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Abstract 

The home environment is an important sphere of influence on children’s health. Recent changes 

in home physical environments, such as decreasing outdoor space and increasing electronic 

media, may adversely affect children’s health by facilitating sedentary behaviour and reducing 

physical activity. The measurement, and consequently investigation, of home physical 

environmental influences on children’s activity and sedentariness is limited when compared to 

the neighbourhood environment. This is particularly true for indoors where children spend the 

majority of their time. Using the ecological model as its theoretical basis, the PhD research aimed 

to understand, and advance measurement methods to investigate, the influence of the home 

physical environment on the physical activity and sedentary behaviour of children aged 9-13 

years. This thesis is constituted of a literature review and two discrete studies that have been peer 

reviewed and published, and a third study formatted as a manuscript for publication.  

Manuscript one is a systematic review of the influence of the home physical environment on 

children’s physical activity and sedentary behaviour. The review quality-assessed and synthesised 

the results of 49 observational and interventions studies with children aged 8-14 years. TV 

watching and MVPA (moderate to vigorous physical activity) were the most common outcomes 

investigated, although none were specific to the home. Media equipment in the home and 

bedroom was positively associated with a range of sedentary behaviours, and changing the home 

environment by introducing a TV limiting device reduced TV time. However, other than media 

and physical activity equipment and self-reported yard size, there was limited investigation of 

home physical environmental factors. Recommendations included investigation of home context 

specific behaviours and the interactions between home physical and social environmental 

influences, as well as the incorporation of new technologies for objective measurement. The 

original thesis research studies were designed to address the gaps in the understanding and 

measurement of the home physical environment and children’s behaviour within it, identified by 

the review. 

The study in manuscript two employed a qualitative approach with children and their families in 

Perth, Australia (n = 28 families; n = 74 individuals) to explore perceptions of how the home 

physical environment influences children’s sedentary behaviour and physical activity. Methods 

included a semi-structured family interview, observation and home tour where families guided 

the candidate through their home. Thematic analysis uncovered five themes - overall size, space 

and design of the home; allocation of home space; equipment within the home space; perceived 

safety of the home space; and the changing nature of the home space – to inform an adapted 

social-ecological model of how individual, social and physical environmental factors may interact 

to influence children’s physical activity and sedentary behaviour within the home setting. For 
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children with small houses and yards, physical activity options were limited. While in large 

homes, multiple living areas were focused on sedentary leisure options, although, open plan home 

layouts assisted parents to monitor screen use. Importantly, the home space was dynamic and 

shaped by the preferences and priorities of the family members. The findings highlighted parents’ 

role in creating, changing and controlling the physical home environment and its use by children. 

Manuscript three describes the development of the HomeSPACE measurement tool to assess 

parameters of the home physical environment and family factors influencing its creation. A 

trained observer, as the ‘gold standard’, completed a home audit at the same time as parents 

(n=36) for criterion validity, and parents completed the audit a second time for test-retest 

reliability. The audit achieved good to excellent validity and reliability for equipment, outdoor 

features and home design measures. Factor analysis of items assessing parents’ perceptions of the 

home environment and children’s activity and sedentary behaviours (n=96), highlighted fifteen 

scales that showed acceptable internal and test-retest reliability. 

The preamble to manuscript four introduces a novel radio frequency based location and movement 

monitoring system designed to measure children’s indoor location based activity. The manuscript 

describes two experiments to test the accuracy of the system by comparing time in locations as 

determined by the location system with ‘real truth’ time. The first experiment moved multiple 

location sensor tags around a building under different movement and time conditions. In the 

second experiment, children (n=25) wearing a location sensor tag and Actigraph wGT3X-BT 

accelerometer performed a series of activities in different rooms/areas inside and outside of a 

simulated a home environment. Under experimental conditions, at five minute intervals and above 

the system showed over 97% sensitivity and 92% specificity in detecting children’s location 

inside and outside of the building, and over 94% sensitivity and 99% specificity in detecting 

location inside and outside three monitored rooms. Agreement between time in activity levels 

generated by the Actilife 6 accelerometer analysis software and the location and movement 

monitoring system software was high, with ICCs over 0.98 for all measures. The manuscript also 

demonstrates the system’s utility to provide measures of time spent sedentary and in different 

physical activity levels at room- and building-level.  

Overall, the thesis findings make a unique contribution to the understanding and measurement of 

children’s physical activity and sedentary behaviour in the home environment. The qualitative 

findings suggest that interventions should target parents to make relevant physical environmental 

changes to their family home to support children’s physical activity and reduce sedentary 

behaviour at home. The measurement systems presented in the thesis are theoretically based, 

address identified limitations of previous research and incorporate new technologies from other 

disciplines to address a contemporary public health research issue. The HomeSPACE Instrument 

is a valid and reliable tool for assessing the constructs of the home physical environment and the 
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social environment influencing its creation, as identified in the thesis model; and the novel 

Location and Movement Monitoring System shows potential for providing location-based 

physical activity measures from children in home environments. Collectively, the outcomes of 

the thesis will enable researchers to develop a more comprehensive picture of the home physical 

environment and children’s movement within this space, to ultimately better inform interventions 

to change children’s physical activity and sedentary behaviours at home. 
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1.1 Research rationale 

Participation in physical activity provides a wide range of physical and mental health benefits for 

children, including better cardio-metabolic and musculo-skeletal health, greater fitness and self-

esteem, lower body fat and reduced risk of depression (H. E. Brown, Pearson, Braithwaite, Brown, 

& Biddle, 2013; Ekelund et al., 2012; I. Janssen & LeBlanc, 2010; Janz et al., 2010; Resaland, 

Andersen, Mamen, & Anderssen, 2011; Riddoch et al., 2009). Conversely, time spent sedentary 

while engaged in screen use (TV, computer, e-games) is associated with lower fitness, higher 

BMI and poorer self-esteem (Hancox, Milne, & Poulton, 2004; Katzmarzyk et al., 2015; Russ, 

Larson, Franke, & Halfon, 2009; Tucker et al., 2014). Australian physical activity guidelines for 

children and young people recommend participating in at least one hour of moderate to vigorous 

physical activity (MVPA) every day, limiting recreational screen time to less than two hours per 

day and breaking up long periods of sitting (Department of Health, 2014a, 2014b). However, 

many children in developed countries do not meet these health enhancing guidelines (Atkin, 

Sharp, Corder, & van Sluijs, 2014; Australian Bureau of Statistics, 2013b; Verloigne, Van 

Lippevelde, Maes, Yildirim, et al., 2012). Of further concern is that physical activity and 

sedentary behaviour track into adulthood compounding health risks in later life (Biddle, Pearson, 

Ross, & Braithwaite, 2010; Hallal, Victora, Azevedo, & Wells, 2006). The age group of 9-13 

years is a crucial target for intervention as declines in physical activity and increases in sedentary 

behaviour accelerate during pre-adolescence (Dumith, Gigante, Domingues, & Kohl, 2011; X. 

Janssen et al., 2016). 

Social-ecological models posit that there are multiple individual, and social, physical and policy 

environmental influences on physical activity and sedentary behaviours (Owen et al., 2011; Sallis, 

Owen, & Fisher, 2008; Stokols, 1996). However, these models require greater specificity to better 

understand the different domains of physical activity and sedentary behaviour, and the settings in 

which they occur (Giles-Corti, Timperio, Bull, & Pikora, 2005; Owen, Salmon, Koohsari, Turrell, 

& Giles-Corti, 2014). The home setting is a particularly important sphere of influence on 

children’s health as they spend much of their time at home, often indoors and with limited 

independent mobility (Conrad et al., 2013; Karsten, 2005; Schoeppe et al., 2016). Improvements 

in the physical qualities of housing over the last century have generally improved population 

health (Leventhal & Newman, 2010). However, other changes in home physical environments, 

such as decreasing outdoor space and increasing electronic media (Australian Bureau of Statistics, 

2007, 2011), may adversely affect children’s health by reducing opportunities for outdoor play 

and facilitating sedentary behaviour (Dollman, Norton, & Norton, 2005).  

Rigorous investigation of the influence of the home physical environment on physical activity 

and sedentariness to date is limited (Chambers & Fuster, 2012). For children, active play at home 

can make an important contribution to MVPA, however time spent at home is more likely to be 
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sedentary, consisting of both screen and non-screen based behaviours (Arundell, Parker, Salmon, 

Veitch, & Timperio, 2019; Biddle, Marshall, Gorely, & Cameron, 2009; Rainham et al., 2012; 

Tandon et al., 2012). In qualitative studies, home design, yard size and availability of electronic 

media have been identified by families as influences on active play and facilitators of sedentary 

screen time (Granich, Rosenberg, Knuiman, & Timperio, 2010; Veitch, Hume, Salmon, 

Crawford, & Ball, 2013). Furthermore, location within the home has been associated with 

children’s activity in ecological momentary assessment (EMA) studies, where time spent 

outdoors in the yard is more likely to be active, and time spent indoors, particularly in the lounge 

and bedroom, is more likely to be sedentary (Biddle et al., 2009). The only consistent association 

found in quantitative studies has been between electronic media equipment (including a TV in the 

child’s bedroom) and sedentary electronic media use (Gorely, Marshall, & Biddle, 2004; Pate, 

Mitchell, Byun, & Dowda, 2011). Outside of equipment and yard size, other potential home 

physical environmental influences, such as home design, indoor space and natural features, are 

yet to be explored. Thus, a more comprehensive investigation of potential influences within the 

home physical environment is warranted. 

Measurement of the home physical environment and the sedentary and active behaviours within 

the home space have received relatively little attention compared to the neighbourhood built 

environment, which has an extensive history of using objective measures generated by audits, 

Geographical Information Systems (GIS) and Global Positioning Systems (GPS) (Brownson, 

Hoehner, Day, Forsyth, & Sallis, 2009; Krenn, Titze, Oja, Jones, & Ogilvie, 2011). The two most 

comprehensive and validated instruments designed to measure the home physical environment 

are the Physical Activity and Media Inventory (PAMI) (Sirard, Nelson, Pereira, & Lytle, 2008) 

and HomeSTEAD (Hales et al., 2013). While HomeSTEAD contains a wider range of home 

physical environment items, it cannot differentiate items to room-level as the PAMI does for 

physical activity and media equipment. This room-level resolution is vital for further investigation 

of the home physical environment, as the location of equipment and features, excepting TVs in 

children’s bedrooms, remains unexplored (Kaushal & Rhodes, 2014). Subjective measurement 

methods, such as self- and parent-report surveys and EMA, have been used to differentiate active 

and sedentary behaviours while at home as opposed to other settings (Biddle et al., 2009; Dunton, 

Liao, Intille, Spruijt-Metz, & Pentz, 2011; Tandon et al., 2012).  Only recently have objective 

methods to locate children at home using GPS been attempted for the purpose of physical activity 

research (Klinker, Schipperijn, Christian, et al., 2014; Rainham et al., 2012). However, the value 

of GPS is limited for home environments as it cannot provide indoor data to differentiate location 

between rooms within the home. Indeed, there is currently no ‘gold standard’ location technology 

– equivalent to GPS – for the indoor environment. (Loveday, Sherar, Sanders, Sanderson, & 

Esliger, 2015). Therefore, measurement of the home environment and particularly the indoor 

space, still presents many practical and technological challenges.  
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The PhD research seeks to improve the understanding and assessment of the home physical 

environment and children’s location-based activity - an essential requirement for investigating 

contextual influences on children’s sedentary and physical activity behaviours in the home. 

Ultimately, the findings, tools and technology developed as part of the PhD research will help to 

inform future environmental interventions to reduce children’s sedentary behaviour and support 

physical activity in the home setting. 

1.2 Research aims and hypothesis 

The overall aim of the research was to investigate, and advance the measurement methods for 

investigating, the influence of the home physical environment on the sedentary behaviour and 

physical activity of children aged 9-13 years at home. The home physical environment included 

the indoor home and outdoor yard, together with the space, design features and equipment 

contained within. The research was conceptually framed by an ecological model within the home 

setting. Key research objectives were to: 

 Qualitatively explore how children and families engage with the home physical environment 

in relation to children’s sedentary behaviour and physical activity at home; 

 Develop a valid and reliable measurement instrument for assessing parameters of the home 

physical environment that may influence children’s sedentary behaviour and physical activity 

at home; and 

 Develop a validated indoor location-based movement monitoring system to assess the 

location of children’s sedentary behaviour and physical activity in the home environment. 

More specific aims and objectives are included in each chapter. 

1.3 Structure of thesis 

The thesis comprises seven chapters that describe and discuss three discrete studies.  Following 

this introduction, Chapter 2 presents the contextual background to the thesis topic. This chapter 

outlines the benefits of, recommendations for and prevalence of physical activity and sedentary 

behaviour in children. It then introduces the ecological model and the importance of the home 

environment in influencing activity levels.  Furthermore it provides a summary of what is 

currently known about children’s sedentary behaviour and physical activity in the home 

environment including influences, prevalence and measurement. Chapter 3 is a systematic 

literature review of observational and intervention studies that focusses specifically on the 

influence of the home physical environment on children’s physical activity and sedentary 

behaviour (data collection 2011; analysis and write-up 2012; manuscript published 2013) 

(Maitland, Stratton, Foster, Braham, & Rosenberg, 2013).  
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Chapter 4 presents the first of the three HomeSPACE studies in the thesis. This chapter explores 

how the home physical environment influences children’s sedentary behaviour and physical 

activity using a qualitative mosaic approach with children and their families (data collection 2012; 

analysis and write-up 2013; manuscript published 2014) (Maitland, Stratton, Foster, Braham, & 

Rosenberg, 2014). Informed by these findings, study two describes the development and two 

phases of validity and reliability testing of the HomeSPACE measurement tool to assess 

parameters of the home physical environment and family factors influencing its creation (data 

collection 2013-14; analysis and write-up 2014-15; manuscript published 2018) (Maitland, 

Foster, Stratton, Braham, & Rosenberg, 2019) (Chapter 5). The final study in Chapter 6 presents 

the development of a novel radio frequency identification (RFID) based indoor location and 

movement monitoring system designed to measure children’s location-based activity, and the 

results of two experiments to test the accuracy of the system (system development 2014-15; data 

collection 2016-17; analysis and write- up 2017-18). The thesis concludes with a final discussion 

chapter which synthesises and discusses the main themes from the research findings, details the 

overall strengths and limitations of the research and outlines implications for future research, 

practice and policy (Chapter 7). 
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Chapter 2 Contextual Background 
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2.1 Introduction 

The purpose of this chapter is to provide a contextual background for the thesis by presenting an 

overview of the broader literature that informs the research. The chapter complements the 

systematic literature review on home physical environmental influences on children’s physical 

activity and sedentary behaviour contained in Chapter 3. 

2.2 Benefits of physical activity participation 

There are numerous established health benefits of physical activity participation during childhood 

(I. Janssen & LeBlanc, 2010; Strong et al., 2005). Regular physical activity is associated with 

lower adiposity (Carrel et al., 2005; Riddoch et al., 2009), improved fitness (Baquet, Guinhouya, 

Dupont, Nourry, & Berthoin, 2004; Resaland et al., 2011), and better cardio-metabolic (Andersen 

et al., 2006; Carson & Janssen, 2011; Ekelund et al., 2012) and musculo-skeletal health (Janz et 

al., 2010; Morris, Naughton, Gibbs, Carlson, & Wark, 1997). Furthermore, physical activity can 

positively influence psychosocial health, including self-esteem (Nelson & Gordon-Larsen, 2006), 

depression (Annesi, 2005; H. E. Brown et al., 2013) and cognition function (Donnelly et al., 

2016). In addition to the direct health benefits of childhood physical activity, participation has 

also been shown to track into adulthood (Hallal et al., 2006; Telama et al., 2005). 

2.3 Risks of sedentary behaviour 

For many school-aged children a large proportion of waking time is spent in sedentary behaviours 

(X. Janssen et al., 2016). Research into the health consequences of sedentary behaviour is 

growing, although it has a relatively short history when compared to physical activity (Carson et 

al., 2016). Studies in children generally show associations between higher sedentary behaviour 

and more unfavourable body composition and cardio-metabolic risk factors when using TV 

viewing and screen time as a proxy measure for sedentary behaviour, but results are mixed when 

objectively measuring sedentary behaviour (Atkin, Ekelund, et al., 2013; Carson & Janssen, 2011; 

Chaput et al., 2013; Ekelund et al., 2012; Hesketh, Wake, Graham, & Waters, 2007; Katzmarzyk 

et al., 2015). Sedentary screen time of varying types has also been associated with lower fitness 

(Hardy, Dobbins, Denney-Wilson, Okely, & Booth, 2009; Tucker et al., 2014), poorer self-esteem 

(Nihill, Lubans, & Plotnikoff, 2013; Russ et al., 2009), and less behavioural control and pro-social 

conduct (Barlett, Gentile, Barlett, Eisenmann, & Walsh, 2012; Przybylski, 2014). Additionally, 

higher TV viewing during childhood has been associated with poorer BMI, fitness and blood 

cholesterol, and smoking, in young adults (Hancox et al., 2004), and sedentary behaviours in 

childhood and adolescence track moderately into adulthood compounding health risks in later life 

(Biddle et al., 2010). These sometimes conflicting results indicate that both the type and amount 
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of sedentary behaviour may be important in contributing to the range of detrimental health effects 

in children (Tremblay, LeBlanc, Kho, et al., 2011). 

2.4 Definitions of physical activity and sedentary 
behaviour 

In the context of public health research and practice, physical activity and sedentary behaviour 

are best operationalised as part of a movement continuum of increasing intensity from sleep to 

sedentary behaviour, through to light, moderate and vigorous physical activity (Tremblay et al., 

2017; Tremblay, Colley, Saunders, Healy, & Owen, 2010). Most commonly, exercise 

physiologists express physical activity intensity in METs (metabolic equivalents) where one MET 

is defined as “the resting metabolic rate, that is, the amount of oxygen consumed at rest, sitting 

quietly in a chair, approximately 3.5 ml O2/kg/min” (Jetté, Sidney, & Blümchen, 1990) (p555). 

Thus, each level of activity is categorised by a MET value where light physical activity (LPA) is 

defined as between 1.5-3 METS (e.g., standing talking, washing dishes and playing with toys), 

moderate physical activity (MPA) between 3-6 METs (e.g., moderate effort walking, playing 

chasey/tag and dancing), vigorous physical activity (VPA) above 6 METs (e.g., climbing stairs, 

playing field hockey and running) (Ridley, Ainsworth, & Olds, 2008; Tremblay et al., 2010). 

Total physical activity (TPA) is the combination of light, moderate and vigorous physical activity 

and MVPA refers to moderate to vigorous physical activity (Lau et al., 2015; Tremblay et al., 

2017). There is also consensus that sedentary behaviour is “any waking behaviour characterized 

by an energy expenditure ≤1.5 METs while in a sitting, reclining or lying posture” (Tremblay et 

al., 2017) (p9). Common sedentary behaviours for children include watching TV, doing 

homework and reading (Ridley et al., 2008). 

2.5 Physical activity and sedentary behaviour 
guidelines 

Public health guidelines for physical activity and sedentary behaviour provide recommendations 

on the type, duration and frequency of activity required for good health. Australian, UK and 

Canadian guidelines are consistent in recommending children and young people should 

accumulate at least one hour of MVPA every day (including vigorous, and bone and muscle 

strengthening physical activity on at least three days) and minimise extended sitting time 

(Department of Health, 2019; Department of Health (UK), 2011; Tremblay, LeBlanc, Janssen, et 

al., 2011; Tremblay, Warburton, et al., 2011). As the evidence base for informing sedentary 

behaviour guidelines is still emerging, guidance on how to minimise sedentary time differs 

between countries. Australian and Canadian guidelines specifically recommend limiting 

recreational electronic media use to less than two hours a day and breaking up long periods of 
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sitting time, with Canada also highlighting the need to limit sedentary transport and time spent 

indoors through the day (Department of Health, 2014a, 2014b; Tremblay, LeBlanc, Janssen, et 

al., 2011). Most recently, there has been a paradigm shift in public health guidelines in the field 

with the release of the Canadian 24-Hour Movement Guidelines for Children and Youth in 2016 

(Tremblay et al., 2016). These guidelines were the first to consider activity throughout an entire 

day and make recommendations across the movement continuum including sleep, sedentary 

behaviour, and light, moderate and vigorous activity. This includes a new recommendation of 

several hours of varied light physical activities each day in addition to physical activity and 

sedentary behaviour guidelines and highlighted the importance of light activity as a replacement 

for sedentary behaviour within the range of activity recommended for a healthy day. Australia 

has now released its own 24-Hour Movement Guidelines for Children and Young People 

(Department of Health, 2019). 

2.6 Prevalence and trends of sedentary behaviour 
and physical activity 

Many children do not achieve the recommended levels of physical activity for healthy growth and 

development and exceed guidelines for time spent sedentary, especially using electronic media 

(Active Healthy Kids Australia, 2018; Australian Institute of Health and Welfare, 2018). In 

Australia, 48% of children and adolescents aged 5-17 years report meeting the recommended 60 

minutes of MVPA on at least five of seven days per week (Australian Bureau of Statistics, 2013b), 

although the prevalence of physical activity varies between ages groups and Australian states 

(Active Healthy Kids Australia, 2018). Furthermore, when accelerometers were used this 

proportion is lower with 16% of girls and 31% of boys in Australia aged 11-12 years reaching 60 

mins of MVPA for any given day (Telford et al., 2013). Internationally, levels of physical activity 

are similarly low in developed countries with 5% of girls and 17% of boys in Europe aged 10-12 

years meeting the recommendation of at least 60 minutes of MVPA daily across seven days 

(Verloigne, Van Lippevelde, Maes, Yildirim, et al., 2012), and only 7% of children and 

adolescents in Canada aged 6-19 years reaching 60 minutes of MVPA on 6 or more days per week 

(Colley et al., 2011).  

For sedentary behaviours, the proportion of children meeting guidelines is equalling concerning. 

When measured objectively by accelerometers, children and adolescents spend over eight hours 

each day sedentary (Colley et al., 2011; Verloigne, Van Lippevelde, Maes, Yildirim, et al., 2012). 

Seventy-one percent of Australian children and adolescents aged 5-17 years do not meet the 

sedentary behaviour guideline of no more than two hours of electronic media for entertainment 

per day (Australian Bureau of Statistics, 2013b). Likewise, internationally at least two thirds of 

children and adolescents report more than two hours of screen time daily (Atkin et al., 2014). 

Overall electronic media use has increased this century with TV content viewing still the most 
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prevalent sedentary leisure activity for children (Bassett, John, Conger, Fitzhugh, & Coe, 2015; 

Houghton et al., 2015; Pate et al., 2011; Rideout, Foehr, & Roberts, 2010; Yu & Baxter, 2016)  

Patterns of physical activity and sedentary behaviour change throughout childhood and 

adolescence. TPA, MVPA and LPA have been shown to decrease with increasing age, while time 

spent in sedentary behaviour and electronic media increases (Cleland et al., 2011; Colley et al., 

2011; Cooper et al., 2015; Houghton et al., 2015; Matthews et al., 2008; Metcalf, Hosking, 

Jeffery, Henely, & Wilkin, 2015; Nader, Bradley, Houts, McRitchie, & O'Brien, 2008). Also, the 

number of breaks in sedentary time decreases throughout childhood into adolescence (X. Janssen 

et al., 2016; Kwon, Burns, Levy, & Janz, 2012). This decline in physical activity and increase in 

sedentary behaviour is most prominent from pre-adolescence onwards indicating that children 

aged 10-13 years may be an important target group when attempting to arrest declines in activity 

and reduce high levels of electronic media use (Dumith et al., 2011; Gorely et al., 2004; X. Janssen 

et al., 2016; Nader et al., 2008; Rideout et al., 2010).  

2.7 Application of ecological theory to sedentary 
behaviour and physical activity  

Ecological models provide a framework for health promotion research and interventions that 

extends individual behavioural change theories by emphasising the role of the environment in 

facilitating health promoting behaviours (Stokols, 1992). Ecological principles emphasise 

multiple levels of environmental influences on behaviour that interact with personal 

characteristics (Bronfenbrenner, 1977; Stokols, 1996). Examining links between the social and 

physical environment within specific settings and across settings over the life span is vital to 

understanding behaviours and designing interventions. In Bronfernbrenner’s seminal paper, 

‘Toward an Experimental Ecology of Human Development’, the ecological environment is 

presented as four successive nested levels, defined as the micro-, meso-, exo- and macro-system, 

all of which are equally important spheres of influence on behaviour (Bronfenbrenner, 1977). The 

micro-system consists of the relations between a person and the environment in their most 

proximal setting (e.g., the home, school or workplace). Each setting has unique physical 

characteristics, participants, activities and roles that occur within the time and space of the setting 

(Bronfenbrenner, 1977). The field of health promotion has adopted this settings based approach 

to change health behaviours in the locations where people live, work and recreate (World Health 

Organization, 1986). 

Multi-level ecological approaches, in particular the social ecological perspective which 

emphasises both the social and physical aspects of the environment (Stokols, 1992), have been 

recommended for understanding the complex range of individual and environmental influences 

on both sedentary behaviour and physical activity (Gorely et al., 2004; Owen et al., 2011; Sallis 
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et al., 2008; Salmon, 2010). Consistent with the micro-system environment level presented by 

Bronfenbrenner (1977), more recent applications of the ecological model segment several 

domains of physical activity and sedentary behaviour – recreation/leisure, household, 

transportation, occupational - that occur within different behavioural settings – work/school, 

home, neighbourhood, recreation and transport (Owen et al., 2011; Sallis et al., 2008). Further 

research at this micro-level is recommended to elicit environmental determinants of specific 

physical activity and sedentary behaviours in distinct settings, such as homes, workplaces and 

schools, to better inform multi-level interventions (Giles-Corti et al., 2005; Owen et al., 2014). 

Figure 2.1 presents the initial conceptual framework - a proposed social-ecological model of 

children’s activity and sedentary behaviour within the home setting.  

It has also been recommended that ecological models should be behaviour specific (Giles-Corti 

et al., 2005; Owen et al., 2014; Sallis et al., 2008).  Reviews of MVPA and sedentary behaviours 

in children conclude that they are largely independent, do not displace each other, and are 

influenced by different factors (Pearson, Braithwaite, Biddle, van Sluijs, & Atkin, 2014; 

Tremblay et al., 2010; van der Horst, Chinapaw, & Twisk, 2007).  However, these conclusions 

are mostly drawn from studies of overall time in MVPA and sedentary behaviours through the 

day and do not consider light activity.  It should be highlighted that for this thesis, activity and 

sedentary behaviour have been viewed as an activity continuum (from sedentary behaviour 

through to vigorous activity) occurring within the defined home setting. Therefore in a closed 

setting and when considering the full continuum of movement it is more likely that, for example, 

a decrease in sedentary behaviour could result in an increase in light activity, or a decrease in 

active outdoor play (MVPA) may be replaced by indoor sedentary electronic media time. 

Therefore, the proposed ecological model for the home setting places both physical activity and 

sedentary behaviour at the centre.  
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Figure 2.1 Proposed social-ecological model of children’s activity and sedentary 
behaviour in the home setting 

 

2.8 Overview of the home environment 

When viewed through a social ecological perspective the home environment consists of both the 

physical environment, including the structure, design, space and objects within the house and 

yard, and the social environment of the family members within the home (Stokols, 1996). 

Housing, the main component of the home physical environment, is a key social determinant of 

health and has been an important focus for public health initiatives for over a century (Krieger & 

Higgins, 2002; Shaw, 2004).  Recent reviews indicate the quality of housing is associated with 

respiratory, mental and general health in adults, and respiratory and cognitive function in children 

(Braubach, Jacobs, & Ormandy, 2011; Leventhal & Newman, 2010; H. Thomson, Thomas, 

Sellstrom, & Petticrew, 2009). Furthermore, the implications of unhealthy home environments 

are exacerbated by the large amount of time people spend there. The World Health Organisation 

estimates that Europeans spend approximately 60% of their time at home indoors (Sarigiannis, 

2014). While data on the time that children spend at home is difficult to find, one German study 

based on parent report found children aged 9-11 years spent on average 64% of their time at home 

(Conrad et al., 2013), and in New Zealand the average time spent indoors at home was 15.97 

PHYSICAL 
ENVIRONMENT

SOCIAL ENVIRONMENT
Family Rules; Friends, 
Siblings and Parents -
Attitudes, Support & 

Behaviour; Dog Ownership

INDIVIDUAL

Age; Gender; SES; Ethnicity; 
Family Structure; Parent 

Income & Education; Skills; 
Preferemces; Attitudes; BMI

PHYSICAL 
ACTIVITY AND 

SEDENTARY 
BEHAVIOUR

THE HOME SETTING 

Electronic 
Media 

INDOOR 
HOUSE 

OUTDOOR 
YARD 

Rooms  

EM in 
Bedroom 

Design  

Space  

Natural 
Features 

PA 
Equipment 

Space  

Design  

Areas  



 

15 

hours for children and 14.74 hours for young people daily (Khajehzadeh & Vale, 2017). 

Qualitative findings indicate children of the current generation spend more time at home and 

indoors than previous generations (Karsten, 2005). Also, children generally have limited 

independent mobility when compared to adults and may spend even more time at home than many 

adults, making them particularly vulnerable to the influence of home environments. 

While the quality of home physical environments has improved over the last century, some 

seemingly positive changes may have a potentially negative influence on health behaviours. 

Labour saving devices that reduce activity at home and electronic entertainment devices that 

encourage uninterrupted periods of sitting, are now commonplace in the vast majority of homes 

in the developed world (Owen, Healy, Matthews, & Dunstan, 2010). In the ten years between 

1998 and 2008-09, internet access increased from 20% to 86% in Australian households with 

children, and access to a home computer increased from 60% to 91% (Australian Bureau of 

Statistics, 2011).  By 2014-15, 97% of households with children had internet access at home, with 

on average seven electronic media devices able to access the internet in addition to traditional 

televisions and telephones without online access (Australian Bureau of Statistics, 2016). This 

trend is also evident across Europe with internet access for households with children increasing 

from 67% in 2007 to 95% in 2015 and computer access from 70% to 94% (Eurostat, 2015). 

In addition to changes and increases in devices within the home, trends in overall house, yard size 

and design have shifted.  In 2008-09 Australians built the largest separate houses of any country 

in the world, at an average of 248m2, having steadily increased by 50% from 163 m2 in 1985. 

(James & Sebastian, 2016). Although, this trend has now stabilized and Australia’s house size has 

reduced to 231m2 in 2015/16, other countries such as the US show similarly large house sizes.   

This extra space in houses is commonly allocated to multiple indoor living areas, such as theatre 

rooms, games rooms and studies, designated for sedentary electronic media pursuits, such as TV 

viewing and computer use (Johanson, 2011).  Private outdoor space, the most common place 

where Australian children play (Veitch, Bagley, Ball, & Salmon, 2006), has also decreased, due 

to increased house size and decreased lot size (Australian Bureau of Statistics, 2007).  In Perth, 

Western Australia, between 1994 and 2004, the average size of a newly built separate house 

increased by 17% while the average block size decreased by 7% (Australian Bureau of Statistics, 

2007). To illustrate, Figure 2.2, Figure 2.3 and Figure 2.4 show aerial photography of three 

contrasting Perth suburbs approximately 12-13 kilometres from the city centre. Adding to the 

potential consequences of less outdoor home space on children’s play, is the trend towards 

allocating this space to outdoor entertaining areas as opposed to soft landscapes such as grass, 

gardens and natural vegetation (Hall, 2010).  These converging trends have all effectively 

decreased the outdoor active play space available for children and increased opportunities for 

indoor sedentary screen-based activities, especially in Australian cities (Dollman, Maher, Olds, 
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& Ridley, 2012; Dollman et al., 2005). As these changes in the home environment have occurred 

so rapidly, the health implications for this generation of children are not yet understood. 

 
Figure 2.2 Mirrabooka – An example of smaller older housing on full size lots (Google 
Maps, 2016c). 

 

 
Figure 2.3 Bateman – An example of newer larger houses with less private outdoor space 
(Google Maps, 2016a). 
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Figure 2.4 East Cannington – An example of original full size blocks sub-divided to build 
new housing (villas) with minimal outdoor space (Google Maps, 2016b). 

 

2.9 Physical activity and sedentary behaviour in 
the home environment 

An extensive body of literature has documented the amount of physical activity and sedentary 

time that children and adolescents accumulate overall and for time periods within the day, such 

as after school (Arundell, Fletcher, Salmon, Veitch, & Hinkley, 2016b; Stanley, Ridley, & 

Dollman, 2012). However, there is less research describing the amount, type and location of 

physical activity and sedentary behaviour that occurs specifically at home. Regarding the amount 

of physical activity children and adolescents accumulate at home, studies in North America, New 

Zealand and Europe have found between 8% and 42% of objectively measured daily MVPA 

occurs in the home environment (Burgi & de Bruin, 2016; Klinker, Schipperijn, Christian, et al., 

2014; Maddison et al., 2010; Oreskovic et al., 2012; Rainham et al., 2012; Tandon et al., 2012). 

In a Danish study of older children and younger adolescents, only 4% and 3% of the recorded 

time at home was spent in MVPA, the lowest of any of four activity domains investigated (leisure, 

school, transport, home) (Klinker, Schipperijn, Christian, et al., 2014). Given the amount of time 

children spend at home, even a small percentage of time provides an important contribution to 

daily physical activity. Seasonal variation is evident with the home a more important location for 

physical activity in winter than summer (Dunton, Whalen, Jamner, & Floro, 2007; Rainham et 
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al., 2012). Data on the amount of sedentary time at home (distinct from outside of school), is 

sparser than for physical activity. One US study found children aged six to 11 years averaged 189 

minutes of sedentary time a day at home, which was 48% of daily sedentary time (Tandon et al., 

2012). This study was limited by the use of a parent completed daily log to record location and 

also may have classified some transport time in home time (Kneeshaw-Price et al., 2013). 

Furthermore, a study of Australian teens using objective postural data found approximately three-

quarters of waking time outside of school was spent sitting, with the greatest amount of prolonged 

sitting in the evening (Arundell, Salmon, Koorts, Contardo Ayala, & Timperio, 2019). Thus, the 

home can be an important setting for MVPA in children and adolescents, although the limited 

population data to date suggests time spent at home is likely to be sedentary. 

The type of physical activity most relevant to the home environment is active play (Hills, King, 

& Armstrong, 2007).  A review by the NICE Public Health Collaborating Centre defines active 

play  as “play that includes some element of physically active movement”, which may include 

light, as well as moderate and vigorous physical activity (Cavill & Foster, 2008). Indeed, 

qualitative studies have identified the home and home yard as the most common place for active 

play in children (Veitch et al., 2006; Veitch, Salmon, & Ball, 2010), particularly for girls who 

have less independent mobility compared to boys (Brockman, Fox, & Jago, 2011). Studies using 

ecological momentary assessment have found approximately 17% of exercise and walking reports 

occur at home (Dunton et al., 2007). Other activities that contribute to physical activity at home 

include chores, personal grooming and playing with pets (Ridley et al., 2008; Stanley, Ridley, & 

Olds, 2011) and active video gaming (Graves, Stratton, Ridgers, & Cable, 2008; Lanningham-

Foster et al., 2006). 

Children’s sedentary time at home includes both screen and non-screen based types of sedentary 

behaviour. In qualitative studies, parents and children note television viewing as the most 

common sedentary screen-based behaviour at home, followed by computer use and electronic 

gaming (Granich et al., 2010; Jordan, Hersey, McDivitt, & Heitzler, 2006). Quantitative studies 

on children’s behaviours outside of school hours (including time spent at home) also confirm 

television watching is the most common sedentary behaviour (Arundell, Parker, et al., 2019; 

Atkin, Gorely, Biddle, Marshall, & Cameron, 2008; Granich, Rosenberg, Knuiman, & Timperio, 

2011; Stanley et al., 2011). One Australian study of eight year olds found screen related sedentary 

time after school made up 80% of the daily sedentary behaviour guidelines (Arundell, Hinkley, 

Veitch, & Salmon, 2015). While non-screen based sedentary behaviours also occur at home (e.g., 

reading, homework, sitting and talking, and arts and craft) (Atkin et al., 2008; Granich et al., 

2010), screen-based sedentary behaviours (e.g., television watching) are more common 

(Arundell, Parker, et al., 2019) and more commonly associated with poorer health outcomes 

(Carson & Janssen, 2011). They are therefore are a priority for understanding within the home. 
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Physical activity and sedentary behaviours occur in different locations around the home. Time 

spent outdoors is a consistent correlate of physical activity in children (Cleland et al., 2008; Sallis, 

Prochaska, & Taylor, 2000), and this is also true of the home environment. Studies that have 

investigated the location of children’s physical activity at home confirm that time spent outdoors 

in the garden is more likely to be spent active than time spent indoors (Biddle et al., 2009; Dunton, 

Yue, Intille, Wolch, & Pentz, 2011). Similarly, adolescents that spend more time indoors at home 

do less MVPA overall (Collins, Al-Nakeeb, Nevill, & Lyons, 2012). While the proportion of time 

in the yard spent in physical activity is greater than for indoors, the amount of time overall is often 

not greater, due to children spending more time overall indoors at home than outdoors. For 

example, nine to 13 year old children reported that 30% of all active play/sports/exercise occurred 

indoors at home and only 8% in the outdoor home yard (Dunton, Kawabata, Intille, Wolch, & 

Pentz, 2012). This highlights that physical activity both outdoors and indoors at home can make 

a beneficial contribution to overall physical activity. However, the majority of children’s time 

when they are indoors at home is spent in sedentary electronic media activities, and these 

behaviours are most prevalent in the bedroom and living room where the television is usually 

located (Biddle et al., 2009). Overall, studies suggested that the location of children within the 

home space has a strong link to the type of behaviour (sedentary or physical activity) that occurs. 

Furthermore, while MVPA makes up a greater proportion of time spent outdoors in the garden, 

children spend the majority of their time indoors at home and therefore the indoor home setting 

has the potential to influence both physical activity and sedentary behaviour making it an 

important focus for future studies. 

2.10 Home physical environmental influences on 
physical activity and sedentary behaviour 

Many studies have investigated influences on children and adolescent’s physical activity and 

sedentary behaviour using an ecological framework (individual, social and physical 

environmental influences).  However, few have focussed on activity or sedentary behaviour at 

home or on home physical environmental factors as potential influences (Chambers & Fuster, 

2012). Qualitative studies have raised home design, yard size and availability of electronic media 

at home as issues influencing active outdoor play (Granich et al., 2010; Sebire, Jago, Gorely, 

Hoyos Cillero, & Biddle, 2011; Veitch et al., 2006; Veitch, Hume, et al., 2013). The only physical 

environmental factor within the home that has been investigated regularly in assessing influences 

on physical activity is physical activity equipment, and reviews of quantitative studies conclude 

that overall, there is no association with total or after school physical activity (Davison & Lawson, 

2006; Ferreira et al., 2007; Stanley et al., 2012). In contrast, other home physical elements are 

almost absent from the literature on physical activity (e.g., home design, indoor space and natural 

features), or rarely examined (e.g., yard size), warranting future examination.  
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Similarly, there has been little investigation of potential home physical environmental influences 

on sedentary behaviour, with the exception of electronic media equipment. Multiple electronic 

media devices at home has been highlighted by parents as an enabler of sedentary electronic media 

use (Granich et al., 2010). This positive association has been confirmed in several reviews, with 

the number of TV/computers in the home, and a TV/computer in the bedroom associated with 

screen based sedentary behaviour (Gorely et al., 2004; Pate et al., 2011). Yet, the influence of 

media equipment on after school sedentary and screen related behaviour has not been determined 

due to lack of evidence (Arundell, Fletcher, Salmon, Veitch, & Hinkley, 2016a). Reviews also 

highlight gaps in the evidence base, with no observational studies investigating the relationship 

between electronic media at home with objectively measured sedentary time, or non-screen based 

sedentary behaviour (Pate et al., 2011), and few interventions implementing changes to the 

physical home environment, excepting TV monitors (Altenburg, Kist-van Holthe, & Chinapaw, 

2016; Biddle, Petrolini, & Pearson, 2014). Addressing these evidence gaps will be even more 

important as ownership of media equipment increases and media in children’s bedrooms becomes 

more commonplace (Pavelka, Husarova, Sevcikova, & Madarasova Geckova, 2016).  

In the home social environmental sphere of influence, parent support for physical activity has 

been associated with children and/or adolescents’ physical activity in most reviews, including one 

meta-analysis (Beets, Cardinal, & Alderman, 2010; Ferreira et al., 2007; Pugliese & Tinsley, 

2007; van der Horst et al., 2007). One review concluded parent activity was positively associated 

with physical activity in boys (van der Horst et al., 2007), with a second review finding this 

association only for father’s activity (Ferreira et al., 2007). For sedentary behaviours, children in 

households with family rules around screen time spend less time watching electronic media, and 

children and adolescent’s TV/screen use is positively associated with parent’s TV/screen use 

(Gorely et al., 2004; Pate et al., 2011). Also, a review of family-based interventions for reducing 

sedentary time in youth, found that the level of parental involvement appeared more important 

than the intervention setting (Marsh, Foley, Wilks, & Maddison, 2014). While these influences 

are not part of the physical environment per se, they are important as they contribute to the context 

in which children’s physical activity and sedentary behaviours occur within the home space. 

Indeed, a key principle of ecological models is interaction between the different levels of 

influence (Stokols, 1996). 

Studies that investigate the influence of home physical and social environmental factors on 

children’s physical activity and sedentary behaviour are reviewed in detail in Chapter 3. 
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2.11 Measurement of the home physical 
environment  

Measurement of the physical home environment has largely been confined to child or parent-

report surveys and checklists of physical activity equipment, electronic media and yard presence 

(Hume, Ball, & Salmon, 2006; Rosenberg et al., 2010; Salmon, Timperio, Telford, Carver, & 

Crawford, 2005).  While several tools have been validated by trained assessors and shown good 

reliability, they are limited to a narrow range of home environmental variables (Pinard et al., 

2012). The most comprehensive of all home environment measurement instruments - the Physical 

and Media Inventory (PAMI) - measured the availability, accessibility and density of physical 

activity and media equipment located in each room of the home (as opposed to simple presence 

or amount of equipment) using a valid and reliable parent-report audit tool (Sirard et al., 2008). 

Physical activity equipment density and accessibility were positively associated with physical 

activity in boys and girls aged 10-16 years (Sirard, Laska, Patnode, Farbakhsh, & Lytle, 2010). 

Furthermore, media equipment density and accessibility were positively associated, and the ratio 

of physical activity to media equipment was negatively associated with screen time in girls.  More 

comprehensive measures of the home physical environment are required to fully assess potential 

influences on children’s physical activity and sedentary behaviours outside of equipment. Also, 

measures of additional home design features, the indoor home space, and the location of 

equipment, excepting TVs in children’s bedrooms, remains relatively unexplored. 

