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ABSTRACT 

 
Background: Few adolescents are meeting physical activity (PA) guidelines nationally and 

internationally. Current knowledge of adolescents’ PA patterns is derived predominantly from 

studies conducted in urban settings, therefore an understanding around rural adolescent PA is 

currently limited. This study compared accelerometer-measured PA patterns between urban and 

rural adolescents in Otago, New Zealand. 

Methods: Adolescents [n=468 (338 urban; 130 rural); age: 14.9 ± 1.4 years; 66.7% female] 

from 23 of 27 secondary schools completed an online survey and anthropometry measures and 

wore an accelerometer for 7 days. Only adolescents with valid accelerometer data (≥5 

days/week, ≥10 hours/day) were included in the analysis. 

Results: No significant differences in moderate-to-vigorous PA or the proportion of 

adolescents meeting minimum PA guidelines were found between urban and rural adolescents. 

Compared to rural adolescents, a higher proportion of urban adolescents met PA guidelines on 

school days (urban: 41.7%; rural: 30.8%, p=0.029), however no difference was found on 

weekend days (urban: 26.3%; rural: 24.6%, p=0.704). Overall, a greater proportion of males 

met PA guidelines compared to females (42.9% vs.  30.1%, p=0.006). In comparison to those 

in rural areas (24.7%), a higher proportion of females met PA guidelines on school days in 

urban areas (37.0%, p=0.039), whereas such differences were not observed among males or on 

weekend days. 

Conclusions: Adolescents’ PA is low. PA patterns differed in urban versus rural adolescents 

and by gender. New Zealand-based PA initiatives need to focus on increasing moderate-to-

vigorous PA and reducing sedentary behaviour among urban and rural adolescents. Particular 

focus should encourage PA among rural females. Geographical setting and gender should be 

taken into account when planning initiatives to increase PA among New Zealand adolescents. 
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PREFACE 

 
This Master’s research topic “Comparison of Accelerometer Measured Physical Activity 

Patterns between Urban and Rural New Zealand Adolescents” originally stemmed from my 

interest in adolescent physical activity and health and how we can change the alarming levels 

of physical inactivity in this age group. I have a great desire to create change in this area and 

enhance the wellbeing of young New Zealanders.  

My research question was formed together with my supervisor, Associate Professor 

Sandra Mandic at the School of Physical Education, Sport and Exercise Sciences, University 

of Otago, Dunedin, New Zealand. Associate Professor Sandra Mandic was the primary 

investigator for both the Built Environment and Active Transport to School (BEATS) and the 

BEATS Rural (BEATS-R) Studies that were conducted in Otago, New Zealand between 2013 

and 2018. Both studies examined physical activity and active transport to school habits in 

adolescents and looked at the barriers and enablers of these activities using an ecological 

approach. The studies were large-scale and multidisciplinary, which allowed for many different 

sub-projects involving students, parents, teachers and principals.  

Data used in this thesis was obtained from the BEATS and BEATS-R Studies. Although 

I was not involved in the BEATS Study data collection, I was involved in the BEATS-R Study 

data collection throughout 2018. As part of that involvement, I had the opportunity to be 

involved in helping adolescents with the student survey, taking adolescents anthropometry 

measurements as well as assisting with the accelerometer data collection. The accelerometer 

data collection involved the set-up and delivery of the devices for adolescents as well as 

downloading the data and processing wear time. All of these experiences have provided 

valuable research experience and knowledge on the research project that I have completed as 

part of my Master’s degree. 
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CHAPTER 1 

Introduction 

 
 

 

Societal changes over the past few decades have significantly reduced the need and 

opportunities for physical activity (PA) and imposed multiple barriers to PA in daily life 

(Rhodes, Saelens, & Sauvage-Mar, 2018). The accumulation of adequate amounts of moderate-

to-vigorous physical activity (MVPA) is a key determinant of overall health and wellbeing (Bull 

et al., 2010; World Health Organisation, 2010). Several reviews of the literature have reported 

benefits of PA on physical, psychological, and social health in adolescents as well as benefits 

on the environment through reduced vehicle emissions from active compared to motorised 

modes of transport (Biddle & Asare, 2011; Donnelly et al., 2016; Esteban-Cornejo, Tejero-

Gonzalez, Sallis, & Veiga, 2015; Janssen & LeBlanc, 2010; Poitras et al., 2016; Strauss, 

Rodzilsky, Burack, & Colin, 2001). Despite the numerous benefits of PA, an alarming 

proportion of adolescents, estimated at 81% worldwide, is not meeting the recommendation of 

at least 60 minutes of MVPA per day (Sallis et al., 2016; World Health Organization, 2018). In 

2018 the Global Action Plan for Physical Activity was released with a target of “a 15% relative 

reduction in the global prevalence of physical inactivity in adults and in adolescents by 2030” 

(World Health Organization, 2018, p. 8). This action plan puts in place guidelines and goals to 

mitigate barriers to PA by creating active societies, environments, people, and systems (World 

Health Organization, 2018). There is a need to increase the proportion of adolescents regularly 

participating in MVPA to achieve health benefits as well as facilitate the formation of PA habits 

that will continue into adulthood (Kjønniksen, Torsheim, & Wold, 2008; Telama et al., 2005).   
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CHAPTER 2 

Literature Review 

 
 
 
Regular PA is an effective way to prevent the development of chronic diseases, improve 

cardiovascular and cardiorespiratory health and enhance the quality of life in adolescents, the 

period of life development that corresponds roughly to the period between the ages of 10 and 

19 years (Gupta, 2014). Therefore, the promotion of PA is an effective way to increase the 

overall health and wellbeing of adolescents.  

2.1 Physical Activity in Adolescents 

The World Health Organisation (2010) recommends an accumulation of at least 60 

minutes of MVPA daily for children and adolescents aged 5 to 17 years old. Across the 

literature there is conclusive evidence that regular engagement in PA substantially enhances the 

health and wellbeing of adolescents (Strong et al., 2005; Warburton & Bredin, 2017; World 

Health Organisation, 2010). Therefore, the recommendation of at least 60 minutes of MVPA 

daily represents a minimum target to obtain health benefits such as improved cardiorespiratory 

fitness, muscular endurance and strength as well as the prevention of non-communicable 

diseases by reducing body fat and improving cardiovascular and metabolic functions in 

adolescents (World Health Organisation, 2010). 

2.1.1 Benefits of Regular Physical Activity in Adolescents 

Regular engagement in PA during adolescence presents many health benefits at both a 

physiological and a psychological level. Participation in regular PA has been associated with 

higher levels of aerobic fitness (Gutin et al., 2002; Hands, Larkin, Parker, Straker, & Perry, 
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2009; Rendo-Urteaga et al., 2015), and improved musculoskeletal health (Afghani et al., 2003; 

Christoffersen et al., 2015; Jiménez-Pavón et al., 2013; Nordström, Thorsen, Nordström, 

Bergström, & Lorentzon, 1995; Twisk, Kemper, & Mechelen, 2002). Furthermore, regular 

participation in PA is an effective strategy to reduce cardiovascular risk factors in adolescents 

(Gutin et al., 2002; Poitras et al., 2016; Sothern, Loftin, Suskind, Udall, & Blecker, 1999). 

Regular PA has been associated with lower cardio-metabolic risk in adolescents (Rendo-

Urteaga et al., 2015), whereas higher levels of sedentary time has been associated with an 

increased cardio-metabolic risk in this age group (Martínez-Gómez et al., 2010). Many studies 

have found a positive relationship between participation in PA and improved body mass index 

in adolescents, highlighting the use of PA as a tool to help reduce levels of obesity in this age 

group (Al-Nakeeb et al., 2012; Kimm et al., 2005; Parsons, Manor, & Power, 2006). Similarly, 

regular PA has been associated with reduced waist circumference and waist-hip ratio in 

adolescents (Sallis, Floyd, Rodríguez, & Saelens, 2012; Ting, Mukherjee, & Hwa, 2015; Twisk 

et al., 2002).  

Not only is the participation in PA important, but reducing sedentary behaviour has also 

been highlighted as an important factor for health (Martínez-Gómez et al., 2010; Rendo-

Urteaga et al., 2015). A study in German adolescents found that approximately 75% of 

adolescents’ time was spent sedentary, and that school time was the most sedentary part of the 

day for this group (Smith, Berdel, Nowak, Heinrich, & Schulz, 2016). The effects of sedentary 

behaviour were examined in a cross-sectional study in 210 adolescents (aged 13-17 years) from 

Madrid, Spain, where high levels of sedentary behaviour were associated with less favourable 

systolic blood pressure, glucose and triglyceride levels as well as a higher cardiovascular 

disease risk factor score which was calculated from the mean arterial blood pressure, 

triglyceride, glucose and high-density lipoprotein cholesterol levels (Martínez-Gómez et al., 

2010).  
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 Participation in PA also benefits psychological wellbeing, enhances academic 

performance and improves cognitive function in children and adolescents. Benefits to mental 

wellbeing can be attained through participation in PA, contributing to higher levels of self-

esteem, a positive self-image, and lower levels of depression and anxiety in adolescents (Asare 

& Danquah, 2015; Calfas & Taylor, 1994; Kirkcaldy, Shephard, & Siefen, 2002; McPhie & 

Rawana, 2015; Rees & Sabia, 2010; Sothern et al., 1999). In German adolescents, those who 

were regularly physically active were more likely to be characterised by lower anxiety-

depression scores compared to their inactive counterparts (Kirkcaldy et al., 2002). Furthermore, 

longitudinal data in adolescents from the United States found that higher PA levels at age 15 

years were associated with lower levels of depression at that age as well as slower development 

of depression over time (McPhie & Rawana, 2015).  

 In addition to the attainment of psychological benefits from engaging in PA, existing 

research also shows that PA is associated with better cognitive function and academic 

performance in adolescents. A recent systematic review of 162 studies across 31 countries 

found that overall PA was associated with positive cognitive health and academic achievement 

(Poitras et al., 2016). Furthermore, the positive relationship between PA and these variables 

was more consistent for MVPA, however, all PA intensities were found to have some benefit 

(Poitras et al., 2016). Research has also shown a beneficial influence of acute aerobic exercise 

on cognitive performance in children (Donnelly et al., 2016).  

 Regular engagement in PA is particularly important during childhood and adolescence 

to enable PA habits to form and be carried through into adulthood. Studies have found that 

engagement in recreation activities, sports and active commuting during childhood and 

adolescence is associated with higher levels of PA in adulthood (Kjønniksen, Torsheim, & 

Wold, 2008; Tammelin, Näyhä, Hills, & Järvelin, 2003; Telama et al., 2005). Sport can be used 

as a tool for establishing lifelong engagement in PA. This has been observed in a longitudinal 

study where there was an association between activities engaged in at 15 years of age and 
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leisure-time PA at 23 years of age (Kjønniksen et al., 2008). In addition, another longitudinal 

study found that a high level of PA in adulthood could be predicted by a high level of PA 

between the ages of 9 to 18 years (Telama et al., 2005).  

 Taken together, the existing literature shows a wide breadth of physiological and 

psychological benefits that can be attained through engaging in regular PA and reducing 

sedentary behaviour. In addition, instilling PA habits during adolescence is associated with 

higher levels of wellbeing and the prevention of chronic disease development later in life.  

2.1.2 Physical Activity Levels of Adolescents 

Internationally, the proportion of adolescents meeting the recommended PA guidelines 

is consistently low, estimated at 19% worldwide (Sallis et al., 2016; World Health Organization, 

2018). A study conducted in adolescents from 32 countries across Europe and North America 

found that 23% of adolescent males and 14% of adolescent females met the recommended PA 

guidelines (Kalman et al., 2015). Furthermore, a study across 34 countries found that 24% of 

adolescent males and 15% of adolescent females met PA guidelines, with the lowest prevalence 

being in Zambia and the Philippines (both 9%) (Guthold, Cowan, Autenrieth, Kann, & Riley, 

2010). Forty-nine countries recently participated in the Global Matrix 3.0, which measures 10 

PA indicators in children and adolescents (age 5-17 years) (Aubert et al., 2018). The global 

average grade for meeting PA guidelines was a D, showing that on average 27%-33% of 

children and adolescents met the recommended PA guidelines (Aubert et al., 2018). New 

Zealand was categorised with a D- grade, placing lower than the global average at 20-26% of 

children and adolescents meeting PA guidelines (Aubert et al., 2018; Smith et al., 2018). 

Regional datasets from New Zealand using accelerometer data showed that 39% of adolescents 

aged 13-18 met guidelines in New Zealand (Kek, Bengoechea, Spence, & Mandic, 2019; Smith 

et al., 2018). In addition to this, a recent study found that only 18% of adolescents living in 

Dunedin, New Zealand self-reported meeting the minimum PA guidelines, highlighting the 
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concerningly low levels of adolescent PA in New Zealand (Mandic, Bengoechea, Coppell, & 

Spence, 2017).  

2.2 Barriers and Enablers of Physical Activity in Adolescents 

 To promote the uptake of regular PA in adolescents, determinants of PA must be 

examined and understood. There are multiple factors that influence adolescent participation in 

PA, and these factors occur at multiple levels including individual, socio-cultural, environment 

and policy levels (Figure 1). The use of ecological models as a framework for both the research 

and promotion of PA allows for an extensive and holistic approach by acknowledging that an 

individual’s behaviour stems from a combined interaction of influences at multiple levels 

(Sallis et al., 2006).  

 

 

Figure 1. Socio-ecological model 

Modified from Sallis, Owen & Fisher (2008) 
 

Policy 
Environment

Built 
Environment

Socio-
Cultural

Environment

Individual
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2.2.1 Individual Factors 

Factors such as gender, age and socioeconomic status influence PA in adolescents. In a 

study of Portuguese adolescents, a significantly greater proportion of females were classified 

as ‘low-active’ (61.5%) compared to males (22.9%) (Santos, Page, Cooper, Ribeiro, & Mota, 

2009). Similar results were found in a 5-year longitudinal study in British adolescents, where 

males engaged in more PA than females (Brodersen, Steptoe, Boniface, & Wardle, 2007). 

Furthermore, the same study found that the decline in PA from ages 11-12 years to ages 16-17 

years was significantly greater in females (46% reduction) than males (23% reduction) 

(Brodersen et al., 2007). In contrast, a 10-year longitudinal study in Norway found that the 

decline in PA from age 13 through to 23 years was greater in males than females (Kjønniksen 

et al., 2008). In British children transitioning into adolescence, a greater decline in MVPA was 

observed among males versus females, despite females having lower MVPA across all ages 

(Corder et al., 2013). Gender-based differences were also observed in PA and sedentary times 

of Canadian adolescents (ages 10-15 years) (Comte et al., 2013). Overall, females achieved ~22 

fewer minutes of light PA daily and ~13 fewer minutes of MVPA daily than their male 

counterparts, with differences in MVPA being significantly greater on school days compared 

to weekends (Comte et al., 2013).  

Low socioeconomic status has been associated with low PA levels (Brodersen et al., 

2007; De Meester et al., 2012). Socioeconomic status differences were observed in British 

adolescents with levels of PA being lower in adolescents from lower socioeconomic status 

families, but differences were only observed in females (Brodersen et al., 2007). Butcher et al., 

(2008) found that adolescents from lower income households were less likely than adolescents 

from higher income households to meet PA guidelines in a sample from the United States. 

Furthermore, a decline in PA levels as children enter adolescence has been reported in 

the literature, highlighting the importance of considering age as a factor to influence PA 

(Bringolf-Isler et al., 2008; Corder et al., 2013; De Meester, Van Dyck, De Bourdeaudhuij, 
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Deforche, & Cardon, 2014). A longitudinal study in Belgian children and adolescents found 

that after the transition to a secondary school there was an increase in the rates of active 

transport to school and weekday accelerometer PA, however, extracurricular PA and overall 

PA levels declined (De Meester, Van Dyck, De Bourdeaudhuij, Deforche, et al., 2014). In 

addition, a longitudinal study using accelerometer measured PA of British children was 

conducted over a 4-year transition from childhood to adolescence (Corder et al., 2013). Results 

were consistent with previous studies revealing a decline in PA levels during the transition as 

well as an increase in sedentary time (Corder et al., 2013). Overall PA declined between 59% 

and 70% over the 4 year study period and 83% of children and adolescents increased their 

sedentary time (Corder et al., 2013). This highlights the importance of targeting adolescents in 

order to establish and maintain PA habits that will continue into adulthood.  

 Collectively, individual factors including gender, age and socioeconomic status 

influence PA among adolescents. Individual factors should be taken into consideration when 

designing and implementing PA initiatives and interventions to promote the uptake of PA 

among adolescents.  

2.2.2 Socio-Cultural Factors 

Social factors such as peers, social support, social outlets and facilities and adult 

supervision influence PA levels in children and adolescents. Having peers present in their 

neighbourhood was associated with higher levels of cycling and walking for recreation as well 

as for transport in Australian adolescents (Carver et al., 2005). Having physically active peers 

was associated with higher PA levels in Canadian (Leatherdale, Manske, Faulkner, Arbour, & 

Bredin, 2010), and Australian adolescents (Rachele, Cuddihy, Washington, & McPhail, 2014). 

In addition, in Portuguese adolescent males, PA was associated with the presence of physically 

active peers in their home neighbourhood, however this relationship was not present for female 

adolescents (Santos et al., 2009). A qualitative study of adolescents and their parents revealed 

peer and parental support for and modelling of PA as a facilitator of regular engagement in PA 
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(Moore et al., 2010). In addition, lack of adult supervision was viewed as a barrier to parents in 

urban areas to allow their children play with peers in the neighbourhood and use local recreation 

facilities, and hence was negatively associated with PA in this age group (Moore et al., 2010). 

Moreover, the level of independent mobility parents give adolescents has been positively 

associated with higher PA levels among adolescents from the United Kingdom (Page et al., 

2009). Parental concern for adolescent safety is negatively associated with adolescent MVPA, 

particularly with MVPA during evenings for female adolescents (Carver et al., 2010). Culture 

is also a factor that influences PA in adolescents. A study conducted in the United States found 

that Hispanic female adolescents experienced lower enjoyment of PA and less support for PA 

from their families compared with white female adolescents (Grieser et al., 2008).  

