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| Abstract

Children's active and independent chool travels have inrecent decades decreased
considerably. What determines the travel mode choice among children is complex, as there are
severalsocial and environmentédctors impacting how children travdt is not clear to what

extent cheacteristics of the environment are influencing children's school travel behaviour.
This thesisaimsto study this relationship by comparing children's travel mode choice at four
Swedish compulsory schools, with characteristics of the environment ar@uschibols. The

study is based on travel mode data collected by the research project Kidscapebhs&dS
methods were used to map environraérariables around the school$iese werdased on

Mitra's (2013) conceptual framewarnkthe environment and school traugthaviour. Walking

and cycling were studied as two separate travel mode choices.

Differences in travel mode choice was found between the four schools. The mapping of
environmental features gave a comprehensive description of the environment around the
sdhools, which contributed to the understanding of travel mode choice at the four schools. The
relationship between travel mode choice and environmental variables was testeckefation

with S p e a r maakedocsrrelation testThe findings from this testndicate a relatioship

between walking and cyclingnd the environmental variablekild population densitynd
proportion of buil di n gffect®he indicatamof araayionshipion t he
this data does not demonstrate evidence ianei@l sense, but shows variables thald be

interesting to study on a larger scale, using more spatially detailed travel data

Keywords:Children, School transportation, Walking, Cycling, Built environment, Independent
mobility, Sustainable mobility, GIS.



Il Sammanfattning

Barns aktivaoch sjalvstandiga skolresor har minskat avsevart de senaste decennierna. Vad som
avgor barns transportmedelsval ar komplext, da flera olika sociala och fysiska faktorer paverkar
hur barn reser. | vilken utstrackning miljons karaktar paverkar barns skodtegnde ar oklart.

Den har uppsatsen syftar till att studera den har relationen, genom att jamfora barns val av
fardmedel till skolan vid fyra svenska grundskolor, med faktorer i miljon kring skolorna.
Studien ar baserad pa resedata som samlats irknfiogsprojektet Kidscape Il. GiBaserade
metoder har anvants for att kartlagapiljiovariabler runt skolorndessabaseradepa Mitras

(2013) konceptuella ramverk kring miljo och skolresebeteende. Gang och cykel har studerats
som tva separata fardmedelsval.

Skillnader i fardmedelsval hittades mellan de fyra skolorna. Kartlaggningen av
miljovariablerna gav en omfattande beskrivning av utemiljon till de fyra skolorna, vilket bidrog

till forstdelsen for hur barnen i studien valde att resa till skolan. Relatiomgtan
fardmedelsval och miljovabler testades for korrelation m&pearmans rangkorrelation
Resultaten fran testet indikerar en relation mellan fardmedelsval och miljévariablerna
befolkningsdensitet for bamchp r opor t i on av byggnadeffekiDmed en
relationemellan miljé och fardmedel som indikeras i denna studie &r inte bevis for en relation

i en generell mening, men visar vilka variabler som skulle vara intressanta att studera pa en
storre skala, med mer rumsligt detaljerad resedata.

Nyckelord:Barn, Skolresor, Gang, ®gl, Byggd miljo, Sjalvstandig mobilitet, Hallbar
mobilitet, GIS.



1l Preface

The base for s topic is our common interest research relating to mobility and how cities
better can adapt to sustainable mobility solutidhshould be obvious that childrerare
included in the process sinealues and practices thae want to see in the future, are bridged
by the children of today-However, this is not the reality we face as children's reported travel
behaviour change from being active to itnae In an intense and dense built environment,
where people and vehicles share the same space, spatial conflicts are arighgiswh
restricting for childrels mobility.

This thesis is the final project of the master programme Sustainable urban maniagetne
Swedish University of Agridtural Sciences, Alnarp. In thgogramme we have learned that
sustainable urban development is about identifying the conflicts and to always keep a holistic
view that a sustainability perspective includes. With éhgsrspectives we want to engage in

the research of understanding what makes an environmentfrediidly and how this relates

to childrends school travel behaviour.

We share a background in geography but from different departments, physicalpjsogna
human geography, which has been useful as we have complemented andfiearneath
other. The thesis is thesult of reflections anavork from both of us as we havevorked
together througbut the entire process.

We would like to thank the researgroup of the project Kidscape Il for sharing their data with

us. We could never have realised this study without their iMgatwould also like to thank

our amazing supervisors at SLU, Mérit Jansson and Neil Sang, for encouraging and questioning
us inthis process. Thanks also to the statisticians at SLU for valuable input on what was
possible and not possible to do with our mateAald many thanks to Kiami for the beautiful
drawing of your school way.

Agnes Landefjord & Marit Ripel
Alnarp, 2A.8



IV Definitions

Environment: Our definition ofthe environmentefers to the physical environment, ug
recognize that social aspecte anterconnected.

Mobility : Mobility focusesnot only on transport systems but also includes the understanding
of how movements affect social aspects and power relations (Koglin, 2013).

Independent mobility: This refers tahe freedom children have to move and plathair local
neighbourhood, unaccompanied by adults (Shaw et al. 2015).

Geographical data Data which contains spatial features, @g@sition and shape, and ron
spatial features, e.g. street names or speed limits. Geographical data can be processed in a
geographical information system (Harrie & Eklundh, 2013).

Geographical information system (GIS) A computerised information system for collection,
storing, processing, analysis and visualisation of geographical data (Harrie & Eklundh, 2013).

Geographical reference systemA coordinate based system to establish the position of
geographical objects. There are different international, nationaleggional reference systems
(Agren & Hauska, 2013).

SWEREF 99 The official Swedish reference systemgig&n& Hauska, 2013).

Orthophoto: An aerial photo which has been adjusted tpeagraphical reference system
(Agren, Eklundh, Olsson, Harrie & Klang, 2013).



For many children growing up today,
the luxury of moving about freely in their
neighbourhodis no longer theirs to enjoy.

(Cele, 2006, p39)
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1. Introduction

In recent decades, changes in childsetravel behaviour have been observed. The change is a
shift from traveling predominately by active transport modes such as walking and cycling,
towards being inactive and W& by motorized transpp modes such as being escattie

private cars (Ahern et al., 2017; Larsen et al., 2009). This trend has been observed in Sweden
as well, where an overall decrease in bicycle trips per capita has occurred. The greatest decrease
is found among children and young adults. Measured in distiagelled per inhabitant,
children aged 44, cycled 42 percent shorter in 2014 compared to in 1995 (Trafikanalys,
2015). In more recent years, findings from comparing school journeys in Swede2009

to 2012, show that the amount of children travelling actively to school during summer has
declined from 66 to 58 percent, and in winter from 57 to 48 percent (Trafikverket, 2013). As
active transport modes have decreased, inactive transport heogemcreased (Trafikverket,

2013). Additionally, the percentage of children who live within 2 km from their school has
decreased from 71 percent in 2003 to 59 percent in 2012 (Trafikverket, 2013). In 1992 a school
reform was carried out, which made itsgble for parents to choose another school for their
children than the schoaksigned by the municipality. Children who go to the school they were
assigned to, cycle to school to a greater extent (33 %), compared to children who chose to go
to adifferent school (2324 %) (Niska, et al., 2017).

The change in travel modes has an effect on children's independeitityn{Mitra, 2013).
Childreris independent mobility has been defined by Shaw et al. (2015) as the freedom children
have to move anpllay in their local neighbourhood, unaagganied by adults. Why childrisn
independent mobility is important can be summarized in two major perspectives:
1. Itis a human right captured by the United Nation Convention on the Rights of the Child
and shouldherefore be seen as a fundamental value that every child should be able to
enjoy. A prerequisite for achieving this is a safe outdoor environment (Shaw et al.,

2015).
2. Childrers independent mobility is linked to a wider set of issues, and a loss of
indepen e n t mobil ity wild.l have consequences

health and personal development (Shaw et al., 2015; Westman, 2017).

The local area around the schools can be seen as theGext@hded outdoor environment

It should be plannedith a dild's perspective in order to facilitate independent mobility among
school children of all ages. A more chiitendly design of the extended outdoor environment
around the schools might trigger active travel modes, such as walking or cyclingipdat

of the built environment on physical activity and health has gained increased attention in
research. The significance of the built environment for walking and cycling has been measured
by studying e.g. infrastructure, recreational features andisa@Gray, et al., 2012). However,

most of the research on active travel behaviour is focused on adults, whereas children have
gained little attention (Mitra, 2013). Children use pathways and streets not only for transport,
but also to play and explorej(Bklid, 2004). Rather than translating the findings from research

1



on adult travel behaviour, there is a need to studyréfationship between childrertravel

behaviour and the built environment (Mitra, 2011). To what extent the infrastructure impacts
chil drends use of active travel modes i s uncl
this has been made in several studies (Broberg & Sarjala, 2015; Ewing, et al., 2004; Larsen, et

al., 2012; Mitra & Buliung, 2014; Panter et al., 2010; Scldess, et al., 2006; Timperio, et

al., 2006).

