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"Recomeça... 
Se puderes 
Sem angústia 
E sem pressa. 
E os passos que deres, 
Nesse caminho duro 
Do futuro 
Dá-os em liberdade. 
Enquanto não alcances 
Não descanses. 
De nenhum fruto queiras só 
metade. 
E, nunca saciado, 
Vai colhendo ilusões 
sucessivas no pomar. 
Sempre a sonhar e vendo 
O logro da aventura. 
És homem, não te esqueças! 
Só é tua a loucura  

Onde, com lucidez, te 
reconheças..." 
 

Miguel Torga 



 

 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    To my mother, Lenaide Autran (In Memoriam)
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Resumo 
 

A maioria dos adolescentes em todo o mundo não cumpre as recomendações internacionais de 

60 minutos de atividade física moderada-vigorosa (AFMV) por dia. Esta evidência torna essencial 

a promoção da atividade física (AF) e a identificação dos fatores que podem influenciar o 

comportamento ativo dos adolescentes. Nos últimos anos, modelos sócio ecológicos têm 

reconhecido a importância das características do ambiente onde as pessoas vivem como 

promotoras de um estilo de vida ativo. Entretanto, essa relação com a população adolescente 

ainda não é clara. Em Portugal poucos estudos têm abordado as características do ambiente de 

bairro utilizando diferentes abordagens metodológicas e a AF objetivamente avaliada. 

Consequentemente foi realizado um estudo de desenho transversal que teve como principal 

objetivo explorar os diversos atributos do ambiente de bairro e os níveis de atividade física numa 

amostra de adolescentes Portugueses. Participaram desta pesquisa 326 adolescentes 

devidamente matriculados e com idades compreendidas entre os 14 e 18 anos. Nas escolas, 

foram realizadas as avaliações antropométricas e o preenchimento de questionários 

direcionados para a perceção do ambiente e para as características sociodemográficas dos 

sujeitos. A AF foi avaliada através do uso de acelerómetros de modelo GTX1 ou GTX3 durante 

o período de 7 dias. A avaliação objetiva do ambiente urbano foi caracterizada através do uso 

do sistema de informação geográfica (SIG). O índice de Walkability foi calculado baseado em 

três elementos do desenho urbano:1) densidade residencial; 2) conectividade de ruas e 3) uso 

misto do solo. Também foram georreferenciadas paragens de autocarro e metro, instalações 

desportivas, ginásios e parques. Na tentativa de melhor examinar a associação entre a 

proximidade e qualidade dos parques e a sua associação com a AF, foram auditados e 

georreferenciados 63 parques urbanos dentro e fora dos limites do município do Porto. A 

auditoria dos parques foi realizada através do Quality of Public Open Space Tool (POST) e estes 

foram classificados de acordo com 4 domínios: presença de espaços para atividade física, 

qualidade ambiental, conforto e segurança. O uso do software SPSS versão 22.0 foi utilizado 

para as análises estatísticas. O teste do qui-quadrado foi utilizado para as variáveis categóricas. 

Foram, ainda, utilizados modelos de regressão (logística e linear múltipla) para estimar a 

magnitude da associação entre as variáveis ambientais e os níveis de atividade física. Foi 

utilizado o indicador de privação do bairro como variável de ajuste. Os nossos principais 

resultados apontaram para uma associação positiva e significativa entre a densidade residencial 

do bairro, bem como a densidade de paragens de autocarro conectadas com a AF moderada e 

a AFMV. Também foi verificada uma associação positiva entre a presença de parques dentro de 

um raio de 500 metros no município do Porto. Por fim, a disponibilidade e qualidade dos parques 

dentro e fora dos limites do Porto, foram associadas positivamente com a AFMV. No entanto, 

estes pressupostos apenas se verificaram nas meninas.  

Palavras-Chave: Atividade Física; Adolescentes; Residência; SIG; Perceção 
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Abstract 

Most worldwide of youth population do not achieve daily physical activity recommendations of 60 

minutes of moderate-vigorous physical activity (MVPA). This evidence is essential on   promoting 

physical activity (PA) and in requiring the spotting of factors that can influence PA behavior in 

adolescents. In the last two decades socio-ecological models have recognized the importance of 

the environmental characteristics where people live as being important contributors of an active 

lifestyle. However, this relationship to young population still remains unclear. In Portugal few 

studies have been investigating neighborhood environment and physical activity using different 

methodological approaches of the built environment and physical activity objectively measured. 

Thus, we designed a cross-sectional study to investigate mainly the diverse neighborhood 

environmental attributes and the physical activity levels in a sample of Portuguese adolescent. 

This sample comprised 326 adolescent properly enrolled and aged between 14 to 18 years old. 

At schools, was carried out the assessment of anthropometric measures and the questionnaire 

filling heading to subjects’ environmental perception and sociodemographic characteristics. 

Physical activity was evaluated through the use of accelerometers GTX1 or GTX3 models during 

a 7- day period. The objective evaluation of neighborhood environment characteristics was 

conducted through the Geographic Information System (GIS) and distance perception to sport 

facilities was measure by Neighborhood Environment Walkability Scale-Youth (NEWS-Y). 

Walkability index was calculated based on three elements of urban design: 1) residential density; 

2) street connectivity and 3) mixed land use. Other components of Porto city urban environment 

were georeferenced, such as bus stops and subway stations, sport facilities, gyms and parks. In 

an attempt to better explore the potentiating role of parks and their associations with PA, 63 urban 

parks were georeferenced and audited in and out Porto’s boundaries. Parks auditing was 

performed using the Quality of Public Open Space Tool (POST) and was classified according four 

domains: the presence of spaces for physical activity, environmental quality, amenities and safety. 

The software SPSS version 22.0 was used for statistical analysis. The chi-square test was used 

for categorical variables. Regression models (logistics and multiple linear) were used to estimate 

the magnitude of association between the environmental variables and physical activity levels. As 

an adjustment variable, the indicator of deprivation of the neighborhood environment was used. 

Our main results have showed a significant and positive association between neighborhood 

residential density, as well as the density of bus stops connected with moderate PA and MVPA. 

Moreover, a positive association between parks within a 500- meter buffer in the municipality of 

Porto was verified. Finally, the availability of parks in and out Porto’s boundaries, as well as the 

quality of parks recorded in the four domains assessed were associated with MVPA. However, 

this association was seen only in girls. 

KEYWORDS: Physical activity; Adolescents; Neighborhood; GIS; Perception. 
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General introduction 

 

Evidence has established that regular physical activity (PA) is significantly 

associated with health benefits among adolescents (Boreham & Riddoch, 2001). 

However, a large worldwide population of adolescents, as well as this population 

in Portugal, is insufficiently active, i.e., they do not achieve the PA 

recommendation of 60 minutes of moderate-to-vigorous physical activity daily 

(MVPA) (Baptista et al. 2012; Hallal et al. 2012; Marques & Gaspar de Matos, 

2014). Therefore, this gap should be considered by public-health policy makers 

in their decision-making processes and promotion of PA among youth. In an 

attempt to increase the number of physically active adolescents, approaches 

involving interventions to promote PA at the individual and social level have been 

broadly explored; however, these have rarely been successful in the long term. 

In the last two decades, ecological models have postulated multiple factors 

that influence PA behaviour (Giles-Corti, Timperio, Bull, & Pikora, 2005; James, 

Owen, & Fisher, 2008). On a theoretical basis, ecological models highlight the 

influence of the built environment on PA behaviours (Sallis et al., 2006), whereas 

environment may create opportunities for PA, especially at leisure times (Sallis, 

Floyd, Rodriguez, & Saelens, 2012).  

Several features commonly present in residential areas have been explored 

as factors that facilitate PA among youth, particularly the infrastructure that is 

necessary to support recreational physical activity and active transportation 

(Sallis et al., 2012). For example, “walkable” neighbourhoods characterized by 

high residential density, well-connected streets, and accessible destinations 

within walking distance were positively related to PA (Frank, Kerr, Chapman, & 

Sallis, 2007; Saelens, Sallis, & Frank, 2003), particularly walking (Saelens & 

Handy, 2008).  

Furthermore, neighbourhood features such as access to or proximity to 

recreational facilities and parks have been associated with PA intensity levels 

(Kaczynski & Henderson, 2008; Sallis et al., 2012). Likewise, the presence of 

existing public transportation in a neighbourhood has been correlated to greater 
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levels of PA (Brownson, Hoehner, Day, Forsyth, & Sallis, 2009; MacDonald, 

Stokes, Cohen, Kofner, & Ridgeway, 2010).  

 To better understand the relationship between built environment and 

physical activity, the development of high-quality measures is essential. The 

methodological aspect of the built-environment evaluation and PA is largely 

relevant to the understanding of PA behaviour from various perspectives. In fact, 

most of the studies have focused on two different ways to investigate built 

environment, each having strengths and limitations. One is self-reporting through 

questionnaires and the other involves objective measures usually using the 

geographic information system (GIS) (Brownson et al. 2009). Regarding the 

methods for access to PA, the use of objective measures such as accelerometers 

provides more accurate information than questionnaires do. That is, 

accelerometers provide more precise information about PA intensity levels, PA 

guidelines, duration, and frequency (Guinhouya, Samouda, & De Beaufort, 

2013), while PA can be overestimated using only questionnaires. 

Although the research community has provided strong support for the 

relationship between neighbourhood infrastructure and PA, the current evidence 

has shown mixed findings; in addition, some gaps exist and studies involving the 

youth populations are still unclear (Ding, Sallis, Kerr, Lee, & Rosenberg, 2011). 

Moreover, most of the studies conducted in high-income countries such as the 

US and Australia might have environmental contexts that differ from those of 

European countries (Ding et al., 2011). Furthermore, many studies have focused 

on a single, specific methodological approach to neighbourhood characteristics. 

Thus, due to different methodological factors using GIS such as buffer sizes (i.e. 

the area around residences), it is difficult to draw clear and consistent 

conclusions.  

Given the relevance of the neighbourhood environment to youth’s physical 

activity behaviour and in order to address existing gaps in the research, especially 

in regard to Portuguese adolescents, the current thesis investigated the 

relationship between different environmental features in neighbourhoods and 

physical activity as measured by accelerometer. 
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Therefore, the aims of this thesis and the original articles on which this 

thesis is based are the following: 

1) To develop and verify the relationship between urban-environment 

features, such as neighbourhood walkability and other elements (residential 

density, land-use mix, and street connectivity) and PA levels.  

I- Urban design features and physical activity levels in a sample of 

Portuguese adolescents; 

 2) To explore several environmental features measured using GIS and 

their association with PA levels according to weekdays and weekend days. 

II- Exploring the role of neighbourhood environment characteristics on 

physical activity in a sample of Portuguese adolescents; 

3) To broadly investigate several features of an urban park using an 

auditing tool to evaluate the levels of quality and attractiveness. We will use GIS 

in order to calculate the buffer and proximity distance.  

III- The role of the park’s features on MVPA among Portuguese 

adolescents; 

4) To examine whether the proximity of sport facilities within a walking 

distance of 10 minutes was associated with MVPA. 

IV- Perceived physical activity facilities closest to their homes do not affect 

MVPA in a sample of Portuguese adolescents. 
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Adolescent’s physical activity 

 

According to the World Health Organization (WHO), the period of adolescence 

refers to human growth and development between 10 and 19 years of age (WHO, 

2015). This life stage is considered a critical period for maintaining PA levels, yet 

during this period, PA declines with age in both genders (Ortega et al., 2013). 

Previous studies have marked the decline of PA from childhood to adolescence (Van 

Mechelen et al., 2000; Trost et al., 2002), as well as from adolescence to adulthood 

(Telama et al., 2005). In respect to females, evidence has confirmed that girls are 

less likely to be active than boys in all age groups (Trost et al., 2002; Santos et al., 

2005; Baptista et al., 2012), and social and cultural contexts may affect the gender 

differences in PA involvement (Yang et al., 2007). In addition, different patterns of PA 

levels are observed during the week versus weekend days (Laguna et al., 2013); PA 

levels among adolescents to decline during the weekdays (Konharn et al., 2015). 

Engagement in PA during adolescence contributes to several health benefits 

including better bone health (Kohrt et al., 2004), improved cardiovascular risk profiles, 

stronger academic performance, and psychosocial well-being (Best, 2010). In a study 

conducted among Portuguese adolescents, a lack of PA was associated with health 

complaints such as headaches (Marques et al., 2015). Conversely, high PA levels 

have been associated with a reduced risk of overweight and obesity (Ortega et al., 

2013). Additionally, physically active adolescents have been shown to have higher 

levels of cardiorespiratory fitness (CRF) (Ortega et al., 2008). Indeed, this evidence 

has also been confirmed in a study involving a Portuguese sample where CRF was 

positively associated with a lower prevalence of cardiovascular disease (CVD) 

(Martins et al., 2010). Furthermore, longitudinal research has demonstrated that 

adolescents who are more physically active become more physically active adults 

(Twisk et al., 2000; Telama, Yang et al., 2005). 

Although the health benefits of PA are well established, there is increased 

sedentary behaviour among the youth population (Mitchell et al., 2013). Moreover, it 

is imperative to control the amount of time spent in sedentary activities. A high 

prevalence of sedentary behaviour is a strong contributor to overweight and is also 

related to several diseases including high blood pressure and metabolic syndrome, 
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and to increased cardiovascular risk (Hu, 2003; Marshall et al., 2004). Nowadays, 

young people spend more time in sedentary activities such as screen-time activities 

and telephone conversations (Pate, Mitchell et al., 2011; Marques et al., 2015). 

Moreover, during weekend days, these behaviours are highly significant (Sallis, 

2000). A literature review in the European Union revealed that Portugal has the 

highest prevalence of sedentary behaviours among its youth population (Varo et al., 

2003). 

To be considered physically active, international recommendations have 

suggested that youth participate in 60 min/day of moderate-to-vigorous PA (MVPA) 

and in muscle and bone strengthening activities at least 3 days per week (WHO, 

2010). However, a recent study with representative data showed that most of the 

worldwide youth population does not comply with these recommendations (Hallal et 

al., 2012). A European study developed by Health Behaviour in School-aged Children 

(HBSC) that included young people from 44 countries across the WHO’s European 

Region and North America reported that Portuguese adolescents showed a 

prevalence of low PA rates (Marques & Gaspar de Matos, 2014). Using a large 

sample of Portuguese children and adolescents, data about PA that was subjectively 

measured showed that only 36 percent of adolescents between the ages of 10 and 

11 years of age met the suggested levels of PA recommendations (Marques & 

Gaspar de Matos, 2014). In older adolescents between the ages of 16 and 17, only 

4 percent achieved the international recommendations for PA (Baptista, Santos et al. 

2012). 

To promote PA in adolescents, it is necessary to understand that PA embraces 

multi-dimensional behaviours that occur in different contexts. In children and 

adolescents, several domains have been established, i.e. leisure and recreational 

exercise (including organized and non-organized activities); physical education at 

school; active commuting and household (Pratt et al., 2004). In terms of leisure-time 

activities, adolescents appear to expend higher levels of PA in recreational facilities. 

In addition, active transportation is associated with walking or bike paths, as well as 

with the presence of a public transportation system within the neighbourhood area 

(Pont et al., 2009). Also, active commuting to and from school can be a contributor 

to daily PA in adolescents as a regular practice. Moreover, the practice of physical 
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education is an important organizational element to improve PA during the school 

term (Rosenkranz et al., 2012). Given that physical activity always occurs in a specific 

context, future studies should investigate context-specific and behaviour-specific 

environmental attributes (Giles-Corti, Timperio, Bull, & Pikora, 2005). Reducing the 

amount of time spent in sedentary behaviours and improving PA levels has, 

therefore, become a priority concern to public health officials and policy makers. 

 

A socio-ecological model for physical activity 

 

Socio-ecological models are a kind of model that often provides different levels 

(intrapersonal and interpersonal) that support the identification of correlates and 

determinants associated with opportunities to promote engagement in PA (Sallis et 

al., 2006). Furthermore, socio-ecological models help to understand why some 

people are more physically active than others (Sallis et al., 2006). Based on the 

approach involving multi-components (see Fig. 1), previous studies have suggested 

that social, physical, and policy factors related to the environment have specific 

impacts on individuals’ behaviours (Sallis et al., 2006; Sallis et al., 2012). Therefore, 

it is necessary to focus not only on each individual’s behavioural choices but also on 

the antecedents that influence those choices. 

