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Abstract

Interest towards children’s mobility patterns has increased due to the health risks related to
sedentary lifestyles and increasing obesity levels. While there are indications that the
participation of Finnish children and youth in structured exercise has increased, the level of
unstructured physical activity, such as walking and cycling for transportation and playing
outdoors, has decreased. The decreasing activity levels of children and youth call for a better
understanding of the possibilities of different environments to promote physical activity.

This thesis examines the mobility behaviours of children and youth in two urban areas of
Finland. The main objective is to identify the characteristics of the built environment which
promote children’s independent mobility and active transportation. Concurrently, I develop
new ways of conceptualizing and operationalizing the environment that matters for children’s
mobility outcomes. Understanding the multiple ways in which the elements of the built
environment matter for children'’s active living requires a specific place-based methodology.
In this thesis, an Internet-based softGIS method was used to collect data from children and
youth on their mobility during school journeys as well as on their way to the places meaningful
to them.

My findings show that distance and consequently the density of the built environment are
the most crucial elements of environment for children’s mobility. Moderately dense urban
environments promote children’s independence and activity, whereas the places in the densest
urban cores are reached in the company of adults using passive transport modes. However, the
urban cores offer multitude of interesting things to experience. I conclude that planning and
the promotion of physical activity should not concentrate exclusively on some specific journeys
or on places specially designed for children and youth. Instead, the whole environment should
be considered as a potentially meaningful setting for activities. Based on these findings, new
urban areas should be connected to the existing urban structure, and good public
transportation links should be developed to allow for independent mobility.

In future research, emphasis should be given to the places children frequent, and the
environment around these places. Independent mobility should be studied in line with
transport mode when we are interested in physical activity during transportation. Moreover,
distance should always be taken into account when analysing the associations between
environment and mobility.

Keywords independent mobility, active transportation, built environment, child-friendly
environment, active living research, GIS, softGIS, children, youth
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Tiivistelma

Lasten liikkkuminen aktiivisin kulkutavoin ja itsenédisesti on vihentynyt kaikkialla lantisessa
maailmassa. Suomalaiset lapset harrastavat litkuntaa aikaisempaa enemman, mutta
ohjaamaton vapaa-ajan liitkkuminen sekd matkojen taittaminen jalan tai pyoralla ovat
vahentyneet. Siirtyminen omaehtoisesta kdvelemisestd ja pyorailemisestd autossa
kuljetettavaksi vaikuttaa lasten arkiliikkumisen mééaraén ja sitd kautta terveyteen ja
hyvinvointiin. Tarvitaankin tietoa siitd, millaiset yhdyskuntarakenteen piirteet tukevat lasten
januorten aktiivista ja itsenéaista liikkumista.

Vaitostutkimuksessani tarkastellaan lasten ja nuorten liikkkumista Turussa ja
padkaupunkiseudulla. Tyosséni selvitdn, mitkd yhdyskunnan rakenteelliset piirteet
mahdollistavat itsendisen liikkkumisen kédyttden aktiivisia kulkutapoja. Samalla kehitdn uusia
tapoja kasitteellistdd ympéristo, jonka voidaan katsoa vaikuttavan lasten ja nuorten
liikkkumisvalintoihin. Lahestyn néita tutkimuskysymyksia paikkaan kytkeytyvalla pehmoGIS-
menetelmalld. Menetelméd mahdollistaa aineiston kerdédmisen tutkittavilta lapsilta ja nuorilta,
jotka paasevit kertomaan koulumatkastaan ja maaritteleméén itselleen merkitykselliset paikat
seka kertomaan liikkkumisestaan naihin paikkoihin.

Tulokseni osoittavat, ettd tdrkein liikkumisen valintoihin vaikuttava tekija on kuljettavan
matkan pituus. Sitd kautta rakennetun ympéariston tiiviys monissa muodoissaan néayttaytyy
keskeisend liikkumisen tapaa ja itsendisyyttd ennustavana tekijana. Kohtuullisen tiivis
ympaéristo tukee itsendisyyttd ja aktiivisuutta, kun kaikkein tiiveimmissa
kaupunkiympéaristoissa kaytetdan julkisia kulkuneuvoja ja autoa, usein vanhempien seurassa.
Kaupunkikeskustat tarjoavat lapsille kuitenkin monipuolisia mahdollisuuksia kokemiseen ja
tekemiseen. Tulosten perusteella kaupunkisuunnittelussa ja liikunnanedistdmisessa ei tulisi
rajoittua vain erityisesti lapsille ja nuorille suunnattuihin ympéristoihin tai yksittaisiin
matkoihin. Sen sijaan koko kaupunki tulisi ndhdé liikkumaan kannustavana ymparistona.
Uudet asuinalueet tulisi kytkea osaksi olemassa olevaa kaupunkirakennetta, jotta itsenaisen
liikkkumisen mahdollistavan joukkoliikenteen jiarjestaminen on mahdollista.

Tutkittaessa ympariston ja liikkumisen vilisiad yhteyksid huomio pitéisi kiinnitta4 lasten
lukuisiin merkityksellisind kokemiin paikkoihin ympéaristoineen. Myos kuljettujen reittien
ympéristolld on yhteys kulkutapaan ja liikkkumisen itsendisyyteen. Kun kiinnostuksen
kohteena on fyysinen aktiivisuus, paitsi kulkutapaa myos liikkkumisen itsenéisyytta tulisi
tiedustella. Ympariston piirteiden ja liitkkumisen yhteyksia tutkittaessa kuljetun matkan pituus
tulee aina ottaa huomioon.

Avainsanat itsendinen liikkkuminen, kevyt liikenne, yhdyskuntarakenne, ympériston
lapsiystavéllisyys, arkiliikkuminen, paikkatieto, pehmoGIS, lapset, nuoret
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1 Introduction

Interest towards children’s mobility patterns has increased due to the health
risks related to sedentary lifestyles and growing obesity problems. In 2000,
20% of young people in Finland were overweight, and the proportion of over-
weight or obese adolescents has tripled in 30 years (Kautiainen et al. 2002).
Increasing numbers of children with unhealthy body mass index is a global
trend in the developed world (Lopez, Knudson 2012). Obesity may also lead to
other health hazards, such as type 2 diabetes or cardiovascular complications
(Dunton et al. 2009). It has been assumed that one reason for these serious
public health issues is decreased physical activity (PA). According to World
Health Organization”s PA guidelines, children and youth should engage in PA
of moderate to vigorous intensity for at least one hour daily (WHO 2011). In
Finland, approximately 60 % of boys and 50 % of girls fulfil this recommenda-
tion at the age of 15-16 (Tammelin et al. 2007), or according to another study,
approximately half of the 12 year-olds, who are the most active group of chil-
dren, engage in physical activity on the recommended level (Fogelholm, Paro-
nen & Miettinen 2007).

While there are indications that for Finnish children and youth, the partici-
pation in structured exercise has increased, at the same time the level of un-
structured PA, such as walking and cycling for transportation and playing out-
doors, has decreased (Fogelholm, Paronen & Miettinen 2007). This shift from
independent and unorganized play to organized leisure time activities can be
detrimental for the overall activity levels, as it has been shown that activity
levels are greater in unorganized play than in organized sports (Mackett,
Paskins 2008). Organized leisure time activities for children are also typically
reached by car (Fyhri, Hjorthol 2009, Fagerholm, Broberg 2011). There is a
great potential in gaining physical activity through participating in active
transportation (AT). While 88% of the trips less than one kilometre are done
by walking or cycling in the underage population of Finland (those under 18
years old), the proportion drops to 57% for trips between 1 and 3 kilometres
and further to 24% for trips between 3 and 5 kilometres. The National Travel
Survey (Finnish Transport Agency 2012) also reveals that the number of kilo-
metres travelled by walking or cycling has decreased between 2005 and 2011
in all age groups.

