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ABSTRACT
The aim of this study was to identify the characteristics of the routes used for cycling according to 
gender on a sample of adolescents from the city of Curitiba, Brazil. The study was conducted in 2013 
with 147  adolescents aged 12 to 17 years, who wore accelerometer and Global Positioning System 
receivers to assess physical activity and geographic locations. A total of 38 participants (50.0% girls) 
presented at least one bicycle route and were included in the analytic sample. A total of 386 routes 
were identified. Nearly all routes included public transportation facilities, plazas, and parcels with 
residential, retail, food or recreational land use (> 97.0%) while bike lanes/paths (62.7%) and Fitness 
Zones were less frequent (71.8%). Bus rapid transit (BRT) stations, parks and vacant lots were the 
least frequent feature in the routes (37.3%; 17.1%; and 7.5%, respectively). Routes used by girls had 
fewer vacant lots (3.9%; p = 0.001) and more residential, retail, food services, and recreational uses 
(99.6%; p = 0.003; 99.1%; p = 0.011; 98.7%; p = 0.030, respectively) than those used by boys. The 
findings suggest that the routes used by adolescents have mixed and diverse land use and girls ride 
along routes with greater bicycling and service infrastructure and less physical disorder than boys.

Keywords: Physical activity; Adolescent; Bicycling; Geographic Information System; Global Posi-
tioning System.

RESUMO
O objetivo deste estudo foi identificar as características das rotas utilizadas para o uso de bicicleta de acordo 
com o sexo em uma amostra de adolescentes da cidade de Curitiba, Brasil. O estudo foi realizado em 2013 
com 147 adolescentes de 12 a 17 anos, que usaram acelerômetro e receptores de Sistema de Posicionamento 
Global para avaliar a atividade física e a localização geográfica. Um total de 38 participantes (50,0% 
meninas) apresentaram pelo menos uma rota em bicicleta e, por isso, foram incluídos na amostra analítica. 
Foram identificadas 386 rotas. Quase todas as rotas incluíam meios de transporte público, praças e áreas re-
sidencial, comercial, de alimentos ou de lazer (> 97,0%), enquanto ciclovias (62,7%) e academias ao ar livre 
eram menos frequentes (71,8%). As estações de ônibus de transporte rápido (BRT), parques e terrenos vazios 
foram as menos frequentes nas rotas (37,3%; 17,1%; e 7,5%, respectivamente). As rotas utilizadas pelas me-
ninas tiveram menos terrenos vazios (3,9%; p = 0,001) e mais residenciais, varejo, serviços de alimentação 
e recreação (99,6% ; p = 0,003; 99,1%; p = 0,011; 98,7%; p = 0,030, respectivamente) quando comparado 
com meninos. Os resultados sugerem que as rotas utilizadas pelos adolescentes têm uso misto e diversificado 
do solo e que meninas trafegam por rotas com maior infraestrutura de bicicleta e serviços e menos terrenos 
vazios quando comparado com meninos.

Palavras-chave: Atividade física; Adolescente; Bicicleta; Sistema de Informações Geográficas; Sistema de 
Posicionamento Global.

Introduction
There is a growing body of evidence showing promi-
sing and effective interventions to promote physical 
activity in adolescents1-4. Nonetheless, most studies are 
from high-income countries2-4. Research shows that 
children and adolescents involved in active transporta-
tion, for example walking or biking to school, are more 
likely to reach daily physical activity recommendations 

but  findings on built environment and policy changes 
that influence adolescents from low- and middle-inco-
me countries are nearly inexistent2-5. 

Moreover, low - and middle-income countries 
adolescents are exposed to more traffic accidents and 
higher crime rates4, poor access to school facilities5 
and also experience higher levels of physical inactivity6 
than those living in high-income countries. Hence, un-
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derstanding where and when adolescents in low- and 
middle-income countries are more active is a crucial 
component to improve efforts to reverse the global 
physical inactivity pandemic7. 