According to the socio-ecological model, research has found, for instance, that 

lower age, male gender, and high self-efficacy are recognized as individual 

determinants that are positively associated with PA (Sallis et al., 2006). Additionally, 

the social environment is characterized by the relationships, culture, and society with 

which an individual interacts. Several healthy behaviours are initiated and maintained 

within the family context since the family is considered an important facilitator of PA 

behaviours (Duncan et al., 2005; Seabra et al., 2008). Additionally, it is recognized 

that adolescents tend to be more strongly influenced by their peers, and that 

physically active adolescents also have physically active peers (Seabra et al., 2008). 

Another component of the socio-ecological model is the built/physical 

environment. The built environment is recognized as the totality of places built or 

designed by humans, including houses, workplaces, and streets (Kaczynski & 
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Henderson, 2008). Individuals perform physical activities in physical environments, 

and these environments can act to either promote or hinder PA (Sallis et al., 2012). 

In addition, the features of the built environment are significantly related to health 

aspects in regard to rates of chronic diseases and mental disorders (Frank et al., 

2003; Sturm & Cohen, 2004). As stated above, it is well established that the physical 

properties of an environment affect PA and psychological health in young people 

(Stensel et al., 2008). Over the last two decades, environmental correlates with PA 

among adolescents have been investigated, including several features where people 

live, i.e. neighbourhood environment, and several attributes of urban infrastructures. 

These include composite measures of the built environment such as the walkability 

index and design features such as residential density and street connectivity. 

Moreover, specific recreational features such as sport facilities and parks have been 

widely investigated for their potential to facilitate PA.  

The last category presented in the socio-ecological model comprises the policy 

domain, referring to legislation and policy-making that may affect PA levels in the 

population. For example, workplace policies or city-planning interventions can create 

environments that promote PA (Eyler et al., 2010). To examine the interaction 

between the built environment and physical activity behaviour, it is important to help 

urban-planning policies. 
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Neighborhood environmental features and physical ac tivity 

 

The places where people live are conceptualized by the idea of 

neighbourhood. Thus, the characteristics of built environments, from neighbourhood 

to cities, are recognized as an important element of the socio-ecological model 

(Bauman et al. 2012). To the research community, the neighbourhood attributes 

provide opportunities, especially for engagement in PA, which in turn increases active 

lifestyles (Saelens et al. 2003). The neighbourhood environment has the potential to 

affect the health of adolescents in the long term, as it might facilitate adolescents’ 

daily PA involvement through independent mobility and sports practice (Giles-Corti 

et al. 2009).  

A Portuguese study with a representative national sample has demonstrated 

that adolescents showed lower PA levels when they reported not having places to 

engage in exercise (Loureiro et al., 2010). Moreover, they concluded that 

neighbourhood characteristics are more important to outdoor than to indoor facilities 

Figure 1. Socio-ecological model for physical activity (Sallis et. al. 2012) 
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(Loureiro et al. 2010). Adolescents might spend substantial amounts of time within 

their neighbourhoods because of their parents’ rules about where they can go. 

Therefore, an enjoyable neighbourhood for engaging in PA is imperative for 

adolescents’ physical and mental well-being.  

The attributes of neighbourhood environments have been viewed as an 

important facilitator for playing sports and engaging in active commuting (Sallis, 

Floyd, Rodriguez, & Saelens, 2012) et al., 2012). For instance, in a study by Frank 

and colleagues and another by Sallis and colleagues, accessibility to recreational 

facilities and open spaces was strongly related to active commuting and PA among 

adolescents (Frank et al., 2007; Sallis et al. 2012). The provision of sport facilities, 

playgrounds, and green spaces with specific sites designed for playing sports may 

be associated with PA, thus enabling engagement in play activities, providing higher 

PA levels (Gordon-Larsen et al. 2006; Sallis et al., 2012; Klinker et al. 2014). Studies 

from the US (Powell et al., 2007) and Australia (Prins et al., 2011) have reinforced 

the concept that adolescents are more likely to be physically active if they have better 

availability and/or proximity to sport facilities in their residential areas.  

Portuguese cross-sectional studies demonstrate similar findings as 

international studies that there are significant relationships between perceived 

sport/recreational facilities and PA among adolescents. For example, Mota and 

colleagues observed that more-active young people frequently reported that there 

are sport facilities near their homes (Mota et al. 2005). Furthermore, the availability 

of opportunities to engage in PA during leisure time was related to non-organized PA 

(Mota et al. 2009). Girls, for example, may be more active in a neighbourhood with a 

variety of places and low-cost options for recreational PA (Santos et al. 2009).  

According to the study based on the city of Porto, sport facilities are well 

distributed within the city area (Autran et al. 2012). However, the type of sport/activity 

offered demonstrates significant gender inequalities; for example, most girls did not 

have access to appropriate sport facilities that offered their favorite sports (Autran et 

al., 2012). In this study, 87 percent of male adolescents had at least one sport facility 

in a buffer size of 500 meters. However, only 17.2 percent of girls had a sport facility 

that offered some of the activities they reported engaging in more often (Autran et al., 

2012). 
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Public open spaces (POS) and parks have also been broadly recognized as 

strong built-environment resources in communities for facilitating healthy lifestyles. 

Open green spaces supply opportunities for a variety of PA, such as playing sports 

and recreational walking (Bedimo-Rung, Mowen et al. 2005), which might decrease 

overweight and obesity among residents of all ages (Wolch, Jerrett et al., 2011; 

Rundle, Quinn et al., 2013). Recently, a growing body of literature has investigated 

different aspects of green spaces and parks, such as size and proximity (Kaczynski 

& Henderson, 2007; Nielsen & Hansen, 2007; Spengler et al., 2011). However, 

further investigation beyond the proximity/distance to urban green space is less 

available. Recent studies have emphasized that a variety of amenities (Edwards et 

al., 2015), good quality (Ries et al., 2009), and playing fields (Reed & Hooker, 2012) 

present in green areas are important features for attracting adolescents to engage in 

PA. A recent study involving Australian adolescents reported that a park’s features 

such as aesthetics, facilities, and other amenities, were associated with PA (Edwards 

et al., 2015). According to Edwards et al. (2015), adolescents who visit a park for PA 

may also enjoy social amenities and may become interested in prolonged 

participation in PA (Edwards, Hooper, Knuiman, Foster, & Giles-Corti, 2015).  

To better understand the qualitative evidence regarding POS, it is necessary 

to explore the interaction between the presence of features and adolescents’ use of 

the space. A tool is a key element for evaluating and capturing the features in POS 

(Koohsari, Mavoa et al., 2015). For example, the quality of public open space tool 

(POST) was developed by Australian researchers and is now commonly used. It 

enables the identification of environmental characteristics that may influence 

adolescents to choose to spend more time in parks engaging in PA (Broomhall, Giles-

Corti, & Lange, 2004) (Broomhall, Giles-Corti et al., 2004). In addition, the use of GIS 

techniques contributes to objective measures for identifying and classifying park 

features (Edwards et al., 2013). 

Although studies consistently recognize the importance of the availability of 

specific sites for PA within neighbourhood area (Grow et al., 2008; Sallis et al., 2012), 

findings are still inconsistent (De Vet, De Ridder et al., 2011; Ding, Sallis et al., 2011; 

McGrath, Hopkins et al., 2015). A current review explored several characteristics of 

neighbourhoods using objective measures, including a global-positioning system 
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(GPS) to identify locations where adolescents were more physically active. This 

literature review concluded that, among several attributes of built environments 

analyzed, adolescents who navigated in non-green spaces, streets, and green 

spaced were more physically active (McGrath et al., 2015). Likewise, in an extensive 

literature review of neighbourhood environments and PA, Ding and colleagues (2011) 

reported that associations between recreational facilities, parks, and PA among 

adolescents were rarely found (Ding et al., 2011). However, some studies have 

demonstrated higher environmental correlates with PA if the environmental attributes 

are assessed subjectively (using questionnaire items) (Ding et al., 2011). 

All of this suggests that different approaches to assessing environmental 

attributes and PA can significantly influence study findings. In the study by Ding and 

colleagues (2011), however, the use of objectively measured environmental 

attributes demonstrates a more-consistent relationship with the measure of PA. This 

finding might be related to fewer errors in the objective measures of environmental 

attributes (Ding et al., 2011). Interestingly, among the environmental attributes 

explored in the review by Ding and colleagues, consistent evidence was reported of 

environmental composite measures and adolescents, highlighting the patterns of 

urban design. Land-use mix, residential density, street connectivity, and walkability 

may have positive influences on adolescents’ levels of PA. 

 

Neighbourhood walkability, residential density, str eet connectivity, land-use 

mix, and physical activity  

 

Research investigating active communities has focused mainly on generalized 

measures of urban attributes, including residential density, land-use mix, and street 

connectivity (Frank, Kerr et al., 2007; Leslie, Coffee et al., 2007). Moreover, active 

commuting among adolescents has also been linked to a variety of destinations (e.g. 

stores, shopping centers, and libraries) that are near adolescents’ homes (De Farias 

Junior, Lopes Ada et al., 2011) and can also be recognized within the context of 

leisure activities rather than as active transportation to school only (McGrath, 

Hopkins, & Hinckson, 2015).  
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Land-use mix refers to the quantified heterogeneity of predefined land uses 

within a geographic area. Land-use mix is usually related to walking (Cervero & 

Duncan, 2003) and to different types of PA (Frank et al., 2005). However, there is no 

conclusive evidence about what aspect or aspects of land-use mix is more relevant 

to engagement in walking (Brown et al., 2009). This inconsistency may be due to 

different methodological approaches used to define land-use mix and the different 

combinations of variables selected to assess the diversity of areas. Although the 

entropy method allows us to calculate land-use diversity (Christian et al., 2011), the 

use of entropy hinders the categories (e.g. commercial, recreational, educational, 

residential) that have a greater effect on PA (Brown, Yamada et al., 2009). Moreover, 

most categories used to define land-use mix seem to express diversity related to 

adults’ preferences (McGrath et al., 2015).  

Residential density is a key element of neighbourhood attributes that is 

consistently associated with PA (Forsyth, Oakes et al., 2007), especially among 

youth (Ding et al., 2011). A high residential density area means that there are more 

destinations, services, shopping, and public transportation available (Lee & Moudon, 

2006). Moreover, higher-density residential areas might include greater social 

supports that help adolescents engage in PA with their peers (Feng, Glass et al. 

2010). In addition, places with high density are well connected and offer good 

infrastructure such as paths for pedestrians, bicycling, and public transportation 

(Pont, Ziviani et al., 2009). 

Street connectivity is usually defined by the level of intersection density 

(Mecredy, Pickett, & Janssen, 2011). Previous studies have found that high 

intersection density in a located area increases network connectivity and provides 

accessibility to main streets, destinations, or public transport (Steiner, 1994). By 

contrast, neighbourhood areas showing high connectivity density may constrain 

adolescents’ engagement in PA, as adolescents may have a sense of insecurity 

regarding high traffic levels (Mecredy et al., 2011). For example, Mota and colleagues 

found no association between high street connectivity and PA among Portuguese 

adolescents (Mota et al., 2005). In a Canadian study, adolescents living in the highest 

street connectivity area reported less PA (Mecredy et al., 2011). 
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To understand the specific context, researchers have investigated composite 

measures and their association with PA (De Meester et al., 2012; McGrath et al., 

2015). Walkability is the most-frequently used composite measure in environment 

research and represents how user-friendly a neighbourhood area is for walking and 

biking (Gebel et al., 2009). Investigations of composite measures allow us to explore 

different types of neighbourhood environments (Slater et al., 2013; Sundquist et al., 

2011). Walkability is shaped by the different urban-design features mentioned above, 

i.e. residential density, street connectivity, and land-use mix (Frank, Schmid et al., 

2005). To measure walkability indices, researchers used self-reported methods 

and/or objective measures through geographic information systems (GIS) (Brownson 

et al., 2009). Highly walkable areas are characterized by high residential density, high 

land-use mix, and high street connectivity (Frank et al., 2010) and are associated 

with health outcomes such as active transport (Frank et al., 2006) and reduced 

obesity/overweight among adolescents (Slater et al. 2013).  

However, compared to the studies carried out in adult’s population (Van Dyck, 

Deforche et al. 2009) findings in youngest are inconsistent (De Meester, Van Dyck et 

al., 2012; McGrath et al., 2015). In a recent study using a sample of Belgian 

adolescents, no associations were found between high walkability neighbourhood 

areas and PA (De Meester, Van Dyck et al., 2012). In other study involving Belgian 

adolescents, Delfien et al. (2009) reported a significant association between less-

walkable neighbourhoods and PA. Adolescents who were living in less-walkable 

neighbourhoods that were a longer distance from school were more physically active 

(Van Dyck, Cardon, Deforche, & De Bourdeaudhuij, 2009).  

Moreover, previous studies have shown that children living in a deprived 

neighbourhood area show low levels of PA (Pabayo, Belsky et al., 2011; Spengler et 

al., 2011). Neighbourhoods within deprived areas may provide multiple personal 

experiences, such as higher perceptions of insecurity related to crime, pollution, and 

poor housing, that impede adolescents’ engagement in sports or active transportation 

(Bolte, Tamburlini et al., 2010). 

Different methodological approaches used to evaluate neighbourhood 

walkability and PA result in difficulties comparing the outcomes (Brownson et al., 
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2009). Additionally, insufficient methodological details reported to calculate 

walkability index and its components, as well as a lack of standardized measures, 

also hinder effective comparisons (Brown et al., 2009). Furthermore, most of the 

studies have been conducted in North America (citations). Therefore, more expanded 

studies in different areas (countries and cities) with varying urban and cultural 

contexts are called for (Duncan et al., 2010; Sallis et al., 2009). Also lacking are 

longitudinal studies and information about the policies that are needed to promote 

PA through the use of environmental features. Finally, many environmental attributes 

used to develop the walkability index might have a greater impact on adults’ PA 

behaviours rather than on the PA of youth (Saelens & Handy, 2008).  

 

Measuring neighbourhood built environments  

 

Various assessments of urban environments and PA might result in different 

findings (Ball, Jeffery et al., 2008; Brownson et al., 2009). Moreover, due to the lack 

of consensus regarding methods and definitions used to assess the urban 

environment, it is difficult to compare investigations and draw conclusions from the 

published studies. 

Measures commonly used to assess neighbourhood environment are often 

divided into subjective/perceived (e.g. using questionnaires) and objective methods 

(often using geographic information systems). Both methods are important and both 

have strengths and limitations (Sallis et al., 2000). Furthermore, it is important to 

shape and to add to the knowledge base for urban planning and policy makers 

(Rydin, Bleahu et al., 2012).  

 

The perceived neighbourhood environment  

 

How people perceive and interpret the places where they live can affect their 

PA (Blacksher & Lovasi, 2012). The evaluation of the neighbourhood environment 

through one’s perception is the simplest and probably the most frequently used 
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method (Saelens & Handy, 2008). Environmental perception reflects how the 

physical environment is perceived by individuals rather than being an objective 

assessment of the environment. Therefore, participants can indicate greater 

sensibility in regard to environmental characteristics, as well as to aesthetics and 

security, which are difficult to measure objectively.  

Numerous studies have explored the relationship between perceptions of the 

environment and PA (Gebel et al., 2007). An extensive literature review indicates that 

there are more than 100 instruments found in the literature, ranging in length from 7 

to 68 complex questionnaire items (Brownson et al., 2009). Importantly, in order to 

access the built-environment perspectives of children and adolescents, a specific 

survey instrument has been developed, i.e. the Neighbourhood Environment 

Walkability Scale Youth (NEWS-Y) (Forman, Kerr et al. 2008; Rosenberg, Ding et al., 

2009).  

The NEWS-Y is one of the most commonly used tools to evaluate 

neighbourhood environments in the youth population (Rosenberg et al., 2009). This 

survey is a version adapted from NEWS-Adult (Cerin, Conway, Saelens, Frank, & 

Sallis, 2009) and aims to evaluate the environmental features that encourage 

adolescents’ PA in specific places (Rosenberg et al., 2009). The NEWS-Y survey 

assesses the perceived distance to facilities within a 10-minute walk from 

respondents’ homes. Furthermore, it is summarized in eight scales, including 

diversity of land use, pedestrian and automobile traffic safety, crime safety, 

neighbourhood aesthetics, walking/cycling facilities, street connectivity, and land-use 

mix access (Rosenberg et al. 2009). 

Despite the advantages of the self-reported evaluation of the neighbourhood 

environment, however, the distance perceived to facilities might be affected by 

motivation or self-efficacy (Ball et al., 2008). For example, individuals who have low 

motivation and low self-efficacy may overestimate the distance, and the difference 

between this and the actual distance may raise some bias in the understanding of 

the relationship between the urban environment and PA (Ball et al., 2008). 