There are multiple suggested reasons for decreasing PA levels in children
and youth. Families with children have generally wished to settle away from
the city centre locations to the fringes of the sprawling urban structure (Varady
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1990), which increases the need for car use in the whole family. However, con-
trasting tendencies in the residential location choices have also been recog-
nised for example in Helsinki and Stockholm (Lilius 2014) as well as in Am-
sterdam (Karsten 2003). The car-dependency of the families has also in-
creased due to increasing practice of choosing to send the children to school
other than the nearest one (Mackett 2013). In Finland, 70 % of the primary
school pupils go to their nearest school, while the respective figure for lower
secondary school pupils is 60 % (Bernelius 2011).

The aforementioned shift from unorganized play to organized activities
(Mackett 2013) also increases the need for arranging the transportation of the
children. For example, the main reason for car use among Australian mothers
was the need to provide children with multiple opportunities, which was seen
as a prerequisite for good mothering (Dowling 2000). The responsible parent
of the day should also be increasingly aware of the different risks surrounding
children, and there seemingly is a culture of expecting children to be super-
vised when in public spaces (Rudner 2012). In the pivotal study on children’s
outdoor play and parental concerns on children’s safety, Valentine and
McKendrick (1997) reported peer pressures among parents to limit children’s
independent mobility (IM) because of the perceived risks. Further, they no-
ticed how there is an increasing number of organized leisure activities for chil-
dren, mainly to compensate for the loss of opportunities for activities due to
decreased autonomy (Valentine, McKendrick 1997).

According to a British study, the greatest fear for parents is that the child
might be abducted by adult strangers (Valentine 1997). Parental concerns of
traffic safety and stranger-danger are often cited as the most important rea-
sons to restrict children’s independence (e.g. Lopes, Cordovil & Neto 2014),
while in Scandinavia the traffic still worries adults more than social dangers
(Fyhri et al. 2011, Kyttéd et al. 2015). However, when parents strive to make
their children’s mobility safer by chauffeuring, two negative feedback loops
arise: first the traffic load is increased by chauffeuring, and second the natural
social surveillance is decreased by the restricted use of the streets (Mullan
2003). Independence and resulting active transport modes of children have
also to do with the schedule constraints of the families. When parents are not
available to drive their children to various activities, this enforces independent
mobility and active transport modes (see also Mitra, Buliung 2014, Larsen et
al. 2009). On the other hand, the tight schedules of families sometimes in-
crease chauffeuring the children to the structured leisure activities and school,
when organizing the trips in a more active way seems like a further burden to
the timetable (Mackett 2013).

Without commenting further on the relative importance of the aforemen-
tioned large societal changes related to children’s mobility, it can be stated that
the decreasing activity levels of children and youth require better understand-
ing of the possibilities of different environments to promote physical activity
through active transportation and related independent mobility. Previous re-
search has found numerous elements of built environment (BE) associated
with children’s mobility behaviours. The most generally supported correlates

10
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of PA for children include walkability, low traffic speeds and volumes, easy
access to recreational facilities, and large land use mix and residential density,
and for youth land-use mix and residential density (Ding et al. 2011). However,
the main part of this research has been carried out in environments created in
different urban planning traditions from the Finnish one, especially in United
States, United Kingdom, and in Australia. Moreover, the way the built envi-
ronment is related to children’s travel behaviour outcome has mostly been
operationalized solely through looking at school journeys and the environment
around child’s home.

Understanding of the environmental characteristics that possibly promote
active and independent mobility in children and youth is needed in urban
planning to create built environments that allow for physical activity. Promot-
ing active transportation in children and youth is a reasonable policy, as re-
search has shown that habits learned at early age tend to endure into adult-
hood (Telama 2009, Malina 2001). Switch from private vehicles to active
transport modes is also associated with health benefits beyond individual’s
increased PA, such as reduced noise, air pollution, and traffic hazards, at-
tributable to decreasing traffic volumes (van Loon, Frank 2011).

This thesis examines the mobility behaviours of children and youth, namely
fifth-graders and seventh- or eighth-graders, in two urban areas of Finland.
For simplicity reasons, I refer to both children and youth with the term chil-
dren. When distinguishing between different age groups is needed, I make the
distinction clear. In this thesis, I address the theme of children’s active trans-
portation (AT) and independent mobility (IM) in different urban environ-
ments, namely in the city of Turku and in the Helsinki metropolitan region.
The main objectives of the research are on two levels. On the contextu-
al/application area level, I study which characteristics of the built envi-
ronment promote children’s independent mobility and active
transportation. On a methodological level, the objective is to develop new
ways of conceptualizing and operationalizing the environment
that matters for children’s mobility outcome.

These research objectives are addressed by the four articles that constitute
this thesis. More specifically, these articles explore the following themes:

Article I aims to understand children’s mobility as a whole by analysing
children’s own experiences of their environment and its meaningful places in
relation to school transportation and health outcomes. The article combines
objective analysis of the physical environment around respondents’ homes
with children’s subjective, place-based experiences, and analyses these in rela-
tion to school transportation and other behavioural domains.

Article II explores the concept of environmental child-friendliness, where
versatile affordances of the environment and children’s independent mobility
create motivating settings for activity. The unit of analysis are the 12 000 local-
ized affordances marked by the children and youth of Turku. Moreover, these
affordances are aggregated to a grid to analyse the characteristics of the built
environment in relation to the environmental child-friendliness.

11
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Article III focuses on multiple trips to destinations where children and
youth of Helsinki spend their time, without taking into account the residential
neighbourhoods of the respondents. Multivariate profiles of physical environ-
ment around children’s meaningful places are built, and the physical activity
and independent mobility on trips to these places are analysed. The statistical
analysis method used is chosen to overcome the problem of spatial autocorre-
lation inherent in the spatial data concerning the built environment.

Article IV returns to the question on how different structures of the built
environment can promote activity on school journeys. Both environments of
the home and of the school journey route are studied in association to the mul-
tinomial outcome of walking, cycling, or using motorized modes on the trip to
school.

In the following section, I shall introduce the foundations of the research in
more depth. This is followed by a presentation of data collection methods and
data sources. Finally, the main findings are presented together with the dis-
cussion.

12



2 Research foundations

2.1 Children’s transportation and mobility in active living
research

The research in this thesis stems from the rapidly growing research base
known as active living research. Sallis et al. (2006) describe the evolution of
this research field from arena of exercise scientists and physiologists to include
wider groups of professionals from other fields such as transportation or urban
planners and urban designers. While exercise scientist were interested in stud-
ying environments that promoted physical activity levels required to maintain
health, planners have been interested in how environments can be designed to
allow for more walking and cycling for transportation (ibid.). Handy (2005)
has divided the research field broadly into travel behaviour literature and
physical activity literature.

For adults, the different settings for physical activity (PA) have been outlined
as the four domains of physical activity: active recreation, active transporta-
tion, occupational activities, and household activities (Sallis et al. 2006). For
children and youth, the potential sources of PA are similar, but the occupa-
tional activities are better rephrased as organized PA during school hours
(mainly through physical education or during recess), whereas the active rec-
reation includes outdoor leisure or recreational type of PA as well as organized
sport or play (see Mitra 2013).

During the past two decades, a vast evidence base has accumulated identify-
ing various factors that can promote or hinder children’s active lifestyles.
Many studies conceptualize the independent and active lifestyle of children in
the context of socio-ecological models (Sallis et al. 2006, Panter, Jones & van
Sluijs 2008). In these models, children’s mobility or physical activity behav-
iours are seen as an outcome of a very complex set of characteristics of both
physical and social environment, factors related to household and the individ-
ual child as well as external influences, such as the local or national policy con-
text. The research illustrated in this thesis concentrates predominantly on the
level of physical environment, specifically the built environment, although the
individual level is also touched upon. While the term built environment is used
in this thesis and also widely in other research from this field (e.g. Ding, Gebel
2012, Fusco et al. 2012, Page et al. 2010, Lin, Chang 2010), this is not to say
that the environments studied or relevant for children’s mobility outcome are
solely built — the environments scrutinized include also natural environments.