In this hesis we want to study childrerschool travel habits, where we focus on walking and
cycling, with a comparison of the characteristics found in the extended outdoor environment.
Chi | dr e n 06dsar ofterostudied aisractive travels, in one merged category, rather than
studying walking and cycling separately. However, walking and cycling are two fundamentally
different travel modes, and the environments that might influence them may diffet &Tigh
Giovani, 2010). Therefore, we want to study cycling and walking separately.

1.1 Children in sustainable development

In the reportOur common futurethe Brundtland commissiohas defined sustainable
development as "development which meets the needsuoEnt generations without
compromising the ability of future generations to meet their own needs" (United Nations,
1987). The concept of sustainable development is often criticised for lacking a clear definition
and being too vague, and therefore ndedse broken dowand concretised (Isaksson, 8RO
Children are central in the definition in two ways. Firstly, because of the concern for future
generationsasevery new generation of children motivates a development that is sustainable.
Secondly, the alues and practices we want to see in the future, are bridged by the children of
today. Consequently, what practices children adapt to is of importance.

There is a consensus in the discourse of sustainable development that sustainability is about
balanchg economic growth, environmental protection and social justice. Agenda 2030 is an

effort to concretisehe desired future. In 2015 the world leaders agreed on 17 global goals for

a sustainable development, with the aim to end poverty, fight inequaltitystap climate

change to year 2030 (Global goals, fajl. Goals that are applicable to this study are goal 3, 9

and 11. Goal 3 is about good health and wel | |
welkbei ng for alll a t n.é&xb).IGoab9gseaboat inuGtty,onbcwvdtiongraa | s
infrastructure (Global goals, n-d). Goal 11 is about sustainable cities and communities and
aims to Aimake cities and human settl ements I
goals, n.dd).

The i psl atnmieangl eo represents t he three fun
sustainable development, i.e. economic growth, environmental protection and social justice,
but also the three associated conflicts between these priorities (CarhipBé), Naming the

conflicts in sustainable devel opment has bec¢
more it stirs up conflict and sharpens the debate, the more effective the idea of sustainable
devel opment wi || be i n 414)eTheoretinay perspeativies o Ca mp |

sustainable urban development, motivates a need for change and reminds us to keep a holistic
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and longterm perspective. Studies on sustainable mobility provide alternatives to the current
cardependent transportation syst€Banister, 2008). Developing assainable mobility is
seen asentral when it comes to creating sustainable cities and environments (Banister, 2008).

1.2 Research project Kidscape |l

This study builds upon data from the research project Kidscapeith wbllected travel mode

dataat four compulsory schools in mid/southern Sweden, in 2013. The research project aimed
to investigate the significance of the outdoor environmemth@Eompulsory schols and its

impact on childreis physical activity, sunxposure, sleep and general health. Findings from

the previously analysed and published Kidscape Il studies show that moderate to vigorous
physical activity during outdoor stay was in average 39 minutes per day for the entire school
year (Pagels et al., 20\ Further, it vas concluded that the schisobutdoor environmerits
design and outdoor play time may be a potential health promoter during school hours as the
outdoor environment was fodrio have an impact on childremphysical activity (Pagels et al.,
2014). What is yet to be analysed in Kidscape I, is the impact of the selxbetsledutdoor
environment and i f the | ocal area around sch

1.3 Obijective and research questions

The focus of this thesis @ the environment and how it relates to travel mode. Our research
objective is to investigate the extended outdoor environment of four compulsory schools in
mid/south Sweden and the relationship between the school travel modes walking and cycling.
This isstudied through the following research questions:

- How are the characteristics of the environment reldbrige proportion of children
walking and cycling to school?

- What planning conflicts for childrends wa

1.4 Outline of the thesis

In chapter 1we present thbackgroundand theobjectiveof the study.

In chapter 2we introduce théheoretical framewdtrthat gives a background to tbhentext

In chapter 3we explain the useghethods andnaterialthat is the foundation for our analysis.
In chapter 4we present theesultsfrom the compiled analysis.

In chapter Swe discusghe outputs of the analysis and its strengths and weaknesses
And lastly, inchapter 6we present th&énal conclwsionof this study.



1.5 Description of the schools

In the Kidscape Il project, four schools were participating. They will be addressed as School
1, School 2, School 3 and School 4. aflthe schools are municipal schools and located in
residential neighourhoods.

School 1is located in a small town and has around 400 pupils. The neighbourhood around the
school consists of residential areas. There is one competing school in the town. The town is
surrounded by forest and arable land.

School 2is locatel in a rural village approximately Islometres(as the crow flies) from the
regional citycentre The school has around 300 pupils. There are no competing schools close
to School 2. The direct surroundings of the school consist of residential areasatgointiy
single family houses and residential streets. Forest and arable land surrounds the village.

School 3 and 4are located in the same middle sized city, abddlioinetreapart. The schools
have around 700 and 600 pupils. Even if they are logatacsimilar environmental context,
there are differences in the closest surrounding neighbourteciuisol 3is located in a busier
neighbourhood, with more traffic and higher population den§lghool 4is located in a
neighbourhood dominated by sindgenily houses and low speed residential streets. There are
a few competing schools in the surrounding area.



2. Theoretical framework

Common for studies on environments suitable for children is to combine one or more
theoretical frameworks, similarlye have adapted an interdisciplinary perspectiVe gve a
background of the contexthich our study exists withinve will in in this chapterreview

literature from urban development, sustainable mobility and environmental psychulsgy.

wi | | al so review previous research which ha
relationship to emironmental characteristics

2.1 Child-friendly environments

Over the years, the child pective has increased in urban planning. Chavention on the

Rights of the ChilfUNCRC), established by the UN in 1989, has had a great impact on raising

the child perspective. Three important articles in the conveatierticle3, Article 12 and

Article 31. Article 3 states that the best interest of the child should be the primary consideration

in decisions affecting children, and applies particularly to budget, policy and law makers.
Article 12 states that every childdhe right to express theview and the right to be heard.

Article 31 states that every child has the right to play (United Nations, 1989). Children's ways

of obtaining knowledge can be by independently exploring their own neighbourhood and by
means of play (Bjorklid, 2004). Inithsense, Wwen the UNCRC stresses childsenght to play

it indirectly states childrends right to mov

The concept of childriendly cities is a strategy that strive to implement the UNCRC, and can

be seen as the response tst farbanization and the transformation of the city where areas
considered safe for children slowly disappears. According to a definition by Chatterjee (2005)
the conceptofchid ri endl y cities fAembodies a commit me
ncities for all children by uphol di mBotht heir
the UNCRC and the concept of chiliendly environments, are initiatives used to encourage

local governments to make decisions in the best interest of the ohjidaékola et al. 2007).

The planning structure in Sweden gives the municipalities the final decision on how the local
environment should be planned (Nystrétm & Tonell, 2012). Swedish government has
established that all authorities must implement the UN@RAI decisions concerning children

(Unicef, 2008). This means that the children's rights are leading the different legislations
controlling the municipalities, e.g. the planning and building act legislation. But, when local
politicians are the policy nkars for the local environment, children's right to the city and
independent mobility are not usually their key strategy. In an international comparative study

on children's independent mobility, it was found that independent mobility was something
desiralke, but is not regarded as a right that should be accorded to children (Shaw et al., 2015).

A child-friendly city has to fulfil different needs of the children (Chatterjee, 2005), as children
who live in the same environment will have different needuaedhe environment in various

ways (Cele, 2006). Chatterjee (2005) asks if it is truly possible to make a large area, such as a
city, child-friendly, and claims that before we can talk about efiiEhdly cities we have to



narrow the concept down to hatr talk about childriendly places. Thiss supported by the
children themselves, who express that the immediate environment is the most important for
them (Horelli, 2007). The local environment is the environment that surrounds places where
children spad their time. According to Horelli (2007), the environment means the living
environment in its complexityrhe environment refers not only to the natural environment but
also to the whole physical, psychological, economic, political and cultural envinbnme
Bjorklid (2004) has a similar understanding of what should be included in an environment
when studying children and accessibility.

2.1.1 Environments appreciated by children

In order to clarify the concept of chifdendly environments, Horelli (200Thas come up with

ten rormative dimensions that defirenvironmental childriendliness. The ambition with
these normative dimensiorissto relate childres experiences to something that can be used as
analytical or political instrumestwhen planning. Té ten normative dimensions are: 1.
Housing and dwelling, 2. Basic services 3. Participation, 4. Safety and security, 5. Family, kin,
peers and community, 6. Urban and environmental qualities, 7. Resource provision and
distribution; poverty reduction, 8. Blogy, 9. Sense of belonging and continuity, and lastly 10.
Good governance.