Research on children’s physical activity and sedentary behaviour in the home setting is limited 

by a lack of objective assessment of the home environment. Objective measurement techniques 

have been used extensively in research into neighbourhood environmental influences on physical 

activity, but rarely in the home physical environment. Techniques that can potentially be applied 

include on-site observational audits by trained auditors (Millstein et al., 2013; Ward et al., 2008) 

and remote methods such as Geographical Information Systems (GIS) and aerial imagery 

including Google Street/Earth View audits (Brownson et al., 2009; Edwards et al., 2013; Griew 

et al., 2013). Of these, only audits have been regularly used in the home environment to collect 

measures including equipment, food (Spurrier, Magarey, Golley, Curnow, & Sawyer, 2008), 

design and maintenance attributes (Foster, Giles-Corti, & Knuiman, 2011). Backyard size, where 

objectively measured by a tape measure and analysed as a continuous variable, has been 

associated with outdoor play in younger children (Spurrier et al., 2008). Yet for older children, 

measurement of the yard has been limited to subjective presence or size categories (Aarts, 

Wendel-Vos, van Oers, van de Goor, & Schuit, 2010; Veitch et al., 2010).  Furthermore, GIS and 

aerial imagery that is commonly used to measure neighbourhood level variables, such as natural 

features (e.g., greenness, trees), park equipment (e.g., seating, play equipment) and building 

design (Brownson et al., 2009; Edwards et al., 2013; Pereira et al., 2012), has rarely been applied 
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to assess individual home features for children’s activity research such as house and yard size, 

outdoor features or equipment (Carson, Rosu, & Janssen, 2014). With resolution and integration 

of aerial imagery constantly improving, these types of objective measurement techniques have 

been recommended to facilitate the investigation of smaller scale physical home environments 

(Sirard et al., 2010; J. S. Wilson et al., 2012), although they are of limited use in assessing the 

indoor home environment.  

2.12 Measurement of physical activity and 
sedentary behaviour at home  

Since an early review found few studies attempted to differentiate activity in the home from 

overall activity (Ferreira et al., 2007), several methods have been used to measure physical 

activity and sedentary behaviour located within the home space.   Time spent in activity levels 

can be measured by subjective methods such as self- and parent-report surveys and diaries, or by 

objective measures including accelerometers (Dollman et al., 2009; Hardy et al., 2013).  For 

children aged 9-13 years, self-report surveys and parent-report surveys have been used to measure 

the amount of time spent in various types of active (e.g., play, walking, cycling) and sedentary 

behaviours (e.g., TV watching, e-games, computer use), and overall MVPA and sedentary time 

(Atkin, Corder, & van Sluijs, 2013; Dowda et al., 2007; Payne, Townsend, & Foster, 2013).  

While self- and parent-report methods are less accurate when compared to objective measures in 

determining time spent sedentary or in activity levels in a defined period (Colley et al., 2012; 

Corder et al., 2009; Slootmaker, Schuit, Chinapaw, Seidell, & van Mechelen, 2009), they can, 

unlike  objective measures, provide useful information on the specific type of active and sedentary 

behaviour (Dollman et al., 2009).  Time use diaries or activity logs are a detailed self-report 

measure of the amount of time spent in active and sedentary behaviours, which have also been 

used to provide contextual information, such as time and location of behaviour (Foley, Maddison, 

Olds, & Ridley, 2012; Ridley, Olds, & Hill, 2006; Tandon et al., 2012).  Generally, there is less 

measurement error when using diaries compared with surveys, although there is greater 

participant burden and they may not be appropriate for younger children (Hardy et al., 2013).  

Many of the surveys and diaries used to measure activity levels (and types of active and sedentary 

behaviour) have not been validated, or are not as accurate as objective measures (Dollman et al., 

2009; Hardy et al., 2013; Lubans et al., 2011). 

Ecological momentary assessment (EMA) is a specific type of self-report activity log to capture 

behaviour and environmental context at real time epochs throughout the day (Shiffman, Stone, & 

Hufford, 2008).  In physical activity research, participants are prompted to capture the type of 

active or sedentary behaviour being performed (what are you doing?), along with the social 

context (who are you with?) and physical context (where are you?), at specified time intervals 

(e.g., every 30 minutes).  This method has been implemented with older children and adolescents 
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via diaries and electronic devices including mobile phones, to provide location and other 

contextual data about the behaviour (Dunton, Liao, et al., 2011; Dunton et al., 2007; Gorely, 

Marshall, Biddle, & Cameron, 2007). This method can be a valid alternative to surveys that 

require delayed recall and accelerometry for researchers interested in behavioural context 

(Dunton, Liao, et al., 2011).  However, authors note that the high participant burden is reflected 

by a high level of missing data, and collecting activity data at intervals could potentially result in 

activities being under or overestimated, and shorter activities being totally missed (Biddle et al., 

2009; Dunton et al., 2007; Dunton, Yue, et al., 2011; Gorely et al., 2007).  

Objective measurement of sedentary and active behaviours has been routinely recommended for 

research into children’s activity to reduce bias (Reilly et al., 2008).  Accelerometers are small 

devices that measure movement (acceleration) counts in real time. They are accurate when 

compared to laboratory measures of energy expenditure and have been used extensively to 

measure time spent in sedentary behaviour, and light, moderate and vigorous activity by children 

in field studies (Trost, Loprinzi, Moore, & Pfeiffer, 2011; Verloigne et al., 2013). Although, some 

ongoing debate regarding ideal processing methods for accelerometer data cut-points (to classify 

activity levels), epochs, minimum wear times and missing data remains (Cain, Sallis, Conway, 

Van Dyck, & Calhoon, 2013).  As accelerometer data are time-stamped they can be used to 

investigate activity during a specific time period such as on a weekend day or from 3.30 to 6.00pm 

on a school day (i.e., after school) (Colley et al., 2013; Fairclough, Beighle, Erwin, & Ridgers, 

2012; McMinn, Griffin, Jones, & van Sluijs, 2012). However, accelerometers do not provide 

information on the type of active or sedentary behaviour performed or the location of that 

behaviour, unless the data is coupled with information from diaries, or location-based 

technologies (Demant Klinker, Schipperijn, Toftager, Kerr, & Troelsen, 2015; Tandon et al., 

2012). 

Technology advances provide the capacity to collect objective location data to add to 

accelerometer data (Rodriguez, Brown, & Troped, 2005).  In outdoor environments, Geographical 

Positioning Systems (GPS) enabled wrist watches, worn in combination with accelerometers, are 

the gold standard for measuring the location of children’s activity that occurs in settings such as 

parks, school playgrounds and on active transport routes (Krenn et al., 2011).  GPS and mapping 

data has been used to assess time spent in the home setting as part of studies assessing time and 

activity in a range of settings (Burgi & de Bruin, 2016; Demant Klinker et al., 2015; Rainham et 

al., 2012).  However, GPS  has the potential for error when used to assess location in small and 

adjacent spaces and therefore may misclassify time spent inside the house, in the yard, or nearby 

but outside of the yard (Lachowycz, Jones, Page, Wheeler, & Cooper, 2012).  Furthermore, GPS 

is not appropriate for use indoors as GPS signals are often blocked by building materials, and 

GPS cannot differentiate location at room level (Loveday et al., 2015; Rodriguez et al., 2005).  

Although wearable cameras and real time location systems (RTLS) based on radio-frequency 
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identification (RFID), wireless localisation and Bluetooth have all been explored within physical 

activity research, there is no similar gold standard technology for detecting indoor location, and 

most research has focussed on adults (Doherty et al., 2013; Loveday et al., 2015; Smith et al., 

2013).  Therefore, to determine the location of children’s activity within their home space, an 

objective location and movement measurement system that is both accurate and feasible to 

implement is needed. 

2.13 Conclusion 

The purpose of this chapter was to provide a contextual background for the thesis to supplement 

the published systematic literature review in Chapter 3. The home environment, where children 

spend much of their time indoors and sedentary, is an important influence on children’s health. 

Recent changes in home physical environments may adversely affect children’s health by 

facilitating sedentary behaviour and reducing physical activity. However, investigation of home 

physical environmental influences on physical activity and sedentariness is limited, and 

measurement concerns abound.  This is particularly true for the indoor home which presents 

additional practical and technological challenges for measurement. The systematic literature 

review in the following chapter focuses in depth on the central topic of home physical 

environmental influences on pre-adolescent children’s physical activity and sedentary behaviour. 
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Chapter 3 Systematic Review of 
Literature 

A place for play? The influence of the home physical 
environment on children's physical activity and 
sedentary behaviour. 

This chapter is a published manuscript (Appendix 1):  

Maitland, C., Stratton, G., Foster, S., Braham, R., & Rosenberg, M. (2013). A place for play? 

The influence of the home physical environment on children's physical activity and sedentary 

behaviour. International Journal of Behavioral Nutrition and Physical Activity, 10. 

doi:10.1186/1479-5868-10-99 
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Thesis Study Map: Chapter Three 

A table titled ‘Thesis Study Map’ appears at the beginning of the each of the four manuscript 

based chapters to highlight the objectives and key findings of each of the studies, and to 

demonstrate where each study fits and it contributes to the overall thesis. 

Review of Literature - A place for play? The influence of the home physical environment on 
children's PA  and SB 

Objectives: 

To: 1) review the evidence 
regarding the influence of the 
home physical environment (HPE) 
on SB and PA of children aged 8–
14 years; and, 2) highlight 
evidence limitations, measurement 
issues and research directions. 

Key Findings: 

Home and bedroom EM was positively associated with SB; PA 
equipment was negatively associated with SB in half of studies. 

Introducing a TV limiting device decreased TV viewing; results of 
introducing an active video game on PA were inconsistent. 

Where the home physical and social environment were 
investigated, the latter exerted more influence.  

Future studies should investigate the influence of the HPE and its 
interaction with the social environment on SB time and home 
context specific behaviours, and objectively measure the HPE. 

Study 1. Qualitative Study - The Dynamic Family Home: a qualitative exploration of physical 
environmental influences on children’s SB and PA within the home space 

  

Study 2. HPE Instrument Development - Measuring HomeSPACE: The development of an 
instrument to assess the influence of the home on children’s SB and PA 

  

Study 3. Location and Movement Monitoring - Development and accuracy of a portable Location 
and Movement Monitoring System for determining the location of children’s PA and SB at Home 
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3.1 Abstract 

Background: The home environment is an important influence on the sedentary behaviour and 

physical activity of children, who have limited independent mobility and spend much of their time 

at home. This article reviews the current evidence regarding the influence of the home physical 

environment on the sedentary behaviour and physical activity of children aged 8–14 years.  

Methods: A literature search of peer reviewed articles published between 2005 and 2011 resulted 

in 38 observational studies (21 with activity outcomes, 23 with sedentary outcomes) and 11 

experimental studies included in the review.  

Results: The most commonly investigated behavioural outcomes were television watching and 

moderate to vigorous physical activity. Media equipment in the home and to a lesser extent the 

bedroom were positively associated with children’s sedentary behaviour. Physical activity 

equipment and the house and yard were not associated with physical activity, although 

environmental measures were exclusively self-reported. On the other hand, physical activity 

equipment was inversely associated with sedentary behaviours in half of studies. Observational 

studies that investigated the influence of the physical and social environment within the home 

space, found that the social environment, particularly the role of parents, was important. 

Experimental studies that changed the home physical environment by introducing a television 

limiting device successfully decreased television viewing, whereas the influence of introducing 

an active video game on activity outcomes was inconsistent.  

Conclusion: Results highlight that the home environment is an important influence on children’s 

sedentary behaviour and physical activity, about which much is still unknown. While changing 

or controlling the home physical environment shows promise for reducing screen based sedentary 

behaviour, further interventions are needed to understand the broader impact of these changes. 

Future studies should prioritise investigating the influence of the home physical environment, and 

its interaction with the social environment, on objectively measured sedentary time and home 

context specific behaviours, ideally including technologies that allow objective measures of the 

home space. 

3.2 Introduction 

Changes to the environment in recent years have contributed to an increase in sedentary behaviour 

and a decline in activity (Owen et al., 2010). The home environment is an important sphere of 

influence on the physical activity and sedentary behaviour of children. It is especially relevant for 

those who have limited independent mobility and spend much of their time at home and indoors 

(Carver, Timperio, & Crawford, 2008b; Karsten, 2005), thereby potentially affecting physical 
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activity participation and resultant health outcomes (Andersen et al., 2006; Hallal et al., 2006; 

Jiménez-Pavón, Kelly, & Reilly, 2010). More recently, time spent sedentary, in particular 

watching television, has been associated with detrimental health effects including overweight and 

obesity, reduced fitness and poorer social and cognitive skills (Marshall, Biddle, Gorely, 

Cameron, & Murdey, 2004; Tremblay, LeBlanc, Kho, et al., 2011). Still, many children do not 

meet health recommendations for physical activity and sedentary behaviour (Matthews et al., 

2008; Troiano et al., 2008). Thus, understanding the potential impact of the home environment 

on the sedentary and activity behaviours of children is vital for developing effective interventions. 

Sedentary behaviour and physical activity are part of a movement continuum (Tremblay et al., 

2010). physical activity can be of light, moderate or vigorous intensity and at home may include 

unstructured play, exercise and chores (Ridley et al., 2008). Sedentary behaviours use low levels 

of energy (≤ 1.5 METs) while sitting or reclining, such as watching television, using a computer 

and reading, and are distinct from insufficient physical activity, also termed as inactivity (Owen 

et al., 2010). Notably, reviews have concluded the independence of moderate to vigorous physical 

activity (MVPA) and sedentary behaviour in children (Gorely et al., 2004; Pate et al., 2011; Sallis 

et al., 2000; van der Horst et al., 2007). Therefore while sedentary behaviour and physical activity 

coexist in the home space, they are distinct behaviours influenced by different factors (Tremblay 

et al., 2010). 

Ecological models emphasise individual, social and physical environmental influences on 

physical activity and sedentary behaviour (Giles-Corti et al., 2005; Gorely et al., 2004; Sallis et 

al., 2008; Stokols, 1992). Consequently, a large body of literature exists on social environmental 

influences (Edwardson & Gorely, 2010) and the built environment at the neighbourhood level 

(Carver, Timperio, & Crawford, 2008a; Ding, Sallis, Kerr, Lee, & Rosenberg, 2011), while the 

home physical environment has received less attention. Qualitative studies have identified lack of 

yard space and sedentary entertainment options, such as televisions and computers, as barriers to 

children’s physical activity, especially active play (Hesketh, Waters, Green, Salmon, & Williams, 

2005; Jago et al., 2009; Sebire et al., 2011; Veitch et al., 2006). These factors, along with home 

design, have also been noted as influences on electronic media use (Granich et al., 2010). 

However, previous reviews of correlates have not located any studies that have investigated the 

home physical environment with the exception of physical activity and media equipment 

(Davison & Lawson, 2006; Ferreira et al., 2007; Gorely et al., 2004; Pate et al., 2011; van der 

Horst et al., 2007), or considered interactions between physical and social environmental 

influences within the home space. 

Across the world, home environments are rapidly changing. House sizes in countries such as 

Australia and the USA have increased, while block and yard sizes have decreased (Australian 

Bureau of Statistics, 2007). In contrast lack of indoor and outdoor space is a concern in the UK 
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(Jones, Coombes, Griffin, & van Sluijs, 2009; Roberts-Hughes, 2011). Additionally, new 

electronic media technologies such as wireless broadband, multifunctional devices and interactive 

video games are now an integral part of homes in developed countries. Time use studies have 

found that leisure time at home indoors is more likely to be sedentary, while time at home in the 

garden is more likely to be active (Biddle et al., 2009; Sener, Copperman, Pendyala, & Bhat, 

2008). Accordingly, there is a potentially important link between location within the home space 

and children’s physical activity and sedentary behaviours. 

Thus, it is timely to review the influence of the home physical environment on children’s physical 

activity and sedentary behaviour. The aims of this review were to: (1) examine the impact of 

interventions that change the home physical environment on children’s physical activity and 

sedentary behaviours; (2) summarise the association between home physical environmental 

factors and children’s physical activity and sedentary behaviours; (3) explore the relationship of 

physical and social environmental factors operating within the home space; and (4) highlight 

current evidence limitations, measurement issues and future research directions. The time of 

transition from childhood to adolescence, known as preadolescence, represents a specific stage 

(Thornburg, 1983) and has been chosen as physical activity levels decrease (Brodersen, Steptoe, 

Boniface, & Wardle, 2007; Nader et al., 2008) and sedentary screen based behaviour is high 

(Gorely et al., 2004; Rideout et al., 2010). The review commences in 2005 to reflect recent 

changes in homes and build upon evidence from previous reviews of physical activity and 

sedentary behaviour by van der Horst et al. (2007) and others (Davison & Lawson, 2006; Ferreira 

et al., 2007). 

3.3 Methods 

3.3.1 Search procedure 

Medline, Web of Science, PsychInfo and Sportdiscus databases were searched for quantitative 

studies examining the relationship between the physical home environment and preadolescent 

children’s sedentary behaviours and physical activity. Combinations of key words were entered 

in three levels: children; activity; and home environment (Figure 3.1). The search was limited to 

English language peer reviewed journal articles published between 2005 and 2011. 
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Figure 3.1 Literature search flow chart  

 

3.3.2 Inclusion and exclusion criteria 

Inclusion criteria were: (1) sample of healthy children with mean age of between eight and 14 

years (at baseline); and (2) outcome variable of sedentary behaviour or physical activity, including 

overall time spent sedentary or in physical activity, or time spent in specific behaviours that 

potentially occur within the home, such as television watching, video game play, active play and 

leisure time physical activity. While preadolescence has most commonly been defined as nine to 

Additional Articles 

Article references lists: 2 

Reviews: 4 

Other sources: 1 

 

3476 Articles screened by title for relevance 

Excluded: 2806 

670 Articles screened by abstract for relevance 

Excluded: 498 

172 Full articles screened 

Excluded: 130 

 

TOTAL in Review: 49 

Cross-sectional: 33 

Longitudinal: 5 

Intervention: 11 

 

Search Terms 

Keywords (truncated): Adolescent OR child OR youth OR young people OR teen OR boys OR 
girls (Level 1); AND Energy expenditure OR sedentary OR physical activity OR inactivity OR 
active play OR outdoor play OR television OR sitting OR video game OR electronic game OR 
computer (Level 2); AND Home OR house OR indoor OR outdoor OR physical environment OR 
built environment OR social environment (Level 3). 

Limits: English Language; Peer Reviewed; 2005 to 2011 

 

Electronic Database Search Results 

Web of Science – 2014 articles; Medline – 2182 articles; SportDiscus – 439 articles; PsychINFO – 723 
articles. 

Result: 5358 Articles 

Remove duplicates: 1844 

Result: 3514 Articles 

Remove articles not in peer reviewed journal: 38 

Result: 3476 Articles 
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13 years (Thornburg, 1983), some studies have also included those aged eight and 14 years within 

this group (Aeffect Inc, 2000). Therefore, this age range was chosen to ensure all appropriate 

studies were included. Where studies included multiple age groups only the results from groups 

with a mean age of eight to 14 years were included in the review. Studies with outcomes of 

vigorous physical activity only, school based physical activity, active transport and structured 

sport were excluded. Observational studies were required to: (1) include at least one home 

physical environmental factor as an independent variable, for example home equipment or yard 

size; and (2) examine an association between the independent and outcome variable. Studies that 

included only neighbourhood level built environmental variables or home social environmental 

variables were excluded. Studies with combined independent measures, such as home and 

neighbourhood facilities, were also excluded. Experimental studies were included if they: (1) 

contained at least one strategy that changed the home physical environment, such as adding or 

removing equipment; and (2) reported changes from baseline in the outcome variable. 

3.3.3 Selection process 

Articles were screened in three phases. One reviewer read the title, then abstract and finally the 

full text, eliminating articles that did not meet the inclusion criteria at each screening phase. 

Twenty per cent of articles remaining at abstract level were independently screened by a second 

reviewer to confirm eligibility. Where ambiguity remained, a conclusion was reached by 

discussion between reviewers. Reference lists from selected articles and relevant review papers 

were searched for additional articles meeting inclusion criteria. 

3.3.4 Quality assessment 

To identify the best available evidence and provide a guide to quality, each paper was assessed 

according to National Institute for Health and Clinical Excellence (NICE) quality appraisal 

checklists (National Institute for Health and Clinical Excellence, 2009). Each article received an 

overall score for internal and external validity, with ‘-’ representing the lowest validity (few 

criteria fulfilled); ‘+’ representing moderate validity (some criteria fulfilled); and ‘++’ 

representing the highest validity (all or most criteria fulfilled). 

3.3.5 Data analysis 

Evidence tables summarising the study population, independent and outcome variables, analysis, 

results, quality assessment and intervention (where applicable), were constructed separately for 

observational and intervention studies according to NICE methods (National Institute for Health 

and Clinical Excellence, 2009). To summarise observational studies, all home physical 

environmental variables were categorised into: house and yard, physical activity equipment, 

media equipment, and bedroom media equipment. Home social environmental variables were 
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categorised into: family rules, family social support (encouragement and co-

participation/viewing) and family behaviour (sedentary behaviour and physical activity). As 

papers included a wide variety of sedentary behaviour and physical activity outcome variables, 

studies were designated as having either a sedentary or physical activity outcome and results were 

analysed in these two groups. Studies investigating both outcomes were included in both groups. 

Positive (+), negative (−) and null (0) associations significant at p<0.05 from the highest level of 

multivariate analysis were extracted and are presented in Table 3.1, Table 3.2 and Table 3.3, 

unless noted. Where studies analysed data by gender these results are reported separately in the 

Tables. For studies including analysis of multiple groups based on other criteria (e.g. age or 

country groups), time specific outcomes (e.g. weekend vs weekday screen time) or reporting 

methods (e.g. parent and self-report), at least half of the analyses must have shown an association 

in the reported direction. Results of studies were synthesised by totalling the number of studies 

reporting an association in a given direction. These totals are reported in the written results to 

provide overall trends for each of the key home environmental variables. 

3.4 Results 

Thirty-eight observational studies and 11 experimental studies were included in the final review 

(Figure 3.1). Most studies were conducted in high income countries including the USA (Erwin, 

Woods, Woods, & Castelli, 2007; French, Gerlach, Mitchell, Hannan, & Welsh, 2011; Kerr, 

Norman, Sallis, & Patrick, 2008; Madsen, Yen, Wlasiuk, Newman, & Lustig, 2007; Norman, 

Schmid, Sallis, Calfas, & Patrick, 2005; Owens, Garner, Loftin, van Blerk, & Ermin, 2011; 

Ramirez et al., 2011; Robinson & Borzekowski, 2006; Roemmich, Epstein, Raja, & Yin, 2007; 

Rosenberg et al., 2010; Sirard et al., 2010; Springer et al., 2010; Todd et al., 2008; D. K. Wilson, 

Lawman, Segal, & Chappell, 2011; Zabinski, Norman, Sallis, Calfas, & Patrick, 2007), Australia 

(Crawford et al., 2010; Granich et al., 2011; Hardy et al., 2006; Hesketh, Ball, Crawford, 

Campbell, & Salmon, 2007; Hume, Salmon, & Ball, 2005; Salmon et al., 2005; Spinks, 

Macpherson, Bain, & McClure, 2006; van Zutphen, Bell, Kremer, & Swinburn, 2007; Veitch et 

al., 2010), UK (Graves, Ridgers, Atkinson, & Stratton, 2010; McMinn et al., 2011; Page, Cooper, 

Griew, & Jago, 2010; Ridgers, Graves, Foweather, & Stratton, 2010), New Zealand (Maddison et 

al., 2011; Maddison et al., 2009; Ni Mhurchu et al., 2008; Ni Mhurchu et al., 2009) and The 

Netherlands (Aarts et al., 2010; Chinapaw, Jacobs, Vaessen, Titze, & van Mechelen, 2008; Hume, 

Van der Horst, Brug, Salmon, & Oenema, 2010; Te Velde et al., 2011). Other countries 

contributing studies included China (Cui, Hardy, Dibley, & Bauman, 2011; Li, Dibley, Sibbritt, 

& Yan, 2006), Spain (Devis-Devis, Peiro -Velert, Beltran-Carrillo, & Manuel Tomas, 2009; 

Hoyos Cillero & Jago, 2011), Canada (Goldfield et al., 2006; Willoughby, 2008), Italy (Patriarca, 

Di Giuseppe, Albano, Marinelli, & Angelillo, 2009), Belgium (Haerens et al., 2009), Vietnam 

(Trang, Hong, Dibley, & Sibbritt, 2009), Hong Kong (Wong et al., 2010) and France (Delmas et 
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al., 2007). Two studies included multiple European countries (Jago et al., 2008; van Sluijs, Page, 

Ommundsen, & Griffin, 2010). 

3.4.1 Observational studies 

Thirty-eight observational studies were identified including 33 cross-sectional and 5 longitudinal 

studies. Due to the low number of longitudinal studies, observational studies were analysed as 

one group. However, where applicable, the results of longitudinal studies are also reported 

separately to differentiate this stronger class of evidence. Nine studies scored the highest internal 

validity (Crawford et al., 2010; Delmas et al., 2007; McMinn et al., 2011; Salmon et al., 2005; Te 

Velde et al., 2011; Trang et al., 2009; van Sluijs et al., 2010; D. K. Wilson et al., 2011; Wong et 

al., 2010) and 12 scored the highest external validity (Crawford et al., 2010; Hardy et al., 2006; 

Jago et al., 2008; Li et al., 2006; McMinn et al., 2011; Patriarca et al., 2009; Salmon et al., 2005; 

Te Velde et al., 2011; Trang et al., 2009; van Sluijs et al., 2010; D. K. Wilson et al., 2011; Wong 

et al., 2010). 

Studies investigated a variety of outcomes with 17 measuring sedentary outcomes (Table 3.1), 15 

measuring physical activity outcomes (Table 3.2), and six measuring both (Table 3.3). In studies 

with sedentary outcomes, the most common was TV time (15 studies), followed by sedentary 

time (6 studies), electronic game use (5 studies), screen time (4 studies), computer/internet use (3 

studies), mobile phone use (1 study) and reading (1 study). Two studies used accelerometers only 

(Hume et al., 2005; van Sluijs et al., 2010) and one study used accelerometers with self-report to 

capture sedentary outcomes (Sirard et al., 2010). The remainder of studies used either self-report 

(13 studies (Delmas et al., 2007; Devis-Devis et al., 2009; Granich et al., 2011; Hardy et al., 2006; 

Hoyos Cillero & Jago, 2011; Hume et al., 2010; Jago et al., 2008; Norman et al., 2005; Patriarca 

et al., 2009; Springer et al., 2010; Te Velde et al., 2011; Willoughby, 2008; Zabinski et al., 2007)), 

parent report (3 studies (Hesketh, Ball, et al., 2007; Salmon et al., 2005; van Zutphen et al., 2007))    

or both (4 studies (Cui et al., 2011; Ramirez et al., 2011; Roemmich et al., 2007; Rosenberg et al., 

2010) ).
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Table 3.1 Summary of observational studies with sedentary behaviour outcomes only 

Author (Year); 
Country 

Sample 
Characteristics 
(Number, Age, 

% Male) 
Outcome 
Variables 

Home Physical and Social Environment Independent Variables 

Adjustments 
Internal 
Validity 

External 
Validity 

House 
& Yard 

PA 
Equip. 

Media 
Equip. 

BR 
Media 
Equip. 

Family 
Rules 

Family 
Support 

Family 
Behaviour 

Cross-Sectional Studies 
  

Cui (2011); China 
(Cui et al., 2011) 

n=986; 6–18 yrs; 
53% 

Screen 
time 
(SR,PR) 

  
+ + 0 + 

 
age, income, sex, 
residence, clustering 

+ + 

Devis-Devis 
(2009); Spain E 
(Devis-Devis et 
al., 2009) 

n=323; 12–16 
yrs; 46% 

TV time; 
  

0 
    

not noted + + 

e- games 
time; 

  +     

mobile ph 
time (SR) 
(V,R) 

  +     

Granich (2011); 
Aust. (Granich et 
al., 2011) 

n=298; 11–12 
yrs; 49% 

Screen 
time (SR) 
(R) 

  
0 + +/- + 0 not included (NS) 

except for SES (school 
day), gender (weekend 
day); analysed by 
school/weekend day 

+ + 

Hardy (2006); 
Aust. (Hardy et 
al., 2006) 

n=343; 12–13 
yrs; 50% 

TV time 
(SR) (R) 

  
+ 0 0 + + not included (NS) + ++ 

Hesketh (2007); 
Aust. A B D 
(Hesketh, Ball, et 
al., 2007) 

n=895; grade 5 
& 6; 46% 

TV Time 
(PR) (R) 

  
+ + - + 

 
school clustering + + 

Hoyos Cillero 
(2011); Spain 
(Hoyos Cillero & 
Jago, 2011) 

n=503; 10–13 
yrs; ~50% 

TV time; 
  

+F,0M 0F,0M 0F,-M 
 

0F,+M child & parent BMI, 
parent ed.; school 
clustering; stratified by 

+ + 

Screen 
time (SR) 
(R) 

  
0F,0M 0F,0M 0F,0M 

 
0F,+M 
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Author (Year); 
Country 

Sample 
Characteristics 
(Number, Age, 

% Male) 
Outcome 
Variables 

Home Physical and Social Environment Independent Variables 

Adjustments 
Internal 
Validity 

External 
Validity 

House 
& Yard 

PA 
Equip. 

Media 
Equip. 

BR 
Media 
Equip. 

Family 
Rules 

Family 
Support 

Family 
Behaviour 

age, gender; analysed 
by week/weekend day 

Hume (2010); 
Netherlands 
(Hume et al., 
2010) 

n=338; 12–15 
yrs; 55% 

TV time 
(SR) 

 
0 

 
0 0 

 
+ school clustering + + 

Jago (2008); 
Europe (Jago et 
al., 2008) 

n=2670; grade 3 
& 9; 49% 

TV time; 
  

0 0 
   

grade, gender, father 
& mother income, 
obesity; school 
clustering, country 
(overall); stratified by 
country 

+ ++ 

e-game 
time (SR) 

  
0 0 

   

Norman (2005); 
USA (Norman et 
al., 2005) 

n=878; 11–15 
yrs; 46% 

Sedentary 
time (SR) 
(R) 

 
0F,0M 

  
-F,0M +F,0M 

 
age, ethnicity, BMI, 
education; stratified by 
gender 

+ + 

Patriarca (2009); 
Italy (Patriarca et 
al., 2009) 

n=987; 11–16 
yrs; 50% 

TV Time; 
  

0 0 0 
  

age, gender, no. of 
siblings, both parents 
in household, parent 
working activity, sport 
activity 

+ ++ 

Computer 
time; 

  
+ + 0 

  

e- game 
time (SR) 

  
0 0 - 

  

Ramirez (2011); 
USA (Ramirez et 
al., 2011) 

n=160; mean 
14.6 yrs; 48% 

TV time; 
   

+ - 
  

not noted; analysed by 
SR/PR 

+ + 

e- game 
time; 

   
+ - 

  

Computer 
time 
(SR,PR) 
(R) 

   
0 - 
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Author (Year); 
Country 

Sample 
Characteristics 
(Number, Age, 

% Male) 
Outcome 
Variables 

Home Physical and Social Environment Independent Variables 

Adjustments 
Internal 
Validity 

External 
Validity 

House 
& Yard 

PA 
Equip. 

Media 
Equip. 

BR 
Media 
Equip. 

Family 
Rules 

Family 
Support 

Family 
Behaviour 

Springer (2010); 
USA (Springer et 
al., 2010) 

n=734; grade 4; 
50% 

TV time 
(SR) 

   
0 - 

 
+ gender, ethnicity, age, 

language, data 
collection period, 
school clustering; 
analysed by 
week/weekend day 

+ + 

van Sluijs (2010); 
Europe (van Sluijs 
et al., 2010) 

n=2107; 9–10 & 
14–15 yrs; 46 & 
56% 

Sedentary 
time (Acc) 
(V) 

  
0 0 

  
0 grade, sex; stratified 

by country 
++ ++ 

van Zutphen 
(2007); Aust. (van 
Zutphen et al., 
2007) 

n=1926; 4–12 
yrs; 49% 

TV time 
(PR) 

  
+ + - 

  
parent ed., income, 
SES, no. of adults & 
children 

+ + 

Zabinski (2007); 
USAC (Zabinski et 
al., 2007) 

n=878; 11–15 
yrs; 48% 

Sedentary 
time (SR) 

 
- 

  
- 0 

 
not noted + + 

Longitudinal Studies 

Te Velde (2011); 
Netherlands B  (Te 
Velde et al., 2011) 

n=12654; 11–17 
yrs; 54% 

TV time 
(SR) (R) 

   
+ - 

 
+ age, sex, school level 

(SES), ethnicity 
++ ++ 

Willoughby 
(2008); Canada 
(Willoughby, 
2008) 

n=1591; grade 9 
& 10; 51% 

e-game 
use; 

  
0 

    
parent ed., baseline 
value of outcome, 
gender 

+ + 

Internet use 
(SR) 

  
0 

    

Longitudinal studies include age at baseline; E-games include electronic & computer games; Computer includes computer and internet use; All analysis at highest multivariate level unless otherwise noted; 
Significance at p<0.05 unless otherwise noted; M (male) & F (female) entered separately where stratified as such; For studies with multiple groups or time specific outcomes at least half of analysis must 
show an association in the given direction (‘+’ or ‘-‘) with an independent variable; Adjustments listed as stated in paper; SR self-report, PR parent report, Acc accelerometer, V validity reported, R reliability 
reported, NS potential confounders not included in final analysis as found to be non-significant, SES socioeconomic status, BMI body mass index, A bivariate analysis, B mediation analysis, C cluster 
analysis, D significance p<0.1; E SEM analysis. 
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Table 3.2 Summary of observational studies with physical activity outcomes only 

Author (Year); 
Country 

Sample 
Characteristics 

(Number, Age, % 
Male) 

Outcome 
Variables 

Home Physical and Social Environment Independent Variables 

Adjustments 
Internal 
Validity 

External 
Validity 

House 
& Yard 

PA 
Equip. 

Media 
Equip. 

BR 
Media 
Equip. 

Family 
Rules 

Family 
Support 

Family 
Behaviour 

Cross-Sectional Studies 

Aarts (2010); 
Netherlands 
(Aarts et al., 
2010) 

n=4297; 7–9 yrs, 
10–12 yrs; M/F 

Outdoor 
Play (PR) 

+F,+M 
 

0F,0M +F,+M 0F,0M 
  

parent ed., school 
clustering; stratified by 
age, gender 

+ + 

Erwin (2007); 
USAA B D 
(Erwin et al., 
2007) 

n=47; 6–13 yrs; 
70% 

PA level 
(SR) 

 
0 0 

    
none - - 

Haerens 
(2009); 
Belguim 
(Haerens et 
al., 2009) 

n=62; grade 7 & 8; 
19% 

MVPA 
time (Acc) 
(V,R) 

 
0 0 

  
0 

 
age, SES, gender + + 

Kerr (2008); 
USA (Kerr, 
Norman, et al., 
2008) 

n=839; 11–15 yrs; 
42% 

MVPA 
level (SR) 
(V) 

 
+F,0M 

    
0F,0M age, ethnicity, parent 

ed., parent PA; 
stratified by gender 

+ - 

Li (2006); 
China (Li et al., 
2006) 

n=1787; 11–17 
yrs; 50% 

Inactivity 
(SR) 

0F,0M 
 

0F,0M 
 

0F,0M 0F,-M 
 

clustering; stratified by 
gender 

+ ++ 

Maddison 
(2009); NZC 
(Maddison et 
al., 2009) 

n=110; 12–17 yrs; 
57% 

MVPA 
time (Acc); 

 
0 

     
not noted + - 

MVPA 
time (SR) 
(V) 

 
+ 
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Author (Year); 
Country 

Sample 
Characteristics 

(Number, Age, % 
Male) 

Outcome 
Variables 

Home Physical and Social Environment Independent Variables 

Adjustments 
Internal 
Validity 

External 
Validity 

House 
& Yard 

PA 
Equip. 

Media 
Equip. 

BR 
Media 
Equip. 

Family 
Rules 

Family 
Support 

Family 
Behaviour 

McMinn 
(2011); 
England 
(McMinn et al., 
2011) 

n=2071; 9–10 yrs; 
48% 

PA counts 
(Acc) 

0 
 

0 
  

+ 
 

sex, age quartiles, mth 
of measurement, 
ethnicity, school 
clustering 

++ ++ 

Page (2010); 
UK (Page et 
al., 2010) 

n=1300; 10–11 
yrs; 50% 

Outdoor 
play (SR) 

0F,0M 
      

daylight, pubertal 
stage, neighbourhood 
deprivation, BMI; 
stratified by gender 

+ + 

Ridgers 
(2010); UK 
(Ridgers et al., 
2010) 

n=110; 9–10 yrs; 
41% 

MVPA 
time (Acc) 
(V,R) 

 
0 - 

    
school clustering; 
analysed by week/ 
weekend day time 

+ + 

Spinks (2006); 
Aust. (Spinks 
et al., 2006) 

n=518; 5–12 yrs; 
54% 

Inactivity 
(PR) 

 
0 

     
school clustering, age, 
gender, maternal ed., 
school transport, family 
size, organised activity, 
TV/ computer use 

+ + 

Trang (2009); 
Vietnam 
(Trang et al., 
2009) 

n=2660; 11–16 
yrs; 50% 

Inactivity 
(SR) (V) 

0F,-M 
 

0F,0M 
 

0F,0M 0F,0M 
 

clustering; sample 
weighted; stratified by 
gender 

++ ++ 

Veitch (2010); 
Aust. (Veitch et 
al., 2010) 

n=187; 8–9 yrs; 
53% 

Outdoor 
play (PR) 
(R) 

0 
    

0 
 

not noted; analysed by 
week/ weekend day 

+ + 

Wong (2010); 
Hong Kong 
(Wong et al., 
2010) 

n=29,139; mean 
14.5/6 yrs; 44% 

MVPA 
time (SR) 
(V,R) 

  
+/-F,-M 

    
school clustering, age, 
family affluence, parent 
ed.; stratified by sex 

++ ++ 
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Author (Year); 
Country 

Sample 
Characteristics 

(Number, Age, % 
Male) 

Outcome 
Variables 

Home Physical and Social Environment Independent Variables 

Adjustments 
Internal 
Validity 

External 
Validity 

House 
& Yard 

PA 
Equip. 

Media 
Equip. 

BR 
Media 
Equip. 

Family 
Rules 

Family 
Support 

Family 
Behaviour 

Longitudinal Studies 

Crawford 
(2010); Aust. 
(Crawford et 
al., 2010) 

n=301; 10–12 yrs; 
46% 

MVPA 
time (Acc) 
(V) 

 
0F,0M 0F,0M 0F,0M +F,0M +F,0M 0F,+M School clustering, 

baseline age, average 
zBMI; analysed by sex 

++ ++ 

Wilson (2011); 
USA (D. K. 
Wilson et al., 
2011) 

n=198; grade 6; 
47.5% 

MVPA 
time (Acc) 

 
0 

  
0 + 

 
baseline MVPA & BMI, 
free lunch, ethnicity, 
parent ed., intervention, 
gender, school 
clustering 

++ ++ 

Longitudinal studies include age at baseline; MVPA moderate to vigorous physical activity; Inactivity defined as insufficient MVPA, All analysis at highest multivariate level unless 
otherwise noted; Significance at p<0.05 unless otherwise noted; M (male) & F (female) entered separately where stratified as such; For studies with multiple groups or time specific 
outcomes at least half of analysis must show an association in the given direction (‘+’ or ‘-‘) with an independent variable; Adjustments listed as stated in paper; SR self-report, PR 
parent report, Acc accelerometer, V validity reported, R reliability reported, SES socioeconomic status, BMI body mass index, A bivariate analysis, B significance p<0.01; C SEM 
analysis; D independent measure home environment summary including both physical activity and media equipment.
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Table 3.3 Summary of observational studies with sedentary behaviour and physical activity outcomes 

Author 
(Year), 

Country 

Sample 
Characteristics 

(Number, Age, % 
Male) 

Outcome 
Variables 

Home Physical and Social Environment Independent Variables 

Adjustments 
Internal 
Validity 

External 
Validity 

House 
& Yard 

PA 
Equip 

Media 
Equip 

BR 
Media 
Equip 

Family 
Rules 

Family 
Support 

Family 
Behaviour 

Cross-Sectional Studies 

Hume (2005); 
Aust. A B 
(Hume et al., 
2005) 

n=127; 10 yrs, 
52% 

Sedentary 
time; 

 
0F,0M 0F,0M 0F,0M 

   
Not included (NS); 
stratified by sex 

+ + 

LPA;  0F,0M 0F,0M 0F,0M    

MPA (Acc) 
(V, R) 

 0F,0M 0F,0M 0F,+M    

Roemmich 
(2007); USA 
(Roemmich et 
al., 2007) 

n=88; 8–12 yrs; 
50% 

TV time 
(SR & PR); 

  
+ 

    
age, SES, % overweight, 
Acc wear time (PA), 
gender 

+ + 

PA counts;   0     

MVPA time 
(Acc) (V) 

  0     

Rosenberg 
(2010); USA 
(Rosenberg et 
al., 2010) 

n=189; 12–18 yrs; 
49% n=116; 5–11 
yrs; 48% 

TV time; 
 

- + + 
   

age, gender, 
race/ethnicity, household 
income, no. of children; 
stratified by age; 
analysed by PR/SR 

+ + 

Sedentary 
time (SR & 
PR); 

 0 + +    

MVPA time 
(SR & PR) 
(V) 

 + 0 0    

Salmon 
(2005); Aust. 
(Salmon et al., 
2005) 

n=878; 10–12 yrs; 
M/F 

TV Time 
(PR) (V,R); 

  
0F,0M 0F,0M -F,-M 0F,+M +F,+M maternal ed., school 

clustering, weight (girls 
TV model); stratified by 
gender 

++ ++ 

PA counts 
(low) (Acc) 
(V) 

  0F,+/-
M 

0F,0M -F,+M +F,0M +F+M 
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Author 
(Year), 

Country 

Sample 
Characteristics 

(Number, Age, % 
Male) 

Outcome 
Variables 

Home Physical and Social Environment Independent Variables 

Adjustments 
Internal 
Validity 

External 
Validity 

House 
& Yard 

PA 
Equip 

Media 
Equip 

BR 
Media 
Equip 

Family 
Rules 

Family 
Support 

Family 
Behaviour 

Sirard (2010); 
USA C (Sirard 
et al., 2010) 

n=575; 10–17 yrs; 
49% 

Sedentary 
time (Acc) 
(V,R); 

 
- + 0 

   
gender, age, ethnicity, 
parent ed., pubertal 
status, people in home, 
parent BMI, mth of data 
collection, free lunch, 
study cohort, school 
clustering; stratified by 
gender (screen time) 

+ + 

Screen 
time (SR); 

 -F,0M +F,0M 0F,0M    

MVPA time 
(Acc) (V) 

 + 0 0    

Longitudinal Studies 

Delmas 
(2007); 
France 
(Delmas et al., 
2007) 

n=379, 12 yrs; 
51% 

TV time; 
   

0F,+M 
   

school clustering, sexual 
maturity, SES; stratified 
by gender 

++ + 

Reading 
(SR) (V,R); 

   -F, -M    

Free & 
Club PA 
(SR) (V) 

   0F,0M    

Longitudinal studies include age at baseline; PA physical activity, LPA light physical activity, MPA moderate physical activity, MVPA moderate to vigorous physical activity; All analysis 
at highest multivariate level unless otherwise noted; Significance at p<0.05 unless otherwise noted; M (male) & F (female) entered separately where stratified as such; For studies with 
multiple groups or time specific outcomes at least half of analysis must show an association in the given direction (‘+’ or ‘-‘) with an independent variable; Adjustments listed as stated 
in paper; SR self-report, PR parent report, Acc accelerometer, V validity reported, R reliability reported, NS potential confounders not included in final analysis as found to be non-
significant, SES socioeconomic status, BMI body mass index, A bivariate analysis; B independent measures taken from map drawn by sample; C PA equipment measure also includes 
physical activity to media equipment ratio. 
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Physical activity outcomes included MVPA (11 studies), outdoor/free play (4 studies), average 

activity level (3 studies), inactivity (3 studies), moderate physical activity (1 study) and light 

physical activity (1 study). Ten studies used accelerometers (Crawford et al., 2010; Haerens et 

al., 2009; Hume et al., 2005; Maddison et al., 2009; McMinn et al., 2011; Ridgers et al., 2010; 

Roemmich et al., 2007; Salmon et al., 2005; Sirard et al., 2010; D. K. Wilson et al., 2011), nine 

used self-report (Delmas et al., 2007; Erwin et al., 2007; Kerr, Norman, et al., 2008; Li et al., 

2006; Maddison et al., 2009; Page et al., 2010; Rosenberg et al., 2010; Trang et al., 2009; Wong 

et al., 2010) and four used parental report (Aarts et al., 2010; Rosenberg et al., 2010; Spinks et 

al., 2006; Veitch et al., 2010). Two incorporated more than one data collection method (Maddison 

et al., 2009; Rosenberg et al., 2010). 