Collectively, the socio-cultural factors that influence adolescent PA are complex and 

multifaceted. Interventions focused on increasing adolescent PA need to consider social, family 

and cultural factors to enable change in this area.  

2.2.3 Environmental Factors 

A range of environmental factors influence PA including infrastructure, access to 

facilities, neighbourhood walkability, aesthetics and traffic and pedestrian safety. The presence 

of walking and cycling infrastructure (De Meester, Van Dyck, De Bourdeaudhuij, & Cardon, 

2014) and recreation facilities (Moore et al., 2010; Mota, Almeida, Santos, & Ribeiro, 2005; 

Santos et al., 2009) in adolescents home and school neighbourhoods is positively associated 

with adolescent PA. Adolescents categorised as physically active were more likely to agree that 

access to recreation facilities was important for their engagement in PA compared to their non-

physically active counterparts (Mota et al., 2005). Access to recreation facilities was seen as a 

barrier to adolescent PA in rural areas as parents reported that the facilities were only located 

in urban areas and required a substantial amount of travel time to get there (Moore et al., 2010).  

Neighbourhood walkability, determined as a combination of street connectivity, 

residential density and land use mix, also influences adolescent PA (Van Dyck, Deforche, 
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Cardon, & De Bourdeaudhuij, 2009). In Spanish adolescents aged 14-18 years, MVPA was 

highest among adolescents in neighbourhoods with high walkability (Molina-García, Queralt, 

Adams, Conway, & Sallis, 2017). In Belgian adolescents aged 13-15 years, neighbourhood 

walkability was associated with accelerometer measured MVPA only in low socioeconomic 

neighbourhoods (De Meester et al., 2012). A study conducted in Belgium showed contrasting 

results to the existing literature by reporting that adolescents living in a town centre categorised 

as highly walkable had lower levels of PA than adolescents living in less walkable suburbs 

(Van Dyck, Cardon, Deforche, & De Bourdeaudhuij, 2009). Furthermore, in the same study, 

adolescents living further from school had higher levels of PA which may reflect the use of 

cycling as a mode of transport to school in these adolescents, as Belgium has a strong cycling 

culture (Van Dyck et al., 2009).  

Aesthetics have been associated with PA in a study by Mota et al (2005), where 

physically active adolescents were more likely to agree that “there are many interesting things 

to look at while walking in my neighbourhood” compared to their non-physically active 

counterparts. Neighbourhood aesthetics were outlined as a key theme during a focus group with 

adolescents from the United States aged 12-14 years (Smith, Troped, McDonough, & DeFreese, 

2015). Discussion around the aesthetics of their neighbourhoods and how it makes an area less 

or more attractive for PA showed that adolescents valued a clean environment with absence of 

rubbish and graffiti as well as colourful and inviting equipment and space (Smith et al., 2015). 

A study in Californian children and adolescents (ages 8-14) found that children exposed to 

green spaces for more than 20 minutes per day, accumulated 5 times more MVPA compared to 

children with low exposure to green spaces (Almanza, Jerrett, Dunton, Seto, & Ann Pentz, 

2012). 

The built environment influences perceptions of safety, and therefore influences 

decisions around whether or not to engage in PA. Concern about road safety was negatively 

associated with MVPA in adolescent females outside of school hours and during evenings 
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(Carver, Timperio, & Crawford, 2008). A study in Australia examined parents’ perceived risk 

of their adolescents being harmed in their neighbourhood and the restrictions put on adolescent 

PA due to these perceptions (Carver, Timperio, Hesketh, & Crawford, 2010). Findings showed 

that constrained behaviour was negatively associated with adolescent females’ MVPA in the 

evenings, however there were no associations between constrained behaviour and adolescent 

males’ MVPA (Carver et al., 2010). Parental perceptions of traffic safety were positively 

associated with adolescent PA in their neighbourhood in the United States (Esteban-Cornejo et 

al., 2016). Furthermore, females were more active when parents perceived high quality walking 

and cycling infrastructure influencing their perceptions of their neighbourhood traffic safety 

(De Meester, Van Dyck, De Bourdeaudhuij, & Cardon, 2014). Based on previous studies of 

perceived safety and PA in adolescents, it is evident the issue of safety is multifaceted and that 

gender differences should be taken into account when designing and implementing PA 

initiatives based around mitigating perceived safety barriers.  

Overall, environmental aspects such as infrastructure, recreation facilities, walkability 

and aesthetics influence adolescent PA and adolescent and parental perceptions of 

neighbourhood safety for PA. The natural and built environment need to be considered when 

promoting the uptake of PA among adolescents.  

2.2.4 Policy Factors 

Factors at a policy level can be very influential on an individual’s behaviour. For 

children and adolescents, school-level PA policies can play a large role in encouraging or 

discouraging PA. Eighteen elementary schools in Toronto were surveyed to examine the impact 

of school PA policy on students’ time spent in PA (Faulkner, Zeglen, Leatherdale, Manske, & 

Stone, 2014). The study found that student attending schools that had policies that supported 

active transport to school and that had written policies and practices for PA had significantly 

higher PA levels than their peers who attended schools without such policies (Faulkner et al., 

2014). 
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 In addition to school-based PA policies, wider education-related policies can have 

unintended consequences on the PA levels of children and adolescents. In the context of New 

Zealand, the implementation of the school choice policy in the early 1990s (Waslander & 

Thrupp, 1995) could be a factor that influences active transport to school, and therefore PA, 

among children and adolescents in New Zealand (Waslander & Thrupp, 1995). This policy 

eliminated school zoning regulations and allows for students to choose which school they would 

like to attend. The removal of school zones enables students to not necessarily go to their nearest 

school and provides them with the opportunity to choose to attend a school further from home. 

If a student chooses a school that is not nearest to their home, the distance to school and school 

travel time would increase and, therefore, the likelihood of active transport to school use would 

decrease (Chillón et al., 2013). A study in Dunedin, New Zealand found that adolescents who 

were enrolled in the closest school to their home had rates of active transport that were five 

times higher than those who attended schools further from home (Mandic, Sandretto, et al., 

2017). This shows that school choice policies have implications not only for education, but also 

for the health and wellbeing of children and adolescents.   

In summary, it is evident from the existing literature that multiple factors influence 

adolescent participation in PA, including individual, socio-cultural, environmental and policy 

factors. Each of these set of factors need to be understood and considered when designing and 

implementing strategies to promote regular participation in PA amongst adolescents.  

2.3 Physical Activity in Daily Life  

 “Societal changes over decades have dramatically reduced the need for PA in daily life 

while creating ubiquitous barriers to PA.” (Sallis et al., 2012, p.729). Ecological models specific 

to PA help to encourage active lifestyles through facilitating changes in all domains of life: 

transport, leisure, recreation, household and occupation/school (Sallis et al., 2012). As countries 

develop economically, levels of inactivity increase due to a change in patterns of transportation, 
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technology use, urbanisation and cultural values (Sallis et al., 2016; World Health Organization, 

2018).  

2.3.1 Active Transport as Physical Activity in Adolescents 

Active transport is an easy and effective way to incorporate PA into daily life. However, 

the role of active transport and its popularity is declining in many developed countries. 

International variations are present with respect to the use of active transport to school among 

adolescents ranging from 18.6% using active transport to school in United Arab Emirates, to 

84.8% using active transport to school in China (Guthold et al., 2010). The Global Matrix 3.0 

released in 2018 revealed that approximately 47-53% (a “C” grade) of children and adolescents 

use active transport to school internationally (Aubert et al., 2018). A consistent decline in active 

transport to school among adolescents is evident in the existing literature (Chillón et al., 2013; 

Kjønniksen et al., 2008; McDonald, 2007; Murtagh, Dempster, & Murphy, 2016; Pabayo, 

Gauvin, & Barnett, 2011; Trang, Hong, & Dibley, 2012), with a simultaneous increase in rates 

of motorised transport to school (Gray et al., 2014). Private vehicle ownership has become a 

norm in Western countries due to the comfort and convenience of driving or being a passenger 

in a car (Bean, Kearns, & Collins, 2008; Dowling, 2000; Pooley et al., 2011). In addition, motor 

vehicle use has been supported by car-centric urban development and design, making motor 

vehicle ownership seen as necessary and the default option when considering transport (Frank, 

Saelens, Powell, & Chapman, 2007; Litman, 2018; Saelens & Handy, 2008; Zhang, 2006).  

 In New Zealand rates of active transport to school are lower than the international 

average, with the Global Matrix 3.0 reporting that 40-46% of New Zealand children and 

adolescents use active transport to school (Aubert et al., 2018; Smith et al., 2018). Furthermore, 

the rates of cycling to school have seen a substantial decrease in the past three decades (NZ 

Ministry of Transport, 2015). Data from the Ministry of Transport show that the rates of cycling 

to school by children and adolescents in New Zealand have decreased from 12% and 19% in 

1989 and 1990, to 2% and 3% in 2010 and 2014 respectively (NZ Ministry of Transport, 2015). 
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Motorised transport became the dominant mode of transport to school by increasing from 32% 

in the late 1980s, to 57% in the years 2010-2014 (NZ Ministry of Transport, 2015). Census data 

from 2018 showed that 93.4% of households in New Zealand owned at least one motor vehicle, 

which further emphasises the dependence on motorised transport in New Zealand (Statistics 

New Zealand, 2019).  

The use of active transport to school was associated with higher levels of MVPA in 

European adolescents (Aibar et al., 2015). Similar results were found among adolescents from 

the United States, where higher levels of overall MVPA and before and after school MVPA 

were found among adolescents who used active transport to school compared to their 

counterparts who relied on motorised transport (Mendoza et al., 2011). Similar findings have 

also been reported in children (Cooper, Andersen, Wedderkopp, Page, & Froberg, 2005). 

Findings from a study in Dunedin, New Zealand showed that adolescents who travelled to 

school using active as well as a combination of active and motorised transport had higher levels 

of accelerometer measured MVPA per school day as well as during the hour before school (Kek 

et al., 2019). Furthermore, in Canada, accelerometer and Global Positioning System (GPS)  data 

revealed that active transport accounted for the largest proportion of time spent in MVPA for 

urban and suburban adolescents aged 12-16 years (Rainham et al., 2012). 

2.3.2 Physical Activity, Recreation and Leisure in Adolescents 

 In addition to transport-related PA, PA can also occur in other domains such as 

recreation and leisure time. The presence of sporting equipment at home is significantly 

associated with PA in adolescents from Portugal (Pizarro, Santos, Ribeiro, & Mota, 2012). A 

longitudinal study in Finland found that participating in sports at least once a week for female 

adolescents and twice a week for male adolescents was associated with high levels of PA in 

adulthood (Tammelin et al., 2003). In addition to increasing PA levels, participation in sports 

is also associated with lower levels of depressive symptoms in adolescents (Kremer et al., 2014; 

McMahon et al., 2017), highlighting the importance of creating opportunities for adolescents 
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to join sporting teams and clubs.  Results from New Zealand show that sport participation is 

correlated with higher levels of PA in adolescents (Mandic, Bengoechea, Stevens, Leon de la 

Barra, & Skidmore, 2012). 

Sedentary behaviour is increasingly prevalent in daily activities and is often associated 

with lower levels of PA. A study in adolescents aged 10-14 years from the United States found 

that sedentary behaviour was inversely related to the daily amount of time spent in moderate 

intensity PA (Strauss, Rodzilsky, Burack, & Colin, 2001). Not only are high levels of sedentary 

behaviour associated with low PA, but are also associated with poor mental health (Asare & 

Danquah, 2015; Biddle & Asare, 2011). In a sample of Ghanaian adolescents sedentary time 

was significantly associated with higher levels of depression (Asare & Danquah, 2015), thus 

highlighting the importance of focusing on both increasing PA as well as reducing sedentary 

behaviour in this age group. Screen time has become a major part of sedentary time in children 

and adolescents, and has been identified as a health issue worldwide in the Global Matrix 3.0 

(Aubert et al., 2018). A study in Australian adolescents aged 10-13 years found that higher 

screen time was associated with lower levels of MVPA (Olds, Maher, & Ridley, 2011). 

Furthermore, every hour of MVPA was associated with a reduction in screen time in this sample 

of adolescents (Olds et al., 2011). Findings from other studies have also demonstrated the 

inverse relationship between screen time sedentary behaviour and PA in children and 

adolescents (Leatherdale et al., 2010; Smith et al., 2018), highlighting the importance to focus 

on decreasing sedentary behaviour as well as increasing involvement in PA in adolescents.  

2.3.3 Physical Activity Patterns of Adolescents: School Days versus Weekend Physical 

Activity 

To address the low levels of PA in adolescents, many attempts have been made to 

encourage school-based initiatives and policies to increase PA opportunities (Gladwin, Church, 

& Plotnikoff, 2008; Naylor & McKay, 2009). However, studies have found that adolescent 

MVPA levels are significantly lower on weekend days than school days (Collings et al., 2014; 
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Comte et al., 2013; Corder, Sluijs, Ekelund, Jones, & Griffin, 2010; Esliger et al., 2010). A 

longitudinal study in children found that over a 12 month period, decreases in PA were greater 

on weekends than school days and time in sedentary activities increased more on weekends 

than school days for males, however there were no significant changes for females (Corder et 

al., 2010). In addition, the study also observed greater decreases in PA in the time period after 

school (Corder et al., 2010) A study of Canadian adolescents found that significantly more 

adolescents achieved the recommended 60 minutes or more of MVPA per day on school days 

compared to weekend days (Comte et al., 2013). Similar findings were also reported among 

adolescents from England and Spain (Ramirez-Rico, Hilland, Foweather, Fernández-Garcia, & 

Fairclough, 2014). Among adolescents from England, adolescent males consistently 

accumulated more PA and less sedentary time than female adolescents, however gender 

differences were not as substantial at weekends, as adolescent male PA declined more evidently 

when transitioning from weekday to weekend (Collings et al., 2014). Males were more 

sedentary on both weekend days compared to during the week, whereas females were more 

sedentary on Sunday but less sedentary on Saturday. A study from Dunedin, New Zealand 

examined PA patterns between adolescents who used active transport to school and those who 

used motorised transport to get to school (Kek et al., 2019). Findings showed that MVPA was 

higher on school days compared to weekend days (Kek et al., 2019). No differences in MVPA 

were observed between the active and motorised transport users on weekends (Kek et al., 2019). 

Moreover, a study comparing in-school and out-of-school PA between children and adolescents 

in the UK found that in-school PA levels were lower than out-of-school PA levels overall 

(Gidlow, Cochrane, Davey, & Smith, 2008). In addition, results showed that in-school activity 

had a differing relative contribution towards weekly MVPA for different age groups (primary 

school: 33.6%, high school: 23%) (Gidlow et al., 2008). Overall, results from the existing 

literature show that children and adolescents accumulate more PA on a school day versus a 
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weekend day, however limited information is known about how these patterns differentiate 

between genders and urbanisation settings (i.e. urban versus rural areas).  

2.3.4 Physical Activity Patterns of Adolescents: Daily Patterns 

Several studies have examined objectively measured PA patterns throughout the day in 

children; however, limited research in this area has been conducted in adolescents and rural 

populations. A study in 11 year old children from England found that males were significantly 

more active than females during the period of 11:00am-2:00pm on both school days and 

weekend days (Riddoch et al., 2007). In addition, males and females follow similar daily 

activity patterns throughout a school day (Riddoch et al., 2007). Furthermore, the results 

showed that on school days, the key times when children accumulated their PA was before 

school, during the lunch break and immediately after school (Riddoch et al., 2007). In a study 

in the UK, PA patterns in five segments of the school day (before school, morning recess, lunch 

break, class time, after school) in children and adolescents aged 11-14 years were examined 

(Bailey et al., 2012). The majority of sedentary time during the school day was accumulated 

during class time (63.9%), whereas MVPA was mainly accumulated both during class time 

(35.3%) and after school (28.4%) (Bailey et al., 2012). Differences in PA patterns were also 

compared between genders, where males had significantly higher levels of MVPA than females 

during the morning recess and lunch break (Bailey et al., 2012). One limitation of this study 

was that there was no differentiation between the time immediately after school and late after 

school, meaning that conclusions cannot be made with respect to active transport use after 

school. Patterns of PA were compared between male and female adolescents in a study in the 

United States, where significant gender differences were evident across the 4 days of 

accelerometer wear time (Thursday to Sunday) (Jago, Anderson, Baranowski, & Watson, 

2005). The study found that in the late afternoon period male adolescents had higher levels of 

MVPA and lower amounts of time spent in sedentary activities compared to female adolescents 

on all days except Sunday (Jago et al., 2005). A study from Canada conducted a spatial 
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classification of PA in adolescents aged 12-16 years through the use of accelerometer and 

Global Positioning System (GPS) data (Rainham et al., 2012). The study found that for urban 

adolescents, the highest proportion of their daily MVPA was spent actively commuting (males: 

57.6%; females: 55.5%), whereas adolescents from rural areas spent majority of their MVPA 

at school (males: 33.1%; females: 40.2%) (Rainham et al., 2012). The results from the existing 

literature suggest that PA intensities differ throughout the day as well as between school days 

and weekend days, and that time periods both during and outside of school time are important 

for the accumulation of PA among adolescents, and this may differ between urbanisation 

settings. 

2.4 Physical Activity in Urban versus Rural Adolescents 

 A large proportion of the world’s population has moved from living in rural areas to 

living in urban areas (Ezzati, Utzinger, Cairncross, Cohen, & Singer, 2005). It is estimated that 

during the transition from the 20th into the 21st century, the proportion of the world’s population 

residing in an urban area grew from 14% to over 50% (Ezzati et al., 2005). New Zealand is no 

exception; in 2017, 86.5% of the population lived in urban areas (Statista, n.d.). In the 

developing world, urbanisation has been associated with increased mortality from lifestyle 

related diseases such as cardiovascular disease and cancer (Allender, Foster, Hutchinson, & 

Arambepola, 2008). However, compared to urban residents, those who reside in rural areas 

often have limited access to health care, a lower number and diversity of available health 

professionals and  socioeconomic, educational and nutritional inequities that can have negative 

effects on the development of children and adolescents (Allender et al., 2008; Machado-

Rodrigues et al., 2012).  