 

Objective measures of neighbourhood environments 
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To better understand the associations between behaviours of PA and urban 

environment attributes, the use of an objective measure has become critical for urban 

planning and transportation (Saelens et al., 2003; Owen et al., 2004). 

The objective assessment of neighbourhood environments is often performed 

using geographic information systems (GIS). GIS is a computer-based system 

comprised of software, hardware, and data; it is used to facilitate the creation, 

capture, storage, management, and location-based data analysis of an integrated 

environment (Mullner, Chung et al., 2004). Furthermore, measures based on GIS are 

used mainly to manage databases containing variables that are derived primarily 

from existing data resources that have spatial references such as physical 

addresses. The use of GIS plays an important role in the development of public health 

policies and urban planning, as it provides information about the real environment 

and facilitates urban interventions that promote healthy habits in the population. A 

literature review has reported that objectively measured environmental attributes 

were much more consistent regarding PA than were subjective measures (Ding, Ding 

2009).  

Some categories frequently assessed using GIS-based measures appear to 

be relevant to PA (Brownson et al. 2009). These include distance to recreational 

facilities (Giles-Corti, Broomhall et al., 2005), residential density (Steiner, 1994; 

Oakes, Forsyth et al., 2007), land-use mix (Frank, Schmid et al., 2005), street 

connectivity, public transportation system (Djurhuus, Hansen et al., 2014) and 

composite/index, i.e. a combination of the variables already mentioned (Leslie, 

Coffee et al., 2007; Slater et al., 2013). However, the use of GIS to assess 

neighbourhood environments has limitations similar to those of other assessment 

methods. The use of different protocols about how to compute variables related to 

PA research limits comparison due to different spatial scales used. Neighbourhood 

area is often defined based on geographic units ranging from administrative 

boundaries (census tract) to buffers of set distances or using network-based lines 

(Brownson, Hoehner, Day, Forsyth, & Sallis, 2009). Although a circular buffer around 

participants’ home addresses is commonly used, as it is easier to create, this 
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measure may also include areas that are not accessible by the participants. 

Moreover, large variations in buffer size limit our understanding of which built 

environments influence PA behaviour (Van Loon, Frank et al., 2014). 

Recently, studies have improved the use of global positioning systems (GPS) in 

parallel with GIS. The use of these objective measurements combined with PA that 

is also objectively measured allows us to examine the specific locations where people 

are more physically active (Kerr, Duncan, & Schipperijn, 2011). However, in Portugal, 

no studies exploring these tools have yet been published. 
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Experimental work 

 

This thesis was developed based on data from the Environment Support 

for Leisure and Active Transport (SALTA) and International Physical Activity and 

Environment Network (IPEN). The SALTA study was designed to investigate the 

environmental and social influences of PA among children and adolescents in the 

Porto area. The IPEN project is an observational multi-country, cross-sectional 

study involving a series of studies.  

The study participants of this current thesis were recruited from different 

secondary schools in order to maximize the sample size and study different 

environmental attributes and diversity in socioeconomic status. Four of the 

secondary schools are located within Porto municipality, and two schools are 

from Porto´s outskirts. The first data collection involved four schools and was 

performed between March and June of 2012. The second data collection was 

accomplished in two schools and occurred between April and May of 2014.  

The schools, parents, and all adolescents who were enrolled at the schools 

received a verbal and written description of the study. The adolescents` parents 

signed an informed consent form, and the adolescents issued a verbal consent 

to participate in the evaluations. Participants in this study were between 14 and 

18 years old and were properly enrolled in 9th- to 12th- grade classes. All of the 

adolescents who participated in the data collection of this cross-sectional study 

participated on a voluntary basis, and their data were kept anonymous and 

confidential. A total of 474 adolescents (59.6%, girls) participated in the data 

collection. However, out of the initial 474 adolescents, 24 (5%) dropped out during 

the data collection process. A final sample of 449 adolescents (59.2%, girls) 

participated in the data collection. From the 449 adolescents, 236 (52.6%) were 

living within the Porto limits. 

The procedures used in this study have followed the principles of the 

Declaration of Helsinki. Ethical approval was obtained from the Scientific 

Committee of Faculty of Sports, University of Porto, from the Portuguese 
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Foundation for Science and Technology, and through the regional section of the 

Ministry of Education. 

 The basic information of the papers included in this dissertation is shown in 

Table 1. The detailed description concerning sample size, variables assessment, 

and statistical procedures is presented in the corresponding paper that follows. 
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Table 1  – Summary of the characteristics of the papers integrated in the dissertation. 

 

Original Works  
Sample 

size 
Mean 
age 

Response 
variable(s) 

Main 
explanatory 

variable 

Covariates  

Paper I 

Urban design 
features and 
physical activity 
levels in a 
Portuguese 
adolescent sample  

169 16.43 LPA´ 

MPA 

VPA 

MVPA 

 

Walkability index 

Residential 
Density 

Land-use Mix 

Street 
connectivity 

Sex 

Age 

BMI 

Neighborhood 
SES 

deprivation  

Paper II  

Exploring the role 
of neighborhood 
environment 
characteristics on 
physical activity in 
a sample of 
Portuguese 
adolescents 

169 16.43 MVPA and 
total PA 

Walkability Index 

Sport Facilities 

Green Spaces 

Public 
Transportation 

 

Sex 

Age 

BMI 

Neighborhood 
SES 

deprivation  

Paper II I 

The role of park 
quality features on 
MVPA of 
Portuguese 
adolescents 

 

326 16.28 MVPA Distance 
objectively and 

perceived 
measured 

Amount of parks 

Environmental 
quality 

 

Sex 

Age 

Neighborhood 
SES 

deprivation  

Paper IV 

Perceived physical 
activity facilities 
nearest home do 
not affect MVPA in 
a Portuguese 
adolescent sample 

320 16.28 MVPA Perceived 
distance to 

physical activity 
facilities 

 

BMI 

WHtR 

SES 

 

 

  LPA: light physical activity; MPA: moderate physical activity; VPA: vigorous physical activity; MVPA: moderate-to-

vigorous physical activity; BMI, body mass index; WC, waist circumference; WHtR, waist-to-height ratio. 
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Abstract:  

This study examined the relationship between neighborhood walkability, and its 

components, with physical activity (PA) intensity levels in a sample of 

Portuguese. A final sample of 169 adolescent students (58% girls) aged from 14 

to 18 participated in this study. PA levels were accessed through GT3X 

accelerometers. Using a geographic information system (GIS), walkability index 

was computed based on 3 key components: residential density, connectivity 

density and land-use mix diversity. A circular buffer region of 500 meters was 

created around each of the participants’ home address to define the respective 

neighborhood. Walkability index, street connectivity and land use mix diversity 

were not associated with PA intensity levels. However, a positive linear 

relationship between residential density with moderate PA were found both in 

crude analysis (β=0.000-0.003, p=0.03) and after adjustment to sex, age, body 

mass index and neighborhood socioeconomic deprivation (β=0.001, 0.004; 

p=0.01). Moreover, a positive association between residential density and MVPA 

to adjusted analysis were verified (β=0.000, 0.005; p=0.01). 

Residential density was the urban design attribute that showed a positive 

relationship with PA among adolescents in this study. However, walkability index, 

land-use mix and connectivity density did not present an association with PA 

levels.  

Key Words:  Adolescents, Physical Activity, Behavior, Walkability, Urban Design,  
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Introduction  

 

While physical inactivity has been a clear contributor to non-communicable 

diseases in high-income countries, it has been reported that its contribution to 

such diseases is steadily increasing in countries of low and middle income 

(Boreham & Riddoch, 2001; Hallal et al., 2012; Sallis, Owen, et al., 2000). A large 

proportion of the school-aged population does not meet the current guidelines for 

physical activity (PA), i.e. 60 minutes of moderate-vigorous physical activity 

(MVPA) (Baptista et al., 2012; Hallal et al., 2012; Sisson & Katzmarzyk, 2008). 

Among European countries, Portuguese adolescents do not practice sufficient 

and intense PA (Baptista et al., 2012) even though there are studies (Boreham & 

Riddoch, 2001) that report several health benefits in adulthood if intensive PA is 

practiced in adolescence. Furthermore, adolescence is marked by a decline in 

PA engagement (Ortega, Konstabel, et al., 2013) making adolescents an 

important target group related to PA promotion strategies. 

World Health Organization have recommended strategies to improve the 

urban design, recreation facilities, and other built environment characteristics in 

order to encourage large portions of the population to be physically active (WHO, 

2011; "WHO Global Health Observatory Data Repository [online database]."). 

Despite these recommendations, a better understanding of the link between 

neighborhood attributes and PA is needed for developing effective public health 

interventions and, thereby, PA promotion. Consistent evidence suggests that 

neighborhood attributes and destinations (shops, parks, services, public 

transportation) is correlated with PA, namely walking behavior, especially in 

adults (Sallis et al., 2012). Among the urban design features, street connectivity, 

land use mix diversity and residential density have been associated with different 

types of PA (Gebel et al., 2007). The influence of those three features on PA was 

summarized in an indicator called walkability index (L. D. Frank et al., 2010). 

Walkability index is widely used to measure how the quality of walking conditions, 

including safety, comfort and convenience pedestrian-friendly are within a highly 

located area (Lovasi, Grady, & Rundle, 2012).  



60 

 

Several studies have found mixed results regarding the association of 

neighborhood walkability index with PA and other health indicators (Adams et al., 

2014). In addition, studies regarding adult population have proven to be more 

consistent (Owen et al., 2007; Sallis, Saelens, et al., 2009) when compared to 

studies that target youngsters (De Meester et al., 2012; Ding, Sallis, Kerr, et al., 

2011). Additionally, a recent study pointed out that those features of urban design 

were fairly associated with MVPA in the youth population (McGrath et al., 2015).  

To the best of the authors’ knowledge, there is a lack of studies correlating 

PA and the walkability index with andl its components in Portugal. Furthermore, 

most of the studies involving built environment and PA for Portuguese 

adolescents have mostly considered perceived characteristics of the built 

environment (Loureiro et al., 2010; Santos et al., 2009).  

Bearing this in mind, this study aimed to fill in these gaps by analyzing the 

relationship between walkability index, and its components (residential density, 

street connectivity and land-use mix), measured by Geographic Information 

System (GIS), with PA intensity levels in a sample of Portuguese adolescents, 

objectively accessed using accelerometer. 

  

Methods 

 

Participants 

 

Study participants arose from SALTA Project (Environmental Support for 

Leisure and Active Transport), a cross-sectional study in Porto area (Portugal), 

designed to examine environmental and social influences on PA in children and 

adolescents (Pizarro, Ribeiro, Marques, Mota, & Santos, 2013). 

All public secondary schools of Porto Municipality (n=11) were contacted by email 

and telephone. Seven schools were excluded: four did not reply to the invitation, 

two schools were being rebuilt, and one declined to participate. Our final sample 



61 

 

consisted of four schools and a total of 236 adolescents living within the 

boundaries of the city of Porto. 

Participants were properly enrolled in classes from 9th to 12th school 

grades and with age 14 to 18 years old were evaluated from March to May of 

2012 and from April to May of 2014. 2011/2012 and 2012/2013 academic years. 

Schools, parents, and all adolescents received a verbal and written 

description of the study. Adolescents` parents signed an informed consent and 

adolescents issued a verbal consent to participate in the evaluations. The 

procedures used in this study have followed the principles of the Declaration of 

Helsinki. Ethical approval for this study was obtained from the Scientific 

Committee of Faculty of Sports, University of Porto, and from the Portuguese 

Foundation for the Science and Technology and through the Regional section of 

the Ministry of Education.  

 

Study Area 

 

Located in Northern Portugal, Porto is the second largest city in Portugal. 

Porto municipality covers an area of 41.66 km2 with a total of 237,591 inhabitants 

and has an Atlantic temperate climate (INE, 2011c). The Porto municipality is 

densely populated and has a compact urban morphology. Since medieval times, 

Porto is organized into different nuclei where residential buildings, services and 

commercial areas coexist. Industrial areas are mostly located at the limits of the 

municipality. 

 

Variables 

 

Physical Activity 
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Physical activity was objectively measured by Actigraph accelerometers, 

model GT3X (Actigraph LLC Pensacola, FL). Participants were instructed to use 

the accelerometer attached to an elastic belt and placed above the right iliac crest 

for 7 consecutive days. Instructions were given to wear the monitor at all times 

except when sleeping, bathing, and swimming or other water related activities. 

Data was collected in 10 second epochs. To be considered valid, data had to 

cover a minimum of 8-hour and at least 4 days (including 1 weekend day). A 

measurement of consecutive zeros during 60 minutes or more was considered 

invalid. This protocol had been previously used (Silva, Seabra, Saint-Maurice, 

Soares-Miranda, & Mota, 2013). Accelerometer data was processed using Actilife 

software (Actigraph LLC Pensacola, FL). Counts per minute (cpm) were 

categorized according to Evenson’s cut-points: time spent in light (101-2295 

cpm), moderate (2296-4011 cpm) and vigorous (>4012 cpm) PA.  In addition, the 

category moderate-to-vigorous PA (MVPA) was also considered (Evenson, 

Catellier, Gill, Ondrak, & McMurray, 2008). 

 

Main explanatory variable 

 

Walkability Index 

 

The walkability index was built around three components: residential 

density, street connectivity and land use mix (expressed as an entropy index). 

The spatial distribution of street connectivity, land use mix and residential density 

across Porto neighborhoods is shown in Figure 1.  

The fourth element of the standard walkability index formula (retail floor 

area) was not included due to the unavailability of data. 

Circular buffers of 500 meters around participant´s residence were 

generated. This circular area was considered the participant’s neighborhood, for 

which the walkability index and its components were calculated. The buffer size 

was chosen based on previous studies from Porto municipality (Autran et al., 
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2012), and because it represents a ‘walkable’ distance to local equipment and 

destinations for this age group (Brownson et al., 2009). 

Residential density was obtained by calculating the density (number/area) 

of households within participants´ neighborhood. This strategy of measuring 

residential density is based on previous research (Kerr et al., 2006; Larsen et al., 

2009). Data about the number of households was obtained from the Portuguese 

population census of 2011 and it was available at census tract level. Because the 

500 meter circular buffer cut census tracts, the number of the households that 

exist in the intersection area had to be estimated (INE, 2011a). For instance, if 

only half of a census tract intersected the buffer, we considered for this calculus 

half of the households of the census tract. This study considered 554 census 

block group, (mean of 69.7 households and 122 habitants per census block) in 

our setting, which divided into 2521 census blocks and the participants were 

correspondingly from 154 census blocks. 

Street connectivity was obtained by calculating the density of street 

junctions within the participant’s neighborhood. To assess the number of street 

junctions, Porto´s street map with data from Environmental Systems Research 

Institute (ESRI) (StreetMap for ArcPad 10.2 Europe TomTom 2013 dataset) was 

used. Only the streets that allowed pedestrian circulation were considered; when 

walking was prohibited (e.g. freeways) these streets were removed from the 

street network before any computations.  

Land use mix expresses the diversity of land uses within the participant’s 

neighborhood. Based on earlier research, 6 types of land uses (commercial, 

residential, recreational/leisure, business/industrial, educational and others) were 

defined (Leslie et al., 2007). Information on whether the area is residential or 

commercial was obtained from national census available at census tract level 

(INE, 2011a). Points of interest from ESRI (StreetMap for ArcPad 10.2 Europe 

TomTom 2013 dataset) and the Porto Urban Atlas obtained from European 

Environment Agency ("Urban Atlas,") were used to validate areas previously 

classified as residential or commercial from census information. These two 

datasets were also used to identify leisure, business/industrial and educational 
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areas. Areas of the city in which land uses did not fall into any of these categories 

(military, agricultural and empty areas) were classified as having other land uses. 

The entropy index was calculated for each neighborhood, with values 

ranging from 0 (low land use diversity) to 1 (high land use diversity), following 

previous studies’ strategy (Kerr et al., 2006; Larsen et al., 2009).  

Land use mix: 

−1	�
��1	� ln	�1
 + 	�2	� ln	�2	
 + 	�3	� ln	�3	
 + 	�4	� ln	�4	
 + 	�5	� ln	�5	
 + 	�6	 ln	�6	
�

ln	�6

 

 

where p denotes the proportion of the area covered by each of the six land-uses, 

being 1 residential area; 2 commercial; 3 recreational; 4 business/industrial; 5 

educational; and 6 other land-use; and n denotes the number of different land 

uses presented in each neighborhood.  