3.4.1.1 The home physical environment 

Measures of the home physical environment included media equipment in the home (25 studies), 

media equipment in the child’s bedroom (20 studies), physical activity equipment (14 studies) 

and the parameters of the house and yard (6 studies). Two studies employed a home environment 

summary including both physical activity and media equipment (Erwin et al., 2007; Sirard et al., 

2010). Home physical environmental measures were collected via self-report in 19 studies 

(Delmas et al., 2007; Devis-Devis et al., 2009; Erwin et al., 2007; Granich et al., 2011; Haerens 

et al., 2009; Hardy et al., 2006; Hume et al., 2005; Hume et al., 2010; Jago et al., 2008; Maddison 

et al., 2009; McMinn et al., 2011; Page et al., 2010; Patriarca et al., 2009; Ridgers et al., 2010; 

Springer et al., 2010; Te Velde et al., 2011; van Sluijs et al., 2010; Willoughby, 2008; Wong et 

al., 2010), parental report in 14 studies (Aarts et al., 2010; Crawford et al., 2010; Hesketh, Ball, 

et al., 2007; Kerr, Norman, et al., 2008; Li et al., 2006; Norman et al., 2005; Salmon et al., 2005; 

Sirard et al., 2010; Spinks et al., 2006; Trang et al., 2009; van Zutphen et al., 2007; Veitch et al., 

2010; D. K. Wilson et al., 2011; Zabinski et al., 2007) and five studies included both (Cui et al., 

2011; Hoyos Cillero & Jago, 2011; Ramirez et al., 2011; Roemmich et al., 2007; Rosenberg et 

al., 2010). One study used an inventory implemented by parents (Sirard et al., 2010) and no studies 

used objective measures of the home physical environment. Five studies reported the validity and 

reliability of the home physical environmental measure, ten reported reliability only and two 

reported validity only. 

Media equipment within the home was positively associated with children’s sedentary behaviours 

in 10 of 16 studies (Cui et al., 2011; Devis-Devis et al., 2009; Hardy et al., 2006; Hesketh, Ball, 

et al., 2007; Hoyos Cillero & Jago, 2011; Patriarca et al., 2009; Roemmich et al., 2007; Rosenberg 

et al., 2010; Sirard et al., 2010; van Zutphen et al., 2007). The one longitudinal study that 

investigated this relationship found no association between computers in the home and e-game or 

internet use (Willoughby, 2008). For bedroom media equipment, nine of 18 studies found a 

positive association with sedentary behaviours (Cui et al., 2011; Delmas et al., 2007; Granich et 
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al., 2011; Hesketh, Ball, et al., 2007; Patriarca et al., 2009; Ramirez et al., 2011; Rosenberg et al., 

2010; Te Velde et al., 2011; van Zutphen et al., 2007), including both longitudinal studies that 

investigated TV time (Delmas et al., 2007; Te Velde et al., 2011). One of these longitudinal 

studies also found an inverse relationship between a bedroom TV and reading (Delmas et al., 

2007). There were limited and inconsistent associations between media equipment in the home 

and physical activity outcomes. Three of 14 studies found negative associations and two of these 

also found positive associations for different equipment measures (Ridgers et al., 2010; Salmon 

et al., 2005; Wong et al., 2010). Two of seven studies of bedroom media equipment found a 

positive association with physical activity (Aarts et al., 2010; Hume et al., 2005). The two 

longitudinal studies in this group showed no association between media equipment and physical 

activity (Crawford et al., 2010; Delmas et al., 2007). 

Physical activity equipment was positively associated with physical activity outcomes in four of 

eleven studies (Kerr, Norman, et al., 2008; Maddison et al., 2009; Rosenberg et al., 2010; Sirard 

et al., 2010), with no association found in the two longitudinal studies (Crawford et al., 2010; D. 

K. Wilson et al., 2011). On the other hand, physical activity equipment was inversely associated 

with sedentary behaviours in three of six studies (Rosenberg et al., 2010; Sirard et al., 2010; 

Zabinski et al., 2007), although no longitudinal studies investigated this relationship. The least 

investigated category of the home physical environment was the house and yard. Two of six cross-

sectional studies found that yard space was positively associated with a physical activity measure 

(Aarts et al., 2010; Trang et al., 2009) and one of these studies also found living in an apartment 

was negatively associated (Aarts et al., 2010). No studies investigating sedentary behaviours 

included a measure of size, space or design of the house and yard. 

3.4.1.2 Relationships between home physical and social 
environmental factors 

The majority of observational studies investigating the home physical environment also 

investigated home social environmental variables. Measures included family rules (19 studies), 

family social support (14 studies) and family behaviours (10 studies). Significant relationships 

between the home social environment and sedentary behaviours, and to a lesser extent physical 

activity, were evident after adjusting for home physical environmental factors. Some form of 

family social support was positively associated with sedentary behaviours in six of seven cross-

sectional studies (Cui et al., 2011; Granich et al., 2011; Hardy et al., 2006; Hesketh, Ball, et al., 

2007; Norman et al., 2005; Salmon et al., 2005). For physical activity outcomes five of eight 

studies showed an association in the expected direction. Social support for physical activity was 

positively associated with physical activity in four studies, including two longitudinal studies 

(Crawford et al., 2010; Li et al., 2006; McMinn et al., 2011; D. K. Wilson et al., 2011), and playing 

e-games with parents was positively associated with low activity in one study (Salmon et al., 
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2005). Four of these studies scored the highest internal and external validity (Crawford et al., 

2010; McMinn et al., 2011; Salmon et al., 2005; D. K. Wilson et al., 2011). Six of eight studies 

on electronic media use, with a family behaviour measure, found parental electronic media use 

positively associated with children’s use (Hardy et al., 2006; Hoyos Cillero & Jago, 2011; Hume 

et al., 2010; Salmon et al., 2005; Springer et al., 2010; Te Velde et al., 2011). This included all 

studies investigating TV time. Of the three studies measuring parental behaviour and physical 

activity outcomes, one cross-sectional study found parent e-game use positively associated with 

low activity (Salmon et al., 2005), and one longitudinal study found parent physical activity 

participation positively associated with MVPA (Crawford et al., 2010). Both studies scored the 

highest internal and external validity. Of the six studies investigating rules and physical activity, 

these same two studies found an association. The longitudinal study found a positive relationship 

between rules restricting physical activity and MVPA in girls (Crawford et al., 2010), and the 

cross-sectional study found mixed results with supervision of TV positively associated with low 

activity in boys and negatively associated in girls (Salmon et al., 2005). Electronic media rules 

were negatively associated with sedentary behaviours in 11 of 14 studies, including the one 

relevant longitudinal study (Granich et al., 2011; Hesketh, Ball, et al., 2007; Hoyos Cillero & 

Jago, 2011; Norman et al., 2005; Patriarca et al., 2009; Ramirez et al., 2011; Salmon et al., 2005; 

Springer et al., 2010; Te Velde et al., 2011; van Zutphen et al., 2007; Zabinski et al., 2007). 

In the 15 studies with sedentary outcomes that measured both physical and social environmental 

variables, 10 found associations with physical and social environmental measures (Cui et al., 

2011; Granich et al., 2011; Hardy et al., 2006; Hesketh, Ball, et al., 2007; Hoyos Cillero & Jago, 

2011; Patriarca et al., 2009; Ramirez et al., 2011; Te Velde et al., 2011; van Zutphen et al., 2007; 

Zabinski et al., 2007). Of these, only one study investigated an interaction between the home 

physical and social environmental factors reviewed, and results showed an inverse association 

between parental rules and TV viewing only when there was a TV in the bedroom (Springer et 

al., 2010). In the 10 studies with physical activity outcomes that investigated the home physical 

and social environment, one study found associations with both (Salmon et al., 2005). No other 

moderating or mediating relationships between the reviewed physical and social environmental 

factors were explored. 

3.4.2 Experimental studies 

Experimental studies used one of two strategies to change the home physical environment: either 

introducing a television limiting device or an active video game (AVG). 

3.4.2.1 Television limiting device studies 

Five randomised control trials (RCT), ranging in duration from six weeks to 12 months, 

introduced a television limiting device Table 3.4. Four studies scored the highest internal validity 
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(French et al., 2011; Goldfield et al., 2006; Robinson & Borzekowski, 2006; Todd et al., 2008), 

while no studies scored the highest external validity. All studies measured screen based sedentary 

outcomes (French et al., 2011; Goldfield et al., 2006; Ni Mhurchu et al., 2009; Robinson & 

Borzekowski, 2006; Todd et al., 2008), and four also measured physical activity and body 

composition outcomes (French et al., 2011; Goldfield et al., 2006; Robinson & Borzekowski, 

2006; Todd et al., 2008). Three studies of the highest internal validity found a significant decrease 

in TV viewing in the intervention group (47, 73 and 116 minutes per day) (Goldfield et al., 2006; 

Robinson & Borzekowski, 2006; Todd et al., 2008). Two of these also showed improvement in 

body mass index (BMI) (Ni Mhurchu et al., 2009; Todd et al., 2008). The one study that rewarded 

children for physical activity with TV viewing tokens also increased physical activity by 65% (Ni 

Mhurchu et al., 2009). Of the two studies that did not significantly change children’s sedentary 

behaviours, one found a significant decrease in overall household TV watching (French et al., 

2011). 

3.4.2.2 Active video gaming studies 

Of the six experimental studies that introduced an AVG into the home, four were RCTs (Table 

3.5). Two RCTs scored the highest internal validity (Graves et al., 2010; Maddison et al., 2011), 

while no studies scored the highest external validity. Study durations ranged between 12 weeks 

and six months. Five of six studies collected outcome measures mid-intervention. Of the three 

RCTs that compared an intervention group to a play as usual control group: one found an increase 

in AVG play of 57 minutes per day at mid-intervention (Graves et al., 2010); one found an 

increase in AVG play of 10 minutes per day and improvement in BMI post-intervention 

(Maddison et al., 2011); and one found an average difference in sedentary video gaming of 52 

minutes per day, an increase in physical activity at mid-intervention and improvement in waist 

circumference post-intervention (Ni Mhurchu et al., 2008); Two studies found a significant 

decrease in AVG play between the first and second half of the intervention (Graves et al., 2010; 

Owens et al., 2011), with another two showing non-significant decreases (Chinapaw et al., 2008; 

Madsen et al., 2007). 
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Table 3.4 Summary of experimental studies including TV limiting devices 

Author 
(Year); 

Country 

Sample 
Characteristics 
(Number; Age; 

Sex; Other) 

Intervention 
Description (Design; 

Duration; 
Characteristics) Measures Summary of Key Findings Adjustments 

Internal 
Validity 

External 
Validity 

French (2011); 
USA (French 
et al., 2011) 

n=75 adolescents 
randomised, n=87 
HHs; 12–17 yrs; Sex 
not reported; HH TV ≥ 
10 hrs per person per 
wk. 

Cluster RCT; 12 mths; 
Intervention - TV limiting 
devices, guidelines about 
food availability, 6 x group 
sessions, behavioural 
strategies, phone calls, 12 
x home-based activities; 
Control - no intervention. 

SB - TV (SR); PA - 
MVPA (SR); Other - 
zBMI, dietary intake, 
eating behaviours, PA 
encouragement, PA 
with others in HH, TV 
is on. 

Significant decrease in reporting 
TV is on, and significant increase 
in consumption of fruit and veg in 
intervention compared to control. 
At HH level there was a 
significant decrease in TV 
watching, and a significant 
increase in PA encouragement, 
PA with others in HH compared 
to control. 

Gender, race, 
smoking, age, HH 
income, 
configuration, 
education; baseline 
values of 
outcomes; HH 
clustering. 

++ + 

Goldfield 
(2006); 
Canada 
(Goldfield et 
al., 2006) 

n=30; 8–12 yrs; 43% 
M; overweight or 
obese, TV/video 
games ≥15 hrs per 
wk, <30 mins MVPA 
per day. 

RCT; 8 wks; Intervention - 
wore PA monitor (open-
loop feedback) and 
rewarded for PA 
(reinforcement) with TV 
access via token controlled 
TV limiting device; Control - 
wore a PA monitor (open 
loop feedback only). 

SB - TV based, other 
(SR); PA - activity 
counts, MVPA, VPA 
(Acc); Other - height, 
weight, BMI, dietary 
intake. 

Significantly greater changes in 
total activity counts and MVPA, 
and reduction in TV based SB, 
fat intake, calories from snacks 
and snack intake in front of TV, 
and improvement in weight and 
BMI, compared to control. 
Reductions in weight, fat intake, 
calories from snacks, calories 
consumed in front of TV 
significantly correlated with 
reduction in TV based SB. 

Not noted. ++ - 

Ni Mhurchu 
(2009); New 
Zealand (Ni 
Mhurchu et al., 
2009) 

n=29; 9–12 yrs; 62% 
M; TV > 20 hrs per 
wk. 

RCT (Pilot); 6 wks; 
Intervention - electronic TV 
monitors, encouraged to 
restrict TV to 60 mins per 
day, ideas to reduce TV; 

SB - TV, total screen 
time (SR); PA - steps 
(pedometer); Other - 
BMI, energy intake 

No significant differences. 
Decrease in weekly TV of 254 
mins in intervention and 3 mins in 
control (NS). Total screen time 
decreased and steps increased 
slightly in both groups (NS). 

Baseline values of 
outcomes. 

+ + 
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Author 
(Year); 

Country 

Sample 
Characteristics 
(Number; Age; 

Sex; Other) 

Intervention 
Description (Design; 

Duration; 
Characteristics) Measures Summary of Key Findings Adjustments 

Internal 
Validity 

External 
Validity 

Control - ideas to reduce 
TV. 

from snacks; 
Interviews. 

Mixed views on family 
acceptability of TV time monitors. 

Robinson 
(2006); USA 
(Robinson & 
Borzekowski, 
2006) 

n=181; mean 8.9 yrs; 
54% M. 

Cluster RCT; 6 mths; 
Intervention – SMART 
school curriculum (18 
lessons with TV Turn Off 
Challenge and goal to 
reduce to 7 hrs per wk), TV 
allowance device, parent 
newsletters; Control - no 
intervention. 

SB - TV, video, video 
game play (SR); Other 
- family member TV 
viewing; Interviews. 

Significant reduction in weekday 
TV, and weekday and weekend 
video game play compared to 
control. Significant reduction in 
mother, father and sibling TV 
viewing compared to control. 
Age, supervision, and prior TV 
and video game use moderated 
intervention effects. 

Baseline values of 
outcomes. 

++ + 

Todd (2008); 
USA (Todd et 
al., 2008) 

n=21; 8–11 yrs; M 
only; TV > 3.5 hrs or 
EM > 5.8 hrs per day. 

RCT; 20 wks; Intervention - 
seminar including goal 
setting, newsletters, TV 
allowance device, software 
to limit computer use, 
phone calls, 
recommendation to reduce 
EM to 90 mins per day; 
Control - no intervention. 

SB – EM use (SR); PA 
- steps (pedometer); 
Other - height, weight, 
BMI, % body fat, 
snacks and meals 
consumed with EM, 
dietary intake, bone 
mineral density. 

Significant treatment by time 
interaction for EM use and % 
body fat. Intervention decreased 
EM use from 153mins per day to 
81 (10 wks) and 82 (20 wks) and 
control from 157 to 119 and 95 
(adjusted difference of 73 mins at 
20 weeks); Intervention 
decreased % body fat from 26.1 
to 24.6 (20 wks) and control 
increased from 27.7 to 28.0. 
Significant reduction in snacks 
and meals consumed with EM, 
compared to control. 

Organised activity, 
electronic media 
access. 

++ - 

M male, HH household, SB sedentary behaviour, PA physical activity, RCT randomised control trial, MVPA moderate to vigorous physical activity, NS non-significant; n= is number in 
analysis unless noted; BMI body mass index, EM electronic media, Acc accelerometer, SR self-reported; Measures column includes outcomes and variables used in further analysis 
(excluding adjustment variables); Significance at p<0.05 (outcomes not reported or listed in table as non-significant if p > 0.05); Adjustments listed as stated in paper. 
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Table 3.5 Summary of experimental studies including active video games 

Author 
(Year); 

Country 

Sample 
Characteristics 
(Number; Age; 

Sex; Other) 

Intervention Description 

(Design; Duration; 
Characteristics) Measures Summary of Key Findings Adjustments 

Internal 
Validity 

External 
Validity 

Chinapaw 
(2008); The 
Netherlands 
(Chinapaw et 
al., 2008) 

n=16; 9–12 yrs; 
14% M; low fitness. 

RCT (Pilot); 12 wks; 
Multiplayer intervention – 
Interactive Dance 
Simulation Video Game 
(IDSVG) for home use, 60 
min weekly group class; 
Home intervention - 
IDSVG for home use only. 

PA - ISDVG play (SR); Other 
- focus groups. 

Multiplayer group averaged 901 
mins ISDVG play and home group 
376 mins (NS); Median play 
decreased from 228 mins in first 6 
weeks to 0 min in second 6 weeks 
for home group, and increased 
from 475 min to 601 min in 
multiplayer group (NS). 
Significantly lower drop out in 
multiplayer group (15%) compared 
to home group (64%); Technical 
difficulties, need for computer and 
space, dull music and becoming 
bored were barriers. 

Not noted. + - 

Graves 
(2010); 
England 
(Graves et al., 
2010) 

n=42; 8–10 yrs; 
%M not reported. 

RCT; 12 wks; Intervention 
- video games linked to 
jOG device that required 
stepping; Control - video 
game play as usual. 

PA - Step powered video 
gaming, AVG play, total 
video gaming (SR), steps, 
CPM, Total PA (Acc); SB - 
sedentary video gaming, TV, 
productive behaviours, 
leisure behaviours (SR) 
Sedentary (Acc); Other - 
stature, body mass, BMI, 
maturity offset, subtotal body 
fat, trunk body fat. 

Significant increase in AVG play 
compared to control at 6 weeks; 
Step powered video gaming was 
significantly higher at week 6 than 
12 in intervention group. 

Gender; 
baseline values 
of outcomes; 
change in 
maturity offset 
(some). 

++ + 

Maddison 
(2011); New 
Zealand 

n=322; 10–14 yrs; 
73% M; 
overweight/ obese, 

RCT; 24 wks; Intervention 
- AVG supplied, 
encouraged to do 60 mins 

PA - AVG play (SR), MVPA 
(Acc); SB - sedentary video 
gaming (SR); Other - weight, 

Significant treatment effect on 
zBMI, BMI, % body fat, total body 

Age, sex, 
ethnicity; 

++ + 
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Author 
(Year); 

Country 

Sample 
Characteristics 
(Number; Age; 

Sex; Other) 

Intervention Description 

(Design; Duration; 
Characteristics) Measures Summary of Key Findings Adjustments 

Internal 
Validity 

External 
Validity 

(Maddison et 
al., 2011) 

video games ≥ 2 
hrs per wk. 

PA per day; Control - 
video game play as usual. 

BMI, zBMI, total body fat, % 
body fat, waist 
circumference, energy intake 
from snacks, fitness. 

fat, and increase in active video 
game time compared to control; 

baseline values 
of outcomes. 

Madsen 
(2007); USA 
(Madsen et 
al., 2007) 

n=30A; 9–18 yrs; 
40% M; obese. 

Pre/post design; 6 mths; 
Intervention - DDR game, 
instructed to use 30 min x 
5 days a wk, biweekly 
phone calls; No control 
group. 

PA – Dance Dance 
Revolution (DDR) use (SR), 
energy expenditure (memory 
card); Other - BMI; 
Interviews. 

No significant effects. 12 children 
used DDR at least twice a week in 
first 3 months, and only 2 in 
second 3 months. Family stressors 
and boredom were barriers. 

Baseline zBMI. - - 

Ni Mhurchu 
(2008); New 
Zealand (Ni 
Mhurchu et 
al., 2008) 

n=20; 10–14 yrs; 
40% M. 

RCT (Pilot Study); 12 wks; 
Intervention - AVG 
supplied, instructed to 
substitute for regular 
video games; Control - 
video game play as usual. 

PA - AVG time, total video 
gaming (SR), CPM (Acc), 
MVPA (SR); SB - inactive 
video gaming (SR); Other - 
BMI, waist circumference. 

Average time in inactive video 
gaming was significantly lower 
compared to control. Objective PA 
(CPM) (6 wks) significantly higher 
and waist circumference (12 wks) 
significantly improved compared to 
control. Average total video game 
time was lower (54 vs 98 mins per 
day) compared to control (NS). 

Sex; baseline 
values of 
outcomes. 

+ + 

Owens (2011); 
USA (Owens 
et al., 2011) 

n=12 children, n=8 
families; 8–13 yrs; 
50% M. 

Pre/post design; 3 mths; 
Intervention - Wii Fit, no 
instruction; No control 
group. 

PA - PA (Acc), Wii Fit use 
(console memory); Other - 
height, weight, %body fat, 
BMI, balance, muscular 
fitness, aerobic fitness, 
flexibility. 

12 min average Wii Fit use per HH 
per day, which decreased 
significantly from first to second 6 
wks (21.5 to 3.9 mins per day). No 
significant pre-post changes in 
children except height and V02. 

Not noted. + - 

M male, HH household, SB sedentary behaviours, PA physical activity, RCT randomised control trial, MVPA moderate to vigorous physical activity, NS non-significant; n= is number in 
analysis unless noted; BMI body mass index, Acc accelerometer, SR self-reported, CPM counts per minute; Measures column includes outcomes and variables used in further 
analysis (excluding adjustment variables); Significance at p<0.05 (outcomes not reported or listed in table as non-significant if p > 0.05); Adjustments listed as stated in paper; A - n 
=26 at 3 mths, 21 at 6 mths, 12 with DDR use diary, 7 had memory card. 
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3.5 Discussion 

The purpose of this paper was to review the influence of the home physical environment on 

children’s physical activity and sedentary behaviour. Results showed that media equipment was 

positively associated with screen based sedentary behaviours and physical activity equipment was 

unrelated to physical activity, reinforcing results of earlier reviews. Several previously 

unreviewed relationships were summarised, highlighting an inverse relationship between physical 

activity equipment and sedentary behaviour in half of studies. Interventions that changed the 

home environment by introducing TV limiting devices reduced TV time. The social environment, 

in particular parents, played an important role in influencing children’s sedentary behaviour and 

physical activity even in the presence of home physical environmental factors. The field is limited 

by the lack of objective assessment and no investigation of the indoor home space beyond 

equipment. Additionally, there was a paucity of studies investigating objectively measured 

sedentary time and home context specific behaviours. This review extends previous knowledge 

by critically assessing and synthesising evidence from both experimental and observational 

studies. The paper identifies current evidence gaps and measurement issues, and generates future 

directions for research on children’s sedentary behaviour and physical activity within the home 

space. 

3.5.1 Research evidence and gaps 

3.5.1.1 The home - house and yard 

In the current review, investigation of the size, space and design of the house and yard was limited. 

Although, previous reviews of correlates of children’s physical activity have not addressed this 

relationship at all (Davison & Lawson, 2006; Ferreira et al., 2007; Gorely et al., 2004; van der 

Horst et al., 2007). Only six studies could be found that collected any measure of the house or 

yard and the presence of a garden was the only measure collected more than once. While one of 

three studies investigating outdoor play found that girls without a garden played outside less 

(Aarts et al., 2010), our overall results are in contrast to the findings of several qualitative studies 

that have identified lack of yard space as a barrier to physical activity and active play (Hesketh et 

al., 2005; Jago et al., 2009; Veitch et al., 2006). This lack of association could have been 

influenced by the limited and categorical nature of environmental variables investigated, and 

outcome measures that were not specific to the home. With the majority of children’s MVPA 

occurring outside of the home (Dunton et al., 2012; Rainham et al., 2012), and the majority of 

leisure time at home spent indoors and sedentary (Biddle et al., 2009; Sener et al., 2008), it would 

seem pertinent to investigate the influence of the house and yard on children’s sedentary 

behaviour independent of physical activity. Further investigation of the indoor home space may 

also be relevant for physical activity with a recent ecological momentary assessment study of 9–
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13 year olds in California finding that 30% of all leisure time physical activity occurred indoors 

at home and only 8% occurred in the yard at home (Dunton et al., 2012). To date there has been 

no exploration of the relationship between the house and yard and children’s sedentary behaviours 

or home context specific physical activity. 

3.5.1.2 The home – media equipment 

Observational studies showed a positive relationship between media equipment and children’s 

screen based sedentary behaviours. This extends the findings of earlier reviews that have located 

few or no studies investigating this relationship (Gorely et al., 2004; van der Horst et al., 2007) 

and concurs with a more recent review of sedentary behaviour correlates (Pate et al., 2011). The 

review also considered media equipment and physical activity, a relationship not summarised by 

previous reviews (Davison & Lawson, 2006; Ferreira et al., 2007; Sallis et al., 2000; van der Horst 

et al., 2007), and found the majority of studies showed no relationship. 

This review located three studies investigating media equipment and objectively measured 

sedentary time and, to our knowledge, is the first review to summarise this relationship. Findings 

on the influence of media equipment in the home were mixed and there was no association 

between bedroom media equipment and accelerometer measured sedentary time (Hume et al., 

2005; Sirard et al., 2010; van Sluijs et al., 2010). Even with limited evidence, these findings are 

curious given the associations between media equipment and screen based sedentary behaviour. 

This suggests that children with less media equipment at home may simply substitute one 

sedentary behaviour for another resulting in no discernible difference to overall sedentary time. 

This is consistent with qualitative findings that indicated children would consider both active and 

sedentary alternatives if screen viewing was limited (Sebire et al., 2011). Notably, the studies 

reviewed measured sedentary time across the entire day. This included sedentary time in school 

and other places outside the home, which may be less likely to be influenced by home media 

equipment. 

3.5.1.3 The home – physical activity equipment 

Overall, our results support previous conclusions of limited evidence for a relationship between 

physical activity equipment at home and children’s physical activity (Davison & Lawson, 2006; 

Ferreira et al., 2007; van der Horst et al., 2007). However, we also found that children with more 

physical activity equipment spent less time in sedentary behaviours in half of studies (Rosenberg 

et al., 2010; Sirard et al., 2010; Zabinski et al., 2007), a relationship not considered by previous 

reviews (Gorely et al., 2004; Pate et al., 2011; van der Horst et al., 2007). While this evidence is 

inconclusive, it does raise the possibility that physical activity equipment at home may decrease 

sedentary behaviours by prompting alternative light intensity activities rather than MVPA. 
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3.5.1.4 Changing the home environment 

Changing the home physical environment has the potential to influence children’s sedentary 

behaviour and physical activity. This review found interventions that implemented a TV limiting 

device were successful in decreasing children’s screen based sedentary behaviour. Also, 

introducing an AVG to the home resulted in positive changes in AVG play, sedentary electronic 

game play, physical activity and/or body composition in some studies (Graves et al., 2010; 

Maddison et al., 2011; Ni Mhurchu et al., 2008), although early changes did not always last. 

Interventions that showed the most promise in changing behaviour and/or body composition 

directed participants to substitute activities, such as active gaming for sedentary gaming, or to 

earn TV time by participating in physical activity (Goldfield et al., 2006; Graves et al., 2010; Ni 

Mhurchu et al., 2008). However, the acceptability of these changes in the home was debatable, 

with the need for space, boredom and disruption of other family members cited (Chinapaw et al., 

2008; Madsen et al., 2007; Ni Mhurchu et al., 2009). Additionally, the long term effects of 

introducing an AVG or limiting TV viewing on other behaviours, including screen based 

sedentary behaviours, productive sedentary behaviours and physical activity, are unclear. 

3.5.1.5 Home physical and social environmental interactions 

The review reaffirms the important role that parents play in supporting, restricting and 

normalising children’s sedentary behaviours (Gorely et al., 2004; Pate et al., 2011). In accordance 

with ecological frameworks, we found that the influence of social environmental factors in the 

presence of physical environmental factors was evident. Although, it should be noted that results 

relating to the home social environment are limited to studies that investigated both social and 

physical environmental factors. Children with parents who watched more TV and those in 

families with no electronic media rules, spent more time watching TV. Additionally, children who 

participated in sedentary behaviour with their parents spent more time in sedentary behaviour. 

Despite many studies based upon ecological models, few investigated relationships between 

physical and social environmental factors within the home space. Of those that did, one study 

found parental rules were only effective when there was a bedroom TV (van Zutphen et al., 2007). 

Parents largely dictate the arrangement of the home space and determine the equipment available 

to children at home. Family rules are of particular interest as they present an avenue for controlling 

the influence of the physical environment through not allowing screens in bedrooms and living 

areas or choosing not to purchase media equipment. They may also restrict or encourage the use 

of home space for active behaviours. Thus far few studies have explored these relationships. 

3.5.2 Measurement issues 

Other authors have called for behaviour specific measures of the environment and context specific 

measures of physical activity and sedentary behaviours in the investigation of environmental 
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influences (Biddle, Atkin, Cavill, & Foster, 2011; Giles-Corti et al., 2005; Owen et al., 2011). 

Our review affirms the need for increased specificity of research on the home environment. There 

was only one study with a home context specific physical activity outcome (Veitch et al., 2010). 

Also, while specific sedentary behaviours such as TV watching mostly occur at home, objectively 

measured sedentary time was accumulated across the entire day. Reinforcing the value of this 

approach, we found elements of the home physical environment were more consistently 

associated with sedentary behaviours, which are more likely to occur at home, than with physical 

activity outcomes. 

Studies of the neighbourhood built environment have used objective measures (audits and 

Geographic Information Systems (GIS)) as well as perceived measures (self-report) (Ding et al., 

2011; Jago, Baranowski, & Baranowski, 2006) to assess the environment, and Global Positioning 

Systems (GPS) to track individuals’ movement (Krenn et al., 2011). This review found all but 

one study used surveys to measure the home environment, with the exception using an inventory 

that measured equipment density, availability and accessibility (Sirard et al., 2010). Supporting 

the case for more robust measurement, this study was the only one to find physical activity 

equipment, in this case equipment density, related to accelerometer measured MVPA. It also 

found the ratio of physical activity to media equipment was related to accelerometer measured 

sedentary time. While it is acknowledged that current GIS and GPS technologies provide limited 

utility indoors, other technologies combining indoor location and movement sensors may have 

potential, but are yet to be applied in this context (Zhu & Sheng, 2011). 

Technology available within homes is changing rapidly and this also has implications for 

measurement of home media. For example electronic gaming may now be active or sedentary and 

portable media devices can be used in different places within the home (Jago, Sebire, Gorely, 

Hoyos Cillero, & Biddle, 2011). However, in this review, only two observational studies included 

these more recent leisure technologies (Rosenberg et al., 2010; Sirard et al., 2010). 

3.5.3 Future research directions 

Future studies on the influence of the home physical environment on children’s sedentary 

behaviour and physical activity need to investigate home context specific outcomes. The 

investigation of objectively measured sedentary time at home is most important (Tandon et al., 

2012). Sedentary time at home should also be categorised by the type of sedentary behaviour 

including screen based and other productive/non-productive behaviours, such as reading, 

homework and musical instrument playing. This will assist to clarify whether children who spend 

less time in screen based behaviours are overall less sedentary at home, or whether they do more 

of other non-screen sedentary behaviours (Biddle et al., 2009). For physical activity, time spent 

in objectively measured physical activity levels at home and activity behaviours that occur 
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specifically at home such as active play, AVG play and household chores are most relevant for 

future research. 

Investigation of the home physical environment lacks objective assessment and is limited, except 

for equipment. Future research on the indoor and outdoor home environment should, where 

applicable, adopt approaches used to measure the outdoor built environment. For example, GIS 

can provide objective measures of house and yard size (Hall, 2010) and audits provide scope to 

collect more objective and detailed data inside the home (Sirard et al., 2010). Additionally, just 

as GPS has been applied to locate individuals in outdoor environments (Krenn et al., 2011), newer 

measurement technologies, such as indoor location and movement sensors, provide an avenue to 

track the location of individuals in indoor space (Zhu & Sheng, 2011). Future research should 

draw on established approaches from other fields and closely monitor the development of new 

technologies that have measurement potential within the home. 

Both social and physical environmental factors influence children’s sedentary behaviour and 

physical activity, yet how they interact within the home space remains unclear. Parents control 

many elements of the home physical environment. Future research should explore the 

relationships between parental behaviour, family rules, equipment and arrangement of the home 

space, to better understand how sedentary behaviour is influenced by the home environment and 

to inform the development of interventions. 

Further intervention studies are highly recommended. We found only two types of interventions 

that changed the home physical environment. TV limiting devices reduced TV viewing, however, 

it is unknown which behaviours replace TV viewing and whether this strategy is successful in the 

longer term. Similarly, introducing an AVG showed promise, but any effects seemed to decay 

quickly. Interventions are required to determine the longer term effects of introducing TV limiting 

devices and AVGs on activity levels, and any unintended consequences on other physical 

activities and sedentary gaming. Other strategies such as changing the location of media 

equipment within the home, reconfiguring indoor spaces and substituting sedentary behaviours 

with active alternatives are lacking and should be explored. The key challenge for future research 

is to find acceptable active alternatives to traditionally sedentary behaviours within the home 

space. 

3.5.4 Strengths and limitations of the review 

This review included the best available evidence from both observational and intervention studies, 

identifying a larger number of studies with relevant home physical environmental variables than 

previous reviews. However, there are some limitations to the process and scope of this review. 

Firstly, some studies may have been missed due to the nature of the search terms and there may 

be some publication bias to studies with significant results. Secondly, independent and outcome 
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measures were pooled into categories which were useful for summarising evidence, but did not 

differentiate between very specific environmental measures. For example, the home media 

equipment category included presence of a TV, presence of a computer, density of media 

equipment and number of TVs in the home. Thirdly, the summary of the home social environment 

in isolation should be interpreted with caution as it was limited to papers that also included home 

physical environmental factors and only the most common social home environmental factors 

were investigated. Also, individual factors were not included in the review. Finally, the pre-

adolescent age group was identified as particularly relevant for investigation, although we 

acknowledge that this age group encompasses both children and adolescents as defined in 

previous reviews, and may limit comparability. 

3.6 Conclusion 

This review found that both physical and social environmental factors operating within the home 

space are important influences on children’s sedentary behaviour and physical activity. Media 

equipment is associated with children’s screen based sedentary behaviours. Changing the physical 

environment shows promise for reducing the sedentary nature of homes, although further 

interventions are needed to understand the broader impact of changes. Considering the substantial 

amount of time children spend at home, there has been little investigation of how the physical 

parameters of the home space may constrain or support children’s sedentary behaviour and 

physical activity. Future studies should ideally include objective measures of the home and 

prioritise investigating environmental influences within the home space on objectively measured 

sedentary time at home and home context specific behaviours. 
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Chapter 4 Qualitative Study 

The dynamic family home: A qualitative exploration 
of physical environmental influences on children's 
sedentary behaviour and physical activity within the 
home space  

This chapter is a published manuscript (Appendix 2):  

Maitland, C., Stratton, G., Foster, S., Braham, R., & Rosenberg, M. (2014). The Dynamic Family 

Home: a qualitative exploration of physical environmental influences on children's sedentary 

behaviour and physical activity within the home space. International Journal of Behavioral 

Nutrition and Physical Activity, 11. doi:10.1186/s12966-014-0157-1 
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Thesis Study Map: Chapter Four 

Review of Literature - A place for play? The influence of the home physical environment on 
children's PA  and SB 

Objectives: 

To: 1) review the evidence 
regarding the influence of the 
home physical environment (HPE) 
on SB and PA of children aged 8–
14 years; and, 2) highlight 
evidence limitations, measurement 
issues and research directions. 

Key Findings 

Home and bedroom EM was positively associated with SB; PA 
equipment was negatively associated with SB in half of studies. 

Introducing a TV limiting device decreased TV viewing; results of 
introducing an active video game on PA were inconsistent. 

Where the home physical and social environment were 
investigated, the latter exerted more influence.  

Future studies should investigate the influence of the HPE and its 
interaction with the social environment on SB time and home 
context specific behaviours, and objectively measure the HPE. 

Study 1. Qualitative Study - The Dynamic Family Home: a qualitative exploration of physical 
environmental influences on children’s SB and PA within the home space 

Objectives:  

To qualitatively explore family 
perceptions of physical 
environmental influences on SB 
and PA within the home space. 

Key Findings: 

Themes relating to the home space included 1) overall size, 
space and design; 2) allocation; 3) equipment; 4) perceived 
safety; and 5) the changing nature. 

Children’s PA options were limited by small houses and yards; In 
large houses, multiple living rooms contained extra EM; Open 
plan layouts facilitated EM monitoring; The home space changes 
based on the preferences and priorities of family living within it. 

Study 2. HPE Instrument Development - Measuring HomeSPACE: The development of an 
instrument to assess the influence of the home on children’s SB and PA 

  

Study 3. Location and Movement Monitoring - Development and accuracy of a portable Location 
and Movement Monitoring System for determining the location of children’s PA and SB at Home 
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4.1 Abstract 

Background: Recent changes in home physical environments, such as decreasing outdoor space 

and increasing electronic media, may negatively affect health by facilitating sedentariness and 

reducing physical activity. As children spend much of their time at home they are particularly 

vulnerable. This study qualitatively explored family perceptions of physical environmental 

influences on sedentary behaviour and physical activity within the home space. 

Methods: Home based interviews were conducted with 28 families with children aged 9–13 years 

(total n = 74 individuals), living in Perth, Australia. Families were stratified by socioeconomic 

status and selected to provide variation in housing. Qualitative methods included a family 

interview, observation and home tour where families guided the researcher through their home, 

enabling discussion while in the physical home space. Audio recordings were transcribed 

verbatim and thematically analysed. 

Results: Emergent themes related to children’s sedentariness and physical activity included 

overall size, space and design of the home; allocation of home space; equipment within the home 

space; perceived safety of the home space; and the changing nature of the home space. Families 

reported that children’s activity options were limited when houses and yards were small. In larger 

homes, multiple indoor living rooms usually housed additional sedentary entertainment options, 

although parents reported that open plan home layouts could facilitate monitoring of children’s 

electronic media use. Most families reported changing the allocation and contents of their home 

space in response to changing priorities and circumstances. 

Conclusions: The physical home environment can enhance or limit opportunities for children’s 

sedentary behaviour and physical activity. However, the home space is a dynamic ecological 

setting that is amenable to change and is largely shaped by the family living within it, thus 

differentiating it from other settings. While size and space were considered important, how 

families prioritise the use of their home space and overcome the challenges posed by the physical 

environment may be of equal or greater importance in establishing supportive home 

environments. Further research is required to tease out how physical, social and individual factors 

interact within the family home space to influence children’s sedentary behaviour and physical 

activity at home. 

4.2 Background 

Participation in moderate to vigorous physical activity provides a range of health benefits in 

children and adolescents (Andersen et al., 2006; Hallal et al., 2006; Jiménez-Pavón et al., 2010). 

Conversely, time spent sedentary, in particular watching television (TV), has been associated with 
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overweight and obesity, reduced fitness and poorer social and cognitive skills (Marshall et al., 

2004; Tremblay, LeBlanc, Kho, et al., 2011). More recently, interruptions to sedentary time have 

been associated with lower waist circumference and better cardio-metabolic risk profiles in adults 

(Healy, Matthews, Dunstan, Winkler, & Owen, 2011), although evidence is inconsistent in 

children (Carson & Janssen, 2011; Colley et al., 2013). Still, many children do not meet public 

health recommendations of at least 60 minutes of moderate to vigorous physical activity per day 

and less than two hours per day of sitting while using electronic media for entertainment 

(Department of Health (UK), 2011; Department of Health and Ageing, 2004; Tremblay, 

Warburton, et al., 2011). 

Housing is a fundamental determinant of health and improvements in quality have been associated 

with better general, respiratory and mental health (Shaw, 2004; H. Thomson et al., 2009). 

However, some changes within the home space, such as increasing electronic media and labour 

saving devices, have negative implications for public health as they facilitate sedentary behaviour 

and decrease opportunities for activity at home (Owen et al., 2010). In Australia in 1998, just over 

60% of households with children had access to a home computer and 20% had internet access at 

home. By 2008–09 this had risen to 91% and 86% respectively (Australian Bureau of Statistics, 

2011). Additionally, from 1985 to 2009 the average new house size increased by approximately 

50%, while private outdoor space, a location commonly used for children’s play, decreased 

(Australian Bureau of Statistics, 2007; Hall, 2010; Veitch et al., 2006). Consequently, new houses 

with multiple indoor living areas designated for sedentary electronic media pursuits, such as TV 

viewing and computer use, are now commonplace. As children spend much of their time at home 

(Karsten, 2005), they may be particularly vulnerable to the impact of changes within the home 

space. 