The effectiveness of PA interventions depends on an understanding of factors that 

influence PA. Moreover, predictive models for adolescent PA behaviour in urban areas may 

not necessarily be applicable across countries and/or to rural areas within countries. Since urban 

and rural areas present distinct contexts, PA patterns observed among urban adolescents may 
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not be generalisable to rural adolescents. Differences in PA levels between individuals living 

in urban and rural settings have been observed in many studies; however, most of these studies 

have been conducted in adults (Martin et al., 2005; Parks et al., 2003; Sobngwi et al., 2002; 

Wilcox, Castro, King, Housemann, & Brownson, 2000). Previous studies reported that adults 

residing in urban areas were more likely to meet recommended PA guidelines (Parks et al., 

2003), have higher levels of PA (Martin et al., 2005), and have lower levels of sedentary 

behaviour than those residing in rural areas (Wilcox et al., 2000). However contrasting results 

were also evident, where in Cameroon, Africa, urban residents had lower levels of PA compared 

to their rural counterparts (Sobngwi et al., 2002).  

Urban-rural differences in PA have also been highlighted in a small number of studies 

conducted in adolescents (Comte et al., 2013; Euler et al., 2019; Machado-Rodrigues et al., 

2012; Rainham et al., 2012; Shearer et al., 2012) and children (Dollman, Norton, & Tucker, 

2002; Joens‐Matre et al., 2008; Liu et al., 2012; Loucaides, Chedzoy, & Bennett, 2004). 

Amongst adolescents, those living in urban areas were more likely to have higher levels of 

accelerometer measured MVPA in Canada (Comte et al., 2013; Rainham et al., 2012), Portugal 

(Machado-Rodrigues et al., 2012) and the United States (Euler et al., 2019). However 

contrasting results have also been reported. In Kenya urban adolescents accumulated less 

accelerometer measured MVPA compared to their rural counterparts (Ojiambo et al., 2012). 

Interestingly, a study in adolescents from the United States found that for male adolescents 

there were no differences in MVPA between urbanisation settings, however for female 

adolescents, those living in rural areas accumulated more MVPA than female adolescents living 

in suburban and rural areas (Moore, Beets, Morris, & Kolbe, 2014). Furthermore, a study in 

adolescents from Canada using accelerometers found a significant school-level socioeconomic 

status and neighbourhood type interaction; low socioeconomic status urban adolescents 

accumulated significantly more MVPA per day than low socioeconomic status suburban and 
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rural adolescents, however no significant differences in daily MVPA were found between low 

socioeconomic suburban and rural adolescents (Shearer et al., 2012).  

Studies in children found that those living in rural areas were more likely to participate 

in organised sports activities (Dollman et al., 2002), participate in exercise at least 5 days a 

week (Liu et al., 2012), and engage in PA at lunchtimes during school than their urban 

counterparts (Joens‐Matre et al., 2008). Interestingly, a study in Greek children found that urban 

children were significantly more active than rural children during the winter, however the 

opposite applied to summer, suggesting that PA initiatives need to consider seasonal as well as 

geographical factors (Loucaides et al., 2004).  

Previous studies have shown that urban-rural differences in PA are complex and 

multifaceted. Inconsistencies between findings may reflect differences in infrastructure, 

recreational opportunities and social norms around PA between urban and rural settings, or 

differences in how rurality is defined. There are no globally accepted definitions of urban and 

rural (Statistics New Zealand, n.d.). In New Zealand, urban areas are determined as containing 

an estimated resident population more than 1,000 people and usually have a population density 

of more than 400 residents or 200 address points per square kilometre (Statistics New Zealand, 

2018). Furthermore, urban areas are classified into four categories based on their population 

size: major urban area (³100,000 residents), large urban area (30,000–99,999 residents), 

medium urban area (10,000–29,999 residents) and small urban area (1,000–9,999 residents) 

(Statistics New Zealand, 2018). Therefore, rural areas are those that contain less than 1000 

residents (Statistics New Zealand, 2018). Given the variability in urban and rural based settings, 

more research is needed to understand the differences in PA patterns between urban and rural 

adolescents in New Zealand in order to design effective PA initiatives increase PA behaviours 

among adolescents living in both settings.  
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2.5 Objectively Measured Physical Activity in Adolescents 

A large selection of options are available for measuring PA including subjective and 

objective measurements (Butte, Ekelund, & Westerterp, 2012; Vanhees et al., 2005). The gold 

standard methods of assessing PA are through criterion measures including doubly labelled 

water, indirect calorimetry and direct observation of PA. However, these methods are very time 

consuming, expensive and are not convenient for large-scale studies (Vanhees et al., 2005).  

Subjective measures of PA include self-reported PA using questionnaires, interviews 

and activity logs (Vanhees et al., 2005). Subjective PA measures can be unreliable when 

assessing PA levels of young people as those measures rely on the subjective interpretation of 

the question as well as the individual’s perception of their PA behaviour (Vanhees et al., 2005). 

Furthermore, factors such as social desirability, complexity of the questionnaire and a recall 

period can result in an under- or over-estimation of PA (Vanhees et al., 2005).  

Objective measures of PA include the use of activity monitors such as accelerometers 

and pedometers (Butte et al., 2012; Vanhees et al., 2005). While the use of pedometers has 

many benefits such as being lightweight and easy to use, pedometers are unable to measure the 

intensity and time of PA (Butte et al., 2012; Vanhees et al., 2005). Therefore, to accurately 

measure PA in adolescents, PA needs to be measured objectively using accelerometers as they 

are reliable and provide a valid estimate of PA (Trost, 2007; Vanhees et al., 2005).  

2.5.1 Objective Measurement of Physical Activity using Accelerometers 

In population-based studies, accelerometers provide reliable objective measures of PA 

(Audrey, Bell, Hughes, & Campbell, 2013) by measuring the frequency, duration, and intensity 

of PA (Butte et al., 2012; Trost, 2007). Accelerometers are small, portable and lightweight 

devices that are non-intrusive and easy to use (Butte et al., 2012; Trost, 2007; Vanhees et al., 

2005). Movements are monitored in more than one plane and are able to measure the magnitude 

and direction of acceleration (Vanhees et al., 2005). Using accelerometers to measure everyday 

PA in adolescents is a practical and valid method (De Vries et al., 2009; Evenson, Catellier, 
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Gill, Ondrak, & McMurray, 2008; Trost, 2007). Strengths and limitations of using 

accelerometers to measure daily PA have been discussed in the existing literature (Freedson & 

Miller, 2000; Trost, 2001; Vanhees et al., 2005; Zhang, Werner, Sun, Pi‐Sunyer, & Boozer, 

2003). Strengths include the objective measurement of real time PA duration and intensity of 

movements (Freedson & Miller, 2000; Trost, 2001; Zhang et al., 2003) as well as being able to 

measure sedentary behaviour, and light, moderate and vigorous intensities of PA (Butte et al., 

2012; Trost, 2007; Vanhees et al., 2005). Although accelerometers are able to measure a range 

of movements in multiple planes, they are unable to measure upper body movements (Trost, 

McIver, & Pate, 2005; Vanhees et al., 2005), movement in graded terrain (Trost, 2007; Vanhees 

et al., 2005), and movement associated with swimming and cycling (Trost, 2007; Vanhees et 

al., 2005). Furthermore, limitations also include the cost and data burden of using 

accelerometers (Audrey et al., 2013; Trost 2005). 

 Reliable estimates of PA in children and adolescents have been found by monitoring 

PA for seven days, allowing for the effective assessment of differences in daily PA patterns as 

well as differences between school days and weekend days (Trost, 2007). It is recommended 

that accelerometers are worn firmly against the body to eliminate additional movement as well 

as keeping them in a comfortable unobtrusive location such as on the hip (Matthews, 

Hagströmer, Pober, & Bowles, 2012). Many countries that were involved in The International 

Physical Activity and Environment Network (IPEN) study have adopted an international set of 

standardised protocol for PA measurement by the placement of accelerometers on the right hip 

(Cain, 2014; De Meester et al., 2012; Hinckson et al., 2017; Molina-García et al., 2017).  

 To minimise data loss, it is essential that steps are taken to ensure participants’ 

adherence to wearing an accelerometer throughout the day (Trost et al., 2005). Many strategies 

to maintain adherence have been devised such as daily monitoring logs (Trost et al., 2005), 

sending individual activity graphs to participants afterwards (Audrey et al., 2013), and 

implementing a rewards scheme based on complying with the required wear time as well as 
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returning the accelerometer on time (Audrey et al., 2013; Trost et al., 2005). In addition, 

providing the participants with regular contact with the researchers has been found to enhance 

adherence (Audrey et al., 2013), which can be done through reminder phone calls, texts and 

emails as well as notifying sports managers, coaches or teachers who are directly interacting 

with the study participants of the protocols of wearing the device (Trost et al., 2005). 

Furthermore, the comfort of wearing an accelerometer, the type of incentive and reward for 

participation, and the need to participate in activities that are not suitable for wearing the device 

(e.g. contact and water sports), are all factors that may affect wear time validity in adolescents 

(Audrey et al., 2013).   

 In summary, although a variety PA assessment tools are available, the use of 

accelerometers for measuring adolescent PA levels has been effective and valid assessment 

method in previous studies.  

2.6 Summary 

  The current PA levels among adolescents are concerningly low both internationally as 

well as in New Zealand. The associations between physical, mental, social and environmental 

benefits and PA have provided rationale for attempts to enhance daily PA, especially when 

considering the alarming increase in the prevalence of physical inactivity, sedentary behaviour 

and obesity among New Zealand adolescents. A review of the literature suggests that there are 

associations between adolescent PA and individual, social, cultural, environmental and policy 

related factors. The lack of sufficient PA is more prominent in adolescent females than in their 

male counterparts. Therefore, gender specific PA initiatives may be necessary to increase PA 

among adolescents, with a particular focus on females. Only a small number of studies have 

examined the differences in PA between urban and rural settings, where inconsistent results 

have been found. Inconsistencies between findings may reflect differences in infrastructure, 

recreational opportunities and social norms around PA between urban and rural settings, or 

differences in how rurality was defined in each study. There is limited research on gender 
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differences in PA across urbanisation settings that suggests a gender by urbanisation setting 

interaction. More research needs to investigate the interaction between urbanisation setting and 

gender on adolescent PA to gain further insight into how to increase PA among adolescents. In 

addition, most previous studies used self-reported PA to assess if adolescents were meeting PA 

guidelines, with only a few studies measuring PA objectively though accelerometers. To have 

an accurate understanding of PA patterns amongst adolescents, objective measurements must 

be taken. Adolescents’ objectively measured PA patterns during specific segments of the school 

day remain understudied, and differences in these PA patterns across urbanisation settings and 

between genders have not been studied to date. Therefore, the aim of this Master’s research 

project was to compare accelerometer-measured PA patterns (throughout the week, on an 

average school day and an average weekend day) between urban and rural adolescents in Otago, 

New Zealand, taking into account gender. 
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CHAPTER 3 

Methodology 

 
 
 

3.1 Purpose 

This cross-sectional study compared objectively measured PA patterns between urban and rural 

adolescents in Otago, New Zealand. This study addressed two research questions: 

Research Question 1: Do objectively measured PA patterns differ between urban and 

rural adolescents? 

Research Question 2: Are there any gender differences in the objectively measured PA 

patterns of urban and rural adolescents? 

3.2 Study Design and Setting 

The data used in this thesis are part of the two larger cross-sectional studies: Built 

Environment and Active Transport to School (BEATS) (Mandic et al., 2016) and Built 

Environment and Active Transport to School Rural (BEATS-R) Studies. The BEATS Study 

was conducted in 2014-2015 in Dunedin, New Zealand, and the BEATS-R Study was 

conducted in 2018 in rural Otago, New Zealand. Both studies investigated factors influencing 

PA and transport to school habits among adolescents. Data for both  the BEATS and  BEATS-

R Studies were collected using the published BEATS Study research methodology (Mandic et 

al., 2016). The BEATS and BEATS-R Studies assessments included a student survey, 

anthropometry measurements, accelerometer-measured PA in a subgroup of participants, 

mapping sessions and focus groups. For this thesis, data from the student surveys, 



	

	 26	

accelerometer measured PA and anthropometry measurements from both the BEATS and 

BEATS-R Studies were used. 

3.2.1 Study Context 

The Otago region is located in the lower South Island of New Zealand and has a 

population of approximately 202,500 people (Statistics New Zealand, 2013a). Otago is the 

seventh largest region out of sixteen regions across New Zealand (Statistics New Zealand, 

2013a). In Dunedin, the main city in Otago, there are 12 secondary schools (Figure 2), and a 

further 15 secondary schools exist in the wider Otago region (Figure 3).  

 

Figure 2. Locations of all twelve secondary schools in Dunedin, New Zealand.  

Map data: Google Maps, 2019. 
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Figure 3. Locations of all fifteen secondary schools in wider Otago region, New Zealand. 

Map	data:	Google	Maps,	2019.	

 

3.2.2 Defining Urban and Rural  

A range of classification criteria are used to determine rurality in different countries, 

such as total population count within an area, population densities and classifying rural as any 

area outside of an urban area (Australian Bureau of Statistics, 2001; Department for 

Environment, Food & Rural Affairs, 2019; OECD, 2011; Statistics Canada, 2016). For the 

purpose of this research project adolescents were classified as either urban or rural based on 

their home address and in line with the urban/rural classification used by Statistics New 

Zealand (Statistics New Zealand, 2018). Urban areas are determined as containing an 

estimated resident population more than 1,000 people and usually have a population density 

of more than 400 residents or 200 address points per square kilometre (Statistics New 

Zealand, 2018). Moreover, urban areas are further divided into major, large, medium and 

small urban areas based on their population size (Statistics New Zealand, 2018) Rural areas 

are classified as either rural settlements or rural areas (Statistics New Zealand, 2018). For the 
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purpose of this research project, urban areas will be areas with a population of at least 1000 

residents (major, large, medium and small urban areas), and areas with less than 1000 

residents will be classified as rural (rural areas and settlements) (Figure 4).  

3.3 Built Environment and Active Transport to School (BEATS) Study  

3.3.1 Recruitment of Schools and Participants 

In August 2013, the BEATS Study investigators invited all 12 secondary schools in 

Dunedin to participate in the BEATS Study. The study investigators met with each school 

principal to provide more details of the school’s involvement in the study (Mandic et al., 2016). 

By the beginning of 2014, all 12 schools had agreed to take part in the study and participant 

recruitment began to take place.  

 As described in the BEATS Study protocol article (Mandic et al., 2016), the study was 

advertised in the newsletter of each school to inform students of what the study involved. Each 

school selected 2 to 4 classes from year 9 to 13 to invite to participate in the study (Mandic et 

al., 2016). All invited students received information packages with student (Appendix C & E) 

and parent (Appendix D) information sheets 1 to 3 weeks before their school was scheduled for 

data collection. Parental opt-in or parental opt-out consent forms were used depending on the 

school’s preference for adolescents aged 13 to 15 years old at the time of the survey (Mandic 

et al., 2016). The information packages included parental information and student information 

sheets about the study as well as a parental consent form (Appendix G) and student consent 

forms for participating in the student survey (Appendix F) and the PA assessment (Appendix 

H). In addition, emails containing information on the study were sent out by school principals 

to all invited adolescents and their parents (Mandic et al., 2016).  

 In order to participate in the BEATS Study, adolescents had to sign a paper consent for 

participation in the student survey and an additional consent for taking part in the PA 

assessment using accelerometers. For adolescents under 16 years of age, either the parental opt-

in or opt-out consent was used, depending on the school’s preference. Parents had an option to 
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sign their consent either on paper or online. For each school, adolescents who completed the 

student survey were entered in the draw to win one of five movie vouchers. In addition, students 

who participated in the PA assessment received a graph of their own PA data by email and were 

given a $5 book voucher for returning the accelerometer and an additional $5 book voucher if 

they had valid accelerometer data (7 consecutive days for at least 12 hours per day). The 

BEATS Study was approved by the University of Otago Ethics Committee (reference number 

13/203; 19 July 2013) (Appendix A). 

3.3.2 Inclusion and Exclusion Criteria 

The inclusion criteria for the BEATS student survey were adolescents attending a 

Dunedin secondary school, ages 13 to 18 years, both genders, with a signed student consent 

form and parental opt-in consent form if applicable. To be included in this master’s research, 

adolescents had to have a valid PA assessment consent and had participated in PA assessment 

using accelerometers. Furthermore, to be included in the analysis, adolescents had to have valid 

accelerometer data for at least 5 days including at least 1 weekend day based on validity criteria 

for assessment of PA using accelerometers (Corder, Ekelund, Steele, Wareham, & Brage, 2008; 

Kek et al., 2019; Riddoch et al., 2004; Trost, Pate, Freedson, Sallis, & Taylor, 2000). Exclusion 

criteria were adolescents aged under 13 years, incomplete student or parental consents, invalid 

student surveys, missing survey data, no PA consent, boarding at schools, and incomplete or 

invalid accelerometer data.  

3.4 Built Environment and Active Transport to School Rural (BEATS-R) Study 

3.4.1 Recruitment of Schools and Participants 

All 15 secondary schools from the wider Otago region were initially contacted by the 

principal investigators in December 2017. In January and February 2018, a meeting with each 

school principal took place to discuss the study and the school’s involvement in the data 

collection procedure. Once the schools agreed to take part, information packages were given to 
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the schools to give to their students and dates for data collection were scheduled. Information 

packages contained information sheets for both the students (Appendix I) and their parents 

(Appendix J), a consent form for participation in the student survey (Appendix K), and a 

separate consent form for participation in the PA assessment (Appendix L). The information 

packages were given to the students 2 to 4 weeks prior to their scheduled data collection date(s). 

In addition, a link to a short informative video about the study was sent to schools to be shared 

with the invited students. Students signed paper consent forms and parental consent was not 

required for the BEATS-R Study. Consent forms were collected by the schools and posted back 

to the researchers. In addition, on some data collection trips, researchers spoke to students in 

classes at the beginning of the school day to recruit additional students who had no previously 

completed a consent form. The BEATS-R Study was approved by the University of Otago 

Ethics Committee (reference number 17/178; 17 November 2017) (Appendix B). 

