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Independent mobility in a local environment is crucial for a child’s development 
and physical activity, contributing to overall health and well-being. This meth-
odological article describes a study capturing children’s daily mobility in two 
residential areas in Turku, southwestern Finland, by combining the methods of 
GPS tracking, mobility diaries, interviews and questionnaires. Geographical po-
sitioning data enables analysis of spatial characteristics of children’s mobility, 
e.g. the comparison to land use structure and analysis of the travel speed, while 
the qualitative data sets reveal how, why and with whom the travel was realised 
and the level of children’s independence in mobility.

The results show that children’s mobility is clustered around homes and 
schools and evident gender differences exist; boys travel longer distances and at 
higher speeds than girls. The children in Turku are relatively independent and 
have extensive mobility licenses. However, the travel undertaken to practise 
hobbies or participate in organised leisure activities is realised in adult company 
and significantly dominated by car transportation. The results strengthen the 
observation that Finnish children are allowed to travel rather independently and 
to explore the surrounding environment without adult company, using active 
forms of transportation. The significant level of independence is a consequence 
of the high perception of safety, both from the children and the parents in the 
residential areas. The described mixed methods approach, combining objective 
measurement of actual mobility with qualitative data sets, is applicable for fur-
ther mobility studies and the results offer implications for planning child-friend-
ly urban environments.
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Introduction

Independent mobility in a local environment is 
considered to be an essential part of a child’s de-
velopment and, hence, a crucial characteristic of a 
child-friendly environment. By moving independ-
ently, children develop an understanding of their 
environment, build up a personal relationship 
with it and learn mapping and way-finding abili-

ties (Hart 1979; Moore 1990; Holloway & Valen-
tine 2000). Moving independently, without the 
presence of an adult, is also significant for the 
physical activity of children and the development 
of motor skills (Cooper et al. 2005; Mackett et al. 
2007). Lately, concern about the decrease in chil-
dren’s independent mobility and the effect of that 
on children’s health and well-being has been 
raised by many scholars in Western societies (Hill-
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man 2006; Wooley 2006; Mikkelsen & Chris-
tensen 2009; Skår & Krogh 2010; Woolcock et al. 
2010). The problems related to overweight chil-
dren are well documented, for example in the USA 
(Boarnet et al. 2005). Also, in Finland, the propor-
tion of overweight children has been increasing 
during the last decades (Kautiainen et al. 2002). 

Factors affecting children’s mobility include 
age, gender, distance to school, parents’ use of car, 
place of residence and structure of the physical 
environment, weekday versus weekend days, sea-
son and length of day light and perceived safety, 
and child-friendliness of the environment (Hart 
1979; Hillman & Adams 1992; O’Brien et al. 
2000). As space, the daily environment is very 
much gendered (Massey 1994), mobility as well 
has a clear gender dimension (e.g. Mackett et al. 
2007). Studies on children’s mobility show that 
boys are in general more active and move around 
more than girls in urban setting (Mackett et al. 
2007; Brown et al. 2008; Mikkelsen & Christensen 
2009). Fyhri and Hjorthol (2009) conclude that 
most of the variations in children’s independent 
mobility to school are explained by their age and 
distance travelled. Furthermore, in our earlier 
studies concerning active transportation to and 
from school, we found that younger children com-
muted actively more than older children – mainly 
due to the longer trips to upper level comprehen-
sive schools (Kyttä et al. 2010).

Parents are important regulators of their chil-
dren’s mobility patterns. Perceived safety of the 
residential environment and the so called ‘stranger-
danger’ especially has an effect on the mobility li-
cences that parents give to their children (see re-
view by Carver et al. 2008). In general, boys tend 
to have more freedom in mobility than girls be-
cause of concern about vulnerability to social dan-
gers (Hart 1979). Perceptions of insecurity, wheth-
er due to criminality or heavy traffic, lead to in-
creased regulation of children’s independent mo-
bility and increase the number of journeys made 
by car. It is also worth noting that both objectively 
measured dangers, such as road accidents or crime 
figures, and subjective perceptions of dangers and 
insecurity, affect mobility licenses and physical 
activity levels of children even though the rise in 
perceived dangers is not necessarily reflected in 
the actual crime or accident rates. A study includ-
ing urban and rural areas in the UK found out that 
parents consider abduction to be the greatest dan-
ger faced by primary school aged children leading 
to spatial restrictions in their mobility (Valentine 

1997). However, in Finland the situation is not 
similar and dangers concerning traffic affect chil-
dren’s independent mobility more than the fear of 
crime (Kyttä 2003). On the other hand, in Finnish 
society, which has many characteristics that affirm 
gender equality and women’s independent mobil-
ity, power over space is gendered and fear of vio-
lence restricts women’s mobility (Koskela 1997).

Many studies have noted the characteristics of 
child-friendly urban environments that promote 
children’s mobility. These include positive rela-
tions with dense urban structure, green areas, traf-
fic lanes for cyclists and pedestrians, and good ac-
cessibility to play areas and services (de Vries et al. 
2007; Frank et al. 2007; Carver et al. 2008). Our 
study in Turku, Finland, also shows positive cor-
relations between dense urban structure and inde-
pendent mobility; in such environments children 
commute more by bicycle and by foot, and inde-
pendent mobility to places they find meaningful is 
also greater (Kyttä et al. 2010; Broberg et al. 2011). 
In addition, the amount of green structures in ur-
ban environments has a positive effect on the per-
ceived health of the children.