Ecological models highlight the influence of environmental factors and recognise that behaviour 

is most likely shaped by the setting in which it occurs (Bronfenbrenner, 1977; Stokols, 1992). 

Ecological momentary assessment has shown that the majority of non-school sedentary behaviour 

occurs at home (Liao, Intille, Wolch, Pentz, & Dunton, 2014), and that time in the lounge room 

is most likely to be spent watching TV while time in the garden is most likely spent being active, 

highlighting the potential influence of location within the home space on behaviour (Biddle et al., 

2009). Furthermore, electronic media equipment in the home and bedroom has been positively 

associated with electronic media use, a behaviour that most often occurs at home (Granich et al., 

2011; Pate et al., 2011; van Zutphen et al., 2007). Yet, few studies have explored the relationship 

between children’s sedentary behaviours and the home physical environment, outside of 

equipment. Also, investigation of physical environmental influences within the home space and 

physical activity, has been largely limited to moderate to vigorous physical activity and active 

play outcomes across the entire day. 
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This study has chosen a qualitative approach, as research focusing specifically on physical 

environmental influences within the home space, and children’s sedentary behaviour and physical 

activity is lacking. Previous qualitative studies have noted yard space and sedentary entertainment 

options as barriers to active play and facilitators of electronic media use (Granich et al., 2010; 

Hesketh et al., 2005; Sebire et al., 2011). However, previous studies failed to investigate the 

physical environment of the home space in any depth and do not fully consider the context of 

children’s sedentary behaviours and physical activity. Therefore, the purpose of this study was to 

explore family perceptions of physical environmental influences on children’s sedentary 

behaviour and physical activity within the context of the home space. 

4.3 Methods 

4.3.1 Recruitment and participants 

Participants were recruited to the HomeSPACE study via advertising through health units, non-

government agencies and community groups. Families with at least one parent and one child aged 

9 to 13 years, and living in the greater Perth metropolitan area, were eligible. Families registered 

their interest to participate via the study webpage, by providing their address and type of home, 

and selecting their perceived house and yard size from four options (small, medium, large or not 

applicable). Additional registrants were generated via snowball recruitment techniques. 

The 50 families that registered were stratified into low, mid and high socio-economic status (SES) 

groups based on home location using the most recent version of The Australian Bureau of 

Statistics State Suburb Index of Relative Socio-economic Advantage and Disadvantage, 2006 

(Australian Bureau of Statistics, 2008). Within each SES strata potential participants were 

selected based on self-reported house and yard size to ensure representation across study 

participants. Of the 30 families contacted, 29 verbally agreed to participate and were posted an 

information pack consisting of study details, consent forms and interview confirmation. After 

receiving the information pack one family chose not to participate leaving 28 families in the study. 

Thirty-seven percent, 73% and 100% of families living in high, medium and low SES suburbs 

respectively, who initially registered their interest to participate, were recruited to the study (Table 

4.1). Active written consent was provided by parents and children. Each family was given a $30 

retail voucher for their participation. The study was approved by the Institutional Human 

Research Ethics Committee (RA/4/1/5174). 
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Table 4.1 Home characteristics of participant families - overall and by SES group 

 
 Overall SES Area Group 

 
 (n = 28) Low (n = 8) Mid (n = 11) High (n = 9) 

 
 n n n n 

House Size a  Small 5 1 3 1 

 Medium 16 5 6 5 

 Large 7 2 2 3 

Yard Size a  No/Small 8 3 3 2 

 Medium 14 4 7 3 

 Large 6 1 1 4 

a Self-reported. 

 

4.3.2 Procedure 

The mosaic approach, as used to explore young children’s experiences in child care environments, 

is a framework that constructs meaning from a variety of active research methods with different 

individuals to compile an overall picture (A. Clark, 2010). We used an adapted mosaic approach, 

that included a family interview (Bushin, 2007), home tour (Dowling, 2008) and observation, to 

elicit perspectives from both children and parents and obtain a comprehensive picture of the 

family home environment and the way the home space is used by children (Darbyshire, 

MacDougall, & Schiller, 2005). Insights gathered from interview locations can assist in the 

interpretation of qualitative research material (Elwood & Martin, 2000). Therefore, procedures 

were conducted in the family home so the interviewer could observe the physical space and 

interactions of family members with the space. 

A semi-structured interview guide and background survey were developed and pilot tested with 

four families. The interview guide was based on a social-ecological framework (Stokols, 1992), 

with an increased focus on physical home environmental factors compared to individual and 

social environmental factors. The background survey collected descriptive data on the participants 

including family demographics and the amount of portable and non-portable media equipment 

and physical activity equipment in the home space. Parents also reported the number of days in a 

usual week that their child was physically active for at least 60 minutes, and the time their child 

spent watching TV, playing video and computer games, and using the internet for leisure, on a 

typical week and weekend day. Questions were taken from a previous survey to assess home 

environments related to physical activity and sedentary behaviour (Kerr, Sallis, et al., 2008) and 

adapted to the Australian context where appropriate. For example, for physical activity equipment 

a ‘trampoline’, which is common in Australia, was added and ‘snow equipment’ was removed. 

The home visit comprised several parts (see supplementary file for the family interview discussion 

guide - Appendix 15). First, to establish rapport, all participants were asked an introductory 
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question about their favourite activity outside of school or work. Second, while parents completed 

the background survey, children were shown a series of 12 cards featuring common behaviours 

and then prompted to describe the three or four most common activities they do at home. 

Following this, children were asked to think of places within the home space where they spent 

the most waking time. Families then led the interviewer on a home tour discussing the physical 

elements of each space, typical activities that occurred in the space, family members who used 

the space and whether there were any rules for using the space. To complete the interview parents 

were asked additional questions about their home including how they chose their home and how 

it could be changed to increase physical activity and decrease sedentary time at home. 

Observations were recorded after leaving the interview under the headings house description, 

house layout, neighbourhood features and family characteristics. 

As interviews included children and were conducted in family homes, the research process was 

somewhat flexible to deal with unexpected occurrences (Bushin, 2007). For example, the order 

of questions was changed if a child lost concentration or a parent attended to a phone call. On the 

occasion when parents asked that younger siblings be involved, the interviewer obliged but kept 

this to a minimum. The interview and tour were conducted in a range of spaces within the home 

from the family lounge room, to the dining table and the back yard. Detailed field notes on the 

house and yard, and equipment in each space, were taken after each interview. Interviews were 

conducted by the first author between June and November of 2012. Each interview lasted on 

average 69 minutes. 

4.3.3 Data analysis 

Interviews were recorded using a digital recorder (Olympus WS-560 M), transcribed verbatim 

and anonymised. Any interruptions to the interview were noted and comments made by non-

participating family members who were present in the home were removed. Thematic analysis 

using both deductive and inductive processes was used to analyse the transcripts (Braun & Clarke, 

2006). Firstly, transcripts were read and notes on possible codes made by the first author. From 

this, a coding framework structured around the socio-ecological model was developed and 

verified by the study team. The data were imported into QSR NVivo10 (a qualitative data analysis 

software program) for coding and analysis. The data were initially coded into features of interest 

and then preliminary themes relevant to the research question were generated by the first author 

by collating codes into groups. Themes were reviewed, refined and then finalised by the study 

team. For further validation an external coder reviewed five randomly selected transcripts to 

verify the initial coding framework and substantiate the themes. Descriptive statistics of the 

sample were generated using IBM SPSS Statistics 19. 
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4.4 Results 

Seventy-four participants, including 41 children aged between 9 and 13 years, and 33 parents, 

participated in the 28 family interviews. The average age of the children was 10.9 years and 70.7% 

were male. Approximately one third (34.1%) of children participated in at least 60 minutes of 

physical activity a day in a usual week according to parental report. On a typical week and 

weekend day, 39.0% of children and 84.5% of children respectively, spent more than two hours 

a day watching TV, playing video and computer games, and using the internet for leisure. The 

majority of parents were female (78.8%) and two thirds had a university degree. Twenty-nine 

percent of families lived in low SES suburbs, 39% in mid SES suburbs and 32% in high SES 

suburbs. Most families lived in a separate home (85%). Self-reported home environmental 

characteristics of families are shown in Table 4.1 and Table 4.2. 

Table 4.2 Equipment ownership of participant families - overall and by SES area group 

 
Overall  SES Area Group 

 
(n = 28)  Low (n = 8) Mid (n = 11) High (n = 9) 

 
mean (range)  mean (range) mean (range) mean (range) 

Fixed Electronic Media a 6.8 (2–17)  7.0 (3–12) 6.2 (2–8) 7.2 (2–17) 

Portable Electronic Media b 2.9 (0–8)  3.1 (1–8) 2.6 (0–6) 3.1 (1–5) 

Physical Activity Equipment c 3.7 (1–6)  3.6 (1–5) 3.2 (1–5) 4.4 (2–6) 

a Number of TVs, VCR/DVD players, desktop computers and fixed video game players in home. 
b Number of handheld video game players, laptop and tablet computers accessible to child in home. 
c Total of bike/scooter; sports, fixed play and gym equipment; swimming pool; and trampoline availability 
(max. score 6). 

 

Five major themes relating to home physical environmental influences on children’s sedentary 

behaviour and physical activity were identified through analysis. Supporting quotes are provided 

to illustrate thematic findings, with participant type, and self-reported house size (LH - large, MH 

- medium, SH - small) and yard size (LY - large, MY - medium, SY - small, NY - no), following 

in brackets. 

4.4.1 Overall Size, space and design of the home 

Families perceived that the overall size, space and design of the family home were important 

influences on the sedentary behaviour and physical activity of children at home, particularly 

where space was limited. Private outdoor space was considered a requirement for physical activity 

at home by both parents and children. Although, having a larger sized yard was not always 

considered sufficient for children to use it for play. 

“I don’t have a chance to play outside as much because we don’t have the 
space to play outside…” (Boy, 10; SH, SY) 
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“Now, because it’s winter, and because we don’t have our dog anymore there’s 
not really much point to go out there.” (Boy, 13; MH, MY) 

Children’s available outdoor area was not always equal to the legal yard size. Some families 

viewed public land that abutted their block, particularly verges, as their territory and felt 

comfortable allowing children to play freely in these extended home space areas. 

“We’re pretty lucky we get an extra bit of verge. So it’s like an oval, so we play 
soccer out here and my son and I, we’ll kick the footy all the time…” (Male 
parent; MH, MY) 

While parents considered a yard with space for children’s play important when choosing their 

family home, location relative to schools, parks and other amenities was most frequently 

mentioned and a more important consideration. 

“Ideally we’d want somewhere with a bigger block where the kids could have a 
backyard and we could have a pool… We got into this area for high school.” 
(Female parent; MH, SY) 

Families reported that the design of the yard influenced the type of play opportunities available. 

Sport based play and running around required open space, while more creative free play was 

better facilitated by natural features. 

“It’s kind of a long space and there’s not many obstacles that you have to move 
around.”; “So it’s straight not wide, so it’s easier for your (football) 
accuracy.” (Brothers 10 & 12; MH, MY) 

“Why is it a cool backyard?” (Interviewer); “Cause of that big tree over there. 
I really enjoy climbing it.” (Boy, 10; MH, MY) 

Families with smaller yards, or no yards, seemed to adapt in part to the lack of outdoor space by 

going out of the home for physical activity. 

“…we don’t really do a lot of activity in the home. I guess our life, maybe 
‘cause we’re here, it’s structured that we do a lot outside of the home.” 
(Female parent; MH, SY) 

Many families had a large open plan area as the primary living space in their home. Generally 

parents and children reported preferring this design as it supported family interaction. 

Additionally, parents found that electronic media, particularly computers, could be housed in this 

communal area and their use more easily monitored. However, some parents commented that a 

television near the dining table in the open plan living area could entice children to watch during 

mealtimes or when other family members were watching. 

“That’s why we have the computer out there (open plan living area) ‘cause then 
I can see what they’re doing on the computer, but then most of the time we eat 
in here (dining room) away from the television.” (Female parent; LH, LY) 
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A few parents noted that the availability and layout of indoor space combined with their 

supportive attitude made active play in the house more viable. 

“If they want to run inside the house, they know the rules… but the space is 
there so they’re not going to knock things over. I just wanted them to be able to 
play inside, kind of like they would outside.” (Female parent; MH, MY) 

4.4.2 Allocation of the home space 

Parents described allocating spaces in their home for specific purposes and dividing access among 

family members. Living spaces (areas other than the bedrooms, bathrooms and kitchen) were 

allocated to children or adults, or as communal family areas. Rooms were also given names to 

indicate their purpose, such as the study, games, theatre or craft room. Several families even had 

a ‘man’ space in the garage. 

“In the games room is all their computers, their Wii machine. That’s their pad. 
Their friends aren’t allowed in that lounge there. That’s the family lounge, so 
only when we go as a family we go into that room”. (Female parent; LH, MY) 

“A man cave, that’s what we call it. Well we’ve got a foosball table and a 
couch, that kind of thing. Oh, all the sport equipment, stuff like that and dad’s 
building stuff…” (Boy, 11; MH, NY) 

Indoor spaces were generally viewed by parents as places for quiet play, including electronic 

media use, reading and creative activities. On the other hand, outdoor space was referred to by 

both parents and children as a place for the children to be active. Although children were aware 

of this view, many described participating in indoor active play at times. 

“If they want to go and play in their rooms they can play in their rooms but you 
don’t jump around. …if you want to play and run around, you go outside.” 
(Female parent; MH, MY) 

“When it gets to going outdoors, we just use all our energy; and then we come 
back in and then rest for a while playing video games and stuff”. (Boy, 9; SH, 
MY) 

Many family homes had multiple living spaces that were primarily dedicated to sedentary 

electronic entertainment. Parents reported they preferred at least two distinct living areas, often 

so children and adults could watch TV separately. Some families also had a dedicated children’s 

games room for watching TV, playing electronic games (active and sedentary) and doing other 

activities such as playing with toys and drawing. Families in homes without multiple living areas 

found themselves competing for space. 

“That’s the whole purpose that the theatre’s there. We always wanted two 
living areas because the kids might want to watch one program and we might 
want to watch another.” (Parent female; MH, MY) 
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“Sometimes when my friends come over and my sister’s got a friend over and 
they’re watching a movie in the lounge room, we’ll watch a movie in my room.” 
(Boy, 9; SH, MY) 

“If my father is working here, then we can’t play.” (Girl, 11; SH, NY) 

4.4.3 Equipment, materials and furniture within the 
home space 

Most families reported numerous electronic media devices including televisions, computers and 

electronic game consoles, that provided a range of sedentary options. 

“When (my brother) gets the iPad, I usually play Wii or the computer. … if I get 
to the iPad, (my brother) might play Wii or the computer.” (Boy, 9; SH, SY) 

Parents felt computers were essential for children’s homework and education, and this made 

controlling their use for electronic games and social media more difficult. Portable electronic 

media provided additional challenges for monitoring, as it could be used anywhere within the 

home space. 

“Sometimes I just go on a game and then get back off it when Mum comes in the 
room.” (Boy, 12; MH, MY). 

“The Wii’s here and he (my son) can’t escape … we all know where it is and 
what’s on it. Whereas his iPad can disappear from down here, upstairs 
quietly.” (Female parent; MH, NY) 

“They are always “Ahh I’ve got to recharge it”, “Ahh I must keep it with me” 
… I’m going to have a cupboard with plugs; and everything, phones, laptops 
etc. go in there at night.” (Female parent; MH, MY) 

Parents indicated that active video games provided a better option than sedentary electronic 

games, but their use after purchase was inconsistent. However, children thought traditional 

electronic and computer games were better as they provided a greater range of games. 

“One of the reasons we did buy the Wii first was because it is a bit more active, 
and the Wii comes in and out of favour…” (Female parent; LH, LY) 

“It (the computer) is so diverse. You can play so many different games on it 
rather than just the certain games that you actually have to buy.” (Boy, 12; SH, 
SY) 

Parents also reported providing equipment such as books and craft materials to encourage 

alternatives to electronic media use. In many families a large table was identified as the focal 

point for children to engage in projects, craft and other activities. This table was sometimes the 

communal dining table or a specific table set aside for these activities. 
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“My mum hassled me and hassled me to read the first book and I got seriously 
into it that. …before I’d like desperately play with my iPad…” (Boy, 11; MH, 
NY) 

“We do a lot on the table, like play games or if (my son’s) sorting stuff out or 
making stuff.” (Female parent; MH, MY) 

Sports and play equipment was frequently mentioned by children and parents as a facilitator of 

outdoor active play, with a pool, trampoline and basketball ring all popular. Children also enjoyed 

natural features, such as trees and grassed areas, for active play. Family pets facilitated active play 

and associated chores for children at home. 

“That’s one of the reasons why we put the pool in, so that they had an activity 
within the backyard that they could do unsupervised… rather than inviting 
friends over and everyone hanging around the TV screen.” (Female parent; 
MH, MY) 

“There’s heaps of things to do (in the yard) like go in the spa, play basketball, 
jump on the trampoline and run around with (the dog).” (Boy, 12; MH, MY) 

When electronic media was not available, not working or not allowed to be used, children found 

other things to do such as playing outside or reading inside. However, with multiple electronic 

media devices available, some parents needed to restrict all devices before children chose an 

alternative. 

“We’ve had no DS’s, no computer games. We’ve had no broadband, we had the 
dialup. …(my son’s) not really that interested in all that.” (Female parent; LH, 
MY) 

“Sometimes if I’m on my iPad and Dad says go and do something else, I go and 
watch the TV. And if Dad says don’t, they go off all together, sometimes I 
usually go up to my room and draw.” (Boy, 11; MH, NY) 

4.4.4 Perceived safety of the home space 

Safety was an issue raised by parents in relation to active play and electronic media use at home. 

Parents reported that elements of the home physical environment, such as fencing, lack of space 

and equipment location, could either raise safety concerns or alleviate them. Parents’ perceptions 

of children’s physical safety within their private outdoor space varied depending on the location 

and features of the yard. Backyards were considered a safe place for children to play. Playing in 

front yards, near busy roads with inadequate fencing, was seen as dangerous. In homes where 

parents could see the front yard from inside the house, there was a large verge, or the home was 

on a quiet street, there were fewer safety concerns and play was more likely to be allowed. 

“…we play outside, but we have to play with our parents because there’s no 
safety outside.” (Girl, 11; SH, NY) 
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“They can play in the back yard… but in the front yard you’ve got cars going 
up and down the road, you’ve got people going up and down the road.” 
(Female parent; MH, MY) 

Parents also often restricted play inside the house due to concerns about injury from falling or 

running into objects, as well as breaking household items. Some parents in more spacious homes 

did not seem to perceive the same level of risk. 

“I send them outside, just out of fear of them belting their heads or going 
through the glass windows…” (Female parent; MH, LY) 

Cyber safety was mentioned by many parents as an important issue surrounding children’s 

electronic media use. Locating the computer in an open communal area where children could be 

monitored was a preferred strategy for many parents to enhance safety. 

“It’s also always been a rule that the computer faces where people can walk 
past so you just can’t hide anything.” (Female parent; MH, MY) 

4.4.5 The changing nature of the home space 

Families revealed that the home environment is constantly changing. Many families reported they 

had recently made or were planning to make major changes, such as moving homes or renovating 

their current home to increase functionality and space. Parents and children noted that these 

changes influenced the types of activities that were available to do at home. 

“Now I can just kick the soccer ball on the wall. But at our old house there was 
no wall just a fence…” (Boy, 10; MH, MY) 

Almost all families discussed smaller changes such as purchasing equipment that enabled a 

specific sedentary behaviour or activity. Examples included an ipad for homework, an electronic 

gaming console for playing electronic games and a trampoline for outdoor play. 

“With the new Xbox, he’s been on it a bit. Usually when he doesn’t have it, he’s 
outside.” (Male parent; LH, LY) 

Modifying the home environment seemed to be driven either by changes within the family, such 

as family structure and children aging, or by the preferences and priorities of parents and children. 

“You go through the stage where you’ve got the totem pole and the swings and 
the trampoline and then as they get older, they move out and then in comes the 
swimming pool…” (Female parent; MH, MY) 

“The boys particularly spend the whole time pretty much outside and so I like 
having lots of space for them and that was a big consideration for the 
renovation to keep space outside.” (Female parent LH, LY) 

For families on lower incomes, who lived in apartments or who rented, overall home size, space 

and layout were not readily changeable. However, families discussed how they were able to at 
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least partially adapt to the structural limitations of their home. For example, families with a 

smaller yard reported going to the park more often. One family allowed cricket to be played 

indoors as there was no enclosed yard and another family moved furniture around whenever they 

wanted to play active video games. 

“So walking to the park and everything like that, that’s become our way of life, 
because we don’t have the space at home to mess around in the backyard.” 
(Female parent; MH, SY) 

“We moved it (coffee table) here and then Mum kept saying that it was in the 
way of the walkway so we had to move it in front of the couch (to play Wii).” 
(Girl, 11; MH, MY) 

4.5 Discussion 

The study findings indicate that families perceive the physical environment of the home space 

influences children’s sedentary behaviour and physical activity via: overall size, space and design 

of the home; allocation of home space; equipment within the home space; and perceived safety 

of the home space. Furthermore, the home space seems to be a dynamic environment where many 

of the physical elements are chosen, controlled and changed by family members, particularly 

parents. Accordingly, social environmental and individual factors may influence children’s 

sedentary behaviour and physical activity at home both directly and through the creation of the 

home physical environment. A potential relationship Figure 4.1 summarises the study findings. 
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Figure 4.1 Summary of family perceptions of physical environmental influences on 
children’s sedentary behaviour and physical activity within the home space in a socio-
ecological framework. 

 

Findings suggest that elements of the home physical environment frequently change, and these 

changes are largely affected by the family living within the home. We found parents’ preferences 

and priorities, influenced by their children, were most important in the series of decisions that 

shape the physical environment of the family home: selecting the overall home, allocating space 

and providing equipment. As family circumstances changed and children matured, preferences 

and priorities altered, and consequently the home physical environment was modified or changed. 

A previous review of building design and physical activity describes similar stages in the creation 

of office environments, and consistent with our findings, found that each of these stages can affect 

physical activity, but have different decision makers and rates of change (Zimring, Joseph, Nicoll, 

& Tsepas, 2005). However, unlike other environmental settings that are not directly under the 

control of individuals, the current study suggests a high degree of individual control over the 
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home space and its use. These observations are consistent with the Social Cognitive Theory 

concept of reciprocal determinism, that recognises that while the environment can facilitate or act 

as a barrier to behaviour, individuals can construct environments to suit themselves (McAlister, 

Perry, & Parcel, 2008). When asked about changing the home physical environment to increase 

activity or decrease sedentariness, parents reported both changing features and equipment in the 

physical environment, and controlling how home space and equipment are used. This ability for 

individuals within the home to directly control major elements of the physical environment and 

capacity for change seems to differentiate the home from other settings such as schools and 

neighbourhoods. 

4.5.1 Indoor space 

Our findings indicate that the trend towards larger houses and more indoor living space provides 

families with more options when allocating space for people and purposes. Additional living 

space allowed children their own lounge or games room which could potentially be used for 

sedentary behaviour or activity. However, we found most indoor living spaces were designated 

for sedentary leisure with a range of electronic media options. Rather than increasing activity 

these additional living spaces decreased competition between family members and provided more 

autonomy in the choice of sedentary pursuits. Autonomy is a key driver of behavioural motivation 

in Self-Determination Theory (Deci & Ryan, 2012), and allocating indoor space to a child may 

increase autonomy and sense of control within the space, thereby reinforcing the predominantly 

sedentary behaviours that occur there. 

Open plan living areas were a focal point in the family home where a range of sedentary 

behaviour, activity and social interaction occurred together in the same space. Electronic media 

rules have been associated with less TV time (Verloigne, Van Lippevelde, Maes, Brug, & De 

Bourdeaudhuij, 2012), and placing the TV and computer in an open plan area enabled some 

parents to better monitor media use and enforce rules. However, depending on the physical layout 

and how furniture was configured, the TV could potentially be seen from the dining table, which 

is of concern as the number meals taken while watching TV has been positively associated with 

increases in children’s TV time (Saelens et al., 2002). In human geography, the open plan living 

area has been described as a space that can accommodate a range of family practices and be 

physically configured to suit the family living within it (Dowling, 2008). This concurs with our 

findings that the final make-up of the open plan living area, and the home physical environment 

generally, is largely shaped by the family, particularly the parents, who choose to allocate space 

and place equipment and furniture within the house. 

Many parents viewed indoors as a space for quiet play, such as electronic media use and reading, 

and outdoors as a space for active play. Children also stated this view, although did not always 

adhere to it. The home physical environment mostly reinforced this ideal through children’s 
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‘lounge’, ‘games’ or ‘activity’ rooms that included a TV and electronic games, as well as items 

such as toys and books. Recent qualitative research also found that children’s play now 

encompasses both active play and indoor sedentary play such as electronic gaming (Brockman et 

al., 2011). Parents that allowed active play inside attributed this to having indoor space available, 

as well as supporting or tolerating more boisterous activities inside. The exception was active 

video gaming, where parents did not have the same injury or breakage concerns as for other less 

controlled forms of active indoor play. Laboratory studies have found active video gaming can 

increase energy expenditure and improve vascular function (Graves et al., 2010; Mills et al., 

2013), although home based active video gaming interventions have been less successful in 

increasing physical activity (Peng, Crouse, & Lin, 2013). One intervention conducted in The 

Netherlands found lack of home space was an issue for active video gaming (Chinapaw et al., 

2008). However in our study most families with more than one living area had no problem in 

finding a permanent space for active video gaming. Together, these findings suggest that with a 

moderate amount of indoor space, children can engage in active indoor play at home. However, 

the physical environment, parental safety concerns and family rules, all interrelate to limit or 

support children’s activity indoors. 

4.5.2 Outdoor space 

Families in this study reported that having a small or no yard limited active play and increased 

sedentariness, as children were more likely to be indoors when at home. Yet, despite similar 

findings in previous qualitative studies (Granich et al., 2010; Stanley, Boshoff, & Dollman, 2013), 

there is only limited evidence of any association between yard size and children’s outdoor play 

in observational studies (Aarts et al., 2010; Veitch et al., 2010). Our findings showed that families 

with limited outdoor space often adapted their behaviour by taking children outside the home for 

structured activity or to the park, which may explain this apparent inconsistency. We also found 

yard size did not always equate to space available for play as many families allocated an area for 

outdoor dining in their yard. Additionally, while parents have reported the yard as the safest place 

for active play (Veitch et al., 2006), some parents in this study perceived the front yard as unsafe 

for play due to inadequate fencing, busy roads and uncivil neighbours. Concurring with this, an 

Australian urban planning study found distribution of yard around the house can diminish usable 

outdoor space (Hall, 2008). Furthermore, we found children also needed a reason to go into the 

yard, such as physical activity equipment, a preference for activity or family members to play 

with. Hence, while the size of private outdoor space may limit or facilitate active play at home, 

yard space may be less crucial for children in families who have the capacity to support other 

opportunities for active play and physical activity. 
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4.5.3 Electronic media 

The pervasiveness of electronic media in the family home has a major impact upon the how the 

home is used by children. TVs, desktop computers and electronic game consoles can be placed in 

relatively fixed locations within the home, while laptop, tablet computers and handheld devices 

can feasibly be used almost anywhere. Having a TV and other electronic media in the bedroom 

has been associated with more sedentary electronic media use (Granich et al., 2011; Pate et al., 

2011) and less reading (Delmas et al., 2007). In our study, a range of living areas, including the 

open plan living area, lounge and games room were used for screen based media, with use in 

bedrooms less prominent. However, research from the UK, where the average urban house size 

is considerably smaller (Roberts-Hughes, 2011), found children’s screen based leisure mostly 

occurs in the bedroom, as well as the main living area of the home (Jago et al., 2011). This 

possibility that smaller overall living space may decrease the options for accommodating 

electronic media is worthy of further consideration, as it may be a barrier to removal from 

children’s bedrooms. 

Parents in this study reported that children’s use of multifunctional and portable electronic media 

was challenging to control, as these devices could be used anywhere and for a range of 

educational, entertainment and social purposes. An earlier Australian study found that parents 

who were concerned about children’s TV viewing had fewer TVs and less electronic media in the 

home, and placed more restrictions on electronic media use (Pearson, Salmon, Crawford, 

Campbell, & Timperio, 2011). This is consistent with our findings that some parents deliberately 

delayed or limited the purchase of electronic media to restrict use and many parents had rules 

around where, when and how devices could be used. Hence, strategies put in place by parents, 

such as limiting electronic media purchases, housing portable electronic media outside the 

bedroom and electronic media rules, seem to be most important in controlling the use of 

ubiquitous multifunctional and portable electronic media. 

4.5.4 Future research directions 

Research on the home physical environment to date has centred on establishing correlates of 

physical activity and electronic media use. There has been little investigation of potential home 

physical environmental influences, outside of equipment, and of how home physical and social 

environmental factors interact (Maitland et al., 2013). These findings highlight additional 

influences perceived by families on children’s sedentary behaviour and activity at home including 

house and yard size, space and design, and placement of equipment and furniture. More 

comprehensive measures of home physical environments that incorporate these influences and 

the location of equipment are required for use in observational studies. Reviews of the built 

environment and physical activity recommend that physical environmental influences be 
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investigated as moderators of the relationship between social and individual factors, and physical 

activity (Ding & Gebel, 2012). Exploration of these relationships within the home environment 

is also lacking (Maitland et al., 2013), with the findings of this study indicating that parental 

factors including preferences, priorities and rules, may influence children’s behaviour indirectly 

through the structuring of the home physical environment. Interventions that change the 

environment in small ways, such as placing computers in open areas, removing electronic media 

from bedrooms and allocating areas for play space, are yet to be assessed for efficacy in this 

context. Also, further exploration of the role of new generation and portable media, including 

smart phones, tablet computers and electronic gaming devices, in facilitating sedentary behaviour, 

and potentially activity, will be an important research direction, particularly as technology 

becomes woven into family homes. 

4.5.5 Strengths and limitations 

This study is unique by virtue of its thorough exploration of the physical environment in which 

children’s sedentary behaviour and physical activity occurs at home. A major strength of the study 

was the research design. The family interview and home tour allowed the interviewer to observe 

the physical environment and the interactions of participants with the home space. The 

observations and tour, in addition to the opinions of both parents and children, provided a more 

comprehensive picture of sedentary behaviour and physical activity in the family home, than 

might have been provided by only one method. 

However, research results should be considered in light of several limitations. Firstly, participants 

all resided in the Perth metropolitan area and findings may not be generalizable to families and 

homes in other regions. It should be noted that the average Australian house size is one of the 

largest in the world (Australian Bureau of Statistics, 2007) and this may have influenced 

participants’ perceptions of house and yard size. Secondly, participating families were selected 

from low, mid and high SES suburbs in an attempt to ensure equal representation. However, 

tertiary educated parents were overrepresented. In children, two thirds of participants were boys, 

and it should be noted there are gender differences between the behaviours of boys and girls at 

this age (Fairclough, Boddy, Hackett, & Stratton, 2009; Ferrar, Olds, & Walters, 2012). This may 

indicate that families who registered to participate in the study felt that home space was more 

pertinent for boys. And finally, it should be also acknowledged that answers, particularly those 

given by children in the presence of parents, may be prone to social desirability. 

4.6 Conclusions 

The findings of this study suggest that overall size, space and design of the home, and the 

allocation of space and equipment within the overall home space, can influence the sedentary 
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behaviour and physical activity of children at home. Additionally, many elements within the 

family home space are manipulated to suit the preferences and priorities of the family living in 

the home. This ability to create, control and change the physical environment of the home space 

seems to differentiate the home from other environmental settings where individuals have less 

control over their environment. While families considered physical environmental factors 

important, how families use their home space and overcome challenges posed by the environment 

also appears important for limiting children’s sedentary behaviour and increasing physical 

activity at home. We propose that further scientific endeavour should investigate the direct effect 

of the home physical environment on children’s sedentary behaviour and physical activity at home 

and seek to understand how parental factors, including preferences and priorities, influence the 

formation of home physical environment. 
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Chapter 5 Measurement of the Home 
Physical Environment 

Capturing the geography of children’s active and 
sedentary behaviours at home: The HomeSPACE 
measurement tool  

This chapter is an accepted manuscript published online ahead of print (Appendix 3):  

Maitland, C., Foster, S., Stratton, G., Braham, R., & Rosenberg, M. (2019). Capturing the 

geography of children’s active and sedentary behaviours at home: the HomeSPACE 

measurement tool. Children's Geographies, 17(3), 291-308. doi:10.1080/14733285.2018. 
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Thesis Study Map: Chapter Five 

Review of Literature - A place for play? The influence of the home physical environment on 
children's PA and SB 

Objectives: 

To: 1) review the evidence regarding the 
influence of the home physical 
environment (HPE) on SB and PA of 
children aged 8–14 years; and, 2) 
highlight evidence limitations, 
measurement issues and research 
directions. 

Key Findings: 

Home and bedroom EM was positively associated with SB; 
PA equipment was negatively associated with SB in half of 
studies. 

Introducing a TV limiting device decreased TV viewing; 
results of introducing an active video game on PA were 
inconsistent. 

Where the home physical and social environment were 
investigated, the latter exerted more influence.  

Future studies should investigate the influence of the HPE 
and its interaction with the social environment on SB time 
and home context specific behaviours, and objectively 
measure the HPE. 

Study 1. Qualitative Study - The Dynamic Family Home: a qualitative exploration of physical 
environmental influences on children’s SB and PA within the home space 

Objectives:  

To qualitatively explore family 
perceptions of physical environmental 
influences on SB and PA within the 
home space. 

Key Findings: 

Themes relating to the home space included 1) overall size, 
space and design; 2) allocation; 3) equipment; 4) perceived 
safety; and 5) the changing nature. 

Children’s PA options were limited by small houses and 
yards; In large houses, multiple living rooms contained 
extra EM; Open plan layouts facilitated EM monitoring; The 
home space changes based on the preferences and 
priorities of family living within it. 

Study 2. Instrument Development - Capturing the geography of children’s active and sedentary 

behaviours at home: The HomeSPACE Measurement Tool 

Objectives:  

To develop a valid and reliable 
instrument to assess parameters of the 
HPE that influence SB and PA and 
measure family factors that influence 
creation of the HPE. 

Key Findings: 

The HomeSPACE audit achieved good to excellent criterion 
validity and test-retest reliability for equipment, outdoor 
features and design measures. 

Factor analysis resulted in 15 scales with acceptable 
internal consistency and test-retest reliability that assess 
importance, preferences and supportiveness related to the 
HPE, PA and SB. 

The instrument advances previous home equipment 
inventories to provide a more comprehensive assessment 
of the home space. 

Study 3. Location and Movement Monitoring - Development and accuracy of a portable Location 
and Movement Monitoring System for determining the location of children’s PA and SB at Home 
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5.1 Abstract 

Children spend much of their time at home, indoors and sedentary. This study reports on the 

development, exploratory factor analysis, validity and reliability of the HomeSPACE Instrument. 

The instrument assesses features of the home physical environment that influence children’s 

sedentary behaviour and physical activity, and the family influences that create this environment. 

The space and equipment audit achieved good to excellent criterion validity and test-retest 

reliability for equipment, outdoor features and home design measures (Study 1, n = 36 parents). 

Family influence scales showed acceptable internal consistency and test-retest reliability (Study 

2, n = 96 parents). Factor analysis highlighted fifteen scales to assess the importance, preferences 

and supportiveness of the home environment for activity. The HomeSPACE Instrument extends 

previous tools to provide a valid and reliable assessment of home influences on children’s 

sedentary behaviour and physical activity that is adaptable for varying home physical 

environments. 

5.2 Introduction 

Participation in physical activity (PA) provides school-aged children and youth with numerous 

health benefits (I. Janssen & LeBlanc, 2010), while time spent sedentary, particularly watching 

television, has been associated with decreased fitness, unfavourable body composition and poorer 

psychosocial health (Tremblay, LeBlanc, Kho, et al., 2011). Ecological models designed to 

understand health behaviours propose that environmental factors influence both physical activity 

and sedentary behaviour (SB) (Stokols, 1992). Both behaviours are domain specific and most 

likely to be affected by features of the setting in which they occur (Owen et al., 2011; Sallis et al., 

2008). Children’s geographies though are changing, with reduced independent mobility and 

active free play in the neighbourhood compared to previous generations (Schoeppe et al., 2016; 

Witten, Kearns, Carroll, Asiasiga, & Tava'e, 2013; Woolley & Griffin, 2015). Now, many 

children spend a large amount of time in their private home space (Karsten, 2005), most of which 

is indoors and sedentary (Biddle et al., 2009; Liao et al., 2014; Loebach & Gilliland, 2016). In a 

recent study which used accelerometer data to measure children’s activity levels during waking 

hours over seven days, primary school-aged children averaged 189 min of home-based sedentary 

behaviour and 62 min of home-based moderate to vigorous physical activity (MVPA) per day 

(Tandon et al., 2012). Forty-eight percent of the children’s total sedentary time (396 mins/day) 

and 42% of their total MVPA (147 mins/day) was accumulated at home. Hence, the home 

environment is a crucial sphere of influence on children’s physical activity and sedentary 

behaviour. 

Within the home, physical and social environmental factors influence children’s physical activity 

and sedentary behaviour. Reviews conclude that media equipment and its placement in the 
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bedroom are positively associated with screen-related sedentary behaviour (Pate et al., 2011; 

Verloigne, Van Lippevelde, Maes, Brug, et al., 2012). However, there is limited evidence for an 

association between physical activity equipment (e.g. a trampoline, bicycle, sports equipment) 

and physical activity (Davison & Lawson, 2006; Ferreira et al., 2007; Verloigne, Van Lippevelde, 

Maes, Brug, et al., 2012). On the other hand, physical activity equipment and sedentary behaviour, 

as well as electronic media (EM) equipment and physical activity, may be inversely related 

(Maitland et al., 2013; Verloigne, Van Lippevelde, Maes, Brug, et al., 2012). Reviews note a lack 

of objective measurement of environmental attributes, inadequate reporting of validity and 

reliability of measures, and little exploration of the home physical environment excepting 

equipment as limitations of previous research (Davison & Lawson, 2006; Ferreira et al., 2007; 

Maitland et al., 2013). 

Within the home space, parents play a direct role in influencing children’s physical activity and 

sedentary behaviour. Parental physical activity, co-participation and social support are all 

associated with children’s physical activity (Edwardson & Gorely, 2010; Verloigne, Van 

Lippevelde, Maes, Brug, et al., 2012). Additionally, there is a positive relationship between parent 

and child sedentary behaviour, and an inverse relationship between EM rules and sedentary 

behaviour (Pate et al., 2011; Verloigne, Van Lippevelde, Maes, Brug, et al., 2012). Despite this, 

the need for more comprehensive and rigorously evaluated physical activity parenting measures 

has been identified (Trost, McDonald, & Cohen, 2013). Furthermore, parents control how 

electronic media are introduced and incorporated into their family household (Willett, 2017). 

Therefore, parents are key intermediaries for interventions aiming to create activity supporting 

home environments. Yet, precise measures of parents’ preferences and priorities that influence 

the creation and use of family home space and equipment are absent from the literature. 

To better understand how the home physical environment influences children’s physical activity 

and sedentary behaviour, robust measurement tools other than self-report surveys or dichotomous 

checklists are required. The PAMI (PA equipment and EM inventory) is a room-level home audit 

developed to provide valid and reliable summary scores of equipment in homes of pre-adolescents 

(Sirard et al., 2008). In contrast, the CHES instrument used a parental survey to assess physical 

activity and media equipment (Pinard et al., 2013). Authors of both studies recommended more 

comprehensive assessment of media equipment to incorporate technological advances and neither 

instrument assessed features outside of equipment such as stairs, trees and fences, or availability 

of space to play. Furthermore, CHES authors suggested further criterion validity assessment using 

in-home observation as the gold standard would be beneficial. 

Perhaps the most comprehensive home environment measurement tool is the HomeSTEAD 

physical activity and screen time physical environment inventory (Hales et al., 2013). This 

instrument assessed items for reliability and validity covering a large range of physical activity 
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and media equipment, as well as yard characteristics. While this instrument has undergone more 

rigorous reliability and validity testing than previous tools, criterion validity for yard size was 

poor. The instrument does not include room-level location for the majority of items or assess the 

number and size of rooms in the indoor space, where children spend much of their time (Karsten, 

2005; Loebach & Gilliland, 2016) and therefore it is limited in its potential to understand the 

microgeography of the home. Thus, while tools for measuring home equipment are available, 

robust measures of the home physical environment outside of equipment, including indoor home 

features and family preferences that influence the creation of the home physical environment, are 

not available. 

The purpose of this study was to address previous limitations and develop a valid and reliable 

instrument to assess the parameters of the home physical environment that influence children’s 

sedentary behaviour and physical activity. The study further aimed to develop and test the 

psychometric properties of scales measuring family factors that influence the creation of the home 

physical space. We present the development of the HomeSPACE Instrument, and the results of 

criterion validity, test-retest reliability and exploratory factor analysis of relevant items and 

scores. 

5.3 Methods 

The research was part of The HomeSPACE Study into the influence of the home physical 

environment on children’s sedentary behaviour and physical activity. The study was approved by 

the Human Research Ethics Committee of UWA (RA/4/1/6074; 10/05/2013). 

5.3.1 The HomeSPACE Instrument development 

A mixed methods two-step approach was used to inform the development of the HomeSPACE 

Instrument. First, a systematic literature review identified elements of the home physical 

environment associated with the sedentary behaviour and physical activity of children aged 8–14 

years, and evidence limitations (Maitland et al., 2013). Second, home-based interviews with 

families (n = 29) of children aged 9–13 years were conducted (Maitland et al., 2014). Families 

perceived the home physical environment influenced children’s sedentary behaviour and physical 

activity through overall size, space and design, and allocation of equipment within and perceived 

safety of the home space. Furthermore, the home was a dynamic environment where physical 

elements were chosen, controlled and changed according to the preferences and priorities of 

family members. Together, the findings from the literature review and family interviews informed 

the first draft of the HomeSPACE Instrument. 

The HomeSPACE Instrument consisted of: 1) an audit to measure the physical environment of 

the home space and, 2) a questionnaire to measure family perceptions, preferences and priorities 
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within the home space. The home physical environment was defined as all physical spaces and 

equipment within the boundary of the residential block and verge area immediately adjacent. The 

audit format was based on the PAMI to allow for room-level detail (Sirard et al., 2008). The 

contents were expanded to include new media equipment, seated furniture, natural yard features 

and musical instruments. The audit was simplified to include equipment categories most relevant 

to home based activities in Australia and assess only availability (not accessibility), of each item. 

Room size was asked for each indoor and outdoor room/area. 