In Brazil, Alberico et al8 examined four domains 
(home, school, transport and leisure) in a sample of ad-
olescents and identified locations where physical activ-
ity occurred. Although transportation only accounted 
for few minutes per day, it had the highest proportion 
of time spent in moderate to vigorous physical activity8. 

In high-income countries, when investigating the 
routes for children and adolescents‘ active transport, 
results indicate that aesthetics, paths with trees and 
specific paths for cycling (bike lanes/paths) seem to 
stimulate cycling7,9. On the other hand, perception of 
intense traffic and negative safety seem to reduce this 
behavior7,9. The influence of unsafety (both for traffic 
and for crime) as a predictor of reduced time spent in 
active transport points to the importance of assessing 
the places where bicycle paths are located7,9. These re-
sults provide a basis for policy makers, planners and 
advocacy groups to consider facilitating routes for bi-
cycle use, paying particular attention to constraints7,9.

The use of a combination of methods such as GIS 
(Geographic Information System), accelerometry, and 
GPS (Global Positioning System)10 is particularly rel-
evant for understanding routes used for active commut-
ing among adolescents11-13. This understanding allows 
the planning of more coherent urban environments ena-
bling adolescents’ participation and interaction with the 
community, and improving health in cities12,14,15. Thus, 
the aim of this study was to identify the characteristics 
of the routes used for cycling according to gender on a 
sample of adolescents from the city of Curitiba, Brazil.

Methods
The data used in this study are part of an international 
multicenter project conducted in 19 countries, known 
as IPEN (International Physical Activity and Envi-
ronment Network)16,17. With a cross-sectional design, 
it included household surveys with adolescents aged 
12-17 years old, as well as their parents. 

All 2395  census tracts (CT) of the city of Curitiba, 
Brazil were considered as the primary sampling units 
and screened to determine walkability and income. The 
operational definition of walkability was the combina-
tion of mixed land use, residential density, and street 
connectivity15. In order to maximize variability for 
environmental and social characteristics, all CT were 

ranked according to deciles of walkability and income 
and the two highest and lowest deciles were selected 
to identify four quadrants (high walkability and high 
income, high walkability and low income, low walk-
ability and high income, and low walkability and low 
income). Within each quadrant, eight CT were ran-
domly selected (a total of 32) so the four quadrants 
were adequately represented16. 

Twenty-three interviewers (undergraduate and 
graduate students) conducted the household surveys 
after receiving 12 hours of training on how to: ap-
proach the participants; screen for inclusion criteria; 
conduct the surveys; complete forms; and identify re-
sponse rate. Data were collected in the city of Curitiba, 
Brazil, during the months of August-December 2013 
and March-June 2014. However, devices were unavail-
able during the 2014 period, therefore, this study only 
presents results from data collected in 2013.

Adolescents aged 12-17 years old, residing in the 
CT for at least three months prior to data collection 
and currently enrolled in school were invited to par-
ticipate. Those with any physical and/or cognitive lim-
itations were not included. Both adolescent and parent 
or guardian were asked to complete a survey, and the 
adolescent was asked to wear a set of devices (Acti-
graph GT3X or GT3X + accelerometer and QStarz 
BT - 1000 or BT - 1000X GPS receiver)18,19 on a belt 
attached to the hip for seven consecutive days. A total 
of 147 adolescents wore the devices and 38 presented 
data relevant to this study (bicycle routes). Participants’ 
characteristics did not show statistical differences be-
tween all adolescents wearing the devices8 and those 
with valid bicycle route data.