In order to learn about mobility patterns, vari-
ous methods have been employed. These include 
well-established methods such as interviews, 
questionnaires, diaries, observation and photo-
graphing (Cele 2006; Kesby 2007; Veitch et al. 
2007; Pluhar et al. 2010; Porter et al. 2010) and 
the more recent technology of tracking using, for 
example, satellite based or mobile network posi-
tioning systems (Kesby 2007; Fjørtoft et al. 2009; 
Fyhri & Hjorthol 2009; Millonig & Gartner 2009; 
van der Speck 2009). It has been observed by 
many scholars (Mikkelsen & Christensen 2009; 
Millonig & Gartner 2009; Wridth 2010) that a 
mixed methods approach combining qualitative 
and quantitative methods is efficient when study-
ing mobility patterns and physical activity. For in-For in-
stance, Mackett et al. (2007), Mikkelsen and Chri-
stensen (2009) and Pooley et al. (2010) studied 
children’s mobility in their local environment in 
the UK and Denmark with the use of question-
naires, diaries and new technologies such as sat-
ellite based positioning systems and mobile phone 
short message service.  These studies offer inter-
esting insights into children’s geographies when 
different types of knowledge, the subjective expe-
rience of place and objective measurement of 
time-space patterns of mobility are combined. 

The first objective of this study is to analyse and 
map mobility patterns in 10−11-year-old children 
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in two residential areas with differing levels of per-
ceived child-friendliness in the city of Turku, Fin-
land. A mixed methods approach combining the 
use of GPS (Global Positioning Systems) tracking, 
mobility diaries, interviews and questionnaires is 
applied. The study is among the first to monitor 
children’s mobility through GPS and mobility dia-
ries (see also Mackett et al. 2007). Secondly, the 
emphasis of the paper is on the methodological 
description of the research setting and methods of 
spatial analysis. The specific research questions 
can be formulated as: (1) What are the main spa-
tial characteristics of children’s daily mobility in 
the two residential areas of Pansio-Perno and Hir-
vensalo, in the city of Turku, and how do these 
reflect the residential environment; (2) How do 
children travel and with whom, and what are the 
effects of perceived safety and mobility licences 
on this, and; (3) How applicable is the applied 
methodology for understanding children’s mobili-
ty patterns in urban setting?

Description of the study sites

Two residential areas in Turku, the fifth largest city 
of Finland with around 175,000 inhabitants, were 
chosen for study sites (Fig. 1). The criteria for the 
selection of the study sites of Pansio-Perno and 
Hirvensalo were the differences in urban structure 
and socio-economic characteristics and perceived 
child-friendliness between the areas and their 
population.

Pansio-Perno is predominantly a residential 
suburb with some green areas, where the main 
traffic route runs in an east-west direction. There 
are approximately 5000 inhabitants of whom 
17.4% are children under the age of 15 (Turun 
kaupungin keskushallinto 2009). The area is one 
of the most multicultural suburbs in Turku. The 
levels of education and income are lower and un-
employment rate higher than the Turku average 
(Statistics Finland 2010). In general, the inhabit-
ants are quite satisfied with the close proximity of 

Fig. 1. Study sites Pansio-
Perno and Hirvensalo resi-
dential areas in the city of 
Turku in southwestern Fin-
land.
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public services, shop facilities and the public 
transportation services (Rasinkangas 2009). How-
ever, inhabitants are dissatisfied with the physical 
environment and green areas, and with the multi-
cultural social structure of the suburb. The major-
ity consider the area to be rather unsafe. Interest-
ingly, regardless of the perceived insecurity, which 
is among the highest in Turku, the inhabitants are 
quite satisfied with the child-friendliness of the 
area.

Hirvensalo is a green island with the majority of 
the terraced and one-family dwellings concentrat-
ed along the main road that runs in a north-south 
direction from the mainland to the neighbouring 
island. There is only one bridge connection to the 
mainland, which carries the increasing traffic of 
commuting inhabitants. There are approximately 
3400 inhabitants in Hirvensalo (Turun kaupungin 
keskushallinto 2009). One-fourth of the inhabit-. 
ants are children under the age of 15, which is 
higher than in Turku in general. Income and edu-
cation levels in Hirvensalo are higher than the 
Turku average and the unemployment rate is 
among the lowest in Turku (Statistics Finland 
2010). In general, the inhabitants are very satisfied 
with the tranquillity and perceived safety of the 
area (Rasinkangas 2009). The environment is well 
appreciated and the closeness to the sea is a posi-
tive quality factor. Negative opinions arise from 
the lack of public services and poor public trans-
portation connections. Hirvensalo is especially 
appreciated among families with children and the 
perceived child-friendliness of the area is the high-
est in Turku (Rasinkangas 2009).