After calculating these three components for each neighborhood, crude 

values were normalized using z-scores. Walkability index was calculated by 

adding weighted z-scores: entropy index and residential density received a 

weight of 1, whereas street connectivity received a weight of 2, as depicted in the 

formula below: 

 

����������� = 	 	2 ∗ � − ���� ���!���
 +		� − " #�$ �����	$ �#���
 +		� −

���$	%# 	&��
  

 

The sum was then normalized so that walkability index varies from 0 (least 

walkable) to 1 (most walkable). This formula is based on Frank and collaborators’ 

(Frank et al., 2010). Participants distribution according to tertiles of (from low to 

high) neighborhood walkability area is expressed in Figure 1. 

 

Individual variables and confounders 

 



65 

 

Sex, age, BMI and neighborhood socioeconomic deprivation were also 

added to the regression models since they are recognized determinants of PA 

acting as confounding variables.  

 

Body Mass Index 

 

At schools, trained professionals performed height and weight assessment 

with barefoot adolescents wearing light clothes. Weight evaluation was 

performed using a portable digital beam scale (Tanita Inner Scan BC 532, Tanita, 

Tokyo, Japan), with the participant at the center of the scale platform with the 

weight distributed equally on both feet. Height was measured with a portable 

stadiometer (Crymyc, Pembrokeshire, UK) where the teenager stood with heels 

together and head positioned in the horizontal plane. Body mass index (BMI) was 

calculated using the ratio of weight/height2 (kg.m-2). Individuals were classified 

as normal weight, overweight or obese, according to the age and specific cut-off 

points for sex specified by the International Obesity Task Force (IOTF) (Cole, 

Bellizzi, Flegal, & Dietz, 2000). 

 

Neighborhood Socioeconomic Deprivation  

 

Building upon the fact that some studies reported correlation between 

neighborhood socioeconomic deprivation and PA (Shishehbor, Gordon-Larsen, 

Kiefe, & Litaker, 2008), a multivariate measure of neighborhood socioeconomic 

deprivation was used as a confounding variable.  

Porto´s census tracks (neighborhood equivalent) were classified according to 

three discrete latent classes (from least deprived to most deprived area) of 

socioeconomic status, as used in previous studies (Alves et al., 2013; Ribeiro, 

Olhero, Teixeira, Magalhaes, & Pina, 2014). This classification was built based 

on 11 variables relating to the population´s age distribution, education level, 

occupation, and housing conditions. To create a final measurement able to 
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capture SES area-level, latent class analysis models were run to identify census 

track with similar characteristics. The number of classes was defined according 

to the Bayesian information criterion, the Akaike information criterion, entropy and 

interpretability (Alves et al., 2013).  

 

Statistical Analysis 

 

Chi-square test (χ2) was conducted to compare proportions of categorical 

variables; alternatively, the Student T-test was used for continuous variables. A 

significance level of 0.05 was set up. Linear regression models were run to 

examine the relationship between time spent in light PA (LPA), moderate (MPA), 

vigorous (VPA) and MVPA with walkability index and its three components 

(residential density, street connectivity and land-use mix). Model 1 was used to 

estimate unadjusted associations and Model 2 was used to obtain adjusted 

associations. Confounders included in Model 2 were sex, age, area 

socioeconomic deprivation and BMI.  

 

Results 

 

From the 236 students that participated in this study, 169 (77.88%) 

successfully completed the accelerometer data. Table 1 depicts the 

characteristics of the participants, stratified by sex. 

Our data showed that were significantly more engaged in VPA (p<0.001) than 

girls while no other statistically significant differences were found. Moreover, most 

of the participants did not comply with PA guidelines and no significant 

differences between boys and girls were found (p=0.64). 

Table 2 shows the results of the linear regression models. Two models 

were considered: Model 1, unadjusted analysis, and Model 2, adjusted analysis. 

A positive linear relationship between residential density and the time spent in 
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MPA was found in both models; model 1 (β=0.000-0.003, p=0.03) and model 2 

(β=0.001, 0.005; p=0.01). Additionally, a positive linear relationship was found for 

MVPA, however, only in model 2 (β=0.001, 0.005; p=0.01). These results 

expressed that adolescents living in neighborhoods with higher residential 

density spent more time of their days in MPA and MVPA. However, no statistically 

significant relationship was observed between walkability index, street 

connectivity and land use mix diversity and time-spent in any PA intensity. 

 

Discussion 

Our study showed a positive correlation between residential density and 

PA (MPA and MVPA) and also no link between walkability index and the 

remaining components. In spite of these observations, our data can be used to 

discuss environmental and urban design-related exercise practices. Indeed, 

residential density is considered an important variable with direct effects on 

utilitarian PA and it is one of the most common measures of the built environment 

that has been associated with PA (Brownson et al., 2009). In agreement with our 

findings, a literature review pointed out that residents living in highly residential 

areas frequently use more public transportation and walking as compared with 

residents living in lower residential density areas (Steiner, 1994). Areas with high 

residential density tend to have higher commercial offers and good 

transportation, which promote utilitarian PA, such as walking (Brownson et al., 

2009). Moreover, adolescents are more easily engaged in sport activities with 

peers that live nearby their homes (Mota et al., 2005; Santos et al., 2009) implying 

that areas with high residential density support social relationships among 

adolescents (Feng et al., 2010)  and, consequently,  promote PA.  

 

As for street connectivity, land use mix and walkability neighborhood area, 

no significant associations with PA have been found. International findings that 

examined the relationship between street connectivity and PA have reported 

higher levels of PA in neighborhoods with more connected areas (Kligerman, 

Sallis, Ryan, Frank, & Nader, 2007; Leung, Gregorich, Laraia, Kushi, & Yen, 
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2010). However, the opposite relationship can also be true. Previous studies 

suggested that neighborhoods with better connectivity density may inhibit active 

play and/or sport in youth population since adolescents might be discouraged by 

an strong perception of traffic environment (Boone-Heinonen & Gordon-Larsen, 

2011; Mecredy, Pickett, & Janssen, 2011). Supporting this idea, Mota et. al. (Mota 

et al., 2005) reported no associations between street connectivity and PA, while 

Boone-Heinonen et. al. found greater levels of PA among adolescents living in 

less connected areas (Boone-Heinonen & Gordon-Larsen, 2011). These 

inconsistent findings may be due to differences in measurement methods of 

street connectivity and physical activity (Ding, Sallis, Kerr, et al., 2011). 

Additionally, walking for exercise is uncommon in young people, while 

unorganized sport is far more frequent (Findlay, Garner, & Kohen, 2009). Thus, 

adolescents might be positively influenced by urban design features that promote 

social contact and interactions that support active play and sport (McGrath et al., 

2015) that would be considered detrimental by walkability indicators.  

Land-use mix allows measuring diversity of land-uses near home address, 

having been associated with walking and or weight outcomes (Brown et al., 

2009). In a comprehensive review involving diverse built environment 

components, land-use mix was one of few urban designs associated with PA in 

adolescents (Ding, Sallis, Kerr, et al., 2011). Meanwhile, there is no conclusive 

evidence on what land-use typologies (educational, commercial, recreational, 

etc.) are more important to encourage different types of PA in adolescents. Built 

environment are mostly designed to meet the commercial and societal needs of 

adults, including mixed land-use options, which are not necessarily appealing for 

youngers (McGrath et al., 2015), which can explain the lack of associations 

between these urban forms and PA in adolescents. Furthermore, this study is 

based on previous investigations using the entropy index to measure this urban 

form (Saelens & Handy, 2008).  While entropy scores have the advantage of 

including broad land use, the calculation of entropy index could obscure the 

contribution of the separate land use categories (Brown et al., 2009).  

In general, the literature supports the role of walkability index to PA in all 

age groups (Sallis et al., 2012). Nonetheless, there are studies that reported a 
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small or null association between a neighborhood walkability and PA in the 

children and adolescent population (McGrath et al., 2015; Mecredy, Janssen, & 

Pickett, 2012). A US study found a positive association between areas with high 

walkability index and PA (Kligerman et al., 2007) but the same finding was not 

observed in Belgian adolescents (De Meester et al., 2012). Thus, conflicting 

findings involving walkability index and PA in adolescents are systematically 

found in the literature. Among adults, on the other hand, results are much more 

consistent. Adults have more autonomy to move than adolescents. The opposite 

patterns observed between adults and youth could be explained by the different 

forms of activity that they tend to engage in (Faulkner, Buliung, Flora, & Fusco, 

2009). Actually, walking is the most common type of adults’ PA (Gilmour, 2007).  

Despite the importance of developing composite measures to evaluate the 

built environment, such as walkability index, it is also pertinent to understand 

which component of urban form have in fact more impact on PA behavior of 

residents. Since walkability index does not capture recreational facilities that have 

more impact on PA for children and adolescents at leisure time, studies have 

recently suggested the creation of new indices to access playability or movability 

around the neighborhood. The density of recreational facilities or playgrounds 

could have a greater impact in children and adolescents PA than the walkability 

index (Buck et al., 2014). 

In summary, it seems clear that the characteristics that define a supportive 

neighborhood urban design for PA vary according to different life stages (Saelens 

& Handy, 2008) and countries (Adams et al., 2013). Moreover, different spatial 

scales, different buffer sizes (Ewing, Schmid, Killingsworth, Zlot, & Raudenbush, 

2003), and the heterogeneity nature of environmental data, may result in 

conflicting findings. 

 

Limitations 

The cross-sectional design might not allow the establishment of a causal 

relationship and the size sample of Portuguese schools might not represent 

Portuguese adolescents as a whole. Additionally, physical activity intensities 
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were analyzed without being separated from physical activity domains, such as, 

leisure time and transportation. Walkability and its parameters might impact 

different PA domains in a dissimilar way. The small sample size does not permit 

an analysis stratified by sex or neighborhood socioeconomic deprivation, which 

could be interesting to explore. 

 

Conclusion 

This study investigated the relationship between physical activity and the 

residential density in the neighborhood. The statistical analysis revealed no 

association between PA and walkability index and its components. This suggests 

that the role of the neighborhood walkability index might differ according to 

geographic context and population groups. 

Future studies should adapt the index to include characteristics more 

related with adolescents’ interests towards physical activity practices, such as, 

sport facilities, urban green spaces and, public sport facilities. Furthermore, 

studies with mixed approaches, using both self-reported and objectively 

measures of built environment should be developed. 
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Table 1. Descriptive sample characteristics. 

 
Total 

(n=169) 

Girls 

(n=98) 

Boys 

(n=71) 
p 

  
Variables n % n % N % 

Weight status       

0.86a Underweight/Normal 131 77.5 75 76.5 56 78.9 

Overweight/Obese 38 22.5 23 23.5 15 21.1 

Comply Guidelines       

0.64 a Yes 48 71.6 72 73.5 49 69.0 

 No 121 28.4 26 26.5 22 31.0 

 Mean (SD) Mean (SD) Mean (SD)  

Age (years) 16.43 (1.22) 16.37 (1,15) 16.52 (1.08) 0.38 b 

Waist circumference (cm) 72.77 (8.73) 70.65 (7.3) 74.32 (10.20) 0.04 b 

Physical Activity  

(min/day) 
    

Light  87.10 (41.38) 90.72 (41.19) 82.11 (41.41) 0.18 b 

Moderate  27.46 (13.43) 27.97 (13.84) 26.75 (12.91) 0.56 b 

Vigorous  18.94 (13.40) 16.60 (11.75) 22.17 (14.89) 0.001 b 

MVPA  46.40 (22.61) 44.58 (21.57) 48.93 (22.61) 0.21 b 

Neighborhood Attributes      

Walkability Index 0.48 (0.15) 0.48 (0.14) 0.49 (0.17) 0.63 b 

Land-use Mix 0.62 (0.13) 0.61 (0.12) 0.63 (0.13) 0.31 b 

Street Connectivity 145.38 (39.18) 143.38 (37.19) 148.15 (41.15) 0.43 b 

Residential Density 3420.40 (1206.01) 3490.14 (1256.43) 3324.15 (1134.46) 0.37 b 

     

Socioeconomic Deprivation 45 26.6 21 21.4 24 33.8  

Least Deprived  75 44.4 50 51.1 25 35.2 

0.08a Medium Deprived 49 29.0 27 27.6 22 31.0 

Most Deprived 45 26.6 21 21.4 24 33.8 

 MVPA, moderate-to-vigorous physical activity; aChi square test; b- t-student test; Bold text:   significant result. 
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Table 2. Relationship between urban design features and physical activity levels 

 

 

 Light PA Moderate PA Vigorous PA MVPA 

 β CI (95%) 
p-

value 
β CI (95%) 

p-
value 

β CI (95%) 
p-

value 
β CI (95%) 

p-
value 

Walkability Index 

Model 1 
-13.24 -53.37;26.88 0.51 2.574 

-
10.46;15.61 

0.69 6.764 -6.21;19.74 0.30 9.338 -12.57;31.25 0.40 

Model 2 -6.093 -46.00;33.81 0.76 4.125 -8.99;17.24 0.53 7.063 -5.92;20.04 0.28 11.188 -10.97;33.34 0.32 

Street Connectivity 

Model 1 
-0.109 -0.270;0,051 0.18 -0.033 -0.08;0.01 0.21 0.005 

-
0.047;0.057 

0.84 -0.028 -0.116;0.060 0.53 

Model 2 -0.093 -20.44;4.95 0.20 -0.032 -0.08;0.02 0.23 0.001 -0.05;0.05 0.98 -0.031 -0.121;0.058 0.49 

Land-Use Mix 

Model 1 
-4.985 -53.40;43.43 0.83 5.311 

-
10.38;21.00 

0.50 11.050 -4.54;26.64 0.16 16.361 -9.981;47.70 0.22 

Model 2 
3.332 -47.70;54.37 0.89 5.949 

-
10.81;22.71 

0.48 7.570 -9.05;24.19 0.37 13.52 -14.82;41.86 0.34 

Residential Density 

Model 1 
0.002 -0.003;0.008 0.37 0.002 0.000;0.003 0.03 0.001 

-
0.001;0.002 

0.52 0.002 0.000;0.005 0.09 

Model 2 
0.003 -0.002;0.009 0.28 0.002 0.001;0.004 0.01 0.001 

-
0.001;0.003 

0.14 0.004 0.000;0.005 0.01 

PA: Physical activity; CI: Confidence interval; β: Unstandardized coefficient; Model 1: unadjusted coefficient and Model 2: adjusted for sex, age, SES, and BMI; Bold text: 
significant result. 
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Figure 1. Participants distribution according to neighborhood walkability area 
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Abstract  

Background: The simultaneous exploration of different neighborhood 

environmental features and the relationship with physical activity (PA) may help 

to create and develop new strategies to promote PA levels among youth 

population. 

Purpose: To estimate the association of built environment characteristics within 

the neighborhood and objectively measured weekly MVPA and total PA in a 

sample of Portuguese adolescents. 

Methods:  Total of 169 adolescent students (58% girls) aged 15 to 18 years 

participated in this study. Moderate to vigorous physical activity (MVPA) and total 

PA levels were assessed by accelerometers. Built environment features of the 

neighborhood such as walkability index, public transportation (subway, bus), 

outdoor play spaces (open public sport facilities, health clubs and green spaces) 

were assessed using a Geographic Information System. Neighborhood 

characteristics were measured within a buffer size of 500 meters around each 

participant´s home address. 

Results: We found a positive and significant relationship between availability of 

green spaces and MVPA during week days (crude model: β=8.21 IC95% 0.38-

16.05, p=0.04 and adjusted model:  β= 8.70 IC95% 0.27-14.14, p=0.04) and 

weekend day (crude model: β=7.62 IC95% 1.04-14.20, p=0.02 and adjusted 

model: β=7.21 IC95% 0.27-14.44, p=0.04). Additionally, a positive and significant 

association between MVPA during weekend day and availability of medium (β= 

9.33 IC95% 1.35-17.3, p=0.02) and high (β= 8.91 IC95% 0.92-16.90, p=0.02) bus 

stop density was found. 

Conclusion: Green spaces and urban transport system might support higher PA 

levels among adolescents. These findings serve as an important contribution for 

development strategies that might improve of active lifestyle among adolescents.  

 

Key-Words: school day, weekend day, objective measure, urban environment, 

adolescents, physical activity 
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Introduction 

 

Nowadays, 54% of world’s population lives in urban areas (Nations, 2014), 

and the rapidly growing urbanization can affect the healthy lifestyles, including 

being physically active (Federation, 2012). Despite the contribution of physical 

activity (PA) for adolescents current and future health is widely established in the 

literature (Hallal, Victora, Azevedo, & Wells, 2006), PA prevalence rates decline 

in many countries (Hallal et al., 2012) making this population an important target 

group for PA promotion. Portuguese studies have reported extremely low rates 

of PA among (Baptista et al., 2012; Marques & Gaspar de Matos, 2014). In a 

recent study conducted with a national representative sample, only 4% of 

adolescents aged 16 and 17 years met the PA recommendations, i.e., 60 minutes 

of moderate-to-vigorous physical activity (MVPA) daily (Marques & Gaspar de 

Matos, 2014). 