Research foundations

The research on the ways in which the built environment affects children’s
physical activity has expanded rapidly over the past few years. This rapidly
growing interest in activity promoting environments is reflected in the number
of reviews on matter (Pont et al. 2009, Wong, Faulkner & Buliung 2011,
Dunton et al. 2009, Stewart, Vernez Moudon & Claybrooke 2012, van Loon,
Frank 2011, Sirard, Slater 2008, McMillan 2005, Davison, Werder & Lawson
2008, Mitra 2013, Ding et al. 2011, Panter, Jones & van Sluijs 2008). Further,
a review on these reviews (Ding, Gebel 2012) and a methodological paper on
how to perform the reviews concerning children’s mobility environments
(Gebel et al. 2014) has been published. It is outside the scope of this thesis to
systematically review the literature once more. Still, it can be mentioned that
apart from distance, which is acknowledged often as the most important, or
even the only consistently related factor (Wong, Faulkner & Buliung 2011) of
determining the mode choice and independence of children’s travel, the most
generally supported correlates include walkability (as defined by Frank et al.
2006), low traffic speeds and volumes, and large land use mix and residential
density (Ding et al. 2011).

Two main concepts of this thesis are active transportation and independent
mobility. To my thinking, they are interlinked concepts representing different
elements of children’s mobility behaviour. Much of the earlier research has
concentrated on one or the other of these two concepts, but acknowledging
their connectedness has become more common lately. For example, Van Loon
and Frank (2011) phrase independent mobility and active transportation as
qualitative descriptors of physical activity in their review of urban form rela-
tionships with PA in youth. Another example is Mitra’s (2013) behavioural
model of school transportation that conceptualizes escorted versus independ-
ent mobility and mode choice as two components of the school travel outcome.

Children’s independent mobility, freedom to move around without adult ac-
companiment, has raised interest since the pioneering work by Hillman and
colleagues (Hillman, Adams & Whitelegg 1990). Independent mobility has
often been studied with lists of mobility licenses granted to the child by the
parents, but these licenses reflect only the potential for IM, and there is need
to distinguish the potential licenses for mobility from the actualized mobility
behaviours (Carver, Timperio & Crawford 2012).

The independent mobility of children is linked to greater levels of objectively
measured physical activity (Stone et al. 2014, Mitra et al. 2014, Schoeppe et al.
2014, Page et al. 2009), partly due to the calories being consumed by walking
rather than being driven in a car (Mackett 2013). But there are also further
associations to PA, not linked to the active transport modes, but to the sponta-
neous outdoor play of children with greater levels of independence (Mackett,
Paskins 2008). Besides the benefits related to PA, independent mobility has an
important role in children's social and emotional development (Badland et al.
2015). It seems that the possibility to move around independently according to
one’s own hopes and wishes helps children create their own relationship with
the environment. For example, children who travelled independently to school
(by active transport modes but also by bus), were most likely to engage with

14



Research foundations

their immediate environment, while the enjoyment in travelling to and from
school varied markedly depending on the transport mode used (Pooley et al.
2010). Independence also helps to create social ties within children: children
who are more independent play more often with their peers, both indoors and
outdoors (Prezza et al. 2001). Furthermore, independent mobility supports
acquiring, processing and structuring knowledge of one’s own environment
(Rissotto, Tonucci 2002).

2.2 Spatiality in active living research

The recent developments in the Geographical Information Science (GIS) have
opened up new ways of researching the environmental correlates of people’s
behaviour. While ten or twenty years ago information on the characteristics of
the environment were widely drawn from expert audits or questioned from the
research subjects, today the use of register based geographical data to define
individually sensitive characterisation of the environment is commonplace.
Further, global positioning system (GPS) tracking has allowed the study of
actual mobility patterns, while accelerometers, pedometers, and heart rate
monitors enable objective measurement of physical activity levels. Regardless
of these developments, the question how to best conceptualise the environ-
ment that is relevant for individual’s behaviour in relation to physical activity
remains unanswered.

In essence, the question boils down to which environments or trips are taken
into consideration when thinking about the possibilities to promote active liv-
ing. Ding and Gebel (2012) have suggested that some of the inconsistent find-
ings in the BE studies on children’s mobility might have resulted from the lack
of a conceptual match between environmental attributes and domains of phys-
ical activity, such as recreational environments being correlated with active
transport outcomes. The research has often concentrated on some specific
environments, such as parks as promoters of physical activity, or on specific
types of trips, such as school journeys. The big emphasis put on studying the
transport mode and activity levels on school journey is understandable, as
school journeys form an important part of children’s total mobility behaviour,
as it occurs on most days, and has a substantial significance on children’s
overall activity levels. According Rainham et al. (2012), over half of the accu-
mulated moderate to vigorous physical activity was created on the active jour-
ney to school. On the other hand, leisure activities are forming a growing part
of children’s everyday life, but knowledge on children’s mobility related to
their leisure activities is still sparse (Fyhri et al. 2011).

Indeed, a more dynamic approach of exposure to environment is called for
also by other writers. Perchoux et al. (2013) acknowledge the importance of
moving from static neighbourhoods to ego-centric definition of place, but
claim that next researchers should move from home centred unique locations
to dynamic approach of exposure to environment. However, they continue by
reasoning that limiting the exposure to the residential neighbourhood may be
less misleading for young children (Perchoux et al. 2013). Supporting this, a
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GPS study on 9 to 13-year-old children in Canada showed that children’s ha-
bitual and frequented activity spaces were very close to their homes and gen-
erally very little of the leisure time was spent in broader neighbourhood set-
tings (Loebach, Gilliland 2014). On the other hand, research has shown that
relatively little parts of the circular buffers are frequented by children. Aus-
tralian children walked or cycled only a small portion, approximately a quar-
ter, of their traditionally defined circular neighbourhood (Villanueva et al.
2012), and in U.S., youth were physically active within a quarter-mile radius
around their homes and focused only on one section of the often assumed cir-
cled neighbourhood (Yin et al. 2013).

Home range (Woolley, Griffin 2014) or territorial range (Carver et al. 2014)
can be seen as spatial manifestations of independent mobility. In these studies
the range has been operationalized as the distance to farthest place reached
independently. It is worth noting that other writers (Rainham et al. 2010) have
used the concept home range differently. They claim that Hégerstrand’s time
geography and space-time paths could offer one possibility to tackle the ques-
tion of understanding the relevant environmental exposure or spatial element
of the built environment in the PA studies. They suggest that the theoretical
concepts of activity space and home range could be operationalized from the
GPS data through standard deviational ellipses and minimum convex polygon,
respectively. As for the intensity of the environmental exposure, kernel density
measures of the GPS tracking data could be applied. While the GPS is useful-
ness for assessing exposure to the environment due to its relatively objective
depiction of the environments visited, this strategy still offers little under-
standing of how the environment is actually used.

Also Villanueva and colleagues (2012) have suggested an approach using
convex polygons around the places visited to depict the respondent’s activity
space. According to them, rather than using the one-dimensional distance that
is often used to operationalize the territorial range, the activity space construct
provides a two-dimensional representation of mobility and spatial habits of
children. It is worth noting that while the studies using circular neighbour-
hoods have been criticized for overestimating and misrepresenting the neigh-
bourhood environment characteristics and their contribution to the physical
activity level by including neighbourhoods not used or experienced at all (Yin
et al. 2013), this problem is not solved by the suggested use of minimum con-
vex polygons. These geographical delineations of the environment, supposedly
more relevant for mobility outcome, also include large areas possibly never
visited by the children. One suggestion has been to analyse the shape and posi-
tioning of the convex hull based activity spaces to understand the neighbour-
hood delineation better (Stewart et al. 2015).

