University of Bradford eThesis
This thesis is hosted in Bradford Scholars – The University of Bradford Open Access
repository. Visit the repository for full metadata or to contact the repository team

© University of Bradford. This work is licenced for reuse under a Creative Commons
Licence.

ETHNIC DIFFERENCES IN SEDENTARY
BEHAVIOUR AND PHYSICAL ACTIVITY AMONG
PRIMARY SCHOOL AGE CHILDREN

L C NAGY

Ph.D

UNIVERSITY OF BRADFORD
2019

Ethnic differences in sedentary behaviour and
physical activity among primary school age
children
Towards a movement behaviour intervention
for primary school age children

Liana Carmen Nagy
Submitted for the Degree of
Doctor of Philosophy

Faculty of Health Studies
University of Bradford
2018

Liana Carmen Nagy
Ethnic differences in sedentary behaviour and physical activity among
primary school age children.
Key words: sedentary behaviour, sedentary time, sitting, physical activity,
movement behaviour, ethnicity, South Asian, children, primary school,
intervention.
Abstract
High levels of sedentary behaviour (SB) and low levels of physical activity
(PA) in primary school children are a health concern especially for the South
Asians (SA) because of increased cardiovascular risk.
The study investigated ethnic differences in movement behaviours among
primary school children in three studies: 1) inclinometer and accelerometer
measured movement behaviours in White British (WB) vs. SA 6-8-year-old
children; 2) qualitative studies with children, parents and teachers explored
barriers and facilitators to reducing SB; and, 3) accelerometer measured
movement behaviours in children aged 8-11-years.
The inclinometer outcomes were: total SB, SB from bouts >30 minutes and
breaks in SB, while accelerometry considered: SB, light PA and moderateto-vigorous PA and counts per minute.
525 children, eight parents and six teachers participated. No ethnic
differences were identified in inclinometer outcomes except for SB breaks.
SA children had 25 fewer breaks compared to WB. Accelerometry identified
higher SB for SA children vs. WB in study one but no ethnic differences in
study three; a pattern for higher SB/lower PA for SA children vs. WB was
consistent in studies. Reasons for engagement in SB included: knowledge
and beliefs about SB, child characteristics, cultural norms, parenting,
educational system and the built environment. A large proportion of
movement behaviour interventions components were related to education
and policy. Children’s levels of SB were similar to office workers regardless
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of ethnicity. Interventions to reduce SB need to consider SB breaks and PA,
especially for SA children who were less active and more sedentary than
WB.

II

Authors’ contribution to chapters:
Chapter 1 and 2: Content, structure and chapter writing by L.C. Nagy.
Chapter discussed and agreed in supervision with Dr Maria Horne, Dr Sally
Barber and Prof Mohammed A. Mohammed.

Chapter 3: Study design, data collection, processing, analysis, structure,
content and chapter writing by L.C. Nagy. Study discussed and agreed in
supervision with Dr Maria Horne, Dr Sally Barber and Prof Mohammed A.
Mohammed. Further discussions in regards to statistics with Dr Muhammad
Faisal, code writing in Stata and statistical decisions were taken in
collaboration with Dr Muhammad Faisal and Prof Mohammed. Decisions in
regards to data processing were taken following further discussions with Dr
Daniel Bingham, Dr Paul Collings and correspondence with Dr Charlotte
Edwardson. Dr Maria Horne, Dr Paul Collings and internship students with
Born in Bradford contributed to data collections.

Chapter 4: Study design, data collection, transcribing and analysis, chapter
content and writing by L.C. Nagy. Transcript reading and coding contribution
from Dr Maria Horne and Dr Sally Barber. Study discussed and agreed in
supervision with Dr Maria Horne, Dr Sally Barber and Prof Mohammed A.
Mohammed. Further discussion regarding interview schedules and data
analysis with Dr Nimarta Dharni.

Chapter 5: Content, structure and writing by L.C. Nagy. Chapter discussed
and agreed in supervision with Dr Maria Horne, Dr Sally Barber and Prof
Mohammed A. Mohammed.

III

Chapter 6: Content, structure, some data processing, data analysis and
chapter writing by L.C. Nagy. Study discussed and agreed in supervision
with Dr Maria Horne, Dr Sally Barber and Prof Mohammed A. Mohammed.
Further discussions regarding data availability and access with Dr Daniel
Bingham. Data cleaning and some processing done by Dr Daniel Bingham.
Further discussion with Dr Muhammad Faisal and Prof Mohammed on data
analysis. Code writing in Stata for further processing and analysis by Dr
Muhamad Faisal. Data collected by Dr Daniel Bingham, Dr Paul Collings Dr
Aron Sherry, Dr Sarah Ahern, Dr Yu-ling Chen, internship students at Born
in Bradford and L.C Nagy.

Chapter 7: Content, structure and chapter writing by L.C. Nagy. Chapter
discussed and agreed in supervision with Dr Maria Horne, Dr Sally Barber
and Prof Mohammed A Mohammed.

IV

Acknowledgements
I am very grateful to my supervisors Dr Maria Horne, Dr Sally Barber and
Professor Mohammed for continuous support and encouragement for the
past four and a half years.
Thank you to Dr Muhammad Faisal for his ongoing support with data
analysis and patience with my repeated questions over statistical impasses.

I would like thank NIHR CLAHRC Yorkshire and Humber and the Born in
Bradford Project for the great opportunity of researching such an interesting
topic. Thank you to the whole Born in Bradford team for their openness in
supporting me, especially Dr Nimarta Dharni, Dr Paul Collings and Dr Daniel
Bingham for sharing their wisdom with me.

The study would have not been possible without the participation of children,
parents and teachers. Thank you for making time for research.

A big thank you to many friends and colleagues who have read drafts on
various chapters or who have encouraged me to continue during difficult
times.

Finally, a special thank you to my parents who have been living examples of
courageous living. To my Mother, who continues to live through the life
principles she has thought me. I will pass these values on.

V

Publication list
Nagy, L.C., Horne, M., Faisal, M., Mohammed, A.M., Barber, S.E., 2019.
Ethnic differences in sedentary behaviour in 6-8-year-old children during
school terms and school holidays: a mixed methods study. BMC Public
Health 19 (1) p.152. (from chapter three)

Nagy, L.C., Faisal, M., Horne, M., Collings, P.J., Barber, S. E., Mohammed,
M.A., 2019. Factors associated with accelerometer measured movement
behaviours in children aged 6-8 during school terms and school holidays.
BMJ Open 9 (8). (from chapter three)
In preparation:
Nagy, L.C., Horne, M., Dharni, N., Barber, S.E. Barriers and facilitators to
reducing sedentary behaviour in 6-8 year old children: a qualitative study
informed by the Theoretical Domains Framework. Preventive Medicine.(from
chapter 4)

Nagy, L.C., Faisal, M., Bingham, D., Barber, S.E., Collings P.J., Horne, M.,
Mohammed, A.M. Ethnic differences in movement behaviours among
children aged 8-11 years during autumn and spring school terms. Journal of
Public Health. (from chapter 6)

VI

Conference contributions
International Conference for Behavioural Nutrition and Physical Activity.
Edinburgh , 2015.
Poster presentation: Cultural and economic differences in television viewing
in early childhood.
Author’s list: Nagy, L.C., Horne, M., Bingham, D., Kelly, B., Clemes, S.,
Mohammed, A.M., Barber, S.E.

UK Society for Behavioural Medicine Conference. Cardiff, 2016.
Poster presentation: Prevalence, trajectories and determinants of television
viewing in and ethnically diverse sample of young children from the UK.
Author’s list: Barber, S.E., Kelly, B., Collings, P.J., Nagy, L.C., Bywater, T.,
Wright, J.

Health Enhancing Physical Activity Europe International Conference:
Zagreb, 2017.
Oral presentation: Ethnic differences in sedentary behaviour in 6-8-year-old
children during school terms and school holidays.
Authors’ list: Nagy, L.C., Horne, M., Faisal, M., Mohammed, A.M., Barber,
S.E.

VII

List of contents:
Abstract………………………………………………………………………………..I
Authors’ contribution to chapters………………………………………………...III
Acknowledgements…………………………………………………………………V
Publication List……………………………………………………………………..VI
Conference contribution……………………………………………………..…...VII
Table of contents……………………………...………………………………….VIII
Table of figures………………………………………………………………..…...XI
Table of tables………………………………………………………………….....XII
Table of appendices……………………………………………………………..XIII
Abbreviations…………………………………………………………………….XIV

Table of Contents
Chapter One ............................................................................................................. 1
1

Introduction ....................................................................................................... 1
Chapter overview ................................................................................................. 1
Background and rationale for the study ................................................................ 1
Born in Bradford ..................................................................................................................... 1

Defining sedentary behaviour ............................................................................... 4
Measuring sedentary behaviour and physical activity .......................................... 11
Subjective methods .............................................................................................................. 12
1.4.2. Objective methods .................................................................................................................. 16

The health risks of sedentary behaviour .............................................................. 22
Correlates and determinants of SB and PA .......................................................... 28
Intrapersonal level ................................................................................................................ 31
Interpersonal factors ............................................................................................................ 32
Organisational level .............................................................................................................. 38
Community level .................................................................................................................. 41
Public policy .......................................................................................................................... 42

Current sedentary behaviour guidelines .............................................................. 45
Ethnic differences in sedentary behaviour preliminary research within Born in
Bradford........................................................................................................................ 50

VIII

Overall study aim and justification ...................................................................... 52
Research questions .............................................................................................................. 54

2

Research Paradigm .......................................................................................... 55
Background ........................................................................................................ 55
Pragmatism ........................................................................................................ 55
Methodology and broad methods ....................................................................... 56
Behaviour Change Theory ................................................................................... 60
Capability Opportunity Motivation Behaviour (COM-B) model ........................................... 61
Theoretical domains framework (TDF) ................................................................................. 64
The behaviour change wheel ............................................................................................... 66

Other theoretical constructs ............................................................................... 68
The measurement of socioeconomic status ........................................................................ 68

Chapter Three ........................................................................................................ 75
3 Study 1: Ethnic differences in movement behaviour levels and patterns during
school terms and school holidays among 6-to-8-year-old White British and South
Asian children ......................................................................................................... 75
Abstract ............................................................................................................. 75
Background ........................................................................................................ 77
Methods ............................................................................................................ 81
Recruitment and participants ............................................................................................... 81
Procedure and measurements ............................................................................................. 83

Data management and processing ...................................................................... 85
ActivPAL ................................................................................................................................ 85
Actigraph .............................................................................................................................. 86

Statistical analysis .............................................................................................. 87
activPAL data ........................................................................................................................ 87
Actigraph data analysis......................................................................................................... 91

Results ............................................................................................................... 93
activPAL data ........................................................................................................................ 93
Results for Actigraph data .................................................................................................. 102

Discussion ........................................................................................................ 107
Conclusion and implications ............................................................................. 114

Chapter Four......................................................................................................... 115
4 Study 2: The barriers and facilitators to reducing sedentary behaviour in 6-to-8
years old children of South Asian and White British ethnicity: a qualitative study with
children, parents and teachers, guided by the Theoretical Domains Framework .... 115
Abstract ........................................................................................................... 115
Background ...................................................................................................... 117
Methods .......................................................................................................... 119
IX

Design ................................................................................................................................. 119
Ethical approval .................................................................................................................. 119
Setting and recruitment ..................................................................................................... 120
Participants......................................................................................................................... 120
Topic guide ......................................................................................................................... 121
Data analysis ....................................................................................................................... 130

Results ............................................................................................................. 131
Knowledge practice gap ..................................................................................................... 137
Hierarchy of sedentary behaviours .................................................................................... 142
A culture of sitting .............................................................................................................. 144
Intra-personal and interpersonal perceived reasons to sitting .......................................... 147
Environmental constraints ................................................................................................. 152
Educational constraints ...................................................................................................... 156
Solutions to reducing sitting ............................................................................................... 160

Discussion ........................................................................................................ 163
Conclusion and implications ............................................................................. 168

Chapter five .......................................................................................................... 169
5

Towards a movement behaviour intervention for 6-to-8 year old children ...... 169
Study 1: Ethnic differences in movement behaviour levels and patterns during
school terms and school holidays among 6-to-8-year-old White British and South Asian
children ....................................................................................................................... 169
Study 2: The barriers and facilitators to reducing sedentary behaviour in 6-to-8
years old children of South Asian and White British ethnicity: a qualitative study with
children, parents and teachers, guided by the Theoretical Domains Framework ............ 171
Towards a movement behaviour intervention for primary school aged children . 173
Conclusions ...................................................................................................... 185

Chapter Six ........................................................................................................... 187
6 Study 3: Ethnic differences in movement behaviour among 8- to-11-year old
children ................................................................................................................ 187
Abstract ........................................................................................................... 187
Background ...................................................................................................... 189
Methods .......................................................................................................... 190
Actigraph data analysis....................................................................................................... 190

Results ............................................................................................................. 193
Discussion and conclusion................................................................................. 197

Chapter seven ....................................................................................................... 202
7

Summary, public health implications and future directions ............................. 202
Summary of thesis ............................................................................................ 202
Strengths and limitations .................................................................................. 205
Future directions .............................................................................................. 206
X

Public health implications ................................................................................. 207
References…………………………………………………………………………………………………………….212

Tables of Figures:
Figure 1-1: The most deprived and least deprived areas in Bradford. ................2
Figure 1-2: Constructs of SB and PA. .................................................................7
Figure 1-3: Conceptual model of movement based terminology around 24-h
period ................................................................................................................ 10
Figure 1-4: Accelerometer and placement on the hip. ...................................... 17
Figure 1-5: Piezoelectric accelerometer ............................................................ 18
Figure 1-6: Showing activPAL and placement on the thigh. .............................. 21
Figure 1-7: Average sedentary time in children, by household ......................... 47
Figure 1-8: Total sedentary time in children, by age and gender. ..................... 48
Figure 1-9: Scatter plot showing the relationship between ethnicity and screen
time by ethnic group. ......................................................................................... 50
Figure 2-1: COM-B Model ................................................................................. 63
Figure 2-2: The behaviour change wheel. ......................................................... 67
Figure 2-3: Thesis structure. ............................................................................. 72
Figure 3-1: Visual representation of activPAL data from xyz event file. ............ 88
Figure 3-2: Histograms and QQ plots for three activPAL outcome variables: total
SB, SB break and SB in bouts >30minutes. ...................................................... 90
Figure 3-3. Histograms and QQ plot for three movement behaviours outcomes:
SB, LPA and MVPA. ......................................................................................... 93
Figure 3-4: Child exclusion in activPAL data. .................................................... 94
Figure 3-5: Showing the number of children with valid activPAL data in each
school, data collection by season and occasion (term or holiday). ................... 96
Figure 3-6: Actigraph child exclusion criteria. ................................................. 102
Figure 5-1: Behaviour change wheel inclusive of TDF and COM-B.(Michie, Atkins
and West, 2014).............................................................................................. 174
Figure 6-1: Histograms and QQ plots for four outcome variables and residuals:
SB, LPA, MVPA and CPM .............................................................................. 192