3.4.2 Inclusion and Exclusion Criteria 

The inclusion criteria for the BEATS-R student survey were adolescents attending a 

secondary school in the wider Otago region, ages 13 to 18 years, both genders, with a signed 

student consent form. To be included in this master’s research, adolescents had to have a valid 

PA assessment consent and had participated in PA assessment using accelerometers. In 

addition, to be included in the analysis, adolescents had to have valid accelerometer data for at 

least 5 days including at least 1 weekend day based on validity criteria for assessment of PA 

using accelerometers (Corder, Ekelund, Steele, Wareham, & Brage, 2008; Kek et al., 2019; 

Riddoch et al., 2004; Trost, Pate, Freedson, Sallis, & Taylor, 2000).  Exclusion criteria were 

adolescents aged under 13 years, incomplete student consents, invalid student surveys, missing 

survey data, no PA consent, boarding at schools, and incomplete or invalid accelerometer data 

were excluded from the analysis.  
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3.5 Participants Recruited for the Current Project 

 For the purposes of this Master’s research project, participants were adolescents with 

valid consent who completed the student survey, anthropometry measurements and wore an 

accelerometer for 7 days in the BEATS (n=311) or BEATS-R (n=157) studies (Figure 4). A 

total of 468 adolescents were included in this analysis (Figure 4).  
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  BEATS Study (2014-2015) BEATS-R Study (2018) 

15 Schools invited 12 Schools invited 

4 Schools did not participate No refusals 

Valid survey and student and/or parental 
consent (n=1655) 

12 Schools participated 
1780 Students surveyed 

11 Schools participated 
978 Students surveyed 

Valid survey and student consent 
(n=963) 

Excluded: 
11 Invalid surveys 
4 Missing consent 

Excluded: 
38 Invalid surveys 
87 Missing student and/or parental 
consent 

Excluded: 
715 Students who did not 
participate in the PA assessment 

Excluded: 
1222 Students who did not 
participate in the PA assessment 
 

Students with valid PA data 
(n=311) 

Students with PA data 
(n=433) 

Students with PA data 
(n=248) 

Students with valid PA data 
(n=157) 

Excluded: 
88 Incomplete or invalid PA data 
3 Boarders at school 
 

Excluded: 
96 Incomplete or invalid PA data 
26 Boarders at school 

Large 
urban 
area 

n=240 

Final sample size of URBAN adolescents with 
valid accelerometer data 

n=338 

Final sample size of RURAL adolescents with 
valid accelerometer data 

n=130 

Figure 4. Flow chart of final sample size in study 

Small-to-
medium 
urban 
area 
n=33 

Rural 
settlement 

or area 
n=38 

Large 
urban 
area 
n=0 

Small-to-
medium 
urban 
area 
n=65 

Rural 
settlement 

or area 
n=92 

PA = Physical Activity 



	

	 33	

 

3.6 Measurement Procedures 

 Measurement procedures included an online survey, anthropometry and 7-day 

accelerometer assessment of PA. Each of those procedures is described in detail in subsequent 

sections. To anonymise data, adolescents were issued a study identification number to use for 

their surveys, anthropometry forms and accelerometer data.  

3.6.1 Student Survey 

 All participating adolescents completed a 30-40 minute student survey either online 

using Qualtrics survey software or on paper during class time. The BEATS Student Survey 

asked questions about basic demographic information, transport to school habits, PA habits, 

motivations and barriers to using active transport to school, perceived neighbourhood 

environment, health behaviours and independent mobility. For the purpose of this research, 

responses to questions on sociodemographic characteristics included age, gender, ethnicity, 

school year, home address, number of vehicles and number of bicycles available at home. Data 

on the number of vehicles at home and the number of bikes available to get to school were 

included in this analysis due to them being part of the basic demographic data gathered as part 

of the Student Survey. Although this data is not directly used in the present study to examine 

differences in PA patterns between urban and rural adolescents, it is supplementary information 

to distance to school and active transport levels among adolescents. Area level socio-economic 

status was determined by the home address data being matched with address codes from the 

New Zealand Index of Deprivation Study (Salmond, Crampton, King, & Waldegrave, 2006). 

Students completed the survey during class time and were supervised by researchers to ensure 

validity of survey responses. Adolescents who resided in a major, large, medium or small urban 

area were classified as “urban adolescents” and adolescents residing in a rural settlement or 

area were classified as “rural adolescents”. 
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3.6.2 Anthropometry Assessment 

During the student survey, adolescents were individually approached by researchers to 

take their anthropometry measurements in a screened-off area of the classroom. Height, weight 

and waist circumference were measured to determine their weight status as well as to get the 

information required to set up the accelerometers. Adolescents had anthropometry 

measurements completed in their school uniforms and were only asked to remove their shoes 

and jackets. Anthropometry measurements were taken by research staff. Research staff were 

matched by gender with participants for anthropometry measurements when it was feasible due 

to staff availability. Measurements were not verbalised for the privacy of the adolescents, 

however upon request, adolescents were allowed to look at their measurements on the data 

collection form if they wanted to know the numbers that were recorded.  

 Height was measured in centimetres to the nearest one decimal place using a custom 

made portable stadiometer in the BEATS Study (Mandic et al., 2016), and with a portable 

SECA stadiometer in the BEATS-R Study (SECA213, SECA Corp). In both studies, 

adolescents’ weight was measured twice by an electronic scale (A&D scale UC321, A&D 

Medical) in kilograms to the nearest 2 decimal places (Mandic et al., 2016). Body mass index 

was calculated as weight in kilograms divided by height in metres squared. Adolescents were 

categorised into either “obese”, “overweight”, “healthy weight”, and “underweight” based on 

international age and gender specific cut-points for adolescents (Cole, Bellizzi, Flegal, & Dietz, 

2000). Waist circumference was measured using a metal measuring tape (BEATS Study: 

MURATEC-KDS CORP, BEATS-R Study: Lufkin W606PM, Lufkin, OH) just above the 

adolescent’s bellybutton at the end of a normal exhalation (Mandic et al., 2016). Waist 

circumference was measured in centimetres to the nearest decimal place with two 

measurements recorded and then averaged for more accuracy (Mandic et al., 2016).   
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3.6.3 Accelerometer-Measured Physical Activity 

In both the BEATS and BEATS-R Studies, accelerometers (ActiGraph, GT3XPlus, 

Pensacola, FL, USA) were used to objectively measure adolescent PA. Although many models 

of accelerometers have been used in research studies, ActiGraph is the most commonly used 

model in PA studies (De Vries et al., 2009; Trost, 2007). In addition, ActiGraph has been 

reported as a valid device for measuring PA in children and adolescents in previous validation 

studies (Evenson et al., 2008; Freedson et al., 2005; Ott, Pate, Trost, Ward, & Saunders, 2000; 

Puyau et al., 2002; Romanzini et al., 2014). Adolescents received their accelerometers at their 

school after researchers initialised the devices by inputting adolescents’ age, gender, height and 

weight measurements into the ActiGraph software (ActiLife 6 Data Analysis Software). 

Accelerometers were set up to start on the day after adolescents’ received their device and were 

set to measure PA for 8 consecutive days to allow the participant to wear the device for an 

additional day if any one of the days during the scheduled time period was missed (Kek et al., 

2019; Trost et al., 2000).  

Researchers demonstrated how to wear the accelerometer to the adolescents before 

giving them their devices as well as giving them written instructions about returning their 

device back to their school (Appendix M). Each adolescent was instructed to wear their device 

for at least 12 hours each day during the PA assessment, and to take it off for sleep, water-based 

activities and contact sports such as rugby. To promote adherence to wearing the accelerometer, 

adolescents were given an activity log (Appendix N) to record details of when they wore their 

device, as used in previous studies (Trost et al., 2005). In addition, researchers sent out 

reminders to adolescents by email or text about wearing their accelerometer throughout the 7 

day PA assessment (Audrey et al., 2013; Kek et al., 2019; Trost et al., 2005).  

After the PA assessment time frame was over, adolescents returned their accelerometers 

and activity logs to their school. In the BEATS Study, research assistants collected the 

accelerometers from Dunedin schools (Kek et al., 2019). In the BEATS-R Study the schools 
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from the rural Otago region couriered the accelerometers back to the researchers. In both 

studies, adolescents received a $5 book voucher if they returned their accelerometer on time, a 

$5 book voucher if they wore their accelerometer for 12 hours a day on 7 days, and an individual 

graph that reflected their PA (Kek et al., 2019).  

3.6.3.1 Analysis of Accelerometer Data 

Recorded movements from accelerometer measured PA are converted to quantifiable 

units known as activity counts, which are then grouped over a chosen time frame known as an 

epoch (Baquet, Stratton, Van Praagh, & Berthoin, 2007). In the analysis of PA data, activity 

levels are categorised into sedentary and light, moderate and vigorous intensity PA by using 

cut-points (Trost et al., 2005). This categorisation can be influenced by the choice of epoch 

length due to PA characteristics of different age groups (Trost et al., 2005). Epochs of 60 

seconds can result in an underestimation of PA in children and adolescents due to the longer 

interval not detecting short bursts of activity (Evenson et al., 2008; Reilly et al., 2008; Trost et 

al., 2005). Unlike epochs of 60 seconds, epochs of 10 or 15 seconds are more likely to sense 

short bursts of movement which are characteristic of PA behaviours in children and adolescents 

(Trost et al., 2005). There is no standardised cut-point criterion for classification of PA 

intensities when using accelerometers, subsequently resulting in large variations in the cut-

points used in different studies (Cain, Sallis, Conway, Van Dyck, & Calhoon, 2013; Reilly et 

al., 2008; Trost, 2007). Various cut-points were developed in calibration studies (Evenson et 

al., 2008; Freedson, Pober, & Janz, 2005; Mattocks et al., 2007; Puyau, Adolph, Vohra, & 

Butte, 2002; Romanzini, Petroski, Ohara, Dourado, & Reichert, 2014); however, Evenson cut-

points provided better classification accuracy for MVPA among children and adolescents 

compared to other cut-points (Trost, Loprinzi, Moore, & Pfeiffer, 2011). Furthermore, Evenson 

cut-points were recommended for studies estimating time spent in light, moderate and vigorous 

PA intensities in children and adolescents (Trost et al., 2011). 
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The data from the accelerometers were downloaded in 10-second epochs for the BEATS 

Study and 15-second epochs for the BEATS-R Study using ActiGraph software and measured 

in average counts per minute (cpm) (Kek et al., 2019; Trost et al., 2005). For both studies, the 

valid wear time criteria was set as a minimum of 10 hours per day for at least 5 days (Sherar et 

al., 2011; Trost, 2007). To account for school day and weekend day differences, research 

assistants determined the wear time validity of PA data to make sure that the 5 days adolescents 

had worn their accelerometer included at least 3 school days and 1 weekend day of PA (Corder 

et al., 2008; Kek et al., 2019; Riddoch et al., 2004). In addition, the wear time criteria ensured 

data was available for assessing PA before, immediately after and late after school (Kek et al., 

2019).  

The processing of all accelerometer data for the BEATS and BEATS-R Studies was 

performed by the specialised data analysis service at MeterPlus in San Diego, USA for the 

purpose of quality assurance and to ensure the highest quality of data to be used for this Master’s 

project and subsequent publications. In both studies, accelerometer data were analysed using 

MeterPlus software (MeterPlus, San Diego, CA, USA) with Evenson cut-points (sedentary: 0 

– 25 cpm; light intensity PA: 26 – 573 cpm; moderate intensity PA: 574 – 1002 cpm; vigorous 

intensity PA: ³1003cpm) (Evenson et al., 2008). Furthermore, a recommended extension filter 

was used, which was low frequency and sensitive to movement, especially PA at a light and 

moderate intensity (Cain et al., 2013).  

The accelerometer data provided PA variables including light intensity PA, moderate 

intensity PA, vigorous intensity PA, MVPA, sedentary time as well as wear and non-wear 

times. MVPA was calculated as a sum of moderate and vigorous intensity PA for a certain time 

period. Each variable was reported as a daily average as well as averages for school days and 

weekend days. In this research project, PA data that is used includes total minutes of MVPA 

accumulated throughout the day. Non-active time periods were classified as 20-minute 

sedentary bouts (Cain et al., 2013; Esliger, Copeland, Barnes, & Tremblay, 2005). In addition, 
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PA and sedentary time during particular times of a school day (one hour before school (8.00am-

9.00am), one hour after school (3.00pm-4.00pm), and late after school (4.00pm-8.00pm)) were 

obtained from the accelerometer data (Kek et al., 2019). For each of the time periods during the 

school day, a minimum wear time of 75% was be required for inclusion in the data analysis 

(Kek et al., 2019). Out of the 433 adolescents who wore an accelerometer in the BEATS Study, 

311 (72%) had valid accelerometer data (Kek et al., 2019). Among 248 adolescents who wore 

an accelerometer in the BEATS-R Study, 157 (63%) had valid accelerometer data. Therefore, 

data from 468 adolescents were included in data analysis.  

3.7 Data Analysis 

Demographic characteristics were analysed using descriptive statistics. Independent t-

tests were used to compare overall PA, PA on school days versus weekend days and at different 

times during school days between urban and rural adolescents. Gender differences in PA 

patterns in urban versus rural adolescents were examined using ANOVA. A p-value of less than 

0.05 was considered statistically significant. Data was analysed using SPSS software (Version 

24.0).  
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CHAPTER 4 

Results 

 

4.1 Physical Activity Patterns of Urban and Rural Adolescents 

For the primary purpose of this study, PA levels throughout the week, on school days 

and on weekend days as well as at different times of the weekday were compared between 

urban and rural adolescents.  

4.1.1 Sociodemographic Characteristics of Urban and Rural Adolescents 

 A total of 468 adolescents from 23 secondary schools in Otago, New Zealand who 

completed the BEATS or BEATS-R Student Survey and had anthropometry measurements and 

valid accelerometer data were included in this analysis. The study sample consisted of 

adolescents who were 14.9 ± 1.4 years old, with 66.7% being female and 76.6% NZ European 

(Table 1). Overall, 57.5% of adolescents used motorised transport to get to school, 25.0% used 

active transport and 17.5% used a combination of motorised and active transport (Table 1). 

Most adolescents (75.4%) had at least two vehicles at home, and 60.9% had at least two bicycles 

available at home to use to get to school (Table 1).  

 A total of 338 adolescents lived in an urban area and 130 adolescents lived in a rural 

area (Table 1). The two groups were not significantly different with respect to age and gender. 

A lower proportion of urban adolescents were of New Zealand European ethnicity compared to 

rural adolescents (Table 1). A greater proportion of urban adolescents were in most deprived 

quintiles compared to rural adolescents. The proportion of adolescents with access to bicycles 

and number of vehicles at home was lower for urban versus rural adolescents (Table 1). 

Furthermore, urban adolescents lived closer to their school compared to their rural counterparts 
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(Table 1). In addition, transport to school was significantly different between the two groups, 

with a higher proportion of urban adolescents using active transport to school compared to rural 

adolescents (Table 1).  
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Table 1. Sociodemographic characteristics of study	participants	
  

    
Total sample Urban Rural p-value  

    n= 468 n= 338 n=130   

Age (years) 14.9 ± 1.4 14.9 ± 1.4 14.9 ± 1.5 0.813 

Gender [n(%)]     

 Males 156 (33.3) 108 (32.0) 48 (36.9)  

 Females 312 (66.7) 230 (68.0) 82 (63.1) 0.307 
Ethnicity [n(%)] n=488 n=337 n=129  

 
New Zealand 
European 357 (76.6) 248 (73.6) 109 (84.5)  

 Māori 35 (7.5) 23 (6.8) 12 (9.3)  

 Other 74 (15.9) 66 (19.6%) 8 (6.2) 0.002 
Neighbourhood 
deprivation score [n(%)] n=448 n=323 n=125  

 1 (least deprived) 142 (31.7) 97 (30.0) 45 (36.0)  

 2 120 (26.8) 75 (23.2) 45 (36.0)  

 3 84 (18.8) 63 (19.5) 21 (16.8)  

 4 68 (15.2) 56 (17.3) 12 (9.6)  

 5 (most deprived) 34 (7.6) 32 (9.9) 2 (1.6) 0.001 
Distance to school (km) 6.9 ± 8.1 4.1 ± 4.1 14.0 ± 11.1 <0.001 
Number of bikes 
available to use to get to 
school [n(%)] 

    

 None 87 (18.6) 71 (21.0) 16 (12.3)  

 One 96 (20.5) 73 (21.6) 23 (17.7)  

 Two or more 285 (60.9) 194 (57.4) 91 (70.0) 0.031 
Number of vehicles at 
home [n(%)] 

    

 None 9 (1.9) 9 (2.7) 0 (0.0)  

 One 106 (22.6) 93 (27.5) 13 (10.0)  

 Two or more 353 (75.4) 236 (69.8) 117 (90.0) <0.001 
Transport to school 
[n(%)] 

    

 Active transport only 117 (25.0) 100 (29.6) 17 (13.1)  

 
Motorised transport 
only 269 (57.5) 183 (54.1) 86 (66.2)  

  Mixed transport 82 (17.5) 55 (16.3) 27 (20.8) 0.001 
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4.1.2 Physical Activity Patterns in the Total Sample 

 Overall, 34.4% of the total study sample met minimum PA guidelines for adolescents 

(i.e., accumulated at least 60 minutes of MVPA per day) (Table 2, Figure 5). Furthermore, on 

average, 38.7% of adolescents met PA guidelines on school days and 25.9% of adolescents met 

PA guidelines on weekend days (Table 2, Figure 5).  

Throughout the week, adolescents spent on average 68.6% of the accelerometer wear 

time in sedentary activities (on average 9.5 hours per day), 24.9% (approximately 3.4 hours) of 

time in light intensity PA and 6.5% of the wear time in MVPA (approximately 0.9 hours per 

day) (Table 2, Figure 6). On a school day, adolescents spent approximately 9.7 hours in 

sedentary activities, 3.4 hours in light intensity PA and just less than one hour (56.9 minutes) 

in MVPA (Table 2). On a weekend day, adolescents spent on average 8.8 hours in sedentary 

activities, 3.5 hours in light intensity PA and less than one hour (44.5 minutes) in MVPA (Table 

2). 