Once collected, all data were checked for possi-
ble satellite reception errors. Logs completed by the 
participants were reviewed for adequate wear days. 
Accelerometer and GPS files were merged into the 
Personal Activity and Location Measurement Sys-
tem (PALMS) platform, aggregating points with the 
same date and time stamps. All routes with a mode 
of transport assigned as bicycle (leisure or transport) 
were included (n = 386), from a final sample of 38 par-
ticipants, who were described in the initial descriptive 
analysis. Validated cut points for transport were cate-
gorized based on speed: “motor vehicle” (> = 35km/h), 
“bicycle” (< 35km/h and > 10km/h) and “walking” ( = 
< 10km/h)20. Accelerometers provided data on physi-
cal activity and cutpoints used were based on counts: 
“light” (100 - 2294), “moderate” (2295 - 4011), and 
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“vigorous” (> 4012)20. The routes were considered pri-
mary units of analysis for all following analyses. 

A 500-meter network buffer21 was created around 
the routes to establish an appropriate area of relevance 
using ArcGIS 10.3 software. To evaluate the commu-
nity environment contained around the routes9, attrib-
utes within the buffers were classified in three differ-
ent categories: 1) Land use - vacant lots, food, retail, 
recreational and residential; 2) Leisure - parks, plazas, 
bike lanes/paths, and fitness zones; 3) Transport - Bus 
Rapid Transit (BRT) stops, express bus stops, regular/
open bus stops and public transportation (grouping all 
previous items). The GIS databases from Curitiba were 
provided by the Institute for Research and IPPUC 
(Urban Planning of Curitiba). 

Gender was self-declared while age was calculated 
from the date of birth until the date of the interview 
and classified into three age groups (“12 - 13 years”, “14 
- 15 years” and “16 - 17 years”). Body mass and height 
were measured using a scale and digital stadiometer 
and were used to calculate the BMI (body mass index), 
normalized into z-scores22 and categorized in “under-
weight”, “normal weight”, “overweight” and “ obese”23, 
later grouped into normal weight and overweight for 
analysis purposes. The SES (socioeconomic level) was 
evaluated with a standardized questionnaire inquiring 
about possession of items in the residence, education 
of the head of the household, and presence of a house-
keeper24. The socioeconomic status was then grouped 
into “high” (class A), “intermediate” (class B) and “me-
dium-low” (class C and D). Parental level of education 
was presented in three categories: “< 8 years”; “8 to 12 
years”; “Higher education (Bachelor’s degree or more)”. 

Descriptive statistics were used for all variables, 
and a comparison was made between the routes taken 
by boys and girls. All analyzes used ArcGIS 10.3 and 
SPSS 21.0 softwares and the level of significance was 
set at 5% for the descriptive statistics (absolute and rel-
ative frequencies, chi-square test). When the cells had 
less than five cases, Fischer’s exact test was used. 

All participants signed a consent form. In Brazil, 
the project was titled “Projeto ESPAÇOS Adoles-
centes” and was thoroughly publicized during data 
collection. The IRB (Institutional Review Board) at 
PUCPR (Pontifícia Universidade Católica do Paraná) 
reviewed and approved this project (#135-945/2012). 

Results
A total of 38 participants presented at least one bi-

cycle route and were included in the analytic sample. 
Participants were equally distributed by gender (50.0% 
girls), with a mean age of 14.7 years (SD = 1.65) and 
normal weight status (65.8%). Parental level of educa-
tion and SES were predominantly high, with 89.5% 
of parents reporting eight years of education or more, 
and 55.3% classified as intermediate SES. Most ado-
lescents reported not using a bicycle for transportation 
(97.4%). Median wear time for accelerometer and GPS 
in minutes per day was 785.8 (IQR = 149.2) and about 
60.0% of the sample presented five or more valid week-
days while 50.0% had two or more days of weekend 
data (Table 1). 