Materials and methods

Research setting and data collection through 
GPS tracking, mobility diaries, interviews and 
questionnaires

To study children’s mobility in an urban context 
within the two study areas, empirical data was col-
lected through GPS tracking, mobility diaries, in-
terviews and questionnaires. GPS positioning pro-
viding objective data of the actual mobility pat-
terns in the real world together with diaries, ques-
tionnaires and interviews giving insight into the 
context and social aspects of mobility were com-
plimentary, each adding important knowledge to 
the daily mobility of the studied children. Geo-
graphical positioning data enabled, for example, 

comparison to land use structure and analysis of 
the travel speed, while the qualitative data sets re-
veal how, why and with whom the travel was real-
ised, as well as the level of children’s independ-
ence in mobility.

Data was collected from primary schools in the 
residential areas and the participants in the study 
were 10−11-year-old 5th grade pupils. In both 
schools one class of pupils took part in the study. 
Participation was on a voluntary basis and some of 
the children chose not to participate. It was con-
sidered crucial among the research team that no 
pressure of participation was put on the children. 
All interested pupils had an opportunity to partici-
pate since the number did not exceed the number 
of GPS devices. Children had a written consent 
from their parents.

The data collection was realised between Sep-
tember and early October 2009. During four one-
week data collection periods, 35 children (18 boys 
and 17 girls) collected GPS data and completed a 
mobility diary. The parents of the children were 
asked to fill in a questionnaire. Questionnaires 
were also completed by some parents whose chil-
dren did not participate in the study; thus, 38 
questionnaires were returned. Data collection was 
done in groups of a maximum of 10 children, who 
were carrying a GPS device over a one week pe-
riod. Both school days and weekend days were 
included in the study period to cover the weekly 
variation in mobility patterns (see also Trost et al. 
2000; Mackett et al. 2007; Mikkelsen & Chris-
tensen 2009). Each of the schools had two data 
collection weeks. One of the girls in Pansio-Perno 
was ill on the GPS return day and was allowed to 
carry the device for two weeks. Therefore, the 
amount of tracking data sets was 36. The research-
er gave instructions for the participating children 
in the school, issued them with GPS devices and 
mobility diaries, and briefed them on their use.

The GPS device used in the study is technologi-
cally a professional device used for positioning 
services by a commercial enterprise. Positioning 
on the ground is based on satellite signals, which 
the GPS receives from 24 satellites orbiting the 
earth at high altitude. The location is given with 
some metres accuracy. The GPS used in the study 
is the Enfora Mini MT GSM2228, a small and light-
weight device considered easy to carry by the chil-
dren in a mobile bag around their neck. The chil-
dren were instructed to carry the GPS with them 
all the time during the seven days except when 
they went to bed in the evenings or when the de-
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vice might get wet. During the night, children 
were instructed to connect the device to a battery 
charger.

The GPS registered the position as point data 
every five seconds. A suitable registering interval 
was tested beforehand and the highest resolution 
of the device was selected for the study. Similar 
resolution has also been used in other mobility 
tracking studies (Fjørtoft et al. 2009). The data set 
from each device was recorded chronologically 
and sent to a server through GPRS (General Packet 
Radio Service) network and saved in a MySQL da-
tabase. For spatial analysis, data was retrieved in 
shapefile format using GDAL (Geospatial Data Ab-
straction Library) tools. The company providing 
the devices also made available a web map serv-
ice where the researcher could follow the location 
of each device in real time. The map service is not 
for public use, thus securing the privacy of the 
tracked persons.

One challenge related to satellite positioning 
systems is the strength of the signal which is weak-
ened by cloudiness, tree cover etc., and in an ur-
ban setting the signal can bounce off buildings. 
The signal is also weakened or cut off when enter-
ing a building. This created random points and 
false locations in the data collected. Within this 
study, these errors were removed when creating 
the shapefiles from the database itself, using a filter 
of less than five for HDOP (Horizontal Dilution of 
Precision) value. This removed 11.1% of the point 
observations. In addition to this filtering, correc-
tions were also done manually where abnormal 
locations were observed and an additional 0.2% 
of points were removed. This type of pre-process-
ing of the GPS tracking data is essential to reach 
reliable results (Fjørtoft et al. 2009; van der Speck 
2009).

Every child carrying the GPS device was in-
structed to fill in a mobility diary for each of the 
seven study days. The children noted where they 
were going, at what time, by which mode of trans-
portation, with whom and what they were doing 
there. The diary was intended to capture details of 
the mobility patterns and assist in the interpreta-
tion of the GPS data. One page in the diary also 
included some background questions such as 
name, age, address, type of dwelling, height, 
weight and hobbies of the child. The children 
were also asked if anything in the surrounding en-
vironment made them feel unsafe and, in order to 
understand the degree of mobility licences, wheth-
er they were allowed to go independently to differ-

ent places. Nearly all the children, 31 out of 35, 
returned the mobility diary after the week’s track-
ing period was over.

After each GPS-tracking period, children were 
interviewed individually. The participants were 
asked if they had been carrying the device with 
them, charging it and filling in the diary every day. 
They were also asked if the week had been a nor-
mal one or special for some reason and if they had 
encountered any problems with the GPS device. 
In addition, children were asked whether they 
liked the study and what part especially. During 
the interview the children were also given the op-
portunity to add complementary information to 
the diary if needed. Interviews lasted 10–15 min-
utes. The interviews and diaries revealed that four 
of the children had been ill for 1–2 days during the 
tracking period and 48.6% of the children had 
sometimes forgotten the GPS device at home for 
some part of the day, for example when going to 
school in the morning or when going outside after 
school. In addition, one device in Hirvensalo was 
accidentally lost and the tracking period of one of 
the boys stopped after two days. For motivation, 
children were told in the beginning of the study 
that they would receive a small compensation af-
ter completing the tracking period properly and 
were given two movie tickets at the end of the in-
terview.