In an attempt to promote health, public health researchers have 

highlighted the importance of using ecological models of health behaviors to 

better and deeply understand the determinants of PA behavior (Sallis et al., 

2012). Over the last decade built environment features have been recognized as 

an important component given its significant effects on PA (Sallis et al., 2012). 

Neighborhood environmental characteristics may facilitate or inhibit PA 

engagement among youths (Katzmarzyk et al., 2008). The availability of outdoor 

play spaces, such as, proximity of sport facilities, parks and green spaces, can 

facilitate active play and, consequently, it can contribute to higher PA intensity 

among adolescents (Cohen et al., 2006; Roemmich et al., 2006). Also, safe 

access to public transportation systems and pedestrian-friendliness of the 

neighborhood, was positively related with walking and biking behavior 

(Roemmich et al., 2006; Sallis, Bowles, et al., 2009; Sallis et al., 2012). To 

express how supportive the neighborhood is to pedestrian dislocation, composite 

measures have been developed; walkability index, for instance, comprehends 

three components of urban design (residential density, land-use mix and street 

connectivity). 
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Moreover, socioeconomic status (SES) seems to play a role as well, 

neighborhood socio-economic deprivation area level also have been investigated 

for association with PA (Turrell et al., 2010), but the findings are mixed (Molnar, 

Gortmaker, Bull, & Buka, 2004). Recent analysis demonstrated that girls living in 

lower SES neighborhoods, spent more time sedentary than girls living in higher 

area-level socioeconomic deprivation (Carson, Kuhle, Spence, & Veugelers, 

2010). In a contrast with this findings, no association between measures of 

neighborhood disorder and PA in children was verified in review (Davison, 

Downs, & Birch, 2006). 

Although research community supports the relationship between built 

environment characteristics and PA, these associations vary according age-

groups. There are still some issues to clarify, particularly in youths. Findings from 

studies undertaken in younger population are mixed and inconsistent as opposed 

to those in adult population, which, in general produce more consistent results 

and associations (Gebel et al., 2007; Humpel, Owen, & Leslie, 2002). But, 

inconsistencies can also derive from different methodological strategies to 

measure PA and environmental attributes (Ding, Sallis, Kerr, et al., 2011). 

Additionally, there are not enough studies with simultaneous approach to different 

environment features, especially using objective measures. In fact, objective 

measures are valorized by policy makers and other stakeholders due to the 

facilitating the translation of study findings into urban planning interventions 

(Rydin et al., 2012).  

Therefore, the aim of this study was to find out whether the environmental 

characteristics of the residence neighborhood were associated with PA levels in 

a sample of Portuguese adolescents. We relied exclusively on objectively 

measures attributes: PA obtained from accelerometers and environmental 

characteristics derived from Geographical Information Systems (GIS).  
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Methods 

 

Participants 

 

Study participants came from SALTA Project (Environmental Support for 

Leisure and Active Transport), a cross-sectional study in Porto, Portugal, 

designed to examine environmental and social influences on PA in children and 

adolescents (Pizarro et al., 2013). 

All public secondary schools of Porto municipality (n=11) were contacted 

by email and telephone; four schools were excluded because they did not reply 

to our invitation, two schools were rebuilt, and one declined to participate. The 

sample consisted of four schools of Porto municipality and one school from 

Porto’s outskirt. A total of 449 adolescents were evaluated. However, this study 

obtained environmental data just from Porto municipality, and only 236 students 

were living within the boundaries of Porto. 

Participants were properly enrolled in classes from 9th to 12th school 

grades and were evaluated in academic years 2011/2012 and 2012/2013. 

Schools, parents and all adolescents received a verbal and written 

description of the study. Parents signed an informed consent and adolescents 

gave verbal consent to participate in the evaluations. The procedures used in this 

study followed the principles of the Declaration of Helsinki. Ethical approval for 

this study was obtained from the Scientific Committee of Faculty of Sports, 

University of Porto, and from the Portuguese Foundation for the Science and 

Technology and through the Regional section of the Ministry of Education.  

 

Outcome  

 

Physical Activity 
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Physical activity was objectively measured by Actigraph accelerometers, 

model GT1M (Actigraph LLC Pensacola, FL). Participants were instructed to use 

the accelerometer attached to an elastic belt and placed above the right iliac crest 

for 7 consecutive days. Instructions were given to wear the monitor all time except 

when sleeping, bathing, and swimming or other water activities. Data was 

collected in 10-second epochs. To be considered valid, data had to cover a 

minimum of 8-hour and at least 4 days (1 weekend day). A measurement of 

consecutive zeros during 60 minutes or more was considered invalid data. This 

protocol had been previously used (Silva et al., 2013). Accelerometer data was 

processed using Actilife software (Actigraph LLC Pensacola, FL). Counts per 

minute (cpm) were categorized according to Evenson’s cut-points: time spent in 

light (LPA) (101-2295 cpm), moderate (MPA) (2296-4011 cpm) and vigorous 

(VPA) (>4012 cpm) PA.  In addition, the category moderate-to-vigorous PA 

(MVPA) was also considered (Evenson et al., 2008) and total PA was based on 

the sum of LPA, MPA and VGA.  

MVPA and total PA were the outcomes under analysis.  

 

Neighbourhood built environment  

 

Walkability Index 

Walkability index was based on three components: residential density, 

street connectivity and land use-mix (expressed as an index of entropy). 

Residential density was obtained by calculating the density (number/area) of 

households within participants´ neighbourhood and is based on previous 

research (Kerr et al., 2006; Larsen et al., 2009). The street connectivity was 

obtained by calculating the density of street intersections within the participants’ 

neighbourhood.  We considered only streets that allowed pedestrian circulation; 

when prohibited (e.g. freeways) these streets were removed from the street 

network before any analyses. Additionally, land-use mix, which expresses the 

diversity of land-uses within the participant’s neighbourhood, was calculated. 
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Based on earlier research, 6 types of land-uses (commercial, residential, 

recreational/leisure, business/industrial, educational and others) were defined 

(Leslie et al., 2007). Then, the index of entropy was calculated for each 

neighbourhood, with values ranging from 0 (low land-use diversity) to 1 (high 

diversity), following previous studies’ strategy (Kerr et al., 2006) (Larsen et al., 

2009).  

After calculating these three components for each neighbourhood, crude 

values were normalized using z-scores. Walkability index was calculated by 

summing these weighted z-scores; index of entropy and residential density 

received a weight of 1, whereas street connectivity received a weight of 2. This 

formula is based on Frank and colleagues’ (L. D. Frank et al., 2010). The sum 

was then normalized so that walkability index varied from 0 (least walkable/low 

walkability) to 1 (most walkable/high walkability).  

  

Outdoor Play Spaces 

 

Three outdoor play spaces were considered: open public sport facilities, 

green spaces and health clubs. The locations of green spaces were obtained 

from the city council digital map; the city council provides a list of the open sport 

spaces, which were then georeferenced using Global Position System (GPS). 

Fifty-one PA facilities and 27 green spaces were considered for this study. Open 

public and green spaces had to be free of charge and to be maintained by 

government agency. These environmental variables have been considered in 

previous studies developed in Porto (Ribeiro, Mitchell, Carvalho, & de Pina Mde, 

2013). Health clubs were georeferenced using Google Earth.  

 

Public transportation system 

 

Public transportation is expressed in variety of modes – bus and subway. 

These are the most common types of transportation within Porto municipality. 
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Data from bus stop location were obtained from Society of Collective Transport 

of Porto (STCP). Subway stations were georeferenced using the Google Earth.  

 

Individual variables and confounders 

 

Gender, age, body mass index (BMI), and neighbourhood socioeconomic 

deprivation were also added to the regression models because they are 

recognized as determinants of PA, and then act as confounding variables.  

 

Body Mass Index 

 

At schools, trained professionals performed height and weight assessment 

with barefooted adolescents wearing light clothes. Weight evaluation was 

performed using a portable digital beam scale (Tanita Inner Scan BC 532, Tanita, 

Tokyo, Japan), with the participant over the centre of the scale platform with the 

weight distributed equally on both feet. Height was measured with a portable 

stadiometer (Crymyc, Pembrokeshire, UK) where the teenager stood with heels 

together and head positioned in the horizontal plane. Body mass index was 

calculated using the ratio of weight/height2 (kg.m-2). Individuals were classified as 

normal weight, overweight or obese, according to the age and specific cut-off 

points for gender specified by the International Obesity Task Force  (Cole et al., 

2000). 

 

 

 

Neighbourhood Socioeconomic Deprivation  

Given that studies have found neighbourhood socioeconomic deprivation 

is correlated with PA (Shishehbor et al., 2008), we used a multivariate measure 
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of neighbourhood socioeconomic deprivation as a confounding variable in our 

models.  

Porto´s census tracks (neighbourhood equivalent) were classified 

according to three discrete latent classes (from least deprived to most deprived 

area), as used in previous studies (Alves et al., 2013; Ribeiro et al., 2014). This 

classification was based on 11 variables relating to population´s age distribution, 

education level, occupation, and housing conditions. To create a final 

measurement able to capture area socioeconomic deprivation, latent class 

analysis models were run to identify census track with similar characteristics. The 

number of classes was defined according to the Bayesian information criterion, 

the Akaike information criterion, entropy and interpretability (Alves et al., 2013).  

 

Buffer Size 

Circular buffers of 500 meter around participants´ residence were 

generated. This circular area was considered the participant’s neighbourhood, for 

which neighbourhood features were measured: walkability index (low vs. high); 

bus stops (low: 0 to 15; medium: 16 to 20; high: 21 to 48); subway stations (low; 

medium; high); health clubs (exist; not exist); open sport facilities (exist; not exist) 

and open green spaces (exist; not exist). This buffer size was based on previous 

study in Porto municipality (Autran et al., 2012) and on the concept of reasonable 

walking distances (Brownson et al., 2009). 

 

Data Analyses 

 

Chi-square test (χ2) was conducted to compare proportions of categorical 

variables; alternatively, the Student T-test was used for continuous variables.  To 

examine the relationship between MVPA and total PA with environmental 

variables a linear regression adjusted for gender, age and BMI was used. A level 

of significance was set at (p≤ 0.05). 
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Results 

 

From the 236 participating students living in of Porto municipality 169 

(77.88%) have completed accelerometer data. Table 1 depicts the characteristics 

of the participants, stratified by gender. No significant differences were found 

between gender concerning MVPA (school week days: p<0.21; weekend day: 

p<0.61) and PA total (school week days: p<0.67; weekend day: p<049).  

Moreover, most of the participants did not comply with PA guidelines, and no 

significant differences were found between boys and girls (p=0.64). 

 

Table 2 indicates the results from the relationship between built 

environment attributes and school weekdays PA. Among outdoor play spaces, a 

positive association between availability of open green spaces and MVPA was 

found in both crude, (β=8.21; IC95% 0.38-16.05, p=0.04) and adjusted analysis 

(β= 8.70; IC95% 0.36-17.03, p=0.04) were found. However, no associations 

between PA and availability of sport facilities or health clubs were found. 

 

The absence of associations was also observed for walkability index, and 

for the availability of public transportation stop locations (bus and subway). 

 

The relationship between built environment attributes and PA levels during 

weekend days is presented in Table 3. Similarly to school weekdays results, there 

is a positive relationship between green spaces and MVPA in both crude, (β= 

7.62; IC95% 1.04-14.20, p=0.02) and adjusted analysis, (β= 7.21; IC95% 0.27-

14.14, p=0.04) during weekend day. Additionally, a positive association was also 

found between bus stops availability and MVPA (second β= 9.33; IC95% 1.35- 

17.31, p=0.02 and third tertile β=8.91; IC95% 0.92-16.90, p=0.02) in the adjusted 

analysis. But again, no relation between availability of subway station and MVPA 

or total PA was observed. 

 

Discussion 
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This work evaluates different urban environment features and the 

relationship with PA. Our results pointed out that adolescents with availability of 

the open green spaces are more active. In addition great support of bus stop 

locations might improve the PA during the weekend days. 

However, although ecological models of health behaviors highlight the 

importance of built environment on PA behavior, previous reviews have showed 

a variability of findings between built environment features and PA among 

adolescents (Ding, Sallis, Kerr, et al., 2011; McGrath et al., 2015).  

Thus, this study aimed to explore the association between residential 

neighbourhood characteristics (measured objectively) and objectively measured 

MVPA and total PA among adolescents.  

Our results indicated a positive association between green space 

availability and MVPA during school week days and weekend days. The direction 

of association between MVPA and urban green spaces is supported by other 

studies (Cohen et al., 2006; Oreskovic et al., 2015; Roemmich et al., 2006).  The 

role of green spaces has been widely explored on literature and ranks among the 

most impacting built environment features, since they provide opportunities for a 

variety of PA behaviors (Bedimo-Rung et al., 2005). Parks and green spaces 

might encourage physical activities, such as, recreational walking and the 

practice of sports (Cohen et al., 2006), and, in addition, they facilitate social 

contacts (Groenewegen, van den Berg, de Vries, & Verheij, 2006), especially with 

peers.  Furthermore, people are inclined to undertake PA in aesthetically 

appealing environment (Giles-Corti & Donovan, 2002); thus natural environment 

may stimulate people being more physically active. Having pleasant, freely 

accessible green spaces nearby could then support adolescent to use them 

(Babey, Brown, & Hastert, 2005). 

The absence of associations between availability of sport facilities (open 

sport spaces and health clubs) and weekly PA levels is worth mentioning as well. 

Actually, previous international and national study (Autran et al., 2012; Prins, 

Oenema, van der Horst, & Brug, 2009) reported no associations between sport 
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facilities and PA. One of explanation to this result is due to the fact that most of 

the recreation or sport facilities do not meet the adolescent´s PA preference, 

especially in girls (Autran et al., 2012) who could lean towards individual 

modalities only available in paid health clubs. But in our study, no association 

was found between availability of health clubs and PA levels as well.  

Despite lower MVPA levels observed in this study during weekend day, a 

positive association was found between MVPA during weekend day and bus stop 

density. In fact, the offer of bus stops as support to public transportation system 

in Porto city is efficient and may facilitate adolescents travel outside of their home 

neighbourhood to use others recreation facilities or engage in activities that are 

compatible with their interests. The absence of associations between subway 

stops and PA levels is perhaps due to the fact of Porto’s´ subway system is a 

recently new mode of public transportation and the coverage and stops 

availability is lower compared to bus stops offer.  

No positive relationship was observed between walkability index and PA 

levels. In agreement with our study, no association among Belgians adolescents 

and PA was found as well (De Meester et al., 2012). In an extensive review 

developed by Ding et al., walkability index is weakly associated with PA among 

adolescents (Ding, Sallis, Kerr, et al., 2011). Other recent review found that 

walkability index was slightly associated with MVPA level (McGrath et al., 2015). 

Moreover, previous studies proved the moderating effect of neighbourhood 

socioeconomic deprivation area on walkability index and PA, however the 

findings are mixed (De Meester et al., 2012; Kerr et al., 2006). Keer (Kerr et al., 

2006) and colleagues found a relationship between adolescents´ PA reported by 

parents and walkability index in high-income, but not in low-income 

neighbourhoods. However, De Maester and colleagues found the same relation, 

but for adolescents living in low-income neighbourhoods (De Meester et al., 

2012). In the present study, the moderating effect of neighbourhood 

socioeconomic deprivation area was analyzed, however, did not show significant 

results between walkability index and PA (data not showed). Part of explanation 

for these findings may be due to differences in PA assessment and in the 

attributes used to construct socioeconomic deprivation factors.  
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As other authors, we strongly believe it is important to develop composite 

measures based on variables that may be more associated with adolescent’s 

interests. Such variables might produce better results, which could lead policies 

to improve PA engagement among youth population (Buck et al., 2014; Laxer & 

Janssen, 2013). 

 

Limitations 

 

Our study has some limitations to consider. First, the cross-sectional 

nature of the study does not allow us to prove causal associations. The small 

sample size does not permit the analysis stratification by gender or 

neighbourhood socioeconomic deprivation, which could be interesting to explore.  

Additionally, we do not evaluate the specific domain that PA occur and identify 

the type of environment mostly used to adolescents during leisure time is needed.  

 

Conclusion 

A positive relationship was found between weekly MVPA and green 

spaces. Given that a large number of Portuguese adolescents did not meet the 

recommended guidelines for PA (Baptista et al., 2012; Marques & Gaspar de 

Matos, 2014), urban planners should consider designing parks and attractiveness 

features that encourage adolescents engage in PA thought the use of green 

space.  