From a study done by Nordstrom (2010) we can learn how a-fcigftlly environment is
defined by Swedish 1fearsolds living in rural areas, suburban areas and in the-citber

Their answers on what a chifdendly city is, wasinterpretedafter Horellis ten normative
dimensions. Threeimensions counted for the majority of the responses, these are further
described below, while the other dimensions received only a few mEspon

2. Basic services

The dimension reflectsn infrastructures thathildren want in their environment. Horelli
(2007) describes this dimension as services, such as health, education or transgbgation
are placed within short distances in areasrevichildrenlive and help facilitate theeveryday

life. In a Swedish context, this was the dimension with the highest respondent score from all
the children who participated. For the children living in the rural areas, their schostagds

as the most interesting public environment. The children living in the-gityeron the other
hand, expressed wishes for better parks to play in and entertainment facilities.

4. Safety and security

The dimension covers the conditions that wienend threatening for childrés safety and
security. Horelli (2007) describes this dimension as a guarantee of physical and physiological
safety, such as child welfare and the prevention of violence. It is also described as an
environment which is tolerant apturalistic, and have an in general safe transport system and
public places. Examples given by the Swedish children of situations found threatening are
mainly about traffic, but also about public places and social situations at the sohbel,
neighbowhood or at home. Interestingly, children from geographically different places have
responded differently on this dimension. For children from the suburban areas, this was the



dimension with the highest scores, while only a few children in the rural gagasanswers
responding to the safety and security dimension. Nordstrom (2010) contemplate that the reason
why the children in the suburbs strongly emphasize safety and security, could be an indicator
of the children not seeing their environment as safe.

6. Urban and environmental qualities

Horelli (2007) describes this dimension as a local environment with high functional, aesthetic
and cultural standards where there is a variety of interesting affordances and arenas for
activities. Among the positive gmonmental qualities, a desire was expressed for more nature
such as parks to play in and for more grass in the school yards. Especially the children in the
rural area expressed nature as a place to run, swim and have fun. Nordstrom (201®) explain
thathi s reflects childrends interest to be our
negative environmental qualities, there was a concern about littering in the streets, and that
there should be less noise. Urban and environmental qualities wasrsidimhat was found
important amongst children in the inngty and in the rural area, but that few of the children

in the suburbs mentioned in their responses.

The normative dimensions also make it possible to compare what children consider td-be chil
friendly in different countries. When comparing the response of the Swedish children with the
dimensions found important by children in Finland and Italy, one can see a broader perspective
of what children find to be a chifiliendly environment. In theomparative study done by
Haikkola et al. (2007) both Finnish and Italian children's responses were concentrated around
the dimension$asic servicessafety and securiffamily, kin and communitgndurban and
environmental qualitie. The Finnish childreunderstoodafety and securitygs social safety,

while the Italian understood it as physical safety. In Finland, children limited their movement
because of scary people around the pubs and shopping malls. In Italy, children limited their
movement because f traffic and urban decay. Anot he
autonomy. The Finnish children described their environment as spacious and open, and they
appreciated the possibilities to play at the sports field or meet friends at thegouthwhile

the Italian children described a longing for places where they could move more freely and have
the opportunity to interact with friends (Haikkola et al., 2007).

The dimensiorfamily, kin and communitywas important to Finnish and Italian childremit b

this was not mentioned by the Swedish children. Horelli (2007) describes this as the
opportunity for close social relationships with family, kin and friends. In the Swedish study,
Nordstrom (2010) points out that only the children in the rural aresessgul a sense of
belonging to a community in their responses. This dimension does not necessarily describe an
environment, but rather who the children like to spend time with if they had the possibility to
freely access the environment.

2.1.2 Child-friendly mobility

Environments differ in the extent to which they can offer opportunities for independent
mobility. A growing urbanization and intensified building density have consequences on



children’s use of the outdoor environment. Rissotto and Giulian6{208im that urban spaces
progressively have become dehumanized, as traffic has increased and less open space is left
available for the public. Francis and Lorenzo (2006) state that children are increasingly
disappearing from the urban scene, as theyareising the public spaces, or only doing so

under much greater adult surveillance than earlier generations. Bjorklid (2004) focuses on what

it means for a child to be able to move free
that:

A Wa | k icycling without adult supervision provides children

with an opportunity for direct experience of their environment.|[...]

Children who are driven to school or other activities, miss out on

all this informal learning. The outdoor environment is one of

childr ends most basic devel opment al envir

respected as such. i
(Bjorklid, 2004, p. 61)

Studies from environmental psychology have found that places are fundamental in the
developing of a child's setfoncept and identity (Spencer & Blad2806). Empirical research

show that children who walk to school, generally have developed a better spatial cognition than
children who are driven to school by bus or private car. As a consequence of a better spatial
cognition, children who travel by actisensport modes have developed qualities, which they
use to experience their local environment (Rissotto & Giuliani, 2006). Spatial information is
coupled with social information, and when learning how to experience the environment, the
children also lear something about other people and personal involvement. Thus can the
children become aware of the range of social, physical and behavioural differences that people
in a community represents (Rissotto & Giuliani, 2006).

In an international comparison Selen has a high degree of independent mobility (Shaw et al.,
2015).However,as the everyday lives of children are increasingly institutionalized, they spend
most part of their day in schools, degre and leisure activities. Therefore children spend more
time commuting between different places and less time in their local neighbourhood, even in
Sweden (Cele, 2015). There is a strong trend of increasing mobility, as technological

development has decreased the cost of travel (Banister, 2008). At the sametomk i | dr e n 6
active and independent mobility has significantly decreased. Whitzman et al. (2010) write that:
Al ncreasing mobility for adults [...] has be

(Whitzman et al., 2010:474). Promoting the udeactive transport at an early age may
encourage continued patterns of active mobility later in life (Mitra, Buliung & Roorda, 2010).

I n a recently published national strategy t
mobility is stated (Regerisgk ans | i et , 2017) . Still, a child
accomplishment that includes showing of routes or accompaniment by component peers
(Cornell & Hill, 2006). In order to increase cycling among children it is stated that efforts in

traffic education should be combined with measures in the physical environment
(Regeringskansliet, 2017).



Walking and cycling has until recently been given little attention in transport planning, but with
the understanding of the need for sustainable mobilitikimgaand cycling has received an
increasing interest (Tight & Giovani, 2010). An increase of active modes of transportation at
the cost of private cars, would have positive impacts on environment and health, e.g. in form
of decreased emissions, less naisd more physical activity (Banister, 2008). However, there

are difficulties with improving the conditions for walking and cycling, in order to make them

real alternatives to the car. Private car use has become an essential part of modern lifestyles, as
it enables people to live complex livedere time isprecious (Tight & Giovani, 2010). If
walking and cycling takes more time, in order to save time, parents are likely to drive their
children to school (Anund, et al., 2013).

Transport and landse are tghly interconnected processes and laisd patterns are essential

for the understanding of travel behaviour. The location of homes, schools, work and other
activities affects how people travel (Wee, et al.,, 2013; Mitra, 2013). Transportation
development &s enabled a greater individualisation, in the form of sifagtely dwellings

and urban sprawl (Essebo & Baeten, 2012). This embeddetpandence imany existing

urban structuress difficult to reverse and has made cycling, walking and public tcahkgss
attractive modes of transportation (Banister, 2008). By a conscioususandnd transport
planning, the distancéetween activities can decreaaad therefore also the need for
transportation. Sustainable mobility can this way be built intatban layout (Banister, 2008).

2.2 Categorizing the environment

One of the first attempts to create a fr ame
travel mode choice was made by McMillan (2005). This contribution showed the need to re
conceptualie the built environment to a child perspective, instead of transferring knowledge

from adult behaviour (Mitra, 2013). McMillan (2005) argue that children's travel behaviour is

a product ofparens perceptions and decision making. The environment hasasnigdirect

link to children's active transportation, as the environment contribute o ¢he ededisiors

process. Based on the perception of the environment, the parents decide whether children are
allowed to walk or cycle to school. Mitra (2013) aegthat since the framework does not
emphasize a child's role in the travel mode decision, it is more applicable for young children

with less independency (Mitra, 2013).

Panter et al. (2008) criticise McMillan for not integrating the varied componentiseof
environment that had been shown to influence the parents. Therefore, in their study the focus
is on introducing an ecological approach to understand children's bavaliouy and they
identify four domains which could influence active school trafélese domains include
individual factors, such as attitudes, perceptions and -sleriwographic factors; the built
environment, such as neighbourhood or travel route; external domainsaswelather or

travel cost; and main moderators, such as age, gesmddistance. Panter et al. (2008)
hypothesized that the pareatsdthe children participate in the process of deciding on a travel
mode, anctb o o tpér@epstions are important. Mitra (2013) argues that the framework is an



extensive summary of factors whi correlate with active travel modes, but it is less clear in
explaining the behavioural processes which make these factors interesting.