An overall understanding of the children’s and 
their families’ daily mobility patterns was achieved 
through the questionnaire given to the parents. It 
was sent to them by the schools with an attached 
letter informing about the study. The questionnaire 
contained questions about parents’ mobility pat-
terns. Questions also addressed the issues of per-
ceived safety in the residential area and how much 
the children are allowed to move independently, 
and how many mobility licences are given to 
them. For background information, the respond-
ents were asked their age and gender, household 
details, income and education level.

Methods of data analysis

The systematic analysis of the empirical data in-
cluded diverse methods. The background data and 
the journeys recorded in the diaries and the ques-
tionnaires for the parents were manually coded 
into digital databases and analysed in qualitative 
and quantitative way. Our interest in analysis laid 
in differences between the two differently profiled 
residential areas and between genders. Focus was 
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not placed on the diverse cultural backgrounds of 
the children as this could not be unambiguously 
derived or generalised from the data.

The positioning data sets collected with the GPS 
devices during the four weeks were analysed spa-
tially in GIS (geographical information system) us-
ing ArcGIS 9.3 software. A GIS database containing 
the point data set for each child was created and 
these data sets were grouped according to the resi-
dential areas and gender. Location of the children’s 
homes and schools were also digitised into the da-
tabase. In order to calculate the length of the trav-
elled routes, polyline data sets were created from 
the point data sets and added to the database. The 
length of the routes children travelled are, howev-
er, longer than the distance actually travelled due 
to the fact that when staying in one place or near a 
building, for example, the GPS records points at 
slightly differing places producing a star-like line 
pattern. Travelling speed was calculated using the 
length information between recorded GPS points 
and the registering interval of five seconds. Speed 
analysis was used to determine travelling speed 
and physical activity of the children within their 
residential area and near their homes i.e. inside 
500 metres buffer from home. Features with speed 
higher than 125 km/h between two recorded GPS 
points were removed from the analysis.

To understand mobility patterns and the size of 
the territorial range that children’s daily mobility 
occupies, the location of the GPS points was ana-
lysed in relation to their homes. A multiple ring 
buffer with a 500-metre distance between each 
ring was created around every child’s home and 
the GPS points were spatially overlaid with the 
buffer zones to calculate the amount of points in 
each zone. To examine visually the GPS point pat-
tern and to analyse the clustering of the points, 
point density was calculated in a raster surface us-
ing 50-metre (0.25 ha) cell size. In order not to 
generalise the data too much, the analysis was 
based on a 50-metre area of a neighbourhood. 
Point density analysis enhanced the interpretation 
of the data and helped to identify point clusters, 
which identify the areas where children travelled 
often or had been spending longer times.

Land use characterising the routes children trav-
elled was analysed with SLICES land use classifi-
cation information. SLICES data set (2006) is pro-
duced by National Land Survey in Finland by 
combining spatial data sets of the physical envi-
ronment into one raster layer with a 10-metre cell 
size. For the purpose of this study, SLICES data was 

reclassified into four classes (green areas, agricul-
tural areas, water and other land use, Fig. 1) to 
describe land use underlying the GPS tracking 
points. The green areas class consists of sporting 
and recreational areas, parks and woodlands. The 
agricultural areas class includes fields, meadows, 
plantations, fallow land and other agricultural 
land, while the other land use class consists main-
ly of residential, commercial and traffic areas in 
addition to all other land use classes. Due to the 
limited accuracy of the GPS, comparison to the 
features of the physical environment could not in-
clude small areas or points of interest, but the 
analysis was based on the categorisation between 
the above mentioned four classes. Also, roads 
were excluded from the classification because the 
GPS points sometimes followed the travelled road 
some metres alongside it.

Results

Characteristics of the informants and data

In Pansio-Perno, 17 children participated in the 
study (8 boys and 9 girls of whom one carried the 
GPS for two weeks and created two tracking data 
sets) and in Hirvensalo, 18 children (10 boys and 
8 girls) participated. Of the children’s parents that 
responded to the questionnaire, 31 were mothers, 
six were fathers and one was a grandmother. All 
the children in the Hirvensalo area live in terraced 
or one-family houses, while in Pansio-Perno only 
half live in terraced or one-family houses – the 
other half live in block houses. This reflects the 
housing structure of the residential areas. The ma-
jority of the children live within a 1 km radius of 
the school. However, the spatial distribution of the 
children’s homes is more clustered in Pansio-Per-
no than in Hirvensalo where some children live on 
the other side of the island. The mean number of 
persons living in each household is a little over 
four and the most typical size per household is five 
persons. Owning a car is relatively common – 
only 16 % of the families do not own one, 47% 
own one car and 34% own two. The children have 
good access to bicycles; the average number of 
bicycles per person in each household is a little 
more than one. 