Furthermore, it seems that a dense public transportation system, in this 

case mostly bus transport, might relief to raise adolescents´ PA levels during 

weekend days. 

Future studies should develop new approaches to measure built 

environmental features that impact adolescents PA behavior. Representative and 

large samples should be used in an attempt to confirm such relationships and 

discover new findings. Nevertheless, this research gives an important 



94 

 

contribution to the scientific literature on this topic and our results might aid urban 

planners to develop better strategies to promote PA. 
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Table 1. Descriptive sample characteristics. 

 Total  
(n=169) 

Girls  
(n=98) 

Boys  
(n=71) 

p-
value 

  Variables  n % n % n % 

BMI        

Underweight/Normal 131 77.5 75 76.5 56 78.9 
0.86 

Overweight/Obese 38 22.5 23 23.5 15 21.1 

PA Guidelines        

Comply 48 28.4 26 26.5 49 69.0 
0.64a 

Do not Comply 121 71.6 72 73.5 22 31.0 

Environmental Attributes         

Walkability Index        

Low 82 48.5 51 52.0 31 43.7 
0.35a 

High 87 51.5 47 48.0 40 56.3 

Bus Stop        

Low Stops 57 33.7 31 31.6 26 36.6 

0.79a Medium 53 31.4 32 32.7 21 39.6 

Hight Stops 59 34.9 35 35.7 24 33.8 

 Subway Station        

Not exist 114 67.5 61 62.2 53 74.6 
0.12a 

Exist 55 32.5 37 37.8 18 25.4 

Health Club        

Not exist 46  27.2 32  32.7 14  19.7 
0.09 a 

Exist 123  72.8 66  67.3 57  80.3 

Sport Facilities        

Not exist 69  40.8 42  42.9 27  38.0 
0.63 a 

Exist 100  59.2 56  57.1 44  62.0 

Open Green Spaces       
 

0.56 a 
Not exist 73  43.2 40 40.8 33 46.5 

Exist 96  56.8 58 59.2 38 53.5 

Socioeconomic Deprivation        

Least Deprived  75 44.4 50 51.1 25 35.2  

0.08a 

 

Medium Deprived 49 29.0 27 27.6 22 31.0 

Most Deprived 45 26.6 21 21.4 24 33.8 

 Mean (SD) Mean (SD) Mean (SD)  

Age (years) 16.43 (1.22) 16.37 (1,15) 16.52 (1.08) 0.38 b 

School Days PA (min/day)   

MVPA 46.40 (22.61) 44.58 (21.57) 48.93 (22.61) 0.21b 

PA total  155.02 (63.57) 148.94 (59.65) 147.56 (64.34) 0.67b 

Weekend Days PA  (min/day)      

MVPA 25.69 (22.01) 24.95 (22.50) 26.71 (21.43) 0.61 b 

PA Total 97.21 (68.14) 102.39 (69.26) 90.07 (66.37) 0.49 b 

MVPA, moderate-to-vigorous physical activity; BMI, body mass index; PA guidelines: 60 minutes of MVPA per day; 

 aChi square test; bbetween-subjects t-student test. 
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Table 2. Relationship between school weekdays PA and built environment features  

 MVPA 

β (CI95%) 

TOTAL PA 

β (CI95%) 

 

Environmental 
Variables (N) 

 

Crude 

β (CI95%) 

 

p-
value 

        Adjusted 

β (CI95%) 

p- 
value 

Crude 

β (CI95%) 

 

p- 
value 

Adjusted 

β (CI95%) 

 

p-
value 

 

Walkability Index 

        

Low (82) Reference  Reference  Reference  Reference  

High (87) 2.68(-5.17;10.53) 0.50 3.08(-4.79;10.95) 0.44 4.84(-13.63;23.32) 0.60 -7.55(-
25.85;10.73) 

0.41 

Bus Stop Locations  

Low (57) Reference  Reference  Reference  Reference  

    Medium (53) 0.65(-9.08;10.39) 0.89 2.55(-7.22;12.32) 0.60 0.35(-22.54-23.25) 0.97 4.81(-
17.90;27.53) 

0.67 

High (59) -1.08 (-10.56;8.39) 0.82 0.92(-8.85-10.70) 0.85 -6.32(-28.61;15.95) 0.57 -1.25(-
23.99;21.48 

0.91 

Subway Station  

None (114) Reference  Reference  Reference  Reference  

    1 to 2 stops (55) 5.42 (-2.92;13.77) 0.20 7.90(-0.78;16.58) 0.07 8.60(-11.07;28.29) 0.39 -12.25(-
8.03;32.54) 

0.23 

Health Clubs  

Not exist (46) Reference  Reference  Reference  Reference  

Exist  (123) 1.06(-7.76;9.88) 0.81 3.10(-7.17-13.77) 0.55 1.20(-19.56;21.97) 0.90 6.05 (-
17.83;29.94) 

0.61 

Sport Facilities  

Not exist (69) Reference  Reference  Reference  Reference  

Exist (100) -3.65(-11.63;4.31) 0.36 -3.60(-11.55;4.34) 0.37 -14.27(-32.95;4.40) 0.13 -12.37 (-
30.80;6.05) 

0.18 

Open Green Spaces                                    

Not exist (73) Reference  Reference  Reference  Reference  

Exist (96) 8.21 (0.38;16.05) 0.04 8.70 (0.36;17.03) 0.04 11.22 (-7.36;29.80) 0.23 12.15 (-
7.37;31.68) 

0.22 

PA: Physical activity; MVPA: Moderate-vigorous physical activity; β: Unstandardized coefficient; CI: Confidence interval; Adjusted for gender, age, SES, 
and BMI; Bold text: significant result. 
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Table 3. Relationship between weekend day PA and built environment attributes considering a buffer of 500 meters  

 MVPA 

β (CI95%) 

TOTAL PA 

β (CI95%) 

 

Environmental 
Variables (N) 

 

Crude 

β (CI95%) 

 

p 
        Adjusted 

β (CI95%) 
p 

Crude 

β (CI95%) 

 

p 

Adjusted 

β (CI95%) 

 

p 

 

Walkability Index 

        

Low (82) Reference  Reference  Reference    

High (87) -0.65 (-7.27;5.96) 0.84 -0.35(-6.91;6.20) 0.91 -0.90(-21.40;19.58) 0.93 -1.89(-21.86;18.08) 0.85 

Bus Stops  

Low (57) Reference  Reference  Reference    

    Medim (53) 6.67 (-1.45;14.80) 0.10 9.33 (1.35;17.31) 0.02 23.88 -1.25;49.01) 0.06 29.59(5.25;53.93) 0.17 

High (59) 6.07 (-1.83;13.98) 0.13 8.91 (0.92;16.90) 0.02 17.04(-7.38;41.55) 0.17 23.28(-1.07;47.64) 0.61 

Subway Station  

None (114) Reference  Reference  Reference    

    1 to 2 stops (55) 3.08 (-3.96;10.13) 0.39 4.96(-2.29;12.21) 0.18 12.11(-9.67;33.89) 0.27 13.95(-8.15;36.05) 0.21 

Health Clubs  

Not exist (46) Reference  Reference  Reference    

Exist (123) -3.33 (-10.75;4.08) 0.37 -1.32(-9.88;7.22) 0.76 -10.22(-33.18;12.73) 0.38 -8.84(-34.86;17.18) 0.50 

Sport Facilities  

Not have (69) Reference  Reference  Reference    

Exist (100) 0.88(-5.85;7.61) 0.79 1.44(-5.17;8.07) 0.66 -7.05(-27.86;13.76) 0.50 -2.56(-22.74;17.62) 0.80 

Open Green Spaces                                    

Not Have (73) Reference  Reference  Reference    

Exist(96) 7.62 (1.04;14.20) 0.02 7.21(0.27;14.14) 0.04 14.60 (-6.23;35.43) 0.16 14.58(-6.68;35.84) 0.17 

PA: Physical activity; MVPA: Moderate-vigorous physical activity; β: Unstandardized coefficient; CI: Confidence interval; Adjusted for gender, age, 
SES, and BMI; Bold text: significant result. 
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Abstract 

 

Background: Parks are recognized as an important built environment feature for 

facilitate the physical activity (PA) practice. Some physical features of parks, such 

as, size, recreational facilities, amenities, as well as the proximity to parks might 

contribute to attract more park-users for PA. However, few studies have 

investigated the park physical features and the role proximity associated with PA 

in adolescents. 

Purpose: The aim of this current study is to evaluate whether moderate to 

vigorous PA (MVPA) is associated with different park physical attributes, such as 

distance (perceived and objective) and size, the presence of recreational 

facilities, environmental attributes, amenities, and security. 

Methods: A sample of 326 adolescents (60.1% female) aged between 15 and 18 

years-old were evaluated. MVPA was assessed by accelerometers Actigraph 

GT3X. Perceived distance proximity to park was evaluated using Neighborhood 

Environment Walkability Scale-Youth (NEWS-Y) and shortest distance to the 

parks was objectively measured using a Geographic Information System (GIS). 

A total of 63 parks were georeferenced and audited using Quality of Public Open 

Space Tool (POST). We derived four scores to express the park quality according 

to the four different domains covered in POST: recreational facilities, 

environmental quality, amenities, and security. A buffer size of 1600 meters (m) 

was generated around participants home and the participants were classified 

according sum of each score of park quality. Linear regression was performed to 

examine the association between MVPA and park physical quality. 

Results: a positive association between daily mean MVPA and the number of 

parks (β= 6.75 IC95% 2.28; 11.22, p= 0.003) within a 1600 m of residence was 

found.  Availability of recreational facilities (β= 4.13 IC95% 0.43; 8.23, p=0.048), 

environmental quality (β= 8.29 IC95% 2.56; 15.27, p=0.006), presence of 

amenities (β= 8.82 IC95% 2.45; 15.18, p=0.007) and security (β= 9.75 IC95% 

3.43; 16.07, p=0.003) were also associated with MVPA. After adjustment for age 

and socioeconomic deprivation, the associations remained positive and 
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significant with the number of parks (β= 6.41 IC95% 1.61;11.20, p=0.009), 

environmental quality (β= 8.31 IC95% 1.73;14.88, p=0.014), amenities (β= 8.25 

IC95% 1.71;14.76, p=0.014) and security (β= 9.19 IC95% 2.60;15.79, p=0.007). 

However, the associations were only significant in girls. 

Conclusion: Parks physical factors might influence adolescents’ MVPA level. 

However, there was gender difference. Further studies using parks auditing might 

contribute to better understanding of the relationship between parks and PA 

among adolescents. 

Key-words: parks; attractiveness; youth; physical activity; geographic information 
system 
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Introduction 

 

Physical activity (PA) has well-documented due to the health benefits for 

adolescents (Janssen & LeBlanc, 2010). However, international and national 

studies involving Portuguese adolescents have shown that adolescents do not 

engage in recommended level of PA (Hallal et al., 2012; Marques & Gaspar de 

Matos, 2014). In the past years, public health researchers have widened the list 

of potential correlates with PA by adapting a socio-ecological model to stimulate 

the youngest to engage in more PA (Saelens & Handy, 2008). Studies have 

reinforced that built environment, where people live, might be an important source 

of PA opportunities for adolescents (Sallis, Floyd, Rodriguez, & Saelens, 2012). 

Recently, a study combining the use of Global Position System (GPS) and 

accelerometers showed that adolescents achieve the highest levels of PA 

outdoors, such as in parks (Oreskovic et al., 2015). Parks represent a key 

element of the built environment, as they are (and can be made) accessible to a 

wider population and are commonly used for PA in leisure time (B. Giles-Corti et 

al., 2005; Kaczynski & Henderson, 2007; Loukaitou-Sideris & Sideris, 2009). 

Parks generally provide many opportunities for a variety of PA behavior, such as 

the presence of courts and walking paths (Bedimo-Rung, Mowen, & Cohen, 2005; 

Kaczynski & Henderson, 2007). A recent review study recognized that parks can 

influence PA in at least in three different ways (Koohsari et al., 2015): a setting 

where people perform PA; a destination people travel either to be active or to 

socialize; and part of a route to pass by other destination (Koohsari et al., 2015). 

The majority of the studies have investigated the role of proximity and 

parks availability in the residential neighborhood. For example, a review of 50 

quantitative studies stated that proximity to parks and recreational opportunities 

are related with PA levels (Kaczynski & Henderson, 2007). However, previous 

literature reviews did not found consistent associations between PA and proximity 

of parks (Babey, Hastert, Yu, & Brown, 2008; Norman et al., 2006). Although the 

role of parks proximity is relevant, studies also should consider how many parks 
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are available in a neighborhood (Schipperijn, Stigsdotter, Randrup, & Troelsen, 

2010), and physical characteristics of the parks (Koohsari et al., 2015). 

According to a previous study performed in Denmark, the offer of parks is 

more relevant to park-users than the distance to the nearest park (Schipperijn et 

al., 2010). Furthermore, physical quality of parks, such as parks size (Billie Giles-

Corti et al., 2005),  total amenities (Billie Giles-Corti et al., 2005; Kaczynski, 

Potwarka, & Saelens, 2008) and sport courts (Myron F Floyd, Spengler, 

Maddock, Gobster, & Suau, 2008) [16], might be as (or even more) influential that 

distance. A growing body of literature has explored how different aspects of 

parks, including size (Baran et al., 2013), presence of courts [(M. F. Floyd et al., 

2011; Kaczynski & Henderson, 2007) and amenities (Edwards, Hooper, 

Knuiman, Foster, & Giles-Corti, 2015)[19] are associated with PA behavior in 

adolescents. A recent study of Edwards and colleagues, suggests that several 

amenities elements make parks more attractive to youth motivating them to 

spend more time in there (Edwards et al., 2015). In addition, park attractiveness 

scores, which summarize several features within parks, have been used in adult 

population (Billie Giles-Corti et al., 2005; Sugiyama, Francis, Middleton, Owen, & 

Giles-Corti, 2010). However we know little about the relation between park 

attractiveness scores and PA in adolescent  

Building on this idea, our study aims to better understand the role of parks 

on PA. Specifically, we first explore how the proximity to parks (perceived and 

objectively measured) is associated with MVPA. Secondly, we examine the 

association between MVPA and the availability of parks within a buffer size of 

1600 m, as well the parks attributes such as total size, recreational facilities, 

environmental quality, amenities and security. 

 

 

 

 

Methods 
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Participants 

 

Study participants arose from SALTA Project (Environmental Support for 

Leisure and Active Transport), a cross-sectional study in Porto area (Portugal), 

designed to examine environmental and social influences on PA in children and 

adolescents (Pizarro, Ribeiro, Marques, Mota, & Santos, 2013).  

All public secondary schools of Porto municipality (total 11 schools) were 

contacted by email and telephone; four schools were excluded because they did 

not reply to invitation, two schools were under reconstruction, and one declined 

to participate in the study. The sample consisted of four schools of Porto 

municipality and 2 additional schools from Porto´s outskirts. A total of 474 

adolescents (59.6% girls) were initially evaluated. Of the 474 study participants, 

those who had accelerometers data (n = 349) complied with accelerometers 

protocol. Then, we excluded twenty-one adolescents since they lived out of the 

study area. Accordingly, the final sample yielded 326 adolescents (60.1% 

females and 39.9% males).  

Participants were properly enrolled in classes from the 9th to 12th school 

grades and were evaluated in academic years 2011/2012 and 2012/2013. 

Parents signed an informed consent form and adolescents were asked to 

provide verbal consent to participate in the evaluations. The procedures used in 

this study followed the principles of the Declaration of Helsinki. Ethical approval 

for this study was obtained from the Scientific Committee of Faculty of Sports, 

University of Porto, and from the Portuguese Foundation for Science and 

Technology and through the Regional section of the Ministry of Education.  

 

 

 

Outcome  
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Physical Activity 

Physical activity was objectively measured by Actigraph accelerometers, 

model GT1M and GT3X (Actigraph LLC Pensacola, FL). Participants were 

instructed to use the accelerometer attached to an elastic belt and placed above 

the right iliac crest for 7 consecutive days. Instructions were given to wear the 

monitor all the time except when the participants were sleeping, bathing, and 

swimming or doing other water activities. Data were collected in 10-second 

epochs. Data had to cover a minimum of 10-hours per day and at least 3 days (1 

weekend day) that were considered valid. A measurement of consecutive zeros 

during 60 minutes or more was considered invalid data. This protocol had been 

previously used (Silva, Seabra, Saint-Maurice, Soares-Miranda, & Mota, 2013). 