4.1.3 Proportion of Urban and Rural Adolescents Meeting Physical Activity Guidelines 

 Differences in the proportion of adolescents meeting PA guidelines were not significant 

between urban and rural adolescents overall throughout the week, or on an average weekend 

day (Table 2). However, on an average school day, a significantly higher proportion of urban 

adolescents (41.7%) met PA guidelines compared to rural adolescents (30.8%; p=0.029) (Table 

2).  

4.1.4 Daily Physical Activity Patterns in Urban and Rural Adolescents  

Significant differences in time spent in sedentary and light intensity PA between urban 

and rural adolescents were present throughout the week (Table 2). Urban adolescents 

accumulated a significantly higher number of minutes spent in sedentary activities compared 

to rural adolescents (Table 2). In addition, urban adolescents accumulated a lower number of 

minutes in light PA compared to rural adolescents on average throughout the week (Table 2). 
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No differences were observed between urban and rural adolescents for time spent in moderate 

and vigorous intensity PA (Table 2).  

 On an average school day, significant differences were present between urban and rural 

adolescents with respect to time spent in sedentary activities, light intensity PA, vigorous 

intensity PA and MVPA (Table 2). Urban adolescents spent more time being sedentary than 

rural adolescents (Table 2). Urban adolescents were found to spend a lower amount of time in 

light PA compared to rural adolescents, and a higher amount of minutes in MVPA compared 

to rural adolescents on an average school day (Table 2).    

 On an average weekend day, compared to rural adolescents, urban adolescents 

accumulated a higher amount of time in sedentary activities and a lower amount of time in light 

intensity PA (Table 2). No differences in time spent in MVPA were observed between urban 

and rural adolescents (Table 2).  
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Table 2. Physical activity levels in urban and rural adolescents 

     
Total sample Urban Rural p-value  

      n=468 n=338 n=130   

Average daily activity throughout the week (per valid day)     

 Sedentary activities (min) 568.1 ± 83.9 578.4 ± 82.3 541.2 ± 82.6 <0.001 

 Light PA (min) 205.2 ± 52.5 193.7 ± 48.4 228.8 ± 52.3 <0.001 

 Moderate PA (min) 33.0 ± 11.7 33.0 ± 12.1 32.8 ± 10.7 0.842 

 Vigorous PA (min) 21.0 ± 13.3 21.7 ± 13.2 19.1 ± 13.5 0.058 

 MVPA (min) 53.9 ± 21.0 54.7 ± 20.4 51.9 ± 22.0 0.185 

 Percent of wear time across valid days in:     

  Sedentary activities (%) 68.6 ± 7.5 69.9 ± 7.2 65.3 ± 7.5 <0.001 

  Light PA (%) 24.9 ± 6.4 23.5 ± 5.9 28.5 ± 6.3 <0.001 

  Moderate PA (%) 4.0 ± 1.4 4.0 ± 1.5 4.0 ± 1.5 0.849 

  Vigorous PA (%) 2.5 ± 1.6 2.6 ± 1.6 2.3 ± 1.7 0.055 

  MVPA (%) 6.5 ± 2.5 6.6 ± 2.5 6.3 ± 2.7 0.184 

 Proportion of students meeting PA guidelines [n(%)] 161 (34.4) 123 (36.4) 38 (29.2) 0.159 

       
Average daily activity during a school day (per valid day)     

 Sedentary activities (min) 581.4 ± 87.2 592.4 ± 86.7 552.8 ± 82.0 <0.001 

 Light PA (min) 203.3 ± 52.4 192.3 ± 49.3 232.0 ± 49.4 <0.001 

 Moderate PA (min) 34.6 ± 11.9 34.9 ± 12.5 33.8 ± 10.2 0.595 

 Vigorous PA (min) 22.3 ± 14.1 23.3 ± 14.1 20.0 ± 13.9 0.023 

 MVPA (min) 56.9 ± 21.0 58.1 ± 20.9 53.8 ± 21.3 0.045 

 Proportion of students meeting PA guidelines [n(%)] 181 (38.7) 141 (41.7) 40 (30.8) 0.029 
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Average daily activity during a weekend day (per valid day) 
 Sedentary activities (min) 528.9 ± 111.0 537.4 ± 110.7 506.9 ± 109.1 0.008 

 Light PA (min) 211.8 ± 75.9 199.5 ± 68.9 243.8 ± 83.8 <0.001 

 Moderate PA (min) 28.4 ± 19.2 27.7 ± 18.4 30.3 ± 20.9 0.178 

 Vigorous PA (min) 17.1 ± 17.5 17.3 ± 16.8 16.6 ± 19.1 0.686 

 MVPA (min) 44.5 ± 32.5 45.0 ± 31.2 46.9 ± 35.8 0.564 

  Proportion of students meeting PA guidelines [n(%)] 121 (25.9) 89 (26.3) 32 (24.6) 0.704 
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Figure 5. Proportion of urban versus rural adolescents who met physical activity guidelines 

(i.e. accumulated at least 60 minutes of MVPA per day) on an average day, on school days 

and on weekend days.  
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Figure 6. Proportion of wear time spent in sedentary, light, moderate and vigorous intensity 

physical activity among the total study population  
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Figure 7. Proportion of time spent in sedentary, light, moderate and vigorous intensity 

physical activity among urban adolescents 

 

 
Figure 8. Proportion of time spent in sedentary, light, moderate and vigorous intensity 

physical activity among rural adolescents 
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4.1.5 Physical Activity throughout School Days in Urban and Rural Adolescents 

For the whole study population, the proportion of time spent in sedentary activities was 

higher during the time period late after school (4pm to 8pm; 68.7%) than before school (8am 

to 9am; 54.7%) and early after school (3pm to 4pm; 52.0%) (Table 3). The proportion of time 

spent in MVPA for the entire study population was higher during the time period early after 

school (3pm to 4pm; 15.7%) compared to before school (8am to 9am; 12.4%) and late after 

school (4pm to 8pm; 6.1%) (Table 3). 

Significant differences were observed in light, moderate and vigorous intensity PA as 

well as MVPA and sedentary time throughout a school day in urban versus rural adolescents 

(Table 3). Urban adolescents spent a higher proportion of time in sedentary activities compared 

to rural adolescents in the time period before school (8am to 9am) (Table 3). In addition, urban 

adolescents spent a significantly lower proportion of time in light PA than rural adolescents 

before school (Table 3). Differences in MVPA were also observed in the time period before 

school, where urban adolescents spent a higher proportion of this time period in MVPA 

compared to rural adolescents (Table 3).  

 In the time period early after school (3pm to 4pm) significant differences between 

urban and rural adolescents were present for all levels of activity. Urban adolescents spent a 

significantly higher proportion of time in sedentary activities than rural adolescents (Table 3). 

In addition, urban adolescents spent a significantly lower proportion of time in light PA than 

rural adolescents early after school (Table 3). The proportion of time spent in MVPA early after 

school was higher in urban adolescents compared to rural adolescents (Table 3). 

In the time period late after school (4pm to 8pm), differences between urban and rural 

adolescent activity was found in sedentary activities, and light and moderate intensity PA 

(Table 3). Urban adolescents spent a significantly higher proportion of the time period in 

sedentary activities compared to rural adolescents (Table 3). During the period of time late after 
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school, urban adolescents spent a lower proportion of time in light PA and moderate PA 

compared to their rural counterparts (Table 3). 
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Table 3. Physical activity levels on school days in urban and rural adolescents 
 

    Total sample Urban Rural p-value  
   

n=468 n=338 n=130   
Average activity before school (8 am to 9 am) (per valid day) 

    
 

Sedentary activities (min) 31.3 ± 8.8 31.9 ± 9.1 30.0 ± 7.9 0.038  
Light PA (min) 18.8 ± 7.0 17.3 ± 6.4 22.7 ± 7.0 <0.001  
Moderate PA (min) 4.2 ± 3.5 4.5 ± 3.8 3.4 ± 2.0 0.043  
Vigorous PA (min) 2.9 ± 4.0 3.3 ± 4.3 1.8 ± 2.6 <0.001  
MVPA (min) 7.1 ± 5.9 7.9 ± 6.4 5.2 ± 3.8 0.043  
Percent of wear time across valid days in: 

    
  

Sedentary activities (%) 54.7 ± 13.3 55.9 ± 13.6 51.9 ± 11.9 0.004   
Light PA (%) 32.9 ± 11.2 30.4 ± 10.3 37.5 ± 11.3 <0.001   
Moderate PA (%) 7.3 ± 6.0 7.9 ± 6.6 5.8 ± 7.4 0.020   
Vigorous PA (%) 5.1 ± 6.8 5.8 ± 7.4 3.1 ± 4.5 <0.001   
MVPA (%) 12.4 ± 10.1 13.8 ± 10.9 8.9 ± 6.4 <0.001        

Average activity early after school (3 pm to 4 pm) (per valid day) 
    

 
Sedentary activities (min) 31.1 ± 7.7 31.9 ± 7.8 28.8 ± 6.9 <0.001  
Light PA (min) 19.3 ± 6.3 17.8 ± 5.6 23.5 ± 6.1 <0.001  
Moderate PA (min) 5.5 ± 3.6 5.8 ± 3.9 4.8 ± 2.7 0.030  
Vigorous PA (min) 3.9 ± 3.6 4.3 ± 3.8 2.7 ± 2.5 <0.001  
MVPA (min) 9.4 ± 5.6 10.1 ± 5.9 7.6 ± 4.3 <0.001  
Percent of wear time across valid days in: 

    
  

Sedentary activities (%) 52.0 ± 12.8 53.4 ± 13.0 48.1 ± 11.5 <0.001   
Light PA (%) 32.4 ± 10.5 29.7 ± 9.3 39.3 ± 10.2 <0.001   
Moderate PA (%) 9.2 ± 6.0 9.7 ± 6.5 8.0 ± 4.5 0.028   
Vigorous PA (%) 6.5 ± 6.0 7.2 ± 6.4 4.6 ± 4.2 <0.001 
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MVPA (%) 15.7 ± 9.4 16.8 ± 9.9 12.6 ± 7.2 <0.001        

Average activity late after school (4 pm to 8 pm) (per valid day) 
    

 
Sedentary activities (min) 162.6 ± 26.2 167.0 ± 24.6 151.2 ± 26.9 <0.001  
Light PA (min) 59.7 ± 20.0 56.0 ± 18.5 69.2 ± 20.8 <0.001  
Moderate PA (min) 8.4 ± 5.3 8.1 ± 5.0 9.2 ± 5.8 0.033  
Vigorous PA (min) 6.1 ± 6.6 5.9 ± 6.2 6.7 ± 7.5 0.280  
MVPA (min) 14.5 ± 10.6 14.0 ± 9.9 15.9 ± 12.3 0.228  
Percent of wear time in across valid days in: 

    
  

Sedentary activities (%) 68.7 ± 11.0 70.5 ± 10.3 64.0 ± 11.4 <0.001   
Light PA (%) 25.2 ± 2.8 23.6 ± 7.7 29.2 ± 8.6 <0.001   
Moderate PA (%) 3.6 ± 2.2 3.4 ± 2.1 3.9 ± 2.5 0.029   
Vigorous PA (%) 2.6 ± 2.8 2.5 ± 2.6 2.8 ± 3.2 0.270 

    MVPA (%) 6.1 ± 4.5 5.9 ± 4.2 6.7 ± 5.2 0.200 
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4.2 Gender Differences in Physical Activity Patterns  

For the secondary purpose of this study, PA levels throughout the week, on school days 

and on weekend days as well as at different times of the school day were compared between 

male and female adolescents, irrespective of the urbanisation area in which they lived. 

4.2.1 Sociodemographic Characteristics of Study Participants by Gender 

 Overall, 156 males and 312 females were included in this analysis (Table 4). The groups 

were not different with respect to age, neighbourhood deprivation score, distance to school, 

number of bikes and vehicles at home and mode of transport to school (Table 4).  

4.2.2 Proportion of Male and Female Adolescents Meeting Physical Activity Guidelines 

 Throughout the week, on school days and on weekend days, a significantly higher 

proportion of male than female adolescents met PA guidelines (Table 5). On an average day, 

42.9% of male adolescents and 30.1% of female adolescents met PA guidelines (p=0.006) 

(Table 5). During an average school day, 48.7% of male adolescents and 33.7% of female 

adolescents met PA guidelines (p=0.002) (Table 5). Furthermore, on an average weekend day, 

32.1% of male adolescents and 22.8% of female adolescents met PA guidelines (p=0.030) 

(Table 5).   
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Table 4. Sociodemographic characteristics of study participants by gender 

  

    Total sample Males Females p-value  
    n= 468 n=156 n=312   

Age (years) 14.9 ± 1.4 15.1 ± 1.4 14.8 ± 1.4 0.059 
Ethnicity [n(%)] n=488 n=155 n=311  

 
New Zealand 
European 357 (76.6) 122 (78.7) 235 (75.6)  

 Māori 35 (7.5) 6 (3.9) 29 (9.3)  

 Other 74 (15.9) 27 (17.4) 47 (15.1) 0.101 
Neighbourhood 
deprivation score  [n(%)] n=448 n=156 n=292  

 1 (least deprived) 142 (31.7) 45 (28.8) 97 (33.2)  

 2 120 (26.8) 51 (32.7) 69 (23.6)  

 3 84 (18.8) 27 (17.3) 57 (19.5)  

 4 68 (15.2) 21 (13.5) 47 (16.1)  

 5 (most deprived) 34 (7.6) 12 (7.7) 22 (7.5) 0.347 
Distance to school (km) 6.9 ± 8.1 7.1 ± 8.7 6.7 ± 7.7 0.618 
Number of bikes 
available to use to get to 
school [n(%)] 

    

 None 87 (18.6) 27 (17.3) 60 (19.2)  

 One 96 (20.5) 33 (21.2) 63 (20.2)  

 Two or more 285 (60.9) 96 (61.5) 189 (60.6) 0.874 
Number of vehicles at 

home [n(%)] 
    

 None 9 (1.9) 2 (1.3) 7 (2.2)  

 One 106 (22.6) 32 (20.5) 74 (23.7)  

 Two or more 353 (75.4) 122 (78.2) 231 (74.0) 0.546 
Transport to school 
[n(%)] 

    

 
Active transport 
only 117 (25.0) 46 (29.5) 71 (22.8)  

 
Motorised 
transport only 269 (57.5) 80 (51.2) 189 (60.6)  

 Mixed transport 82 (17.5) 30 (19.2) 52 (16.7) 0.147 
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4.2.3 Daily Physical Activity Patterns in Male versus Female Adolescents 

 Significant differences in the time spent in sedentary activities, light intensity PA and 

MVPA were evident between male and female adolescents throughout the week (Table 5). The 

average daily time spent in sedentary activities was higher in female adolescents compared to 

male adolescents, where female adolescents spent approximately 9.6 hours and male 

adolescents spent 9.3 hours being sedentary (p=0.016) (Table 5). Female adolescents spent less 

time than male adolescents in daily light PA on an average day (Table 5). On average, female 

adolescents had a lower daily average time spent in MVPA compared to male adolescents 

(Table 5).  

 Similar trends were evident in the PA patterns on an average school day between male 

and female adolescents. Female adolescents spent a significantly higher amount of time in 

sedentary activities compared to male adolescents on a school day (Table 5). When examining 

time spent in light PA, female adolescents had lower levels compared to male adolescents on 

an average school day (Table 5). Significant differences were also evident between male and 

female adolescents with respect to time spent in MVPA, where female adolescents accumulated 

on average 54.1 minutes per day and male adolescents accumulated an average of 62.6 minutes 

a day (p<0.001) (Table 5). For an average weekend day, there were no statistically significant 

differences between male and female adolescents with respect to time spent in sedentary 

activities, light intensity PA, moderate intensity PA, vigorous intensity PA and MVPA (Table 

5).   
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Table 5. Physical activity levels in male and female adolescents 

     Total sample 

p-value    n=468 

   Male Female 
      n=156 n=312 
Average daily activity throughout the 
week (per valid day)    

 
Sedentary activities (min) 556.4 ± 91.2 573.9 ± 79.6 0.016 

 Light PA (min) 213.7 ± 61.3 200.9 ± 47.1 0.040 
 Moderate PA (min) 33.8 ± 12.9 32.6 ± 11.1 0.297 
 Vigorous PA (min) 25.4 ± 14.7 18.8 ± 12.0 <0.001 
 MVPA (min) 59.1 ± 23.4 51.3 ± 19.0 0.001 

 
Percent of wear time across valid 
days in: 

   

  Sedentary activities (%) 67.0 ± 8.8 69.4 ± 6.7 0.006 
  Light PA (%) 25.8 ± 7.4 24.4 ± 5.8 0.046 
  Moderate PA (%) 4.1 ± 1.6 4.0 ± 1.3 0.506 
  Vigorous PA (%) 3.1 ± 1.8 2.3 ± 1.5 <0.001 
  MVPA (%) 7.2 ± 2.8 6.2 ± 2.3 0.003 

 
Proportion of students meeting PA 
guidelines [n(%)] 67 (42.9) 94 (30.1) 0.006 

      
Average daily activity during a school 
day (per valid day) 

   

 Sedentary activities (min) 561.6 ± 86.8 591.4 ± 85.8 <0.001 
 Light PA (min) 215.7 ± 58.6 197.1 ± 47.9 0.001 
 Moderate PA (min) 35.2 ± 12.2 34.3 ± 11.8 0.432 
 Vigorous PA (min) 27.4 ± 15.6 20.0 ± 12.6 <0.001 
 MVPA (min) 62.6 ± 22.6 54.1 ± 19.7 <0.001 

 
Proportion of students (≥60 
MVPA/day) [n(%)] 76 (48.7) 105 (33.7) 0.002 

      
Average daily activity during a 
weekend day (per valid day) 

   

 Sedentary activities (min) 538.8 ± 134.2 524.0 ± 97.3 0.518 
 Light PA (min) 210.2 ± 90.8 212.6 ± 67.4 0.430 
 Moderate PA (min) 30.1 ± 22.9 27.5 ± 17.0 0.585 
 Vigorous PA (min) 19.7 ± 20.1 15.8 ± 15.9 0.081 
 MVPA (min) 49.8 ± 38.5 43.4 ± 28.8 0.254 

  
Proportion of students meeting PA 
guidelines [n(%)] 50 (32.1) 71 (22.8) 0.030 
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4.2.4 Physical Activity throughout School Days in Male versus Female Adolescents 

  In the time period before school (8am to 9am) female adolescents spent a higher 

proportion of the time period in sedentary activities compared to male adolescents (Table 6). 