The GPS tracking data set contained a total of 
404,642 points recorded in both study areas (Table 
1). The data set of each child consisted of 11,240 
points on average, which means that each GPS 
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had been receiving data approximately 15.6 hours 
during the seven day tracking period. Per day, 
each device was receiving data for approximately 
2.5 hours when the child was moving outside. The 
average amount of days during which the device 
received data was 6.3 instead of seven, because 
some children were ill or forgot to carry the de-
vice. The children in Hirvensalo were recording 

0.5 hours more data per day than the children in 
Pansio-Perno and boys 0.4 hours more than girls. 
The typical mobility patterns of a boy in Pansio-
Perno and of a girl in Hirvensalo are represented 
in figures 2 and 3. In the mobility diaries, the chil-
dren marked on average four trips per day. A total 
of 769 trips were filled in the diaries during the 
four week tracking period.

Table 1. Description of the GPS point data (total amount of GPS points, average amount of tracking hours per child and per 
day per child, average length (km) of the daily route for children during weekdays and weekend).

n Count Ave hrs/child Ave hrs/day
Route (km) 
weekday

Route (km) 
weekend

All 36 404644 15.6 2.5 11.2 20.2
Pansio-Perno 18 177375 13.7 2.2 10.2 21.7
Hirvensalo 18 227269 17.5 2.7 12.3 18.9
Boys 18 216966 16.7 2.6 12.4 25.1
Girls 18 187678 14.5 2.2 10.2 15.4

Fig. 2. Typical mobility pat-
tern of a boy in Pansio-Per-
no. Figure indicates also 500 
and 1000 meters buffer 
zones calculated from child’s 
home.
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Nearby...

Children’s mobility is characterised by proximity 
to home. The majority (59.4%) of the positioning 
data is received within a 0.5 km radius from the 
children’s homes, which follows the result of our 
previous study in Turku, where children located 
over 50% of experientially meaningful environ-
mental affordances within 0.5 km from home (Kyt-
tä et al. 2010). Also, according to the mobility dia-
ries, the nicest place in the surrounding environ-
ment is considered to be at home or in the home 
yard (22.9%). Weekdays and weekend days have 
a different type of mobility pattern, though. During 
weekdays, mobility is concentrated nearer the 
home and children travel shorter distances than 
during the weekend when they go, for example, to 
a football tournament or summer cottages (Table 
1). 

Visual examination of the point pattern density 
shows intense clustering of the points around 
schools and at children’s homes (Fig. 4). The high-
est clusters are found at the two schools, where 

children normally travel every weekday and spend 
time in the school yard, and at places where they 
live close to each other and have overlapping dai-
ly routes. Children’s mobility outside the residen-
tial areas mainly follows the road network. In the 
centre of Turku, there are some minor clusters at 
the marketplace and along the main traffic routes 
through the centre. Minor clusters are also found 
at the sports centre in the northern part of Turku, 
which is a popular training site for children’s foot-
ball teams.

The length of the daily route girls travel is short-
er than the route taken by the boys (Table 1). 
However, our previous study about important en-
vironmental affordances that children marked on 
maps did not reveal any significant gender differ-
ences in the distances of the places from home 
(Kyttä et al. 2010). Interestingly, boys also move 
faster than girls near home and inside the residen-
tial area (Table 2). As in the case of the longer 
length routes, this indicates the activity level of 
boys. Boys tend to move around more than girls 
leading to a higher travelling speed. When asked 

Fig. 3. Typical mobility pat-
tern of a girl in Hirvensalo. 
Figure indicates also 500 and 
1000 meters buffer zones 
calculated from child’s 
home. 
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about the nicest place in the surrounding environ-
ment, the girls prefer places near home more than 
boys do. 

When looking at the land use underlying the 
routes, it is evident that much of the children’s mo-
bility happens in urban environments. The major-
ity of GPS points fall into the other land use class, 
which is mainly characterised by residential, com-
mercial and traffic areas. Approximately one-fifth 
(19%) of all the GPS points are found in green ar-
eas or agricultural areas (Fig. 5). As a result of 
crossing bridges, travelling by the river, living by 
the sea and boating trips, some 0.9% of the points 
lie on water areas. Almost all of the points in water 
areas (98.8%) and over 70% of the points in agri-
cultural areas come from participants in Hirven-
salo, reflecting the location and land use structure 
of the area.

Fig. 4. Clustering of positioning data 
calculated as density of all GPS 
tracking points (n=404,644) per hec-
tare in 50 m (0.25 ha) cell area.

Fig. 5. Land use underlying each recorded GPS point. Land 
use data is retrieved from SLICES land use classification by 
National Land Survey in Finland.
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...alone or with friends...