XI

Table of tables:
Table 2-1: TDF progression from 2005 to 2012. ............................................... 65
Table 2-2: SES components used in Born in Bradford. .................................... 70
Table 3-1: Child recruitment by season and school, showing three distinct data
subsets according to season............................................................................. 83
Table 3-2: Variables descriptions and groups of reference within statistical model.
.......................................................................................................................... 91
Table 3-4: Demographics of the children with valid activPAL data.................... 97
Table 3-5: Mean time and SD for wear time and three SB outcomes in the whole
data set. ............................................................................................................ 98
Table 3-6: Unadjusted whole activPAL data set averages by ethnicity. ............ 99
Table 3-7: Model coefficients for three SB outcomes based on the whole data set
(combined school terms and holidays activPAL data). .................................... 100
Table 3-8: Characteristics of children whose data was included in the analyses.
........................................................................................................................ 103
Table 3-9: Unadjusted averages of all outcomes in all data sets. ................... 104
Table 3-10: Actigraph unadjusted whole data set results by ethnicity. ............ 105
Table 3-11: Model coefficients for three movement behaviour outcomes based
on the whole data set. ..................................................................................... 106
Table 4-1:Focus groups/interview schedule for children, parents and teachers.
........................................................................................................................ 123
Table 4-2: Focus groups/interview characteristics. ......................................... 132
Table 4-3: Themes with corresponding TDF domains. ................................... 133
Table 5-1: Summary of results from study 1 and 2. ........................................ 172
Table 5-2: Behaviour change wheel process. ................................................. 180
Table 6-1: Demographics and accelerometry means. ..................................... 194
Table 6-2: Model coefficients for four movement behaviours outcomes with robust
standard error. ................................................................................................ 196

XII

Table of appendices:
Appendix 1: Summer demographics questionnaire. ........................................ 227
Appendix 2: Winter and spring demographics questionnaire .......................... 243
Appendix 3: Parent Information Sheet. ........................................................... 250
Appendix 4: Parent consent form .................................................................... 252
Appendix 5: Child assent form. ....................................................................... 254
Appendix 6: Sleep diary .................................................................................. 255
Appendix 7: Sedentary behaviour questionnaire............................................. 259
Appendix 8: Performance of unconditional and full models for each
outcomes: SB, LPA, MVPA (study 1)………………………………………….266
Appendix 9: Performance of unconditional and full models for each outcome:
SB, LPA, MVPA, CPM (study 3)……………………..…………………………266

XIII

Abbreviations:
BAME- Black, Asian and minority ethnic
BIB- Born in Bradford
BMI- Body mass index
CI- confidence intervals
COM-B- Capabilities Opportunities Motivation Behaviour
DCD- Developmental co-ordination disorder
BCW- Behaviour change wheel
EE- Energy expenditure
EM- Electronic media
DEDIPAC- Determinants of Diet and Physical Activity Consortium
GPS- Global Positioning System
LPA- Light physical activity
MET- Metabolic equivalent
MPA- Moderate physical activity
MRC- Medical Research Council
MVPA- Moderate-to-vigorous physical activity
PA- Physical activity
PE- Physical education
RSE- robust standard errors
SA- South Asian
SB- Sedentary behaviour
SBRN- Sedentary behaviour research network
SES- Socioeconomic status
SD- Standard deviation
SOCARP- System for observing children’s activity and relationship during play
TDF- Theoretical Domains Framework
TV- Television
WB- White British
WHO- World Health Organization

XIV

Chapter One
1

Introduction
Chapter overview

The purpose of this chapter is to present the background and rationale of the
thesis, which is based in West Yorkshire, England. The chapter includes key
concepts, definitions and descriptions of measurement methods for sedentary
behaviour (SB) and physical activity (PA). The health risks of SB and lack of PA
will be presented alongside the benefits of reducing SB and increasing PA. It is
these risks and benefits that clarify the importance of the topic and set the context
of the studies in the thesis. Although the main focus of the thesis is on SB, this
will not be addressed in isolation from PA. Therefore, relevant references to PA,
to contribute to a better understanding of the context of SB will be made
throughout the thesis. Lastly, the aim of the thesis and specific research
questions will be outlined.

Background and rationale for the study
Born in Bradford
Bradford is the 6th largest city in the United Kingdom (UK) with a multi-ethnic
population of almost half a million (ONS, 2011). The biggest minority group is the
South Asian population, predominantly Pakistani, but it also includes
Bangladeshi, Indian and Kashmiri people. The South Asian population accounts
for nearly 8% of the UK population, a percentage that rises up to 27% in Bradford
(ONS, 2011). Bradford is a highly deprived city in the North West of England and
over 30% of its population is among the 10% poorest of the country according to
the Index of Multiple Deprivation (IMD) 2015 (ONS, 2015). Figure 1-1 shows that
high levels of deprivation in Bradford concentrate mainly around the city centre
area.
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Figure 1-1: The most deprived and least deprived areas in Bradford.

The child poverty rate in Bradford has been reported at 28.4%, over 2.6% higher
than the district rate of 25.8% and over 7% higher than the national rate of 21.1%
(MDC, 2014). Research evidence suggests that child poverty poses many risks
to child health, such as being born underweight, poor physical and cognitive
development, having tooth decay, death in the first year of life, developing asthma
and becoming overweight (Wickham et al., 2016). The health outcomes of the
Bradford population are considerably worse compared with the rest of the UK.
For example, life expectancy at birth is 9.3 lower for men and 7.3 years lower for
women, compared to the national rate, while mortality, obesity and diabetes rates
are higher compared to national rates (Public Health England, 2016; Bradford,
2017; Firth, Petherick and Oddie, 2018).
‘Born in Bradford’ is one of the largest UK cohort studies with approximatively
14,000 participants. Established in 2007, in response to concerning levels of
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childhood morbidity and mortality risks in Bradford, ‘Born in Bradford’ aims to
examine the impact of various genetic, nutritional, environmental, behavioural
and social factors on children’s health and development, and subsequently in
adult life (Wright et al., 2012).

Bradford has the third largest population aged under 16 living outside of London
and a population growth higher than the rest of England (ONS, 2011). Therefore,
exploring and addressing the predisposing factors and causes of ill health in this
geographical area is not only an ethical issue, but also a financial investment for
the future, given the growing burden associated with ill health, currently at
approximately 18 billion in the UK (Scarborough et al., 2011; Greenshields,
2014). In line with the aim of ‘Born in Bradford’, the current study is committed to
improving the health and wellbeing of children in Bradford by primarily exploring
SB and PA in primary school age children. SB in children is a major public health
concern due to the high levels of SB and low levels of PA children engage in and
the growing body of evidence around its negative impact on health (Salmon et
al., 2011; Tremblay, Leblanc, et al., 2011; LeBlanc et al., 2012; Herman et al.,
2014). For example, it has been suggested that SB is a major contributor to
childhood obesity (Butland et al., 2007; Baranowski et al., 2014; Garmy et al.,
2014) which needs to be addressed worldwide. A recent systematic review
(Stierlin et al., 2015) evaluating the determinants of SB in youth between 2000
and 2014, which included 37 studies from Europe, USA and Canada, has
identified the main determinants of SB, grouped according to the socioecological
model (Sallis, Owen and Fisher, 2008), at individual, interpersonal, environmental
and policy levels. The findings showed a small effect of the interventions aiming
to reduce SB and recommended interventions should target overweight and
obese children and start at a younger age (Stierlin et al., 2015).

A growing body of evidence on the adult population suggested that the negative
impact of SB might be independent of PA (Katzmarzyk, 2010).However, Biddle
et al. (Biddle, Gorely and Stensel, 2004) highlight that the evidence in children is
less robust and pointed out that demonstrating a link between activity,
3

sedentariness and health outcomes is difficult due to length of time required by a
sedentary lifestyle to materialize in various diseases.The impact of SB has been
compared to the impact of smoking on health (Schwartz, 2015; Baddeley,
Sornalingam and Cooper, 2016) and if sitting is the new smoking, more effort
needs to be made reduce it.

The need to counteract SB and to prevent the associated health risks is arguably
paramount to improving child health and wellbeing. Results of studies based on
adult population suggested that it might be possible to reduce the negative impact
of eight hours of sitting time by engaging in one hour of high intensity PA (Ekelund
et al., 2016). Results of another recent US study with 7,999 adults >45 years old
found that replacing SB with light intensity PA had a beneficial association on
mortality rates (Diaz et al., 2019). It is unclear what the situation might be in
children in respects to SB replacement and mortality rates as there is a lack of
studies in this area (Grgic et al., 2018). Therefore exploring SB and PA in
Bradford children, who have poorer health outcomes compared to the rest of the
children in the UK, could provide a better understanding of patterns and context
of SB as well as highlight possible ethnic differences in SB and PA. Exploring SB
and PA across school terms, school holidays and across different seasons could
generate a broader view to the one we now have on SB. This study’s approach
of exploring South Asian and White British children’s SB and PA data over
different seasons, school terms and school holidays can provide a
comprehensive overview of the SB and PA behaviour and is a step towards
developing and implementing robust interventions to counteract SB and increase
PA. However, before evidencing the importance of exploring SB and PA in
children in more detail later in this chapter, it is necessary to define and outline
the key concepts and methods employed in SB and PA measurement.

Defining sedentary behaviour
Sedentary behaviour (from the Latin sedere, to sit (Owen et al., 2010), refers to
a group of waking activities which occur whilst sitting or in a reclining posture,
and requiring expenditure of energy ≤ 1.5 metabolic equivalents (METs)
4

(Tremblay et al., 2017). This most recent definition, although including posture
allocation and energy expenditure, is not without challenges. Low energy
requirements (≤ 1.5 METs) distinguish sedentary activities from other seated
activities that involve greater effort such as cycling and rowing (Katzmarzyk,
2010; Owen et al., 2010) but the identification of the sedentary or non-sedentary
aspect of certain seated activities continues be a challenge depending on the
measuring device that is being used and the location of the device. For example,
an accelerometer located on the waist will record cycling as sedentary or light
physical activity (LPA) which is not accurate from an energy expenditure point of
view. Another challenge of this definition is the lack of specificity in identifying the
type of SB the child is engaged in, whether screen viewing, computer game or
reading (Tremblay et al., 2017); the difference in the type of SB has become
particularly important since study findings identified a positive relation between
screen viewing and unhealthy eating behaviours (DEDIPAC, 2013; Carson et al.,
2016). This aspect has been picked up in the media and transformed in the catchy
phrase of ‘not all types of sitting are made equal’ (Hendricks, 2019). Since the
agreement on the definition of SB was published in 2017, researchers in the field
continue to draw attention to the challenges and the need for consistency in using
the correct terms (Thivel et al., 2018).
This thesis will mainly use the term sedentary behaviour because of the interest
in the behavioural aspect but, depending on the context, time spent in sedentary
behaviour or sedentary time will also be used.

A more recent challenge in the field of SB is the simultaneous engagement in
multiple sedentary behaviour activities as a consequence of multiple screen use
which can result in over reporting SB in children and adults (Prince et al., 2017;
Barnett et al., 2018).

Early research into SB considered it to be a lack of PA or physical inactivity and
despite attempts to clarify the conceptual distinctiveness of SB and lack of PA by
Saunders et al. (Saunders, Chaput and Tremblay, 2014) this debate has been
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recently reopened and clarified (van der Ploeg and Hillsdon, 2017), suggesting
ongoing inconsistencies in SB terminology.

Currently, PA is categorised by the level of energy expenditure as LPA, at an
energy expenditure of 1.5 - 2.9 METs, moderate physical activity (MPA) at 3 - 5.9
METs and vigorous physical activity (VPA)  6 METs (Ainsworth et al., 2011).
Often the MPA and VPA have been reported in combination, as moderate to
vigorous physical activity (MVPA), which might be because most studies’ findings
have reported the impact of MVPA on various health outcomes. The guidelines
of PA, which will be discussed later in this chapter also use MVPA values as the
benchmark (Cooper et al., 2015; Jago et al., 2017).

Most researchers are in agreement that SB is a separate concept from physical
inactivity, which refers to insufficient MVPA (≥ 3 METs) ( Biddle et al., 2010;
Saunders, Chaput and Tremblay, 2014; van der Ploeg and Hillsdon, 2017).
Following Pate et al.’s (2008) call for consistency and clarity within the
terminology used in the field of PA and SB, a differentiation between SB and LPA,
such as walking, writing, cooking and washing dishes (1.5-2.9 METs) has been
noted within the research literature (Ainsworth et al., 2011). In the evolving
definition of “sedentary”, Pate el al. (Pate, O’Neill and Lobelo, 2008) make
reference to the historical context of SB, which actually started with the
“sedentary” labelling of those who did not report participating in active lifestyles
or regular MVPA. Biddle et al. (Biddle et al., 2004) clarify that SB should not be
considered conceptually opposite to PA or interchangeably used with physical
inactivity, because such a definition assumes activity absence and fails to capture
the complexity of SB. Biddle et al. (2004) suggest that the profiles of SB and
conceptualisation should be developed around energy expenditure of, and this
was subsequently agreed by other researchers in the field (SBRN 2012; Pate et
al., 2008; Tremblay et al., 2017).
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Following a conference debate, van der Ploeg discussed (van der Ploeg and
Hillsdon, 2017) four profiles of individuals, based on energy expenditure: 1) those
who are inactive (not meeting the PA guideline) and not sedentary (do not spent
large amounts of time in SB); 2) those who are active (meet the PA
recommendations) and are not sedentary; 3) those who are sedentary (spend
large amounts of time in SB) and are active ;and 4) those who are sedentary and
inactive (Figure 1-2). The debate concluded that of the four groups, it is the highly
sedentary and inactive group which is at the higher risk of poor health and
requiring public health attention (van der Ploeg and Hillsdon, 2017).

• Sedentary
& inactive

• Inactive &
not
sedentary

High SB
& Low
PA

Low SB
& Low
PA

High SB
& High
PA

Low SB
& High
PA

• Sedentary
& active

• Active &
not
sedentary

Figure 1-2: Constructs of SB and PA.
In addition, the syntax ‘sedentary behaviour’ is often used interchangeably with
sedentary time and sitting time (Biddle, Bengoechea and Wiesner, 2017) and this
can also create misunderstandings as not all sitting is SB and not all SB is sitting.
Some studies who aim to measure SB provide results reflected in either total
sedentary time or time spent engaged in a particular sedentary activity (e.g. TV
viewing time)(Dunton et al., 2011; Dubuisson et al., 2012; Coombs et al., 2013;
Herman et al., 2014; Herman, Hopman and Sabiston, 2015). For example,
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Herman (Herman et al., 2014) uses both sedentary time and SB interchangeably
while Coombs and colleagues (Coombs et al., 2013) use SB, screen time and
sedentary time interchangeably. The distinction between sedentary time, SB and
screen time was recently clarified in the consensus of Sedentary Behaviour
Research Network members (Tremblay et al., 2017) based on posture (reclining
or sitting posture) and energy expenditure (<1.5 METs). The consensus project
highlighted that screen time can be active or inactive and encouraged
researchers to be specific with the terminology. Further validation of the terms is
required as it is hoped that it will contribute to advances and harmonisation in
reporting in SB results which will increase comparability between research
(Tremblay et al., 2017). A mix in terminology and lack of distinction are likely to
cause bias when reporting SB and PA, resulting in inconsistencies, inefficient
interventions and policies, as well as diminished trust in the recommendations
given by field experts.
It has been noted that not enough is known about children’s SB and the ways in
which patterns of SB contribute to the total sedentary time (Biddle et al., 2004).
This is of particular importance since prolonged bouts (uninterrupted periods) of
SB are evidenced to decrease insulin sensitivity, meaning that the body will need
larger amounts of insulin to ensure healthy levels of glucose in the blood (Dunstan
et al., 2012). The issue with low insulin sensitivity is that the body will try to
produce higher amounts of insulin which in return can cause in damage to blood
vessels, high blood pressure, obesity, and heart disease (Samuel and Shulman,
2012). Within the context of total sedentary time (total amount of SB
accumulated) two key terms that need to be clarified are bouts and breaks. The
term bout refers to an uninterrupted period of SB, which can be of various lengths;
the term break in SB refers to an interruption within the bout and this interruption
can also be of various lengths, from a rapid change in posture to larger amounts
of time spent in PA. This is important to note since prolonged bouts of SB (>30
minutes), contribute to reducing insulin sensitivity (Dunstan et al., 2012;
Edwardson et al., 2017). Breaks in SB, reduce the length of the SB bout and are
therefore desirable for health.
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Along with the key term definitions, a conceptual model which applies to children
and adults was proposed (Figure 1-3), following the Sedentary Behaviour
Research Network (SBRN) consensus (Tremblay et al., 2017). The model, which
is based around a 24-hour period, provides support for the definitions and
advances in SB research through promoting a 24-h research approach to SB,
instead of only considering typical awake hours or working hours. The model
acknowledges a relationship between all types of physical activities, sedentary
behaviours, sleep and health. This highlights the shift in SB and PA research: we
are moving towards an evaluation of a continuum of behaviours which includes
sleep, SB and various intensity levels of PA performed in various postures. The
model draws attention to the importance of time spent in behaviours with various
energy expenditures, as well as ways in which the time was accumulated,
whether from long (>30 min) uninterrupted periods of time (bouts) or short ones
(<30 min). The frequency of the interruptions, or the breaks in each particular
type of behaviour, is also highlighted as it provides enhanced description of the
pattern of behaviour. More recently, sleep has been included in the behaviour
continuum. Its importance and inclusion in the framework was prompted by
findings which demonstrated strong correlations between sleep, PA and SB.
Children with less amount of sleep tended to have higher levels of SB and lower
levels of PA, having a sedentary and inactive profile (Tremblay et al., 2017).
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Figure 1-3: Conceptual model of movement based terminology around 24-h period