Returning to the question on which trips should be considered as possible
promoters of active living, there are some examples of research on the leisure
activities of children and youth. Lin and Yu (2011) studied the built environ-
ment effects on trip generation and transport mode on the leisure trips to or-
ganized activities outside home, through questioning children and their par-
ents. Another example is from Australia, where Villanueva and colleagues
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(2012, 2013) have concentrated on pre-defined destinations and activities to
analyse the built environment effects on children’s IM and activity spaces.
While these two examples offer interesting insights to the leisure trips, activi-
ties, and destinations of children and youth, their way of conceptualizing the
environment relevant for children’s mobility might be too narrow. Instead, the
concept of affordance (Gibson 1986, Heft 1988) could be used to operational-
ise the places and environments meaningful for children’s mobility outcome.
In this thesis, affordances have been used as the conceptual tool to question
the multiple environmental elements that are meaningful for children.

The concept of affordance breaks the subject-object dichotomy: an af-
fordance is not a characteristic of the environment, nor a characteristic of the
individual, but rather something in between. An environment needs to have
something that an individual can perceive as an opportunity, but such a per-
ception will only be formed if the individual is inclined (e.g., by his physical
proportions or social needs) to find his equivalent in the environment. For
example, a rug rack can offer an affordance for physical activity, if the individ-
ual is inclined to climb, hang and dangle from it. Not limiting the respondent
to some child-specific places or activities also reflects the idea of reaching for
the “fourth environment”, which has been defined as the environment outside
the home, playground, and specifically child-oriented institutions (Van Vliet
1983). According to Van Vliet, the environments that are not specifically de-
signed for children’s socialisation, including environments such as streets,
shops, cinemas, public transportation or cafés, can nevertheless act as devel-
opmental contexts and have an important role in children’s maturational pro-
cess.

Not only how we define the environment relevant for mobility outcome, but
also how we operationalize the variables of the environment and the mobility
outcome need consideration. A review of over 100 articles showed that objec-
tively measured environmental variables were more consistently related to
physical activity than perceived environmental variables (Ding et al. 2011).
Contrastingly, reported physical activity was much more consistently related
to neighbourhood environment than objectively measured PA. The authors
hypothesize that reported measures capture better the specific domains of
physical activity, i.e. active transportation or leisure-time PA, and thus provide
more precise tests of association. In this thesis, the environment has been
studied through objectively analysing the surroundings of the self-reported
meaningful places, homes and school journeys, while activity and independ-
ence of transport has relied on self-reports of the studied children and youth.
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3 Research approach and process

The overarching theme of the research described in this thesis has been to un-
derstand the multiple ways in which the elements of the built environment
matter for children’s active living. This research strategy requires a specific
place-based methodology. In the studies described in this thesis, an Internet-
based softGIS survey (Kahila & Kyttd, 2009; Kyttd, 2011) has been used to
study children’s mobility behaviours in multiple environments. The softGIS
methodology has been developed over several years at Aalto University in col-
laboration with urban planners and other actors in the health promotion field,
professionals from social, health, cultural, education, youth work, and other
municipal sectors, in an attempt to produce applicable knowledge for these
diverse actors.

SoftGIS is an example of public participation GIS (PPGIS) methods that have
been developed to engage non-experts in urban planning and decision-making
processes (Brown, Kyttd 2014). Location-based PPGIS surveys enable the
mapping of environmental experiences and daily behaviour practices with re-
spect to specific locations. The main benefit of utilising location-based surveys
in data collection concerning daily mobility and environmental experiences is
the geographical dimension the data maintains. Based on the coordinates, the
experiential knowledge can be simultaneously analysed with other GIS data
(Kahila, Kyttd 2009). Furthermore, in contrast to one-day samples produced
by travel diaries or surveys, the PPGIS surveys do not necessarily have a prede-
termined timeframe but rather encourage people to report their regular mobil-
ity patterns over a longer period of time (Chaix et al. 2012). While PPGIS
methods are generally developed for adult populations, examples of GIS based
methods to collect data from children and youth have appeared lately (e.g.
Hinckson et al. 2014, Nordin, Berglund 2010, Wridt 2010, Stewart et al. 2015),
beyond the work of softGIS research group.

The material and datasets used in the articles of this thesis have been collect-
ed in three different research projects (Table 1). While in project 1 the age
groups directed were 5t and 7t graders, in further projects we directed the
questionnaire to 5% and 8t graders. In Finland, the 5t graders are approxi-
mately 11-years-old, while 7t and 8t graders are 14 and 15-years-old respec-
tively. The reasoning behind this change in the studied age groups was that
many pupils must change schools to secondary school, and we did not want
the possible recent change in the habitual environment to affect the data col-
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lected. All the data collections were organized through schools. A research as-
sistant contacted the schools to set up a schedule for data collection in com-
puter equipped classrooms. Before the data collection, written consent was
obtained from children’s parents (project 1) or both parents and the child (pro-
jects 2 and 3). The data collection was organized in the course of a normal
school lesson (45-60 min, depending on school policies) and was led by a re-
search assistant with the teacher supervising the lesson. The children respond-
ed independently but could ask for assistance from either the research assis-
tant or the teacher. The number of children responding simultaneously varied
between schools, depending on the class sizes in different schools, but was
generally around 20 pupils.

Table 1. The datasets used in the study.

Dataset

1

2

3

Project

Oppiva kaupunki-
suunnittelu ja asumisen
arki (OPUS)

[Urban planning and
everyday life:

A learning process]

Kaupunkiympéristo ja lasten
liikkuminen (KYLLI)

[Urban environment and
children’s mobility]

Kids Out! Urban
environments and
physical activity among
children and
adolescents

Used in articles 1,1l 1} [\
Year collected 2007-8 2009 2011
Spatial context City of Turku City of Helsinki Cities of Helsinki, Espoo

and Vantaa

Schools and 54 schools across 17 schools from six residential 16 comprehensive
grades Turku, areas, schools across the
5" and 7"" grade classes | 5" and 8" grade classes metropolitan region,
5% and 8" grade cl
Address of the www.pehmodgis.fi/turku www.pehmogis.filhelsinkilapset | www.softgis.fi/children
survey

Role of parents

Parental consent

Paper and pencil survey on
physical activity and socio-
economic situation

Electronic survey on
physical activity and
residential preferences

group

Technology, UKK Institute

Funding Finnish Funding Agency | Ministry of education, Ministry of education
for Technology and Juho Vainio Foundation and culture through
Innovation, Finnish Academy’s
Ministry of education Research Programme
on the health and
welfare of children and
young people
Partners City of Turku steering Tampere University of Tampere University of

Technology, UKK
Institute, LaTrobe
University (Australia),
City of Bendigo
(Australia), University of
Tokyo (Japan)

All the softGIS surveys for children included roughly the same themes: the
respondents used the Internet interface to mark places on a map that were
functionally, emotionally or socially meaningful. They also described how ac-
cessible these places were, in terms of independent mobility (in all the pro-
jects) and active transportation (projects 2 and 3). Moreover, the respondents
were asked to mark their home and daily routes to school, and to answer ques-
tionnaires concerning school journeys, perceived health and wellbeing. How-
ever, the research projects were realized together with funding and cooperat-
ing partners who influenced the contents of the questionnaires, creating dis-
crepancies between the three different research projects.
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pehmogis

ympéristotutkimus #lone and
together
in Turku

Turku for children
and young people

Click on a picture or
button to start your
adwventure!

If you want to know more
about this website, check
what Paavo has to say.