The type of travel is very much related to the travel 
mode and the level of independence in children’s 
daily mobility as has also been observed in other 
studies (Kyttä 2004; Mackett et al. 2007; Mikkelsen 
& Christensen 2009). The majority (32.8%) of the 
children’s daily mobility in the studied areas hap-
pens between home and school. School trips are 
mainly taken independently and children tend to 
walk or cycle to school alone or accompanied by 
friend(s) (Fig. 6, 7). Of all the trips, nearly 80% are 
by foot or bicycle and only 22% in adult company 
(Fig. 6, 7). In line with previous research (Mikkelsen 
& Christensen 2009), children’s mobility is very 
much social and independent travel is often in the 
company of one or more friends. Mikkelsen and 
Christensen also found that the children’s first pri-
ority is not to move around on their own, but they 
appreciate more the company of friends or pets, 
even family members, to share experiences. More-
over, visiting friends or playing outside in the 
home yard or nearby also accounts for a signifi-
cant part of the mobility. Independence of mobili-

Fig. 7. With whom children travel. Actualised travels 
(n=765) and company by travel type (travel type: Sch. = 
school trip, Friend = visiting friend or playing at home yard 
or nearby, Leis. = hobby or other organised leisure activity, 
Shop. = shopping, Oth. = other trip, Total = total amount of 
trips).

Fig. 6. How children travel. Actualised travels (n=766) and 
travel mode by travel type (travel type: Sch. = school trip, 
Friend = visiting friend or playing at home yard or nearby, 
Leis. = hobby or other organised leisure activity, Shop. = 
shopping, Oth. = other trip, Total = total amount of trips).

ty on these journeys is very similar to school trips; 
walking and bicycling are the dominant modes of 
travel and trips are rarely made in adult company. 
Children also travel quite independently to go 
shopping, especially within the residential area 
where they walk or bicycle to the supermarkets or 
kiosks. Turku city centre shopping facilities and 
other shopping malls are visited by car or bus nor-
mally in the company of an adult.

The different modes of travel on trips near home 
and outside the residential area can also be seen in 
the travelling speeds. The average travelling speed 
is 4.3 km/h within 500 metres of the children’s 
homes and increases with the distance to home 
(Table 2). Outside the residential area, speed is 18 
km/h on average. Travelling by foot and bicycle is 
more common near to home, while car or public 
transportation is used for longer distances. Chil-
dren in Hirvensalo tend to travel outside their resi-
dential area more often and have longer routes 
during weekdays than the children in Pansio-Per-
no (Table 1). They also travel faster outside their 
residential area and outside the 500-metre home 
buffer compared to the children in Pansio-Perno. 
This higher speed is probably due to travelling by 
car. On the other hand, Hirvensalo children have 
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a more concentrated mobility pattern according to 
the visual representation of the routes.

... though not to hobbies...

Over half of the children in both schools have one 
or more hobbies of regular physical activity such 
as football, floorball or dancing. Approximately 
one out of three children also has other hobbies 
such as scouting or cooking club. Of the recorded 
trips in the mobility diaries, 12.7% are to or from a 
hobby or other organised leisure activity. When 
looking at mobility to leisure activities, figures 6 
and 7 express completely different results from the 
other types of travel: travelling to and from leisure 
activities is mainly done by car (74.2%) and in 
adult company (75.3%). One reason for this is that 
quite often hobbies are not practised in the vicinity 
of children’s homes. The same predominance of 
car transportation to leisure activities has also 
been observed by Fyhri and Hjorthol (2009) when 
studying Norwegian children. 

The parents were asked about their use of active 
transport in general: whether they walked or cy-
cled to work or the grocery store, to take children 
to school/daycare and hobbies. A total of 37% said 
they never use a bicycle or walk to their everyday 
places, while the place most actively travelled to 
was the grocery store (42% using active transport 
to get there). No one used active transport to get to 
all of the places, and only two parents went to 
three of the four places actively. It can be conclud-
ed that both the study areas depend on private car 
transportation and this is in connection with the 
lack of children’s independent mobility to leisure 
activities and shopping outside of residential are-
as.

… or when it’s dark.

Children in both residential areas consider their 
immediate surroundings to be quite safe. Between 
50 and 60% of children are not afraid of cars, cy-
clists, other people or adults, dogs and other ani-
mals. Every third child though is sometimes afraid 
of darkness or being alone outside, and every fifth 
child is scared of mopeds and scooters. Girls feel 
more unsafe than boys, which reflects the much 
researched gender difference of perceived fears 
and vulnerability (e.g. Hale 1996; Roh & Oliver 
2005).

The daily mobility of the participating children 
is characterised by extensive mobility licences, 
which can be said to reflect the perceived child-
friendliness of the residential areas. According to 
the mobility diaries, all the children are allowed to 
go to school and visit their friends without adult 
company. The majority (77.1%) are also allowed 
to go alone to practise their hobbies and to do 
shopping. However, half of the children are not 
allowed to go alone after dark. This restriction ap-
plies especially for girls. There are no significant 
differences in mobility licences between the resi-
dential areas except that children in Hirvensalo 
are more restricted from going shopping alone 
than participants in Pansio-Perno. The adults were 
also asked about the mobility licences they offer to 
their children using the same five items as in the 
children’s questionnaire. The average number of 
licenses the parents gave to their children was 3.8. 
In total, 29% of children were free to do all of the 
things listed according to their parents.

As was expected, the parents had relatively pos-
itive perceptions of the safety of their home’s im-
mediate surroundings for children to move around 

Table 2. Average travelling speed (km/h) for children within and outside the residential area and within and outside 500 
meters distance from home.