Some evidence has identified that SB is inversely associated with LPA (Healy et
al., 2008; Mansoubi et al., 2014) and this aspect has recently started to receive
more attention as it could play an important role in improving cardio-metabolic
outcomes (Chastin et al., 2018). Although the evidence is based on adult
population, the concept of displacing SB with LPA has practical implications in
the sense that interventions which focus on reducing SB should also aim to
increase PA (Owen et al., 2010). Evidence which supports this perspective has
shifted focus from individual components of movement behaviour to the whole
range of movement behaviours and the effect of different compositions of
movement behaviours on health (Katzmarzyk, 2010; Chaput, Saunders and
Carson, 2017; Dumuid et al., 2017). This fairly new approach to exploring
movement behaviour, or the isotemporal substitution model, has been adopted
more widely in the field of PA and SB, especially by those interested in
compositional analysis as it appears to have the potential of informing the optimal
distribution of time for health.
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Researchers in the field of movement behaviour have encouraged exploring
novel ways of reducing SB concomitantly with increasing any type of PA (LPA,
MPA, and VPA) as a large number of existing interventions have not been
effective (Dobbins et al., 2013; Jago et al., 2018). In line with existing
recommendations, the present thesis also explores a range of movement
behaviours, although with a specific focus on SB.

Measuring sedentary behaviour and physical activity
The measurement of SB and PA is currently undertaken using subjective and
objective measures, which contributes to great variation of reported sedentary
time in children.

A systematic review (n=38 cross sectional studies) within the Determinants of
Diet and Physical Activity Consortium (DEDIPAC) studies, highlighted the need
for harmonised and standardized measurement methods across countries
(Verloigne et al., 2016). A similar message has been reiterated by the same
consortium the following year, highlighting the variation in SB and PA assessment
methods, as well as outcomes, which contribute to the difficulty of comparing data
across the 12 European countries (Chinapaw, Altenburg and Brug, 2015; Brug et
al., 2017).

Subjective measures include surveys, using tools such as self and proxy reports
and log diaries, ecological momentary assessments, questionnaires, interviews
and focus groups (Anderson, Hughes and Fuemmeler, 2009; Granich et al.,
2010; Atkin, Corder and Sluijs, 2013; Maitland et al., 2014). Objective
measurements of SB and PA include observation and motion devices
(accelerometer and inclinometer), either independently (Atkin, Ekelund, et al.,
2013) or in conjunction with Global Positioning System (Fjørtoft, Kristoffersen and
Sageie, 2009; Jones et al., 2009).
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It should be acknowledged that the objective methods of measurement come with
a level of subjectivity as a consequence of decisions (cut off points, non-wear
time, valid days) taken when processing the data. These decisions can reside
with the researcher or the manufacturing company of a particular device, which
holds the proprietary algorithms of data processing.

Subjective methods
The majority of existing research has relied on self and proxy report measures
(Cardon et al., 2005; Eyler et al., 2006; Anderson, Hughes and Fuemmeler, 2009;
Hoyos Cillero, Jago and Sebire, 2011; Ham, Sung and Kim, 2013).These
measures, may have the benefit of bringing in significant contextual information,
as well as facilitating assessment of larger groups, due to their financial feasibility
(Hardy et al., 2013). However, self and proxy-reports have been criticised for
being an unreliable method of reporting sedentary times because of recall and
risk of desirability bias of under reporting SB and over reporting PA (Uijtdewilligen
et al., 2011; Maitland et al., 2013). A more recent issue with self-reporting
measures is over-reporting SB, as various types of SB’s overlap. For example,
when various SB activities are performed simultaneously, but the reporting is
done separately, thus the total amount of reported SB is likely to be higher than
the actual total sedentary time. This issue has been explored in a recent
systematic review (Prince et al., 2017) and recommendations for considering the
main SB when reporting were made. This recommendation seems to reduce the
likelihood of reporting inflated sedentary times, but fails to accurately capture how
sedentary time is spent.
1.4.1.1 Questionnaires
Both structured and semi-structured questionnaires have been used to measure
SB and PA in research studies (Cardon et al., 2005; Bathrellou et al., 2007; Jong
et al., 2013). Collecting and recording SB data in this manner is undertaken either
via telephone, mail, online or face-to-face (Bowling, 2009). Questionnaires have
the advantage of being cost and time effective even when collecting data from a
12

large number of participants over a large geographical area. However, there are
a few limitations to questionnaires such as low response rates for postal
questionnaires, high refusal rates for telephone questionnaire, underestimation
of SB and overestimation of PA, and being influenced by cultural norms, recall
bias and framing (Hidding et al., 2017; Chastin et al., 2018). Two recent
systematic reviews reporting of the use of SB questionnaires on adult (Chastin et
al., 2018) and child populations (Hidding et al., 2017) identified that none of the
reviewed questionnaires were considered both valid and reliable. According to
Atkin et al.(Atkin et al., 2012), evaluating SB measurement, the majority of SB
questionnaires have focused on TV viewing. Of these, only a few report on the
validity and reliability, but generally poor validity is a key limitation of most of the
questionnaires (Atkin et al., 2012; Hidding et al., 2017). Therefore, Hidding et al.
(2017) recommended that future studies focusing on the development of
questionnaires need to pay attention to reliability and construct validity, using
more objective comparison measures such as inclinometers and accelerometers
(Hidding et al., 2017).The Sedentary Behaviour Research Network (SBRN)
website has listed 15 paediatric questionnaires which can be used with children
from four months old to 16 years+. The majority of listed questionnaires have
been developed in the U.S, Canada, Australia, Sweden and Netherlands and
have been published since 1989. However, a recent review (Strain et al., 2019)
investigating the surveillance measure in PA and SB in the UK highlights
particular issues with the methods of PA and SB surveillance in the UK; for
example Strain et al. (2019) report that parents are asked the same questions in
questionnaires for under 5’s as for 5-15 year olds which raises questions of
validity. Strain et al. (2019) add that there is a paucity in questionnaires for 16-18
year olds. The review discusses the importance of domain specific
questionnaires (less common in children) generally in surveillance but also in
distinguishing the impact of different types of SB on health and also points out
that domain specific questionnaires are much longer, and for this reason less
likely to be completed. Strain et al. (2019) report that generally levels of SB and
PA on children younger than 10 years old have been reported by parents (Strain
et al., 2019). An example of domain specific questionnaire which has been used
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in Born in Bradford study is the Early Years Physical Activity Questionnaire (EYPAQ)(Bingham et al., 2016) used with children under 5 years old, which was
found valid for SB but not for MVPA. Very few paediatric questionnaires are both
valid and reliable; for example the Adolescent Sedentary Activity Questionnaire
(ASAQ) used with 11 to 15 year olds, investigates SB in five domains (small
screen, recreation education, travel, cultural activities and social activities) and
has 11 components. It is a reliable questionnaire but its validity has not yet been
established (Hardy, Booth and Okely, 2007). Questionnaires are more widely
used in adult population although the prevalence of SB is predominately lower
when surveyed via questionnaire (Strain et al., 2019). Nevertheless, until
objective measures are capable to capture the domain of SB, domain specific
questionnaires continue to bring an important contribution in the surveillance of
PA and SB.

1.4.1.2 Interviews and focus groups
Interviews and focus groups are two methods of data gathering which share
many characteristics.
Qualitative SB and PA data from both parents and children, collected through
interviews, provides essential and rich contextual information on SB and PA,
which is not easily captured via quantitative, objective measures. Interviews, as
a method of exploration on its own or complementary to quantitative measures of
SB, can explore complex aspects of SB which cannot be explained numerically
(Bowling, 2009). Unpicking interactions and correlations within complex concepts
requires a deep understanding of the context, which can only be achieved
through discussion, questioning and observation (Silverman, 2010).
By understanding interactions between different correlates and determinants of
SB, together with the results of quantitative data analysis, we can improve the
interpretation of research findings on SB, which can assist in devising more
robust interventions to suit particular group of individuals, for example ethnic
minority groups.
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Focus groups consist of a guided discussion on a particular research topic (Gill
et al., 2008). Focus groups share similar features with interviews and use semistructured interviews with a small group of people and a group leader. The value
of focus groups are the dynamics of group interaction, which can stimulate
discussion and generate new ideas and insights (Bowling, 2009).

1.4.1.3 Log/diaries
Logs and diaries require the participant to record activities at regular time
intervals. They have the advantage of minimising errors but might not be suitable
for younger children (Hardy et al., 2013). A challenge in maintaining consistency
of approach and reducing subjectivity in using this type of data is when the
logs/diaries are partially completed or when the return rate is low (Stone et al.,
2002). Additionally, there is a lack of certainty about who completed the log/diary
and the time it was completed. One of the limitations of this type of data is the
high risk of social desirability and recall bias (Marshall et al., 2008).

1.4.1.4 Ecological momentary assessment (EMA)
This form of assessment permits the participant to report during or close to the
time of experience and can be recorded via mobile phone, personal digital
assistant (PDA) or internet (desktop, laptop, Ipad) (Marshall et al., 2004; Gorely
et al., 2007; Dunton et al., 2011; Marszalek et al., 2014). Although a fairly new
method of research, mainly used in psychology and social behaviour
measurement (Moskowitz and Young, 2006), it has been successfully used in the
measurement of SB with children 9 to 13 year olds and adolescents (Gorely et
al., 2007; Liao et al., 2013). Some of the advantages of EMA are that they are
able to measure activity type, location, with whom the activity is undertaken,
characteristics and mood. Equally, EMA can be challenging through missing
data, participant reactivity, participant burden and costs (Dunton, 2017; Knell et
al., 2017).
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Subjective methods of SB and PA measurement continue to be used in both adult
and child population however epidemiological studies seem to be more in favour
of objective methods of measurement (Atkin et al., 2012) which will be discussed
in the next section.

1.4.2. Objective methods
1.4.2.1. Systematic observation
Systematic observation is a method of generating data which was initially used
to study sport activities and physical education (McKenzie, 2010). It provides
direct rich data about the physical and social context in which movement
behaviours (physical activities and sedentary behaviours) occur (Beets, Huberty
and Beighle, 2013; McKenzie and Van Der Mars, 2015). There are five systematic
observation systems which have been used in research studies (McKenzie et al.,
2000; Sallis et al., 2003; McKenzie, 2010). The most commonly used is the
System of Observing Children’s Activity and Relationship during Play (SOCARP)
which is a validated and reliable tool (Ridgers, Stratton and McKenzie, 2016).
SOCARP provides information on the activity level (lying, sitting, standing,
moderate and vigorous), group size (alone, small, medium and large), activity
type (sport games, playground games, sedentary games, locomotion) and type
of interactions (none, positive social, positive verbal, negative physical, negative
verbal and ignore).
Among the benefits of the systematic observation in the assessment of SB /PA
in the school environment is that they provide results that are well understood by
practitioners. Clarity of results is given by the categorization of PA level, type,
group size in which the activity takes place (McKenzie et al., 2000; McKenzie,
2010; McKenzie and Van Der Mars, 2015).

The use of systematic observation requires the observer to be trained in
measurement. Training ranges from simple to complex, dependent upon the
complexity of the system, the number of activities and contextual codes.
Observers need to be trained in the observation technique to an adequate level
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of inter-observer reliability, to ensure a minimum interclass correlation coefficient
of 0.8 for each component. This can be time consuming, as the time for
measurement should be taken into consideration, real time and travel, data entry,
any recording and play back (McKenzie, 2002, 2010). Systematic observation
has a number of limitations: (i) expense, in regard to observer’s time, (ii)
accessibility to all locations and (iii) potential participant reactivity (McKenzie et
al., 2006; McKenzie, 2010) meaning that participants might behave in a certain
way once they know they are being observed.

1.4.2.2. Motion devices
Accelerometry is widely used to measure SB and PA (Hardy et al., 2013, BringolfIsler et al., 2012) and eliminates the problem of unreliable report and self-report
on SB or PA from parents or children (Bringolf-Isler et al., 2012).
Figure 1-4 shows an accelerometer and its usual positioning, on the right hip,

during wear time.

Figure 1-4: Accelerometer and placement on the hip.

Accelerometers are superior to pedometers, because they allow for the
quantification of PA intensity by measuring frequency and change in velocity over
time (Robertson et al., 2011). It is usually measured in “counts” per time unit
called “epoch”, but more recent approaches are using the raw acceleration data
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measured in g (unit of measurement; 1g= 9.80665 m/s 2) (Doherty et al., 2017;
Prioreschi et al., 2017). Each accelerometer is equipped with an inertial sensor
which detects the changes in one or more linear axes. Depending on the frame
of reference used, most accelerometers are piezoresistive (inertial sensors which
measure acceleration of the reference frame they are attached), piezoelectric
(mass attached to piezoelectric crystals such as quarts) or differential capacitive
(mass attached to metallic plates) (Yang and Hsu, 2010). For example, in the
piezoelectric accelerometer (Figure 1-5), the sensor bends with every change in
velocity, recording a voltage signal which converts mechanical motion into
electric an signal (Godfrey et al., 2008).