Mitra (2013) saw the need oftbehaviouramodel that explains children's travels from both a
social and an ecologicperspective. The conceptual framework he suggests therefore consists
of abehaviouramodel that combines major theoretical approaches from transportation, urban
planning health and environmental psychology. The model has also adapted-kveulti
apprach, as the travel outcome of a child is based on the influence of the urban environment,
the household and personal characteristics of a child. In the framah@idocialecological
environment is categorised as five domains which can be seen agtherimg causal factors

for school travel outcome. These are; proximity to school, traffic and personal safety, street
connectivity,comfort and attractiveness and the opportunity to produce and maintain social
capital. Pointed out by Mitra (2@} is that the hypothesized relationship of these domains
shouldbetested by designing empirical research based on the model.

2.3 Previous research

Several efforts have been made to quantify the effect of different environmental factors on
active school ransportatiorby objective measures of the environment (Broberg & Satrjala,
2015; Ewing, et al., 2004; Larsen, et al., 2012; Mitra & Buliung, 2014; Panter et al., 2010;
Schlossberg, et al., 2006; Timperio, et al., 2006). Some of these studies have ubade@|S
methods to collect and analyse data.

Ewing, et al. (2004) have tested the relationship between active school travel and a number of
built environmental factors. The study was compiled in an American context and studied travel
time, school size, psence of sidewalks, and lande factors such as density and laisé mix.

Factors which proved to have a significant relationship with walking and cycling to school
weretravel time to schochnd thepresence of sidewalk¥hey conclude that the relatidrig
between the built environment and school travel mode choice still remains an issue, since their
findings are partially inconsistent with previous findings.

Schlossberg, et al. (2006) have studied the effects of urban form and distance on active schoo
travel in an American contexiThey found thatistancehad a strong association with both
walking and cycling. For walking they found associations betvgéeet intersection densjty

where high intersection density was associated with a higher plibbabwalking. However,

no association was found with presence of major roads and railroads. They conclude that
measures that can predict walking to school are not the same as measures that can predict
cycling. They point out that their study only camtaédish associations dmot causality

Timperio et al. (2006) have studied this relationship using questionnaires to children and
parents about perceptions of the environment, and using GIS to study the objective physical
environment. The study was coitegl in an Australian context. Negative associations were
found between active school travel and parental perceptionslabkwf street lightsack of
signalised crossingandno other children in the neighbourhaddegative associations were
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also fourd with busy road barriersgood connectivitgndsteep inclineShorter distancebad
a positive correlation with active school travels.

Panter, et al. (2010) have studied characteristics of the built environment which might influence
walking and cyclingin England, using GIS to assess environmental attributbgjhAdensity

of roadswas positively associated with probability of walking aridgh density of streetlights

was negatively associated with probability of cycling.

Larsen et al. (2012) hawtudied the relationship using Glifked surveys and statistical tests.

The study is compiled in a Canadian context and studies the relationship between active travel
modes and the built environment. They found positive associations between the likelihoo
using active school travel modes asftbrter distanceshigher land use miandpresence of

street treesThey also found that boys were more active than giftley conclude that
environmental characteristics are associated with travel mode chaicguggest that these
factors are taken into consightion in the planning process

Mitra and Buliung (2014) have studied the effect of neighbourhood environment on school
travel behaviour, in a Canadian context. Their findings indicate that the envirbivwii

around the school and around the home were associated with the probability of walking to
school. Environmental factors related dafetyand aestheticswere associated with mode
choice. The findings were however not generalizable to all neighbodshand were more
accurate in some types of neighbourhoods. Therefore the authors emphasize the importance of
studying this relationship at a local level.

Broberg and Sarjala (2015) have used NMtri@013) conceptual framework and the five
domains of tk socieecological environment, to study the relationship of environmental
characteristics and active school travel. The study was compiled in Helsinki, Finland and used
GIS-methods to collect and analyse data of the environmental variables. A numiffarentli

factors, compiled from previous resegrefere categorised under Misdive domains. The
presence of these factors in childrenés scho
for correlation with school travel dat&roximity, connectiviy andtraffic safetyseemed to be

the most relevant domains. The findings were partially contrasting with findings from previous
research, which the authors discuss could be explained by different geographical contexts.

The used methods have also bedticazed. Wong et al., (2011) have reviewed 14 studies
which use GIS to measure the relationship between active school transportation and built
environment features, and critically discussed the methods used. Most of the reviewed studies
were compiled in @ American context. They conclude that distance is the only factor where
the findings are consistently associated with active school transportation. Farsiamaix,
residential density and intersection density, the findings are inconsistent. Factcas bucly

road crossings and greenery has not been as frequently studied, but the current findings are
inconsistent. Despite the inconsistency, they argue that objective measures of the built
environment still can be relevant to understand active schodpwatation. However, there

are methodological challenges. How the built environment influence active school
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transportation may differ from place to place. There are also a lot of inconsistencies in the
methods used, when it comes to buffer zones, gualithata ad estimation of school routes.
They argue that is ako important to compare parerdad childrefs perceptions of the built
environment, with objective nagsures of the built environment
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3. Material and methods

In this chapter we describthe methods for how the analyses were performed and what
material we used. Since the thesis builds upon data fromeslearch projecKidscape I] the
selection of study targets and geographical locations follow their research dé&dign.
objectivewith the amlysis, is to study if the environment can help explain why the children
chose to travel as they did in the Kidscape Il measurenetmethod aims to compare the
travel mode data with the extended outdoor environment of the four schools, by mapping
different environmental variables around the schools. When we studied the extended outdoor
environment of the schools, the study area had to be vathe@asonablalistance and travel

time from the school, for children to walk and cycle. Therefore, the firsbpthe GlSbased
method is focused on mapping accessible areas based on travel time. The second part builds
upon the results from part 1, and focuses on mapping environmental characteristics.

3.1 Data from Kidscape Il

The collected data from Kidscapestinsists of measurements of transportation mode to school.
Target for the Kidscape |l study wechildren in 2nd and 5th grade. Data was collected during
four consecutive school days at two occasiomMarch 2013 and in May 2013. In March 159
pupils (2rd graders = 74, 5th graders = 85) participated in the study, while in May 156 pupils
(2nd graders = 74, 5th graders = 82) were participating. In general, the same pupils participated
in the two measurements.

Information of childrefts travel habits was delcted with a questionnaire that the children filled

in at arrival to school. A questionnaire has similarities with a personal interview but different
from an interview the respondent answer the questions without the interviewer to be able to
follow up (Trost & Hultdker, 2016). The advantage of a questionnaire is the possibility to reach
out to a large group of respondents, however it comes with a risk of blank answers or the
respondent not fully understanding the questions (Trost & Hultaker, 2016). Tétéoquaire

form was designed by the research group of Kidscape Il. The children were asked about their
mood and alertness and how they had travelled to school this day. They could select between
the transport modes; walked, cycled, travelled by bus, tealvbly car and other.

From the questionnaires we have found 871 travels tovatid for further analysis,
compromising 69 percent of all measured travels. One travel is equal to one measurement day
and the transportation mode used on that specific sghooky.Of the valid travels, 440 (girls

=211, boys = 229) were made by 2nd graders and 431 (girls = 227, boys = 204) were made by
5th gradersThe gender distribution at the four schools can be seen in Table 1. As there were
little or no data on travahode for School 3 and 4 in May, we have decided to not look at
seasonal variation in travel mode choice.
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Tablel: Number opupils \Weather conditions were observed and collected every moatitige
participating ateach o1 schools,see Table 2 The wather conditions were classified

e Number according to theNational Oceanic and Atmospheric Administration
of pupils (NQAA) anq follows the index: 1 = cloudless, .2.: Partly cloudy, 3 =

School 1 191 white cloudiness, 4 = grey cloudiness, 5 = precipitation.