Leisure
time in

pehmogis

ymparistotutkimus

Alone and together in Turku
Think of the places where you want to
be alone or together with others, You
can mark 3 of ach of the following
places on the map. Click an the ball,
drag it over the map and let go. Gnee
you have marked everything you want
T lonely

1 meet new peopls

I'm on my own

an allowed place

a place to be with grown-ups
scary people

1 spend time with anirnals

I can be myself

bullies

I allowed to be on my own
nobody’s watching me

I rmeet my frisnds

a forbidden placs

my own

0000909eC0e0e0

Figure 1. The first softGIS tool for children and youth used in the city of Turku

In the first project, the directing board of the research project, involving public
servants from multiple sectors of Turku city administration, took part in de-
signing the questionnaire items to make sure the applicability of the data to
planning purposes. Their influence was mostly seen in the way the affordances
were questioned. For example, the lists of functional affordances included
many items concerning the cultural venues and possibilities provided by the
city. In the first data collection in Helsinki, the physical activity was queried in
more detail than in Turku, based on the research interests of the research
partner Centre for Health Promotion Research of the UKK Institute. To gain
knowledge of the household’s PA behaviour and socio-economic background, a
paper and pencil survey was directed to the parents of the respondents. An
individual code was created for both the children and their parents to link the
parental responses to the softGIS data gathered from children, but this strate-
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gy was not satisfactory. The paper and pencil questionnaires filled in by the
parents and the adjoining parental consent that both included the individual
code were often not returned to the school, and thus the children’s response
was lacking the linkage to the parental response. Children also made mistakes
in typing the individual code when giving their own response. To overcome the
problems of linking the parental response to the data produced by children, in
the third project the children were asked to provide the email address of a par-
ent (also queried in the parental consent form that the teachers had collected),
who then received an individual link to the parental electronic questionnaire,
thus linking the responses. The parents were questioned for instance about
family’s activity behaviours, their child’s height and weight, and their prefer-
ences for different neighbourhood characteristics (Cao, Mokhtarian & Handy
2009). Still the parental response rate was very low, and unfortunately the
parental responses have not been analysed in any of the articles described in
this thesis.

The technology behind the softGIS tool took big leaps throughout the years,
and also this created differences in the datasets collected. For example, re-
sponse order effects, e.g. the order of the response categories affecting the dis-
tribution of the answers (Krosnick, Alwin 1987) was taken into account inside
the affordance categories, but not between the main categories in the survey
method used in Turku (see Figure 1). This means that inside each category, the
order of the appearance of individual affordances in the survey application was
randomized for every subsequent respondent, but on the front page the order
of the main categories was stable. This was reflected in the number of different
affordance locations made by the respondents. Hence in the two remaining
softGIS surveys also the order of the main categories was randomized for each
respondent.

Another change was in the number of mapped locations the respondent was
allowed to make. In Turku, up to three localizations for each affordance could
be made, while in further projects in Helsinki area there were no limitations.
The earlier limitation was due to complexities the programmers faced in stor-
ing variable amounts of data for each respondent back in the year 2007.

The biggest differences in the data collection between the projects were in
the way the affordances were queried. In all the projects, functional, social,
and emotional affordances were studied as potentially meaningful places for
children. The taxonomies used in the first two projects were based on previous
studies. The emotional affordance category (see Figure 2) was based on Finn-
ish qualitative research on children’s emotionally meaningful places (Miet-
tinen 2006). For the social affordance category, an empirical study in Britain
among similar age groups (Clark, Uzzell 2002) was applied. The functional
affordances were studied on a more general (activity) level, (Leisure time in
Turku/Helsinki), and on a more specific level (action, operation: What do I do
in Turku/Helsinki? (Leontjev 1978). The taxonomy for functional affordances
by Heft (1988), as interpreted by Kyttd (2002), was applied to study the ac-
tion-level functional affordances. Examples of activity-level affordances in-
cluded visiting the library and playing sports. The action-level affordances
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were, for example, bicycling or climbing. The former items represented the
interests of the diverse partners of our project from the city of Turku, and were
applied also in the second data collection in Helsinki.

(5]

o

© Copget Potemcgi 508 varets s

Figure 2. In the second data collection in Helsinki, the affordance lists were similar to the ones
used in Turku.

For the third data collection the way the affordances were questioned was
changed completely. The main categories of affordances were kept intact, but
rather than presenting the full lists of possible affordances to be marked on the
map, the respondents were asked to “Think of the places in your environment
that are good or bad for doing things, that have good or bad social atmosphere,
or where you feel good or bad”. The respondent first selected between these
three affordance categories and between positive and negative places, and then
marked a place on the map. After the initial localisation of a place, a detailed
list of affordances became visible (see Figure 3, and for full lists of affordances
queried Appendix A). The respondent could then tick from the list which af-
fordances were actualized in the marked place.

23



Research approach and process

Your important places

Mark the places you like or dislike in your g % How is the feeling good in this
environment on the map. AT N \ place?

Think of the places in your environment =
) Exciting / Fun
that are geod or bad for doing things, . [ Beautiful
ol Gooa | Bad ? % [0 Good memories
that have good or bad social atmosphere, 5 [T cheerful / Happy
i Good | Baa 1 [ Frash air to breathe

where you feel good or bad. W s

=
o Good [ Clean and tidy

B Relaxing

HHHHHH””\Lﬁ”\I

Feel good place

[

| Calm and quist
FREVIOUS P ' () Other, what?

| Next |

Remove point

“softGlS

CHILDREN

Your important places

Mark the places you like or dislike in your ‘ 2
environment on the map. How is the feeling bad in this

2
Think of the places in your environment place?

i)

that are good or bad for doing things B tonng
dycood | Ban > Dangsrous

that have good or bad social atmosphere, | Dirty, lots of rubbish
wf Good Bad -] Polluted, bad sir to breathe

where you feel good or bad -/ Feel bad place

A — = Sad, dovn

ugly

) Stressful

7| Bad memories
PREVIOUS

] Noisy or rowdy in a bad way
[] Other, what?

[ mext |

Remove point

N LaiTic .
Kartiatiedot ©2015 Google Kuvat ©2015 CNES / Astrium, DigitalGls ﬂ

Figure 3. In the third data collection, the way the affordances were questioned was changed.

The new way of questioning the meaningful places was more abstract than the
previous method. This was also depicted in the diminishing average number of
meaningful places that the respondents marked throughout the projects
(means 8.2, 6.9, and 3.3). One reason for this change was the wish to modify
the affordance lists to include equal amounts of positive and negative af-
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fordances. The new method also allowed the respondent to mark multiple ac-
tualised affordances to a single place marked on the map. The results concern-
ing the meaningful places and affordances of the third data collection are not
part of this thesis, but will be published elsewhere (Sarjala, Broberg &
Hynynen, 2016).

Partly because of the affordances were categorised differently across the pro-
jects, the ways of analysing the datasets have also varied throughout the arti-
cles of this thesis. The unit of analysis varied between the individual respond-
ents and the mappings the respondents had made. Respectively, the spatial
analysis was done on multiple levels. GIS-based measures of the built envi-
ronment were calculated for 500 metre buffers around each respondent’s
home (Articles I, IV), for 50 metre buffers around affordance localisations (II,
IIT) and within 100 metres of the drawn school journeys (IV). The separate
affordance localisations were also merged to a 250 metre grid, which then was
used as the unit of analysis (II). The environmental variables were extracted
from register-based geographical datasets using current versions of GIS soft-
ware (ESRI ArcMap and MaplInfo Professional). The main geoprocessing tech-
niques used were buffering the homes, affordance localisations or the school
journeys, overlaying and intersecting different layers of analysis with each oth-
er, and calculating statistics concerning the individual buffers or grid cells
from these intersections. Different raster calculation and focal statistical
methods were also used to calculate variables concerning land use (III and
V).