Figure 1-5: Piezoelectric accelerometer

“Cut-off points” are applied to the electrical signals per time unit (epoch) to
convert and classify the counts which are proprietary to the monitor, into minutes
of SB and PA of different intensities (Yang and Hsu, 2010). Since counts are
proprietary to the monitor, the cut-points are often different. Selection of cut off
points and epochs varies depending on the type of accelerometer used and
specific participant features included in the validation study (Robertson et al.,
2011).
Accelerometry is considered to be the ‘gold standard’ of PA measurement in freeliving children (not laboratory conditions) by researchers in the field of PA,
although not the same can be said about SB. To date the tri-axial accelerometer
appears to have been the researcher’s choice of objectively measuring
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movement and movement patterns (Romanzini, Petroski and Reichert, 2012).
The measurement of SB through accelerometry is based on the use of a
sedentary threshold, with the most common and accurate cut off point being ≤
100 counts/min-1( Kim et al., 2014) for waist worn accelometers using the vertical
axis only. This has been criticised for leading to errors since it may include
activities such as standing (Dowd et al., 2012) being classified as sedentary when
in fact they are LPA, thus compromising the results of true SB. Another limitation
in using accelerometers to measure SB has been identified in the validation
studies

for
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suggesting

the

hip

mounted

accelerometer might provide reasonable group estimates, but not individual
estimates (Pedišić and Bauman, 2015). Currently, researchers are using different
cut-off points for PA and the choice of a particular cut-off point might determine a
different classification of PA behaviour for the same individual or group of
individuals (Mackintosh et al., 2012; Kim et al., 2014; Schaefer, Nace and
Browning, 2014). Although the method of accelerometry has been validated by
many studies and established as reliable (Evenson et al., 2008; Van
Cauwenberghe et al., 2011) “best cut-off points” have not as yet been identified
(Kim et al., 2014) . More and more studies report on “device measured” SB and
PA instead of “objectively measured” which might be a more accurate description.
Therefore, we could conclude that accelerometry can be used subjectively since
it allows the choice of different cut off points and different classification of the PA
level for the same individual or group of individuals (Fischer et al., 2016). Some
researchers in the field have raised issues regarding generalizability, reliability,
validity, affordability, sustainability and continuity of accelerometry and suggested
that the adoptability of accelerometers for large scale PA surveillance might be
premature (Pedišić and Bauman, 2015). However, large scale accelerometry
studies have already been completed and included over 100,000 participants
(Doherty et al., 2017). Perhaps such large scale studies might not be possible in
low and medium income countries, which would be more likely to rely on
subjective methods of measurement. Careful attention is needed when choosing
cut-off points for a particular population group being evaluated to maximize
reliability and generalizability. Therefore, the cut off points generated from
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validation studies, based on populations with similar demographics to the
population being evaluated, should be a priority when selecting cut off points to
ensure accurate comparability in results. Accelerometry might not the best
method of recording SB, but for large studies which measure both SB and PA,
using two devices could have practical implications such as financial constraints
and participant burden. Therefore, researchers have to weigh up practical options
and consider limitations of generalisability depending on the cut-off points
selected. However, developments in technology have allowed direct examination
of SB without threshold cut off points but using accurate and validated postural
allocation (Dowd, Harrington and Donnelly, 2012). The inclinometer activPAL,
Professional Physical Activity Monitor (Pal Technologies Ltd., Glasgow, UK)
appears to be currently the device with a better performance in the field of SB
than the accelerometer and, therefore it is the researchers’ preferred method of
measuring SB in free-living individuals (Grant et al., 2006; Ryan et al., 2006;
Godfrey, Culhane and Lyons, 2007). ActivPAL devices have been used with
children in several studies (Grant et al., 2006; Aminian and Hinckson, 2012;
Ridgers et al., 2012), with the number of participants ranging from 10 to 62,
initially. This is likely to be down to the cost of devices, however, more recently
studies using larger samples of participants have been undertaken but they might
be with multiple data collections over lengthier periods of time (Shaw et al., 2017;
Felez-Nobrega et al., 2018). So far, activPAL data has been collected
continuously over a 7-day period, including night time and any activities involving
water (e.g. swimming, bath), which is often not the case with most
accelerometers.

The activPAL is a small electronic device worn directly on the skin, in the middle
of the anterior thigh (Figure 1-6).
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Figure 1-6: Showing activPAL and placement on the thigh.

Because of its placement on the thigh, it is able to detect time in different
postures. Constructed on the same principles as the accelerometers, it
determines posture on the basis of thigh acceleration and classifies time as
standing, sitting, lying and stepping. Additionally, information on cadence, step
count, sit-to stand/stand-to-sit transitions and energy expenditure (EE) is also
provided (Aminian and Hinckson, 2012; Atkin et al., 2012). As they are less
sensitive to small movements like fidgeting, their accuracy in identifying SB is
higher compared to accelerometers (Aminian and Hinckson, 2012). However,
further research and development is needed in SB measurement since the cost
of the device is currently high. Other limitations of the device are related to
providing information on context and type of SB, which currently is not possible.
The activPAL is not waterproof, but can be made so by being introduced in
special nitrile sleeves; future development might consider this valuable addition.
Since the waterproofing practice includes the use of nitrile sleeve, when the skin
is in contact with this material for several days, it sweats and cannot breathe.
Some children have reported discomfort, itchiness and rashes (Nagy, et al.,
2019). However, this aspect is rarely discussed in the literature.

The importance of Global Positioning System (GPS) data is invaluable in creating
accurate maps of where SB takes place and identifying further correlates
associated with those particular environments (Fjørtoft, Kristoffersen and Sageie,
2009; Jones et al., 2009). However, limitations such as reduced participation due
to privacy concerns, satellite coverage especially indoor, weather conditions, risk
of data loss, costs, battery life and the need to be used in conjunction with another
device (accelerometer or inclinometer) do exist (Maddison and Mhurchu, 2009).
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A fairly recent systematic review evaluated a variety of devices and technologies
which have been or could be used to identify the locations in which PA and SB
are performed (Loveday et al., 2015). Out of the 12 identified technologies, three
most widely used in published research were GPS, wearable cameras and radiofrequency identification. Similarly, internet search engines identified GPS and
wearables widely used as well as real time locating systems also known as
wireless localisation systems. The real time localisation system, appears to be
more accurate in providing information on indoor location with precision of two to
three meters (Loveday et al., 2015). Although its use within the field of PA has
been minimal so far (Judah et al., 2017) future development and applications is
likely to enhance understanding of PA and SB.

1.4.2.3 Calorimetry
Calorimetry measures the energy cost of various activities directly or indirectly.
Direct calorimetry measures total energy as the heat produced by the body
(Kenny, Notley and Gagnon, 2017). It involves participants living in a closed
chamber (whole room calorimetry) connected to measuring devices. Indirect
calorimetry measures energy expenditure through calculating the amount of the
oxygen consumed and/or the amount of the carbon dioxide produced
(Calorimetry, 1988; Levine, 2007). Direct and indirect calorimetry are considered
the gold standard of PA and SB measurement because of the high validity and
reliability (Levine, 2007). The method has been used in adult and child
populations but it is a burden for participants and it comes with high financial
costs. As this method is restricted to laboratory conditions it is not suitable to
measure habitual SB (Foulton et al. 2001; Rilley et al. 2015).

The health risks of sedentary behaviour
SB has received increased attention due to the associated morbidity and mortality
risks in adult and child populations (Owen et al., 2010; Tremblay et al., 2010;
Chinapaw et al., 2011; Salmon et al., 2011; Tremblay, Leblanc, et al., 2011;
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Dunstan et al., 2012). Although the evidence is clearer in adult population
(Katzmarzyk et al., 2009; Biddle et al., 2016) often the conclusions that are made
on results based on child population are deductive based on increased obesity
rates, low fitness or decreased bone density, which are presented in more detail
in the next paragraphs. A limitation of the studies is that they are cross sectional;
the true and long term impact of SB requires longitudinal studies as the diseases
contributed by SB and causing increased mortality rates develop over a long
period of time. A longitudinal study carried out on over 17000 of adults between
18 and 90 years olds (Katzmarzyk et al., 2009) demonstrated a dose response
time relationship between sitting time and mortality from all causes and
cardiovascular disease, independent of leisure time PA. This study was part of a
systematic review (Biddle et al., 2016) that asked the question of causal links
between inactive sitting and all causal mortality; the review reported reasonable
evidence based on strength of association, consistency temporality, but no dose
response based on Bradford Hill criteria were found (Howick, Glasziou and
Aronson, 2009).

Strong associations between cardio-metabolic biomarkers and SB are often
reported in studies focusing on this aspect. For example, Chinapaw et al.’s (2011)
systematic review identified such associations in studies involving 27 cohorts,
between 1989 and 2010. This systematic review found sufficient evidence
between SB (mainly TV viewing), BMI and indicators of fat mass, and moderate
evidence for a significant inverse relationship between sedentary time and
aerobic fitness. Similar results are identified in Tremblay’s et al.’s (2011)
systematic review, which evaluate the relationship between SB and health
indicators in school age children and youths in over 200 studies. Tremblay et al.
(2011) conclude that the most prevalent SB is screen viewing and that watching
over two hours of TV per day is associated with unfavorable body composition,
decreased fitness, lowered scores for self-esteem and pro-social behaviour, as
well as decreased academic achievement.
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More recently, a systematic review synthesizing the evidence (n=29) concerning
associations between activity patterns and cardio-metabolic risk factors in
children and adolescents aged 5 to 19 years (Verswijveren et al., 2018) found no
consistent associations which was understood to possibly be related to limited
exposure time in this populations as well as great variation in the definitions of
‘activity patterns’. The study highlighted a great proportion (72%) of included
studies focused on markers of adiposity, limited focus on LPA and made
recommendations for a more standardized assessment of activity patterns and
considerations of other bio-markers in addition to adiposity.

The term cardio-metabolic biomarker, refers to specific cardio metabolic signs
(not symptoms) that are objectively and accurately measured and represent an
objective indication of the medical state of the individual (Strimbu and Tavel,
2010). Amongst the bio-markers that have been researched in relation to SB are:
waist circumference, systolic and diastolic blood pressure, high-density
lipoprotein, insulin sensitivity, beta cell function and oral glucose tolerance
(Sardinha et al., 2008; Martinez-Gomez et al., 2010; Ekelund et al., 2012). On
the other hand, the results of a meta-analysis including over 20,000 participants
<18 years old concluded that the negative impact of SB on cardio metabolic
biomarkers are dependent of MVPA (Ekelund et al., 2012). However, the average
of daily SB reported in the meta-analysis was approximately 5 hours while other
studies report 8 to 9 hours of daily SB (Ekelund, et al., 2012).

Recently, increased attention has been rendered to the combined effect of SB,
sleep, LPA and MVPA on cardio-metabolic biomarkers (Chastin et al., 2015;
Stamatakis et al., 2015). Chastin et al. focus is on the distribution of time spent
in sleep, SB, LPA and MVPA. The findings showed significant positive
correlations of high SB with BMI, waist circumference, triglycerides, plasma
glucose, plasma insulin, systolic and diastolic blood pressure, but not high or lowdensity lipids. However, Maher et al. (2014) called for a re-evaluation of the SB
paradigm after considering study results which showed no independent
association between SB and cardio-metabolic biomarkers once analyses were
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adjusted for total PA. The study referred to, was carried out between 2003 and
2006, with over 4000 adults. Maher et al. (Maher et al., 2014) conclude that,
without minimising the impact of SB on health, cluster behaviours should be
considered. Given the complexity of SB, inconsistencies in findings don’t come
as a surprise and call for a careful evaluation and clear distinction between
cardio-metabolic biomarkers on the account of SB alone or as a result of cluster
behaviours for example paired with PA (Maher et al., 2014) and/or nutrition
(Steele et al., 2009; Wake and Reeves, 2012; Elsenburg et al., 2014). In a context
of a general population with increasing obesity levels and cardio metabolic ill
health, the importance of addressing SB across all ages is paramount. Further
research to depict SB’s influence and its patterns of action on cardio-metabolic
biomarkers are needed. Alongside clarifying the correlates and determinants of
SB, clarifying the impact of SB on cardio-metabolic biomarkers, is a vital aspects
in understanding the complexity of SB and generating the adequate components
for designing interventions to counteract it.

Although the cardiometabolic risk factor is important and a large body of evidence
is focused on it, outcomes such as child mental health, bone health, cognition
and academic achievement should not be overlooked. In a review of reviews,
Biddle and Asare (Biddle and Asare, 2011) identify a negative relation between
mental health and SB in children and youth. Biddle and Asare contrast the impact
of PA on reducing anxiety and depression in the adult population with a small to
moderate effect in child populations; they also point out that the existing evidence
is significantly less compared to adults. Similarly, in a systematic review including
1,657.064 children and adolescents from 71 countries, Carson et al. (Carson et
al., 2016) report the overall negative impact of high SB on health indicators
including unfavourable body composition and social conduct, reduced selfesteem, poor academic achievement, low cardiorespiratory fitness, low flexibility
and strength. Another recent systematic review consisting of studies up to 2017
(Koedijk et al., 2017) suggested negative associations between SB and lower
extremity bone (femur neck) density in children, adolescents and young adults
(<24 years old). The magnitude of the associations was found to be small and
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independent of MVPA. Regarding cognitive development in early childhood,
Carson et al. (2016) point out that a differentiation needs to be made between
various types of SB, as some SB, such as reading and writing, were found to
have a positive effect while others such as screen viewing were detrimental to
cognitive development.

As mentioned earlier, SB was found to have a significant impact on child and
adolescent mental health. A meta-analysis investigating the relationship between
SB and five mental health outcomes (depression, anxiety, self-esteem,
psychological distress and quality of life) identified a small, but significant
association; high levels of SB were associated with high levels of depression in
the meta-analysis which included nearly 400.000 children and adolescents
(Asare, 2016). A more recent study involving nearly 1000 Canadian adolescents
identified similar findings, demonstrating significant negative relationship
between SB, depression and anxiety (Bélair et al., 2018).

Contemporary research has focused on screen viewing and some studies have
reported it as the most prevalent form of SB (Gingold, Simon and Schoendorf,
2013; Vanderloo, 2014) while others have reported only TV viewing as SB
(Ekelund et al., 2006; Fuller-Tyszkiewicz et al., 2012; Taverno Ross et al., 2013).
Possible explanations for the high prevalence of TV viewing might relate to the
fact that data was collected in early 2000 when fewer mobile devices were
available and, as well as TV viewing being an easy recall behaviour. People are
more likely to remember if they have watched a full episode or a full news or sport
programme compared to remembering how long have they read or sat down for
conversations and meals. Results from a total of 262 studies, involving children
with ages between 0-17 years old mainly focused on TV viewing rather than total
SB. The amount of time spent engaged in TV viewing, using a laptop, tablet, or
other hand held screen devices is a growing issue in many developed countries
due to the fact that high screen viewing in children is associated with a decrease
in PA, high risk for cardio-metabolic illness, reduced cognitive development, poor
short term memory skills, poor reading, language and maths development
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(Sardinha et al., 2008; Tremblay, Leblanc, et al., 2011; LeBlanc et al., 2012;
Santos et al., 2014). Screen viewing in both adults and children has been
associated with unhealthy dietary behaviours, such as eating meals in front of the
TV, consumption of energy dense snacks and insufficient consumption of fruits
and vegetables ( Biddle et al., 2010; Pearson and Biddle, 2011; Pearson et al.,
2018). A recent systematic review (Stiglic and Viner, 2019) examining the harms
and benefits of time spent on screens for children and young people identified
moderate evidence for the association between screen time and high energy
intake, less healthy diet and poor quality of life. The study found moderately
strong evidence for the association between screen time, increased
obesity/adiposity and higher depressive symptoms. The higher cardiovascular
risk for children with excessive screen time can be understood as a result of
cluster behaviours: SB, high energy intake, poor diet and depressive symptoms.
SB tracks moderately to strong into adulthood meaning that children’s SB levels
increase with age and this is at a higher tracking coefficient than PA (Biddle et
al., 2010). Another problematic aspect is the strong habitual nature of SB
meaning that the habit of sitting is reinforced by context. For example, the context
of a classroom or of handwriting is generally a context of sitting. The challenge of
breaking habitual patterns and ever-increasing levels of SB is an ongoing task for
researchers in the field (Cao, 2015). The large body of evidence documenting
cardio-metabolic risks associated with SB in both adults and children (LeBlanc et
al., 2012; Chaput et al., 2013; van Ekris et al., 2016) is expanding at a fast pace
and therefore calls for implementation of effective and sustainable interventions
to reduce such risks. Some aspects of the interventions focus on behaviour
modification (e.g. increasing breaks in sitting), implementation of new behaviours
(e.g) active transport to school), and stopping (e.g. stop using sitting during break
time as punishment for children in schools) or reducing certain behaviours (e.g.
removing benches in the school playground to reduce sitting during break time).
As well as understanding which aspects of behaviour need to be modified or
implemented, it is important to understand the mechanisms of how behaviour
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becomes established or how habits are formed; this knowledge is likely to
contribute to identifying more effective ways of establishing healthy behaviours.