Girls 103

Boys 88 Table2: Weather during time of measuremenis= cloudless, 2 = partly
School2 235 cloudy, 3 = white cloudiness, 4 =ymoudiness, 5 = precipitation, na =no d

Girls 113

Boys 122 Weather in March Weather in May
School 3 224 day 1 day 2 day 3 day 4| day 1 day 2 day 3 day 4

Girls 86 School1 3 5 & 2 4 1 2 2

Boys 138 School 2 2 3 1 1 2 3 2 na
School4 221 School 3 3 1 3 2 3 3 2 5

Gils 136 School 4 3 1 3 2 3 3 2 5

Boys 85

3.2 Geographical data - a general overview

Geographical data describes the surrounding world and contains spatial features, e.g. position,
shape, length or area. The aim of geographical data is to give a foundation for a good
description of reality.As reality is too complicated tde able to fully reconstruct, the
geographical data has to represent selective properties (Harrie & Eklundh, 2013).
Consequently, all maps should be seen as a generalisation of reality, which can be more or less
accurate. Geographical data also contaorsspatial data, which is linked to the geographical
object. The nosspatial data is calleattributeand can contain information like street names or
speed limits (Harrie & Eklundh, 2013). Geographical data can be stored in a vector structure,
which is ugd for separate geometrical objects, or in a raster structure, which is a grid of cells
with numerical values (Eklundh & Pilesjo, 2013).

The data we have used to describe the environment around the four schools are the selective
properties of roads, fopaths and cycle paths, buildings and land use cover as this was found
relevant for the purpose of the used method. The used geographical data has been supplemented
with attribute data from the Central Bureau of Statistics (SCB). In the process we hagd work

with both vector data and rastdata. The mapping was done with ArcMap 104
geographical data was downloaded from Swedish administrative autheritiethe reference

system SWEREF 99.

3.3 Part 1: Distance modelling

The aim with this analysiswas to determine areas from the school that, most likely, are
reachable for a child that travels by foot or bicycle. As the travel mode data from Kidscape I
did not contain information about the chil di
modé areas that could be seen as potential school ways at the four schoalppiidech used

14



to model distances from the schools, is the-&i8lysis toolCost distanceThis method will
soon be described in more detail.

For each of the schools, a costtaiice analysis was performed twice. The first analysis was
based on average walking speed and the second was based on average cycling speed. This gave
two distance models for further use, one showingatteessiblareas when walking and the

other showingaccessibla@reas when cycling. For the continued analysis in part 2, the distance
modelling gave a foundation for determining areas to be mapped.

3.3.1 Cost distance analysis

A cost distance model have many siteanlbar i ti e
found on different navigator apps. Here, the concept is to find the best route between two given

positions, e.g. a childrends road from home
is that only one known position is needed. This wasulsince we only knew the position of

the schools but not the childrends homes.

From the known position, distances are calculated based on the costs given as travel time. Cost

is not a price in SEKbut should be understood asast in travel timeFa example, in the

more advanced navigator apps, the user can choose between different transports modes such as
car , bus or wal ki ng, t hese traveltravehtindees c an
Similarly, we have given two different cesb our models, the cost of walking and the cost of

cycling. As walking takes longer travel time than cycling, walking hereghercost than

cycling. A workflow chart of the steps performed in the cost distaaloeilation, is shown in

Figure 1

Input data needed fahe distance modellingwere estimations of average travel speed and
geographical data describing roads for walking and cycling. The reliability of a geographical
analysis is dependent on the quality of the data and the models used to geEorons in the
inputdata can reproduce in the further analysis and flaws in the model will have impact on the
quality of the result. There will always be more or less weaknesses in a spatial analysis, since
a model cannot reflect the complexity of reallydsstrom, Lonnberg & Harrie, 2013).
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Figure description

Avreage speed is calculated to
meters per mintures. This gives
following input cell values:
Walking = 14

Biking=6

Cells with no data are given the
value 50.

In Layer Properties:
Symbology is changed to classified and
seven classes are set at the break values of
5,10, 15, 20, 25 and 30

Figurel: Workflow over part 1 of the GIS method. The chart shows that the schadinetwork and placement of the school are used as input datiaeirmodel.
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3.3.1.1 Defining a school-road-network

A major part of the analysisvas to create a roathetwork of potential schoolways.
Geographical data of road networks comes from the National road database (NVDB) and was
downloaded from the online sére Lastkajenfrom the Swedish Transport Administration
(Trafikverket). NVDB contains data on all the roads and streets in Sweden and is also
comprehensive for footpaths, moped and cycle paths (Trafikverket, 2018). When it comes to
securing quality of thgeographical data, ISO (International Organization of Standardization)
hasdeveloped general quality standards for geographical data (Wasstrom, Lonnberg & Harrie,
2013) and the NVDRIata is guaranteed to have the qualitys& ISO 19157 Data Quality
(Trafikverket, 2018). From NVDB we used road data with speed limits, footpaths and cycle
paths.

Based orthe NVDB-data we created our own readtwork of connected paths and roads,
which will hereafter be referred to ahootroad-network An important part of he
connectivity was to map logical ways for children to travel, including shortcuts and informal
connections in the network. Since the cost distance analysis is performed as raster layer we had
to convert the schoabadnetwork from vector to raster. I§ ipossible to convert between
vector data and raster data, but there will always be some information that is lost in the
conversion (Eklundh & Pilesjd, 2013). To avoid problems where geometrical objects are lost
due to placement in the same raster ce#, ¢bll size can be scaled down to a lower size
(Eklundh & Pilesjo, 2013). We used a raster cell size of 2 x 2 meters. In the process of
categorizing a roadetwork westudiedorthophotos from year 2012015 with a resolution of

0.25 meters and the functi@reet Viewin Google Maps with images from year 2e2011.

In combination with geographical data, e.g. buildings and land use, this gave us a good
overview and local knowledge of the areas.

The schocfoadnetwork was classified after the categories showhable 3. These are the
categories we have found essential to create a safe and connectedtveatt. What can be
considered safe is subjective, but increased traffic has been stated a major factor for why
children's independent mobility has decreggéitta, 2013). When we created the schomd

network, traffic safety was based on the prevalence of sidewalks,afodtcycle paths and

road speed limits. Roads that was not corresponding to any of these categories, or did not have
a function for the annectivity, were excluded from the network. It is possible that some of the
roads we excluded might be used by children. The saleadinetwork should therefore be

seen as a generalisation of potential school ways.
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Table3: Categories used to creathe schoetoad-network

Class| Category Description
1 Footpaths, cycle paths and sidewalks Non-motorised traffic, like walking and cyclin
often have to share the same paths. Therefore
2 | Bikeway (separated lane in motor traffic) classified paths for walking and cycling, which

separated fom motor traffic, in the same clas
Sdewalks are also in this category. Bikewsi
were included in the network only when the
were in low speed traffic.

3 Zebra crossing Zebra crossings were included in tN&DBdata,
but additional zebra crossings were identifie
4 | Crossing without zebra marking from orthophotos and Google Maps Street Vie

Crossings without marking were identified a
included in the network if they were importar
for the connectivity and if they crossed low spe

5 Separated crossing, flyover, tunnel crossing

roads.
6 Green open space New line segments were added if we found th
links were missing, such as shortcuts visible
7 | shortcut orthophotos and Google Maps Street View.
8 Residential street with sidewalk Residential roads with low speed traffic a

sidewalks were included in the network. Larg
9 | Less safe (but bikeable) road with sidewalk | roads with higher speed limits were included
they had sidewalks. Some rural roads wy¢
included if they connected residentialeas to
the rest of the network, and had little traffic.

10 | Country road, rural road

3.3.1.2 Defining average travel speed

Finding an average travel speed for children that was directly applicable &iuoly was
difficult. Thompson, et al. (1997) suggest that the average cycling speed, for recreational
cycling among children aged 3 to 13, is 8.9 mph (14 km/h). The settings for their study was a
street that was closed for traffdhere cyclists couldde freely, in SeattleSince they studied
recreational cycling and the setting was different from our wasargue that it is not directly
applicable to our study. Another study suggests 13.5 km/h as the average cycling speed for 10
12-yearolds, inan environment that encourage cycling in Scandinavia (Raustorp, Boldemann
& Martensson, 2013). We decided to base the analysis on the speed 10 km/h, which is lower
than the literature suggests. However, we find that this speed is more likely to refivesent
cycling speed for younger children and cycling in an environment that is not necessarily cycling
friendly.
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The walking speed we used for the calculation was 4.3 km/h, which according to Colclough &
Owens (2010) is the average walking speed for aistadschild between 5 and 9 years old.
This is slightly younger than the children in our study. This article also suggests 5 km/h as an
average walking speed for children under 15 years old (Colclough & Owens, 2010).

Calculations with higher average speéaalking speed of 5 km/h and cycling speed of 13.5

km/h) were performed, but in the end the lower speeds were used. The children in our study

are of two different age groups. The younger children are around eight years old and the older
children are arouheleven years old. We chose to base the calculations on a minimum average
speed, rather than a maximum average speed, in order to cover an area that is accessible for
more children. Further mor e, childrends move
lowers the average speed for the whole trip. In the model we have focused on the whole journey,
which includes play, rather than just the average speed of the movements.