The connections between built environment and children’s mobility outcome
were analysed with regression analyses, which were mainly logistic (I, II, III),
and in the case of article IV multinomial. The significances in the differences
of means between genders and age groups were analysed with T-test or Mann-
Whitney’s U test, depending on the normality of the variables. The differences
in frequencies between genders or age groups were studied with chi-squared
test. In article II, analysis of variance (ANOVA) was used to test the signifi-
cances of differences in BE variables between affordance categories and the
categorized grid cells. Principal component analysis was used in article III to
compress the information of the multiple BE variables into fewer variables. In
article IV, this way of handling the BE variables was abandoned in favour of
more commonly used analyses, to allow for comparison between studies. The
statistical analyses were performed mostly with the current version SPSS sta-
tistical package, but in articles I and III SAS package were used by co-authors
to apply some more advanced analyses, including the Glimmix procedure used
to overcome the problems caused by spatial autocorrelation (III).
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4 Results and discussion

4.1 Methodological findings

The articles of this thesis operationalised the environment meaningful for
children’s mobility outcome in multiple ways. These different ways of under-
standing the environment are depicted schematically in Figure 4. The envi-
ronment scrutinised was the home surroundings of each respondent in articles
I and IV, the environment surrounding the affordance locations in articles II
and ITI, and grid cells with aggregated affordance data (II). Moreover, the BE
of the school journey was analysed in article IV. Also the studied mobility out-
comes of the built environment varied between the articles, ranging from ac-
tivity of transport modes on journey to school and to affordance locations, to
independent mobility and territorial range. In the next sections, I will discuss
the findings of the four articles and offer my understanding on how we should
perform further research on the multiple settings of children’s active transpor-
tation and independent mobility.

I II 111 v
9
o Q 9 ?
Q.\ U Q Y
7 9 9 ® R L
. o SO
Q- o ) v A
[~ ' _
active school independent mobility active transportation active school
transportation X » transportation
independent mobility
mean distance to
meaningful places
territorial range

Figure 4. Different conceptualisations of the environment and the studied mobility outcomes.
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4.1.1  Multiple settings of children’s activity and the environments
around these settings should be studied

The results from articles I and IV offer some support to the idea that the home
environment operationalised with a 500-metre buffer is relevant for studying
effects of the built environment on school journey. Residential density of chil-
dren’s home environment was positively associated with active school travel
mode, and the proportions of green structures (namely fields, forests, parks
and water) and child population around child’s home were negatively associat-
ed with activity on school journey (I). In article IV, numerous potential associ-
ations between BE and the multinomial transport outcome on school journey
were studied. In the end, only the density of the built environment was signifi-
cant in the final model concerning the home environment. There the increas-
ing building density around home decreased the likelihood of both walking
and cycling to school. Conversely, when the structure of the school journey
environment was used to explain the chosen transport mode, more significant
results appeared. Children were more likely to cycle to school when fewer ma-
jor roads and public transportation stops were present in the school journey
vicinity studied with a 100-metre buffer around the reported way to school
(IV). We suggested that the BE variables concerning the school journey sur-
roundings were able to depict the environment relevant for transport mode
choice, whereas the wider environment around the respondent’s home was too
generalised a definition of the environment to matter. To further this line of
thought, one explanation for why only building density remained significant in
the model for neighbourhood environment (IV) could arise from the way a
500-metre buffer generalises the characteristics of the built environment. It is
possible that the big buffer size generalised the other BE variables in such a
way the model could not find enough variance between the subjects, but the
differences in building density between the suburbs and Helsinki city centre
were so large that even on a generalised level building density remained able
to separate the subjects living in these two differing environments. Also other
scholars have analysed the route environments with promising results (Larsen,
Gilliland & Hess 2012, van Heeswijck et al. 2015).

School journey, nevertheless, should not be the only type of trip covered.
Others have also stressed the importance and need of broadening the research
on young people’s AT to include journeys to destinations other than school,
e.g. walking/cycling trips from home to a variety of neighbourhood destina-
tions (e.g. Lubans et al. 2011). Looking at the multiple places children find im-
portant for themselves and studying the trips to these places was revealed to
be a promising way to better understand the effects of the BE on children’s
mobility outcome (III). Results from article I also show that approximately
half of the children’s meaningful places were located within 500 metres from
their home. As only half of the intriguing places the children frequent lie with-
in the commonly used definitions of neighbourhood, new ways of understand-
ing the environmental effect are needed.

Mobility diaries can be used to study the multiple trips children perform, but
the diary can only capture a glimpse of the places and activities the respondent
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happens to perform during one or a few days, while PPGIS methods allow the
collection of multiple important places, thus enabling the collection of infor-
mation on multiple settings and the motivational value of these places to the
respondent. PPGIS methods also enable respondents to consider their travel
practices rather than discrete behaviours or trips. Instead of using mobility
diaries, transportation researchers have sometimes used the strategy of query-
ing the mobility choices to different pre-defined destinations (Villanueva et al.
2013). The results of this thesis suggest that the affordance approach offers a
different and a working conceptualisation of the places that are meaningful for
the mobility outcome. For example: meeting friends was the most marked
affordance (I, II), and could happen where ever in no particular destination.
Questioning about the affordances of different places instead of offering pre-
defined destinations to the subjects might lead to new and more profound un-
derstanding of the environment’s effects on children’s mobility outcome. A
destination, such as a café, does not necessary equal the activities happening
in the destination, but instead affordances of meeting friends, hanging out,
relaxing etc. could all be actualised in the same place. While effectively the
meaningful place with its multitude of actualised affordances equals to the
destination café, more insight to the motivations behind visiting the place is
gained. Moreover, when the definition of the important and meaningful places
is left to the respondent to make, it is more probable that the places selected to
depict the environment are ones that are part of the everyday life of the sub-
ject. However, questioning how often the places marked are frequented might
be beneficial in some study designs.

In article II, the unit of analysis were the 12000 localized affordances
marked by the children and youth in Turku. We conducted analyses based on
50-metre buffers around these affordances and by aggregating the data into a
grid with 250-metre cells. This was a first attempt to analyse the environment
in general, rather than looking at respondents’ home environments and its
associations to mobility behaviours. The affordance localisation or the mean-
ingful place was also used as the unit of analysis in article III. Both buffer and
grid analysis offered interesting insights on the associations between BE and
environmental child-friendliness or independent mobility and active transpor-
tation. Looking critically at the results of article II, the home environment was
completely omitted from the analysis in the sense that distance to home was
not taken into account. The wish was to develop the analyses of the BE to con-
sider elements of the environment beyond the spherical buffer around home,
but reflecting on the importance of distance to the mobility choices, distance
from home should probably have been included in the analyses. Then again, in
the operationalization of the Bullerby model, the distance from home and re-
sulting transport mode choices and their related independence was not the
focus of attention. In the city-wide analysis of environmental child-friendliness
that used children’s joint input of their meaningful places, the city centre
proved to be diverse in its affordances but not often reached independently no
matter how far it was from the individual respondent’s home.
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The results of article I support the idea that active behavioural patterns can
help the child build a personal experiential relationship with the outdoor envi-
ronment. We found that the number of located places and activity of school
transport mode were correlated. Also the bigger the size of the territorial range
the more likely the children took part in AST. Multiple places also matter ac-
cording to the results from article II, where the operationalization of the
Bullerby model was promising, especially in regard to the resource dimension,
the diversity of affordances.

To conclude, researchers should study the places children frequent, and the
environment around these places, but possibly also on the route to these plac-
es, reflecting on the findings on the importance of school journey route envi-
ronment (IV). However, future research should also take into account the pos-
sible chaining of trips, for example going to hobbies straight from school. Con-
sideration should also be given to the activity domains and their respective
environments (Ding, Gebel 2012). When performing research on AST, the
school journey environment should be studied, and when transport on other
trips is in focus, the route environment of these trips should be studied. Also
innovative new ways of understanding the elements of the environment that
motivate active living are needed. In the end, we should possibly not be too
engaged in trying to understand the trips, but rather explore the activities,
both related and unrelated to PA, that can be done in different environments.