Presence of community environment attributes 
within a 500m buffer along a total of 386 routes was 

Table 1 – Characteristics of adolescents with valid bicycle routes’ 
data in Curitiba, Brazil, 2013 (n = 38).
Gender (n; %)

Male 19 50.0
Female 19 50.0

Age (years)
Mean 14.70 -
SD 1.65 -

BMI status (n; %)
Normal weight 25 65.8
Overweight 13 34.2

Parental level of education (n; %)
< 8 years 4 10.5
8 to 12 years 18 47.4
Higher education (Bachelor’s degree or more) 16 42.1

SES (n; %)
A (high) 8 21.0
B (intermediate) 21 55.3
C e D (medium-low) 9 23.7

Report use of bicycle for transport (n; %)
No 37 97.4
Yes 1 2.6

Wear time for accelerometer/GPS (minutes)
Median 785.80 -
IQR 149.20 -

Number of valid week days (n; %)
No valid week days 9 23.7
1 to 4 days 6 15.8
5 or more days 23 60.5

Number of valid weekend days (n; %)
No valid weekend days 11 28.9
1 day 8 21.1
2 or more days 19 50.0

SD = standard deviation; BMI = body mass index; SES = socioeco-
nomic status; GPS = Global Positioning System; IQR = Interquar-
tile range.
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identified. BRT stations, parks and vacant lots were 
present in fewer routes than other variables (37.3%; 
17.1%; and 7.5%, respectively). Public transportation, 
plazas, and parcels with residential, retail, food or recre-
ational land use were present in nearly all routes where-
as Fitness Zones (71.8%) and bike lanes/paths (62.7%) 
were present in the majortity of routes (Figure 1). 

Figure 2 presents community environment attrib-
utes available along the routes used stratified by gender. 
Along the routes used by girls, vacant lots were less fre-
quent (3.9%; p = 0.001), whereas residential, retail and 
food services were more frequent (99.6% p = 0.003; 
99.1% p = 0.011; 98.7% p = 0.030, respectively), when 
compared to the routes used by boys. 

Discussion 
The study findings suggest that bycicling routes used by 
adolescents (transport and leisure) included mixed and 
diverse land uses (e.g. public transportation, residential, 
retail and recreational facilities) and varied by gender 
with girls riding in routes with greater bycicling in-

Figure 2 – Presence of Community environment attributes along bycicling routes used by adolescents, according to gender  from Curitiba, 
Brazil, 2013 (n = 386). 
BRT = Bus Rapid Transit; ¥ = All types of public transportation grouped (bus stop, express bus station and BRT station)

Figure 1 – Presence of community environment attributes along 
bycicling routes used by adolescents from Curitiba, Brazil, 2013 (n 
= 386). 
BRT = Bus Rapid Transit; ¥ = All types of public transportation 
(bus stop, express bus station and BRT station)
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frastructure and less physical disorder (e.g. vacant lots). 
Several community environment characteristics were 
identified along the routes, however, BRT stations, par-
ks, and vacant lots were present in fewer routes compa-
red to other variables. When considering all types of pu-
blic transportation, most routes had bus stops (regular or 
express buses) and BRT stations (99.2%). After public 
transportation, the most frequent structures were plazas 
and lots for residential, retail, food and recreation uses. 

Curitiba, Brazil has higher density and walkability 
levels when compared to cities from high-income coun-
tries25. However, although access to bicycling infrastruc-
ture has been associated with higher chance of using 
bicycle11,21 the study sample showed a lower level of by-
cicling as compared to less compact and more economic 
developed cities indicating that other social and physi-
cal aspect of the environment may influence when and 
how often adolescents ride their bicycles in the city11,21. 
In this sample, adolescents’ parents had a predominant 
high education level and socioeconomic status and 
resided in places with better walkability and higher 
neighborhood income, important factors to increase 
the chance of engagement in leisure physical activity25. 
Furthermore, aesthetics, tree coverage and designated 
paths for cycling (bike lanes/paths) may increase byci-
cling whereas perception of intense traffic and negative 
safety seem to prevent this behavior26. Hence, improv-
ing perceptions of safety along with access to adequate 
bycicling infrastructure should be prioritized26.