The questionnaire included Likert items to assess constructs identified in formative work that 

influence the formation of the home physical environment. Family social and individual factors 

included: importance of home features and equipment; child and parent activity preferences at 

home; and importance of children’s activity at home. Questions were newly developed, except 

for children’s and parent’s activity preferences (Janz, Broffitt, & Levy, 2005) which were adapted 

for the home context by asking for preferences ‘when at home’ and adding current home specific 

activity examples such as watching TV, playing e-games, riding a scooter and bouncing on a 

trampoline. To assess parents’ perceptions of the home physical environment, supportiveness of 

the home space for activity was measured with newly developed items addressing space for play, 

safety, and connection between areas, within the home environment. Finally, demographic 

questions were included. 

The draft HomeSPACE Instrument was reviewed by a team of researchers with experience in 

children’s physical activity and built environment research. The HomeSPACE Instrument and 

study protocol was then pilot tested with a convenience sample of three families. At the end of 

each home visit, parents provided feedback on the audit, questionnaire and home visit data 

collection protocol. All parents were able to complete the pilot HomeSPACE Instrument. 

Feedback resulted in: amendments in the audit, such as reformatting the equipment list for ease 

and differentiating internal and external stairs; additions to the audit, including weights 

equipment, smart phone and e-games examples; and protocol refinements such as removing 

bathrooms from the validation process and clarifying written instructions. 

5.3.2 The HomeSPACE Instrument 

The final HomeSPACE Instrument (see supplementary file - Appendix 24) allowed 34 equipment 

items (14 physical activity; three musical; ten media; seven furniture) and room size (perceived 

and objective), to be recorded for up to 14 indoor and eight outdoor rooms/areas. Ten items 

assessing the presence of outdoor features were incorporated for the front yard, back yard and 

verge (i.e. the area between the property boundary and edge of the road). Home features (home 

type [separate house; semi-detached/townhouse/terrace house/villa; flat/unit/apartment; other], 

house size [small; medium; large], yard size [no, small; medium; large], number of stories, stairs, 

fencing and adjacency to public space beside/behind the home [yes/no for public open space e.g. 
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park; laneway; vacant block; pedestrian cut-through]) were also gathered. Additional questions 

that could not be assessed by audit included home equipment (books, DVDs, TV channels, 

electronic games, active electronic games, smart phones, internet service, pets), importance of 

home features (eight items); importance of home equipment (13 items); supportiveness of home 

space for activity (16 items); child activity preferences at home (seven items); parent activity 

preferences at home (seven items); importance of children’s activity at home (eight items); and 

demographics (14 items). 

5.3.3 Study design 

Two separate studies were conducted on the HomeSPACE Instrument. Study one assessed the 

test-retest reliability of the parent-completed audit at Time 1 and Time 2, and the criterion validity 

of the parent completed audit at Time 1 by comparing it with the gold standard of direct 

observation by an expert (Hales et al., 2013; Sirard et al., 2008). Study two explored the factor 

structure, internal consistency and test-retest reliability of questionnaire items. 

5.3.3.1 Study one: validity and reliability of audit items 

5.3.3.1.1 Participants and procedures 

Parents were recruited through health promotion agencies and community groups. Parents living 

in the Perth metropolitan area with at least one child aged 8–14 years were eligible. Forty-four 

interested parents registered their address, age and gender of children, and house type and size, 

via a webpage. To ensure an equal distribution of socio-economic status (SES), 37 were contacted 

(including all parents who registered from low and mid SES suburb tertiles as defined by Socio-

Economic Indexes for Areas, 2011) (Australian Bureau of Statistics, 2013a), and 36 agreed to 

participate. Parents were posted an information pack including study details and consent forms, 

prior to the home visit. Parents provided written consent at the beginning of the home visit and 

received a $50 retail voucher after the second HomeSPACE Instrument was returned. 

To commence the audit at the home visit, parents were instructed to walk around their house and 

yard and complete the items in each room/area. The researcher completed the same audit at the 

same time to validate the room size, equipment and features present. A laser measuring device 

(Bosch PLR 50) was used to determine the area (m2) of each indoor room. For the criterion 

validation process parents were asked not to speak with the researcher during the audit. If items 

were hidden, such as in cupboards, the parent was asked to open these and make them visible to 

the researcher. After the audit, the parent completed the questionnaire. To end the home visit, 

parents were left a second HomeSPACE Instrument, and asked to complete it one week later and 

return via reply paid envelope. Average time between completion was seven days. Home visits 

ranged from 45–90 min.  
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When all instruments had been returned, objectively measured house, yard and verge size was 

assessed using Geographic Information System software (ArcGIS 10.0). House size was 

determined by the building footprint area. Yard size was calculated by subtracting the building 

footprint and any additional building areas, such as garages, from the cadastral area (the area 

inside the property boundary) (Carson et al., 2014). To assess verge size, the area at the front of 

the house between the property boundary and the road was digitised from digital aerial 

orthophotography (2013) supplied by the Western Australian Land Information Authority. 

Participants living in apartments were not assessed for these measures. 

5.3.3.1.2 Statistical analysis 

Individual items were totalled into category summary scores (see supplementary file - Appendix 

25). Density measures were calculated by dividing category summary scores by the number of 

indoor rooms, outdoor areas or total rooms/areas in the home. 

For continuous variables, validity was assessed by comparing the gold standard observer 

completed audit to the Time 1 parent completed audit, using Pearson correlations, t-tests 

(significance p ≤ 0.05), and 95% Limits of Agreement. Test-retest reliability between parent 

completed audits at Time 1 and Time 2, was assessed using one way single measures intraclass 

correlation coefficients (ICC). ICCs were rated as: poor (< 0.40); fair (0.40 – 0.59); good (0.60 – 

0.74); and excellent (0.75 – 1.00) (Cicchetti, 1994). 

For categorical items, validity and test-retest reliability was assessed by Cohen’s Kappa using 

cut-off points of: poor (< 0.00); slight (0.00 – 0.20); fair (0.21 – 0.40); moderate (0.41 – 0.60); 

substantial (0.61 – 0.80); and almost perfect (0.81 – 1.00) (Landis & Koch, 1977). Validity of 

house, yard and room size estimates was assessed against objectively measured size using 

Spearman’s Rank Correlation Coefficient (significance p ≤ 0.05). Analysis was conducted in 

SPSS version 19. 

5.3.3.2 Study two: factor analysis, internal consistency and 
reliability of scales 

5.3.3.2.1 Participants and procedures 

A second recruitment was conducted to generate a larger sample for Study 2. Sixty-five parents 

of children aged 8–14 years responded and were provided with study details, consent forms and 

the HomeSPACE questionnaire, and 60 parents returned the questionnaire. Data were added to 

the 36 participants from Study 1 to assess the factor structure and internal consistency. Test-retest 

reliability of final scales and sub-scales were conducted on the data collected in Study 1. 
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5.3.3.2.2 Statistical analysis 

Independent samples t-tests and chi-square tests (or Fisher’s Exact Test where > 20% of expected 

cell counts were > 5) (significance p ≤ 0.05), were used to compare the Study 1 and Study 2 

samples. 

Exploratory factor analysis (EFA) was undertaken on six sets of items: 1) Child Activity 

Preferences at Home; 2) Parent Activity Preferences at Home; 3) Importance of Children’s 

Activity at Home; 4) Importance Home Features; 5) Importance of Home Equipment; 6) 

Supportiveness of Home Space for Activity. All sets of items met minimum sample size 

requirements of a least five cases per variables, showed correlations between variables in the 

correlation matrix, were significant on Barlett’s test of sphericity and had KMO values of 0.6 and 

above (Hair, Black, Babin, Anderson, & Tatham, 2006) (see supplementary data - Appendix 26). 

EFA was conducted using principal component analysis (PCA) with oblique rotation. A 

conservative factor loading value of ± 0.55 was applied due to sample size (Hair et al. 2006). 

Items with factor loadings of ± 0.55 on one factor and with no cross loading above ± 0.30 were 

retained, while items with lower factor loadings or cross loading were removed stepwise to 

produce a solution. Where items where within ± 0.05 of the applied loadings a final decision was 

made based on theoretical rationale. Internal consistency was assessed using Cronbach’s Alpha. 

Finally, items scores for each scale and sub-scale were summed and test-retest reliability was 

assessed using the same method as Study one. 

5.4 Results 

5.4.1 Study one results 

5.4.1.1 Demographic characteristics 

Demographic characteristics of the sample are presented in Table 1. Thirty-six parents completed 

the HomeSPACE Instrument at Time 1 and 35 of these (97.2%) completed the instrument at Time 

2. At Time 1, 91.7% of participants were female, 55.6% held a university degree and 44.4% lived 

in the highest SES tertile. Over 90% lived in a separate house and 61.1% had two children at 

home. Approximately one third (33.4%) reported a small or no yard, and 22.2% reported a small 

house. 
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Table 5.1 Characteristics of participants 

    Study 1 
n=36 

% 

 Study 2 
n=96 

% 
Family Characteristics       

Parent Age, mean(SD)    43.83(4.65)  44.36(4.71) 

Parent Gender  Female  91.7  89.6 

  Male   8.3  10.4 

Primary Child Age, mean(SD)    11.58(1.62)  11.0(1.79)* 

Primary Child Gender  Male   55.6  62.5 

  Female  44.4  37.5 

Language at Home  English  91.7  96.1* 

  Other  8.3  3.1 

No of Children at Home  1  8.3  7.3 

  2  61.1  58.3 

  3   19.4  26.0 

  4 or more  11.1  8.2 

People in Household  ≤3  8.3  6.2 

  4  61.1  58.3 

  ≥5  30.6  35.4 

Education Level  ≤Secondary School  19.4  14.6 

  Trade/Diploma  25  17.7 

  University  55.6  67.7 

SES by Location  High   44.4  52.1 

  Medium  30.6  29.2 

  Low  25  17.7 

Family Situation  Single Parent/Other  13.9  9.3 

  Two Parent  86.1  90.6 

Home Ownership  Rent  13.9  7.3 

  Own/Paying Off  83.8  91.7 

Home Characteristics       

House Type  Separate House  91.7  93.8 

  Other  8.3  6.3 

House Size   Small  22.2  15.7 

  Medium  55.6  57.3 

  Large  22.2  27.1 

Yard Size   No/Small  33.4  29.2 

  Medium  36.1  38.5 

  Large  30.6  32.3 

Raw percentages provided; Samples not independent 

*Significant difference (p<0.05) between Study 1 (n=36) and additional Study 2 participants (n=60)  

 

5.4.1.2 Validity 

Pearson correlation coefficients between the observer and parent at Time 1 were >0.90 for all 

room/area summary variables, and >0.7 for all outdoor features, physical activity equipment, 

musical equipment and media equipment, excepting density of media equipment at home (r = 

0.67) (Table 5.2). There were no significant mean differences in summary variables within these 

categories (t-test p-values = 0.17 – 1.00). For seated furniture four of seven correlation 
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coefficients fell below 0.70 and one had significantly different means (density of seated furniture 

at home, p = 0.03). 

Most categorical variables assessing home design and adjacent space showed either substantial 

or almost perfect agreement (K = 0.64–1.00) between the observer and parent at Time 1 (Table 

5.3). Only agreement regarding adjacency to vacant block was moderate (K = 0.58), and presence 

of external stairs was fair (K = 0.38). Validity of size measures was below K = 0.40 for five out 

of seven measures indicating fair, slight or poor agreement. Only back yard size showed moderate 

agreement between the observer and the parent at Time 1 (K = 0.61). Results of validation analysis 

between objectively measured and parent perceptions of room/area size showed a range of 

Spearman correlation coefficients (0.13 – 0.82). Verge size (rs = 0.13, p = 0.49) and open plan 

living room size (rs = 0.41, p = 0.05) were the only two variables where the correlation coefficient 

between objective measurement and parent report was not significant. 
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Table 5.2 Audit validity and reliability – Continuous variables 

 Mean (SD)  
Validity 

Time 1 vs Observer (n=36) 
 

Reliability 

Time 1 v Time 2 (n=35) 

Home Equipment 

and Features 

Observer 

(n=36) 

Time 1 

(n=36) 

Time 2 

(n=35) 
 

Pearson 

Correlation 
(r) 

t-test of 
Means 

(p-value) 

Limits of Agreement 

(Mean difference; 
95%) 

 

Intraclass Correlation 

Coefficient (1,1) 

ICC(95% CI) 

Rooms/Areas          

Living Rooms 4.42 (1.27) 4.44 (1.48) 4.49 (1.38)  0.93 0.93 -0.03 (-1.13.1.07)  0.96 (0.93,0.98) 

Bedrooms 3.42 (0.73) 3.42 (0.65) 3.40 (0.69)  0.95 1.00 0.00 (-0.47,0.47)  0.97 (0.94,0.98) 

Total-Indoors 10.19 (2.27) 10.00 (2.32) 9.60 (2.40)  0.95 0.72 0.19 (-1.27,1.66)  0.94 (0.88,0.97) 

Total-Outdoors 4.42 (1.42) 4.50 (1.46) 4.63 (1.35)  0.94 0.81 -0.08 (-1.06,0.90)  0.91 (0.82,0.96) 

Total-Home 14.61 (3.41) 14.50 (3.48) 14.23 (3.38)  0.97 0.89 0.11 (-1.69,1.91)  0.96 (0.91,0.98) 

Outdoor Features  
 

  
  

   

Back Yard  5.86 (2.49) 5.86 (2.60) 5.83 (2.63)  0.90 1.00 0.00 (-2.25,2.25)  0.95 (0.91,0.98) 

Front Yard  6.19 (2.21) 6.14 (2.14) 6.17 (2.05)  0.86 0.91 0.06 (-2.24,2.35)  0.88 (0.77,0.94) 

Verge  3.86 (1.62) 3.91 (1.93) 3.86 (1.95)  0.73 0.90 -0.06 (-2.66,2.55)  0.82 (0.68,0.91) 

Total-Outdoors 15.92 (5.50) 15.92 (5.65) 15.74 (5.04)  0.93 1.00 0.00 (-4.06,4.06)  0.94 (0.88,0.97) 

PA Equipment  
 

  
  

  
 

Sports 16.28 (10.53) 13.14 (9.01) 13.40 (8.81)  0.78 0.18 3.14 (-9.96,16.24)  0.87 (0.76,0.93) 

Transportation 8.03 (4.00) 7.61 (3.96) 7.74 (4.17)  0.77 0.66 0.42 (-4.89,5.73)  0.80 (0.64,0.89) 

Exercise 1.5 (1.80) 1.19 (1.64) 1.20 (1.49)  0.85 0.45 0.31 (-1.56,2.17)  0.83 (0.69,0.99) 

Outdoor Play 2.39 (1.78) 2.44 (1.99) 2.31 (1.68)  0.93 0.90 -0.06 (-1.46,1.35)  0.87 (0.76,0.93) 

Indoor Play 0.31 (0.53) 0.33 (0.53) 0.34 (0.54)  0.95 0.83 -0.03 (-0.35,0.30)  0.90 (0.82,0.95) 

Total-Indoors 6.56 (6.91) 4.92 (5.37) 5.46 (5.95)  0.76 0.27 1.64 (-7.17,10.44)  0.88 (0.78,0.94) 

Total-Outdoors 22.00 (13.14) 19.81 (12.37) 19.62 (11.30)  0.86 0.47 2.19 (-11.01,15.40)  0.93 (0.86,0.96) 

Total-Home 28.56 (14.01) 24.72 (12.38) 25.09 (12.35)  0.83 0.22 3.83 (-11.52,19.18)  0.92 (0.84,0.96) 

Density-Indoors  0.73 (0.99) 0.54 (0.65) 0.64 (0.80)  0.79 0.37 0.18 (-1.03,1.38)  0.89 (0.80,0.95) 

Density-Outdoors  5.05 (2.53) 4.51 (2.61) 4.30 (2.52)  0.87 0.44 0.50 (-2.00,3.00)  0.87 (0.75,0.93) 

Density-Home  2.01 (0.99) 1.72 (0.76) 1.81 (0.80)  0.71 0.17 0.29 (-1.08,1.66)  0.90 (0.81,0.95) 
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 Mean (SD)  
Validity 

Time 1 vs Observer (n=36) 
 

Reliability 

Time 1 v Time 2 (n=35) 

Home Equipment 

and Features 

Observer 

(n=36) 

Time 1 

(n=36) 

Time 2 

(n=35) 
 

Pearson 

Correlation 
(r) 

t-test of 
Means 

(p-value) 

Limits of Agreement 

(Mean difference; 
95%) 

 

Intraclass Correlation 

Coefficient (1,1) 

ICC(95% CI) 

Media Equipment  
 

  
  

  
 

Fixed 8.22 (3.64) 7.26 (2.87) 7.20 (3.25)  0.87 0.23 0.94 (-2.65,4.54)  0.91 (0.83,0.95) 

Portable 4.31 (2.76) 4.97 (2.94) 4.69 (2.94)  0.83 0.32 -0.67 (-3.95,2.61)  0.84 (0.76,0.92) 

Bedroom  3.14 (2.89) 3.42 (2.97) 3.49 (3.05)  0.94 0.69 -0.28 (-2.35,1.80)  0.94 (0.89,0.97) 

Total-Home 12.53 (5.03) 12.25 (4.68) 11.89 (4.61)  0.87 0.81 0.28 (-4.33,4.88)  0.92 (0.84,0.96) 

Density-Home  0.88 (0.32) 0.88 (0.38) 0.88 (0.37)  0.67 0.95 -0.01 (-0.58,0.57)  0.85 (0.72,0.92) 

Musical Equipment          

Total-Home 3.39 (3.62) 2.97 (3.45) 3.03 (2.74)  0.75 0.62 0.42 (-4.48,5.32)  0.87 (0.76,0.93) 

Density-Home  0.22 (0.21) 0.20 (0.21) 0.22 (0.18)  0.79 0.68 0.02 (-0.24,0.29)  0.88 (0.78,0.94) 

Seated Furniture          

Bedroom  2.75 (2.29) 2.39 (2.81) 2.43 (2.51)  0.88 0.55 0.36 (-2.30,3.02)  0.82 (0.67,0.90) 

Total-Indoor  23.72 (10.21) 21.30 (9.03) 20.23 (8.97)  0.78 0.29 2.42 (-10.25,15.09)  0.87 (0.77,0.93) 

Total-Outdoor  9.83 (6.42) 7.00 (6.82) 7.86 (5.53)  0.63 0.07 2.83 (-8.41,14.07)  0.80 (0.65,0.90) 

Total-Home 33.56 (13.17) 28.30 (14.55) 28.09 (12.71)  0.80 0.11 5.25 (-12.13,22.63)  0.88 (0.77,0.94) 

Density-Indoors  2.36 (0.87) 2.11 (0.74) 2.13 (0.79)  0.45 0.19 0.25 (-1.42,1.92)  0.83 (0.70,0.91) 

Density-Outdoors  2.26 (1.41) 1.58 (1.48) 1.76 (1.29)  0.59 0.07 0.64 (-1.88,3.17)  0.81 (0.65,0.90) 

Density-Home  2.35 (0.82) 1.92 (0.83) 1.98 (0.79)  0.48 0.03* 0.42 (-1.24,2.09)  0.86 (0.74,0.93) 

*Significant difference (p < 0.05) between parent at Time 1 and Observer; Mean scores represent the total number of items present 
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Table 5.3 Audit validity and reliability – Categorical variables  

Home Equipment 

and Features 
Potential 
Score 

Validity (n=36)  Reliability (n=35) 

Time 1 vs Observer 

Cohen’s Kappa 

Κ 

Time 1 vs m2 

Spearman’s Rho 

ρ (p-value) 

 Time 1 v Time 2 

Cohen’s Kappa 

Κ 

Home Design      

Type of Home 4 options 1.00 -  1.00 

No. of Stories 3 options 1.00 -  1.00 

Internal Stairs Y/N 0.84 -  0.77 

External Stairs Y/N 0.38 -  0.93 

Front Fence Y/N/Partial 0.74 -  0.90 

Home Size^      

Open Plan Living Room 
(n=24) 

S/M/L -0.08 0.41 (0.05)  0.68 

Lounge Room (n=29) S/M/L 0.36 0.48 (0.01)  0.87 

Games Room (n=14) S/M/L 0.16 0.82 (0.00)  0.75 

Study (n=24) S/M/L 0.27 0.50 (0.01)  0.45 

Child’s Bedroom (n=34) S/M/L 0.39 0.61 (0.00)  0.59 

Verge (n=29) S/M/L 0.45 0.13 (0.49)*  0.58 

Back Yard (n=32) S/M/L 0.61 -  0.72 

Front Yard (n=33) S/M/L 0.07 -  0.32 

Total House Size S/M/L 0.47 0.51 (0.00)  - 

Total Yard Size  No/S/M/L 0.55 0.72 (0.00)  - 

Adjacent Space Next 
to... 

     

Public Open Space Y/N 0.85 -  0.86 

Laneway Y/N 0.87 -  0.76 

Vacant Block Y/N 0.58 -  1.00 

Pedestrian Cut-Through Y/N 0.64 -  1.00 

Home Equipment      

No. of Books 6 options - -  0.72 

No. of DVDs 6 options - -  0.60 

No. of TV Channels 6 options - -  0.60 

No. of E-games 6 options - -  0.42 

No. of Active E-games 6 options - -  0.76 

No. of Smart Phones 6 options - -  0.89 

Type of Internet 3 options - -  N/A (constant) 

Pet Ownership  - -   

Dog Y/N - -  1.00 

Other Pet Y/N - -  0.94 

^Not all participant homes included every room/area 

*Insignificant correlation of p>0.05 between parent at Time 1 and Size (m2) 

 

5.4.1.3 Reliability 

ICCs for test-retest reliability were excellent for all 34 continuous summary variables (≥ 0.80) 

(Table 5.2). Cohen’s Kappa was either substantial or almost perfect (K ≥ 0.60) for the majority of 
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the 26 categorical variables including all items in home design, adjacent space and pet ownership 

categories (Table 5.3). For room and yard size, four or eight questions recorded Kappa values 

under 0.60 with front yard size having the lowest agreement (K = 0.32). Only one other item, e-

games in the home equipment category, fell below substantial agreement (K = 0.42). 

5.4.2 Study two results 

5.4.2.1 Demographic characteristics 

Ninety-six parents completed the HomeSPACE Instrument questionnaire. The only differences in 

family and home characteristics between additional participants in Study 2 and those in Study 1 

were the primary child was younger (t(94) = 2.55, p = 0.01), and there was a lower proportion of 

families with a primary language other than English (p = 0.05) in Study 2 (Table 5.1). 

5.4.2.2 Child and parent activity preferences at home 

For Child Activity Preferences at Home all seven items loaded significantly onto one of two 

factors interpreted as ‘Active Preferences’ or ‘Social Preferences’ (Table 5.4). The factor solution 

accounted for 71.4% of the total variance. Internal consistency for both factors and the scale was 

acceptable (α = 0.85 – 0.89) and test-retest reliability was good (ICC = 0.63 – 0.73). For Parent 

Activity Preferences at Home results showed all items loaded onto one factor (Table 5.5). The 

seven-item factor accounted for 56.2% of the total variance, and showed acceptable internal 

consistency (α = 0.86) and good test-retest reliability (ICC = 0.68). 

Table 5.4 Factor analysis for child activity preferences at home 

Child Activity Preferences at Home Items 

Factors 

Child Active 
Preferences at 

Home 

Child Social 
Preferences at 

Home 

Given the choice, when at home, my child prefers….   

Sitting around OR Running around 0.853  

Playing indoors OR Playing outdoors 0.837  

Playing electronic games/computer OR Active types of play 0.830  

Watching TV/movies OR Active types of play 0.801  

Quiet activities OR Energetic activities 0.637  

Be in their bedroom OR Be in communal living areas  0.967 

Be alone OR Be with other family members  0.917 

Eigenvalue  3.74 1.26 

% variance explained  53.43 17.95 

Cronbach alpha 0.85 0.89 

Test-Retest Reliability (ICC) (95% CI) 0.67 (0.43,0.82) 0.63 (0.38,0.79) 

Total % variance explained  71.38 

Total scale Cronbach alpha  0.85 

Test-Retest Reliability (ICC) (95% CI)  0.73 (0.52,0.85) 
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Table 5.5 Factor analysis for parent activity preferences at home 

Parent Activity Preferences at Home Items 

Factors 

Parent Activity 
Preferences at 

Home 

Given the choice, when at home, I prefer….  

Watching TV/movies with my child OR Doing PA with my child 0.829 

Watching TV/movies OR Doing something physically active 0.822 

Using the computer/electronic games OR Doing something physically active 0.759 

Playing electronic games/computer with my child OR Doing PA with my child 0.754 

Indoor activities with my child OR Outdoor activities with my child  0.736 

Be indoors OR Be outdoors 0.696 

Quiet pursuits OR Active pursuits 0.634 

Eigenvalue  3.94 

% variance explained  56.24 

Cronbach alpha 0.863 

Test-Retest Reliability (ICC) (95% CI) 0.68 (0.46,0.83) 

Total % variance explained 56.24 

Total subscale Cronbach alpha 0.86 

Test-Retest Reliability (ICC) (95% CI) 0.68 (0.46,0.83) 

 

5.4.2.3 Importance of children’s activity at home 

The final factor solution for Importance of Children’s Activity at Home contained two factors and 

explained 63.1% of the variance (Table 5.6). Internal consistency for the scale (α = 0.67) and the 

‘Active Play’ factor was acceptable (α = 0.75) and test-retest reliability was excellent (ICC = 0.77 

and 0.79 respectively). The factor ‘EM Use’ had a lower internal consistency (α = 0.59) and good 

test-retest reliability (ICC = 0.65). Two items, ‘do homework’ and ‘spend time reading’, loaded 

together as a third factor but were removed due to low internal consistency. 
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Table 5.6 Factor analysis for importance of children’s activity at home 

Importance of Children’s Activity at Home Items 

Factors 

Active Play at 
Home 

EM Use at 
Home 

When at home, how important is it to you for your child to:   

Be physically active 0.804  

Do active types of play 0.773  

Play or practice sports 0.746  

Spend time outside 0.681  

*Play electronic games/computer  0.848 

*Watch TV/movies  0.799 

Eigenvalue  2.45 1.33 

% variance explained  40.85 22.20 

Cronbach alpha 0.75 0.59 

Test-Retest Reliability (ICC) (95% CI) 0.79 (0.63,0.89) 0.65 (0.41,0.81) 

Total % variance explained - 63.06 

Total Scale Cronbach alpha - 0.67 

Test-Retest Reliability (ICC) (95% CI)  0.77 (0.60,0.88) 

*Item reversed; Items removed: Do homework ICC = 0.45 (0.15,0.68); Spend time reading ICC = 0.30 (-
.03,0.57) 

 

5.4.2.4 Importance of home features and equipment 

For Importance of Home Features, two factors, ‘Internal Living Space’ and ‘Space for Play’, 

explained 55.5% of the variance (Table 5.7). Internal consistency of the scale and factors was 

acceptable (α = 0.63 – 0.67) and test-retest reliability was excellent (ICC = 0.77 – 0.87) for all. 

One item did not load onto either factor so remained as an individual item.  A three factor solution 

was found for Importance of Home Equipment (Table 5.8), explaining 65.1% of the total variance 

with acceptable internal consistency (α = 0.71) and excellent test-retest reliability (ICC = 0.88). 

The first factor ‘EM in Home’ consisted of four items and had acceptable internal consistency (α 

= 0.73) and excellent test-retest reliability (ICC = 0.88). The two-item factor ‘EM in the Bedroom’ 

showed a lower alpha of 0.56 and ICC for test-retest reliability of 0.55. ‘Active Play Equipment’ 

was the third factor with two items (α = 0.60; ICC = 0.73). Five items were removed either as 

they did not load onto any factor or to improve internal consistency. 
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Table 5.7 Factor analysis for importance of home features 

Importance of Home Features Items 

Factors 

Internal Living 
Space 

Space for Play 

How important is it for your family home to have:   

A dedicated activity/games room/area for children 0.762  

≥2 living areas so adults and children can have own space 0.757  

Dedicated home theatre room/area 0.734  

A dedicated music/craft/reading room/area 0.558  

Space for children to play inside  0.818 

Children’s bedrooms with space to play  0.792 

Space for children to play outside  0.730 

Eigenvalue  2.22 1.67 

% variance explained  31.64 23.83 

Cronbach alpha 0.66 0.67 

Test-Retest Reliability (ICC) (95% CI) 0.87 (0.76,0.93) 0.77 (0.59,0.86) 

Total % variance explained - 55.47 

Total subscale Cronbach alpha - 0.63 

Test-Retest Reliability (ICC) (95% CI) - 0.83 (0.69,0.91) 

 

Table 5.8 Factor analysis for importance of home equipment 

Importance of Home Equipment Items 

Factors 

EM in 
Home 

EM in BR Active Play 
Equipment 

How important is it for your family home to have:    

*≥2 TVs so family members can watch own programs 0.887   

*Home theatre system for watching TV/movies 0.803   

*TV specifically for child’s use 0.704   

*Electronic games console 0.501   

*Computer in child’s bedroom  0.845  

*TV in child’s bedroom  0.792  

Outdoor play equipment    0.916 

Sports equipment    0.735 

Eigenvalue  2.69 1.42 1.10 

% variance explained  33.67 17.73 13.69 

Cronbach alpha 0.73 0.56 0.60 

Test-Retest Reliability (ICC)(95% CI) 0.88 
(0.78,0.94) 

0.55 
(0.29,0.75) 

0.73 
(0.53,0.85) 

Total % variance explained - - 65.09 

Total subscale Cronbach alpha - - 0.71 

Test-Retest Reliability (ICC)(95% CI) - - 0.88 
(0.78,0.94) 

*Item reversed; Items removed: Features - Swimming pool ICC = 0.90 (0.82,0.95); Equipment - Musical 
instruments ICC = 0.92 (0.85,0.96); Exercise equipment ICC = 0.72 (0.52,0.85); *Computer specifically for 
child’s use ICC = 0.77 (0.59,0.88); *Computer in a place you can easily see ICC = 0.77 (0.59,0.88); Range 
of books ICC = 0.80 (0.63,0.89) 
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5.4.2.5 Supportiveness of home space for activity 

Five factors were identified that explained 68.2% of the total variance (Table 5.9). Factors were 

‘Indoor Space for Play’, ‘Front Outdoor Visibility and Connection’, ‘Front Outdoor’ Safety & 

Access’, ‘Back Outdoor Supportiveness’, ‘Outdoor Space for Play’. All factors showed acceptable 

internal consistency (α = 0.60 – 0.88) and excellent test-retest reliability (ICC = 0.79 – 0.86), 

except for ‘Front Outdoor Visibility and Connection’ where test-retest reliability was good (ICC 

= 0.66), and ‘Back Outdoor Area Supportiveness’ where internal consistency was lower (α = 0.57). 

Alpha for the overall scale was 0.78 and test-retest reliability was excellent (ICC = 0.90). One 

item was removed as it did not load significantly onto any factor. 
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Table 5.9 Factor analysis for supportiveness of home space for activity 

Supportiveness of Home Space 
for Activity Items 

Factors 

Indoor 
Space for 

Play 

Front 
Outdoor 

Visibility & 
Connection 

Front 
Outdoor 
Safety & 
Access 

Back 
Outdoor 
Support-
iveness 

Outdoor 
Space for 

Play 

There is enough space for my 
child to move around freely inside 

0.950     

There is enough space for my 
child to play inside 

0.837     

There is enough space for my 
child to play an active video game 
inside 

0.743     

It is easy to see clearly onto the 
verge from inside 

 0.947    

It is easy to see clearly into the 
front yard from inside 

 0.687    

Front yard and verge connect so 
my child can move freely between 

 0.509    

Front yard is safe for my child to 
play 

  0.906   

It is easy for my child to get from 
inside to the front yard 

  0.718   

Verge is safe for my child to play   0.588   

Back yard safe for my child to 
play 

   0.767  

It is easy for my child to get from 
inside to the back yard 

   0.654  

It is easy to see clearly into the 
back yard from inside  

   0.560  

There is enough space for my 
child to play in the front yard 

    0.862 

There is enough space for my 
child to play in the back yard 

    0.752 

There is enough space for my 
child to play on the verge  

    0.537 

Eigenvalue  3.94 1.98 1.62 1.42 1.28 

% variance explained  26.26 13.22 10.79 9.44 8.52 

Cronbach alpha 0.82 0.60 0.70 0.58 0.63 

Test-Retest Reliability (ICC)(95% 
CI) 

0.79 

(0.61,0.89) 

0.66 

(0.42,0.82) 

0.82 

(0.66,0.91) 

0.85 

(0.72,0.92) 

0.86 

(0.73,0.93) 

Total % variance explained     68.23 

Total subscale Cronbach alpha     0.78 

Test-Retest Reliability 
(ICC)(95% CI) 

    0.90 

(0.79,0.95) 

Items removed: Front and back yard connect so my child can move freely between ICC=0.79 (0.63,0.89) 

 

5.5 Discussion 

The home environment is an important influence on children’s sedentary behaviour and physical 

activity. This study aimed to develop a valid and reliable instrument to comprehensively assess 
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home physical environmental features that may influence children’s sedentary behaviour and 

physical activity at home. The instrument was developed following a systematic review and 

qualitative study to cover a broader range of parameters than previous home inventories, by 

including measures of indoor and outdoor size, seated furniture and location of items. In addition, 

the questionnaire assessed family factors that influence the creation of the home physical 

environment, an aspect not measured previously. Good criterion validity and test-retest reliability 

of the audit was achieved, except for size and space variables. The majority of final scales and 

factors showed acceptable internal consistency and test-retest reliability. Results suggest the 

HomeSPACE Instrument can provide a valid and reliable assessment of the home physical 

environment regarding children’s sedentary behaviour and physical activity and be useful for 

determining factors that influence the creation of this environment. 

The HomeSPACE Instrument was tailored to collect indoor and outdoor home physical 

environmental measures specific to home based sedentary behaviour and physical activity of pre-

adolescent children. The walk through completion format of the audit was based on the PAMI 

(Sirard et al., 2008) to maximise objectivity and provide room-level detail lacking in other 

checklists. The audit extends the PAMI by including yard features, seated furniture, musical 

instruments and room size, and updates media equipment. In addition to differentiating indoor 

rooms to allow the creation of density measures, it also differentiates outdoor spaces. Of all 

equipment availability and accessibility scores, the PAMI found that equipment density 

(equipment/number of rooms) was most important for construct validity, with physical activity 

equipment density most strongly related to MVPA and media equipment density most strongly 

related to screen time (Sirard et al., 2010). While the HomeSTEAD inventory (Hales et al., 2013) 

provides the most comprehensive measurement of physical activity and media equipment to date, 

assessing amount, accessibility and condition, and also includes natural features and yard size, it 

does not assess indoor room size or provide area/room-level detail. Additionally, the 

HomeSPACE Instrument is the first to assess individual factors that may determine how families 

shape their home environment. 

The audit demonstrated good criterion validity and test-retest reliability for the majority of 

equipment, feature and design measures, confirming that it can be accurately completed by parents 

at home. For the more regularly investigated items of physical activity and media equipment, 

results were similar to previous inventories measuring their availability in the home (Hales et al., 

2013; Sirard et al., 2008). For the new categories, musical instrument summary scores indicated 

good validity and reliability. Although seated furniture measures also showed good reliability, 

validity results were mixed. Scores that included outdoor seated furniture were the poorest 

performing with the observer recording higher amounts than the parent. This may be because the 

observer recorded all outdoor chairs and tables despite their format or condition, whereas parents 

may have either missed furniture in poor condition, not recognised pieces of outdoor seating or 
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grouped outdoor furniture together (e.g. table and chairs as one piece). The only other item to fall 

below acceptable reliability limits was the number of e-games, which may indicate the difficulty 

in assessing e-games across a range of platforms, such as gaming consoles, computers and 

smartphones, and online options. Although these items may benefit from clarification in future 

iterations of the HomeSPACE Instrument, the majority of items showed good criterion validity 

and compared favourably against similar inventories. 

The validity of home size measures was determined by comparison of parent estimate against 

observer, as well as against objectively measured size from either GIS (outdoor areas) or laser 

measurement (indoor rooms). Our results concur with previous attempts to validate self-reported 

yard size against an observer that found a lack of agreement (Bryant et al., 2008; Hales et al., 

2013). This is also supported by neighbourhood-level assessments, where criterion validity is 

likely to be higher when individuals report on relatively concrete attributes such as the presence 

of a footpath, and lower for less tangible aspects such as distances and aesthetics (Brownson et 

al., 2009). These lower levels of agreement can be expected as individuals filter objective 

characteristics through their own experiences and expectations (St John, 1987). In research into 

the influence of the built environment, self-report measures are usually considered as perceived 

environmental measures and differentiated from objective measures (Brownson et al., 2009). To 

this end, our results substantiate that parents are not able to accurately assess the size of their 

home, and that perception of house, yard and room size should be a separate construct to objective 

size. 

The results of EFA on items hypothesised to influence the creation of the family home physical 

environment indicated the existence of several factors within all but one construct. Almost all 

subscales exhibited good or excellent reliability, and the majority showed acceptable internal 

consistency for exploratory work (Hair et al., 2006). Scales that were adapted to the home context 

from previously validated items (i.e. Child Activity Preferences at Home, and Parent Activity 

Preferences at Home) (Bielemann, Reichert, Paniz, & Gigante, 2011; Janz et al., 2005), showed 

better consistency than newly developed items. We found two factors within the Children’s 

Activity Preferences at Home scale – ‘Active Preferences’, and ‘Social Preferences’ – and this is 

in accord with previous findings where children’s activity preferences, and not social preferences 

were significantly related to overall physical activity (Janz et al., 2005). 

The remaining items included in the EFA were informed by qualitative formative work and 

represent the first attempt to capture these constructs in the home environment. Predictably the 

Importance of Children’s Activity at Home scale revealed two factors identified as Active Play 

and EM Use. Items around the importance of reading and homework were removed as they 

exhibited low reliability and reduced internal consistency. Factors identified within the 

Importance of Home Equipment scale were similarly aligned to those in the Importance of 
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Children’s Activity at Home scale, with Active Play Equipment, EM in the Home, and EM in the 

Bedroom, identified as factors. Interestingly, the importance of EM in the home and bedroom 

were separate factors, indicating that parents’ perceive the importance of EM differently by its 

location. 

Scales to measure the importance parents place on home space, features and equipment related to 

children’s activity at home were informed by a proposed model for physical environmental 

influences on children’s sedentary behaviour and physical activity at home (Maitland et al., 2014). 

There is evidence that EM equipment, in the bedroom particularly, is related to EM use (Pate et 

al., 2011; Verloigne, Van Lippevelde, Maes, Brug, et al., 2012). Additionally, some studies have 

shown that play equipment is inversely associated with sedentary behaviour (Sirard et al., 2010) 

and that outdoor space at home may influence physical activity (Aarts et al., 2010). Furthermore, 

housing values and lifestyle have been identified as factors influencing housing choices (Beamish, 

Carucci Goss, & Emmel, 2001; Jansen, 2014) with space and functionality highly valued (Kauko, 

2006). However, we could find no measures of relevant values or preferences past those informing 

overall housing choices, or from the perspective of home-based activity. In summary, the 

HomeSPACE tool is valid and reliable for investigating the role of parents’ values in influencing 

the formation of the home physical environment. 

Much of the research around children’s geographies as they relate to physical activity, has focused 

on the reduction in children’s independent mobility, and how a range of factors including safety 

concerns, parental restrictions and reduced social connectedness, have pushed children inside 

(Holt, Lee, Millar, & Spence, 2015; Loebach & Gilliland, 2016; Schoeppe et al., 2016; Witten et 

al., 2013; Woolley & Griffin, 2015), and subsequently reduced physical activity and increased 

sedentary behaviour. However, families have also reported changing homes, increasing 

technology and children’s preferences for indoor play and electronic media as potential 

contributors to reduced independent travel and outdoor play (Loebach & Gilliland, 2016; J. L. 

Thomson & Philo, 2004; Witten et al., 2013). Yet, there has been less focus on how children may 

have been pulled inside by changes in the geography of the home, including the physical space 

and the way families interact with it. The HomeSPACE Instrument is an important step towards 

better understanding the geography of the home environment and how it may influence children’s 

physical activity, sedentary behaviour and independent mobility, which has the potential to extend 

the current body of research within children’s geographies. 

5.5.1 Strengths and limitations 

The strengths of the HomeSPACE Instrument are its rigorous testing procedure and broad range 

of parameters, including size, seated furniture and location by room/area. Collecting the location 

of equipment may provide additional insights, as to date bedroom EM has been the only location 

based home physical environment measure that has been repeatedly investigated. Furthermore, 
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the instrument does not pre-determine location, but is able to capture the myriad of ways that 

families can configure their homes using EM, equipment and furniture. Finally, the questionnaire 

also assesses factors that may contribute to the creation of the home physical environment, an 

aspect not covered by previous instruments. 

A limitation of the study was that even though participants were sampled by SES location just 

over half of parents were university educated, similar to previous studies (Hales et al., 2013; 

Sirard et al., 2008). Hence, caution should be exercised when implementing the tool for groups 

with lower education, and others with whom it has not been tested. Also, it should be noted that 

in Australia over 90% of families live in separate housing (Australian Bureau of Statistics, 2007), 

and our sample is representative of that. There were differences identified between the few 

families in apartments and villas versus those in separate housing, whereby some families viewed 

adjacent space, and shared or communal areas as children’s play space, whereas others did not. 

The housing style also had implications for the generation of house and yard area by GIS which 

cannot be used to extract house size of apartments. Additionally, newer homes had inbuilt garages 

and patios that were automatically included in the house footprint area by the GIS, while older 

home garages were separate and had to be manually digitised for inclusion in the house footprint 

area. Furthermore, the checklist was adapted to contain equipment and features relevant to the 

local context, so it is recommended that future users include country specific terminology and 

examples. Still, the room/area level checklist format has been successfully used in Australia and 

the USA (Sirard et al., 2008) and therefore we believe it broadly suitable for higher income 

countries. Hence, while the HomeSPACE Instrument is well suited to housing in many areas of 

developed countries, these factors need to be considered when used with families in more diverse 

housing, including higher density housing. 

5.6 Conclusion 

The HomeSPACE Instrument builds on previous home equipment inventories to provide 

additional measures of the indoor and outdoor home space that may influence children’s sedentary 

behaviour and physical activity at home. It is the first to attempt to assess individual factors, 

outside of socio-demographics, that may influence how families shape their home physical 

environment. In summary, the HomeSPACE Instrument is an important advancement in the 

measurement of the home physical environment as it provides a comprehensive picture of the 

entire home space, including the presence and location of items within the space, which can also 

be separated into sub-categories and factors. Furthermore, the tool is highly relevant for 

measuring the indoor space of home environments where media technology is effecting rapid 

changes and facilitating children’s sedentary behaviour. 
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Chapter 6 Measurement of Children’s 
Location Based Activity 

This chapter is presented in two parts. Part one describes the background to the development of a 

radio frequency identification (RFID) based Location And Movement Monitoring System to 

measure children’s location-based activity in home environments. Part two presents the results of 

two studies designed to test the accuracy of the system; and is formatted as a manuscript for 

submission to a peer reviewed journal. 
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Thesis Study Map: Chapter Six 

Review of Literature - A place for play? The influence of the home physical environment on 
children's PA  and SB 

Objectives: 

To: 1) review the evidence 
regarding the influence of the 
home physical environment (HPE) 
on SB and PA of children aged 8–
14 years; and, 2) highlight 
evidence limitations, 
measurement issues and 
research directions. 