The model use average travel speed, given in meter per minute, as input data. Asalpe av
speeds above are givenkitometresper hour, we had to recalculate the travel speed to fit the
cost distance analysis tool. The calculation for cycling speed was done as followingthl0 km
= 10 000 m/h = 167 m/min =@599 min/m. As the value h&s be an integer number we
multiplied 000599 withl 0 0 6. Tk calculations for walking speed was done as\farfig:

4.3 km/h = 4300 m/h = 71.7 m/min =00.39 min/m. Multiplied withiL 0 0 @4. This gave the
input valuesl4 forwalking speed and 6 for cycling speed.

3.3.2 Maps of the distance models

Theoutput from the cost distance model generated subareas representing travel time from the
school. These can be seen in the magSigare 2-5. The maps do not show specific travel
routes used by the children, but they should be understood as areas a&ctmssilitiren that

walk or cycle in the speed defined in the map. We chose to classify the travel time in intervals
of 5 minutes, and make each time interval an independent subarea. The study areas for walking
consists of six subareas, showing the agibésareas 0 to 30 minutes from the schools. While

the study areas for cycling consists of three subastasving the accessible areas 0 to 15
minutes from the schools.
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Figure 2 Maps of accessible area from School 1, in an average walking spe8cpf/A.and an average cycling
speed of 10 km/h.
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Figure 3 Accessible area from School 2, in an average walking speed of 4.3 km/h and an average cycling speed
of 10 km/h.
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Figureb: Accessible area from School 4, in an average walking speed of 4.3 km/h and an average cycling speed
of 10 km/h.
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Sizewise the total area of the saneas for walking and cycling are fairly equal, but mgl
covers a bit larger area than walking. In Tabtle total accessible area in the study areas for

walking and cycling are compared. For School 1, 3 and 4 the study area for cycling is the

biggest, while in School 2 the study area for walking is bigger

Table4: Difference in total area bet@enthe subarea:

Walking Cykling Difference
School 1 323 ha 334 ha 3%
School 2 139 ha 132 ha -5%
School 3 511 ha 568 ha 10%
School 4 353 ha 399 ha 12%

3.4 Part 2: Mapping the environment

The aim with this part of the analysis was to determine and map the selective environmental
explain
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2015; Ewing, et al.2004; Larsen, et al., 2012; Mitra, 2013; Mitra & Buliung, 2014; Panter,

2008; Pantetret al., 2010; Schlossberg, et al., 2006; Timperio, et al., 2006). Broberg & Sarjala
(2015) have studied this in a Scandinavian context, by looking at characterigtieshofilt

environment and school travel mode choice in Helsinki, Finland. The environmental variables
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chosen forour study are based on a conceptualization of neighbourhood environment and

school travel by Mitra (2013) and a categorization outlined byo@&g and Sarjala (2015).
They use the five main categories 1. Proximity to school, 2. Traffic and personal safety, 3.
Connectivity, 4. Comfort and attractiveness and 5. Opportunity to produce and maintain social

capital. Table 5 is an overview of the stuelil variables. Since we wanted to compare the
different environments, the variables were measmaithly as proportion or density.

Table 5 Overview of studied variables and data sources.

Variable

Description

Data source

I. Proximity to school

Distributionof child population

Child population number within eacl
of the different subareas.

Central Bureau of Statistics
SCB: Befolkning vektor

Il. Traffic and personal safety

Traffic safety

Proportion of major roads

Major road defined adlVDB:
Funktionellvagklassclasses .
Measured as length of major roads

divided by length of all roads.

Swedish Transport Administratior
Trafikverket: NVDB

22

P

k



Presence of railroad

Intersecting railway = 1
No intersecting railway = 0

Swedish Land Survey
Lantmateriet: Fasghetskartan
kommunikation

Traffic accident density

Accidents involving pedestrian or
cyclist, +/5 years from 2013.
Measured as accidents per hectare

Swedish Transport Administratiof
Trafikverket: STRADA

Proportion of safe intersection

Number of maked crossings (zebra
crossings or signalized crossings)
divided by total number of crossings
included in the schoaload-network.

Swedish Transport Administratior
Trafikverket: NVDB

Proportion of car parks

Manual digitizing from orthophoto.
Area of car prks divided by total
subarea.

Swedish Land Survey
Lantmateriet: Ortofoto raster IR
0,25 m mosaik

Proportion of footpaths and
cycle paths

Length of footpaths and cycle paths
divided by total length of the school
road-network.

Swedish Transport Administiion
Trafikverket: NVDB

Personal safety, land use mix

Proportion of buildings with
dadSeSa 2y -effektS 3§

Area of land covered by buildings
gAGK aSeSa -eHeft K
divided by total subarea..

Swedish Land Survey
Lantmateriet: Fastighetsartan
bebyggelse

Proportion of industrial area

Industrial area divided by study arei

Swedish Land Survey
Lantmaéteriet: Fastighetskartan
bebyggelse/markdata

Proportion of highkrise
buildings and employment
districts

Area of higkrise buildings and
employment districts divided by tota
subarea.

Swedish Land Survey
Lantmaéteriet: Fastighetskartan
bebyggelse

lll. Connectivity

Intersection density

Number of all intersections in sched
road-network divided by total
subarea.

Swedish Transport Administiion
Trafikverket: NVDB

IV. Comfort and attractiveness

Proportion of parks and green
open spaces

Manual digitizing from orthophoto.
Area of parks and green open spac
divided by total subarea.

Swedish Land Survey
Lantmateriet: Ortofoto raster IR
0,25m mosaik

Proportion of forests

Area of forest divided by total
Subarea.

Swedish Land Survey
Lantmaéteriet: Fastighetskartan
markdata

Proportion of land covered by
single family houses

Area of land covered by single fami
houses divided by total subaae

Swedish Land Survey
Lantmaéteriet: Fastighetskartan
bebyggelse
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V. Opportunity to produce and
maintain social capital

Population density Number of residents per hectare. | Central Bureau of Statistics
Population data from 2013. SCB: Befolkning vektor
Child population density Number of childesidents {-15 Central Bureau of Statistics

years old) per hectare. Population | SCB: Befolkning vektor
data from 2013.

* Explained below

3.4.1 Study area for the environmental variable analysis

The area within wich to study the different environmental variables, was determined by the
output of thecostdistance modelling in part 1. Here we modelled accessible areas from schools
that we separated into subareas basedivan rhinute time intervals (3.3.2Each of the
ervironmental variables were studied within each of the subareas. Most likely do the
environment in the subareas closer to the schools have a greater influence on the travel
behaviour than the subaesfurther away from the school. But since we do not knnere/the
children lived, this was not assumed in the model. However, by averaging the mean of each
subarea we removed some of the bias of the inner and outer subarea. Accessible areas when
walking or cycling were studied separately, but the same varwablesused in both analyses.

A workflow chart of the steps performed in the environmental variable analysis, is shown in
Figure®6.

Figure6: Worlflow chart over part 2 of the GIS method. The chart show that the subareas combined with the
schoolroad-network is used to create a study area. This is than used with an intersect operagach
environmental variable.
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Since it was only relevant to study the features around the potential school ways, a buffer zone

of 50 meters was created around theosthoadnetwork. This generated a study area with a

total width of 100 meters around the raaetwork, for which the density and proportion of the
environmental variables were calculated. Thi
zones that wasatculated within 100 m of the road. All environmental variables were overlaid
(intersected) with the buffestudyareas. Overlay operations are used to study geometrical
objects which overlap each other (Pilesjo & Eklundh, 2013).

3.4.2 Defining and mapping of environmental variables

I. Proximity to school

Di stance is the variable which is most frequ
travels (Broberg & Sarjala, 2015; Ewing, et al., 2006; Larsen, et al., 2012; Mitra, 2013;
Schlossberg, «l., 2006; Timperio et al., 2006; Wong et al., 2011). Independent travels are
also more likely within short distances (Mitra, 2013). Since we did not know the home
addresses of the children, we looked at proximity to school in a more general senseladn ove
analysis withchild population data from was performed, in order to see tendencies in where
children live around the four schools. This way, we estimated how many children, aged 7 to 15
years oldwho lived within each of the subareas. For this wedysepulation grids from the
Central Bureau of Statistics (SCB), from 2013. Due to integrity reasons, the population data
was available in grids of 250x250 meters in densely populated areas and 1000x1000 meters in
sparsely populated areas. This gave amesibn of the population and not an exact number.

[I. Traffic and personal safety
Traffic safety

Broberg and Sarjala (2015) measure traffic safety and personal safety by a number of different
variables. In this study, traffic safety is measured as ptiopoof major roads, presence of
railroads, traffic accident density, proportion of safe intersections, proportion of car parking
and proportiorof footpathsand cycle paths.