4.1.2 Both the transport mode and the independence of the mobility on
children’s journeys should be studied

Findings from article I show that there is a difference between stated and ac-
tualized independence of mobility. The results regarding the mobility licences
and territorial range seem to point in different directions, when we analyse
these in relation to the urban structural variables: mobility licences were
greater in the environments of lower density, but the territorial range and ac-
tualised independence were greater in denser environments. This means that
the stated independence and actualized independence are two separate things
and should both be taken into account. It might not be worthwhile studying
children’s IM with parental response to lists of possible licences for independ-
ence (such as walking to school or crossing major streets), as is often done (e.g.
Kytta et al. 2015). Instead, the actual independence that the children enjoy
should be studied in the context of actual places visited, because actualized IM
can indeed differ from the licences for IM, and because the actualized mobility
is the only thing that matters if we are interested in the well-being effects of
the IM through increased physical activity.

In article III, the associations between urban structural components and in-
dependence of mobility were more profound than between structure and phys-
ical activity. The spatial structure of these two mobility outcomes was differ-
ent: the active and passive transport modes used to travel to meaningful places
were segregated between the Helsinki city centre and the residential suburban
areas, whereas for independence of mobility there was spatial variation within
the different areas studied. Hence, studying only one of these outcomes might
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have given reasons for misguided conclusions about the possibilities of differ-
ent built environments to promote active living.

The results of articles IT and IV further highlight the need of taking into ac-
count both the transport mode and the independence of mobility. In a context,
where children are very independent, questioning about mobility in both ways
makes the analysis more robust. The independence dimension of the Bullerby
model (IT) did not distinguish different environment types, whereas the diver-
sity of affordances dimension did. Had the transport mode been questioned
too, more detailed analysis could have been possible. In article IV, the inde-
pendence could not be treated as an outcome variable due to low levels of pa-
rental attendance. Therefore we used the variable in operationalizing the do-
main of maintaining social capital, even if Mitra (2013) proposed using the
independence of transport on school journey as an outcome variable depicting
activity on school journey. It is likely that in more restrictive environments in
regard to independent mobility, the independence proves to be a useful varia-
ble.

The results of multinomial analysis in article IV showed more significant as-
sociations between built environment and the transport mode chosen to cy-
cling than to walking. Others have pointed out that the correlates of walking
and cycling are different and these two transport modes should not be merged
to non-motorised transport (Kemperman, Timmermans 2014, De Vries et al.
2010). The findings from article IV corroborate this.

To conclude, the independent mobility should be questioned in line with
transport mode when we are interested in physical activity during transport.
Independence from parents generally means independence from cars, and
even if public transportation is not an active transport mode as such, on trips
using transit some physical activity is accumulated.

4.2 Contextual findings

The development work of the SoftGIS research group strives to support urban
planning by gathering experiential knowledge that can be integrated in the
urban planning processes. One of the most crucial questions is how to analyse
and present the experiential knowledge to the planning practitioners in a use-
ful way (Kahila, Kyttd 2009). In this thesis children’s meaningful places and
mobility behaviours have been analysed together with the elements of the built
environment on urban structural level. Next I will discuss the findings in the
context of urban planning.

4.2.1 Distance and hence density are the most crucial elements of envi-
ronment for children’s mobility outcome

According to results of article I, increasing residential density was significantly
associated with the probability of choosing active transport mode to school in
Turku. As for Helsinki region, the increase in residential density decreased the
probability of both walking and cycling to school (IV). These findings might
seem contrasting, but it is worth noting that the analysis in Turku case study
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did not account for the shorter distances in the denser areas. Density and trav-
el distance are intermingled concepts (see also Wong, Faulkner & Buliung
2011), and as a rule, shorter distances are found in denser areas. The distance
between homes and schools was not analysed, but when looking at the af-
fordance localisations in Turku, increasing residential density was associated
with shorter distances to the meaningful places marked by children (I). This
finding can however be stated also in another way: in dense environments
children were able to find multiple interesting things to do. Increasing residen-
tial density was associated not only with shorter distances to the meaningful
places marked by children (I), but also with greater diversity of available af-
fordances (IT).

Children are more affected by distance than adults, as they are not capable of
driving cars alone. Articles IIT and IV point out that distance should always be
taken into account when analysing the associations between environment and
mobility. In article IV, the distance to school was included in all the models
explaining the transport mode choice as a control variable, while in the con-
ceptual framework tested (Mitra 2013), the distance had its own domain of
proximity. By including the distance in all the models, the intention was to
overcome the weaknesses in the treatment of density and school journey mode
choice of article I. Article IV further suggests that the distances that children
and youth are willing to walk or cycle to school are up to 3 kilometres. Re-
search on Irish children suggested a little higher distance threshold for active
school transportation, 2.4 km for walking, and 4 km for cycling (Nelson et al.
2008). A recent study in UK suggested that the distance thresholds for walking
vary according to age: while for 10-year old children the threshold is around
1400 metres, 14-year-old teenagers tolerate distances a little over 3 kilometres
before turning to non-active transport modes (Chillon et al. 2015). Most of the
subjects studied in article IV were 8th-graders, which supports the findings
from UK. These distance thresholds should be kept in mind when school net-
works are being planned.

It is also worth noticing that mobility on the school journey is fixed to the lo-
cations of the home and school, and the elements of urban structure affecting
walking and cycling for leisure purposes, where one is free to choose were to
move, are probably somewhat different. A study on London children found no
significant BE correlates of walking to school, but several that were in associa-
tion to walking outside the school commute (Steinbach, Green & Edwards
2012). Children too are pressed to be in time at school in the mornings and in
the many hobbies after school, and perhaps for school journeys the enjoyment
found in the surroundings of the transport route might not be the most im-
portant factor dictating the mode choice, but the ease and swiftness of travel.
Moreover, the analysis of the built environment in the articles of this thesis
was mainly performed on structural level, while urban design level elements of
the BE may affect the pleasure of walking and cycling in the environment
more.

Density as a concept is multifaceted, and different measures of density pro-
vide us with a different view on the relations between density and children’s
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mobility outcome. Residential density, measured with either housing units,
population, or proportion of land covered by apartment buildings, promoted
independent mobility to the meaningful places (II, III) but did not promote
use of active transport modes (III). As for the density of building stock, the
findings between the articles seem unanimous: building density measured as
floor area ratio decreased the likelihood for independent mobility (I1, IIT) and
active transportation (III) to the affordance localisations. This general trend
applied also to the school journeys, where the most densely built environ-
ments, associated with commercial, institutional and office land uses, de-
creased the likelihood of both walking and cycling on school journey (IV). Ac-
cording to the findings of article III, the most significant urban structural ele-
ments promoting children’s independent and active mobility to their meaning-
ful places were associated with a residential urban structure dominated by
single-family housing. Also in relation to the transport mode choices on the
school journey, the increasing proportion of single-family housing prefigured
both walking and cycling in lieu of non-active transport modes (IV). Interest-
ingly, the article IV showed that increasing values, or density, in all the BE
variables measured, apart from the proportion of single family housing, de-
creased the likelihood of opting for active transport modes. These many-sided
findings on density imply that we should be cautious in drawing conclusions
on the meaning of density on children’s mobility outcome based on single
measures, and that we should understand what we are measuring in essence
when talking about density.

The findings from article IV suggest that in urban milieus that offer good
public transportation options, the children are independent users of public
transportation. Also findings from the Netherlands show that children travel
more frequently by public transportation in very strongly urbanized neigh-
bourhoods (Kemperman, Timmermans 2014). Yet, there are environments
that are poorly served by the public transportation network. One example of
this is the shopping mall Jumbo, which stood out as a place reached in the
company of an adult and by a car (III). Also research on Australian children
has shown that the presence of shopping centres is negatively associated with
independent mobility, while the association between IM and the presence of
local retail shops is opposite (Villanueva et al. 2013).