Key Findings: 

Home and bedroom EM was positively associated with SB; PA 
equipment was negatively associated with SB in half of studies. 

Introducing a TV limiting device decreased TV viewing; results of 
introducing an active video game on PA were inconsistent. 

Where the home physical and social environment were 
investigated, the latter exerted more influence.  

Future studies should investigate the influence of the HPE and its 
interaction with the social environment on SB time and home 
context specific behaviours, and objectively measure the HPE. 

Study 1. Qualitative Study - The Dynamic Family Home: a qualitative exploration of physical 
environmental influences on children’s SB and PA within the home space 

Objectives:  

To qualitatively explore family 
perceptions of physical 
environmental influences on SB 
and PA within the home space. 

Key Findings: 

Themes relating to the home space included 1) overall size, space 
and design; 2) allocation; 3) equipment; 4) perceived safety; and 
5) the changing nature. 

Children’s PA options were limited by small houses and yards; In 
large houses, multiple living rooms contained extra EM; Open plan 
layouts facilitated EM monitoring; The home space changes based 
on the preferences and priorities of family living within it. 

Study 2. HPE Instrument Development - Capturing the geography of children’s active and 
sedentary behaviours at home: The HomeSPACE Measurement Tool 

Objectives:  

To develop a valid and reliable 
instrument to assess parameters 
of the HPE that influence SB and 
PA and measure family factors 
that influence creation of the HPE 

Key Findings: 

The HomeSPACE audit achieved good to excellent criterion 
validity and test-retest reliability for equipment, outdoor features 
and design measures. 

Factor analysis resulted in 15 scales with acceptable internal 
consistency and test-retest reliability that assess importance, 
preferences and supportiveness related to the HPE, PA and SB.  

The instrument advances previous home equipment inventories to 
provide a more comprehensive assessment of the home space. 

Study 3. Location and Movement Monitoring - Development and accuracy of a portable Location 
and Movement Monitoring System for determining the location of children’s PA and SB at Home 

Objectives: 

To: 1) develop a portable Location 
and Movement Monitoring System 
to measure the location-based PA 
of children at home; 2) examine 
the accuracy of the system to 
assess the indoor location based 
movement of children inside and 
outside of a building and rooms 
within a simulated home 
environment; and, 3) demonstrate 
the application of the system to 
match location and accelerometer 
data to explore relationships 
between indoor location and 
physical activity levels. 

Key Findings: 

The final system integrates building and room-level location data 
with Actigraph wGT3X-BT accelerometer data to objectively 
determine time spent in activity levels within different locations. 

In experiments with children, the system is over 92% accurate in 
detecting children’s location inside and outside of the building 
(reader range proxy) and at room-level (beacon proxy) at ≥ five 
minute intervals; and over 85% accurate at room-level in two 
minute intervals.  

The system was highly accurate in calculating time spent in 
physical activity levels when compared to Actilife 6 software (ICCs 
≥ 0.977). 
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Part One: Development of the Location and 
Movement Monitoring System 

6.1 Purpose and parameters 

The Location and Movement Monitoring System was developed to provide contextual location 

data to assist in answering the research question of how the home physical environment influences 

children’s sedentary behaviour and physical activity at home. At the time of development, indoor 

location-based activity data was not available for use in children’s physical activity research. 

Specifically, the purpose of the system was to: (1) objectively monitor the time children spend at 

home and the amount and intensity of activity performed by children when at home, and (2) 

objectively monitor the time children spend in specific rooms or spaces within the home 

environment and the amount and intensity of activity performed while in those rooms or spaces. 

The location system component was not required to pinpoint exact location, but rather to detect 

the presence of a person within a predefined area, such as at home or in a specific room. Overall, 

the system needed to be able to collect both location and movement data, and time-match this 

data to generate location-based activity levels in epochs.  

The system also needed to be portable and suitable for temporary installation in a private family 

home without hindering usual daily activities, have a long battery life and/or power source to 

collect data for extended periods, and be acceptable for use by children and families within their 

home. Feasibility and acceptability considerations were informed by data collected at the end of 

the HomeSPACE family interviews conducted as part of Chapter 4 (See Appendix 15 for 

interview guide). Topics raised included time required for installation, disruption to the 

participants and their family (e.g., interference with other electronic media, accommodating 

equipment), safety of equipment (e.g., radio frequencies, equipment hazards such as power cords), 

use of home resources (e.g., electricity, Wi-Fi), potential damage to home (e.g., chipping paint 

off walls) and privacy of data (local storage preferred to real time uploading). The selected 

Location and Movement Monitoring System needed to address these concerns to be considered 

acceptable to implement in future research with families. While the system was developed with 

the primary purpose in mind, it is envisaged that it could be applied in future research with other 

age groups across a variety of indoor environments. 

6.2 Location tracking system hardware 

The location tracking technology and components of the system were selected as the most 

appropriate for meeting the primary research aims. The PhD candidate researched commercial 

location tracking systems to identify potential solutions before engaging an external software and 
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electronics engineer to assist in sourcing and adapting components, and to develop software. The 

location system hardware consists of an RFCode real time location system (RTLS) with a 

combination of active radio frequency identification (RFID) and infrared (IR) technologies to 

collect real time location data for use in monitoring asset and people movement, and 

environmental conditions (RFCode, 2017). The central device is a fixed reader programed to 

receive and report radio frequency signals emitted between wire-free sensor tags (placed on 

assets, people or within the environment), locator beacons (placed in specific locations of interest) 

and the central reader. Each sensor tag has a unique ID number and emits an active RFID signal 

at short intervals (2-10 seconds). This signal is received by the central reader when the sensor tag 

is in the range of the reader antennas. In addition to detecting location, sensor tags can also detect 

movement as a binary (yes/no) outcome and environmental conditions, such as temperature and 

humidity. 

The active RFID signal is interpreted by the reader using two methods to provide data on the 

location of the sensor tag. Firstly, the presence of a sensor tag in the range of the reader is recorded 

via a radio frequency signal strength reading - this can act as a proxy for presence (or absence) of 

a sensor tag in a broad location such as a home or small office building, which can be covered by 

the reader antenna range. Secondly, when sensor tags are within the line of sight of an infrared 

locator beacon, they also emit the number of the closest locator beacon, thereby indicating 

presence of the sensor tag in the proximity of a specific locator beacon – this can act as a proxy 

for presence of a sensor tag in a smaller indoor area such as a room. IR signals cannot pass through 

walls so can be effectively contained within a room. As locator beacons and readers are usually 

permanently installed in settings of interest, the location data is uploaded either wirelessly or via 

ethernet in real time to a data management platform for reporting and analytics. The RFCode 

system has been used extensively in commercial applications where permanent location system 

solutions are required (RFCode, 2017), but to the candidate’s knowledge has not been used for 

research purposes in private settings. See Figure 6.1 for a diagram demonstrating the transmission 

of location data through the location tracking system, and Figure 6.2 for an example of how the 

location tracking system would operate within a home environment. 
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Figure 6.1 Transmission of location data through the location tracking system
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Figure 6.2 Example of how the location system operates within a home environment 
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The final portable location detection system used in this research included an RFCode M250 

Fixed Reader (the reader) with one quarter wave helical antenna and one Elsema Pty Ltd 

ANT433M collinear antenna (the antennas), multiple A750 Room Locators (the beacons), 

multiple M163-I IR Wristband Tags (the sensor tags), and a small computer to house the logging 

software and location data (HP Pavilion 10-f005au Notebook PC) (Figure 6.3). The system 

components are approved as safe for use in domestic environments and have previously been 

implemented in healthcare settings (RFCode, 2010) helping to allay safety and ethical concerns. 

 

Figure 6.3 Location tracking system components (top left: beacon; bottom left: wrist tag; 
middle: reader and laptop base unit open; right: reader and laptop base unit closed) 

The location system is designed to be portable, adaptable and relatively unobtrusive to allow easy 

set up in indoor settings such as homes, for short periods of time. The sensor tags exhibit low 

energy consumption and, as the typical battery life is three years, do not require recharging 

(RFCode, 2014). The estimated read range of the standard helical antenna is approximately 100m 

under open air ideal conditions (RFCode, 2010). However, the distance that signals travelled was 

reduced considerably when operating within a room based indoor environment, so a larger 

antenna was added and the final reader signal range was approximately 50m. While the reader 

has the capacity to wirelessly (or via ethernet) transmit the location data to a remote computer 

this function was disabled and the data stream was stored on the small local computer to dispel 

any privacy or ethical concerns regarding researchers (or others) accessing the location of 

individuals in real time. The entire system was enclosed in a 16 x 33 x 25cm lockable plastic box 

to ensure that it could not be tampered with once started. 

6.3 Location logging software and data 

As RFCode RTLS is configured to generate real time data (Loveday et al., 2015), software was 

written by the external software engineer to extract and save the location data in its raw form, to 

enable manipulation of the data for research purposes. The extraction of the data in the time- 
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stamped row format was necessary to be able to accurately match location and accelerometry data 

by time. Table 6.1 provides a summary of the data contained in the extracted location logging file 

and Table 6.2 provides an example of a location log file produced. 

Table 6.1 Data contained in location log file 

Data Category Details 

Event Time Stamp date and time (hh:mm:ss) 

Tag ID unique identification number for each tag 

Group type of tag (infra-red wrist tag code) 

Time Stamp  time from commencement of data collection (hh:mm:ss.sss) 

Signal Strength Antenna A Helical standard antenna - strength 1-99 is in range of reader; -1 is out 
of range of reader 

Signal Strength Antenna B Collinear additional antenna - strength 1-99 is in range of reader; -1 is 
out of range of reader 

IR Location  room locator beacon number (pre-set to unique room number) 

Motion Detected  yes/no for movement detected 

 

Table 6.2 Example of a location log file 

Event Time 
Stamp 

Tag ID Group Time Stamp 
Signal 
Strength 
A 

Signal 
Strength 
B 

IR 
Beacon 
Location 

Motion 
Detected 

19/11/2015 
12:19:37 PM 

205495 IRC 00:16:40.789 45 49 1 
 

19/11/2015 
12:19:38 PM 

282620 IRC 00:16:40.790 60 52 1 
 

19/11/2015 
12:19:38 PM 

205462 IRC 00:16:40.867 57 51 1 
 

19/11/2015 
12:19:38 PM 

282632 IRC 00:16:40.883 54 49 
 

YES 

19/11/2015 
12:19:38 PM 

205447 IRC 00:16:40.899 58 51 
 

YES 

19/11/2015 
12:19:38 PM 

155680 IRC 00:16:41.101 50 54 
  

19/11/2015 
12:19:38 PM 

205460 IRC 00:16:41.117 58 50 
 

YES 

19/11/2015 
12:19:38 PM 

282651 IRC 00:16:41.133 49 55 
 

YES 

19/11/2015 
12:19:39 PM 

155721 IRC 00:16:41.336 40 47 
  

19/11/2015 
12:19:39 PM 

205429 IRC 00:16:41.383 54 54 1 
 

19/11/2015 
12:19:39 PM 

282613 IRC 00:16:41.508 49 51 
 

YES 

19/11/2015 
12:19:39 PM 

205453 IRC 00:16:41.523 59 58 1 
 

19/11/2015 
12:19:40 PM 

155699 IRC 00:16:41.758 42 48 
  

19/11/2015 
12:19:40 PM 

282650 IRC 00:16:41.789 60 56 
 

YES 
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6.4 Location tracking system deployment 

Precise deployment of the location tracking system is vital as presence of a sensor tag within the 

reader range acts as a proxy for being present at the overall building/home level, and detection by 

a pre-programmed and specifically placed locator beacon acts as a proxy for presence in a given 

room or space. A stepwise procedure was developed to position and test the location tracking 

system to ensure consistency in deployment, minimise potential limitations and enable best 

possible accuracy. The candidate refined the protocol by repeatedly deploying the system to 

become familiar with the system limitations and how to best configure the hardware in a variety 

of indoor spaces. Overall, the system was trialled in four different locations (three homes and one 

office building) before accuracy testing with children. It was designed for two research staff to 

take approximately 30 minutes to deploy in an average sized home including three monitored 

rooms.  

The deployment protocol includes six phases: (1) Initial location assessment; (2) In-field reader 

configuration; (3) In-field beacon configuration; (4) Reader range testing; (5) Beacon range 

testing; and, (6) Initialising data collection. The full deployment protocol can be found in 

Appendix 30. Briefly, the location where the system is being deployed is assessed to determine 

the required equipment (e.g., is the reader range likely to cover the building with a standard 

antenna and will larger rooms need more than one beacon) and mapped to record the placement 

of equipment. The reader is placed in a central location, on a table and off the ground, to ensure 

minimal interference and sufficient signal strength to reach the edges of the building to be 

monitored. Each locator beacon is assigned to a room, and numbered and set to a signal direction 

and strength commensurate with the size and shape of the room to be monitored, using the 

RFCode software installed on the local laptop computer. The locator beacons are positioned to 

maximise signal coverage within the assigned rooms and minimise the possibility of signals 

travelling outside the room. This is usually in a high position facing inwards and away from the 

doorway. While one researcher monitors the location data log, a second researcher in contact with 

the first by mobile phone, walks a wrist sensor tag around the inside of the building walls and 

then outside of the building in a similar fashion to ensure the tag is detectable (or not) in all 

locations of interest inside and outside the building in close proximity. The placement of the 

reader and/or antenna direction is adjusted as required until the coverage is satisfactory, and where 

the sensor tag is not captured in the data log, the edge of the reader signal range is noted. In this 

way the reader signal range, which can detect motion within a radius of approximately 50m 

depending on environmental characteristics, is deployed to act as a proxy for the building or home. 

A similar process is followed for each locator beacon at room-level to ensure that the beacon 

signal best covers the assigned room while not extending outside of the room. Once the range 

testing is complete and determined as satisfactory, the location data logging is ready to start. 
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6.5 Accelerometer hardware and software 

Actigraph wGT3X-BT accelerometers were chosen to generate the movement data for the 

Location and Movement Monitoring System (Actigraph, 2013). These small, lightweight devices 

are worn on the right hip on an elastic belt. The accelerometers measure tri-axial acceleration and 

provide time-stamped raw acceleration data when downloaded through the Actilife 6 software 

program. Validated cut-points are applied to the data to give activity intensity levels (sedentary, 

light, moderate and vigorous physical activity) in selected epochs. The Actigraph accelerometer 

series, has been extensively tested for reliability and validity, and used in free living activity 

research with children (de Vries, Bakker, Hopman-Rock, Hirasing, & van Mechelen, 2006; Sherar 

et al., 2011). To prepare the movement data for use in the Location and Activity Analysis 

Software, the raw accelerometer data is downloaded from the device to a .csv file format using 

the Actilife 6 software.  

6.6 Location and Activity Analysis Software  

The Location and Activity Analysis Software (http://database.hpeu.com.au) was created by an 

external computer science engineer to fulfil the brief provided by the candidate (See Appendix 

37 for the software homepage). The software time-matches the RFCode location tracking system 

data and Actigraph wGT3X-BT accelerometer data, and analyses the combined data to determine 

time spent within the overall location (i.e., in/out of reader range, as proxy for presence in the 

home/building), time spent within monitored rooms/areas (in/out of beacon range, as proxy for 

room-level presence) and activity intensity level within these locations, across specified time 

periods. Location data log files, accelerometer files and real truth location records (used for 

accuracy testing) can be uploaded to the software program for analysis. To generate activity 

intensity level in each location, the software time-matches the location and accelerometer data in 

five seconds epochs, and allocates an activity level (sedentary, light, moderate, vigorous) to each 

epoch based on uniaxial accelerometer counts. An excel macro was used as the basis for the 

accelerometry data analysis (Trost, McCoy, et al., 2013). Both individual participant and group 

analysis can be conducted to create amount and proportions of time spent in activity levels in a 

monitored location (Appendix 36). Additionally, the software can assess the accuracy of the 

location tracking system in a given setting by comparing predicted locations to real truth location 

data.  Accuracy outputs include sensitivity (% of real truth time inside the location correctly 

predicted by the location system); specificity (% of real truth time outside the location correctly 

predicted by location system); positive predictive value (% of time that the location system 

predicted inside, that was inside according to real truth); and, negative predictive value (% of the 

time that the location system predicted was outside, that was outside according to real truth) 

(Appendix 37).  
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The Location and Activity Analysis Software was designed to be flexible to adjust the settings 

for maximum accuracy within a range of environments and target populations. The system allows 

users to adjust the location analysis settings based on time, and number of RFID signals received 

and movement detection during that time, to determine whether a sensor tag is inside or outside 

of the reader or beacon range. In the thesis research, after trialling the software on a range of 

settings, the system was set to a reader range tolerance of five minutes to ensure that the first aim 

of the study was met - detecting when children were at home. Thus, if there were two or less RFID 

signals received from a tag over a five minute period and the sensor tag detected movement in the 

previous ten signals, only then was the sensor tag interpreted as having left the building. This was 

determined as acceptable given the expected pattern of children entering and leaving their home 

environment in a real world setting. The detection of a sensor tag inside the reader range and 

inside beacon range is also able to be adjusted in a similar fashion using a minimum number of 

RFID signals during a specified time period.  By having flexible software parameters to determine 

location the system can potentially be applied in a broader range of settings in the future. 

The Location and Activity Analysis Software also allows a choice of accelerometer data analysis 

parameters and therefore can be more readily applied to different target groups.  Users can select 

a variety of validated intensity level cut-points based on age (Evenson, Catellier, Gill, Ondrak, & 

McMurray, 2008); the epoch for accelerometer count analysis; non-wear parameters; minimum 

bouts times and maximum counts for exclusion of data.  This flexibility in analysing the 

accelerometer data was considered advantageous for both the current application of investigating 

children’s physical activity and sedentariness in the home and other future potential applications. 

6.7 Summary 

The Location and Movement Monitoring System presented in part one of this chapter was 

developed to overcome a lack of objective measurement techniques for assessing the location of 

children’s physical activity and sedentary behaviour indoors and at home. After selecting the most 

appropriate location technology components for the system, numerous informal trials and 

revisions of the system hardware, deployment and software were conducted to refine the final 

system. The entire system development process, including selecting components from suppliers, 

engaging consultant engineers and informally testing the system in a range of environments, was 

managed by the PhD candidate and took over two years. The final cost of the equipment was 

approximately $3500 per system with a fixed cost of approximately $5000 for software 

development. Part two of this chapter presents the results of two experiments conducted to 

formally test the accuracy of the Location and Movement Monitoring System to assess the 

location-based activity levels of children in a simulated home environment. 
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Part Two: The accuracy of a portable Location and 
Movement Monitoring System for determining the 
location of children’s physical activity and sedentary 
behaviour at home 

Part two of this chapter presents the results of two experiments designed to test the accuracy of 

the Location and Movement Monitoring System. It is formatted as a manuscript for submission 

to a peer reviewed journal.  

6.8 Abstract 

Title: The Accuracy of a Portable Location and Movement Monitoring System for determining 

the Location of Children’s Physical Activity and Sedentary Behaviour at Home. 

Authors: Clover Maitland, Gareth Stratton, Sarah Foster, Michael Rosenberg. 

Background: Understanding environmental influences on children’s physical activity and 

sedentariness is vital to inform public health efforts to change behaviour. While Global 

Information Systems and accelerometer data together provide insights into activity outdoors, there 

is no similar best practice system for indoors. 

Objective: The objective of this study was to test the accuracy of a newly developed portable 

Location and Movement Monitoring System to measure the location-based physical activity of 

children in a simulated home environment. 

Methods: The radio frequency identification based location tracking system included commercial 

hardware and bespoke software. Sensor tags (study 1), and children (n=25) wearing sensor tags 

and accelerometers (study 2), moved around seven locations within a University building set up 

to simulate a home environment, in specified time intervals under a range of sedentary and active 

conditions. Accuracy of the system to detect sensor tags at building- and room-level was 

determined by comparing results against ‘real truth’ observation of tag location. ICCs were used 

to compare minutes in activity levels generated by the system software and Actilife 6 software. 

Location tracking system data was time-matched with Actigraph wGT3X-BT accelerometer data 

to present activity levels in each monitored location. 

Results: The system showed over 97% sensitivity and 92% specificity in detecting children’s 

location inside and outside of the reader range (building proxy) at ≥ five minute intervals. For 

detecting location inside and outside of beacon range (room proxy), it showed over 94% 

sensitivity and 99% specificity at ≥ five minute intervals, and over 85% sensitivity and 97% 
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specificity at two minute intervals. When compared to Actilife 6 software, the amount of time 

spent in physical activity levels generated by the system was highly accurate (all ICCs ≥ 0.97).  

Conclusions: The Location and Activity Monitoring System provides accurate, objective and 

novel information on indoor physical activity and sedentariness at building- and room-level. Data 

from the system has the potential to help understand the context of children’s physical activity 

and sedentariness at home and indoors, and the influence of the home physical environment. 

6.9 Introduction 

Regular participation in moderate to vigorous physical activity (MVPA) provides important 

health benefits for children (Poitras et al., 2016). Public health guidelines in Australia and other 

countries recommend at least 60 minutes of MVPA a day for children and young people 

(Department of Health, 2019; Department of Health (UK), 2011). Evidence regarding the negative 

health effects of sedentariness, particularly electronic media use (Carson et al., 2016; Rezende, 

Rodrigues Lopes, Rey-López, Matsudo, & Luiz, 2014), has led several countries to also 

recommend minimising sitting time, particularly limiting electronic media for entertainment to 

less than two hours per day (Department of Health, 2019; Department of Health (UK), 2011). 

Furthermore, the importance of light physical activity and its contribution to total daily physical 

activity has been highlighted in 24-Hour Movement Guidelines for Children and Youth 

(Department of Health, 2019; Tremblay et al., 2016). Despite national health priorities to increase 

population physical activity and reduce sedentariness, the proportion of children and young 

people achieving optimal activity for good health remains low (Cooper et al., 2015; Hallal et al., 

2012). 

Population health research has drawn heavily on ecological frameworks which emphasise the 

context in which behaviour takes place, to understand influences on sedentary and physical 

activity behaviours (Owen et al., 2011; Sallis et al., 2008; Tremblay et al., 2010). Children in 

developed countries now spend the vast majority of their time indoors, particularly at home, 

making the home environment of particular interest (Karsten, 2005). Research in children has 

found that time spent outdoors is more likely to be physically active (Gray et al., 2015; Klinker, 

Schipperijn, Kerr, Ersboll, & Troelsen, 2014), and time indoors is more likely to be sedentary 

(Tremblay, LeBlanc, Janssen, et al., 2011), with home electronic media related to higher levels 

of sedentariness (Maitland et al., 2013). These findings reinforce the importance of the proximal 

physical environment on children’s sedentary and activity behaviours, indoors and at home. 

However, the challenge of accurately identifying where children are active and sedentary when 

at home has been a barrier to the investigation of patterns of activity and features of settings that 

influence sedentary and activity behaviours. 
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The majority of research investigating location-based physical activity has employed one of three 

measurement techniques, none of which have the capacity to objectively measure indoor location-

based movement at home. Firstly, direct observation of individual participants or groups in 

environments such as childcare centres and schools is an established method (Baranowski, 

Thompson, Durant, Baranowski, & Puhl, 1993; Cosco, Moore, & Smith, 2014; Sallis et al., 2001); 

however, it is resource intensive and therefore generally used in public or small group locations 

for a limited time (Dollman et al., 2009; Hardy et al., 2013). Secondly, self-report diaries, 

ecological momentary assessment and surveys have been used to record the location of study 

participants across broad categories such as home, work, school, indoors and outdoors (Biddle et 

al., 2009; Bundy et al., 2011; Keadle et al., 2014; Liao et al., 2014; Tandon et al., 2014). Thirdly, 

global positioning systems (GPS) data with accelerometer and geographical information systems 

(GIS) data has been used to map physical activity performed in different outdoor locations 

(Rodriguez et al., 2005), and from this, the location of activity and the influence of location 

characteristics can be determined (Demant Klinker et al., 2015). However, GPS does not work 

indoors, and there is currently no similar best practice technology to detect indoor location and 

allow similar investigations of the influence of indoor environments on physical activity and 

sedentariness (Curran et al., 2011).  

Combining indoor location sensor data with accelerometer data has potential to provide objective 

measures of indoor location-based physical activity for use in public health research. There are 

already many real time location systems (RTLS) using a variety of communication technologies, 

such as radio frequency identification (RFID), Wi-Fi and Bluetooth, and localisation techniques 

that are suitable for indoor use (Loveday et al., 2015). These systems have largely been developed 

for and applied in commercial settings for asset, animal and people tracking and thus exhibit 

different strengths and limitations (Curran et al., 2011; Hantoush, 2016). RFID with infrared (IR) 

capability, has been extensively promoted for inventory management (Ni, Zhang, & Souryal, 

2011) and people tracking systems, particularly within the healthcare and childcare settings 

(Kamel Boulos & Berry, 2012; Virkki & Aggarwal, 2014). In addition to location monitoring, 

RFID systems also have the capacity to incorporate complementary sensors for detection of fluid, 

temperate, humidity and presence of movement. However, motion sensors within RFID tags do 

not as yet provide as detailed or validated movement data when compared to the raw acceleration 

data of other accelerometers (Troiano, McClain, Brychta, & Chen, 2014). Therefore systems that 

can integrate indoor location data provided by RTLS with raw acceleration data are paramount. 

There have been few published attempts to couple RTLS data with movement data in a system 

that is accurate and feasible for use in the home and other indoor field settings of interest to public 

health researchers (e.g., child care centres, schools and workplaces) (Loveday et al., 2015; 

Maitland et al., 2013). Recent collaborations between public health researchers, architects and 

engineers have progressed the agenda within workplaces and childcare centres by gathering data 
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from multiple RFID readers and IR beacons in situ (Smith et al., 2013; Tonge, Jones, 

Hagenbuchner, Nguyen, & Okely, 2017). However, practical challenges of implementing the 

chosen systems, including applying multiple instruments safely and securely, the time-consuming 

nature of installation, and the difficulty of ‘validating’ the system within varying environments 

have been noted (Kamel Boulos & Berry, 2012; Spinney et al., 2015). To measure indoor location-

based movement of children within the home setting, a system that can be easily and temporarily 

installed, and consists of limited discrete components that will not hinder the daily activities of 

children and other household members, is required. In the absence of any suitable location 

tracking system, we set out to find and test the accuracy of a portable customised system of 

hardware and software to measure indoor location-based movement in the home. To our 

knowledge, the RFCode location tracking system has not been tested or used previously for 

physical activity research purposes. 

The overall aim of this research was to examine the accuracy of a portable Location and 

Movement Monitoring System to assess the indoor location-based movement of children. In study 

one, we examine the accuracy of the system to identify the location of RFID sensor tags within a 

building and in specific rooms, under moving and stationary conditions and varying time 

intervals. In study two, we firstly examine the accuracy of the system to detect children’s location 

inside and outside of a building and in specific rooms, and to measure the movement of children 

performing usual activities within in a simulated home environment, under experimental 

conditions; and secondly demonstrate the utility of the system to match time-stamped location 

and accelerometer data to assess the location-based physical activity levels of children. 

6.10 Materials and methods  

6.10.1 Ethics 

The studies are part of the HomeSPACE research project to investigate the influence of home 

physical environments on children’s physical activity and sedentariness. The equipment used has 

been approved as safe to use in domestic environments (RFCode, 2010). Ethical approval to 

conduct the studies was obtained from the UWA Human Research Ethics Committee. 

6.10.2 The location tracking system 

The Location and Movement Monitoring System tested in this research was designed to 

objectively monitor the time spent and the intensity of activity performed by children at home and 

in specific rooms or spaces within the home. In summary, the system consisted of components 

from a commercially available RFID-based RTLS, custom location logging software, Location 

and Activity Analysis Software, and data collected from Actigraph wGT3X-BT accelerometers. 

The components were chosen as most appropriate for meeting a specified purpose of objectively 
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monitoring children’s location-based activity at home. Furthermore, the system was selected to 

be suitable for temporary installation and acceptable for use by children and families in their 

private family home, for use in future research. The deployment and analysis procedures were 

developed to maximise accuracy and minimise potential limitations. 

The specific technology used was an RFCode RTLS consisting of active RFID and IR based 

components, designed to collect location data for use in monitoring assets, people and 

environmental conditions in commercial applications (RFCode, 2017). The central device was an 

RFCode M250 Fixed Reader (the reader) programed to receive and report radio frequency signals 

emitted from M163-I IR Wristband Tags (sensor tags) (RFCode, 2010). The reader was fitted 

with a one quarter wave helical standard antenna and one Elsema Pty Ltd ANT433M collinear 

additional antenna to ensure sensor tags could be detected within a signal range of approximately 

50m from the reader. In the study context, detection of the sensor tag within the reader signal 

range acts as a proxy measure for presence in a building or home. 

To detect presence of a sensor tag in a room, the system included multiple A750 Room Locators 

(beacons) configured to emit IR signals within the designated room (RFCode, 2010). The IR 

signals are detected by the sensor tag which relays the identification number of the closest beacon 

to the reader. In this way, detection of a pre-numbered beacon by the sensor tag acts as a proxy 

measure for presence in a designated room or space. Figure 6.1 (on page 115) displays how 

location data is transmitted through the location tracking system. Figure 6.2 (on page 116) 

provides an example of how the location system operates within a home environment. 

The system was completed by a small computer (HP Pavilion 10-f005au Notebook PC) containing 

the RFCode software for on-site configuration, and data logging software. The data logging 

software extracts the raw location data collected by the RFCode software and logs it on the local 

hard drive in a time-stamped location data file, for later matching with time-stamped 

accelerometry movement data. The entire location tracking system (LTS) was enclosed in a 16 x 

33 x 25cm lockable plastic box to ensure that it could not be tampered with once started (See 

Figure 6.3 on page 117 for a picture of LTS components). 

An established deployment procedure was implemented to configure the location tracking system. 

This ensured consistency and best possible accuracy when used in the University building in this 

study. In summary, the protocol contained six phases. (1) Initial location assessment – The 

building area to be monitored was assessed to determine the equipment required and its placement 

within the building. (2) In-field reader configuration – The reader was placed in a central elevated 

position of the building (i.e., on a table off the ground) to ensure minimal interference and 

sufficient signal strength to reach the edges of the space to be monitored, and the RFCode software 

was initialised. (3) In-field beacon configuration - Each locator beacon was assigned to a room 

within the building, and numbered and set to a signal strength commensurate with the size of the 
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room to be monitored, using the RFCode software. Beacons were positioned to maximise signal 

coverage within the assigned rooms, and minimise the possibility of signals travelling outside the 

room and thereby detecting sensor tags outside of the designated room. Best signal coverage was 

achieved by placing the beacon in an elevated position in the corner of the room facing inwards 

and away from the door, with line of sight to the entire room. 

Reader signal range testing (4) - While one researcher monitored the location data log from the 

reader, a second researcher in contact with the first by mobile phone, walked a sensor tag around 

the inside of the building walls and then exited to outside of the building to ensure the tag was 

detectable in all locations around the building to be monitored. The placement of the reader and/or 

antenna direction was adjusted (if required), until the signal coverage of the building was 

satisfactory. Where the sensor tag recording ‘disappeared’ from the data log, the edge of the reader 

signal range was noted. (5) Beacon range testing - A similar process to step 4 was followed for 

each beacon at room-level to ensure that beacon signals covered the assigned room and to assess 

whether signals extended outside of the room. Placement, and signal direction and strength of the 

beacon, were adjusted until the best possible signal coverage of the room was achieved. (6) 

Initialising data collection - Once the reader and beacon range testing was complete, the software 

was started to commence location logging of sensor tags onto the laptop hard drive. The full 

deployment protocol is contained in a supplementary file - Appendix 30. 

6.10.3 Data processing  

Custom Location and Activity Analysis software was used to process the data 

(http://database.hpeu.com.au). The software was designed to time-match the location and 

accelerometry data, and analyse the combined data to firstly determine time spent within locations 

(i.e., inside or outside of the reader range, as a proxy for a building; and inside or outside of a 

beacon range, as a proxy for a room) and the activity intensity level within locations (i.e., time 

spent in sedentary, light, moderate and vigorous physical activity while within a building or 

room), across time periods. The Location and Activity Analysis Software was set to classify a 

sensor tag as out of reader range (building) if there were two or less signals received from the 

sensor tags within a five minute period. This was to ensure that the primary application of the 

Location and Movement Monitoring System - detecting when children were at home - was met 

in the first instance. The research team agreed this was acceptable given the expected pattern of 

children entering and leaving their home in a real world setting. Outputs generated by the software 

to assess time spent in locations included: time spent inside and outside of the reader range 

(building); and time spent inside and outside of the range of each of the three beacons (rooms). 

Outputs were expressed in h:mm:ss and as a proportion of overall time.  

To generate activity intensity levels within locations, the software time-matched the location and 

accelerometer files in five seconds epochs, and allocated an activity intensity level (sedentary, 
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light, moderate, vigorous) to each epoch based on accelerometer count cut-points (Evenson et al., 

2008). Table 6.3 shows the parameters that were used by the Location and Activity Analysis 

Software during the accelerometer data processing. The software was used to generate the amount 

of time spent in each of the four activity levels overall and at each location (reader (building); 

beacon (room)). This was also expressed as a proportion of the time spent at the location. 

Table 6.3 Location and Activity Analysis Software accelerometer settings  

Accelerometer Parameters Selected Settings 

Age 11 yrs 

Zero Count 60 

Zero Epoch Skip 2 

Zero Skip Value 100 

Sed Bout Mins 10 

MVPA Bout Mins 10 

Sed Interruptions 0 

MVPA Interruptions 0 

Count Max 20000 

Integrate 15 seconds 

 

The Location and Activity Analysis Software was used in this research to compare the location 

tracking system data to real truth sensor tag location records collected by observation, to ascertain 

the accuracy of the system. The summary data provided by the Location and Activity Analysis 

Software presents agreement between a binary predictor variable generated from the raw location 

data file (predicted IN range vs predicted OUT of range), and a binary outcome variable derived 

from real truth observation (real truth time IN range vs real truth time OUT of range), for each 

second of the data collection period. Outputs generated to assess the accuracy of the location 

tracking system (LTS) for detecting time spent by a sensor tag in a location included: sensitivity 

(% of real truth time IN correctly predicted by LTS); specificity (% of real truth time OUT 

correctly predicted by LTS); positive predictive value (% of time LTS predicted as IN that real 

truth time recorded was IN); negative predictive value (% of time LTS predicted as OUT that real 

truth recorded was OUT); false positives (1-specificity); false negatives (1-sensitivity); and 

overall accuracy of the location tracking system compared to real truth record.  

6.10.4 Study one methods  

6.10.4.1 Study protocol 

The purpose of study one was to examine the overall accuracy of the location tracking system for 

locating sensor tags within an indoor environment under moving and stationary conditions, and 
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varying time intervals. A seven location circuit of a university office building was purposively 

chosen to provide a variety of rooms and locations at varying distances from the reader within 

each experimental condition. The location tracking system was deployed according to the 

established procedure with the reader in a central location within the building, and beacons with 

unique ID numbers located in three rooms. Table 6.4 provides an overview of the characteristics 

of the seven locations relative to the location tracking system components.  

 

Figure 6.4 Map showing the seven locations within the University building 
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Table 6.4 Characteristics of the seven circuit locations and activity conditions 

Circuit / 
Room 

Location 
No. 

Location: 
IN/OUT of 

Reader 
Range 

(Building) 

Location: 
Proximity 
to Reader 

Location: 
IN/OUT of 
Beacon 
Range 
(Room) 

Room 
Size 

Movement 
Conditions 

(Study 2 
only) 

Intensity 
Level a 

(Study 2 
only) 

1 IN 0m 
(same room) 

IN 
Beacon 1 

51.4m2 

(large) 
Watching TV Sedentary 

 

2 IN 6.4m 
(next room) 

OUT 43.3m2 
(large) 

Eating Sedentary to 
light 

3 OUT na na na Mucking 
around 

outdoors 

Moderate to 
vigorous 

4 IN 21.6m 
(furthest 
room) 

IN 
Beacon 2 

15.9m2 
(medium) 

Computer 
(internet / 
emailing) 

Light 
 

5 OUT na na na Walking Light to 
moderate 

6 IN 18.0m 
(middle 
room) 

IN 
Beacon 3 

10.1m2 

(small) 
 

Talking Sedentary to 
light 

7 IN 0m 
(same room) 

IN 
Beacon 1 

51.4m2 

(large) 
Playing 

electronic 
games 

Sedentary 
 

 

Fifteen wristband sensor tags were placed in a tray and walked around the seven location circuit 

by a researcher under seven different time conditions: (1) 30 seconds per location, (2) one minute 

per location, (3) two minutes per location, (4) five minutes per location; (5) 10 minutes per 

location, (6) variable time 1 (i.e., 1, 2, 5, 10, 1, 2, 5 mins), and (7) variable time 2 (i.e., 5, 10, 1, 

2, 5, 10, 1 mins). The circuits were conducted in random order twice - once under stationary tag 

conditions where the tray of tags was placed in the centre of the room/area and remained 

stationary, and once under moving tag conditions where the tags were kept moving continuously 

whilst in the room/area. The real truth entry time to and exit time from each of the seven locations 

in the circuit was recorded using a digital clock synchronised with the location tracking system 

software time.  

6.10.4.2 Statistical analysis 

To provide evidence of accuracy via concurrent validity the location data collected by the location 

tracking system was compared with real truth data collected by direct observation of tag location. 

This method has been used previously to determine the accuracy of location systems detecting 

people within indoor and outdoor spaces (Spinney et al., 2015; Tandon, Saelens, Zhou, Kerr, & 

Christakis, 2013). The location log files and real truth time records were uploaded to the Location 

and Activity Analysis Software to assess the accuracy of the location movement monitoring 

system for detecting presence within the reader range (building) and beacons (rooms). The 

accuracy outputs identified in the measures section were generated separately for each of the 14 
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trial conditions. Additional analysis was conducted in Microsoft Excel to sum results for the 15 

tags in each trial and calculate overall results for moving and stationary trials, and for presence in 

the reader range, individual beacons and all beacons. 

6.10.5 Study two methods 

6.10.5.1 Participants 

The purpose of study two was to: (1) determine the accuracy of the Location and Movement 

Monitoring System to detect location inside and outside of a building and in specific rooms and 

to measure the movement of children performing usual activities within in a simulated home 

environment under experimental conditions; and (2) demonstrate the utility of the system to match 

time-stamped location and accelerometer data to assess the location-based physical activity of 

children. Participants were recruited via advertising through university networks to attend a three-

hour experimental session at the university during the school holidays in December 2016 and 

January 2017. The eligibility requirements were that participants were aged between 8 and 14 

years and had no physical disability that would restrict their movement. Based on study one results 

(90% and above accuracy in correctly locating a moving sensor tag for all conditions), 22 

participants were required to be 95% confident that the true accuracy would be within 5% (or 3 

minutes per hour). Parents who had registered their interest were contacted in order until the target 

of 25 children (to account for drop out or equipment failure) was reached. Active written consent 

was provided by parents and assent by children. Each parent was given a $50 retail voucher to 

compensate for the time and travel required for participation. 

6.10.5.2 Study protocol 

On arrival, the researcher explained the study details to the participating child and their parent 

and collected the consent forms. Each child’s height and weight was recorded using a wall 

mounted stadiometer and ADAM CPWplus-200 scales. Participants were fitted with a wristband 

sensor tag on their non-dominant hand and an accelerometer on their right hip via an elastic belt. 

Children were directed by a research assistant to move around the same seven location circuit as 

used for study one (Figure 6.4), in time intervals of two, five and 10 minutes. These were chosen 

as results of study one indicated that time intervals below two minutes were not likely to be 

identified as outside of the reader range (i.e., building). The order of the conditions was 

counterbalanced. 

Each of the locations in the circuit (refer to Figure 6.4) was set up to allow the participants to 

perform an activity common to the home environment. Room 1 (watching TV) included couches, 

a big screen television and selection of DVDs; Room 2 (eating) included a kitchen (fridge, food, 

utensils and bench), chairs and table; Room 4 (computer use) included an office desk, chair and 
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computer; Room 5 (talking) included two chairs and a desk; and Room 7 (playing e-games) 

included a couch, big screen TV and choice of video games. A choice of sporting gear (e.g., balls, 

tennis racket, skipping rope) was placed on a grass oval just outside a building exit to be used 

during condition 3 (playing outdoors), and a walking path outside another building exit was the 

location of condition 5 (walking) (Table 6.4). Movement conditions were selected from the most 

common activities performed after school hours by Australian children aged 10-13 years that 

would likely be performed at home (Stanley et al., 2011), and to provide variation in movement 

intensity.  

A research assistant accompanying the child around the circuit, prompted each movement 

condition, monitored the length of time in each location, and recorded the real truth time of entry 

into and exit out of locations. For example, in the computer use room the child was shown the 

computer, told they could use or play on the computer for a specified time, and prompted to 

browse the internet, if required. When the time was up they were instructed to finish and move to 

the next place. The research assistant participated with the child in the walking condition by 

walking together along a walking path, and in the outdoor play condition by playing catch, 

skipping or any other outdoor play activity selected by the child. The research assistant also 

stimulated discussion for the talking task by asking the child open-ended questions from a list of 

topics (e.g., school holiday activities). Furthermore, during the ten minute circuit, the 

questionnaire was administered by the research assistant as part of the talking condition.  

6.10.5.3 Accelerometry 

Actigraph wGT3X-BT accelerometers were used to generate the movement data for the Location 

and Movement Monitoring system (Actigraph, 2013). These small, lightweight devices measure 

tri-axial acceleration and provide time-stamped raw acceleration data. The Actigraph 

accelerometer series has been extensively tested for reliability and validity, and used in free living 

activity research with children (de Vries et al., 2006; Sherar et al., 2011). To prepare the 

accelerometer data for processing and analysis in the Location and Activity Analysis Software, 

raw data files were downloaded through the Actilife 6 software program. Actilife’s default wear 

time validation parameters (Troiano , 2007) and activity cut-points for children (Sedentary: 0 - 

100 counts per minute (cpm); Light: 101 - 2295 cpm; Moderate: 2296 - 4011 cpm; Vigorous: > 

4012 cpm) (Evenson et al., 2008) were applied to accelerometer data during processing by both 

the default Actilife software and the new custom Location and Activity Analysis Software. 