The routes used by boys and girls have similarities 
with frequent presence of public transportation and 
recreation (e.g. plazas and parks – Figure 2). Howev-
er, girls cycled on routes with fewer vacant lots (3.9% 
versus 13.0%; p = 0.001) and in areas with greater 
residential and commercial use than the routes used 
by boys. Additionally, adolescents in this study chose 
to ride bicycles even when public transportation was 
available in 100% of the routes (p = 0.010) indicating 
that bycicling could be a preferable mode of transpor-
tation. Boys chose routes with fewer bike lanes or paths 
available (52.6%; p = 0.001) when compared to girls. 
Some of these findings may be due to recent social and 
urban planning changes in the city of Curitiba. There 
has been an increase in the complaints on the quali-
ty and safety of the public transportation system26,27. 
Additionally, many of the bycicling paths have been 
designed for recreational use and not for transporta-
tion26,27. The combination of these characteristics may 
help understand these findings.

Although the small sample size (n = 38) may raise 
concerns about both external validity and sample pow-
er, our primary unit of analysis were 368 routes cap-
tured by GPS receivers. Therefore, the analysis was 
not affected. There is a need to increase the number 
of bicycle users to potentiate promotion of physical 
activity especially through active transport. The school 
and the community can serve as a driving element of 
these initiatives, given the evidence of effectiveness of 
the promotion of livelihood assets from the school en-
vironment and community28,29. 

The present study only verified the characteristics 
of the environment along the routes. Thus there is no 
possibility of investigating causal relation between the 
frequency of use of bicycles and the routes investigated. 
Future studies could investigate which alternative routes 
are available to try to identify preferences. Nonetheless, 
it is possible to affirm that regarding the main feature 
of the routes used by boys and girls, adolescents used 
routes with houses and businesses more often, and girls 
chose routes with fewer vacant lots when compared to 
boys. Helping teens to find safer routes and promoting 
group rides to school could be an interesting approach 
to maximize use of active transportation. Interventions 
may include limiting motorized traffic in school zones 
during before and after classes and traffic education 
campaigns, with the encouragement of authorities and 
the planning and evaluation public policies30,31.

The limitations from the present study must be con-
sidered when interpreting the results. The study sam-
ple is not representative of adolescents in the city of 
Curitiba, since the study was not designed to represent 
the entire population. Adolescents lived in census tracts 
intentionally selected to allow comparisons between 
characteristics of walkability and income. Nevertheless, 
because the selection process took such variables into 
account, they could have determined some of the char-
acteristics of the routes. The use of bicycle is low among 
adolescents in the city of Curitiba, Brazil. Although the 
city has invested in infrastructure for cycling in recent 
years, there were few users in this sample. 

Studies show that the accessibility, availability and 
attractiveness of structures for physical activity in the 
neighborhood can significantly increase the likelihood 
of adolescents becoming active30,31. Educational activi-
ties, walking mobility campaigns, skateboarding, roller-
blading and cycling should be encouraged so that such 
activities are carried out not only in leisure, but on a daily 
basis, increasing the physical activity levels of boys and 
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girls. Therefore, information about the routes available 
for bicycle use, as well as the neighborhood and struc-
tures available for physical activity, safety information 
regarding the routes and even traffic education can in-
fluence parents and teens to join active transport, given 
the evidence of effectiveness of the promotion of active 
lifestyles from the school and community environment. 

The findings of this study can conclude that the 
routes taken by adolescents while cycling were through 
environments with public transportation, parks, hous-
es, shops and spaces for recreation. A bicycle path was 
not present in all routes (only 62%) and yet, even with 
public transportation available in 100% of the routes, 
participants still chose to use a bicycle. 

Assessing bicycling characteristics along routes used 
for commuting to and from school is an important step 
for increasing active commuting. Policy makers, plan-
ners and activists should consider the routes that facil-
itate bicycle use by adolescents, considering the results 
of this study such as presence of public transportation, 
parks and spaces designed for residential, retail, food 
and recreation, bike paths and trails.
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