Total Res. area Out res. area Buff. 500 m Out buff. 500 m

Ave SD Ave SD Ave SD Ave SD Ave SD

All 5.7 11.6 4.6 8.8 18.0 22.1 4.3 8.1 9.1 15.4
Pansio-Perno 5.7 11.1 4.5 8.0 15.9 22.6 4.9 8.4 8.7 14.3
Hirvensalo 5.8 12.0 4.6 9.6 19.5 21.7 3.8 7.8 9.4 16.4
Boys 6.1 12.5 5.0 9.6 16.8 21.9 4.6 8.6 8.5 15.6
Girls 5.5 10.8 4.2 8.2 18.7 21.9 4.2 7.7 9.5 14.9
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during daytime (Rasinkangas 2009); 21% thought 
that the surroundings were very safe and 79% 
thought they were rather safe. This perception of 
high safety is also identified in earlier studies in a 
Finnish context (Kyttä 2003; Kyttä et al. 2010) and 
strengthens the view that Turku is a city with no 
significantly perceived fears.

Conclusions

Children’s mobility in the two residential areas in 
this case study is characterised by proximity to 
home. Indeed, over 80% of the tracking data of 
travelled routes were found within one kilometre 
distance from children’s homes. Children mainly 
travel to school, play outside in the home yard or 
near home, visit friends and travel to leisure ac-
tivities. As a result of the small territorial range, 
children’s daily mobility is very much clustered in 
the vicinity of schools and homes. Especially dur-
ing the weekdays, mobility is concentrated near 
home and children travel shorter distances than 
during the weekend. Boys who participated in the 
GPS tracking move outside more than girls and 
also travel longer distances. Boys also travel at a 
higher speed than girls. These results show con-
ventional gender differences and are in accord-
ance with the earlier understanding of boys being 
more active than girls in urban environments 
(Mackett et al. 2007; Brown et al. 2008; Mikkelsen 
& Christensen 2009). Children in Hirvensalo have 
a more concentrated mobility pattern, but they 
tend to travel longer distances than the children in 
Pansio-Perno. Within this study, the result reflects 
the extensive structure of Hirvensalo island, the 
longer distance to school the children have to trav-
el compared to Pansio-Perno and travelling out-
side Hirvensalo for shopping and leisure activities. 
Also, the land use structure of the residential area 
reflects children’s daily mobility. Overall, 80% of 
children’s mobility is, however, characterised by 
residential, commercial and traffic areas.

The type of travel is very much related to the 
level of the child’s independent mobility. Within 
the residential area near home and when travel-
ling daily routes, children are allowed to walk or 
bicycle alone or in the company of a friend or 
friends. It is especially worth noting that school 
trips are taken independently by foot or bicycle. 
By contrast, in the USA, for example, bus travel is 
today the dominant mode of transportation to 
school as a consequence of the fact that children 

and parents tend to choose a school located too 
far from their home (Wilson et al. 2010). To avoid 
this development in a Finnish context, the school 
choice policy and urban planning should continue 
to support the near-home location of primary 
schools.

In adult company children travel mainly to 
practise hobbies and to participate in organised 
leisure activities, which are not located near 
home, or outside the residential area to shopping 
malls or to the city centre. The majority of these 
trips are taken by car and it is interesting to ob-
serve how the children are so dependent on 
adults when travelling to leisure activities. Our 
results from this case study are similar to those of 
Kyttä (1997), who found that the licences of chil-
dren to move around independently are exten-
sive and higher in Finland compared to many 
other countries. In addition, our previous study in 
Turku revealed that the majority of meaningful 
environmental affordances for children are 
reached without adult company (Broberg et al. 
2011). Finnish children are, at least for the time 
being, in the fortunate situation of being able to 
travel rather independently and to explore the 
surrounding environment without adult compa-
ny, using active forms of transportation. Mobility 
restrictions are experienced mainly after dark and 
especially among girls, which is an indication of 
the geographies of fear and danger (Koskela 
1997; Valentine 1997). The generally high level 
of independence is related to the high perception 
of safety, both from the children’s and the par-
ent’s perspective, in the residential areas. Differ-
ences can be seen especially in comparison to 
Australia where the child-friendliness of the ur-
ban environment and decreased independent 
mobility have been stimulating debate lately and 
safety is much related to social fears, the ‘stranger 
danger’ phenomenon (Veitch et al. 2007; Wool-
cock et al. 2010).

The observed high level of independent mobil-
ity also suggests positive developments in chil-
dren’s well-being and tackling the increasing 
problem of children being overweight. The results 
of the CAPABLE-project in the UK (Mackett et al. 
2007) show that, when not in adult company, chil-
dren tend to be physically more active and to walk 
more complicated routes. It is further significant 
for children’s daily activity that those who travel 
less by car are also more physically active in any 
other type of activity (Cooper et al. 2005; Mackett 
et al. 2007).
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The fact that children’s daily mobility happens 
mainly nearby the home draws attention to the 
good and child-friendly planning of these environ-
ments. The importance of this is strengthened now 
when we clearly see how dependent children are 
on adults to take them to hobbies and organised 
activities. The planning and development of the 
immediate surroundings of residential areas must 
be taken as a priority in urban planning. On policy 
level, the importance of child and youth work as 
well as proper infrastructure and facilities for these 
in sub-urban areas should be promoted. Skår and 
Krogh (2009) have also pointed out that green nat-
ural meeting and play places are needed in urban 
neighbourhoods to create spontaneous play op-
portunities within a safe framework i.e. near home. 
Following the findings of this study, we agree with 
this argument.