Outcome variables generated for comparison were number of minutes in sedentary behaviour, 

and in light, moderate, vigorous and moderate to vigorous physical activity. 
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6.10.5.4 Questionnaire 

The age, gender, postcode and self-reported physical activity (Middle School Youth Risk 

Behaviour Surveillance Survey) (Centers for Disease Control and Prevention, 2013) of children 

was collected via a short interviewer-administered questionnaire conducted during the talking 

condition of the ten minute trial (Appendix 35). Items included: number of days in the past week 

the child was physically active for at least 60 minutes a day (0-7 days); average school day hours 

of watching TV (none, <1hr, 2 hrs, 3hrs, 4hrs, 5 hrs); average school day hours of playing video/ 

computer games or using a computer not for school work (none, <1hr, 2 hrs, 3hrs, 4hrs, 5 hrs); 

days of physical education on an average school week (0-5 days); and, number of sports teams 

over the past 12 months (0, 1, 2, 3 or more). 

6.10.5.5 Statistical Analysis 

Descriptive statistics for participant demographics, physical activity and weight status were 

generated using SPSS Version 23. Children’s weight and height was converted to BMI (kg/m2) 

and dichotomised into ‘normal weight’ (including healthy and underweight) or ‘overweight’ 

(including overweight and obesity) using the International Obesity Task Force age and gender-

specific criteria (Cole, Bellizzi, Flegal, & Dietz, 2000). 

Location accuracy was examined by comparing the real truth location data with the location 

tracking system data using the same Location and Activity Analysis Software outputs and 

additional analysis as in study one. The location log files, real truth records and accelerometer 

files for each of the 25 participants’ three trials (two, five and 10 minutes) were uploaded to the 

Location and Activity Analysis Software. Accuracy outputs generated by the software 

(sensitivity, specificity etc) for each of the participant’s time interval conditions were summed 

using Microsoft Excel and overall results were calculated and presented for accuracy to detect 

location within the reader range (building), and at locator beacons (rooms). 

Intra-class correlation coefficients (ICCs) (two-way random, absolute agreement, average 

measures) were used to determine agreement between the accelerometer derived physical activity 

outcomes of the Location and Activity Analysis software and the Actilife software. Accelerometer 

data was set to aggregate to 15 second epochs and the same cut-points were applied (Evenson et 

al., 2008) in both software programs. Minutes in sedentary, light physical activity (LPA), 

moderate physical activity (MPA), vigorous physical activity (VPA) and moderate to vigorous 

physical activity (MVPA) accumulated by participants during the ten minute trial were compared. 

ICCs were assessed using recommended cut-points (Landis & Koch, 1977). Additionally, Bland-

Altman plots (Bland & Altman, 1986), were constructed to assess mean bias and 95% limits of 

agreement between the two software outputs. The ten minute trial was chosen as it contained the 

most data points. 
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Finally, the Location and Activity Analysis software was also used to generate the location-based 

physical activity levels of participating children during the ten minute trial. To demonstrate the 

application of the Location and Movement Monitoring system, time spent in each activity level 

(sedentary, light, moderate, vigorous and MVPA) for each location (inside and outside of the 

building; and in the three beacon monitored rooms) was generated and the group averages 

presented. 

6.11 Results 

6.11.1 Study one results 

6.11.1.1 Data collected 

Fifty-one hours and 39 minutes of data were collected during stationary trials (average 3 hours 27 

minutes, for each of 15 tags), and 52 hours and 31 minutes were collected during moving trials 

(average 3 hours 30 mins, for each of 15 tags) (Table 6.5). This totalled 19,495 data points for the 

stationary trials (average 6.29 per tag per minute) and 56,772 data points for the moving trials 

(average 18.02 per tag per minute). 

Table 6.5 Summary of location data points collected in trials 

  
  

Time (hr:min:ss)  Data Points 

 Total for 
15 Tags 

Per Tag 
(mean) 

  Total for 
15 Tags 

Per Tag 
(mean) 

Per Tag per 
Minute 
(mean) 

Stationary Trials 51:38:30 3:26:34  19495.00 1299.67 6.29 

Moving Trials 52:31:15 3:30:05  56772.00 3784.80 18.02 

 

6.11.1.2 Accuracy of location tracking system overall 

Table 6.6 displays the comparison between time in the specified locations as predicted by the 

location tracking system and the real truth record. Agreement of location tracking system data 

with real truth data was high when predicting time inside the range of the reader (sensitivity), at 

91.2% for stationary and 97.2% for moving conditions overall. When predicting time spent 

outside of reader range (specificity), agreement of location tracking system data with real time 

data was lower at 80.9% and 72.1% for stationary and moving conditions respectively overall.  
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Table 6.6 Accuracy of location tracking system for predicting time spent in locations 

Blue = > 90% of maximum score; Green = 80-90% of maximum score; Orange = <80% of maximum score. 
 

 

Building 
Large Room 

(Closest to reader) 
Small Room (Mid 

distance from reader) 
Medium Room 

(Furthest from reader) 
All Rooms 

 
IN Reader Range IN Beacon 1 Range IN Beacon 3 Range IN Beacon 2 Range All Beacons 

  Moving Stationary Moving Stationary Moving Stationary Moving Stationary Moving Stationary 

Total Time Collected 
(hr:min:ss) 

52:31:15 51:38:30 40:05:38 39:21:15 40:05:38 39:21:15 40:05:38 39:21:15 120:16:54 118:03:45 

Real Time IN Building/Room 
(hr:min:ss) 

40:08:30 39:21:15 12:13:00 12:15:45 7:36:58 7:37:30 7:37:30 7:38:30 27:27:28 27:31:45 

Real Time OUT Building/Room 
(hr:min:ss) 

12:22:45 12:17:15 27:52:38 27:05:30 32:28:40 31:43:45 32:28:08 31:42:45 92:49:26 90:32:00 

Sensitivity (%) 
(real time IN building/room correctly 

predicted by LTS) 
97.21 91.21 96.16 92.72 85.31 66.80 91.90 44.46 91.97 72.15 

Specificity (%) 
(real time OUT of building/room correctly 

predicted by LTS)  
72.07 80.68 99.76 98.74 99.65 99.65 98.80 99.46 99.39 99.31 

Positive Predictive Value (%) 
(time LTS predicted IN that was really IN 

building/room)  
91.88 93.80 99.50 97.22 98.38 98.00 94.86 95.43 97.89 97.11 

Negative Predictive Value (%) 
(time LTS predicted OUT that was really 

OUT of building/room) 
88.93 74.22 98.41 96.82 96.70 92.61 98.15 88.16 97.72 92.17 

False Positives (%) 27.93 19.32 0.24 1.26 0.35 0.35 1.20 0.54 0.61 0.69 

False Negatives (%) 2.79 8.79 3.84 7.28 14.69 33.20 8.10 55.54 8.03 27.85 

Accuracy (%) 91.28 88.70 98.66 96.86 96.93 93.29 97.49 88.78 97.69 92.98 



 

137 

Agreement of the location system data with real truth data for time spent inside rooms monitored 

by beacons (sensitivity) was 72.2 % for stationary and 92.0% for moving conditions overall. For 

time spent outside of monitored rooms (specificity) it was almost perfect at over 99% for both 

stationary and moving conditions overall. The accuracy of the location system data to predict time 

spent inside rooms was higher in the moving conditions when compared to the stationary 

conditions (large room, very close – 96.2% vs 92.7%; small room, medium distance – 85.3% vs 

66.8%; medium room, furthest away – 91.9% vs 44.5%), and was similar for outside of rooms 

(large room, very close – 99.8% vs 98.7%; small room, medium distance – 99.7% vs 99.8%; 

medium room, furthest away – 98.8% vs 99.5%). Furthermore, the accuracy of the location system 

to predict time spent inside rooms was greatest for the room closest to the reader (stationary 

conditions – 92.7%, vs 66.8% and 45.0%; moving conditions – 96.2% vs 85.3% and 91.9% 

respectively). Accuracy in predicting time outside of individual rooms was similar across all 

distances for both moving and stationary conditions (all above 98.7%). 

6.11.1.3 Accuracy of location system by time conditions  

Table 6.7 displays the building-level accuracy for moving tags under the different time conditions. 

Accuracy for predicting both inside and outside of reader range was 90.4% and above for all 

measures generated by the Location and Activity Analysis Software during the ten minute 

condition. Sensitivity for all time conditions was high (94.9% and above), although specificity 

was 0.0% for time conditions of two minutes and below, and between 72.1% and 82.9% for the 

remainder of the time conditions. Time conditions of two minutes and under recorded lower 

overall accuracy than time conditions of five minutes and above. The accuracy for stationary tag 

conditions showed a similar pattern with overall accuracy 87.6% and above for time conditions 

of five minutes or more and variable conditions, and between 74.6% and 82.6% for time 

conditions of two minutes and under (data shown in supplementary file – Appendix 38).  
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Table 6.7 Location tracking system accuracy for moving tags in the reader range 
(building) across time conditions 

 
30 sec 1 min 2 min 5 min 10 min Var 1 Var 2 Total 

Total Time Collected 
(hr:min:ss) 

1:35:30 2:29:15 4:16:00 9:26:45 18:13:45 7:15:15 9:14:45 52:31:15 

Real Time IN Building/Room 
(hr:min:ss) 

1:20:30 1:59:15 3:16:00 6:56:45 13:13:45 5:45:15 7:37:00 40:08:30 

Real Time OUT 
Building/Room 

(hr:min:ss) 
0:15:00 0:30:00 1:00:00 2:30:00 5:00:00 1:30:00 1:37:45 12:22:45 

Sensitivity (%) 
(real time IN building/room 
correctly predicted by LTS) 

100.00 100.00 100.00 96.65 97.76 96.48 94.90 97.21 

Specificity (%) 
(real time OUT of 

building/room correctly 
predicted by LTS)  

0.00 0.00 0.00 72.78 90.37 82.20 82.88 72.07 

Positive Predictive Value (%) 
(time LTS predicted IN that 

was really IN building/room)  
84.29 79.90 76.56 90.82 96.42 95.44 96.30 91.88 

Negative Predictive Value 
(%) (time LTS predicted OUT 

that was really OUT of 
building/room) 

0.00 0.00 0.00 88.74 93.90 85.99 77.80 88.93 

False Positives (%) 100.00 100.00 100.00 27.22 9.63 17.80 17.12 27.93 

False Negatives (%) 0.00 0.00 0.00 3.35 2.24 3.52 5.10 2.79 

Accuracy (%) 84.29 79.90 76.56 90.33 95.73 93.52 92.78 91.28 

Blue = > 90% of maximum score; Green = 80-90% of maximum score; Orange = <80% of maximum score. 
 

The room-level accuracy for moving tags under the different time conditions is shown in Table 

6.8. All accuracy measures were high at 89.5% or more for time conditions of two minutes and 

above and variable conditions. The time conditions of one minute and 30 seconds were not as 

accurate, with lower sensitivity (61.6% and 34.7% respectively) than other time conditions. 

Similarly, for stationary tags, the one minute and 30 second time conditions recorded the lowest 

sensitivity (data shown in supplementary file –Appendix 39). 
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Table 6.8 Location tracking system accuracy for moving tags at all beacons (rooms) 
across time conditions 

  30 sec 1 min 2 min 5 min 10 min Var 1 Var 2 Total 

Total Time Collected 
(hr:min:ss) 

4:01:30 5:57:45 9:48:00 20:50:15 39:41:15 17:15:45 22:42:24 120:16:54 

Real Time IN Building/Room  
(hr:min:ss) 

0:30:00 1:00:00 2:00:00 5:00:00 10:00:00 4:30:00 4:27:28 27:27:28 

Real Time OUT 
Building/Room 

(hr:min:ss) 
3:31:30 4:57:45 7:48:00 15:50:15 29:41:15 12:45:45 18:14:56 92:49:26 

Sensitivity (%) 
(real time IN building/room 
correctly predicted by LTS) 

34.72 61.63 89.53 95.65 96.93 93.43 89.79 91.97 

Specificity (%) 
(real time OUT of building/room 

correctly predicted by LTS)  
98.56 97.90 98.63 99.41 99.78 99.23 99.72 99.39 

Positive Predictive Value (%) 
(time LTS predicted IN that 

was really IN building/room)  
78.03 86.08 94.57 98.14 99.38 97.82 98.79 97.89 

Negative Predictive Value (%)  
(time LTS predicted OUT that 

was really OUT of building/room) 
91.49 92.69 97.45 98.65 99.00 97.78 97.61 97.72 

False Positives (%) 1.44 2.10 1.37 0.59 0.22 0.77 0.28 0.61 

False Negatives (%) 65.28 38.67 10.47 4.50 3.07 6.57 10.21 8.03 

Accuracy (%) 90.63 91.77 96.77 98.47 99.06 97.72 97.77 97.69 

Blue = > 90% of maximum score; Green = 80-90% of maximum score; Orange= <80% of maximum score. 
 

6.11.2 Study two results 

6.11.2.1 Study participants 

A total of 25 children aged 8-14 years (M = 11.27; SD = 2.03) completed the study. Sixty-four 

percent were female and 96.0% were normal weight. The majority of children reported that they 

spent less than one hour watching TV (64.0%) and playing computer games (60.0%) on an 

average school day. Fifty-six percent of children were active for at least 60 minutes on five or 

more days per week, 88.0% had played in at least two sports teams in the previous year, and 

60.0% percent took part in physical education class once per week, with the remainder attending 

two or more classes.  

6.11.2.2 Location accuracy by time conditions  

Table 6.9 displays the accuracy of the location tracking system for all participants across the three 

trials (two, five and ten minutes) and overall. All measures generated for the five-minute condition 

related to the reader range (building) were above 92%, and all measures for the ten-minute 

condition were above 95%. The ten-minute condition was most accurate with the lowest false 
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positives at 2.0% and false negatives at 1.7%. The two-minute trial was least accurate as it did 

not distinguish time outside of the building giving a 100% false positives. Overall the trials 

showed 15.1% false positives and 1.7% false negatives.  

Accuracy of the location tracking system at room-level was high for the beacons combined, with 

all measures for the three timed trials at 91.6% and above, except for the prediction of time inside 

rooms during the two-minute trial at 85.3%. Again, the ten-minute trial was most accurate with 

0.9% false positives and 3.3% false negatives, followed by the five minute trial results showing 

0.9% and 5.8% respectively. Overall, the trials to assess room-level accuracy resulted in a 1.1% 

false positives and 5.3% of false negatives. 

Table 6.9 Location tracking system accuracy for detecting participants in the reader 
range (building) and at all beacons (rooms) across time conditions  

Blue = > 90% of maximum score; Green = 80-90% of maximum score; Orange = <80% of maximum score. 
 

6.11.2.3 Agreement of accelerometer data 

Means and ICCs for minutes of sedentary, light, moderate and vigorous activity, and MVPA for 

both software programs are presented in Table 6.10. ICCs show almost perfect agreement between 

 
Building (IN Reader Range) All Rooms (IN All Beacons) 

  2 min 
Trial 

5 min 
trial 

10 min 
trial 

All 
trials 

2 min 
trial 

5 min 
Trial 

10 min 
trial 

All 
trials 

Total Time Collected  
(hr:min:ss) 

7:00:22 15:59:21 30:29:42 53:29:25 16:02:09 35:17:51 65:59:29 117:44:09 

Real Time IN Building/Room  
(hr:min:ss) 

5:20:43 11:45:57 22:08:07 39:14:47 3:22:05 8:26:08 16:29:31 28:22:47 

Real Time OUT 
Building/Room (hr:min:ss) 

1:39:39 4:13:24 8:21:35 14:14:38 12:40:04 26:51:43 49:29:58 89:21:22 

Sensitivity (%)  
(real time IN building/room  
correctly predicted by LTS) 

100.00 97.55 98.35 98.33 85.29 94.20 96.75 94.67 

Specificity (%)  
(real time OUT of 

building/room correctly 
predicted by LTS)  

0.00 92.31 98.01 84.89 97.83 99.08 99.11 98.92 

Positive Predictive Value 
(%) (time LTS predicted IN 

that was really IN 
building/room)  

76.29 97.25 99.24 94.72 91.61 97.09 97.37 96.65 

Negative Predictive Value (%)  
(time LTS predicted OUT that 

was really OUT of 
building/room) 

0.00 93.25 95.80 94.96 96.22 98.23 98.94 98.35 

False Positives (%) 100.00 7.69 1.99 15.11 2.17 0.92 0.89 1.08 

False Negatives (%) 0.00 2.45 1.65 1.67 14.71 5.80 3.25 5.33 

Accuracy (%) 76.29 96.17 98.26 94.75 95.20 97.91 98.52 97.90 
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the Actilife software and the Location and Activity Analysis Software with ICCs of 0.977 and 

above for the five activity levels. 

Table 6.10 Agreement between Location and Activity Analysis Software and Actilife 
software for minutes spent in activity levels. 

 
Location and Actilife Software Agreement (n= 25) 

Intensity of Activity 
Actilife Software 

Mean (SD) in mins 

Location 
Software Mean 

(SD) in mins 
ICC (95% CI) 

Sedentary 40.44 (4.87) 40.54 (4.80) 0.996 (0.991 - 0.998) 

Light Activity 19.11 (5.86) 18.92 (5.90) 0.994 (0.987 - 0.997) 

Moderate Physical Activity 9.28 (3.19) 9.39 (3.10) 0.977 (0.948 - 0.990) 

Vigorous Physical Activity 3.53 (3.85) 3.48 (3.82) 0.997 (0.993 - 0.999) 

Moderate to Vigorous 
Physical Activity 

12.81 (4.46) 12.87 (4.33) 0.994 (0.987 - 0.997) 

 

Bland-Altman plots of mean bias showed systematic bias in minutes was 0.10 for sedentary, -

0.19 for LPA, 0.11 for MPA, -0.05 for VPA and 0.06 for MVPA when comparing the Location 

and Activity Analysis Software to the Actilife software (plots shown in supplementary file - 

Appendix 40). Corresponding 95% limits of agreement in minutes were 1.29 to -1.09 for 

sedentary, 1.54 to -1.92 for LPA, 1.96 to -1.74 for MPA, 0.82 to -0.92 for VPA and 1.39 to -1.27 

for MVPA. 

6.11.2.4 Physical activity levels by locations 

Across all locations in the simulated home environment the Location and Movement Monitoring 

System reported that children spent 61.2% of their time sedentary, 21.5% in light activity and 

17.3% in moderate to vigorous activity (Figure 6.5). When outside of the building and 

participating in walking and outdoor play activities children spent 54.2% of time in MVPA, 37.7% 

in LPA and only 8.1% sedentary. Conversely when inside the building children spent only 2.9% 

of their time in MVPA and 82.0% sedentary. In beacon-monitored indoor rooms children were 

largely sedentary (Room location 1/7, 4 and 6) (Refer to Table 6.4). Figure 6.5 indicates that 

90.2% of time in the TV watching and gaming room, and 92.3% of time in computer use room, 

was sedentary. In the talking activity room 81.7% of time was sedentary.  
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Figure 6.5 Time spent in activity levels during the ten minute trial by monitored location 

 

6.12 Discussion 

6.12.1 Principal results 

This manuscript presents the accuracy and demonstrates the utility of a Location and Movement 

Monitoring System designed to measure children’s location-based activity in homes. The system 

measures the location of sedentary behaviour and physical activity at building- and room-level, 

thus addressing a measurement gap in current physical activity and environment research 

(Loveday et al., 2015; Maitland et al., 2013). Under experimental conditions with children, the 

system is over 92% accurate on all measures for detecting location as inside or outside the 

building (the reader range) and inside or outside a room (the beacon range) at five minutes and 

above; and over 85% accurate at room-level in two minute trials. The Location and Activity 

Analysis Software integrates the location tracking system data with Actigraph wGT3X-BT 

accelerometer data to objectively determine time spent in activity levels within different rooms 

of a building, and when inside and outside of a pre-determined larger scale location such as a 

home or office building. The software was very accurate in calculating time spent sedentary, and 

in LPA, MPA, VPA and MVPA, when compared to Actilife software using the same cut-points 

and epochs, with ICCs of 0.977 and above. The Location and Movement Monitoring System is 

suitable for deployment in field settings, such as homes and office buildings, and to our 

knowledge this is the first study to test the accuracy of a system which combines RFID based 
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indoor location data with Actigraph accelerometer data, the most widely used accelerometer in 

population physical activity research (John & Freedson, 2012). The system provides novel and 

objective information on physical activity at building and indoor room-level, and has the potential 

to contribute to better understanding of the influence of the indoor home environment on 

children’s sedentariness and physical activity.  

6.12.2 Comparison with prior work 

Of all the location tracking systems available, RFID particularly has been promoted and used to 

track people in indoor settings (Loveday et al., 2015). However, the accuracy of RFID location 

systems is reduced when used in cluttered and dynamic real world settings (Curran et al., 2011; 

Mandeljc, Kovacic, Kristan, & Pers, 2013). We only found one similar attempt to create and 

examine the accuracy of a system to collect and match RFID location data with accelerometer 

data for application to population physical activity research (Spinney et al., 2015). False positives 

and false negatives for the location of workers in an office building was 14% of visits across six 

monitored rooms, and authors concluded they would recommend the technology only where low 

spatial resolution was satisfactory (Spinney et al., 2015). While our system seemed more accurate 

- 1% for false positives and 5% for false negatives in three monitored rooms – direct comparison 

is difficult due to the difference in movement conditions (natural vs timed and controlled), 

participants (adults vs children), the environment (office building vs simulated home setting) and 

the outcome measure (prediction of visits to rooms vs prediction of time in rooms).  

This study also presented the accuracy of the system to detect participants inside the building 

overall (15% false positives and 2% false negatives). Accuracy was comparable to fixed RFID 

systems implemented in medical settings to track patient movement into and out of buildings 

(Okoniewska et al., 2012) and detect presence of patients within clinic rooms under satisfactory 

RFID system placement (Vakili, Pandit, Singman, Appelbaum, & Boland, 2015). Consequently, 

when configured using the recommended deployment protocol, we are confident that the accuracy 

of our system can be appropriate for its intended physical activity research application of detecting 

time spent inside and in specific rooms by children within the home setting. 

The system detects building- and room-level location as indicated by presence or absence of the 

wristband sensor tag in predetermined locations, as opposed to fine localisation using 

triangulation of the signal from several readers/antennas. Others confirm that RFID is 

comparatively accurate for detecting presence in indoor locations but poor in providing exact 

location (Mandeljc et al., 2013). While additional readers could generate finer location data by 

triangulation of signals (Tonge et al., 2017) or be supplemented with data from other sources to 

improve accuracy (Hsu & Chen, 2011; Mandeljc et al., 2013), this is more costly and adds 

complexity to deployment of the system and analysis of the resultant data. Furthermore, as the 

home is a place where children generally stay or leave for longer periods (rather than come and 



 

144 

go frequently) and indoors was the primary area of interest, we concluded it was acceptable to set 

the software tolerance to detect any absence of five minutes and over, at the expense of potentially 

missing some time outdoors. Indeed, one of the unique features of the software used is that the 

tolerance settings can be changed to suit different applications. Therefore, while the Location and 

Activity Monitoring System may not be most accurate in estimating precise location within a 

building, it can provide the accuracy required for its envisaged application and is potentially 

adaptable to other indoor environments, such as workplaces. Ultimately, it is envisaged that this 

system may have utility in answering a range of research questions where the assessment of 

location-based physical activity and sedentary behaviour is advantageous, such as assessing the 

impact of changes in indoor environments to support physical activity. 

6.12.3 Limitations and considerations 

Despite positive results, there are some significant limitations inherent in the technology used in 

this system, several of which are common to other indoor location systems (Spinney et al., 2015). 

Firstly, the RFID signal strength and reach is affected by the conditions of the built environment 

(e.g., building materials, walls and furniture), the natural environment (e.g., temperature, water 

and undulations) and people. Therefore, the range of the reader signal was considerably less than 

indicated in the hardware specifications and inconsistent across the building. The system can 

however be configured to increase (or decrease) the signal range by introducing a different 

antenna, and we chose to do this to maintain a one reader only system. It is also important to note 

that signals from the tags decrease in frequency as the tags move further away from the reader, so 

that the vast majority of false negatives and positives occur at the edges of the reader range. 

Additionally, the tags exhibit different signalling behaviour when moving versus stationary and 

there is sometimes variation between individual wrist tags (Ni et al., 2011). For example, signals 

were received every two seconds as indicated in the RFCode specifications (RFCode, 2014) when 

tags were moving and close to the reader, but were less consistent when stationary and further 

away. This variation in data frequency has implications for how location is assigned and therefore 

accuracy. 

Beacons, which operate on IR signals to detect presence at room-level, showed similar patterns 

in that beacons in rooms further away from the reader provided lower accuracy when compared 

to beacons in the same room as the reader. Additionally, IR signals require a line of sight between 

the beacon and the tag to register presence. Although this seems a major limitation and it can be 

disruptive to accuracy (Vakili et al., 2015), in practice the signals ‘bounce’ around a room and 

can effectively flood a room if the beacon is positioned appropriately and set to sufficient signal 

strength. Thus the tag presence is detected even when furniture and other items are in the direct 

line of sight. While generally advantageous, this can also result in signals ‘bouncing’ out of open 

rooms into nearby spaces and registering tags as present although they are outside the room of 
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interest. The beacons used in this system can be adjusted to transmit with less power overall or 

only in sections, and this coupled with placing beacons in a high position facing into the room 

and away from doorways, minimises this potential limitation. However, the need for direct line 

of sight does requires sensor tags to always be exposed (i.e., worn outside of clothing), and 

incorrect wearing in previous studies has resulted in loss of data (Vakili et al., 2015). Therefore, 

the tag cannot be worn on the accelerometer belt under clothing to reduce participant burden.  

Several other considerations should be highlighted. Firstly, the system is usually hard-wired into 

a building, so both the central reader and individual room beacons require a standard power 

source. In contrast, the average battery life for the sensor tags is typically three years, eliminating 

any need to recharge the tags during a typical research study. Secondly, the system is adaptable 

for use in a range of indoor environments. However, following a detailed protocol for 

implementing the system in the field is vital, as accuracy depends on consistent system 

deployment (Hsu & Chen, 2011), and temporary installation is sometimes awkward as multiple 

components and power sources are required. Thirdly, it should be noted that we chose to configure 

the system to provide data on presence of an individual in a location as opposed to their precise 

location, and to develop software that would generate summary data in a form that could be used 

by a population health researcher without ongoing technical support. Adding additional readers 

to this system would theoretically resolve this limitation by allowing triangulation of signals to 

provide more accurate location within a space. Further and ongoing collaboration with software 

engineers would be required to extract and analyse this type of data. While this would allow more 

precision, it would likely be expensive and time-consuming in the physical activity research 

context.  

Finally, it is important to note that any off-the-shelf location tracking system will have been built 

for a specific commercial purpose and a proportion of false positives and negatives will be 

generated in any environment. These systems often work differently in real world applications 

and applying them in a physical activity research context is likely to highlight challenges such as 

feasibility of implementation, data extraction and accuracy. Cost of equipment is also a 

consideration with the hardware for this system costing approximately $3500. By demonstrating 

the utility of this Location and Movement Monitoring System in a simulated home environment 

we have provided evidence to inform decisions and expectations around using these systems for 

physical activity research. 

6.12.4 Future directions 

To date, most technology that incorporates indoor location tracking with valid and reliable 

movement data has been experimental (Hsu & Chen, 2011) or occurred with adults in care settings 

(Loveday, Sherar, Sanders, Sanderson, & Esliger, 2016) and workplaces (Spinney et al., 2015). 

Given we were implementing a new system with children, a potentially vulnerable target group 
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for research, we considered it vital to examine the accuracy of the system under experimental 

conditions before taking it into the field in family homes. Whether a location system can truly be 

validated for other environments is debatable and accuracy in other settings should not be blindly 

inferred (Spinney et al., 2015). Nevertheless, if a consistent deployment protocol can be 

implemented in each new environment, we are confident that the system as deployed in our home 

simulated environment shows acceptable accuracy. However, the feasibility of using the full 

system with children and adult family members in private homes, which have a variety of single 

and double storey layouts, is yet to be tested. The obvious next step is to deploy the system in 

family homes to collect location and movement data to investigate patterns of, and environmental 

influences on, children’s sedentariness and physical activity at home. 

6.13 Conclusion 

There has been extensive research into outdoor environments and their influence on physical 

activity, but little investigation of physical activity and sedentariness indoors and at home, where 

children spend much of their time. The Location and Movement Monitoring System examined in 

this manuscript can provide accurate objective indoor location and physical activity data that 

cannot be provided by traditional surveys and electronic diaries.  As such it has the potential to 

help better understand the context of children’s physical activity and sedentariness at home and 

indoors. 
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Chapter 7 Discussion 
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7.1 Introduction 

This thesis sought to answer the question of how home physical environmental factors influence 

the sedentary behaviours and physical activity of children aged 9-13 years, using an ecological 

approach. The initial thesis literature review summarised and quality assessed the literature on the 

relationship between home physical environmental factors and children’s sedentary behaviours 

and physical activity to identify gaps for future research (Maitland et al., 2013). A lack of specific, 

comprehensive and validated measurement instruments for both the home physical environment 

and for differentiating movement performed in the home from other locations was discovered. 

Thus, a seemingly simple and original research question was complicated by the need to first 

address this measurement gap. The PhD research then redirected its focus to the measurement of 

the home physical environment related to children’s physical activity and sedentary behaviour, 

and the location of movement within the home space. The final chapter of the thesis synthesises 

the findings and discussions of each of the discrete manuscripts. It highlights the original 

contribution to the literature and the implications of the main findings of the thesis. The chapter 

is structured as follows: 1) Overview of original contribution and key findings; 2) Discussion of 

main findings; 3) Strengths and limitations of the studies; and, 4) Implications of findings for 

practice, policy and future research.  

7.2 Overview of original contribution and key 
findings 

The PhD research has: 1) qualitatively examined the influence of the home physical environment 

on children’s physical activity and sedentary behaviour at home with children and their families 

(Maitland et al., 2014); 2) developed and tested an instrument for measuring the home physical 

environment and the factors that may influence its creation, allocation and use (Maitland et al., 

2019); and, 3) developed and examined the accuracy of a location and movement monitoring 

system to assess the location of physical activity and sedentary behaviour in home environments, 

with a particular focus on indoor space (Chapter 6), to fulfil the objectives of the thesis. Key 

findings and outcomes are outlined below: 

 Qualitative findings suggest: 

o  the home physical environment influences children’s sedentary behaviour and physical 

activity at home via overall size, space and design of the home; allocation of the home 

space to different purposes; equipment, materials and furniture within the home space; 

perceived safety of the home space; and the capacity for the home space to be changed; 

and, 
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o the social environment within a home, including family preferences and priorities, 

influences the creation and control of the home physical environment to facilitate or act 

as a barrier to children’s sedentary behaviour and physical activity. 

 The HomeSPACE Instrument is a valid and reliable audit tool to measure:  

o the indoor and outdoor home physical environmental factors that influence children’s 

sedentary behaviour and physical activity at home; and,  

o the parent reported social environmental factors that influence children’s physical activity 

and sedentary behaviour via the creation, allocation and use of the home physical 

environment. 

 The Location and Movement Monitoring System, developed to assess the location of 

children’s sedentary behaviour and physical activity while at home, particularly indoors: 

o showed over 97% sensitivity and 92% specificity in detecting children’s location inside 

and outside of the reader range (building proxy) at five minute intervals and above, under 

experimental conditions; 

o showed over 94% sensitivity and 99% specificity in detecting location inside and outside 

of beacon range (room proxy) at five minute intervals and above, and over 85% sensitivity 

and 97% specificity at two minute intervals and above, under experimental conditions; 

o showed high agreement with established software for measuring time spent sedentary and 

in varying levels of physical activity intensity using GT3X+ accelerometer data; and, 

o has demonstrated its application to provide measures of time spent sedentary and in 

different physical activity levels at room- and building- level.  

As a body of work this thesis provides a comprehensive and focussed exploration of the influence 

of the home physical environment on the sedentary behaviour and physical activity of children at 

home and its measurement. Given that children spend the majority of their time at home and 

indoors (Conrad et al., 2013) and most of children’s waking hours are sedentary (Tremblay et al., 

2016), the influence of the home physical environment has received surprisingly little dedicated 

research attention (H. Brown, Hume, Pearson, & Salmon, 2013). Furthermore, a recent study of 

upper primary school-aged children in 12 countries found those reporting regular physical activity 

within the home and yard accumulated more MVPA overall (Harrington et al., 2016), confirming 

the home as an important setting for physical activity, in addition to sedentary behaviour. This 

again underscores the importance of the research question - what influences physical activity and 

sedentary behaviour in the home context?  

The thesis identified a variety of perceived home physical environmental influences on children’s 

sedentary behaviour and physical activity. Some of these, such as the importance of the back yard 

and the presence of physical activity and electronic media equipment at home, confirm findings 

of previous studies (Granich et al., 2010; Jordan et al., 2006; Puglisi, Okely, Pearson, & Vialle, 

2010; Veitch, Arundell, Hume, & Ball, 2013; Veitch, Hume, et al., 2013). Allocation of space 
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and safety within the house and yard were identified by families as additional influences on 

children’s sedentary behaviour and physical activity at home. Furthermore, new insights into the 

relationship between the physical and social environments within the home were discovered, the 

most important of which was that the family members who constitute the social environment 

shape the home physical environment through their preferences and priorities. The social-

ecological model proposed at the beginning of the thesis (Figure 2.1) was updated to display the 

influences and relationships between factors within the physical, social and individual layers of 

the model, reflecting the findings of the qualitative study (Figure 2.1; and Figure 7.1 below). The 

findings are consistent with ecological theory that assumes interactions between the layers of the 

model (Sallis et al., 2008).  

 

 

Figure 7.1 The dynamic family home: Summary of family perceptions of physical 
environmental influences on children’s sedentary behaviour and physical activity within 
the home space in a social-ecological framework 

The thesis makes a unique contribution by enhancing the measurement of the home physical 

environment through the development of the HomeSPACE Instrument. The instrument was 

designed to measure the perceived home physical, and associated social, environmental 

influences identified in the qualitative study findings. The HomeSPACE Instrument extends 
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previous audits as it incorporated furniture, natural and building features at indoor room / outdoor 

area level, in addition to more common physical activity and media equipment measures (Pinard 

et al., 2012). It also assessed the social environmental attributes that may influence children’s 

sedentary behaviour and physical activity at home (i.e., family preferences and priorities) via 

parent self-report. In doing so it addressed a new dimension of influence not included in other 

room-level audits of the home physical environment (Sirard et al., 2008). Furthermore, between 

the development of the HomeSPACE Instrument and its publication (Maitland et al., 2019) 

another comprehensive measurement tool for the home physical environment (The HomeSTEAD 

Inventory) has been published (Hales et al., 2013), confirming the original measurement gap 

identified during the early stages of this thesis. The HomeSPACE Instrument is both valid and 

reliable and has the potential to extend knowledge by assessing the family factors that influence 

how the home physical environment is created. The inclusion of these new items and the 

assessment of the home physical environment at indoor room and outdoor area level differentiate 

the HomeSPACE Instrument from the HomeSTEAD Inventory (Hales et al., 2013). To the 

candidate’s knowledge, there are no published studies that have assessed activity preferences in 

the home, or the importance placed on home features and equipment to support physical activity 

and sedentary behaviour by families.  

The PhD research makes another novel contribution through developing and testing the accuracy 

of a location and movement monitoring system to objectively assess the location of children and 

their physical activity and sedentary behaviour within the home. Assessing location to provide 

contextual information around sedentary behaviour and physical activity has been recommended 

(Loveday et al., 2015; McCrorie, Fenton, & Ellaway, 2014). The development of the Location 

and Movement Monitoring System represents one of the few attempts to use new technology to 

objectively assess indoor location and activity levels with a view to applying the system in future 

physical activity and population health field studies. The system integrates existing radio 

frequency identification (RFID) and infra-red (IR) location tracking components, the Actigraph 

GT3X-BT accelerometer (commonly used for youth physical activity research) (Cain et al., 2013), 

and custom software to time-match and analyse the location and movement data. It is specifically 

designed to be portable and unobtrusive for use in private spaces, such as the home. As GPS 

accuracy and GIS resolution has improved in recent years, many studies have identified the home 

as a location for children and young people’s physical activity and sedentary behaviour (McCrorie 

et al., 2014; Prince, Butler, Rao, & Thompson, 2019). However, this method has rarely been used 

to assess whether a person is indoors or outdoors in private garden space at home as there is 

limited information on accuracy in this context (Lachowycz et al., 2012); and GPS cannot assess 

location inside the house at room-level (Loveday et al., 2015). During the course of the thesis, 

several other studies have applied RFID based location detection systems (Spinney et al., 2015; 

Tonge et al., 2017) and Bluetooth proximity beacons (B. K. Clark, Winkler, Brakenridge, Trost, 

& Healy, 2018; Loveday et al., 2016) in small scale population health studies. The Location and 
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Movement Monitoring System developed for this thesis has been designed to be applicable to the 

home setting for use by population health researchers without the need for additional expertise in 

implementation or analysis. The system is differentiated by its standard protocol for deployment, 

assessment of accuracy through controlled experiments with children, and software for assessing 

activity levels in indoor locations at both building- and room- level. 

7.3 Discussion of main findings  

7.3.1 The social-ecological model in the home context 

The thesis research was based on the social-ecological model (Stokols, 1992), in response to calls 

for more setting specific ecological models in relation to physical activity and sedentary behaviour 

(Giles-Corti et al., 2005; Owen et al., 2014). The qualitative findings informed The Dynamic 

Family Home model (Figure 7.1) that was based on the social-ecological framework and focussed 

on how the home physical environment may influence children’s physical activity and sedentary 

behaviour within the home. Principles of the ecological model include: 1) that there are multiple 

levels of influence on any behaviour; and 2) that factors interact across the levels (Sallis et al., 

2008). The PhD research confirms these principles by identifying elements within the home 

physical environment that may influence behaviour directly and how physical environmental 

factors may interact with the social environment and individual level influences to indirectly 

effect children’s physical activity and sedentary behaviour at home. While several social-

ecological frameworks designed to investigate children’s physical activity and sedentary 

behaviour have included elements of the home physical environment (Granich et al., 2011; Hume 

et al., 2010; Patnode et al., 2010; Salmon et al., 2005; Veitch et al., 2010), the thesis model extends 

prior research by focusing on the home context specifically and hypothesising the interactions 

between physical environmental influences, and social environmental and individual level 

influences. 

The third principle of the ecological model is behaviour specificity (Sallis et al., 2008). The thesis 

model views movement behaviour in the home as a continuum from sedentary behaviour through 

light, moderate and vigorous physical activity (Tremblay et al., 2010) and therefore does not 

strictly adhere to the principle of behaviour specificity. This approach was taken for two reasons.  

Firstly, the literature review found some evidence that physical activity equipment may negatively 

influence children’s sedentary time and screen-based behaviours, but not significantly increase 

physical activity (Maitland et al., 2013). Several subsequent studies concur with this finding (Lau 

et al., 2015; Salmon et al., 2013; Tandon et al., 2014), although not all (Herman, Sabiston, 

Mathieu, Tremblay, & Paradis, 2015; Lawman & Wilson, 2014; Rutten, Boen, & Seghers, 2015). 

Secondly, because time is a finite concept and at any point in time movement must be somewhere 

on the continuum, any decrease in sedentary time is likely to increase light, moderate or vigorous 
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physical activity, or vice versa (unless replaced by sleep – a behaviour recognised in the more 

recent representations of the 24 Hour Movement and Non-Movement Continuum (Tremblay et 

al., 2017)). The use of sedentary behaviour and physical activity as the behavioural outcome of 

the model draws on the concept of behavioural cross-elasticity - the degree to which time in one 

behaviour varies by time spent in another behaviour (Olds, Ferrar, Gomersall, Maher, & Walters, 

2012). It is also consistent with computational data analysis approaches which acknowledge that 

time spent in movement and non-movement levels within a continuum will always add up to a 

constant (Chastin, Palarea-Albaladejo, Dontje, & Skelton, 2015).  These concepts are particularly 

pertinent for investigation of children’s behaviour in the home setting as the amount of time spent 

at home is usually specified by parents and not readily substituted with time in another setting. 

Thus, the thesis model asserts that investigating sedentary behaviour and physical activity 

together as a movement continuum, rather than as individual behaviours, is appropriate for 

context-specific ecological models attempting to explain behaviour in a contained setting such as 

the home.  

7.3.2 Outdoor and indoor home space  

Time spent outdoors is one of the strongest and most consistent correlates of children’s and 

adolescents’ physical activity (Dumith et al., 2012; Gray et al., 2015; Sallis et al., 2000), and 

spending time outdoors is recommended as a way to increase children’s physical activity and 

decrease sedentary behaviour (Cleland et al., 2010; Tremblay, LeBlanc, Janssen, et al., 2011). 

Parents report that the private outdoor space at home is the most common place for children’s 

outdoor active play (Ferrao & Janssen, 2015; Veitch et al., 2010). Families in the HomeSPACE 

Study viewed a generous back yard as important for outdoor active play and children with small 

or no yards had limited options to be physically active when at home. This finding is consistent 

with previous qualitative studies exploring influences on children’s overall and home-based 

physical activity and sedentary behaviour (Granich et al., 2010; Veitch et al., 2006; Veitch, Hume, 

et al., 2013).   

Despite the qualitative findings, the systematic literature review completed for this thesis found 

little evidence of the influence of private yard/garden space on children’s physical activity and 

there were no studies that investigated associations with sedentary behaviour (Maitland et al., 

2013). Studies suffered from categorical measures of yard size/presence and investigated overall, 

not home-based, physical activity outcomes. Another more recent study has perpetuated this by 

assessing yard presence and finding null associations with children’s physical activity (Noonan, 

Boddy, Knowles, & Fairclough, 2016). The qualitative study findings in this thesis provide a 

potential explanation for this conflict, as children did not always use the space available to them 

despite having a medium or large sized yard. Children reported they needed equipment or 

someone to play with, such as friends or the family dog. Another qualitative study exploring 
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influences on children’s after-school physical activity reported similar findings, and provided the 

example of playing with parents in the back yard (Stanley et al., 2013). HomeSPACE Study 

families with less suitable or small yards reported using nearby formal and informal public spaces 

for children’s physical activity, similar to children living in high rise apartments (Whitzman & 

Mizrachi, 2012). Indeed, for some families the psychological concept of home space extended 

past the physical delineation of the privately owned residential block as they felt a sense of 

ownership over their verge and proximate land in the local neighbourhood. Thus, family’s 

perceptions of the outdoor home yard are important, but not sufficient, for children’s participation 

in active play and physical activity at home. The absence of private home yard space may be 

overcome by going outside of the home to participate in physical activity. 