Physical activity data was processed using Actilife software (Actigraph LLC 

Pensacola, FL) and summarized as time spent in MVPA, which was defined 

as ≥ 2296 counts/min and was the outcome under analysis. These cut points for 

PA intensities were developed by Evenson and colleagues (Evenson, Catellier, 

Gill, Ondrak, & McMurray, 2008). 

Perceived parks proximity  

We used questionnaire items from the Neighborhood Environment 

Walkability for Youth (NEWS-Y) to measure perceived park proximity (Rosenberg 

et al., 2009). This instrument has been validated in other studies (Rosenberg et 

al., 2009; Sallis et al., 2009). Additionally, the test-retest was conducted to verify 

the internal consistency of the adolescents’ answers with an intra-class 

correlation coefficient (ICC) of 0.85 (CI 95%: 0.80-0.89) and a Cronbach´s alpha 

value of 0.82.  

 Participants were asked to indicate the walking time (in minutes) from their 

home to the closest small and large park. Six response categories were provided: 

“1 to 5 min”, “6 to 10 min”, “11 to 20 min”, “21 to 30 min”, “+30 min” and “Do not 

have or do not know [24].  We created a variable of parks perceptions considering 

only the parks perceived until 10-minute walking from home.  
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Objectively measures – distance and size 

The distance to nearest park was computed using the street network 

analyst, a GIS tool. We opted to this measure because studies have stated 

represent the most relevant measure of proximity and geographical access  

(Apparicio, Abdelmajid, Riva, & Shearmur, 2008; Zhang, Lu, & Holt, 2011). To 

match with the measure of the perceived distance (≤ 10 minutes), we dichotomize 

this distance into >800 m and less than 800 m. The 800 m is a distance that can 

be easily traveled within 10 minutes by young adults (Bohannon, 1997). 

Furthermore, we created a circular buffer of 1600 m  around 

participant´s home to maximize the variety of parks audited around adolescents 

home  

Finally, the park size was calculated based on the polygon of each park. 

In addition, park size were classified in small (less than 1 ha- hectare), medium 

(> 1 ha and < 2 ha) and large (>2 ha).  

 

Public Open Green Spaces audit and scores 

 

Thus, all 63 parks of the study area were visited and georeferenced using Global 

Position System (GPS). We considered parks with larger than 2000 meters 

squared. Parks were randomly distributed by three auditors who performed the 

audit; audit results were cross-checked by the auditors. We employed the Public 

Open Space Tool (POST) developed by Broomhall and colleague (Broomhall, 

Giles-Corti, & Lange, 2004). This auditing tools, is constituted by 49 items and 

covers four different domains: activities, environmental quality, amenities and 

safety (Broomhall et al., 2004). All items from POST were translated into 

Portuguese and culturally adapted.  

Development of a park quality score  
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Scores were generated according to four different domains of physical 

park quality: recreational activities, environmental quality, amenities or comfort 

and security. To generate the scores, we selected attributes which influence PA 

either negatively or positively. The Table 1 shows the frequency of each attribute 

used to derive the scores. We then recoded the selected variables as follows: 0 

was attributed to PA-promoting items (e.g. public transport) that were absent, or 

for the detrimental items that were present (e.g. graffiti); and 1 was attributed 

when PA-promoting items were present in the park. Multi-category variables were 

dichotomized. The scores were calculated according to the domain and resulted 

from the total sum of the dichotomous answers (0 and 1), so the higher the score 

was, the higher the quality of the park.  

To derive a score related to the presence of recreational facilities, we 

appropriated 9 items out of initial 14 items suggested in POST: tennis, 

football/soccer, walking (only paths), cycling, rugby, basketball, athletics, fitness 

circuit and children´s playgrounds. From the 14 activities presented in the original 

audit tool, the activities which are not commonly practiced among Portuguese 

adolescents (baseball, cricket, netball and hockey) were removed.  

The score for environmental quality domain (ranging from 0 to 10) was 

composed of the following items: Is the POS on the beach/river foreshore; Are 

there water features within the POS; Are there other aesthetic features in the 

POS; Density of trees (Are there trees in this POS); Are there gardens in this 

POS? Are there walking paths or cycle ways within or around the POS; Shade 

along paths; Is there evidence that the grass is watered; Are dogs allowed; Is 

graffiti present; Is vandalism evident?; Is there litter throughout the POS? Of the 

total 27 items, we excluded 8 items because they were conditioned by previous 

questions or we did not know true value to park quality score. The items excluded 

were:  (1- type of water features; 2) estimate the percentage of the POS occupied 

by the water feature (s); 3- are trees in the POS; 4- where are the trees placed; 

5- describe the placement of the paths within the POS; 6- other placement of 

paths; 7- are dogs allowed; 8- is access for dogs?). 

To replace the item ‘are trees in the POS?’, we created an item called 

density of trees. The density of trees variable was created according the each 



 112  

 

park size area (large, medium and small area). For example, a large park having 

from 1 to 50 trees was classified as having a low density of trees, while a small 

area having from 0 to 50 trees was classifies as having a high density of trees. 

The score related to the presence of amenities (ranging from 0 to 9) 

included 11 items: Is children's play equipment present?; Are barbecues 

present?; Are picnic tables present?; Are there parking facilities serving the 

POS?; Are there public access toilets?; Is there a kiosk/café present?; Is there 

access to public transport within one block of POS?; Is there seating present?; 

Are there clubrooms/meeting rooms present?; Are rubbish bins present?;and Are 

dog litter bags provided.  

The total of 13 types of children’s equipment were excluded. In addition, 1 item 

conditioned by previous question (in how many locations in POS are the dog bags 

present?) and 2 variables (are drinking fountains present and are there taps or 

other water sources for dogs) were removed because is little known real impact 

on quality of amenities domain.  

 

To elaborate the safety domain score (ranging from 0 to 5), 6 items were 

considered: Is there lighting within the POS?; From the centre of the POS, how 

visible are surrounding roads?; From the centre of the POS, how visible are the 

surrounding houses?; How many of these houses overlook the park?; Are all 

roads surrounding the POS minor roads or cul-de-sacs?; and Does the major 

road/s have a zebra crossing to assist access. Seven items were excluded: where 

are the lighting located?; How many of these houses overlook the park?; Is there 

any area of the POS where you are unable to clearly see surrounding houses?; 

Does the major road/s have a pedestrian crossing with signals to assist access 

to the POS; The POS is interesting to walking; The POS is interesting to casual 

ball sports? The POS is suitable to cycling? 

To classify the participants according the each park quality domain 

(recreational facilities; environmental quality; amenities and safety) within the 

estimated buffer sizer, we performed the sum of score relating to each park 

quality. 
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Individual variables and confounders 

 

Gender, age, and neighborhood socioeconomic deprivation were added to 

the regression models as determinants of PA, and also as confounding variables.  

 

Neighbourhood Socioeconomic Deprivation  

The European Deprivation Index (EDI) was used to classify small areas 

according to their level of socioeconomic deprivation. The EDI is a transnational 

multivariate index, firstly developed for France small areas (Pornet et al., 2012), 

and then for four other European countries, England, Italy, Spain, and Portugal 

(Guillaume et al., 2015). The construction of EDI took three steps, which are 

detailed elsewhere 23, and has included both individual and aggregated census 

data: 1) construction of an individual indicator of deprivation, based on EU-SILC 

(EU-Statistics on Income and Living Conditions); 2) identification of variables 

available both at individual level (EU-SILC) and at aggregate level (2001 national 

population census); and 3) determine the set of variables selected at step 2 that 

were associated with the individual deprivation, which were then included in the 

formula of the EDI. The final index resulted from the weighted sum of these 

variables. 

The regression coefficients that measured the association between 

individual deprivation and census variables became the weights for this calculus. 

The index was then classified into quintiles (Q1 – least to Q5 – most deprived). 

 

Data Analyses 

 

Chi-square test (χ2) was conducted to compare proportions of categorical 

variables considering significant level of 0.05; alternatively, the Student T-test 

was used for continuous variables.  To examine the relationship between MVPA 

and park features, linear regression was run and stratified by sex, and adjusted 
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age and neighborhood socioeconomic deprivation. A level of significance was set 

at 0.05.  All the analysis was conducted using the statistical software SPSS 

(version 23.0). 

 

Results 

  

The frequency of the measured items are shown in table 1. Walking on 

paths (50.8%), cycling (30.2%) and football (23.8%) are recreational facilities 

more frequently existing across the parks. Regarding environmental quality 

domain, the majority of parks maintained good density of trees (69.8%), gardens 

(69.8%), aesthetics features (57.1%), paths (79.4%), poor presence of vandalism 

(4.8%) and graffiti (17.5%). Regarding the amenities domain, parking facilities 

(41.3%), cafe (52.4%), public transport (81.0%) and rubbish bins (79.4) were the 

frequent amenities presented. Finally, in the safety domain, almost 80% of parks 

kept the presence of lighting, visible roads, visible houses and zebra crossing.  

Figure 1 illustrates the distribution of the participants according to the park 

quality attributes. 

Demographic characteristics of the study participants (n=326) and 

environmental characteristics of the parks audited (n=63) are presented in Table 

2. Fifty-five percent of adolescents perceived a park as within a 10-minute walk 

from their house, while 36% had a park less within less than 800 m from home. 

Seventy-three percent (n=238) of the study participants had a park within a buffer 

of 1600 m. Neighborhood socioeconomic deprivation was equally distributed 

according to the participants’ residences. 

Table 3 shows the association between MVPA and the quality of parks 

within a buffer size of 1600 m. Positive association was found between the daily 

MVPA and numbers of parks (β= 6.75 IC95% 2.28; 11.22, p= 0.003) available. 

The measures of the availability of recreational facilities (β= 4.13 IC95% 0.43; 

8.23, p=0.048), environmental quality (β= 8.29 IC95% 2.56; 15.27, p=0.006), 

amenities (β= 8.82 IC95% 2.45; 15.18, p=0.007) and security (β= 9.75 IC95% 
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3.43; 16.07, p=0.003) were also significantly associated to MVPA. After 

adjustment for age and area socioeconomic deprivation, the significant 

associations were maintained with the amount of parks (β= 6.41 IC95% 

1.61;11.20, p=0.009), environmental quality score (β= 8.31 IC95% 1.73;14.88, 

p=0.014), amenities (β= 8.25 IC95% 1.71;14.76, p=0.014) and security (β= 9.19 

IC95% 2.60;15.79, p=0.007). These associations were exclusively found in girls; 

while none of these variables affected boys’ MVPA. 

 

Discussion 

 

Despite several studies have highlighted the importance of the urban parks 

proximity to facilitate PA (Davison & Lawson, 2006; Kaczynski & Henderson, 

2007), our findings did not show positive associations between MVPA and 

proximity distance (perceived and objectively measured). On the other hand, an 

extensive literature review showed that the proximity of park in neighborhood 

area was not associated with PA (Ding, Sallis, Kerr, Lee, & Rosenberg, 2011). 

Adolescents at this life stage develop greater autonomy and independence 

(Feldman & Rosenthal, 1991) which allows them to explore their neighborhood 

environment. That is, the closest facility is not the single most important factor 

that leads them to practice PA. Our findings suggest that the role of proximity may 

not be the most important factor to PA among adolescents. Moreover, only 

considering parks proximity within neighborhood may lead to ignore the variety 

of parks around neighborhood residence (Koohsari et al., 2015). Rather, the 

variety/amount of parks and the specific features of the parks may better explain 

how the presence of parks in the neighborhood is related with adolescents’ PA.  

Indeed, our findings highlighted that girls were more likely to regard the 

number of parks in their neighborhood as being relevant to their MVPA level; 

while no association was found in boys.  A Portuguese cross-sectional study 

highlighted that girls might be more active in a neighborhood with high variety of 

places and low-cost options to leisure PA (Santos, Page, Cooper, Ribeiro, & 

Mota, 2009) and parks meet these requirements. In addition, positively 
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associations between MVPA and the scores of the four physical factors of park 

were found in female group: space activities, environmental quality, amenities 

and security. However, unlike previous studies (Baran et al., 2013), total park size 

was not associated with MVPA in both sexes. In our study, the physical qualities, 

such as, amenities, security and spaces for practice of PA, seems to be more 

relevant to MVPA level than the size of parks. Moreover, the lack in access to 

park and poor physical quality may limit the use to perform PA. In addition, the 

immediate availability of safe parks support the choice for physical activity and 

psychological development (Spencer & Blades, 2006). 

Other studies show that proximity to parks and attractiveness, such as the 

presence of courts and amenities for PA practice, were positively associated with 

PA in girls (Cohen et al., 2006). On opposition, in a recent study, the presence of 

the courts was inversely associated with adolescent park-users (Edwards et al., 

2015). Moreover, the recreational facilities more frequently present in our study 

were related with spontaneous activity (walking and cycling). Might this fact 

explain why no associations were found to boys MVPA. Boys may prefer activities 

related with sports competition or organized activities (basketball and football) 

(Deaner & Smith, 2013; Rice & Dolgin, 2008). Furthermore, comparing with girls, 

boys may be more independent to practice PA in places according to their sport 

preference and social group. In addition, adolescents could perceive parks as 

being uninteresting (Loukaitou-Sideris & Sideris, 2009).  

After the adjustment for age and neighborhood socioeconomic deprivation, 

the results maintained. In the study of Crawford and colleagues, parks located in 

higher socioeconomic areas are more likely to be attractive (Crawford et al., 

2008). Future research should consider the use of qualitative (e.g., park-users 

interview) and quantitative parks assessment (e.g., direct observation) to better 

understand which parks’ characteristics are more correlated with park use among 

adolescents. Further, the use of global position system, which allows us to verify 

more frequented space by adolescents, is needed to confirm our findings. 
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Limitations  

Some limitations of the current study should be discussed. The cross-sectional 

design of the study does not allow us to ascertain causal relationships between 

study variables. The use of mean daily of MVPA limits our understanding of what 

context the adolescents spent more time in PA. Moreover, we cannot verify 

whether adolescents visit the audited parks to reach their MVPA levels. Finally, 

the sample size might limit generalization of the study results. 

 

Conclusion  

The role of park proximity, both subjectively perceived and objectively measured, 

were not associated with physical activity among adolescents. On the other hand, 

MVPA was related with park quality features analyzed according to four domains 

(recreational facilities, environmental quality, amenities, and safety) among girls. 

The presence of good quality parks in the home surroundings seems to increase 

physical activity level among girls.  
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Table 1 Characteristics of 63 parks audited according to the items of POST used to develop the park’s scores. 