The proportion of time spent in light intensity PA was lower in female adolescents compared 

to male adolescents in this time period (Table 6). On average, compared to male adolescents, 

female adolescents accumulated less minutes of vigorous intensity PA and had a lower 

proportion of time spent in MVPA in the one hour before school (Table 6).  

In the time period early after school (3pm to 4pm), PA differences between female and 

male adolescents were only present in the proportion of time spent in moderate and vigorous 

intensity PA (Table 6). Female adolescents spent a significantly higher proportion of the time 

period in moderate intensity PA compared to male adolescents (Table 6). However, female 

adolescents spent a lower proportion of time in vigorous intensity PA compared to male 

adolescents early after school (Table 6).  In the time period late after school (4pm to 8pm) there 

were no statistically significant differences between female and male adolescents with respect 

to the proportion of time spent in sedentary activities, light, moderate, vigorous and MVPA 

(Table 6).  
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Table 6. Physical activity levels on school days in male and female adolescents 

     Total sample 

p-value    n=468 

   Male Female 
      n=156 n=312 

      
Average activity before school (8 am to 9 am) 
(per valid day)    

 Sedentary activities (min) 29.1 ± 8.5 32.5 ± 8.7 <0.001 
 Light PA (min) 20.0 ± 7.5 18.3 ± 6.7 0.012 
 Moderate PA (min) 4.6 ± 3.6 4.0 ± 3.4 0.070 
 Vigorous PA (min) 3.9 ± 4.7 2.4 ± 3.4 <0.001 
 MVPA (min) 8.5 ± 6.3 6.4 ± 5.5 <0.001 
 Percent of wear time across valid days in:      Sedentary activities (%) 50.5 ± 13.6 56.8 ± 12.6 <0.001 
  Light PA (%) 34.6 ± 12.0 32.0 ± 10.7 0.017 
  Moderate PA (%) 8.1 ± 6.3 7.0 ± 5.7 0.070 
  Vigorous PA (%) 6.8 ± 8.1 4.2 ± 5.9 <0.001 
  MVPA (%) 14.8 ± 10.9 11.2 ± 9.4 <0.001 
      

Average activity early after school (3 pm to 4 
pm) (per valid day)    

 Sedentary activities (min) 30.2 ± 7.8 31.5 ± 7.6 0.111 
 Light PA (min) 20.1 ± 7.2 19.0 ± 5.7 0.117 
 Moderate PA (min) 5.0 ± 3.1 5.8 ± 3.7 0.018 
 Vigorous PA (min) 4.4 ± 3.9 3.6 ± 3.4 0.021 
 MVPA (min) 9.4 ± 5.6 9.4 ± 5.6 0.955 
 Percent of wear time across valid days in:    
  Sedentary activities (%) 50.7 ± 13.1 52.6 ± 12.6 0.121 
  Light PA (%) 33.7 ± 12.0 31.7 ± 9.6 0.110 
  Moderate PA (%) 8.3 ± 5.5 9.7 ± 6.2 0.018 
  Vigorous PA (%) 7.4 ± 6.5 6.0 ± 5.7 0.021 
  MVPA (%) 15.6 ± 9.5 15.7 ± 9.3 0.966 
      

Average activity late after school (4 pm to 8 
pm) (per valid day)    

 Sedentary activities (min) 162.3 ± 29.3 162.7 ± 24.7 0.894 
 Light PA (min) 59.5 ± 21.7 59.8 ± 19.2 0.882 
 Moderate PA (min) 8.5 ± 5.9 8.4 ± 5.0 0.096 
 Vigorous PA (min) 6.8 ± 6.9 5.8 ± 6.5 0.121 
 MVPA (min) 15.3 ± 11.6 14.2 ± 10.2 0.293 
 Percent of wear time across valid days in:    
  Sedentary activities (%) 68.5 ± 12.3 68.8 ± 10.4 0.790 
  Light PA (%) 25.1 ± 9.1 25.2 ± 8.0 0.850 
  Moderate PA (%) 3.6 ± 2.5 3.5 ± 2.1 0.891 
  Vigorous PA (%) 2.9 ± 2.9 2.5 ± 2.7 0.129 

    MVPA (%) 6.5 ± 4.9 6.0 ± 4.3 0.312 
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4.3 Physical Activity Patterns by Urbanisation Setting and Gender 

For the secondary objective of this study, PA levels throughout the week, on school 

days and on weekend days as well as at different times of the school day were analysed by 

urbanisation setting and gender in urban versus rural adolescents.  

4.3.1 Sociodemographic Characteristics of Study Participants by Urbanisation Setting 

and Gender  

 A total of 338 urban adolescents (68.0% female) and 130 rural adolescents (63.1% 

female) were included in this analysis (Table 7). The groups were similar with respect to age 

(Table 7). Compared to rural adolescents, a larger proportion of urban adolescents were of New 

Zealand European ethnicity and lived closer to school (Table 7). Among female adolescents, a 

lower proportion of urban adolescents had access to a bicycle and lived in households with at 

least two vehicles compared to rural adolescents (Table 7). In addition, urban male adolescents 

were less likely than their rural counterparts to have at least two vehicles at home (Table 7).  
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Table 7.  Sociodemographic characteristics of urban and rural adolescents by gender 

    Urban Rural p-value 
(Urban vs 

rural; 
ANOVA or 
cross-tabs) 

p-value (adjusted 
for gender)   n=338 n=130 

  Male Female Male Female 
    n=106 n=230 n=48 n=82 
Age (years) 15.1 ± 1.4 14.8 ± 1.4 15.0 ± 1.5 14.9 ± 1.4 0.988 0.663 
Ethnicity [n(%)] n=107 n=230 n=48 n=81   

 NZ European 80 (74.8) 168 (73.0) 42 (87.5) 67 (82.7)   

 Māori 3 (2.8) 20 (8.7) 3 (6.3) 9 (11.1)   

 
Other 24 (22.4) 42 (18.3) 3 (6.3) 5 (6.2) 0.002 Males: 0.035; 

Females: 0.032 
Neighbourhood deprivation 
score  [n(%)] 

      

 1 (least deprived) 26 (24.1) 71 (33.0) 19 (39.6) 26 (33.8)   

 2 32 (29.6) 43 (20.0) 19 (39.6) 26 (33.8)   

 3 21 (19.4) 42 (19.5) 6 (12.5) 15 (19.5)   

 4 17 (15.7) 39 (18.1) 4 (8.3) 8 (10.4)   

 
5 (most deprived) 12 (11.1) 20 (9.3) 0 (0.0) 2 (2.6) 0.001 Males: 0.022; 

Females: 0.040 

Distance to school (km) 4.2 ± 5.2 4.1 ± 3.4 13.7 ± 11.4 14.1 ± 11.0 <0.001 Males: <0.001   
Females: <0.001 

Number of bikes available to 
use to get to school [n(%)] 

      

 None 21 (19.4) 50 (21.7) 6 (12.5) 10 (12.2)   

 One 23 (21.3) 50 (21.7) 10 (20.8) 13 (15.9)   

 
Two or more 64 (59.3) 130 (56.5) 32 (66.7) 59 (72.0) 0.031 Males: 0.542; 

Females: 0.043 
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Number of vehicles at home 
[n(%)] 

      

 None 2 (1.9) 7 (3.0) 0 (0.0) 0 (0.0)   

 One 28 (25.9) 65 (28.3) 4 (8.3) 9 (11.0)   

 
Two or more 78 (72.2) 158 (68.7) 44 (91.7) 73 (89.0) <0.001 Males: 0.023; 

Females: 0.001 
Transport to school [n(%)]       

 Active 38 (35.2) 62 (27.0) 8 (16.7) 9 (11.0)   

 Motorised 56 (51.9) 127 (55.2) 24 (50.0) 62 (75.6)   

  Mixed 14 (13.0) 41 (17.8) 16 (33.3) 11 (13.4) 0.001 Males: 0.004; 
Females: 0.003 
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4.3.2 Proportion of Adolescents Meeting Physical Activity Guidelines by Urbanisation 

Setting and Gender  

 On an average school day, the proportion of adolescents meeting PA guidelines was 

higher among urban female adolescents compared to rural female adolescents (urban females: 

37.0%, rural females: 24.4%, p=0.039), however, this difference was not observed in male 

adolescents (Table 8). The interaction of urbanisation setting by gender was not significant for 

the proportion of adolescents meeting PA guidelines throughout the week or on the weekend 

days (Table 8).  

4.3.3 Daily Physical Activity Patterns in Adolescents by Urbanisation Setting and Gender 

 On weekend days, urban male adolescents accumulated a significantly lower amount of 

minutes in moderate PA than rural male adolescents, whereas no differences were observed in 

female adolescents living in urban versus rural areas (urban males: 26.9 ± 21.6 minutes, rural 

males: 37.5 ± 24.3 minutes, p=0.005)  (Table 8). Furthermore, during a weekend day, urban 

male adolescents accumulated a significantly higher amount of sedentary minutes per day 

compared to rural male adolescents, however this difference was not found in female 

adolescents (urban males: 555.4 ± 128.8 minutes, rural males: 501.3 ± 139.8 minutes, p=0.004) 

(Table 8).  

On an average school day, no significant differences were observed in the average time 

spent in light, moderate and vigorous PA and sedentary behaviours between urban and rural 

adolescents after accounting for gender (Table 8). 
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Table 8.  Physical activity levels in urban and rural adolescents by gender 

     
Urban Rural 

p-value 

(Urban vs 

rural; 

ANOVA) 

p-value (adjusted 

for gender) 

   n=338 n=130 

   
Male Female Male Female   

      n=108 n=230 n=48 n=82 

Average daily activity throughout 
the week (per valid day)       

 
Sedentary activities (min) 569.6 ± 82.3 582.5 ± 82.1 526.6 ± 103.4 549.8 ± 66.7 <0.001 0.558 

 
Light PA (min) 196.1 ± 57.4 192.6 ± 43.6 253.2 ± 50.8 224.2 ± 49.0 <0.001 

Males: <0.001  

Females: <0.001 

 
Moderate PA (min) 32.7 ± 12.9 33.2 ± 11.7 36.2 ± 12.6 30.8 ± 8.9 0.935 

Males: 0.113    

Females: 0.201 

 
Vigorous PA (min) 26.9 ± 14.4 19.2 ± 11.9 21.9 ± 15.0 17.4 ± 12.3 0.015 0.265 

 
MVPA (min) 59.6 ± 22.6 52.4 ± 18.9 58.1 ± 25.2 48.2 ± 19.0 0.200 0.527 

 Proportion of students meeting 

PA guidelines [n(%)] 
47 (43.5) 76 (33.0) 20 (41.7) 18 (22.0) 0.114 

Males: 0.829    

Females: 0.060 

         

Average daily activity during a 
school day (per valid day) 

      

 
Sedentary activities (min) 573.7 ± 79.0 601.2 ± 88.9 534.3 ± 97.5 563.7 ± 69.7 <0.001 0.915 

 
Light PA (min) 200.8 ± 57.3 188.3 ± 44.7 249.1 ± 47.0 221.9 ± 48.3 <0.001 0.163 
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Moderate PA (min) 34.7 ± 12.6 35.0 ± 12.6 36.3 ± 11.3 32.4 ± 9.2 0.697 

Males: 0.525    

Females: 0.219 

 
Vigorous PA (min) 29.1 ± 14.9 20.5 ± 12.8 23.4 ± 16.5 17.9 ± 11.8 0.005 0.291 

 
MVPA (min) 63.9 ± 21.4 55.5 ± 20.1 59.7 ± 24.9 50.3 ± 18.1 0.038 0.821 

 Proportion of students meeting 

PA guidelines [n(%)] 
56 (51.9) 85 (37.0) 20 (41.7) 20 (24.4) 0.029 

Males: 0.240; 

Females: 0.039 

         

Average daily activity during a 
weekend day (per valid day) 

      

 
Sedentary activities (min) 555.4 ± 128.8 528.9 ± 100.3 501.3 ± 139.8 510.1 ± 87.2 0.005 

Males: 0.004   

Females: 0.260 

 
Light PA (min) 184.5 ± 77.3 206.5 ± 63.5 268.1 ± 92.8 229.6 ± 75.0 <0.001 

Males: <0.001    

Females: 0.012 

 
Moderate PA (min) 26.9 ± 21.6 28.0 ± 16.8 37.5 ± 24.3 26.1 ± 17.5 0.337 

Males: 0.005    

Females: 0.313 

 
Vigorous PA (min) 20.5 ± 20.8 15.8 ± 14.5 17.8 ± 18.7 15.9 ± 19.4 0.284 

Males: 0.635    

Females: 0.226 

 
MVPA (min) 47.4 ± 38.4 43.8 ± 27.1 55.3 ± 38.8 42.0 ± 33.2 0.930 

Males: 0.196    

Females: 0.201 

  
Proportion of students meeting 

PA guidelines [n(%)] 
34 (31.5) 55 (23.9) 16 (33.3) 16 (19.5) 0.704 

Males: 0.819; 

Females: 0.414 
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4.3.4 Physical Activity Patterns throughout School Days in Adolescents by Urbanisation 

Setting and Gender 

Even after adjusting for gender, differences in PA in urban versus rural adolescents were 

evident before school (8am to 9am), early after school (3pm to 4pm) and late after school (4pm 

to 8pm). In the time period before school, urban females spent more time in moderate intensity 

PA compared to rural females (urban females: 4.3 ± 3.7 minutes, rural females: 3.1 ± 1.9 

minutes, p=0.049), however the same difference was not observed among male adolescents 

(Table 9).  

 In the time period early after school (3pm to 4pm) urban female adolescents spent more 

time in moderate intensity PA compared to rural female adolescents (urban females: 6.1 ± 4.0 

minutes; rural females: 4.9 ± 2.8 minutes, p=0.028), however this was not observed among 

males (Table 9). No significant differences were evident in the interaction of gender by 

urbanisation setting for the proportion of time spent in light intensity PA and sedentary 

activities (Table 9). 

 In the time period late after school (4pm to 8pm), the time spent in moderate intensity 

PA was significantly lower for urban male adolescents compared to their rural counterparts 

(urban males: 7.5 ± 4.7 minutes, rural males: 10.6 ± 7.4 minutes, p=0.015), however no gender 

by urbanisation effect was present for female adolescents (Table 9). No further significant 

interaction effects were found in adolescent activity levels late after school. 
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Table 9. Physical activity levels on school days in urban and rural adolescents by gender 

     Urban Rural 
p-value (urban 

vs rural; 
ANOVA) 

p-value (adjusted 
for gender) 

   n= 338 n= 130 
   Males Females Males Females 
      n= 108 n= 230 n= 48 n= 82 
         

Average activity before school (8 am to 9 
am) (per valid day) 

      

 Sedentary activities (min) 29.8 ± 8.6 32.8 ± 9.1 27.4 ± 8.1 31.5 ± 7.4 0.046 0.552 

 Light PA (min) 18.2 ± 6.8 16.9 ± 6.2 23.9 ± 7.6 22.0 ± 6.6 <0.001 0.719 

 Moderate PA (min) 5.0 ± 4.1 4.3 ± 3.7 3.8 ± 2.2 3.1 ± 1.9 0.043 
Males: 0.385    
Females: 0.049 

 Vigorous PA (min) 4.5 ± 5.2 2.8 ± 3.7 2.6 ± 3.2 1.3 ± 2.1 0.001 
Males: 0.007    
Females: <0.001 

 MVPA (min) 9.5 ± 6.9 7.1 ± 6.0 6.4 ± 4.5 4.4 ± 3.2 <0.001 Males: 0.006    
Females: 0.001 

Average activity early after school (3 pm to 
4 pm) (per valid day) 

      

 Sedentary activities (min) 31.6 ± 7.7 32.1 ± 7.8 27.3 ± 7.4 29.6 ± 6.4 <0.001 0.272 

 Light PA (min) 18.0 ± 6.4 17.7 ± 5.2 25.0 ± 6.5 22.6 ± 5.7 <0.001 0.094 

 Moderate PA (min) 5.1 ± 3.5 6.1 ± 4.0 4.6 ± 2.6 4.9 ± 2.8 0.030 
Males: 0.653    
Females: 0.028 

 Vigorous PA (min) 5.1 ± 4.2 3.9 ± 3.6 2.8 ± 2.5 2.7 ± 2.6 <0.001 
Males: <0.001    
Females: 0.005 
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 MVPA (min) 10.2 ± 6.1 10.0 ± 5.8 7.4 ± 3.9 7.7 ± 4.5 <0.001 
Males: 0.006   
Females: <0.001 

        
Average activity late after school (4 pm to 8 
pm) (per valid day) 

      

 Sedentary activities (min) 168.9 ± 26.3 166.2 ± 23.8 148.2 ± 30.5 152.8 ± 24.7 <0.001 0.188 

 Light PA (min) 54.0 ± 19.8 56.8 ± 17.9 71.2 ± 21.2 68.0 ± 20.6 <0.001 
Males: <0.001   
Females: <0.001 

 Moderate PA (min) 7.5 ± 4.7 8.3 ± 5.1 10.6 ± 7.4 8.5 ± 4.6 0.061 
Males: 0.015   
Females: 0.586 

 Vigorous PA (min) 6.7 ± 6.6 5.6 ± 6.0 7.2 ± 7.5 6.4 ± 7.6 0.382 0.836 
 MVPA (min) 14.2 ± 10.2 13.9 ± 9.8 17.7 ± 14.0 14.9 ± 11.1 0.053 0.267 
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CHAPTER 5 

Discussion 

 

 

The aim of this study was to examine the PA patterns of adolescents in Otago, New Zealand. 

With previous literature indicating that both urbanisation setting and gender have effects on 

adolescents’ PA (Machado-Rodrigues et al., 2012; Moore et al., 2014), this study explored the 

differences in PA patterns between adolescents living in urban versus rural areas of the Otago 

region of New Zealand, taking into account gender.  Key findings from this study include:  

1. Overall, adolescents’ PA levels were low with no significant difference in the proportion 

of adolescents meeting the PA guidelines overall in urban versus rural settings. 