The mixed methods study, combining objective 
GPS tracking with mobility diaries, interviews and 
questionnaires, has contributed to the understand-
ing of children’s daily mobility in urban environ-
ments and the methodology is applicable to further 
studies. However, our aim is also to share some 
methodological considerations and challenges, in 
order to give particular value for researchers study-
ing children’s mobility. Firstly, we observed chal-
lenges in data collection. Some of the children 
were very active and thorough in recording the 
trips travelled in the diary. However, many of the 
children did not put much effort into it or complet-
ed the diary at home in the evenings, which re-
sulted in inconsistencies with the GPS data. The 
size of the diary (A5) might have been problematic 
because it could not fit in a pocket, making it diffi-
cult for the children to carry it with them all the 
time. Nevertheless, the size was as small as possi-
ble to have enough space for handwriting. Individ-
ual interviews after the one week tracking period 
provided useful information on the tracking data 
sets. Sometimes it was challenging to reconcile the 
GPS data with the mobility diaries because some of 
the trips were missing from the diaries, which was 
also observed by Mackett et al. (2007). Interviews 
revealed detailed information on how the children 
had been carrying the device during the week and 
could not have been captured otherwise. The real 
time web map service proved to be valuable as the 
school could be contacted if the signal from a de-
vice was lost. This was observed a couple of times 
and was mainly related to an empty battery. The 
school was then contacted and the teacher in-
formed the child with the lost connection.

Secondly, the methods of GIS analysis were ad-
justed to the data. The accuracy of the GPS device 
used is restricted to some metres and, as a result of 
this, comparison of routes to detailed features of 
physical environments was challenging and left 
out from the analysis. Our activity analysis using 
children’s travel speed is not very sophisticated 
but reveals some characteristics of physical activ-
ity. Combining the physical activity monitor with 
mobility tracking could provide even more knowl-
edge on children’s mobility in the Finnish urban 
context as experiences from the UK, New Zealand 
and Norway exemplify (Mackett et al. 2007; Dun-
can et al. 2009; Fjørtoft et al. 2009; Pooley et al. 
2010). Thirdly, there is no seasonal variation in 
collected data. Therefore, no seasonal variation in 
children’s mobility patterns is included. However, 
interesting results in seasonal variation have been 
proved to exist (Mikkelsen & Christensen 2009) 
and further research could increase knowledge of 
these patterns. In the Finnish climate, winter time 
mobility supposedly reveals different patterns 
compared to those observed in this study.

Conducting participatory research with children 
requires many ethical considerations, and espe-
cially in our research setting, when applying track-
ing of mobility patterns, these require special at-
tention.1 As we have already discussed, children 
were not pressurised to participate. Participation 
was on voluntary basis and children’s decisions 
were respected. However, as parents take respon-
sibility for children, participation is ultimately 
conditioned by them. We cannot be sure if it hap-
pened that a child was willing to participate but 
his or her parents refused, nor can we know 
whether not participating would have an effect on 
the child’s position in the class. However, negative 
behaviour was not observed and not reported by 
the teachers. It was observed that many children 
were enthusiastic and motivated by the technolo-
gy and the GPS device.

Both the children and the parents were informed 
that the collected data was used only for research 
purpose and not given to schools, parents or any 
other parties. They were also informed that ano-
nymity is preserved and name data used only to 
link children to their parents. We decided also not 
to give any cartographical representations of the 
data, which would show the exact routes children 
had travelled to the children themselves nor to 
schools or parents. The web map service where 
children could be tracked was accessible through 
a password and open only to one of the research-
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ers in the group. These measures were taken to 
ensure the confidentiality in the research setting as 
there exists the possibility that this kind of data on 
children’s routes could also be used to harm them. 
Tracking mobility patterns creates objective data 
of the actual routes travelled in daily life. Howev-
er, we are aware that tracking itself is not an un-
problematic source of information in mobility 
studies, but embedded with ethical dilemmas. We 
are of the opinion that in each unique research 
setting researchers must subjectively make the 
best judgements and the proper ethical choices to 
ensure good practice.

Finally, to develop the mixed methods approach 
further, the results could be reflected with the chil-
dren themselves, for example in a group discus-
sion or workshop setting. Their local knowledge 
and perceptions are valuable in the planning and 
management of child-friendly environments (Plu-
har et al. 2010; Wridth 2010) and future research 
on children’s independent mobility could utilise a 
combination of tracking and participatory meth-
ods. This would make their voice stronger when it 
comes to the actual planning processes. However, 
different stakeholder groups such as children, 
young people, adults, elderly, disabled, immi-
grants, etc. should be equally heard to create not 
only child-friendly environments, but also to en-
courage living environments that fulfil the needs of 
a heterogeneous group of stakeholders in urban 
setting.

NOTES

1 Existing ethical guidelines to follow are given for 
example in a Finnish context for research on children 
(Lagström et al. 2010) and in the fields of anthropol-
ogy and GIS (American Anthropological Association 
1998; URISA Board of Directors 2003).
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