One of the key psychological theories commonly associated with SB, which
should be considered in intervention design, is the habit formation model. The
model suggests that habits are formed as a result of automatic impulses which
occur in situations and environments where the behaviour has been performed
in the past. Since the context of behaviour is a reinforcing factor, the behaviour
becomes habitual even when the motivation to perform the behaviour is lacking
(Lally, Wardle and Gardner, 2011; Gardner, Lally and Wardle, 2012; Gardner,
Phillips and Judah, 2016). Although initially the behaviour requires motivational
and volitional skills, as well as resources to sustain the behaviour, the transition
from conscious processing to unconscious processing takes place though
repetition. It has been suggested that both conscious and unconscious
processing influence SB. However, individuals who are influenced predominantly
by unconscious processing (SB habits) tend to have higher levels of SB (Conroy
et al., 2013). Carden and Wood (Carden and Wood, 2018) also support this idea
and suggest that by acting on beneficial habits one can have an automated
means of self-control. They recommend environmental changes to support habit
formation as well as “early intervention” to implement healthy behaviour habits.

Correlates and determinants of SB and PA
SB has been considered an important factor for health regardless of its
conceptualisation as risk factor independent of PA or as part of the time-use
composition consisting of PA, SB and sleep (Liangruenrom et al., 2019),
discussed in earlier in this chapter (pages 9 and 10). In order to reduce the
negative consequences of high levels of SB it is important to understand its
correlates and determinants. The terms correlate and determinant have often
been used interchangeably within the field of PA and SB; the main difference that
should be considered is that the term correlate denotes an association and the
term determinant implies a causal relation (Bauman et al., 2002). Bauman et al.
(2002) discuss the differences in an attempt to recognise the importance of the
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correct use of terms, promote the standardized use of terms, and note that the
difference is not always respected in the literature; thus encouraging researchers
to be clear and consistent in reporting results related to the relationship between
PA, SB and various contributing factors. This thesis however will report on the
correlates and determinants of SB and PA as initially reported in particular
primary studies which are discussed.

The approach taken to understand the relationship between various factors which
contribute to increases or decreases of SB and PA is often the socioecological
approach, or the socioecological model. This model recognizes that the influence
of contributing factors is on multiple levels including: individual level
(intrapersonal level- knowledge attitudes and skills), interpersonal level (family,
friends and social network), organizational level (organizations and social
institutions), community (relationships among organizations) and public policy
(national and local law) (Määttä et al., 2016, 2019; Saquib, 2018). A criticism is
that the main focus has been on individual level correlates such as sex, age and
attitude (Martins et al., 2017; Liangruenrom et al., 2019). An important aspect of
the socioecological model is also the acknowledgement of the interdependency
between internal and external factors (Golden and Earp, 2012). This aspect has
implications for intervention design, suggesting the need for multilevel,
multicomponent interventions (Spence and Lee, 2003). The idea of multiple
levels of factors and need for multicomponent interventions is also congruent with
the new SB framework proposed by Chastin et al. (2016), which acknowledged
six levels of determinants clusters.

Significant contributions to the body of knowledge related to correlates and
determinants of PA and SB has been brought by investigations of the DEDIPAC
consortium (mentioned earlier in the chapter) who have also highlighted the
multiple levels of influence which determine SB, PA and nutritional behaviours
(Lakerveld et al., 2014; Stierlin et al., 2015; Langøien et al., 2017).
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Within the existing evidence, a great number of the studies relied on self-report
or parent report (Cardon et al., 2005; Chaput et al., 2013; Coombs et al., 2013;
De Decker et al., 2013; Gebremariam et al., 2013; Gingold, Simon and
Schoendorf, 2013) and do not offer an in-depth exploration of the correlates and
determinants of SB (Uijtdewilligen et al., 2011).

In a systematic review of 30 papers on determinants of PA and SB in children,
Uijdewilligen et al. (2011) concludes that the vast majority of researchers are not
able to offer conclusive evidence since primary data on SB determinants is
insufficient or lacking in methodological quality. The correlates of SB identified in
studies on this topic, included: parental influences, sex, age, BMI, child
characteristics, race/ethnicity, socioeconomic status and developmental coordination disorder (Pate et al., 2011; Uijtdewilligen et al., 2011; Cairney and
Veldhuizen, 2013; Schoeppe et al., 2013; Maitland et al., 2014; Marsh et al.,
2014; Muthuri et al., 2014). A more recent review (Longoien et al., 2017) into the
correlates and determinants of PA and SB in children and youth also identified a
range of cluster determinants similar to the Uijdewillingen et al.’s review
(Uijtdewilligen et al., 2011). Despite a high overlap between the correlates and
determinants of PA and SB, many studies tend to focus on PA and very few are
focusing on SB. This might contribute to our limited understanding of SB and
effective ways of addressing it.

Another systematic review (Jaeschke et al., 2017), specifically evaluating the
socio-cultural determinants of PA in children and adolescents, found probable
evidence on receiving encouragement from significant others and having a
companion for PA to be positively associated with higher levels of PA. Similar to
the Uijdewillingen review, the evidence here is limited, suggestive and nonconclusive (Jaeschke et al., 2017). However, the more recent conceptualisation
of time-use composition of PA, SB and sleep, knowledge on the correlates and
determinants of PA is likely to maximise understanding on the topic and likelihood
of effective interventions.
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Having a clear understanding of the complexity of SB/PA, its correlates and
determinants and the interplay between them, continues to be a challenge but
without further exploration we cannot take effective actions towards reducing SB.

Large amount of research literature has focused on the correlates and
determinants of PA adults, followed by correlates and determinants of PA in
children, although significantly less attention was given to child SB. More recently
though, since the evidence for the deleterious impact of SB on children’s health
is growing, more consideration has been given to the development of SB in
children as well as correlates and determinants of SB in children and youth
(Ekelund et al., 2006; Mitchell et al., 2009; Hinkley et al., 2010; Stierlin et al.,
2015; Janssen et al., 2016; Hidding et al., 2017)

The correlates and determinants of SB and PA will be presented below, following
the structure of the socioecological model.

Intrapersonal level
Factors identified at an intrapersonal level, include child characteristics such as
sex, age, body mass index, sleep and ethnicity. SB was reported to be generally
higher for girls compared to boys (Cardon et al., 2005; Epstein et al., 2006) and
it increased with age (van Sluijs et al., 2010, Gebremariam et al., 2012) while PA
was reported lower for girls compared to boys and decreasing with age. The
differences in SB preference, between boys and girls are well documented in the
literature, which consistently suggests that girls might be more interested in
sedentary pursuits, time spent socialising or doing crafts, whilst boys showed
preference for screen time (Klitsie et al., 2013; Wickel, Issartel and Belton, 2013).
Most research studies identify girls as being more sedentary than boys (Sallis,
Prochaska and Taylor, 2000; Anderson, Economos and Must, 2008; Dunton et
al., 2011; Nettlefold et al., 2011) and this finding has been consistent over time
(Cooper et al., 2015; Verloigne et al., 2016; Schwarzfischer et al., 2019).
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Several studies have found that children from Black, Asian and minority ethnic
(BAME) groups have increased SB compared to their white counterparts
(Anderson, Economos and Must, 2008; Gebremariam et al., 2012; McVeigh and
Meiring, 2014). Within Caucasian ethnic groups, across different cultures,
research studies highlight some difference in SB between countries although the
difference within the country is not reported (van Sluijs et al., 2010). For example,
in a study analysing SB across Portugal, Estonia, Denmark and Norway (van
Sluijs et al., 2010) certain determinants affecting SB in one country did not have
any impact on other white groups of children of the same age. The complex
nature of the relationship between SB and different variables means that the
generalizability of intervention strategies from one country or culture to another
may be limited. Therefore, a single strategy ‘to fit all’ may not be an effective
intervention (van Sluijs et al., 2010).

The aspect of ethnicity often overlaps with culture and can it be a sensitive issue
in a multicultural /multi-ethnic society. The term ‘ethnicity’ is also disputed.
According to Johnson-Bailey and Drake-Clark (Johnson-Bailey and Drake-Clark,
2010) ethnicity, or ethnic group is “a named social category of people based on
perceptions of shared social experience or ancestry. Members of the ethnic group
see themselves as sharing cultural traditions and history that distinguish them
from other groups”.
PA and SB studies reporting on the impact of ethnicity in the US have found high
sedentary times among for African-Americans and Latino children compared with
their White counterparts (Eyler et al., 2006; Anderson, Economos and Must,
2008). This is also the case for Pakistani children in the UK (Pollard et al., 2012;
Barber et al., 2017; Collings et al., 2017; Sherry et al., 2018) and for the Black
Indian and African children in South Africa (McVeigh and Meiring, 2014).

Interpersonal factors
Relating to interpersonal factors there is accumulating literature on the effect of
parental involvement and family structure on children’s SB (He et al., 2010;
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Gebremariam et al., 2012; Atkin, Corder and Sluijs, 2013; Gingold, Simon and
Schoendorf, 2013; Ham, Sung and Kim, 2013; Maida P Galvez et al., 2013; Butte
et al., 2014). Studies have shown that parents can influence their children’s SB
through their attitudes and practices related to SB and PA, as well as the
parenting style adopted. For example, relating to parental practices, Atkin and
colleagues (Atkin, Corder and Sluijs, 2013) reported that children whose mothers
spent more time TV viewing/using computer at the weekend demonstrated
greater sedentary time (=0.48; p<0.05; CI 95%). Restriction on playing outside
was also associated with increased sedentary time for girls (=0.32; p<0.1; CI
95%). Atkin’s (2013) study looked at the fathers’ influence on their child’s SB and
evidenced positive associations between father’s TV viewing and child computer
use on weekdays and at the weekend.

Parental involvement is a re-occurring theme in research studies exploring the
determinants and correlates of SB (Granich et al., 2010; Quarmby, Dagkas and
Bridge, 2011; Veitch et al., 2013) or those attempting to explain the effectiveness
and sustainability of certain interventions. Parental influence, whether positive or
negative, is often evidenced as strongly correlated to levels of SB and PA
(Anderson, Hughes and Fuemmeler, 2009; Smith et al., 2010; Quarmby, Dagkas
and Bridge, 2011; Tandon et al., 2012; Sebire et al., 2016). These studies have
identified parental involvement and family structure as a determinant or correlate
of SB and include several factors. For example, parents had an impact on their
child’s SB through: involvement in shaping child’s cognition and attitudes towards
SB, parents’ level of SB, parents’ education, parenting style, fear of risk and
readiness to change (Anderson, Hughes and Fuemmeler, 2009; Dunton et al.,
2011; Gebremariam et al., 2012; Galvez et al., 2013; Butte et al., 2014).

Veitch et al. (Veitch et al., 2013) captured the views of 38 mothers of children
aged 8-12. They found that children of parents with negative attitudes towards
SB, motivated their children verbally against SB, facilitated attendance to sport
activities and co-participated in PA, had less sedentary time compared to children

33

of parents who didn’t display such views and characteristics. The theme of
parental support and encouragement from Veitch et al.’s (Veitch et al., 2013)
research made references to the importance of modelling healthy behaviours. In
this study, both SB and PA were evaluated and adult’s (parents) were depicted
as in charge of modifying SB through replacement of it with PA. Children in this
study, reported they felt motivated when parents were active themselves and
encouraged them to participate in activities with them.
Parental choices, such as the increase in screen devices, the presence of screen
devices in the child’s bedroom, eating in front of the TV were perceived as
contributory factors to increasing SB (Granich et al., 2010; Lauricella, Wartella
and Rideout, 2015). Despite being aware of the associated risks for high
electronic media, significant numbers of parents, reportedly, did not consider their
children’s screen time as problematic since they counteracted sedentary time
with PA (Granich et al., 2010). However, there are parental attitudes and
parenting styles that have been evidenced to have a positive effect on SB
(Gingold, Simon and Schoendorf, 2013; Sebire et al., 2016). Factors such as
being a supportive parent and greater felt security by the child were associated
with lower odds of watching> 2hr or TV per day (p=0.05) in a UK study involving
874 mother-child (10-11 years old) dyads (Sebire and Jago, 2013). In a
subsample of the same study, looking at the influences of parenting styles on TV
viewing, permissive parenting was found to be associated with the risk of
watching >4 hrs of TV per day. The risk was 5.2 higher than in children with
parents adopting an authoritarian style (Jago et al., 2012). Similar findings were
identified by Gingold et al. (2014) in a US study based on a sample of 63,145
children. Gingold (2014) found that lower frequency of family meals, lack of rules
about TV viewing and the presence of a TV in the child’s bedroom were
associated with watching >4 hrs of TV per day.
In the studies that report children’s behaviour the cumulative research suggests
that mothers tend to report more often on PA and SB levels as a consequence of
their gatekeeping (Pearson et al.,2011; Jago et al.,2012), whilst fathers’ views or
reports are hardly recorded and their contribution to reducing SB is unclear.
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Regarding maternal parenting styles, a cross-sectional study with mothers
(n=4047) of 8 to 11 years of children in the Netherlands (Van Der Geest et al.,
2017) identified that an authoritarian style, which was least used (14.8 %), was
the associated with reduced screen sedentary time in boys while a neglectful
parenting style, the most widely used (35.3%), was associated with increased
screen sedentary time in boys and girls. The study, which used 22 item
questionnaire to collate the data, highlighted that the four parenting styles
(neglectful, authoritative, permissive and authoritarian) were not associated with
PA. However, the study did not take into consideration family structure or
socioeconomic status which are sometimes found to be associated with SB and
PA. For example, Granich et al., (2010) show that in single parent families,
children spend more time engaged in SB, equally when the child lives solely with
the father or the mother. Explanations for this might suggest that children in single
parent families receive less parental support compared to children living with both
parents, as single parents face increased parental responsibility (Gebremariam
et al., 2012). More sedentary time in single parent families was also identified by
Quarmby et al. (2011) in older children, aged 11-14, both at weekend and during
weekdays compared to children from couple families (p<0.001). Although
parental roles might be different, the importance of capturing fathers’ perspective
and involvement in reducing SB and PA can be instrumental, not only in
improving children’s health, but also fathers’ health. The need for involving
fathers in health initiatives, has been recognised by American Academy of
Paediatrics who have called for researchers to involve fathers in health research
(Yogman and Garfield, 2016). Involving fathers in health initiatives might be
difficult, especially where gender roles are clearly allocated, however father’s
contributions in increasing both fathers’ and daughters’ PA has been evidenced
in a recent randomized control trial (Morgan et al., 2019) involving fathers (n=115)
and 4 to 12 years old daughters (n=153). Further interventions exploring the
effectiveness of father’s involvement in reducing SB could potentially have a
significant positive effect.
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Furthermore, in terms of family structure, studies identified that an increase in the
number of siblings was correlated with reduced SB (Atkin et al., 2013; Gomes et
al., 2014). For example, Gomes et al. (2014), in a cross-sectional study involving
686 Portuguese children aged 9-10 years old found a negative association
between the number of children in a family and SB ( =-8.50; p=0.002). Similarly,
Atkin et al. (2013) found that children from larger families had reduced SB (=0.87; CI-95%) and increased PA.
Wickel, Issartel and Belton (Wickel, Issartel and Belton, 2013) highlighted a
differentiation between time spent by children with their parents or with their
peers. Surprisingly, time spent with parents was found to be predominantly
screen time for the 9-10-year-old children in this study. It is unclear whether this
is time used by parents to bond with their children as they grow older. Further
research is needed to explore what activities children and parents are engaged
in when spending time together.