2. Compared to rural adolescents, a higher proportion of urban adolescents met PA 

guidelines on school days, whereas no difference between the groups was observed on 

weekend days.  

3. Compared to their rural peers, urban adolescents spent a higher proportion of time in 

MVPA before school and early after school whereas MVPA levels late after school were 

not different between the groups. 

4. In comparison to those in rural areas, a higher proportion of females met PA guidelines 

on school days in urban areas, whereas such differences were not observed among 

males. 

5. Urban adolescents spent more time in sedentary activities compared to their rural 

counterparts. 
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Overall, adolescents’ PA levels were low in the present study, where approximately one 

third of adolescents (34.4%) met PA guidelines throughout the week. No significant difference 

in the proportion of adolescents meeting the PA guidelines was found between urban and rural 

settings. The recent Canadian 24-hour movement guidelines for children and adolescents 

(Tremblay et al., 2016) and the latest guidelines from the New Zealand Ministry of Health 

(Ministry of Health NZ, 2017) both recommend at least 60 minutes of MVPA per day to achieve 

health benefits. The Global Matrix 3.0 reported that 27-33% of children and adolescents 

worldwide are meeting PA guidelines, with an estimate of 20-26% for New Zealand children 

and adolescents (Aubert et al., 2018; Smith et al., 2018). However, the grade for overall PA in 

the Global Matrix 3.0 was informed by various types of data across countries: device-measured 

PA, self-reported or expert opinion (Aubert et al., 2018). The methods varied substantially 

between the countries in terms of measurement instruments, data analysis, age range, sample 

size, and representativeness of samples (Aubert et al., 2018). However, the findings from the 

Global Matrix 3.0 in combination with findings from the present study highlight the need to 

encourage PA among New Zealand adolescents.  

In the present study, no significant difference was observed in the proportion of urban 

versus rural adolescents meeting the recommended PA guidelines or time spent in MVPA on 

an average day. In contrast, previous studies reported that adolescents residing in urban areas 

had higher levels of MVPA than rural adolescents in Portugal (Machado-Rodrigues et al., 

2012), Canada (Rainham et al., 2012) and the United States (Moore et al., 2014; Moore, 

Brinkley, Crawford, Evenson, & Brownson, 2013). A potential explanation for higher MVPA 

in urban areas in the aforementioned studies is that compared to rural areas, urban areas offer a 

greater access to recreation facilities (Yousefian, Ziller, Swartz, & Hartley, 2009) and therefore 

urban adolescents have better access to organised sports and recreational activities (Moore et 

al., 2010). Previous studies have revealed a positive relationship between participation in 

organised sport and PA levels in adolescents (Mandic et al., 2012; Pizarro et al., 2012; 
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Tammelin et al., 2003). However, rural adolescents have more access to open green spaces 

(Maas, Verheij, Groenewegen, Vries, & Spreeuwenberg, 2006). Greenness exposure has been 

associated with higher levels of MVPA among children from the United States (Almanza et al., 

2012). The present study combined adolescents living in small, medium, and large urban areas 

into the ‘urban adolescents’ category. It is possible that New Zealand adolescents living in small 

and medium urban areas are exposed to factors that facilitate PA in both ‘urban’ and ‘rural’ 

environments such as organised sports and access to greenspace. This categorisation of ‘urban’ 

versus ‘rural’ adolescents based on home location could in part explain the lack of difference 

in PA between urban and rural adolescents in the present study as some rural adolescents may 

be attending schools in urban areas and hence be exposed to urban environments before and/or 

after school. Future studies should consider analysing PA patterns across different urbanisation 

settings (including examining separately data from adolescents living in urban centres, large, 

medium and small urban areas as well as rural settlements and areas), taking into account both 

adolescents’ home and school locations (Hopkins, Moore, & Mandic, 2019).   

The present study found that a significantly higher proportion of male adolescents met 

the recommended PA guidelines and accumulated more MVPA on an average day compared 

to their female counterparts. In the present study, male adolescents accumulated on average 

59.1 minutes of MVPA compared to 51.3 minutes for female adolescents. The threshold used 

for meeting the guidelines of 60 minutes of MVPA a day presents a limitation of the analysis 

of the data in the present study. Since the average time male adolescents spent in MVPA was 

close to 60 minutes, it is possible that a greater proportion of male adolescents met the 

guidelines compared to what is shown in the results of this study. Future studies should consider 

conducting sensitivity analyses around the proportion of adolescents meeting PA guidelines to 

gain a more accurate insight into PA patterns among this population. However, the finding that 

adolescent males accumulate more MVPA compared to adolescent females is consistent with 

previous studies which reported gender differences in PA among adolescents (Brodersen et al., 
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2007; Colley et al., 2011; Nader, Bradley, Houts, McRitchie, & O’Brien, 2008; Santos et al., 

2009). A study examining the differences in PA motivations between male and female 

adolescents highlighted enjoyment as the main contributor to gender differences in PA (Butt, 

Weinberg, Breckon, & Claytor, 2011). Compared to females, male adolescents reported having 

more fun when they participated in PA that made them short of breath (Butt et al., 2011). In 

addition, female adolescents have been found to discuss their experiences of PA through the 

identification of factors linked to social influences (Yungblut, Schinke, & McGannon, 2012). 

For example, female adolescents often viewed sport and PA participation as a focus on 

performance and skill rather than enjoyment (Yungblut et al., 2012). Therefore, interventions 

designed to encourage incorporating PA into activities of daily living and/or incorporating 

social aspects of sports participation with less focus on skills and winning may be necessary to 

encourage physical activity among female adolescents (Lenskyj, 1994). 

Compared to rural adolescents, a higher proportion of urban adolescents met PA 

guidelines on school days, whereas no difference between urban and rural adolescents was 

observed on weekend days. Social and cultural differences between rural and urban areas and 

within various countries and regions are well documented (Aibar et al., 2014; Machado-

Rodrigues et al., 2012; Reyes, Tan, & Malina, 2003). Moreover, the socioeconomic status of 

an area may influence access to recreational facilities, organised sports and active recreation 

among adolescents (Sport New Zealand, 2019). This is important as participation in organised 

sports is associated with higher levels of MVPA (Mandic et al., 2012). Therefore, urban 

adolescents are more likely to have access to organised sports before and after school, and 

therefore have a greater opportunity to accumulate MVPA through sport participation both on 

school days and weekend days.  A potential explanation for urban adolescents having higher 

MVPA on school days could also be linked to the fact that a higher proportion of urban 

adolescents used active transport to get to school in the present study. Active transport has been 

associated with higher levels of PA in adolescents (Aibar et al., 2015; Mendoza et al., 2011), 
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and among the subset of urban adolescents in the present study (Kek et al., 2019). In addition, 

social capital which relates to both active transport to school and independent mobility among 

rural adolescents may also contributed to lower MVPA in rural versus urban adolescents 

(Porskamp, Ergler, Pilot, Sushama, & Mandic, 2019). Parents of adolescents living in the Otago 

region, New Zealand, reported declining levels of social capital in rural areas (Porskamp et al., 

2019). Lower social capital lead to increased parental concern about stranger and traffic safety 

due to lower social trust within their communities (Porskamp et al., 2019). The declining levels 

of social capital could be a barrier to PA for rural adolescents by influencing parental 

permission for adolescents to use active transport and independent mobility to travel to school 

and other destinations (Porskamp et al., 2019). However, distance to school is the greatest factor 

in influencing active transport use, and differences in distances between home and school varied 

significantly across the study population. Distance to school was not controlled for in the 

analysis of the present study, therefore it is difficult to conclude that there are any other factors 

specific to urban and rural environments that contribute to differences in active transport use. 

Taken together, these findings suggest that PA initiatives need to be context specific taking into 

account differences in access to sport and recreation, feasibility of active transport to/from 

school, and social capital differences between urban and rural areas. Future studies examining 

PA patterns before and after school should consider controlling for distance to school and active 

transport use in the data analysis to gain a greater understanding of factors influencing PA 

patterns among adolescents.  

The present study revealed that adolescents accumulated more MVPA on school days 

compared to weekend days, which is consistent with findings from several previous studies 

(Comte et al., 2013; Corder et al., 2010; Esliger et al., 2010; Kek et al., 2019; Nader et al., 

2008). In the present study, adolescents accumulated on average of 57 and 45 minutes of MVPA 

during an average school day and weekend day, respectively. Similar findings were reported in 

American (49 minutes of MVPA on a school day, 35 minutes on a weekend day) (Nader et al., 
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2008) and Canadian (56 minutes of MVPA on a school day, 39 minutes on a weekend day) 

(Comte et al., 2013) adolescents. These findings suggest that future interventions and initiatives 

for promoting the uptake of PA among adolescents should be focused on increasing PA on both 

school and weekend days, but with a greater focus on weekend days.  

In the present study, male adolescents accumulated significantly more MVPA than 

female adolescents during an average school day. However, gender differences in the average 

daily accumulation of MVPA were not significant on weekend days. Gender differences in PA 

and time spent in sedentary pursuits were previously reported in Canadian adolescents (ages 

10-15 years) (Comte et al., 2013). Overall, Canadian females achieved ~22 minutes of light PA 

daily and ~13 minutes of MVPA daily less than their male counterparts, with differences in 

MVPA being significantly greater on school days compared to weekend days (Comte et al., 

2013). In addition, in adolescents from the United Kingdom, males were more physically active 

than females with gender differences being smaller on weekend days compared to school days 

(Collings et al., 2014). Future studies should examine whether school-specific social factors 

(such as gender norms and male-dominated sporting programmes) (Spencer, Rehman, & Kirk, 

2015) or environmental factors (school recreation facilities such as sports fields and sporting 

equipment availability at lunch break) (Biddle, Atkin, Cavill, & Foster, 2011) contribute to 

gender differences in adolescents’ PA patterns on school days.  

The present study found that urban adolescents spent a significantly higher proportion of 

time in MVPA before and early after school compared to rural adolescents. This is in contrast 

to a study on Cypriot children aged 10-12 years old, where rural children self-reported being 

more active after school compared to urban children (Bathrellou, Lazarou, Panagiotakos, & 

Sidossis, 2007). In the present study, a higher proportion of urban adolescents used active 

transport to get to and from school compared to their rural counterparts which may in part 

explain the differences related to higher levels of PA immediately before and after school 

among urban versus rural adolescents. Furthermore, compared to urban adolescents, rural 
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adolescents lived significantly further away from school with active modes of transport to 

school not being feasible for many rural adolescents. Home-to-school distance is the strongest 

predictor of active transport to school among adolescents (Ikeda et al., 2018). In the present 

study, no differences between urban and rural adolescent MVPA were found in the late 

afternoon and early evening hours (4-8 pm). This could be explained, in part, by the fact that 

during this segment of the day, adolescents would have already commuted home from school. 

Therefore, promotion of active transport to and from school (even if combined with motorised 

transport (Kek et al., 2019) may play an important role in increasing the levels of MVPA among 

adolescents during the school commute period with additional efforts being necessary to 

promote PA in the late afternoon or early evening period in this age group.  

In the present study, male adolescents spent a higher proportion of time in MVPA before 

school compared to their female counterparts, however the difference in MVPA between male 

and female adolescents was not statistically significant early after school and late after school. 

These findings are different from the findings from the aforementioned study in British 

adolescents aged 10-14 (Bailey et al., 2012). In British adolescents, no differences in PA 

between genders were found in the 30 minutes before school, except for females accumulating 

significantly more light intensity PA compared to their male counterparts during the same 

period (Bailey et al., 2012). However, findings from French and Spanish adolescents showed 

significantly higher levels of MVPA among male adolescents compared to female adolescents 

in the 90 minute time period before school (Aibar et al., 2014). Higher MVPA levels before 

school among male versus female adolescents in the present study could be at attributed to a 

greater use of active transport to school among male (29.3%) compared to female adolescents 

(23.4%). 

Furthermore, in the present study no gender differences in MVPA were observed early 

and late after school (3pm-8pm). In contrast, a study conducted in adolescents from the United 

States reported that adolescent males accumulated significantly more MVPA after school (3pm 
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to 7pm) compared to females (Jago et al., 2005). The period after school has been discussed in 

previous studies as an important time for children to be physically active (Cooper et al., 2010; 

Trost, Rosenkranz, & Dzewaltowski, 2008; Tudor-Locke, Lee, Morgan, Beighle, & Pangrazi, 

2006) as well as adolescents (Atkin, Gorely, Biddle, Marshall, & Cameron, 2008). During the 

hours immediately after school adolescents may choose how they use their time as school 

constraints and restrictions imposed by parents that may limit activities later in the evening are 

not present at that time (Atkin et al., 2008). Therefore, the promotion of after school PA should 

be considered in future efforts to increase adolescent PA and decrease time in sedentary 

pursuits.  

On school days, a higher proportion of urban female adolescents met the recommended 

PA guidelines compared to their rural counterparts, whereas no such urbanisation effect was 

found among male adolescents. In contrast, a study conducted in the United States found no 

differences in MVPA between urbanisation settings in adolescents males whereas adolescent 

females living in rural areas accumulated significantly more MVPA than female adolescents 

living in suburban and urban areas (Moore et al., 2014). Therefore, particular focus needs to be 

placed on increasing PA in school in rural females.  

The present study found no interaction between gender and urbanisation setting with 

respect to average daily MVPA in adolescents. This finding is in contrast to Portuguese 

adolescents, where urban female adolescents spent significantly less time in MVPA compared 

to rural female adolescents throughout the week (Machado-Rodrigues et al., 2012). In the 

United States, rural female adolescents had higher levels of MVPA than their urban 

counterparts whereas no such differences were observed among males adolescents (Moore et 

al., 2014). However, even among studies that assessed adolescents’ PA using accelerometers, 

different research methodology with respect to number of days of accelerometer assessment, 

epoch duration and cut-points for PA intensities as well as seasonal variations in PA may 

contribute to discrepancies in results between studies (Reilly et al., 2008).  
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In the present study adolescents spent on average 9.5 hours a day in sedentary activities. 

Previous studies using objectively measured PA (Matthews et al., 2008; Ruiz et al., 2011; Smith 

et al., 2016; Ting et al., 2015) reported similar time spent in sedentary behaviour among 

adolescents. Adolescents who participated in the aforementioned studies spent approximately 

6 to 10 hours in sedentary activities during wake hours (Matthews et al., 2008; Ruiz et al., 2011; 

Smith et al., 2016; Ting et al., 2015). Findings from previous studies reported an inverse 

relationship between sedentary behaviour and PA (Strauss et al., 2001), and more specifically 

an inverse relationship between screen time sedentary behaviour and PA (Leatherdale et al., 

2010; Olds et al., 2011; Smith et al., 2018). Furthermore, a study in adolescents from the United 

Kingdom found that technology based sedentary behaviour was the most prevalent after school 

activity (Atkin et al., 2008). Future interventions should focus on reducing screen-based 

sedentary time outside school as well as education-based sedentary time through the 

introduction of activity breaks and standing desks in school settings (Salmon, Tremblay, 

Marshall, & Hume, 2011). 

In the present study, urban adolescents spent more time in sedentary activities compared 

to rural adolescents. Previous studies using accelerometers found inconsistent results; urban 

adolescents spent more time being sedentary than rural adolescents in Australia (Hardy, 

Dobbins, Booth, Denney‐Wilson, & Okely, 2006) and less time being sedentary in Kenya 

(Ojiambo et al., 2012), whereas no significant difference in sedentary behaviour was found 

between urban and rural adolescents in Canada (Comte et al., 2013). Findings from Portugal 

showed no significant differences between accelerometer measured sedentary behaviour in 

urban and rural male adolescents (Machado-Rodrigues et al., 2012). However, female 

adolescents living in urban areas spent significantly more time in sedentary pursuits compared 

to their rural counterparts (Machado-Rodrigues et al., 2012). The discrepancies between 

findings in previous studies could be due to different definitions of rurality used in previous 

studies, as some studies defined rurality based on accessibility (Hardy et al., 2006; Ojiambo et 
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al., 2012), whereas other studies and the present study based rurality on population size (Comte 

et al., 2013; Machado-Rodrigues et al., 2012). A recent study looking at how rural and urban is 

defined in PA and active transport studies outlined the importance of urban-rural categorisation 

and approach to data analysis based on home location, school location, or both (Hopkins et al., 

2019). Depending on how the urbanisation setting was defined, the analysis of adolescents’ 

transport to school patterns produced different results with respect to rates of active transport 

to school across urbanisation settings (Hopkins et al., 2019). Therefore, future studies 

examining behaviours such as PA across urbanisation settings should consider definitions of 

urbanisation settings as well as approaches to a study sample definition based on home 

addresses of participants, school locations and the combination of these factors (Hopkins et al., 

2019).  

5.1 Implications and Recommendations for Future Research and Practice 

 The promotion of PA among adolescents is particularly important due health benefits 

associated with regular PA in this age group and the strong evidence of the decline in PA and 

increase in time spent in sedentary activities in recent decades (Aubert et al., 2018; Guthold et 

al., 2010; Kalman et al., 2015). Future studies should examine the differences in adolescents’ 

PA across different urbanisation settings within the same country or region, taking into account 

gender. Comparisons between adolescents from large urban, medium urban, small urban and 

rural areas would provide a deeper understanding of PA across different settings and should be 

considered in future studies. Furthermore, considering the differences in sport participation 

between urban and rural adolescents and between genders, and integrating that information into 

the study would provide further insight into adolescent PA patterns. In addition, using both 

accelerometer-measured PA, active transport to school and organised sports participations data 

would provide more comprehensive information for designing PA initiatives for urban and rural 

adolescents in New Zealand. 
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5.2 Study Strengths and Limitations 

 The strengths of this study include the use of objectively-measured PA, the analysis of 

PA throughout different times of the day and week, a large study sample and a high school 

recruitment rate in both urban and rural settings. The present study used current gold standard 

for accelerometer wear (7 days) and valid accelerometer data (5 or more days, at least 10 hours 

per day; at least 1 weekend day) (Sherar et al., 2011; Trost, 2007), resulting in valid and high-

quality data for analysis for whole days as well as distinct segments of school days.  