 
 

Yes 
 

No 

Park´s characteristics (N=63) n % n % 

Recreational facilities     

Tennis  4 6.3 59 93.7 

Football 15 23.8 48 76.2 

Walking (only in paths) 32 50.8 31 49.2 

Cycling 19 30.2 44 68.8 

Fitness circuit 5 7.9 58 92.1 

Basketball 8 12.7 55 87.3 

Athletics  2 3.2 61 96.8 
Rugby 3 8.8 60 95.2 
Children´s playground 10 15.9 53 84.1 

Environmental Quality     

Near beach/river 7 11.8 56 88.9 

Water features 28 44.4 35 55.6 

Aesthetics features 36 57.1 26 42.9 

High density trees 44 69.8 - - 

Gardens 44 69.8 19 30.2 

Paths 50 79.4 13 20.6 

Shade along paths 40 63.5 23 20.6 

Grass  45 71.4 18 28.6 

Graffiti 11 17.5 52 82.5 

Vandalism 3 4.8 60 95.2 

Litter 24 38.1 39 61.9 

Amenities 
Children’s play equipment  20 31.7 43 68.3 

Barbecue area 5 7.9 58 92.1 

Picnic tables 20 31.7 43 68.3 

Parking facilities 26 41.3 37 58.7 

Toilets  18 28.6 45 71.4 

Cafe 33 52.4 30 47.3 

Public transport 51 81.0 12 19.0 

Seating 8 12.7 55 87.3 

Clubrooms 7 11.1 56 88.9 

Rubbish bins 50 79.4 13 20.6 

Dogs litter bags 16 25.4 47 74.6 

Safety 
Lighting 49 77.8 14 22.2 

Visible roads 50 79.4 13 20.6 

Visible houses 52 82.5 11 17.5 

Minor or cul-de-sac roads 21 33.3 42 66.7 

Zebra crossing 51 81.0 12 19.0 

Scores  Mean (SD)   

Recreational facilities 63 1.11 (0.84)   

Environmental quality 63 5.89 (1.73)   

Amenities 63 4.78 (1.69)   

Security 63 3.54 (1.21)   

Post: Public Open Space Tool. 
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Table. 2 Demographic characteristics of the study participants and access and quality of the parks in the participants’ 
neighbourhood  

 
Total 

(n=326) 

Variables n % 

   

Girls  195 60.1 

Neighbourhood socioeconomic deprivation    

Least deprived  87 26.9 

2 58 17.9 

3 53 16.4 

4 49 15.1 

Most deprived 77 23.8 

N. of participants perceiving they have a park within a 10-min 
walking 

137 55.1 

N. of participants with a park within 800m  119 36.7 

N. of participants within buffer 1600m 238 73.0 

 Mean (SD) 

Age (years) 16.29 (1.23) 

MVPA (min/day) 53.78 (20.92) 

Objectively measured distance to the nearest park 2.215 (3.39) 

Park size (hectare) within buffer 1600m  3.98 (7.17) 

 Median (IQR) 

Recreational facilities  5 (6) 

Environmental quality 25 (37) 

Amenities 19 (24) 

Security 14.50 (24) 
N.: number; N (%) for categorical variables and mean (SD) for continuous variables; Median (IQR) for score total of each park 
quality domain; MVPA: moderate to vigorous physical activity 
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Table 3. Association  between moderate to vigorous physical activity  and park attributes 

 Girls (n:196) 

β (CI95%) 

Boys (n: 130) 

β (CI95%) 

 

Park`s Features  
Crude 

β (CI95%) 

 

p 
        Adjusted 

β (CI95%) 
p 

Crude 

β (CI95%) 

 

p 

 

Adjusted 

β (CI95%) 

 

p 

 

Perceived 
Distance (<10 
min) 

2.01 (-2.75;6.78) 0.405 2.42 (-2.39;7.23) 0.322 1.60 (-4.04;7.25) 0.561 1.60 (-3.91;7.11) 0.567 

Objective 
distance until 
800m 

3.79 (-2.33;9.91) 0.223 3.59 (-2.67;9.87) 0.259 6.98 (-1.43;15.39) 0.103 4.77 (-3.67;13.22) 0.266 

Amount of parks 6.75 (2.28;11.22) 0.003 6.41 (1.61;11.20) 0.009 -0.17 (-7.99;7.63) 0.964 -0.22 (-8.46;8.01) 0.958 

Total park Size 
(hectares) 

-0.39 (-0.89;0.09) 0.166 -0.34 (-0.85;0.16) 0.188 -0.17 (-0.78;0.44) 0.583 -0.25 (-0.87;0.36) 0.413 

Recreational 
activities 

4.13 (0.43;8.23) 0.048 3.61 (-0.69;7.92) 0.099 1.38 (-7.63;4.86) 0.66 -2.24 (-8.96;4.47) 0.508 

Environmental 
quality  

8.29 (2.56;15.27) 0.006 8.31 (1.73;14.88) 0.014 0.53 (-9.39_10.41) 0.915 0.71 (-9.29;11.35) 0.894 

Amenities  8.82 (2.45;15.18) 0.007 8.23 (1.71;14.76) 0.014 -0.71 (-10.58;9.16) 0.887 -0.71(-11.27;9.84) 0.893 

Safety 9.75 (3.43;16.07) 0.003 9.19 (2.60;15.79) 0.007 -0.02 (-9.90;9.85) 0.996 0.30 (-10.05;10.66) 0.954 

Parks perception*: perception of parks until 10 minutes walking from adolescent´s home; PA: physical activity; MVPA: moderate-vigorous physical activity; β: 
Unstandardized coefficient; CI: Confidence interval; Adjusted for age, neighborhood socioeconomic deprivation; Bold text: significant result. 
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Figure 1. Participants distribuition and parks quality features 
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Overall discussion 

 

The general objective of this thesis was to explore the association of 

physical activity with several attributes of neighborhood environment, highlighting 

a composite measure (walkability index) and its components (land-use mix, 

residential density and street connectivity. In addition, public transportation 

system and several single sites for physical activity (physical activity facilities, 

parks, and gyms) were also considered. To the best of our knowledge, this was 

the first time that physical activity objectively measured and different 

measurement approaches of neighborhood environment characteristics were 

investigated in a Portuguese adolescents’ sample. 

Our first specific aim was to develop the walkability index, based on three 

key elements (1- residential density, 2- street connectivity and 3- land-use mix). 

We measured the association between physical activity intensity levels with 

walkability index and its components (Paper I). Furthermore, in paper II, we 

verified the association between MVPA and total PA on week days and walkability 

index, public transportation and several single attributes of the neighborhood 

environment.  

Paper III aims to analyze the association between MVPA and proximity 

and quality of parks. Moreover, different approaches involving both objective 

(shortest distance, buffer size) and perceived distance were used in an attempt 

to explore the role of parks proximity and availability.  

Despite the importance of objective measures in leading urban design 

policies and the creation of real opportunities to physical activity, as well as 

improving the knowledge on physical activity, recreation facilities perceived 

closest adolescents’ residence, is still important. Environmental perceptions help 

to understand how adolescents explore neighborhood characteristics that they 

perceive. Thus, the last paper (paper IV) had with main objective the analysis of 

the association between physical activity facilities perceived nearest home and 

MVPA. 
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To better explain our results we will discuss them by topics. 

 

Associations between physical activity and the walkability index and its 

components  

According to the results, there was no association found between the 

walkability index and physical activity. A Belgian study with a similar 

methodological approach also showed that there was no relevant association 

between neighborhood walkability and physical activity in Belgian adolescents 

(De Meester et al., 2012). In this study, adolescents living in a high walkability 

area and a high SES neighborhood did not show an increase in accelerometer-

based MVPA. On the other hand, adolescents living in a low SES were more 

physically active. This study highlights that the relationship between 

neighborhood walkability and physical activity among adolescents might vary 

according to the environmental contexts (De Meester et al., 2012).  

Previous studies have recognized mainly the association of the 

neighborhood walkability with active commuting (de Sa & Ardern, 2014). 

However, neighborhood walkability summarizes different characteristics of a 

neighborhood environment and is also connected with different types and 

intensities of physical activity. Few studies have measured neighborhood 

walkability objectively or focused on the youth population. Moreover, findings are 

inconsistent or modest when walkability is associated with physical activity in 

adolescents (McGrath, Hopkins, & Hinckson, 2015). For example, according to 

Ding’s et al. (2011), only 20% of the studies have found a positive and significant 

association between neighborhood walkability objectively measured and physical 

activity. On the other hand, studies of the adult population have supported a 

consistent and positive association between walkability and PA (Owen, Humpel, 

Leslie, Bauman, & Sallis, 2004; Grasser, Van Dyck, Titze, & Stronegger, 2013; 

de Sa & Ardern, 2014). These evidences suggest that the association between 

physical activity and neighborhood walkability may vary across the age groups. 

For example, the attributes of walkability could be more related with utilitarian 

physical activity (ex. walking to work) among adults (Gilmour, 2007). Also, many 
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studies adopt different geographical scales, which lead to inconsistent findings 

and especially limit the possibilities for comparison across the studies (Brownson, 

Hoehner, Day, Forsyth, & Sallis, 2009).  

We analyzed the three key elements of the walkability index separately to 

better comprehend how individual characteristics of urban form could be related 

with physical activity. For instance, some studies (De Meester et al., 2012; Frank 

et al., 2010) (including the present thesis) have used the formula emphasizing 

the weight 2 (two) to street connectivity to measure neighborhood walkability. 

However, while several studies have recognized the importance of high street 

connectivity that facilitates active commuting in neighborhood areas (Saelens, 

Sallis, & Frank, 2003), our research found negative associations between street 

connectivity and physical activity intensity levels. Perhaps, this negative 

association may reflect the fact with high street connectivity could also expresses 

high traffic and might constrain adolescents’ PA (Mecredy, Pickett, & Janssen, 

2011). 

With regard to land-use mix, diverse destinations within a neighborhood 

area enhance PA intensity levels (Feng, Glass, Curriero, Stewart, & Schwartz, 

2010). Although land-use mix expresses the variety of destinations accessed in 

daily life, it might also emphasize other types of destinations and encourage more 

walking among adolescents than those that usually define it (ex: commercial, 

business, residential and others areas). For example, children and adolescents 

living in a high-density neighborhood with a variety of nonresidential land uses, 

such as parks, playgrounds, and recreational facilities, tend to be more physically 

active in the active transport domain (Pont, Ziviani, Wadley, Bennett, & Abbott, 

2009) and in total PA (Giles-Corti, Kelty, Zubrick, & Villanueva, 2009). 

Additionally, different and insufficient methodological details of land-use mix 

calculation limit the identification of the characteristics in a variety of destinations 

that might impact PA (Forsyth, Schmitz, Oakes, Zimmerman, & Koepp, 2006). 

Finally, walkability may not precisely capture the recreation facilities and 

other places that might be a greater influence on adolescents’ leisure-time 

physical activity. Recent studies have highlighted the use of different indexes, 
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such as moveability (Buck et al., 2014) or bikeability (Hoedl, Titze, & Oja, 2010) 

in a neighborhood, that could reflect designed and built physical environmental 

features, including parks, sport facilities, playgrounds, and yards at home (Buck 

et al., 2011; Buck et al., 2014).  

Residential density was the only key element that was positively 

associated with physical activity, as shown in Paper 1. A previous study has 

stated that residential density is the urban-form attribute most consistently related 

with PA (Ferreira et al., 2007; Giles-Corti et al., 2009). Furthermore, areas with 

high residential density might encourage walking for transport (Forsyth, Oakes, 

Schmitz, & Hearst, 2007) and provide opportunities to improve social contact 

among adolescents and peers. Adolescence is a period when greater autonomy 

and independence are developed (Feldman & Rosenthal, 1991) and more 

freedom is granted to choose activities. Thus, they can explore the neighborhood 

with friends outside the home and beyond (McGrath et al., 2015).  

Moreover, neighborhoods with high residential density are highly 

associated with good transportation facilities (Steiner, 1994). This result might 

explain the positive association between the density of bus stops and MVPA 

during weekend days. The efficient public transportation system in Porto City may 

stimulate adolescents to travel outside their home and neighborhood to access 

diverse recreation facilities, which are compatible with their activity interests, in 

other areas. These all factors explain our findings where a positive association 

was verified between MPA and MVPA and residential density. 

To better explain adolescent physical activity behavior and the interaction 

between youth and the neighborhood environment, research should identify 

specific sites that might help youth develop their active lifestyles. 

 

 

 

Individual recreational facilities and physical activity 
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We analyzed whether the availability of several recreational/sport facilities 

and parks was related with PA among adolescents. Previous research has 

demonstrated the importance of specific sites (parks, playgrounds, gyms, sport 

facilities) for adolescents’ physical activity (Sallis, Floyd, Rodriguez, & Saelens, 

2012). However, in our study, no positive associations were found between the 

presence of sport facilities and gyms and PA when objectively measured within 

a buffer of 500mts. In another national study that evaluated recreational facilities 

objectively measured, no associations with sports participation were related 

(Autran, Ramos, Pina, & Santos, 2012). In Portugal, there is lack of studies 

focused mainly on environment and PA objectively measured among the youth. 

Autran and colleagues highlighted the gender inequalities within the sport 

modalities (Autran et. al., 2012). The majority of public facilities in Porto 

municipality sponsored boys’ sport preferences, such as football and basketball. 

In contrast, only 17% of the girls had sport facilities near their homes where they 

could participate in their preferred sports. The variety of sport modalities makes 

recreational spaces more attractive to adolescents, of both genders (Autran, et. 

al., 2012).  

Also, when we explored the relationship between adolescents' perceptions 

of recreational facilities within a 10-minute walk from their homes and MVPA, only 

schools with available recreation facilities encouraged more MVPA among girls. 

Schools may represent safe places for girls, while boys feel more autonomy or 

comfortable traveling longer distances to engage in physical activity, as 

mentioned before. Moreover, studies have shown different results across the 

European countries (Prins, Mohnen, van Lenthe, Brug, & Oenema, 2012; Prins, 

Oenema, van der Horst, & Brug, 2009; Reimers et al., 2014). In Portugal, for 

example, Mota et al. (2009) found that perception of some attributes of built 

environment, such as availability of recreational facilities, was positively 

associated with PA among adolescents. Moreover, the way that adolescents 

perceive opportunities within their neighborhood environment might influence the 

intention of PA. For example, adolescents who perceived that there are few 

places in which to exercise within a neighborhood residence were less likely to 

be physically active (Loureiro, Matos, Santos, Mota, & Diniz, 2010). However, the 
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national studies mentioned above are different from our study in that the 

researchers evaluated physical activity using subjective measures; therefore, 

some caution is required to interpret these studies and compare their results with 

our findings. 

On the other hand, a positive association between the availability of parks 

and physical activity levels was observed. In Paper II, we considered a buffer of 

500 m, and we explored the number of parks in a 1600 m buffer in Paper III. 

Conversely, adolescents’ perception of nearby parks analyzed at the Paper III, 

was not associated with physical activity. Surprisingly, our results indicated an 

association between park availability (number of parks), physical quality and 

physical activity among girls. Paper II only included participants living in Porto 

municipality; Paper III broadened the evaluation to parks beyond the Porto limits. 

Parks are one of the environmental sites where physical activity occurs 

(Oreskovic et al., 2015), and they play an important role in leading an active 

lifestyles among the youth (Kaczynski & Henderson, 2007). A total of 63 urban-

parks in Porto and the surrounding areas were classified according to four 

domains: recreational spaces, environmental quality, amenities, and security. 

Our results are similar to those in the study performed by Cohen et al. (2006). 

According to Cohen and colleagues, girls living in areas with great access to 

parks having recreational facilities and amenity features are more physically 

active during non-school time. The absence of this association among boys might 

be because boys are more independent in exploring expanded spaces to engage 

in physical activity. In the study of Loukaitou-Sideris and Sideris, some older 

adolescents tend to perceive parks as boring (Loukaitou-Sideris & Sideris, 2009). 

Although previous studies recognize the association between higher levels 

of physical activity and proximity to parks (Kaczynski & Henderson, 2007), we 

have not found any significant association between PA and proximity to parks. 

However, studies confirm the importance of evaluating multiple parks within a 

neighborhood area, not a single park that is nearest (Koohsari et al., 2015). 

Regarding environmental features found and evaluated in urban parks, previous 

studies have recognized that parks maintaining recreational facility areas 

(Bedimo-Rung, Mowen, & Cohen, 2005; Kaczynski & Henderson, 2007), comfort 
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zones, high environmental quality (Edwards, Hooper, Knuiman, Foster, & Giles-

Corti, 2015), and security (Babey, Brown, & Hastert, 2005) are important in 

attracting young people so they spend more time in leisure activities at parks. 

Despite our findings have shown positive associations between physical 

activity and several physical park characteristics among girls, further research is 

needed to better understand the gender difference and to promote parks so the 

extended population, including male adolescents, will use them. For instance, a 

recent study has stated that adolescents spend more time in physical activities in 

outdoor and non-school spaces (Oreskovic et al., 2015). Thus, in order to help 

officials formulate urban planning policies, studies involving the use of the global 

position system (GPS) are needed to confirm the places where adolescents are 

in fact more active  

Moreover, there are several other environmental attributes that relate to 

adolescents’ physical activity, positively and negatively. For example, aesthetics 

and security perception are commonly reported in the literature as being relevant 

to the improvement of adolescents' active lifestyles (Loureiro et al., 2010; Santos, 

Page, Cooper, Ribeiro, & Mota, 2009). Regarding these attributes, future 

research might address the evaluation of the quality/conditions and type of 

modalities offered by the public sport facilities. 

Despite the importance of the proximity of recreational facilities for physical 

activity among adolescents, variation in environment types, sociodemographic 

factors, and methodological approaches and measurements preclude comparing 

or finding agreement in the results. (Grow et al., 2008). However, in this current 

thesis, we aimed to combine the use of different measures that might lead to new 

urban planning focusing on the promotion of PA behaviors. 
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Chapter 4 
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Conclusions 

 

Based on the purpose and findings of the present thesis, we emphasize the 

following conclusions: 

• No positive associations were verified between neighborhood walkability 

and physical activity levels. Only residential density was positively 

associated with physical activity.  

• The availability of parks and the availably of bus stops were positively 

associated with physical activity among adolescents 

• Moreover, parks having recreational facilities and good environmental 

quality, amenities, and security is related to increased physical activity 

among female adolescents. 

• With regard to the perceptions of physical facilities, there is an association 

between girls’ perceptions of the school with recreational facilities nearest 

their homes and MVPA. 

 

Future perspectives 

 

Given that physical activity always occurs in a specific context, future studies 

should investigate context-specific and behavior-specific environmental 

attributes. 

Moreover, researchers should develop an index considering environmental 

attributes related more to adolescents’ physical activity behaviors. Such an index 

might help to understand the relationship between built environment and the PA 

among youth. 
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