4.2.2 Perceptions and experiences in the environment matter for well-
being

The results from the articles I and IT demonstrate that the perceptions and
experiences of the environment matter for children. How positively the child
experienced the places (s)he marked on the map, e.g. the likeability index, was
associated with daily symptoms and perceived health (I). The more positively
the places were valued, the less the child experienced harm from daily symp-
toms, and the higher the stated perceived health. Experiential factors mattered
also through the environmental fears, the presence of which increased the
probability of perceiving daily symptoms and decreased the probability of per-
ceiving one’s health very good. Some suggested mechanisms by which per-
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ceived fear may lead to health outcomes are through adopting poorer health
habits (such as sitting inside rather than being active outdoors) and experienc-
ing poorer mental and physical health due to increased stress and decreased
capability of coping (Coté-Lussier et al. 2014). Direct links from the physical
built environment around home were only visible in the proportion of green
structures around home in association with better perceived health (I). When
the environment around affordance localisation was the unit of analysis, grow-
ing population densities around social and emotional affordance localisations
increased the likelihood of stating positive preference for the affordance (II).
Green structures around an emotional affordance significantly increased the
probability of liking the place (II). It is worth noting, though, that the associa-
tions found between BE and the likeability of the affordances in these two cat-
egories might be due to the presence of negative affordances only in social and
emotional affordance categories. In the two other categories there were no
negative affordances to be marked, and perhaps due to this, no association
between the stated likeability (0-100) of the place and the environment around
the place was found, due to less variance in the outcome variable, that is the
likeability.

In article IV, we tried to find relevant variables used in earlier research to
operationalize the five conceptual domains of relationship between the envi-
ronment and school travel. Variables selected to depict the domains of traffic
and personal safety, and especially those related to personal safety, were per-
haps not capable of capturing the behavioural aspects proposed by Mitra
(2013). While objectively captured variables of the BE have been shown to bet-
ter predict PA than perceived variables (Ding et al. 2011), some elements con-
cerning the environment, such as perceived safety, should probably be ques-
tioned from the subjects rather than be drawn from register-based GIS da-
tasets. Also van Loon and Frank (2011) have stressed the importance of re-
searching the perceptions of environment concurrently with the objective
characteristics of the environment.

4.2.3 The possibilities for active living for children and youth should be
supported through planning and policies

Youth can be considered as a forgotten group in urban planning. There are
specific places for young children, where they can be active, but there are not
many activity promoting places for youth. Some recent examples from Helsin-
ki region are the parks with planned Parkour frames. But planning and physi-
cal activity promotion policies should not concentrate only on places specially
designed for children and youth or on some specific journeys (i.e. school jour-
neys). The variety of places to visit and things to do create a positive spiral of
activity, as was demonstrated in article I. There the greater number of located
meaningful places prefigured activity of school transport mode. Richness and
actualisation of affordances also seemed to be central for the environmental
child-friendliness (II).

Findings from article I suggest that while both urban and rural milieus can
potentially be child-friendly and support children’s independent and active
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lifestyle, the urbanizing lifestyle of families can hinder the detection of the
unique opportunities of the rural environment. For example, if organized lei-
sure activities are an essential part of a family’s lifestyle in rural settings, these
activities are more likely to be located far away and may be harder to reach
actively and independently by children. Indeed, the licences for independent
mobility were reduced between 1990s and 2010s in all the Finnish communi-
ties studied, but the drop was most significant for children living in rural vil-
lages (Kytta et al. 2015). New areas being built should be linked to the existing
urban structure and good public transportation links should be developed to
allow for IM in children and youth and to decrease the need for automotive
transport. The time spent in transportation, especially being driven or chauf-
feuring, is not available for alternative activities, and offers little possibilities
for increased well-being, if not the time spent with the family is counted as
such (see e.g. Dowling 2000).

Using active transport modes was shown to be in a significant association
with a reduced risk of being overweight (I). However, very small number of
respondents were overweight or obese, so this finding needs to be taken cau-
tiously. Furthermore, it is possible that those respondents with higher body
mass index were less likely to provide answers to these questions. Neverthe-
less, also earlier research has shown the importance of engaging in AT on
school journeys for the overall physical activity and related health outcomes
(Lubans et al. 2011, Faulkner et al. 2009). This finding emphasizes the need of
making sure the children are allowed to come to school either walking or cy-
cling. The policies in some schools to limit the use of bicycles to children of
higher grades are questionable, as the habits of transportation are learned
from early age (Telama 2009, Malina 2001). Rather than limiting the use of
bicycles due to safety concerns, effort should be put to increase the safety
around school locations — possibly by first gathering information about the
traffic dangers and fears from children as users of the environment.

As stated earlier in this section, in addition to active transport modes, inde-
pendence of mobility is important and should be nurtured. This finding chal-
lenges initiatives such as walking-school-buses. Then again, children’s mobili-
ty is predominantly social (Mikkelsen, Christensen 2009) and according to the
findings of this thesis, the independence of mobility is not necessarily about
moving alone, but moving without adults, among peers. The importance of the
social dimension should be taken seriously as a potentially highly important
motivational factor for active living. A recent study from Sydney also explored
the enjoyment and fun aspects on children’s school journey as potential moti-
vating factors for active transportation. The study concluded that social en-
counters and the possibility have independent pursuits were important
sources of enjoyment as well as interactions with nature, recreational ameni-
ties, and retail spaces that allowed for play and different sensations (Romero
2015).
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4.3 Final considerations

This thesis contributes empirically to a still understudied field of children’s
mobility behaviours in different urban built environments. The broad findings
of the articles seem to point to similar direction between the studies realised in
cities of Turku and Helsinki, even if the ways of analysing and questioning the
three separate datasets differ between the articles. This implies that to some
extent, the findings of a moderately dense urban environment as an activity
promoting environment can be generalized to Finnish urban milieus, and pos-
sibly to other Scandinavian settings. Many of the findings are in contrast to
earlier international research, and therefore further generalisations would be
inappropriate. However, the methods suggested in this thesis can be used also
in other settings.

While PPGIS methods have become more commonplace in research on chil-
dren’s mobility, the research described in this thesis has been seminal in its
methodological contribution. Focusing also on children’s IM apart from the
transport mode is innovative compared to most other studies in the field of BE
studies of PA in children and youth. Also the use of grid cells to aggregate data
on affordances is rare, as is the use of buffered routes to characterise the jour-
ney to school. Further, I have tried to advance to a direction where environ-
ment is treated as a whole rather than looking at single environmental varia-
bles and their significance on children’s mobility outcome. Use of different
composite indices, to better inform planners and policy makers, should be
studied in variable environments. Also the possibility of creating typologies of
urban environments should be studied as a way to better inform planners.
Consistency across BE studies has been called for (Ding et al. 2011, Wong,
Faulkner & Buliung 2011), but possibilities to use existing and tested variables
in research will remain problematic also in the future, because the register
based datasets differ so much in their content and their geographical level of
detail between different countries. Also the data collection method can be used
in future studies. For example, in New Zealand a similar tool has been used in
an ongoing project, where 9 year old pupils have mapped their important plac-
es and daily mobility without any real problems of finding their way on the
map.

If I was to devise my dream research project, it would include the use of GPS
tracking devises, and an automatically generated interactive mobility diary
that would recognize the trips and places visited during the day. Every subject
would receive a daily invitation to view the collected data and to tell about the
motivations behind mobility through a mobile interface. The wish to use ac-
tivity destination questionnaires and GPS receivers as providers of comple-
mentary information, and enablers of more accurate estimates of daily mobili-
ty and environmental exposure is shared by other scholars (Stewart et al.
2015).
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Interest towards children’s mobility
patterns has increased due to the

health risks related to sedentary
lifestyles and increasing obesity levels.
The decreasing activity levels of children
and youth require better understanding
of the possibilities of different environ-
ments to promote physical activity. This
thesis examines the mobility behaviours
of children and youth in two urban areas
of Finland with a specific place-based
methodology.

Distance and consequently the density

of the built environment are the most
crucial elements of environment for
children’s mobility outcome. Urban
planning and the promotion of physical
activity should not concentrate exclusively
on some specific journeys or on places
specially designed for children and youth.
Instead, the whole environment should be
considered as a potentially meaningful
setting for activities.
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