 Study limitations include a low proportion of male study participants, diversity of 

settings where urban adolescents lived (large, medium and small urban areas), the 3-year gap 

between the data collections for the BEATS and BEATS-R Studies and upper body exercise 

and cycling related PA not being able to be measured using accelerometers. In the present study, 

66.7% of the study population were female adolescents and therefore findings may not be 

generalisable to all male adolescents. The urban adolescents in the present study resided in the 

small, medium and large urban areas in the Otago region. Differences in the built environment, 

such as infrastructure and access to green spaces vary across these settings, and those residing 

in small-medium urban areas may have a mixture of environmental aspects present in both large 

urban and rural settings. In addition to differences in built environment, these settings presented 

diverse social factors that may influence PA patterns among ‘urban’ adolescents in this study 

(Statistics New Zealand, n.d.). Although there was a 3-4 year gap between data collection for 

BEATS and the BEATS-R Studies, it is unlikely that large changes in adolescent PA patterns 

occurred during that timeframe. Census data from 2013 and 2018 show no major changes in 

the population make-up of the Otago region (Statistics NZ, 2020). In addition, both studies 

included a mixture of adolescents living in urban and rural settings. Furthermore, the findings 

from this study may not be generalisable to other geographical regions within New Zealand, or 

to other countries. Finally, although accelerometers are able to measure a range of movements 

in multiple planes, they are unable to measure upper body movements (Trost, McIver, & Pate, 
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2005; Vanhees et al., 2005), movement in graded terrain (Trost, 2007; Vanhees et al., 2005), 

and in activities such as swimming and cycling (Trost, 2007; Vanhees et al., 2005)  which may 

limit the validity of PA data among adolescents who participate in those sporting activities 

regularly. This means that there is a possibility that adolescents in the present study 

accumulated more MVPA than what is reflected in the data. Research has shown that 

adolescents frequently report swimming and cycling as regular PA and that this contributes to 

a discrepancy between self-reported and accelerometer measured data on meeting PA 

guidelines (Garriguet & Colley, 2014).  Future studies should consider using self-reported PA 

alongside accelerometer-measured data to gain a more comprehensive understanding of 

adolescent PA and minimise this limitation. 

5.3 Conclusions 

Overall, adolescents’ PA levels were low with no significant difference in the proportion 

of adolescents meeting the PA guidelines overall in urban versus rural settings. Furthermore, 

compared to rural adolescents, a higher proportion of urban adolescents met PA guidelines on 

school days, whereas no difference between the groups was observed on weekend days. 

Compared to their rural peers, urban adolescents spent a higher proportion of time in MVPA 

before school and early after school whereas MVPA levels late after school were not different 

between the groups. In comparison to those in rural areas, a higher proportion of females met 

PA guidelines on school days in urban areas, whereas such differences were not observed 

among males. Urban adolescents spent more time in sedentary activities compared to their rural 

counterparts.  

The findings of this study presented further evidence that adolescent PA patterns differ 

based on urbanisation setting and gender. These findings have significant implications for the 

design or adaptation of initiatives aimed at promoting PA among adolescents. New Zealand-

based PA initiatives need to focus on increasing MVPA and reducing sedentary behaviour 
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among both urban and rural adolescents. Particular focus should be encouraging MVPA among 

females, especially those living in rural areas.  
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Appendix B: BEATS-R Study Ethics Approval 

 

 
 

17 November 2017

Academic Services
Manager, Academic Committees, Mr Gary Witte

17/178

Dr S Mandic
 School of Physical Education, Sport and Exercise Sciences
Division of Sciences
46 Union Street West

Dear Dr Mandic,

I am writing to let you know that, at its recent meeting, the Ethics Committee considered your
proposal entitled “Built Environment and Active Transport to School Study in Rural
Settings (BEATS-R Study) ”.

As a result of that consideration, the current status of your proposal is:- Approved

For your future reference, the Ethics Committee’s reference code for this project is:- 17/178.

The comments and views expressed by the Ethics Committee concerning your proposal are
as follows:-

The Committee would like to thank you for attending the Human Ethics Committee meeting
on 16th November 2017.

While approving the application, the Committee would be grateful if you would respond to the
following:

Data storage

As discussed at the meeting, please clarify how the telephone interviews will be stored.

BEATS-R Parental Survey

Please note a typing error on page 68. Please modify the statement “If you have more than
one child in a secondary school in Dunedin” to refer to rural Otago.

Please provide the Committee with copies of the updated documents, if changes have been
necessary.

Approval is for up to three years from the date of this letter. If this project has not been
completed within three years from the date of this letter, re-approval must be requested. If
the nature, consent, location, procedures or personnel of your approved application change,
please advise me in writing.
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Appendix C: BEATS Study Student Information Sheet 
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Appendix D: BEATS Study Parental Information Sheet 
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Appendix E: BEATS Study Physical Activity Assessment Information Sheet 
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Appendix F: BEATS Study Student Consent Form 
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Appendix G: BEATS Study Parent/Guardian Consent Form 
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Appendix H: BEATS Study Student Physical Activity Assessment Consent Form 

 

  

 
 

 
 

Reference number: 13/203; July 2013 
 

Built Environment and Active Transport to School:  
BEATS Physical Activity Assessment 

 

Consent Form for Student Participants 
 

I have read the Information Sheet for BEATS Physical Activity Assessment and understand what it is 
about.  All my questions have been answered to my satisfaction.  I understand that I am free to 
request further information at any stage. 

I know that:‐ 

1.  My participation in this part of the project is entirely voluntary. 

2.  I am free to withdraw from the project at any time without any disadvantage. 

3.  I understand that my participation  in this study  is confidential and that no material that could 
identify me will be used in any reports on this study. 

4.  I agree to wear an activity meter as instructed and take care of it to prevent damage or loss. 

5.   I understand that the researchers will contact me by e‐mail and/or phone to remind me to wear 
the device during one week and to return the device to school on the scheduled return date. 

6.   I understand that I may be asked to wear the meter again if I do not wear it for 7 days initially. 

7.   I agree to return device to my school after 7 days. If I forget to return the device, researchers can 
contact me or my parents by phone, e‐mail or mail to remind me to return the device. 

8.        I understand that students who return their activity meter and completed  log on a scheduled 
day will receive a $5 book voucher and will receive additional $5 book voucher if they wore the 
meter for 7 days for at least 12 hours per day.  

9.        I understand  that all  students who wear and  return  their activity meter will  receive a graph 
showing their activity level for 1 day.  

10.  The  results of  the project may be published  and will be  available  in  the University of Otago 
Library  (Dunedin, New Zealand). No personal  information about  individual participants will be 
reported.  

I agree to take part in the BEATS Physical Activity Assessment: 
 
................................................................  .............................................. 
                     Signed               Date 
 

................................................................   …………………………………………..   ………..………    
          PRINT YOUR NAME HERE       School name      Year at school 
 

Please provide contact details for researchers: 

Home address: _____________________________________________________________________ 

Home phone number:   ____________________       Cell phone number: ______________________ 

E‐mail address:    ______________________________________________________________ 

Please sign and return this sheet 
to your school reception 



	

	 116	

Appendix I: BEATS-R Study Information Sheet for Students 
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Appendix J: BEATS-R Study Information Sheet for Parents 

  

 
 

  
 

Built Environment and Active Transport to School in Rural Settings: 
BEATS-R Student Survey 

 

Parent/Guardian Information Sheet  
 

What is the study about? 
School-age students are becoming more sedentary. The lack of physical activity in adolescents 
increases risks of health problems such as obesity, diabetes and heart disease both in teenage 
years and in adult life. Active transport to school is an effective way to increase physical activity in 
youth. However, to date we know little about the adolescents’ perceptions of active transport to 
school. It is very important that we learn more about factors that influence active transport and 
level of physical activity in adolescents, in order to be able to prevent health problems later in life. 
The aim of this study is to assess transport to school habits, the neighbourhood environment and 
physical activity of students aged 13 to 18 years in the Otago region.  
 
Why my son/daughter? 
We have invited all Otago Secondary Schools outside Dunedin to take part in this study. Your 
son/daughter’s school has decided to take part in this study and has allowed us to invite all 
students in your son/daughter’s class to participate. All students, however, can individually decide 
whether or not to take part in the study.  
 
Where will this study take place? 
We have agreed with the school principal that the study will take place at school during 2018. 
Trained researchers will visit the school to conduct the study. The study will be organised to cause 
minimum disruption to your son/daughter’s education. 
 
What will the study involve for your son/daughter? 
The trained researcher would like to collect the following information during one school hour: 

x Study survey: Students will be asked to complete an online survey about their transport to 
school, neighbourhood environment and lifestyle habits. The survey questions are not like a 
school test, there are no right or wrong answers and your son/daughter does not have 
to answer every question if they do not want to. Teachers will be present, but our research 
team will assist your son/daughter to complete the survey if necessary. All survey participants 
will be entered in a draw for one of four $20 book vouchers per school. 

x Physical assessment: Trained research staff will measure students’ height, weight and waist 
circumference in a screened off area of the class where they will not be able to be observed 
by other students. Students will wear light clothing during the assessment.  

x Physical activity assessment (optional): Students may also choose to wear a small activity 
meter (the size is a little larger than an iPod shuffle) on their hip for 7 days after the survey. 
Research staff will show students how to put on and take off the meter. Participants will 
receive a log book to record the times when they are wearing the monitor. We will collect all 
devices from your son/daughter’s school one week later. Nobody, not even the student, will 
be able to see the data. Students will receive a $5 book voucher for returning the meter and 
completed log book to their school on a scheduled date and an additional $5 book voucher if 
they wore the meter for 7 days and for at least 12 hours each day.  

Please read and keep this sheet 

www.otago.ac.nz/beats  Reference: 17/178; November 2017 
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Appendix K: BEATS-R Student Consent Form 

 
  

 
 

Reference number: 17/178; November 2017 
 

Built Environment and Active Transport to School 
in Rural Settings: BEATS-R Student Survey 

 

CONSENT FORM FOR STUDENT PARTICIPANTS 
 

Thank you for reading the information sheet for this study.  Please ask us if there is anything that 
is not clear or if you would like more information. 
 
I understand what this study is about. All my questions have been answered in a way that makes 
sense. I know that: 
1. Participation in this study is voluntary, which means that I do not have to take part if I don’t 

want to and nothing will happen to me. I can also stop taking part at any time and I don’t have 
to give a reason. 

2. Anytime I want to stop, that’s okay. 

3. If I don’t want to answer some of the questions, that’s fine. 

4. If I have any worries or if I have any other questions, then I can talk about these with the 
researchers. 

5. The computer file with my answers will only be seen by researchers. They will keep whatever 
I say private. 

6.     Researchers will write up the results from this study for their University work. The results may 
also be written up in journals and talked about at conferences. My name will not be on 
anything that researchers write up or talk about for this study. 

7.   All survey participants will be entered in a draw for one of up to four $20 book vouchers per 
school. 

8. Some students will be asked to wear an activity meter for one week. I would like to be 
included to wear this meter:                                                                � Yes     � No (tick one)  

 If you answered “yes”, you will be asked to sign an additional consent form at the time of the survey.    
 
9. Several students will be asked to participate in a Focus Group. Participants will receive a 

$10 book voucher as a gift for participation.  
I would like to be included in Focus Group research:                    � Yes      � No (tick one) 

10. Several students complete a map and tell us about their route to and from school. 
Participants will receive a $10 book voucher as a gift for participation. 
I would like to be included in a map activity:          � Yes      � No (tick one) 

 

I agree to take part in this study. 
 
................................................................ ..............................................  
                    Signed          Date 
................................................................ …………………………………………..  ………..………  
          PRINT YOUR NAME HERE   School name   Year at school  

Address: …………………………….………………………………………………………………………………………………….. 

E-mail address:   ……………………………………………………. (required for Focus Group and map participants) 

Please sign and return this 
sheet to your school reception 
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Appendix L: BEATS-R Physical Activity Assessment Consent Form 

 
  

 
 

Activity 
meter 

 Reference number: 17/178; November 2017 
 

Built Environment and Active Transport to School in Rural 
Settings: BEATS-R Physical Activity Assessment 

 

Consent Form for Student Participants 
 

I have read the information about the BEATS-R Physical Activity Assessment and understand what it is 
about.  All my questions have been answered to my satisfaction.  I understand that I am free to request 
further information at any stage. 

I know that:- 

1. My participation in this part of the project is entirely voluntary. 

2. I am free to withdraw from the project at any time without any disadvantage. 

3. I understand that my participation in this study is confidential and that no material that could identify 
me will be used in any reports on this study. 

4. I agree to wear an activity meter as instructed and take care of it to prevent damage or loss. 

5.    I understand that the researchers will contact me by e-mail and/or phone to remind me to wear the 

device during one week and to return the device to school on the scheduled return date. 

6.    I understand that I may be asked to wear the meter again if I do not wear it for 7 days initially. 

7.    I agree to return device to my school after 7 days. If I forget to return the device, researchers can 

contact me or my parents by phone, e-mail or mail to remind me to return the device. 

8.    I understand that students who return their activity meter and completed log book on a scheduled 

day will receive a $5 book voucher and will receive additional $5 book voucher if they wore the meter 

for 7 days for at least 12 hours each day.  

9.   I understand that all students who wear and return their activity meter will receive a graph showing 

their activity level for 1 day.  

10. The results of the project may be published and will be available in the University of Otago Library 
(Dunedin, New Zealand). No personal information about individual participants will be reported.  

I agree to take part in the BEATS-R Physical Activity Assessment: 
 

................................................................ .............................................. 
                    Signed         Date 
 

................................................................  ………………………………………….. ………..………  

          PRINT YOUR NAME HERE    School name   Year at school 
 

Please provide contact details for researchers: 

Home address: _____________________________________________________________________ 

Home phone number:  _______________________        Mobile phone number:  ________________________ 

E-mail address:  ____________________________________________________________ 
 

Please sign and return this 

sheet to your school reception 
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Appendix M: Physical Activity Assessment – How to Wear the Activity Meter 

  

Instructions adapted from IPEN-Adolescent Study. 

 

How to Wear the Activity Meter 
This small activity meter records general movement and allows us to get a better 

idea of your overall activity level. We will not be able to tell what kind of specific activity is 
happening. At first, the belt may feel slightly awkward, but after a few hours, you will 
probably get used to it and not notice it as much.  
 

It is extremely important for our study that you wear the meter properly. If it is not worn 
properly, we may have to send it back for you to wear again. Please follow these 
instructions carefully: 

¾ Wear the meter attached to the belt around your waist, 
just above your right hipbone. 

¾ Wear the meter to the silver dot is facing up. 

¾ Wear the meter snug against your body. If you have to, you 
can adjust the belt by pulling the strap to make it tighter. 
Or, to loosen the belt, push more of the strap through the 
loop. Wear the belt tight enough so that the meter 
does not move when you are being active. 

¾ You can wear it either underneath or on top of your 
clothing. 
 

¾ Please put the meter on first thing in the morning -- either just after you get 
out of bed or just after you shower or take a bath in the morning. 

¾ Do not submerge the meter in water (swimming, bathing, etc.) 

¾ Keep the activity meter on all day (unless swimming or in the water). 

¾ At night, take it off right before you go to bed. You should be wearing the 
meter for at least 12 hours each day. 

¾ Do not let anyone else wear it. 
 

¾ The meter has a very short battery life. 

¾ The last full day that it will work is _______________________.  

¾ Please return your activity meter and your log to your school 
reception on: ________________________________________. 

There is no “ON” or “OFF” switch that you need to worry about turning on or off every day. The activity 
meter runs on a battery and is programmed to run continuously without you needing to turn it on. Please do 
not try to open the activity meter. 

Rewards:  
All participants will receive a graph showing their activity level for 1 day. You will receive a 
$5 book voucher for returning the meter and completed log to your school on a scheduled 
date and an additional $5 book voucher if you wore the meter for 7 days for at least 12 
hours per day. 
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Appendix N: Physical Activity Meter Log for Students 

 
  

Activity Meter Log for Students 
Wear the movement meter for seven (7) days in a row, including weekends. In the spaces below, 
write down the dates, days and times which you wear it.  Please also write down the times school starts 
and ends each day. If you take the device off for more than 30 minutes, such as for swimming, record 
when it was removed and for what reason.  If you are unable to wear the meter for at least 12 hours one 
day, please wear it one extra day.  Thank you! 

 
Please start wearing your meter on  ___________________________. 
The last full day that your meter will work is ____________________! 

 
Day 1  

(Circle Day)    Mon     Tues     Wed     Thurs   Fri     Sat     Sun            Date______________ 

Time Meter Put On:                           am / pm                   Time school started:                      am / pm                       
Time Meter Taken Off: :                   am / pm                   Time school ended:                        am / pm                                                                                                                                                          

Time removed during the day (e.g. 10:30-11am):  
                          Why removed  (e.g. swimming):     ____________         ____________      ____________ 

 
Day 2  

             (Circle Day)    Mon     Tues     Wed     Thurs   Fri     Sat     Sun               Date______________ 

Time Meter Put On:                           am / pm                   Time school started:                      am / pm                                                                                                                                                          
Time Meter Taken Off: :                   am / pm                   Time school ended:                        am / pm                                                                                                                                                          

Time removed during the day (e.g. 10:30-11am):  
                          Why removed  (e.g. swimming):     ____________         ____________      ____________ 

 
Day 3 

             (Circle Day)    Mon     Tues     Wed     Thurs   Fri     Sat     Sun               Date______________ 

Time Meter Put On:                           am / pm                   Time school started:                      am / pm                                                                                                                                                                            
Time Meter Taken Off: :                   am / pm                   Time school ended:                        am / pm                                                                                                                                                                                                               

Time removed during the day (e.g. 10:30-11am):  
                          Why removed  (e.g. swimming):     ____________         ____________      ____________ 

  
 Day 4 

              (Circle Day)    Mon     Tues     Wed     Thurs   Fri     Sat     Sun              Date______________ 

Time Meter Put On:                           am / pm                    Time school started:                      am / pm                                                                                                                                                                           
Time Meter Taken Off: :                   am / pm                    Time school ended:                        am / pm                                                                                                                                                                                                                 

Time removed during the day (e.g. 10:30-11am):  
                          Why removed  (e.g. swimming):     ____________         ____________      ____________ 
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