Home and school environments without the presencmabr roads are associated ith

higher rates of walking among school children (Mitra & Buliung, 2014). When Bj6rklid (2004)
compared children in an inreity area and a suburban area, she found that less children were
allowed to cycle in the innagity than in suburban areas, sireteldren and parents perceived
heavy traffic and a lack of consideration among drivers in the inner city as a threat. In this
study, the presence of major roads was measured as the proportion to the length of all roads.
When defining a major road, we uséeé layerunktionell vagklasgFunctional road class) in
NVDB. This is a classification from the Swedish Transport Administration (Trafikverket)
where all roads are classified by their importance for the connectivity of the road network, and
aims to poinbut where to lead the traffic. All the roads are classified in the clase&sxhere

0 is most important roads and 10 the least important roads (Trafikverket, 2017). We defined
the classes-8 as major roads, which also corresponded with higher spegsdl. IThe length

of the major roads was normalized by the length of the total road network.
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If the school journey intersects withrailroad it could potentially have a negative effect on
active transport (Schlossberg et al., 2006). If the subareasremhtarailroad it was given the
number 1 and if not it was given the number 0. The mean of the whole study aréeenvas
calculated.

Another traffic safety variable which might affect school travélaffic accidents (Panter, et

al., 2010), which was easured as density of traffic accidents. The density of traffic accidents
have to be understood in two ways. A high number of accidents involving children might
indicate an unsafe traffic environment, but on the other ltauild a reduction of traffic
accdents be seen as a consequence of reductio
used geographical data from STRADA (Swedish Traffic Accident Data Acquisition), provided
by the Swedish Transport Administration. STRADA is an information system farodaall

traffic accidents where a person was injured (Transportstyrelsen, n.d.). We only looked at
accidents which involved pedestrians or cyclists and that had occurred between 2008 and 2017.
We chose to not only look at accidents from 2013, sincequs\and later accidents can give

an indication of the traffic environment. Traffic accidents were measured as density and
normalized by the area of the subareas.

Broberg and Sarjala (2015) measure proportiosigrfalized crossingsin our case we found

it more relevant to measure the proportion of both zebra crossings and signalized crossings, to
the total number of crossiagvehadincluded in the schoalbadnetwork. In the schoeload

network we included street crossings which were not marked, but wecallpgssages and
important connections. Safe crossings were measured as proportion and normalized by total
number of crossings.

Car parks has been reported by children as an issue when walking or cycling to school
(Bjorklid, 2004). This was measured agportion of car parking area to the total study area.
Car parks were manually mapped from an orthophoto with a resolution of 0.25 meters, and
from Google Maps Street View.

We also studied the proportionfobtpaths and cycle pathsto the total schoaload-network.
This was also studied by Broberg and Sarjala (2015).

Personal safety

In previous studies personal safety has been measured as different types of land uses, since
land use potentially could have an effect on personal safety and active toales. iRedestrian

safety is according to Mitra (2013) increased by smaller residential blocks and smaller retail,
as it places eyes on the street. Larger retitresand employment districts have the opposite
effect (Mitra et al., 2013; Mitra & Buliung2014). Broberg and Sarjala (2015) look at
residential density as summed floor space of buildings, which they assume discourage active
transportation. We have used three different categories of land use as measures of personal
safety.

Larger retailcentresemployment districts and highrise building areas, were classified in
the same category, since they | ack wffedat Mitr
and discourage walking. The geographical data from the Swedish Land Survey (Lantmateriet)
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contained classifications of land use and buildings. These classifications were somewhat
modified to fit the study. We assumed tiadustrial areas would have a similar effect, and

therefore measured this as a separate variable. We haveaalsh e y e s o n -dfféecte st r e
as a variable on its own where meluded areas with smaller residential blocks, single family

houses and districts with smaller retail.

[1I: Connectivity

Street connectivityhas been defined by Mecredy et al. (204s a measurement of how well
streets are connected to one another, directness of links and the density of intersections. When
a road is highly connected the street has many short links and numerous intersections which
could make it easier to walk or dgdrom one place to another (Mecredy et al., 2011). Whether
street connectivity can encourage or discourage active school travels among children is
debated. Among adults a weléveloped street connectivibanencourage more to travel by

active transponnodes (Ewing & Cervero, 2010). Yet, there are conflicting results from studies
compiled on this relationshifer children As high connectivity corresponds with high traffic,

it might have a negative influence ondychil dr
et al. (2011) and Panter et al. (2010) have found that youths living in areas with low street
connectivity were more likely to be physically active than youths living in areas with higher
street connectivity (Mecredy et al., 2011; Panter et al., 2010).

Intersection density is used as a measure of connectivity in a number of studies (Broberg &
Sarjala, 2015; Panter et al, 2010; Schlossberg et al. 2006). We have studied connectivity as the
number of threeand fourway intersections in the scheaadnetwork. The density was then
calculated by dividing the number of nodes with the total area of the subarea.

IV: Comfort and attractiveness

An attractive and comfortable environment can enhance active travels (Mitra, Ris3)an

be measured as presendegoeen open space, parks, trees (Ding et al., 2011) or smaller
neighbourhood blocks (Mitra, 2013). Similar to Broberg and Sarajala (2015), we have studied
comfort and attractiveness as the proportion of parks and recreational areas, forests and land
coveed by single family houses.

Parks and green open spacewere digitized from orthophotos with a resolution of 0.25
meters, and from Google Maps Street View. Datdovestry cover was extracted from the
land use layer from the Swedish Land Survey. Dataingle family houseswas extracted

from the building layer from the Swedish Land Survey. The variables were normalized by the
total area of the subarea.

V: Produce and maintain social capital

Mitra (2013) argue that the opportunity to produce and maisiatial capital is an important
dominator for active travels, big often poorly understood in research. Previous research in
Finland have shown that popul ation density a
odds for active transportation (Broger et al . 2013) . Pointed out b
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travelling is a combination of movement and play, and motivational elements for travel mode
choice can be passing by a frienddbs house, a
and Saala (2015) used population density as a variable for producing and maintaining social
capital. We have looked at the togadpulation density, but also narrowed it down thild

population density, of children aged-15 year old. The population data useass from 2013

and was provided by the Central Bureau of Statistics (SCB). Similar methods were used as
described undef. Proximity to schogl but the density was calculated by dividing the
population numbers with the area of the subareas.

3.5 Testing of environmental variables to transport data

The am with this part of the analysiwas to study if the environmeaitvariablescan help

explain why the children chose to travel as they did in the Kidscape Il measurSimeatwe

did not know the home addresses of the children and what route they had travelled, we could
only test this using mean values of the transport data and mean vathesstfdy areas for

each school. The mean value of the environmental variables was calculated by averaging the
mean of the subareas. This gave us four values for walking and four values for cycling.

We have use@ pear manoés r toektthe rattomskeig baettvaerothe environment

and children's travel mode choice. This is a honparametric correlation test, which can be used
to measure the relationship between two ranked series of observations. The differences between
the ranks are obtained with shiest (Pur& Mullen, 1980). This can be used as a nonparametric
alternative to regression (McDonald, 2014). The output isvatue betweenrl and 1. Where,

1 indicates strong positive correlation addndicates strong negative correlation. O indisate

no correlation (Puri & Mullen, 1980)When the order of rankgs are similar ooppositeshe
correlationeffect is strong.

We tested each of the environmental variables to the proportion of travels made by walking

and the proportion of travels made by cycling, at the four different schools. The travel mode
proportions were ranked frorh to 4, from lowest to highest proportion. The mean of the
environmental variables were ranked the same
performed, for one variable at a time, and for both walking and cycling.

We also made scatter plotsrimdhe travel data and tlegvironmental variableg&ach scatter

plot matrix represents the relationship between the proportion of travels made by walking or
proportion of travels made by cycling, and the mean value of one of the environmental
variables. Tl scatter plot matrix were then arranged accorditigeio -value. With only four

data points it is not possible to find a statistically significant relationship. However, we could

see tendencies in how the data correlates in these four cases, whichivealn indication of

what variables might be interesting to study further.
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3.6 Uncertainties with used methods

In order to perform this method we had to assume some general f&otery. time an
assumption is made the quality of the output weakense gshere will be a higher degree of
uncertainty. The major limitation in our study is that we do not know the routes or how far the
children have travelled. To overcome this gap, we have assumed that all footpaths, cycle paths
and roads in the schembadnetwork are potentiakchool waysfor the children in the
measurement. The cost distance model gave a result that is specific to our interpretation and
definitions of the input data. A redefinition of the schomddnetwork or the average travel
speed wald also change the output of the cost distance model. Empirical data on the average
walking and cycling speed of the children who participated in this measurement could have
given more accurate distance models.

The SCB child population data from 2013 sis@pproximately were the children live around

the four schools. This could have beesed to weight the different sateas based on
population distribution, but on the other hand, this would be putting more assumptions into the
model. The SCB child populan data cover a larger age group than the children in our study
ard due to the free choice of school we cannot know which school these children attend.
Instead, we chose to assume an equal population distribution within each sub area and that the
children attend the school closest to their home.

