time - Part Time
Part Time - No Paid Job
No Paid Job - No Paid Job
Route to School
Percentage of Friends Cycling
Preference for Cycling with Friends
Enough Bike Sheds
Roofed Bike Sheds
Accessible and Safe
Class hours
School Encourages Cyling
Cycle Friendly
Urban
Sub-Urban
Rural
Travel Distance
Route to School is Safe
Large Amount of Traffic on Route to School
Route to School is Attractive
Route to School Contains Obstacles
Constant

B

S.E.

Wald

df

Sig.

Exp(B)

-0,075

0,104

0,516

1

0,473

0,928

Reference category
0,419

0,347

1,456

1

0,228

1,520

-0,386

1,058

0,133

1

0,715

0,680

-1,416

1,548

0,837

1

0,360

0,243

3,123

0,806

14,997

1

0,000

22,705

22,406

12393,651

0,000

0,999

5382497416,747

3,364

0,714

22,224

1

0,000

28,910

2,916

0,944

9,543

1

0,002

18,461

3,992

Reference category
1

0,724

30,386

1

0,000

54,157

-0,240

0,900

0,071

1

0,790

0,787

-0,008

0,837

0,000

1

0,993

0,992

-0,142

0,291

0,239

1

0,625

0,867

1,269

0,470

7,300

1

0,007

3,559

0,295

0,165

3,213

1

0,073

1,343

0,604

0,237

6,506

1

0,011

1,829

3,082

1,601

3,707

1

0,054

21,808

1,648

1,538

1,148

1

0,284

5,198

2,084

1,612

1,671

1

0,196

1,668

1,572

1,126

1

0,289

5,301

20,395

10867,687

0,000

1

0,999

719960411,860

0,131

Reference category

Reference category

8,039

Reference category
0,210

0,388

1

0,534

1,140

0,335

0,175

3,646

1

0,056

1,398

-0,017

0,179

0,009

1

0,925

0,983

0,189

0,171

1,228

1

0,268

1,208

0,020

0,162

0,015

1

0,903

1,020

-0,096

0,188

0,262

1

0,609

0,908

0,103

0,246

0,174

1

0,677

1,108

-0,043

0,206

0,043

1

0,835

0,958

0,393

0,220

3,197

1

0,074

1,481

-0,098

0,599

0,027

1

0,870

0,907

0,472

0,564

0,699

1

0,403

1,603

-0,015

0,005

10,676

1

0,001

0,985

0,255

0,291

0,765

1

0,382

1,290

0,169

0,224

0,569

1

0,451

1,185

0,004

0,207

0,000

1

0,986

1,004

0,005

0,183

0,001

1

0,976

1,005

-8,079

4,083

3,915

1

0,048

0,000

Reference category

Chi-square: 115.432 df: 36; Cox & Snell R2: 0.208; Nagelkerke R2: 0.425

TRITA -ABE-MBT-18462

www.kth.se