Studies investigating the location of sedentary and active behaviours using ecological momentary 

assessment have concluded that time spent inside the house, particularly in the bedroom and 

lounge room, is more likely to be sedentary (Biddle et al., 2009) whereas time spent outdoors at 

home is more likely to include MVPA (Dunton, Yue, et al., 2011). Australian parents report 

children aged 8 - 16 years sit at home on average over seven hours per day, with just over half of 

this spent in sedentary screen time; and parents themselves have similar levels of screen time 

(Arundell, Parker, et al., 2019). Indeed, a review of correlates of children’s after-school sedentary 

behaviour has suggested sedentary behaviour may be more dependent on the setting and the 

features of the physical environment than intra-personal influences (Arundell et al., 2016a). The 

thesis qualitative findings indicate larger homes provide more opportunities for sedentary screen-

based behaviour at home with the majority of families reporting at least two living areas with 

multiple electronic media screens indoors. More electronic media opportunities in a home may 

enable both children and parents to participate in higher levels of sedentary screen time while at 

home.  

On the other hand, some parents in larger homes allowed active play indoors as there was space 

available in their home, which was less likely to be allowed in smaller houses with limited space. 

Similar to this study, a previous qualitative study have found that families make rules to limit 

active play indoors and children acknowledge these rules (Stanley et al., 2013), but this 

relationship is not supported in observational studies (Atkin, Corder, Ekelund, et al., 2013). The 

PhD research found that when indoor active play is not allowed (either due to lack of space or 

family rules) children must either participate in quiet activities indoors or go outside where they 

can be more active, if space is available. It is therefore important to consider how indoor and 

outdoor space combine to create an activity supporting home space overall, rather than 

considering each in isolation.  While indoor play space has been included within scales of physical 

activity resources (Lau et al., 2015), studies have not yet investigated what is the best balance of 

indoor and outdoor home space for supporting children’s physical activity and limiting sedentary 

behaviour at home.  
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7.3.3 The relationship between home space, allocation 
and equipment 

There is evidence that electronic media equipment in the home and the bedroom is positively 

associated the children’s sedentary screen time, while physical activity equipment may be 

negatively associated with sedentary behaviours (Maitland et al., 2013). The thesis findings shed 

light on the potential mechanisms that contribute to the presence and placement of equipment in 

the family home. The proposed model posits that available home space and its built structure and 

physical restrictions (i.e., division into indoor rooms and outdoors areas) is the starting point for 

the allocation of rooms and spaces to family members and activities, followed by the placement 

of physical activity and electronic media equipment. Families in large free-standing homes - the 

predominant form of family housing in Australia (Australian Bureau of Statistics, 2007) - have 

more choice in allocating rooms/areas and equipment which can facilitate both sedentary 

behaviour and physical activity within the overall home space. For example, an Australian study 

found families in rural areas where house blocks are generally larger have significantly more PA 

equipment at home but not sedentary equipment, when compared to urban families (Salmon et 

al., 2013). Furthermore, a large observational study across 12 countries found that 88% of 

Australian households had two or more TVs, yet only 33% had a TV in the child’s bedroom, 

compared to the average of 66% and 46% respectively across the 12 countries (Harrington et al., 

2016). As Australians have some of the largest homes in the world (James & Sebastian, 2016) it 

is conceivable that TVs are less likely to be in the bedroom as parents have the space to put them 

elsewhere in the home. These examples concur with the thesis findings that the availability of 

home space and the allocation of that space are likely pre-cursors to the presence and location of 

equipment in the home. Therefore, while the physical size of the home is a consideration when 

working with families to better support children’s physical activity and reduce sedentary 

behaviour within the home context, it is the allocation of space and equipment within the home 

that is a potential target for intervention.  

7.3.4 Interactions between the physical and social 
home environment 

The PhD research findings identify that families create and control many aspects of the home 

physical environment, generating considerable interaction between physical, social and individual 

influences and children’s sedentary behaviour and physical activity within the home setting. This 

is important as it differentiates the home environment from school and community settings where 

organisational and policy influences are more relevant for environmental change. The findings 

are consistent with social-ecological frameworks (Sallis et al., 2008) and reciprocal determinism 

where the environment influences individual factors (e.g., beliefs, preferences) and behaviour, 

and individuals in return influence their environment (Bandura, 1978). In the family home setting 
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it is children’s parents (the social environment) who have the most influence over the home 

physical environment as opposed to the individual child. The malleability of the family home 

makes it amenable to changes to reduce children’s sedentary behaviour and increase physical 

activity. However, in contrast to school or community level environmental interventions which 

reach populations, any change in the home physical environment is only likely to influence the 

behaviour of children and family members living in that home.  

The thesis literature review confirmed that the home social environment has a strong influence 

on children’s physical activity and sedentary behaviour (Maitland et al., 2013). The qualitative 

study findings indicate that the home social environment also indirectly influences children’s 

behaviour through the creation of the physical environment of the home. There were multiple 

examples of parents determining the home physical environment including where televisions and 

computers were placed (e.g., in the child’s bedroom or an open plan area) and prioritising back 

yard space when selecting a home. Furthermore, the qualitative findings suggest that the home 

physical environment can either enable or hinder parents when attempting to implement rules and 

practices to support children’s physical activity and limit their sedentary behaviour at home. One 

of the only quantitative studies to investigate possible interactions in the home environment found 

children’s MVPA was highest when both parental support for physical activity and a basketball 

hoop were present; and also children’s sedentary time was lowest when there was no bedroom 

media and family media rules (Tandon et al., 2014). These results confirm the thesis findings and 

demonstrate the additive benefits of having both a supportive social and physical home 

environment. Still, how the social and physical environments interact within the home space 

remains an important knowledge gap. 

7.3.5 Measurement of the environment and children’s 
activity within the home space 

When the HomeSPACE Study was conceptualised, there were few investigations of the home 

physical environment and children’s activity within the home using objective measures. The 

thesis model identified several home specific environmental influences on children’s physical 

activity and sedentary behaviour that were not adequately captured by existing measurement 

instruments. Research was also hampered by the lack of objective context-specific outcomes for 

physical activity and sedentary behaviour at home. Measurement of the environment and 

children’s activity within the private family home space using direct audits and observational 

methods was resource intensive (Brownson et al., 2009; Dollman et al., 2009; Hardy et al., 2013). 

Furthermore, there were few data sources applicable for measurement of home environments 

within current geographical information systems (GIS) data, and no location or positioning 

systems to provide indoor location data within the home for application in physical activity 

research.  The thesis identified and sought to overcome several practical and technological 
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measurement challenges to advance the field by enabling objective and accurate measurement of 

both the home physical environment and children’s movement within it.   

7.3.6 Measurement of the home physical environment  

The HomeSPACE Instrument provides valid and reliable measures of the size, features and 

equipment of the home physical environment that may influence children’s physical activity and 

sedentary behaviour at home (Maitland et al., 2019). It is also the first instrument to assess the 

family factors that potentially influence the creation and control of this environment. A review of 

home environment measures identified many checklists and questionnaires for assessing types of 

physical activity equipment and electronic media, however most were not validated (Pinard et al., 

2012). The HomeSPACE Instrument measures the availability of physical activity and electronic 

media equipment in homes at room-level and was based on the Physical Activity and Media 

Inventory (PAMI) (Sirard et al., 2008). The room-level audit method was selected to provide more 

objective measures, and to differentiate between indoor and outdoor home environments and the 

micro-settings of each indoor room and outdoor area. The instrument calculated equipment 

density which was considered advantageous given the focus on house and yard size within the 

overall research. To be practical the instrument was designed to be completed by parents at home 

and validated against gold standard measures from GIS, laser measures and a trained auditor. 

The HomeSPACE Instrument was found to be a valid and reliable tool to measure the home space 

as it relates to children’s physical activity and sedentary behaviour.  It achieved good to excellent 

criterion validity and test-retest reliability for physical activity and electronic media equipment 

audit items and is comparable to other instruments (Hales et al., 2013; Pinard et al., 2013; Sirard 

et al., 2008). Thus, there are now several robust instruments to measure physical activity and 

media equipment in the home space.  The HomeSPACE Instrument differentiates itself by 

including new items assessing seated furniture and musical equipment as potential facilitators of 

sedentary behaviour and light physical activity respectively. These new items, along with the 

capacity to collect data at indoor room- and outdoor area-level will allow a more nuanced 

investigation of the role of the indoor and outdoor home physical environment in facilitating 

children’s physical activity and sedentary behaviour. Additionally, the inclusion of new 

constructs - children’s and parent’s activity preferences at home, and the importance of children’s 

home-based activity and supportive home equipment and features - are the first attempt to capture 

the individual and social environmental influences that shape the physical elements of the home 

space. However, it is impossible to know how well the tool can differentiate homes and detect 

changes in the micro-level home environment until implemented as part of observational and 

intervention research. 

Geographical Information Systems (GIS) data is routinely used to objectively measure 

neighbourhood built environment influences on children’s physical activity (Brownson et al., 
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2009; Nordbø, Nordh, Raanaas, & Aamodt, 2018). Yet GIS methods have only been applied in 

the home environment to assess the yard size for young children’s physical activity (Carson & 

Janssen, 2012; Christian et al., 2017). The thesis study used GIS cadastral data, building footprints 

and manual digitisation to objectively measure the house, yard and verge area, as well as laser 

measurement of indoor room dimensions. A recent review of children’s active play geographies 

noted that remote sensing imagery and GIS methods have the potential to assess the size and 

layout of gardens, as well as other home outdoor yard features including greenness, paved areas 

and vegetation, but they have not yet been used in the home environment (Oliver, 2016). As 

imagery resolution improves, GIS methods are likely to provide increasingly accurate 

assessments of micro-environments creating more possibilities for the objective measurement of 

the outdoor home physical environment in future studies.  However, it is important to note that 

the thesis found objective size and parents’ perceptions of size in the home setting were not always 

highly correlated. This indicates that objective and perceived home environmental measures may 

be different concepts, as has been established for the neighbourhood environment (Brownson et 

al., 2009; Orstad, McDonough, Stapleton, Altincekic, & Troped, 2017). Therefore, the collection 

of both objective and perceived home environmental measures for children’s physical activity 

and sedentary behaviour is recommended. 

There are two other objective environmental measurement methods that could be applied as a 

complement to the HomeSPACE Instrument in future. A potential limitation of the HomeSPACE 

Instrument is the assessment of the location of portable media and physical activity equipment, 

as these items can easily move around (and leave) the home. The SenseCam wearable camera, 

used to capture elements of children’s neighbourhood environment, shows potential for 

examining and validating subjective home environment measures including garden features, play 

equipment and media devices (Schrempft, van Jaarsveld, & Fisher, 2017), and may capture 

portable equipment missed by an equipment audit. However, there are limitations as authors found 

portable media items were more likely to be missed if not used during the camera wear period 

and some participants were uncomfortable with wearing the camera. Spatial analysis techniques 

also hold potential to create objective measures of home layout and physical/visual connectedness 

to complement parents’ perceptions of these features as collected by the HomeSPACE 

Instrument. Spatial analysis has been used to categorise apartments based on distance between 

rooms (Chambers, Bafna, & Machry, 2018), and assess changes in accessibility, visibility and 

interconnectedness of office building layouts to increase people’s movement (Rashid, 

Kampschroer, Wineman, & Zimring, 2006; Rashid, Wineman, & Zimring, 2009). These types of 

measures, more commonly used in architectural and design fields, hold promise for capturing the 

spatial qualities of homes and analysing the impact of space and layout on children’s physical 

activity and sedentary behaviour at home.  
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7.3.7 Measurement of children’s location-based 
physical activity and sedentary behaviour at 
home 

The thesis also set out to find a system to detect children’s location at and within homes, similar 

to how GPS data has been used within population health research to determine the location of 

children in outdoor environments (Jankowska, Schipperijn, & Kerr, 2015). Historically, measures 

of children’s and adolescents’ time specific locations were obtained from parent- and self-report 

paper based diaries, smartphones applications and resource intensive direct observation (Biddle 

et al., 2009; Kneeshaw-Price et al., 2013; Liao et al., 2014; McIver, Brown, Pfeiffer, Dowda, & 

Pate, 2009; Tandon et al., 2014). Technological approaches to indoor location monitoring have 

concentrated on bluetooth, Wi-Fi and RFID. All approaches have their advantages and 

limitations, and for this study RFID technology was selected as the technology was already well 

developed and commonly used in commercial location systems to track stock, equipment and 

people in a variety of settings (Lim, Bahr, & Leung, 2013; Yao, Chu, & Li, 2012). The thesis 

research used an off-the-shelf RFID based location tracking system with time-matched 

accelerometer data to estimate time spent indoors, including in specific rooms, and outdoors by 

children in a simulated home environment. The location data showed high accuracy under most 

experimental conditions. The data generated by the Location and Movement Monitoring System, 

if replicated in real world settings, has the potential to answer population health research questions 

related to contextual influences on children’s physical activity and sedentary behaviour in the 

home setting. 

The RFID location technology used in the thesis was selected for its potential to accurately 

determine when a child is at home, and where a child is located within their home, thereby 

addressing measurement gaps left by GPS location data. GPS exhibits high location accuracy in 

the outdoor environments (Jankowska et al., 2015) and has been coupled with GIS and 

accelerometer data in numerous studies to identify the prevalence of children and adolescent’s 

physical activity by location (McCrorie et al., 2014). It has been used to classify location of 

children at a specified home address (Klinker, Schipperijn, Christian, et al., 2014; Oreskovic et 

al., 2012; Rainham et al., 2012) and more recently, the indoor/outdoor time of adults (Jankowska 

et al., 2015; Pearce, Saunders, Allison, & Turner, 2018). It is difficult to directly compare the 

accuracy of the Location and Movement Monitoring System for detecting when children are at 

home with the accuracy of GPS, as both use different methods to generate different location data 

outputs. The location tracking system tested in the thesis was highly accurate in detecting whether 

children were inside the simulated home environment under our experimental conditions of five 

minutes and above, yet performed poorly at two minute intervals. Furthermore, the system is less 

feasible to implement than GPS as the location detection infrastructure and deployment are 

required for each setting. However, GPS is unlikely to ever assess location within the home due 
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to its technological limitations. Therefore, for research questions looking only to differentiate 

time at home from other macro-level locations (e.g., school, neighbourhood), the RFID based 

location tracking system would not be recommended over established GPS methods, based on the 

thesis study evidence.  

For physical activity research focused on understanding the indoor environment, where it is 

advantageous to know both when a child is at home and where they are inside the home, the 

Location and Movement Monitoring System extends current location and activity measurement 

methods. Its unique contribution lies in being one of the first systems to be able to provide accurate 

indoor room-level location and activity data. Results showed a very high room-level accuracy for 

detecting children in the three specified rooms at five and two minute intervals. In one of the few 

studies to date to investigate a similar indoor location system for physical activity research, 

Spinney and colleagues (Spinney et al., 2015) applied an RFID tracking system in an office 

building to demonstrate its utility and found a similarly high result. Although, the thesis research 

calculated sensitivity and positive predictive value (PPV) using epochs, as opposed to comparing 

the number of room visits detected by the RFID system and an observer (Spinney et al., 2015). 

The only other application of RFID based location monitoring in the physical activity literature 

is a study protocol outlining the use of a multi-reader RFID system to triangulate location in 

outdoor areas of childcare centres to determine hotspots for physical activity (Tonge et al., 2017). 

During initial pre-testing of the thesis RFID based location tracking system, triangulation of 

signals to generate precise location (rather than presence) was deemed impractical due to signal 

strength variation caused by the built environment. However, perhaps this is less of an issue in an 

outdoor environment. If the study by Tonge et al. (Tonge et al., 2017) is successful, then RFID 

based location tracking systems that can detect children’s presence at home and at indoor room-

level may also be able to triangulate children’s precise location in their outdoor yard in future 

studies by using multiple readers. Still, results indicate that the current Location and Movement 

Monitoring System can provide a comprehensive picture of children’s location and movement 

within a home under experimental conditions, and is most useful for research focusing on the 

indoor environment. 

There were several technical challenges in applying a commercial hard-wired RFID based 

location technology designed to locate sensor tags attached to fixed objects, equipment and people 

within a signal range, to a population health measurement scenario. An issue common to many 

location detection systems is that most errors in detecting location occur around the margins of 

space and time. Accuracy was lowest in the furthest rooms from the reader and most errors in 

detecting whether children were in or out of the simulated home occurred while close to edge of 

the reader range. While GPS uses a completely different type of technology, it also has issues in 

misclassifying time spent around the edges of adjacent spaces such as the home yard versus 

nearby but outside of the yard (Lachowycz et al., 2012). Furthermore, the system became less 
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accurate as children moved in and out of rooms more quickly. This finding was mirrored by Clark 

and colleagues (B. K. Clark et al., 2018) when validating the accuracy of the Actigraph wGT3X-

BT activity monitor’s proximity sensor (Actigraph, 2013) in detecting office workers visits to 

monitored rooms. These results confirm that location technologies in their current form are 

unlikely to be useful for detecting children in transient rooms or circulation spaces such as 

corridors.  

A common challenge for interpreting location data is that signal strengths are affected by the 

natural and built environment. Spinney et al. (Spinney et al., 2015) concludes that RFID signal 

performance varies depending on building materials and we concur with pre-testing showing the 

system’s received signal strength indicator (RSSI) data did not meaningfully reflect the distance 

of sensors from the reader in indoor environments. GPS also experiences considerable difficulties 

in picking up signals making it less accurate in indoor and dense urban environments where 

buildings block the signal (Jankowska et al., 2015; McCrorie et al., 2014). Pre-testing of the 

system also found communication between the sensor tags and the beacons was diminished when 

sensors were worn under clothing, which has implications for use in free living situations. 

Consequently, Spinney et al., (Spinney et al., 2015) raises the question of whether portable indoor 

location systems can ever be truly validated for use in field settings as two environments will 

never be exactly the same. The thesis results show that a consistent deployment strategy including 

on-site testing was able to deliver accurate location detection in a simulated home environment, 

and this deployment protocol is likely key to overcoming challenges faced when implementing 

the system in varying home environments. Despite its limitations, including the deployment and 

data processing requirements, the location tracking system used in this research is likely to be a 

more accurate alternative to self-report of location by research participants, especially children. 

From a practical implementation perspective, the strengths of the RFID based location tracking 

system are that it requires few hardware components and therefore has a simple deployment 

strategy (one reader per home and one beacon per room), compared to other systems. Also, the 

beacon coverage can be adjusted to take room dimensions into account (i.e., turned down or 

directed). Although not investigated during this thesis, it also has the capacity to incorporate 

different sensors, such as motion sensors on portable play equipment or temperature sensors on 

computers, to assess use. Limitations are that components currently require a power source and 

are bulky when compared to bluetooth low energy (BLE) Actigraph proximity sensors 

(Actigraph, 2013), Ibeacons (Apple Inc., 2017) and Estimote beacons (Estimote Inc., 2017). 

Study participants are also required to wear two data collection devices (a location tag and 

accelerometer) which may have implications for compliance and data quality. Although, this is 

similar to participant burden in studies using accelerometers and GPS, except that the RFID 

location tags do not require charging. 
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In summary, the Location and Movement Monitoring System developed and tested as part of this 

thesis represents an advancement in physical activity and sedentary behaviour measurement 

despite its limitations. In addition to location accuracy, the system exhibited very high agreement 

between the physical activity and sedentary behaviour levels generated by the accelerometer data 

processing function of the software and those of the Actilife software. This aspect of system 

testing is crucial but has been neglected to date. Although the feasibility of implementation with 

children in family homes is yet to be tested, the results of the Location and Movement Monitoring 

System show potential for answering novel questions around the nexus between home 

environments and children’s movement behaviours. The longer-term challenge is to combine the 

RFID based location and accelerometer data with GPS and GIS data. This will complete the 

environmental picture for children’s location-based physical activity and sedentary behaviour 

within their home space and facilitate assessment of interventions within the family home. 

7.4 Strengths and limitations 

Chapters 3-6 are formatted as manuscripts and therefore contain a discussion of the strengths and 

limitations of each study. Strengths and limitations discussed in this section were considered 

relevant to the overall thesis research design, or relevant to a discrete study and worthy of 

highlighting. 

7.4.1 Overall research design 

 
The major strength of the overall thesis was the focussed and rigorous process undertaken to 

inform the development of the new measurement instrument and system. All of the thesis research 

was context-specific to the home, as recommended by proponents of the ecological approach to 

understanding behaviour, and focussed on the physical environment of the home, while 

acknowledging the role of the home social environment. Furthermore, the research targeted 

children aged 9-13 years when sedentary screen-related behaviour increases and physical activity 

decreases most dramatically (Corder et al., 2013; Pearson, Haycraft, Johnston, & Atkin, 2017).  

The systematic literature review synthesised the evidence on home physical environmental 

influences on children’s physical activity and sedentary behaviour and identified several gaps in 

current knowledge and measurement at the time it was conducted in 2012. The subsequent 

qualitative study used multiple methods to explore families’ perceptions and inform an adapted 

social-ecological model displaying proposed influences and relationships between factors within 

the physical, social and individual layers of the model (Figure 7.1). Together, the systematic 

review, qualitative findings and the thesis model provided a strong foundation for the 

development of the HomeSPACE Instrument and confirmed the need for a measure of children’s 

location-based physical activity and sedentary behaviour in homes. 
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While the physical environment focus and home context-specific nature is a strength of the 

research, some limitations should be noted. The scope of the research including the adapted 

social-ecological model did not include environmental factors external to the home or 

sociodemographic factors which are likely to influence the physical activity and sedentary 

behaviour of children at home and impact on the home physical environment in which families 

live. For example, age and gender are associated with overall physical activity levels and 

sedentary behaviour in children and adolescents (LeBlanc et al., 2015; Sterdt, Liersch, & Walter, 

2014; Stierlin et al., 2015). Additionally, government planning policies in different jurisdictions 

and regional geography, are likely to facilitate or constrain the choice of housing type and the size 

of private outdoor space available. These external factors outside of the home setting and the 

research scope should be acknowledged as possible additional influences on children’s physical 

activity and sedentary behaviour at home. However, they are unlikely to change the key findings 

of the thesis research.  

The HomeSPACE research was conducted in a large city in a high income country. Although the 

findings have been published in international journals (Maitland et al., 2019; Maitland et al., 

2014) it is possible there are limitations to the generalisability of the findings. Firstly, the vast 

majority of Australian families and those in the HomeSPACE Study live in separate housing 

(>90%) (Australian Bureau of Statistics, 2007), so some findings may be less applicable to those 

living in multi-residential developments. Secondly, housing and home size differs between low, 

middle and high income countries, and also across high income countries in Australia, USA and 

Europe. In addition, cultural and religious customs in some countries (e.g., multi-generational 

homes, family roles) may limit the assertion that parents create and control the home physical 

environment. Consequently, the findings of the PhD research may not be transferable in their 

entirety to other settings. Despite this, the audit component of the instrument has recently been 

validated and reliability tested in the UK with families in predominantly two storey terrace homes 

and has been determined to be applicable (Sheldrick, Maitland, Mackintosh, Rosenberg, & 

Stratton, 2019).  

When interpreting the thesis findings, it should be noted that families who sought and agreed to 

participate in each study may not be representative of all families. The study sample was selected 

from parents who replied to community-based advertising and were willing to consent to either 

the candidate visiting their home (Chapters 4 and 5) or attending the University building (Chapter 

6). Families who registered were deliberately stratified and selected by suburb-based socio-

economic status (Australian Bureau of Statistics, 2008, 2013a) to represent housing type and low, 

mid and high SES areas. However, over half of participating parents in the qualitative and 

measurement studies were university educated, and a higher parental education is also likely to 

mean a higher average income and higher likelihood of home ownership (Wilkins, 2016; Wilkins 

& Lass, 2018). It may also mean potentially greater choice in housing options and increased 
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ability to makes changes to the home physical environment. While our study samples are not 

dissimilar to others, caution should be exercised when applying the findings to, and implementing 

the measurement techniques with families who have low parental education levels. 

7.4.2 The qualitative study 

To facilitate an in-depth exploration of family perceptions of physical environmental influences 

on children’s sedentary behaviour and physical activity within the home space, a qualitative study 

design was chosen for the first study of the thesis.  The study design employed a range of methods 

- a semi-structured interview with visual prompts, observations of the home environment, and a 

novel home “go-along” tour, used previously in neighbourhood and child care settings - to collect 

data from children and parents of participating families (A. Clark, 2010; Oliver et al., 2011). This 

multi-method data collection was a strength of the study as it enabled triangulation of data sources 

to provide a more comprehensive understanding of the perceived and potential influences on 

children’s physical activity and sedentary behaviours in the home. Furthermore, interviewing 

families at their own home helped to establish comfort and rapport with the interviewer as an 

equal (Elwood & Martin, 2000). It also provided important observational data and stimulus for 

discussion, especially with children. 

7.4.3 The HomeSPACE Instrument 

  
The HomeSPACE Instrument was designed to measure the influences on children’s physical 

activity and sedentary behaviour identified in the thesis social-ecological model. A major strength 

was its rigorous development and testing. This included a peer-reviewed and published systematic 

review (Maitland et al., 2013) and formative qualitative research with families (Maitland et al., 

2014), followed by criterion validity, test-retest reliability for the audit component, and factor 

analysis and test-retest reliability for the survey items. To the candidate’s knowledge, the 

instrument is still the only published instrument to differentiate size, as well as equipment, at both 

the indoor room- and outdoor-area level. Furthermore, the survey component of the instrument is 

the only attempt to date to measure family members’ preferences and priorities that were 

identified as influences on the creation of the home physical environment by the thesis model. A 

final strength of the methodology is the use of GIS and laser measurement to validate the house 

and yard size measures, a technique that has rarely been used in home context (Oliver, 2016). 

The HomeSPACE Instrument has two potential overall limitations that should be considered 

when applying the tool and interpreting the results in future. Firstly, the HomeSPACE instrument 

did not measure accessibility of equipment (or spaces), as has been done in comparable 

instruments (Hales et al., 2013; Pinard et al., 2013; Sirard et al., 2008). This was omitted to allow 

for inclusion of new items on home features, home-based activity preferences and home size 
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without compromising completion rates due to length. Secondly, electronic media is evolving 

constantly so it is challenging for any measurement instrument to keep pace with new types of 

electronic media devices. Devices are more portable than ever before and it is possible that the 

instrument may not accurately record the room-level location of portable equipment which can 

move around or even be removed from the home for a period. Also, many devices now have 

multiple functions which allow television content, electronic games and the internet to be 

accessed through any internet-enabled device (e.g., smart television, laptop or tablet computer, 

mobile phone). When applying the HomeSPACE Instrument to future research users should be 

aware that these features allow devices not only to be used for sedentary-screen based 

entertainment, but also while standing and moving, for active video games and for productive 

sedentary behaviours such as homework. 

7.4.4 The Location and Movement Monitoring System  

The final phase of the thesis research attempted to develop an accurate measure of children’s 

location-based physical activity and sedentary behaviour within the home space. The lack of such 

a measure was identified as a major constraint to progressing the research field and crucial to be 

able to test the thesis model. The strengths and limitations of the Location and Movement 

Monitoring System technology and accuracy have been discussed in the Discussion of Main 

Findings section earlier in this chapter. The following two paragraphs address the strengths and 

limitation of the thesis study presented in Chapter 6 to test the accuracy of the Location and 

Movement Monitoring System. 

A strength of the study design to test the accuracy of the system was the experimental approach 

applied in a simulated home environment. Controlling the parameters of children’s movement, as 

opposed to monitoring during free living conditions, enabled the accuracy of the location 

monitoring hardware and software to be tested under a range of relevant conditions (i.e., different 

time intervals, stationary vs moving, common physical activity and sedentary behaviours, 

different room sizes and distances from the central reader). One limitation of the study design was 

that intervals of under two minutes at each location were not included in the trials conducted with 

children in the simulated home environment. Therefore results may be less applicable for younger 

children whose movement is generally more sporadic (Cliff, Reilly, & Okely, 2009). A second 

limitation was that the system was not deployed to monitor either of the outdoor areas in the 

simulated home environment and therefore cannot confirm its accuracy in detecting presence in 

outdoor home environments. However, a similar system has been applied outdoors in childcare 

centres (Tonge et al., 2017), so there is reason to assume that this RFID location system would 

adequately detect children’s location in outdoor environments that are within the reach of the 

reader signal. Still, despite the thorough development and system accuracy results, is yet to be 

applied in real world settings and further testing in a variety of homes is recommended. 
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There are also some limitations to the software of the Location and Movement Monitoring System 

that should be considered when interpreting the accuracy results. A software engineer built the 

software to time-match the location tracking and accelerometer data and provide summary data 

to answer an original research question – Where are children physically active and sedentary 

within their home space? Additions to the software were made to enable the Candidate to test the 

accuracy of the system by uploading the ‘real truth’ location data for comparison with the tracking 

system generated location data. The software output was presented as a 2 x 2 table containing the 

seconds actually present/absent in the location of interest according to ‘real truth’ (outcome) and 

the software (predictor). This format limited the type of analysis that could be performed to 

validate the location predictions made by the software. Future users should also be aware that the 

software outputs are fixed to generate the number of minutes and percentage of time spent in 

sedentary behaviour, and light, moderate and vigorous physical activity inside the reader range 

(proxy for building), at each locator beacon (proxy for a defined room), and overall, for the 

specified time period. It is expected that modifications, which will require further engagement of 

a software engineer, will be made in future to make the software more flexible and user friendly. 

Ultimately, an online software solution developed in collaboration with software engineers and 

available to the larger community of physical activity researchers, similar or as an adjunct to, 

Habitus built for merging and processing GPS / GIS /accelerometry data (University of Southern 

Denmark, 2020) (formerly PALMS (Demchak, Kerr, Raab, Patrick, & Kruger, 2012)) would be 

an ideal outcome. 

7.5 Implications of findings 

The first part of this thesis explored family perceptions and constructed a social-ecological model 

of the relationship between the home environment and children’s physical activity and sedentary 

behaviour at home. The second part developed a validated instrument and an objective system for 

assessing children’s location-based activity levels within the home space. Several implications 

for health promotion practice and public policy and have been identified from the findings. 

Furthermore, the advancements in measurement provide a number of implications and 

opportunities for future research. 

7.5.1 Implications for practice 

7.5.1.1 The influence of parents on the home physical 
environment 

The findings identified many interactions across the levels and influences of the thesis social-

ecological model of children’s sedentary behaviour and physical activity within the home setting. 

This raises the question of where practitioners should best focus their intervention efforts to 
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change children’s behaviour. The strong aspect of reciprocal determinism between physical and 

social environmental influences highlights that the home physical environment is not static, but 

can be changed by families. While children have some influence over their home environment, 

parents are the primary decision makers around setting up and changing the allocation of space 

and equipment within the family home. The qualitative study found numerous examples of 

parents changing the environment and overcoming potential barriers to children’s physical 

activity and enablers for sedentary behaviour. Furthermore, these solutions were often specific to 

the family home physical and social environment context highlighting the complexity of 

designing interventions for the family home environment. Therefore, health promotion 

practitioners should educate and empower parents to allocate home space and make choices 

around purchasing and placement of equipment that are achievable and sustainable within their 

family’s overall home space and circumstance. This approach is subtly different to promotion of 

generic strategies likely to contribute to an activity promoting home environment. Targeting 

parents to change their home physical environment and how it is allocated, will also likely 

complement parents’ practices around rules, social support and their own participation in physical 

activity and sedentary behaviour.  

7.5.1.2 Considerations for families with limited choices 

Australian houses are some of the biggest in the world and the thesis findings indicate that larger 

houses provide more options for parents and children to configure and use the indoor and outdoor 

space. However, practitioners should be cognisant that some families will have limited physical 

home space to allocate and less control of that space. For example, families living in apartments 

without a private garden do not have the option of sending children to play in the back yard, and 

in smaller houses it may be more challenging to accommodate children’s computers outside the 

bedroom. Yet, the qualitative findings show many examples of families adapting their space and 

behaviour to allow more physical activity in less than ideal home physical environments. 

Practitioners should consider the home physical limitations that some families face but not be 

constrained by convention when assisting parents to reduce children’s sedentary behaviour and 

increase physical activity at home. They may be bolder in their suggestions for changing the 

allocation of and equipment within the physical home space, as it is more malleable than expected 

and largely constructed by the values of parents. Even in homes with limited physical space, 

efforts to influence parents to support children’s physical activity and reduce sedentary behaviour 

through the allocation and use of space may yield results. 

7.5.1.3 Sedentary behaviour and physical activity as a 
movement continuum 

The thesis model focussed on children’s sedentary behaviour and physical activity as a movement 

continuum within the home, investigating potential influences on both outcomes together. 
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Accordingly, practitioners may wish to also include strategies that can address children’s 

sedentary behaviour and physical activity together when designing interventions. The evidence 

indicates that space and play equipment allocated to facilitate physical activity at home may be 

more important in reducing sedentary behaviour (Maitland et al., 2013). Therefore, adding 

physical activity equipment to the home, in addition to reducing access to electronic media items, 

may be a useful strategy for interventions aiming to reduce time spent in sedentary behaviours at 

home. Conversely, it is conceivable that limiting electronic media items in the home may prompt 

a reduction in sedentary screen time, as well as an increase in light or total physical activity if 

substituted for even slightly more active pursuits. While these assertions are supported by the 

thesis systematic literature review and qualitative findings, practitioners may wish to be cautious 

until there is confirmation from intervention research in family homes.  

7.5.2 Implications for policy 

7.5.2.1 Provision of outdoor play space 

The thesis findings highlight the high degree of family control over the physical and social 

environment within the home. Therefore policy implications of the thesis focus on planning 

policies directing overall housing and space standards. The thesis qualitative study findings 

indicate that families with small or no yards had limited space for children’s physical activity in 

the home. Consequently, building communal areas, adjoining verges and local parks are important 

spaces for children’s play. This has policy implications for ensuring adequate provision of private 

gardens, and safe and accessible public spaces and street scapes, for children’s play as part of new 

housing and infill developments. Additionally, ensuring appropriate indoor, possibly communal, 

spaces in higher density housing should also be considered, as appropriately configured indoor 

space was used by children for physical activity. This will be particularly important in the context 

of increasing housing density in Australia, where approvals for new apartments have tripled since 

2009 to make up around one third of new dwelling approvals in 2016 (Rosewall & Shoory, 2017). 

These trends are likely to continue, due in part to government policies aiming to support 

sustainable development of cities through greater urban density.  

7.5.3 Implications for future research 

7.5.3.1 Assessing the thesis social-ecological model 

Higher quality evidence on indoor and outdoor home physical environmental influences on 

children’s sedentary behaviour and physical activity is still required (Hadgraft, Dunstan, & Owen, 

2018; Kaushal & Rhodes, 2014; Maitland et al., 2013). The social-ecological model presented in 

the thesis should be tested using the HomeSPACE Instrument and the Location and Movement 

Monitoring System. There have been many studies investigating the influence of electronic media 
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and physical activity equipment. However, relatively few quantitative studies have investigated 

the influence of the size, space and design features of the indoor and outdoor home, and how this 

may constrain or enable children’s physical activity and sedentary behaviour. In addition, the 

thesis model identified potential interactions operating between the physical and social 

environments within the home. Investigation of how parent’s preferences, priorities and safety 

concerns around physical activity and sedentary behaviour within the home interact with the 

physical environment, is a priority. Future research should look to confirm whether these parental 

factors are associated with the home physical environment and determine how the home physical 

environment may moderate the influence of parent’s practices (rules, participation and social 

support) on children’s physical activity and sedentary behaviour.  

The thesis has highlighted the need for greater specificity of measurement as has previously been 

suggested (Giles-Corti et al., 2005; Owen et al., 2014) – both for the home physical environment 

and for children’s physical activity and sedentary behaviour. The HomeSPACE Instrument, 

which assesses the indoor and outdoor home at room-level, will allow future research to 

investigate the influence of potentially different micro-environments within the home separately. 

This will help to determine whether the allocation of home space and location of equipment other 

than bedroom electronic media, plays a role in influencing children’s behaviour. Future research 

on this topic should also differentiate children’s physical activity and sedentary behaviour at 

home, from overall and that which occurs in other settings. Just as features of school environments 

have been associated with school-based physical activity (Martin, Bremner, Salmon, Rosenberg, 

& Giles-Corti, 2012), home environmental influences are more likely impact on children’s home-

based physical activity and sedentary behaviour. In addition to providing home setting specific 

physical activity and sedentary behaviour outcomes, the Location and Movement Monitoring 

System tested as part of the thesis will produce context-specific outcomes at room-level. This 

type of contextual data has been recommended to provide greater specificity and enhance 

understanding of influences on physical activity and sedentary behaviour (Loveday et al., 2016), 

and it is now possible to collect and analyse for future research. 

7.5.3.2 Intervention research in family homes 

The evidence of home environmental influences on children’s physical activity and sedentary 

behaviour continues to grow; yet interventions and experiments that change the home physical 

environment are still rare within the many home and family-based interventions trialled 

(Altenburg et al., 2016; Biddle et al., 2014; H. Brown et al., 2013; H. E. Brown et al., 2016; Marsh 

et al., 2014). The thesis review found interventions implemented one of only two strategies – 

introducing an active video game (AVG) or a TV limiting device. Introducing AVGs in free living 

conditions at home remains ineffectual at best in improving children’s physical activity or 

reducing sedentary behaviour past the short-term, and potentially detrimental at worst (Forde & 
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Hussey, 2015; Liang & Lau, 2014; Maddison et al., 2014; Norman et al., 2013; Rhodes et al., 

2017). Although, one study has found physical activity increased when sedentary electronic 

games were removed or replaced by an AVG (Straker, Abbott, & Smith, 2013). Despite TV 

limiting devices being consistently effective in reducing children’s sedentary screen time both at 

the time of the thesis review and more recently (French et al., 2016), the cost of the devices and 

adherence are likely to impact feasibility in public health interventions, especially as there are 

now multiple options for consuming television content. 

The idea of behavioural nudging or choice architecture - altering micro-environments in which 

people make choices - is gaining traction as a health behaviour change technique (Forberger, 

Reisch, Kampfmann, & Zeeb, 2019; Hollands et al., 2013). A bedroom TV has been regularly 

positively associated with children’s sedentary screen time. Yet, removing electronic media from 

the bedroom has not been investigated as an intervention despite promotion in public health 

messaging. Assessing the effects of adding or removing a TV (or other electronic media) from a 

child’s bedroom is an important avenue for future research to support (or not) its promotion to 

families. Another strategy to change the family home which could be investigated through 

experiments is allocating one room as a media free ‘games’ room with alternative equipment. 

Additionally, natural experiments designed around families moving homes may provide an 

opportunity to assess changes to the home physical environment, such as a bigger home, reduced 

yard space or addition of a games room. 

Intervention research should also investigate strategies to encourage parents to identify and make 

physical environment changes that are relevant to their individual home physical environment 

and family. The thesis qualitative findings suggest that parents largely create and control their 

family home physical environment. Parents in different circumstances may chose different 

strategies, such as ensuring physical activity equipment is available in the yard for play, placing 

the computer station in a communal area to enhance monitoring, removing physical barriers to 

increase and improve access to outdoor yard space or purchasing a stand-up desk. This approach 

to intervention strategy development may also partly overcome the significant challenge posed 

by the ever changing landscape of mobile media technologies in homes. While ‘ad-hoc’ physical 

environmental strategies will make research study design and assessing impact more complex, it 

may ultimately be more effective.  

7.5.3.3 Future use of location and movement monitoring 
technology 

The thesis shows the Location and Movement Monitoring System is accurate in a simulated home 

environment and identifies the potential limitations to its accuracy in field settings. The system 

should be assessed for feasibility of implementation in home settings prior to use in a studies to 

investigate the influence of the home physical environment on children’s physical activity and 
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sedentariness. With additional field testing research, the Location and Movement Monitoring 

System has the potential to allow new research questions related to the influence of the physical 

environment on physical activity and sedentary behaviour to be investigated in a range of setting 

and population groups. The system data can potentially be used to provide more specific 

behavioural outcomes, better link behaviour with environmental exposures and improve 

assessment of exposure to changes in physical environment interventions within smaller-scale 

predominately indoor settings.  

7.5.4 Impact of thesis research to date 

Finally, in addition to the implications of the thesis research for policy, practice and future 

research, the published manuscripts and measurement techniques have already stimulated further 

research into physical environmental influences on children’s physical activity and sedentary 

behaviour in homes and other settings. A literature review on the home physical environment and 

its relationship with physical activity and sedentary behaviour including both adults and children 

was published in 2014 (Kaushal & Rhodes, 2014). Those authors referred to the systematic 

literature review of this thesis as the only review of the home environment conducted to date and 

stated their purpose as complementing the thesis review. The HomeSPACE Instrument has been 

validated and reliability tested in UK homes for use in a children’s physical activity research 

project in low income areas (Sheldrick et al., 2019). Also, the RFID based location tracking 

system tested in this thesis has been deployed to collect location data in childcare centres as part 

of the PLAYCE (PLAY Spaces and Environments for Children’s Physical Activity) Study 

(Christian et al., 2016). Furthermore, a Google Scholar search shows the three published 

manuscripts have accrued 171 citations to 31 May 2019. Thus, several outcomes of this thesis – 

the study findings and the measurement instruments – have already made a unique contribution 

to advancing exploration of the influence of the physical environment on children’s physical 

activity and sedentary behaviours. 

7.6 Overall summary and conclusion 

The aim of the thesis was to enable better exploration of how the features of the home physical 

environment influence the physical activity and sedentary behaviour of children aged 9-13 years. 

The original HomeSPACE research studies in the thesis were designed to address the gaps in the 

understanding and measurement of the home physical environment and children’s behaviour 

within it, as identified by the systematic literature review. The qualitative study informed an 

adapted social-ecological model to describe the influences and interactions of the physical and 

social environment related to children’s physical activity and sedentary behaviour within the 

home setting.  These findings concluded a series of home physical environmental influences from 

overall home space, to allocation of space and equipment with the home, and highlighted parents’ 
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role in creating, changing and controlling the physical home environment and its use by children.  

While the model is yet to be tested, the qualitative findings suggest that interventions should target 

parents to make relevant environmental changes to their family home to support children’s 

physical activity and reduce sedentary behaviour.  

The thesis also sought to provide specific, comprehensive and validated measurements tools to 

overcome measurement limitations and allow further robust investigation of the research topic. 

Thesis findings suggest that the HomeSPACE Instrument is a valid and reliable tool for assessing 

the constructs of the home physical environment and the social environment influencing its 

creation. Also, the commercial RFID based location tracking system with purpose designed 

software for matching and analysing location and accelerometer data, was accurate in detecting 

children’s presence within indoor rooms under controlled conditions within a simulated home 

environment. This novel Location and Movement Monitoring System shows potential for 

providing location-based physical activity levels of children in home and other indoor 

environments. However, the technology experiences similar limitations to other indoor location 

systems applied to population physical activity research and is yet to be applied in the field. 

Ultimately, the measurement tools should to be implemented in future research to validate the 

thesis model and advance understanding of the influence of the home environment on children’s 

physical activity and sedentary behaviour and how to best intervene for population health benefits. 
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