The majority of empirical research reporting on the relationship between SES, SB
and PA has identified that children from low SES status have higher SB and lower
PA compared from children from higher SES; however some minor
inconsistencies exist (Stalsberg and Pedersen, 2010; Atkin, Corder, et al., 2013;
Klitsie et al., 2013; Pulsford et al., 2013; Ball et al., 2016; O’Donoghue et al.,
2018; Määttä et al., 2019). For example, in a cross sectional survey conducted
by Gomes et al., (2014), evaluating the correlates of sedentary time in 9 to 10
year old Portuguese children, those from high SES had higher sedentary times
compared to children from low SES (=4.32). Another study (Klitsie et al., 2013)
investigating sedentary time in 9 to 10 year old children in the UK found that both
boys and girls of high and low SES, spent high amounts of time engaged in nonscreen SB compared to children from medium SES. Low screen time was also
identified in 5 to 6 and 10 to 12 year old girls of high SES by (Ball et al., 2016)
compared to girls of low SES but no significant differences of the total sedentary
time. Similar findings have been identified by Coombs et al. (2013) who
concluded that the associations between sedentary time and SES depend on the
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time of SB; Coomb et al. (2013) found that children of high SES spent on average
16 minutes less screen sedentary time than their peers from a low SES but 7
minutes more in non-TV sitting. One study which identified higher sedentary time
for children from high SES pointed out that a possible reason for inconclusive
findings might be related to the inconsistent categorisation of the SES in different
studies, (Atkin, Corder, et al., 2013). This longitudinal study, collecting data at
baseline on 854 children and a year later (718 children) on 26 determinants and
on changes in after school and weekend SB, reported greater increases in afterschool and weekend objectively measured sedentary time for children from
higher SES and a smaller increase for children with more siblings. It can be
hypothesised that an increase in after school and weekend sedentary time is
related to academic pursuits in this group of children. Evidence for this hypothesis
was highlighted by Sherar et al. (Sherar et al., 2016) who found that adolescents
(n=12,770) of university educated mothers in Europe, Brazil and Australia had
higher SB and lower PA. Therefore, the climate for high SB co-exists with high
and low SES for different reasons, but parents of children from higher SES might
have access to more resources and/or be better informed to be able to implement
changes related to their children’s lifestyle (bedroom media, sleep patterns and
diet). Consequently, children from lower SES appear to be more at risk from
adopting sedentary lifestyle with long term detrimental effects.

Low SES was associated with high levels of SB when only the family income was
considered for the categorisation (Drenowatz et al., 2010). In this study children
had fewer opportunities to engage in physical activities and presented with a
higher BMI than children from a higher SES. SB consisted of time spent watching
TV and time spent on the computer.

A recent umbrella literature review on the socioeconomic determinants of PA
across the life course (O’Donoghue et al., 2018) conducted by DEDIPAC
highlighted no significant association between socioeconomic factors and PA in
pre-school children or children and adolescents in combined reviews.
O’Donoghue (2018) reports mixed findings from reviews that addressed children
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and adolescents separately, and also inconclusive evidence from reviews for
domain specific PA; for example school break time PA were associated with SES
in children and adolescents but not after school time PA (in children and
adolescent girls).

Hypothetically, it could be argued that certain SES levels would foster healthy SB
and PA outcomes as long as they are within a specific lower and upper limit. For
example, we might hypothesize that when SES level is found outside of these
limits, an increase in SB and/or decrease in PA might be observed.

Socioeconomic status is complex (Sirin, 2005), making it extremely difficult to
isolate the direct and indirect impacts on SB, which in turn leads to the hypothesis
that SES is part of a cluster of effects which create a domino effect (Sirin, 2005).
For example, SES will impact on the environment someone can afford to live in,
the neighbourhood, size of outdoor space they can afford, the school they attend,
nutrition and BMI, physical activity facilities they can access and sleep patterns
(de Jong et al., 2013).

Organisational level
At the organisational level, evidence about the relationship between the built
environment, SB and PA in children is accumulating (Bathrellou et al., 2007;
Ziviani et al., 2008; Smith et al., 2010; Coombs et al., 2013; Jong et al., 2013;
Maida P. Galvez et al., 2013; Maitland et al., 2013; Pulsford et al., 2013; Butte et
al., 2014).
The built environment refers to the physical structure of an environment and the
community to which it belongs, housing, street quality, connectivity, sidewalks
and green spaces (Carroll-Scott et al., 2013). Several empirical studies (Butte et
al., 2014; Galvez et al., 2013; Maitland et al., 2014) identified issues of the built
environment in relation to SB, particularly the size of the home; whether it is a
house or a flat; if it has outdoor playing space or not and distribution of media
devices within the home, especially their presence in the child’s bedroom and the
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presence of sport items inside the home. In terms of country economical level,
whether low, medium of high income, the evidence suggests that the current
living environment of developed countries restricts children and adults
opportunities to be active (Bleich et al., 2008). This contributes to increases SB
through the use of elevators, escalators and motorised transport (Linkages and
Heli, 2009; Katzmarzyk et al., 2015).

The literature highlights factors in the built environment that would foster healthy
behaviours by promoting a reduction of SB and an increase in PA levels (Granich
et al., 2011; King et al., 2011; Maida P. Galvez et al., 2013). Amongst the
identified factors are: living in a house with large outdoor playing area and in the
vicinity of a school and the local park, having items in view which encourage
activity participation and no TV or media device inside the child’s bedroom.
Unfortunately, the evidence remains inconclusive, largely as a result of the
scarcity of studies conducted in this area, and those that have investigated the
built environment, lack rigour in study conduct (Uijtdewilligen et al., 2011).
Therefore, further rigorous empirical research is needed to clarify inconsistencies
to provide a strong basis for intervention design (Leonie Uijtdewilligen et al.,
2011; Atkin, Ekelund, et al., 2013; Falbe et al., 2015).

Several qualitative studies have been undertaken to explore children and
parental views of the home environment, SB and PA (Granich et al., 2010; Veitch
et al., 2011; Maitland et al., 2014). Maitland et al. (2014) interviewed 38 Canadian
families to explore parents’ perceptions of physical environmental influences on
SB and PA within the home space. The findings suggest that larger indoor spaces
are mainly used for sedentary pursuits and the size of the garden/yard influenced
children’s activity levels. Furthermore, parental perception of dangers associated
with outdoor play including fear of strangers, cars passing and injuries from
climbing and running resulting in an increase in SB for their children. Playing
outside was positively associated with owning a dog or having tree to climb in the
family garden/yard. The study highlighted the continuous change of the family
home environment based on parents’ and child preference and priorities, which
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are not always rooted on encouraging healthy behaviours. The question arising
here is whether raising awareness on the long-term detrimental effects of SB
would change preferences and priorities in such a way, which would foster
healthy behaviours. Again, further work is required to explore the effectiveness
the educational component in SB interventions.

Another qualitative study exploring the family environment in relation to SB
(Granich et al., 2010) found children were more likely to choose SB over PA if
they had small outdoor play space at home, or none at all. The study reported
that 35% of the participants (19/54) had TV sets in their bedroom. Surprisingly,
parents’ main concern in relation to this was about children refusing to go to bed
when instructed and being late for school in the morning, not that this may
influence their child’s SB. Therefore, it appears that although parents might pick
up on some of the detrimental effects of SB, they miss out on the more serious
risks of such behaviour. Taking into consideration the studies which have found
an association between excessive screen time, tiredness and choice of SB
(Adachi-Mejia et al., 2007; Rideout, Foehr and Roberts, 2010; Sisson et al., 2010)
it is evident that having a TV in the bedroom is an important contributing factor to
SB and, therefore, has negative health and academic outcomes. However, the
association between bedroom media and SB in children is complex. Some crosssectional studies show that only modifying bedroom media would not be sufficient
for making significant changes to total sedentary time (Granich et al., 2010; Atkin,
Corder and Sluijs, 2013) A study looking at changes in bedroom media and
sedentary time over a four years’ period (age at baseline nine years old), found
that although bedroom TV viewing decreases, there was an increase in the
number of computers in bedrooms. This resulted in an increase in overall screen
time (p<0.001). However, the relationship with total sedentary time was unclear.
A more recent study exploring associations between active home equipment,
SES, bedroom media, self-reported screen time and Actigraph measured
physical activity in 9-11 year old Australian children (n=528), identified that the
presence of TV’s, video games in children’s bedroom and possession handheld
video games, mobile phones and music devices was significantly associated with
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higher level of screen time and lower level of MVPA (Dumuid et al., 2016). The
study identified that owning a bicycle was significantly associated with higher
MVPA but that SES was not associated with owning active equipment. The above
studies also highlight interconnectedness between various contributors on overall
SB, hence interventions attempting to modify total sedentary time might require
addressing several correlates rather than only one at a time.

Several studies investigated and compared SB in children living in rural, urban or
on the outskirt of an urban area (Bathrellou et al., 2007; Smith et al., 2010; King
et al., 2011; Hume et al., 2012). From these studies, the evidence appears to be
inconclusive as to whether a certain area would have a protective effect against
sedentary behaviour. For example, a study on 373 children between 5-12 years
old reported that children in rural areas were more active than children in urban
areas and met screen time recommendations (Hume et al., 2012). This was
thought to relate to poorer access to screen based technologies. However, other
studies (Ham et al. 2013; Smith et al. 2010) concluded that urban children, who
accessed facilities, including walking to school, tended to be more active than
children who lived on the outskirts of a city as they tended to rely on private or
public transport even for going to a shop. The inconclusive aspect of these
findings is further complicated by the agreed boundaries of what constitutes the
outskirts of the city and what constitutes country side.

Community level
Regarding the community’s impacts on children‘s SB and PA, the evidence is
inconclusive. One study showed that children who live in areas with higher crime
tend to spend more time indoors, playing computer games and therefore have
higher sedentary times. An U.S. study conducted by Brown et al. (2008), with
sedentary time data collected on recall in a sample size of 7907 children aged 910-year, showed the impact of overall crime for boys and girls was similar for total
SB. However, there were differences in the SB activities that boys and girls
engaged in. For the total sample, crime appeared to contribute to increase in SB.
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For example, an area with high sex offenders per capita was associated with
increased video gaming (IRR 2.558, 95% CI 1.177 to 5.560). The magnitude of
this association was large, especially for boys: one percentage increase in per
capita sex offenders was associated with an increase of 1.7 hours of video game
playing per day. For girls, crime was not associated with video gaming. For girls,
sex offender per capita was protective against computer use (IRR 0.394, 95% CI
1.0001 to 1.104). Contrary to these findings, Butte et al. (2014), who researched
Latino children (Butte et al., 2014) in a much smaller sample size of similar age
compared to Brown et al.’s (2008) study, found that neighbourhood disorder and
neighbourhood victimisation were not significantly predictive of children’s SB
(p=0.10).

Living in the vicinity of parks or woodland spaces tended to increase physical
activity and reduce sedentary times (Epstein et al., 2006). Recent evidence on
this topic has grown and highlighted increased odds of choosing PA, enjoyment
of PA reduction of TV viewing for boys (Sanders et al., 2015).Research has also
identified a preference for undeveloped green space and association with PA
(Janssen and Rosu, 2015).

A recent systematic review (Parajára et al., 2019) exploring the relationship
between neighbourhood characteristics in 10 to 19 year olds adolescents found
factors such as insecurity during day time hours, crime incidence, physical and
social disorders, high SES and time spent with peers to be associated with higher
SB. In addition, factors such as an environment favourable for PA, as well as high
residential density, to be associated with lower SB.

Public policy
Finally, at the public policy level, the school approach and school policy were
aspects which influenced SB and PA in children.

42

A recent systematic review (Singh et al., 2017) examining the impact of school
policies on non-communicable disease risk factors which included articles (n=27)
between 1990 to 2014, highlighted important school policy interventions (n=10)
aimed at promoting healthy movement behaviours in 6 to 18 year old children
and adolescents. The policies included: modifications to learning landscape,
moderate intensity physical activity delivered as part of academic learning,
physical activity education, training for PE teachers and lesson plans for PE, to
name a few.

The density of the school playground was evidenced to impact on SB in one
Belgian study (Van Cauwenberghe et al., 2012) where an increase in the
playground space/child from 7.4m to 16.7m resulted in a reduction of 5.1% in
sedentary time. The reduction of sedentary time (-54.1 minutes) as a result of
major school playground reconstruction was also observed in a recent study
which included 347 primary school age children in deprived inner city London
schools (Hamer et al., 2017). The results of this mixed methods study showed
limited effects on PA, no changes in MVPA but a promising increase in LPA
(+48.9 minutes) especially for younger children. It is unclear about the
sustainability of these results beyond one year, when the follow up data was
collected.
Aspects related to school approach have been identified also in studies carried
out in the US, Canada, Czech Republic and China. The studies showed that the
presence of the after-school activity programmes increased PA and reduced SB
(He et al., 2009; Galvez et al., 2013) and planning of PA during school breaks
was the most important aspect in reducing SB and increasing PA (Rosenkranz et
al., 2011). A study conducted in Czech Republic (Sigmund et al., 2014) identified
that participation in the PE lessons was key to children achieving PA
recommended guidelines. Finally, a Canadian study (He et al., 2011), identified
that although teachers had concerns about pupils’ screen time, they did not feel
it was their role to address screen time.
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Despite national policies and audits targeting the reduction of differences
between the quality of schools, differences still persist (Sharples et al., 2011;
Department for Education, 2014). Reports on school approaches to modify
sedentary time and child engagement in PA are emerging in the existing
literature. Canada has published the “Moving ahead” report (Spence and Dinh,
2015) on cost effective program characteristics which might be adopted by
schools in an attempt to reduce SB and physical inactivity.

The delivery of PE classes and break time appear to be two important time
periods that may contribute to a reduction in sedentary time during school hours
(Pollard et al., 2012; Sigmund, Sigmundová, Hamrik and Gecková, 2014).

After school programmes might have the potential of reducing sedentary time,
however it is unclear whether children compensate for it in other periods of the
day. An US study (Beck et al., 2016) investigating in-school versus out-of-school
SB in a sample of 206 , 9-11 year old children found that children had significantly
more SB in the out-of-school and at the weekend time periods compared to
weekdays. Based on a cut off level of >360 min of daily SB and at least 60
minutes of daily MVPA, the majority (63%) of children were classified as
sedentary and active. Study recommendations included interventions during the
out-of-school hours and at the weekend when the whole family can be engaged.
Results from the UK Ofstead report ‘Beyond 2012-outstanding physical education
for all’ (2013) highlighted concerns for a lack of PA among pupils and proposed
changes to existing practices (Ofstead, 2013). Aligned with the Ofsted proposals
a revised National Curriculum was introduced the following year (2014). The
recent School Sport Report (Foster, 2017) outlines promising improvement to the
delivery of sport and PE among school children which are expected to improve
PA and SB.

To summarize, school approaches and policy are factors that can contribute to
the increases or decrease in SB through school environment, the quality of PE
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lessons, teachers’ training and use of break time. Ways of turning these into
assets for a reduction in SB are extremely valuable since children spend a large
amount of the weekly hours in school.
The importance of further research on the topic of SB is therefore strengthened
by the existing evidence of the damaging impact on physical and mental health,
including child development, with poor health outcomes for later life (Biddle et al.,
2010; Tremblay, LeBlanc, et al., 2011; LeBlanc et al., 2012; Santos et al., 2014)
and also by valid proposals from researchers in the field, to further examine SB
and what is known about its outcomes (Biddle et al., 2004; Owen et al., 2010;
Collings, 2014).