We have no local knowledge as we have not visited any of the studied areas. Since the
geographical data available was of good quality, we argue that this gave us a good enough
foundation to perform the analysishe project Kidscape Il collected the data in 2013, therefore
visiting the study areas five years later is an assumption as much as studying orthophotos from
20142015 and Google Street View from 262011.

Using no assumption would have been ideal amdrgus more accurate results. However, we

believe that the outcomes from this study can be used as an argument for which environmental
variables that are interesting for further research.
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4. Results

In this chapter the results from the analyses are presented. First the results from the Kidscape
Il measurements are presented as travel mode distribution at the four schools. Then the results
from the mapping of the environmentatighles are presented. Lastly we present the results

from the relationship tests.

4.1 Travel mode distribution

The measurements of daily travels compiled at the four schools in March and May 2013 give
a representation of how school journeys are made in the four case schools. The pie charts in

Figure7 show the travel mode distributi@t the fourschools.

School 1 (n=191),,,
/

53%

= Walking = Cycling m Bus = Car = Other

School 2 (n = 23580/

= Walking = Cycling = Bus = Car = Other

School 3 (n = 224)

\ @

Car = Other

= Walking = Cycling = Bus

School 4 (n =221)

W

4%

= Walking = Cycling = Bus = Car = Other

Figure 7The pie charts show the distribution of all travels madeHildren in 2nd and 5th grade during the

two measurement periods at the four schools.
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At School 1the most common transport mode was being escorted in private car, with 53
percent of the reported travels. The second most common transport mode was walking, with
27 percent. Cycling to school was the third most common transpom cioace, with 10
percent of the travels. Overall, School 1 was the least active sediad the highest share

of travels made by car.

At School 2the most common transport mode was walking, with 47 percent of all the travels.
The £cond most common choice of transport mode were travels made by car. Cycling was the
least popular transport mode, with only four percent of the school travels done by bicycle. Of
all the schoolsSchool 2had the highest share of children who reported ttiey walked to
school.

At School 3the most common transport mode was travelling by car, with 43 percent of the
reported travels. The second most common transport mode was walking with 32 percent.
Cycling was the third most common transport mode, bitipercent of reported travels.

At School 4the most common transport mode was to travel by bicycle, with 39 percent of the
reported travels. The second most common transport mode was walking at 26 percent. Travels
made by car was the third most comm@msport mode choice, with 23 percent of all travels.

Of all the schools, School 4 was by far the most active.

For the further study we were interested in the share of travels made by walking and cycling at
each school. In Tablé we have ranked thechals from highest to lowest when it comes to

the number of travels done by either walking or cyclimg The share is calculated from the

total number of travels madeedch schoag{n tot).

Table6: The schools ranked after share of trisraade walking and cycling

Walking Cycling
Share of Share of
Rank  School travels n/totn Rank  School travels n/totn
1 School 2 47% 111/ 235 1 School4 39% 86/ 221
2 School 3 32% 71/ 224 2 School 3 15% 34 /224
3 School 1 27% 52 /191 3 Schooll 10% 19/ 191
4 School4  26% 58/ 221 4 School2 4% 10/ 235

Seen in Tablé is that School 2 and 4 shift between beingkexhas the most active and least
active school. Even if School 4 is ranked last in the share of children who walks, the gap to
School 1 is at only oneepcent difference. School 3 hasteady second place in both of the
rankings.

4.1.1 Differences in travel mode and grades

In the following figures we have looked into differences between travel mode distribution at
2nd grade and 5th grade.
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School 1
2nd grade (=95 (o4

4%

= Walking = Cycling = Bus = Car = Other

School 1
5th grade (n=95)

= Walking = Cycling = Bus = Car = Other

Figure 8 The pie charts show the difference in travel mode distribution between 2nd grade and 5th gre

School 1.

Seen in figure 8the most common transpartodeat School 1was cayin both 2nd and 5th
grade. Overall, there were little change e ttotal amount of travels made by walking or
cycling. But more children in 2nd grade reported that they cycled to school than in 5th grade.

School 2
2nd grade (n=108),,

= Walking = Cycling = Bus = Car = Other

School 2
Sth grade (n=127) 4,

>

4%

= Walking = Cycling = Bus = Car = Other

Figure 9The pie charts show the difference in travel mode distribution between 2nd grade and 5th gre

School 2.

Seen in figure 9there was one major change in travel mode distribwt&@chool 2 In 2nd
grade a majority of the children reped that they walked to school, while in 5th grade most

children reported that tigegravelled to school by bus.
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School 3 School 3
2nd grade (n=13p 5th grade (n=8p
30% .
51%
0%
= Walking = Cycling = Bus = Car = Other = Walking = Cycling = Bus = Car = Other

Figurel0: The pie charts show the difference in travel mode distribution between 2nd grade and 5th gr
School 3.

Seen in figure 1Ghe childrerat School 3reporedto be travelling to school by different modes
depending on gradén 2nd grade a majority of the children reported that they were escorted
by private carwhile in 5th grade a majority of the children reported that they either walked or
cycledto school.

School 4 School 4
2nd grade (n=101) 5th grade (n=12p

16%
31% 4%
4% -
= Walking = Cycling = Bus = Car = Other = Walking = Cycling = Bus = Car = Other

Figure 11. The pie charts show the difference in travel mode distribution between 2nd grade and 5th ¢
School 4.

Seen in figure 11a majority of pupilsn both 2nd grade and 5th gradeSchool 4reported
that they travel to school by foot or bicycle. More children in 2nd grade report that they are
escorted to school in private car.

Since School 3 and 4 are placedha same city it is interesting to compare these two schools
with each other. In 5th grade, both schools were quite active. The biggest difference was found
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at 2nd grade, where School 4 is active both when it comes to walking and cycling, while at
School 3a majority of the children travelled with motorized transport modes and only a small
share of the children cycled to school.

4.2 Results from mapping

4.2.1 Proximity to school

The child popul ation overl ay gavebutadaround er vi e
the four schools. We have looked at the child population within a 30 minute walking distance
and a 15 minuteycling distance from the school.

Child population within 30 minutes walking distance
70%
60%
50%
40%

30%

20%
i | I I I
ox —ull

0-5 min 5-10 min 10-15 min 15-20 min ~ 20-25 min 25-30 min

Population distribution

m School 1 School 2 mSchool 3 School 4

Figue 12: Percentage of all children living within 30 minutes walking distance
school that live within each of the subareas.

Child population within 15 minutes cycling distance
80%
70%
60%
50%

40%

30%

20%

10% . I
0%

0-5 min 5-10 min 10-15 min

Population distribution

M School 1 School 2 ® School 3 School 4

Figure 13: Percentage of all children living in 15 minutes cycling distance frol
school that live within each of the subareas.
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Figure12 and 13show how the child population is distributed between the subareas, as the
percentage of all children living within the studied area. The results are similar for walking and
cycling. Seen here is that School 2 stands out, as the majority of children live witli@ a 5
minutes walking distance or-® minutes cycling distance. Schoolahd 3 have a similar
distribution, where the population numbers go down slightly far away from the school. Since
the area of the subareas in general increases the further away from the school they are (see
3.3.2), the population numbers would increase wWwikel time, if the population were to be
evenly distributed over the study area. This is seen at School 4, which has a relatively even
distribution of child population.

4.2.2 Mapped environmental variables

The following figures show the spread in thean values for each environmental variable that

was mapped. The points in the figure represent a wedae for thesubareas of each school

(for definition of subareas, see 3.28d 3.4.1). The green figures show the values for walking

and blue figures giw the values for cycling. The schools are separated by different symbols
(School 1 = e, School 2 = 3z, -axBeveysubareds = 0,
represented as a point in the figuaed should be read as travel time from the schootder

from the left(0-30 minutes for walking and-05 minutes for cycling)On the yaxis are the

values for the environmental variable.

4.2.3 Traffic and personal safety

4.2.3.1 Proportion of major roads

Figure 14The diagrams show the value spread for the environmental variable proportion of major road:
the xaxis the poinérepresent asub area and the yaxisshowthe proportion of thenamed environmental
variable. The diagrams are separates biganeas for walking (green figure) and cycling (blue figure), and "
schools are differentiated by symbols.

At School 1there were less major roads in theer and outer subarea. A proportion peak were
found around 145 minutes from the school. Achool 2there were a clear trend that the
proportion of major roads increases with distanceSélool 3the proportion were found
highest in the inner subaread to decrease with distanc8chool 4had a low poportion in

the inner subareayith distance the proportion increased and peaked arouwid hdinutes
from the school.
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