Current sedentary behaviour guidelines
The implementation of health policy to reduce SB and increase PA can be a
powerful method of encouraging healthy lifestyles and reducing adverse health
outcomes since it works at a population level (World Health Organization, 2018).
Many countries have devised guidelines to reduce SB, but taking these to the
policy level may be a lengthy process since it is not yet clear which levels of SB
or which compositions of movement behaviours are health enhancing.

Canada is the first country to have published guidelines for SB. This was followed
by guidelines and recommendations by other developed countries such as the
U.S, Australia and the UK. The current guidelines provided by the Canadian
Society of Exercise and Physiology (CSEP) for children between 5-11-year-old,
present an integrated set of guidelines which acknowledge the 24-h movement
continuum and recommend limiting screen time to no more than two hours a day;
it also advises to limit sedentary transport, extended sitting and indoor play
(Tremblay, Carson and Chaput, 2016). The Canadian Sedentary Behaviour
Guidelines (2017) advises against the use of screen time for children under two
years old. Screen time for 2-4 years olds should be limited to less than one hour.
However, compliance with guidelines has been identified as low, at 17.5%, with
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higher levels among children rather than youth (Roberts et al., 2017). Similar
recommendations were made by the American Academy of Paediatrics (AAP) for
children under four years olds. The AAP advised limiting recreational screen time
to no more than two hours per day and encouraged at least one hour of daily
MVPA for children aged 6-11 (Paediatrics, 2001; Paediatrics, 2003). More
recently, the US Department for Health and Human Services (2018) has issued
a detailed report advising on the types of PA that should be performed by children
on a weekly and daily basis, including aerobic activity, bone and muscle
strengthening. However, it is unclear when sustainable changes will be observed
at a population level; a decline in PA and an increase in SB continues to be
observed in US children (Schwarzfischer et al., 2019).
In the UK, SB was first mentioned in the 2010 Guidelines as a result of the
research conducted by Biddle et al. (Biddle, 2010). The Sedentary Behaviour and
Obesity Report (Department of Health, 2010) emphasised the importance of
minimising the amount of time spent in SB. The 2010 Guidelines for Sedentary
Behaviour advises on the risks of SB, but falls short of recommending a maximum
threshold of screen time or total sedentary time. Although SB was only recently
present in reports and guidelines, PA guidelines were introduced at a much
earlier time. The Department of Health (DH) published the first guidelines on PA
in 1998, followed by 2004, and 2010. More recent documents, (Department of
Health, 2011; Department of Health & Social Care, 2016) recommend daily
moderate to vigorous PA of at least 60 minutes for children and young people
between 5-18 year olds. Age specific recommendations are also presented for
other age groups from under 5’s to 65+. Within the UK, Early Years and
Foundation Stage (EYFC) level guidelines focus on developing outdoor learning.
The EYFC Curriculum, statutory in 2008 continues to be updated (Department of
Education, 2017) and places strong emphasis on the value of daily outdoor
experiences for children’s learning and overall development. Despite not being
specifically aimed at reducing SB, this is a very good example of how policy can
contribute to reducing SB, since spending time outdoors is correlated with
reduced SB and increased PA (Pulsford et al., 2013).
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The British Heart Foundation (2015) has provided statistics on sedentary time for
children and adults based on data from 2012 and advised on reduction of SB
across all ages. Although the data in Figure 1-7 is based on Health Surveys from
2012 (BHF, NCPA and Loughborough University, 2015) it provides insightful
information about SB in children, highlighting that sex, age and socioeconomic
differences exist during week days and that SB is higher at the weekend
compared to week days . In addition, the survey demonstrates a trend for high
SB with higher deprivation; girls are less sedentary than boys at all levels of
deprivation except for the lowest level, where they are more sedentary than boys.
The data however does not offer information or specific advice on ethnic
differences or on school term and school holiday SB.

Figure 1-7: Average sedentary time in children, by household

A limitation to the Health Survey data (2012) is that it is based on parent reported
SB.

As identified in many studies (Biddle et al., 2010; Janssen et al., 2016; Jago, et
al., 2018) there is a positive correlation between age and SB. Figure 1-8 shows
an increase in the total sedentary time in boys and girls as they grow older. There
is an increase in the total sedentary time at the weekend compared to the
weekdays and that this is the case for both boys and girls. The percentage of
children who spend six or more hours of their time being sedentary during the
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week increases at the weekend across all age groups from 2-15 years old for
boys and girls.

Figure 1-8: Total sedentary time in children, by age and gender.

Updated information on SB and inactivity was published recently but only on adult
population, highlight that approximately 78 days of the year are spent sitting and
the annual cost of healthcare due to inactivity is approximately 1.2 billion (BHF,
2017).
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On an international level, there has been a growing political movement to
increase PA and reduce SB. For example, SB has been acknowledged in several
ministerial documents with specific targets and action planning, for example the
Vienna Declaration (Health Organization and Office for Europe, 2013), and the
European Non-Communicable Disease Strategy 2012-2014 (WHO, 2014).
Health policy related to SB and PA, although at a lower level has also been
identified in some African states and the Eastern Mediterranean region despite
lower PA compared to western world (World Health Organization, 2014).
However, the scarcity of SB research and policy in these regions has been
flagged by WHO, calling further exploration in this area (WHO, 2013). More
recently, a cut off of nine hours of total SB time has been proposed for adults
based on a regression meta-analysis involving one million adults (Ku et al., 2018).
Although the proposal has not been agreed in any existing guidelines, it is likely
that cut-off times for total SB might soon emerge in child populations. Guidelines
updates are currently being developed in the UK with the draft proposal published
in 2018 (Cooper et al., 2018). The guidelines related to SB now include the
breaking of prolonged sitting with PA breaks, as well as a reduction of a total
sedentary time; this is a new addition that recognizes the importance of breaks
in sitting and not only total SB.
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Ethnic differences in sedentary behaviour preliminary
research within Born in Bradford
‘Born in Bradford’ study contributes to improving the health of children by
investigating SB in children of different ages and ethnicities and by designing
interventions to reduce the SB and increase PA, among other aims. Figure 1-9
shows an initial analysis of screen time for infants aged 6-40 months, in relation
to ethnicity which was presented at the International Conference for Behavioural
Nutrition and Physical Activity (Edinburgh, 2015). The data is based on a Born in
Bradford subsample, BIB1000, collating the screen time of over 1200 infants. The
figure shows that infants whose mothers are of Pakistani ethnicity had the highest
screen time when compared with infants of White British mothers or other
ethnicities. Infants who have Pakistani mothers engaged in statistically significant
(0.23 hrs/day) more screen time compared with infants of British mothers.
BIB1000 data analysis also showed that the amount of screen time in which the
infant engaged in increased with age.

Figure 1-9: Scatter plot showing the relationship between ethnicity and screen
time by ethnic group.
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The recently published BIB1000 data showed a correlation worth investigating in
other age groups. The data did not offer contextual information on the barriers
and facilitators of SB in this group of children, which therefore warranted further
exploration (Barber et al., 2017). Earlier in this chapter, various studies’ findings
identified poorer health outcomes and lower life expectancy for the South Asian
population when compared with their White British counterparts (section 1.2.1,
pages 1 and 2). The results of these studies and findings from the Born in
Bradford studies, have contributed to forming a hypothesis that SB is higher for
South Asian compared to White British primary school aged children. A similar
expectation exists for lower levels of PA in the case of South Asian children, when
compared to White British children. Some authors have explained the poorer
health outcomes based on lower education and lower socioeconomic status for
a high percentage of individuals among the South Asian population, but have not
necessarily explored the contribution of language, religion or culture (Mather,
Chaturvedi and Fuller, 1998; Bhopal et al., 2002; Whincup et al., 2002). Taking
into consideration, for example religion, it could be argued that many South Asian
children, the majority of Islamic religion, would spend more time sitting in religious
settings on a nearly daily basis after school time, contributing to differences in SB
and PA between South Asian and White British children. Religion has been
identified as a reoccurring factor in contributing to reduced PA and increased SB
in ethnic minority children across Europe (Langøien et al., 2017). A recent
systematic review (Langøien et al., 2017) carried out by DEDIPAC highlighted a
list of clustered factors influencing PA and SB in Black, Asian and Minority Ethnic
(BAME)

populations,

such

as

socio-cultural

environment,

institutional

environment, physical environment, psychosocial, migration context and social
and material resources. The review identified that religion and culture were reoccurring and overlapping factors in several clusters. An interesting factor
identified in the systematic review was that none of the included studies
evaluated SB alone. The majority of the studies included in the review focused
on PA (n=58) and the rest (n=5) focused on both PA and SB. Our understanding
of the impact of SB is likely to be limited since limited amount of studies focus on
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exploring the topic. More studies should therefore aim to understand the impact
of SB, patterns and influencing factors so it can be more effectively addressed.

The BIB1000 data analysis and previous research with pre-school children in BIB
contributed to the overall aims and objectives of the current study. The BIB project
researches SB and PA with infants, pre-schoolers and primary school age
children, 9-10 years old, but not yet with younger primary school age children, 6to-8 years old. Therefore, further research is needed to explore SB also in this
age group. Given the demographic composition of Bradford population with a
high percentage of South Asian population, ethnicity within SB also requires
further exploration.

Overall study aim and justification
The proposed study, therefore aims to investigate primarily ethnic differences in
SB among primary school age children of White British and South Asian ethnicity.
These differences refer to the total amount of SB, patterns of SB and barriers and
facilitators to reducing SB. Since SB, occurs in a context of various intensities of
PA, the thesis will also investigate PA though to a slightly lesser extent than SB.

The use of combined methods which includes inclinometry, accelerometry, focus
groups and interviews in this thesis, is expected to provide a clearer and deeper
understanding of ethnic differences in SB in the context of other movement
behaviours (LPA and MVPA). Although many correlates and determinants of SB
are important, ethnicity has been selected as a focus of enquiry since it
represents a prominent feature of the Bradford population and little research has
been undertaken among BAME children, specifically South Asian children. It is
well known that the South Asian population has a higher risk of cardio-vascular
disease (Bhopal et al., 1999; Gholap et al., 2011; Santos et al., 2018) and since
SB is a contributing factor, further research on the impact of ethnicity on SB needs
to be undertaken so that effective interventions can be tailored to the needs of
BAME groups. To date no European studies have looked at SB and PA during
52

the school holidays via objective measures. This is an important period when
parents might allocate time to implement changes or to support children to
acquire skills and develop habits.

The Health Survey of England (2012) (Figure 1-8) data shows higher levels of SB
at the weekend and therefore, it is likely that SB during school holidays may also
be high because of the unstructured time. Children spend over 25% of the year
out of school. Investigating what happens during 25 % of a whole year in regards
to SB should not be overlooked as a reduction in SB needs to be achieved and
incorporated throughout the year. Studies with a focus on obesity have
demonstrated and increase in obesogenic behaviours during school holidays in
5-to-9 year old children (Brazendale et al., 2017; Weaver et al., 2018) and have
highlighted this important gap in the literature that needs to be addressed.

The proposed thesis will focus on primary school children. From a developmental
point of view, this is a time period when children are exposed to different
influences (parents, educational staff, and peers) that can contribute to changing
habits before they become more resistant to change. Older children might be less
influenced by parents. The development of skill mastery in many areas is
important for this group age therefore, the implementation of healthy behaviour
is likely to have lasting effect.

To address the aim of the thesis, specific research questions have been
formulated and outlined in the next section.
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Research questions
Following the review of the literature and preliminary research from Born
in Bradford, the aim of the thesis is to investigate ethnic differences in
movement behaviours (main focus on SB) among White British and South
Asian primary school age children during school terms and school holidays
via the following research questions:
1) What are the ethnic differences in levels and patterns of device measured
movement behaviours (via inclinometer and accelerometer) among 6-to8-year-old White British and South Asian children during school terms and
school holidays?
2) What are White British and South Asian parents’, teachers’ and children’s
perceptions of SB?
3) What are the barriers and facilitators to modifying SB in 6-to-8-year old
White British and South Asian children?
4) What are the most relevant components required for a movement
behaviour intervention for 6- to-8- year old children?
5) What are the ethnic differences in accelerometer measured movement
behaviours in 8-to-11-year old children?
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Chapter Two
2 Research Paradigm
Background
The chapter provides an overview of the research paradigm that informs the
methods used in the data collection activities for the studies in this thesis.

Thomas Kuhn (Kuhn, 1962) defined the research paradigm as a shared way of
thinking by a community of scientists, which guides how the problems are
addressed. The shared way of thinking is based on certain philosophical
assumptions which are neither proven nor provable. The philosophical
assumptions that are of interest relate to ontology and epistemology and are
essential for the conduct of any scientific research (Frankfort-Nachmias and
Nachmias, 1996; Somekh and Lewin, 2005), because they clarify why research
has been done in a particular way or why one form of knowledge is generated.
Ontology refers to the nature of knowledge and seeks clarification of what is
known and what the researcher believes the knowledge or reality to be. Ontology
relates to whether there is one or multiple, socially constructed realities.
Epistemology, the study of the foundation of knowledge (Frankfort-Nachmias and
Nachmias, 1996) poses questions around ways of knowing reality, the sources
of truth and how reliable these sources are.

Pragmatism
The research presented in this thesis adopts a pragmatist paradigm which argues
that there are many ways of seeing, hearing and understanding the world. In
undertaking research into SB and PA, I acknowledge the ontological perspective
that there are different perceptions, knowledge and practices relating to SB and
PA; there are multiple socially constructed realities. For example, the way in
which children accumulate SB and the reasons for engaging SB can vary. Within
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pragmatism, ontology needs to be placed within relevant contexts: political,
cultural or historical to understand the different meaning of the knowledge (Plano
Clark and Creswell, 2008). This leads the shared idea about pragmatism, that
actions cannot be separated from the situation in which they occur, therefore
reality is socially constructed (Morgan, 2014). With regard to epistemology,
pragmatism argues that knowledge is based on the individuals’ experience, but
although people don’t have identical experiences there are varying degrees of
shared experiences and shared beliefs. Therefore, within pragmatism the
worldview is unique at a detailed level (individual) and shared at a broader level
(Morgan, 2014).

Pragmatism has been described as: i) a fusion of approaches searching for
common ground and compatibility between the ‘old’ philosophies of research
(e.g. Datta, 1994; Maxcy, 2003; Tashakkori & Teddlie, 1998, 2009); ii) a ‘third
alternative’ open to health and social researchers if they decide that neither
quantitative nor qualitative research alone will provide adequate findings
(Johnson, Onwuegbuzie and Turner, 2007; Teddlie and Tashakkori, 2009) and
iii) a new orthodoxy built on the belief that not only is it permissible to mix methods
but it is also desirable to do so because good social research will almost inevitably
require the use of both quantitative and qualitative research in order to provide
an adequate answer (Greene, Caracelli and Graham, 1989; Bliss, Rocco and
Gallagher, 2003; Greene, 2006). A criticism of the approach is that it implies a
certain lack of principles underlying a course of action. However, this can be
minimised by following a system of explicit rules and standards to gain knowledge
which will be discussed in the next section.

Methodology and broad methods
To address the broad research question formulated in chapter one: ‘What are the
ethnic differences in SB and PA among White British and South Asian primary
school age children, the study will use a mixed methods approach.
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Mixed method research is described by Creswell (Creswell, 2014) as an”
approach involving collecting both qualitative and quantitative data, integrating
the two forms of data ” (Creswell, p.4, 2014).The process described is used in a
single study or a longitudinal program of inquiry.
The main criticism against mixed methods research is that it is “doing away with
indeterminacy and moving forward with incontestability and representativeness
of as accurate as reality as possible although in reality it espouses finding a
middle way” (Freshwater 2007, p137), meaning that the rigour of research might
not be as stringent as for other methodologies (Freshwater, 2007). However,
mixed methodologies are concerned with the procedures used to collect the data
and it follows a system of rules upon which research is based.

Sale et al. (Sale, Lohfeld and Brazil, 2002) argues that mixing quantitative and
qualitative methods is appropriate because both methods have a unified logic
and goal of understanding the world. The issue of practical incompatibility is
therefore eliminated through seeking complementarity within mixed methods.
Sale et al values the usefulness of mixed methods research in researching
complex phenomena that requires data from different perspectives.

A core assumption of mixed methods research is that it is likely to provide
superior research findings and outcomes, as integration of both qualitative and
quantitative research approaches permits a more complete and synergistic
utilization of data than using qualitative or quantitative approaches alone
(Johnson, Onwuegbuzie and Turner, 2007; Wisdom and Creswell, 2013).

Previous research, discussed in chapter 1 (section 1.6 pages 30-31) made
reference to the complexity of SB arising from the interplay between multiple
determinants of the behaviour. Subsequently, researchers in the field of SB and
PA proposed using mixed methods approaches to researching SB and PA to gain
a more clarity of the problem (Chastin et al., 2016). It is hoped that a mixed
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methods approach might provide answers posed by intervention developers
aiming to reduce SB and increase PA.

As the focus of the study is on exploring ethnic differences in SB and PA among
primary school age children quantitative and qualitative data will be mixed for a
more complete understanding of SB and PA. The focus of interested is finding
out what the quantitative data might show about levels and patterns of device
measured SB among White British and South Asian children. In an attempt to
unpick the complexity of SB and understand how SB is accumulated the study
will use inclinometers (described in chapter 1, section 1.4.2.2 page 21) to record
SB. Since SB is closely related to PA and within a movement continuum of SB light PA (LPA) - moderate PA (MPA) - vigorous PA (VPA), a secondary focus of
the study will be to investigate the context of other movement behaviours in which
SB takes place and for this reason the study will use accelerometers (described
in chapter 1, section 1.4.2.2. pages 17-20) to gather objective PA data of various
intensities.

There is also an interest in the context in which SB takes place, the reasons for
engagement in SB and the barriers and facilitators to reducing SB among White
British and South Asian children. By using this approach, the qualitative data
might provide explanations to the findings of the quantitative data. Therefore, a
convergent parallel mixed method design has been chosen for the study as it was
deemed the most suitable “line of action” for the purpose of the enquiry. In the
convergent parallel design the quantitative and qualitative data is collected
roughly at the same time and data is merged and integrated in the interpretation
of the overall results (Creswell and Plano Clark, 2007).The terms parallel and
convergent can appear contradictory and terms such us parallel integrated
design might be more suited, however, the “parallel” description refers to data
quantitative and qualitative being collected at the same time and the convergence
term refers to the results, the content of the data being brought together to a more
stable point.
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The choice for the parallel convergent design was made “to obtain different but
complementary data on the same topic” (Morse, 1991, p.122). The two different
perspectives are not brought in with the purpose of validity convergence, but
rather to enhance the understanding of study results (Morse and Niehaus, 2016).

Mixed methods designs are important for developing complex interventions in
health care due to the comprehensiveness and increased confidence in findings.
Hesse- Bieber advocated for the use on mixed methods as an opportunity to
hearing the voices of disempowered groups in society (Hesse-Biber, 2012;
Hesse-Biber and Johnson, 2013). In the present study, I am interested in
understanding the SB perceptions adults (parents and teachers) and children
from two ethnic groups: South Asian and White British. The Medical Research
Council (MRC) framework for developing complex interventions (Medical
Research Council, 2006; Craig et al., 2008; Craig et al., 2010) advised that a
good understanding of the context in which the intervention will take place is
needed; it has advised that interventions should include individuals who are
disadvantaged. The MRC framework is an iterative stage-based approach that
starts with defining and understanding the problem and the context, followed by
the development of an intervention and evaluation.

MRC (2006) advised on the importance of using relevant theory to increase the
effectiveness of the intervention. The use of theory is not only important at a stage
of intervention implementation, but at earlier stages when developing a
theoretical understanding of the problem. In line with MRC recommendations, the
thesis has considered behaviour change theory at the exploratory stage and in
developing the focus group interview questions. In this way, the findings of the
study will be more relevant to intervention designers aiming to reduce SB.

The next section will discuss behaviour change theory and its applicability to
exploring SB.
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Behaviour Change Theory
Most public health interventions aim to modify or replace unhealthy behaviours
with healthy ones and the success of these interventions can be partly owed to
the application of psychological theory (Jepson et al., 2010).SB, as many other
behaviours, is a result of a combination of biological, psychological, social, and
environmental factors (Bauman et al., 2012) of which some are modifiable, but
not all. To understand which and how these factors can be modified, it is essential
to incorporate behaviour change theory in the research design starting with the
investigation into the behaviour.

Behaviour change theory is a key requirement in trying to understand a behaviour
within its context and attempting to make changes related to a particular
behaviour (Michie et al., 2005). It is focused on understanding why behaviours
are as they are and what needs to be modified for the desired change to occur.
There are three different kinds of behaviour change according to Michie et al.
(2005). Although no study has explicitly identified the applicability of the three
behaviours to SB, they might look as it follows: initiating a new behaviour
(initiating PA), stopping an existing behaviour (reducing SB) or changing how the
behaviour is performed (changing the pattern of SB, accumulating SB in short
bouts instead of prolonged ones).

Behaviour change theory proposes change at three levels: population level
(government), community level (schools, organisations) and individual level
(child) (National Institute for Health and Clinical Excellence, 2007). A plethora of
behaviour change models have been used in health to understand behaviours
and design interventions and they include: self-regulatory/common sense model;
theory of planned behaviour (Ajzen, 1991) which evolved from the theory of
reasoned action (Fishbein, M., and Ajzen, 1975); health belief model (Hochbaum,
Rosenstock and Kegels, 1952; Rosenstock, 1966; Rosenstock, Strecher and
Becker, 1988); social learning theory (Bandura, 1977) and transtheoretical model
(Prochaska and Velicer, 1997; Prochaska, 2013).
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In a study of mapping various correlates of PA to various behavioural theories
and models, Bauman et al (2002) the identified variable were supported by the
Health belief model, the transtheoretical model , the theory of planned behaviour
and the social cognitive theory (Bauman et al., 2002; Glanz, Rimer and
Viswanath, 2015) However, Bauman et al. ( 2002) found that a large number of
the variables were not associated with a theory and that as a consequence this
might contribute to an inadequate understanding of the behaviour. Therefore,
Bauman et al. (2002) suggest that the development of new theories might be
needed.

On a similar topic, (Michie et al., 2014) criticised the existing models for a high
overlap between them and only explaining some aspects of behaviour change.
They suggest that a comprehensive and better structured model or framework is
necessary, firstly to understand the behaviour and, secondly, to specifically
identify what changes are required to take place. The Capability Opportunity
Motivation Behaviour change (COM-B) model and the Theoretical Domains
Framework (TDF) appear to offer a clearer structure in understanding the
behaviour and the specific the aspects requiring change.

Capability Opportunity Motivation Behaviour (COM-B) model
The Capability Opportunity Motivation-Behaviour (COM-B) change model
developed by Michie et al. (Michie et al., 2005, 2014; Michie, van Stralen and
West, 2011) addresses the lack of integration of the agents of behaviour change
which other models were criticised for. The application of COM-B model to
understanding behaviour in context, sees the source of behaviour at the centre
of the model and as the interaction between the “capability” (physical and
psychological) to perform the behaviour, “motivation” (reflective and automatic)
and “opportunity” (physical and social) to do the behaviour as illustrated in Figure
2-1.
Within the UK, several studies have used the COM-B model to good effect. For
example, in the development of an intervention to improve hearing-aid use
61

(Barker et al., 2016; Barker, Atkins and de Lusignan, 2016) or as a smartphone
application for parents of obese children (Curtis, Lahiri and Brown, 2015); to
promote recycling behaviour (Gainforth et al., 2016), to reduce the rates of MRSA
bacteria and clostridium difficile bacteria through the increasing hand hygiene
(Stone et al., 2012; Fuller et al., 2014); to increase uptake and attendance to NHS
Stop Smoking Service (Fulton et al., 2016); to increase public preferences for
vaccination and antiviral medicines for pandemic flu (Jackson et al., 2014; Michie,
Atkins and West, 2014). In terms of SB, the use of COM-B model has been used
in research attempting to reduce sitting time among office based NHS staff
(O’Connell et al., 2015). However, to our knowledge, no published studies in the
area of childhood SB have used the COM-B model. The three components of the
COM-B have been described by Michie et al. (Michie et al., 2005) and are
applicable to various behaviours. The application of the COM-B model
components childhood SB, might be understood as it follows:

Capability
People may lack the physical skill or knowledge about how to change SB. They
may lack awareness of the risks associated with SB or they might underestimate
the level of their sedentariness. They might not have the confidence to see
themselves going through a change of their behaviour. As capability is both
physical and psychological, it can be affected by cognitive impairment in memory
or executive function (Michie, Stefanie Ashford, et al., 2011; Michie, van Stralen,
et al., 2011; Michie et al., 2014).

Opportunity
Opportunity can be distinguished between physical and social. It refers to the
physical resource such as time, money, buildings but also the social opportunity
for support, opportunity to take part or be included. It poses the question of time,
money and materials accessibility in order to reduce SB. If SB is competing with
PA (LPA, MPA or VPA), individuals will require the time and place for PA in their
day. Individual circumstances are different and so are the opportunities. In
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clarifying what the opportunities are, the researcher might explore whether
triggers to prompt change exist for a particular group or whether there is support
from others. Mitchie et al., demonstrate the link between opportunity and
motivation and states that increasing opportunity can increase motivation (Michie,
Hyder, et al., 2011; Michie, Ashford, et al., 2011; Michie, Stefanie Ashford, et al.,
2011; Michie et al., 2014).

Motivation
The COM-B model takes into consideration people’s beliefs about the
consequences of change in SB and the fact that the desirability of change can be
a strong influencing factor in engaging in the process. Individuals may consider
whether it is worth making the change. Michie and Johnson (Michie and
Johnston, 2012) addressed the two types of motivation: reflective motivation,
consisting of intention, optimism, social roles and identity and automatic
motivation which consists of reinforcement and emotion (Michie, Stefanie
Ashford, et al., 2011).

Figure 2-1: COM-B Model
Based on the existing research which has used the COM-B model to explore
promotion of various healthy behaviours (Michie, Churchill and West, 2011;
Barker et al., 2016; Atkins et al., 2017), the COM-B model appears to be a
suitable tool to explore the behavioural components of SB that require change. It
has the potential to generate the understanding required for designing
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interventions aimed at reducing SB in primary school age children in Bradford
area.

Theoretical domains framework (TDF)
Michie et al. (Michie et al., 2014) view the TDF as a variant of the COM-B model
which divides the capability, opportunity and motivation into 14 specific domains.
Initially developed with 12 domains (Table 2-1)(Michie et al., 2005; Cane,
O’Connor and Michie, 2012) it uses a consensus approach generated as a results
of a collaboration of three groups of experts including psychologists, health care
professionals and health services researchers; the TDF is based on 33 theories
and 128 constructs. The selection of the COM-B model and the TDF in
combination allows the identification of explicit aspects within the capability,
opportunity, motivation components that need to be modified in order to facilitate
behaviour change. Among the several advantages of the TDF is the
comprehensive set of constructs to help capture the range of mechanisms that
may be playing a part in behaviour or behaviour change, such as those that are
internal (psychological) as well as external influences (environment), presenting
an important step forward in moving towards an explanation of behaviour. By
bringing together researchers and practitioners, it provides access to the vast
knowledge base of these experts and includes the perspective of those dealing
with the behaviour on a daily basis; this adds further validity and authenticity to
the domains elicited. The interview guides for the focus groups and interviews
are based on the TDF (Michie, Ashford, et al., 2011; Cane, O’Connor and Michie,
2012). The research presented in this thesis is the first to our knowledge to use
the TDF in understanding SB from the children’s or parents’ perspective. A recent
Canadian study (Weatherson et al., 2017) investigating teachers perceptions
about the implementation of PA guidelines in schools is based on the TDF, while
another study protocol in the UK outlines plans to evaluate a SB intervention in
children (Clemes et al., 2018) and use the TDF to analyse focus group data to
inform further trial development on reducing SB in children. Results from the
study have not yet been published.
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Table 2-1: TDF progression from 2005 to 2012.
TDF 2005

TDF 2012

Knowledge
Knowledge
Skills
Skills
Social influences
Social influences
Memory, Attention and Decision Memory, Attention and Decision
processes
processes
Action plans
Behavioural regulation
Professional/Social Role & Identity
Professional/Social Role & Identity
Beliefs about Capabilities
Beliefs about Capabilities
Beliefs about Consequences
Beliefs about Consequences
Optimism
Motivation and goals
Intentions
Goals
Emotion
Emotion
Environmental Context and Resources Environmental Context and Resources
Nature of behaviour
Reinforcement
The advantages of the TDF are its specific and clear structure and its
multidisciplinary application. TDF allows the breakdown of capability, opportunity
and motivation into domains and can provide guidance, depth and clarity over
particular aspects of the enquiry within the topic of SB. The TDF can be used to
narrow down broader concepts to particular issues of behaviour. For example,
the domains skills and memory are part of the broader concept of capability while
knowledge and environmental resources are part of the broader concept of
opportunities. Narrowing down aspects of behaviour to specific domains allows
for a more accurate channelling in future intervention efforts.

However, TDF is not without its limitations. Atkins and colleagues have criticised
the TDF because it lacks formal guidance on implementation (Atkins et al., 2017)
which might result in differences in implementation and results. The framework
does not specify the relationships between the included theoretical constructs
and is therefore, not a substitution for a theory (Atkin et al., 2017). This means
that it should be used in conjunction with behaviour change theory. The TDF,
although re-validated in 2012 (Cane, O’Connor and Michie, 2012), continues to
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be under trial and further development. Despite the extensive and comprehensive
coverage of theoretical constructs, the TDF remains underused and perhaps still
in its infancy (Lawton et al., 2016). Without overlooking the given limitations, TDF
remains a useful tool in the study as it will explore the perceptions of those whose
behaviour might need to change; in this case the children whose SB was
measured but also parents and teachers who can have an impact on children’s
behaviour.

Following recommendations by the MRC (Craig, Dieppe, Macintyre and Michie,
2008) and calls for more theory-based interventions (Michie et al., 2008; Michie,
Bridle and Fund, 2008) the TDF will be employed in the qualitative part of the
research which will be presented in chapter four .

The TDF allows the mapping of behaviour change techniques to identified
framework domains (Michie, S Ashford, et al., 2011; Michie et al., 2013) through
the behaviour change wheel, which will be discussed in the next section.

The behaviour change wheel
The behaviour change wheel (BCW), presented in Figure 2-2 is a synthesis of 19
frameworks of behaviour change. It is linked to the COM-B and TDF and provides
intervention designers with a systematic ‘intervention mapping’ (Michie, van
Stralen and West, 2011).
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Figure 2-2: The behaviour change wheel.

The BCW comes with a behaviour change taxonomy which includes 16 groups
of behaviour change techniques totalling to 93 items of behaviour change
techniques, specific for the identified behaviours that need to change.

The use of BCW has its strengths and limitations. The contribution of 19
behaviour change frameworks is a strength as it has considered already existing
approaches which were merged in a coherent manner (Michie et al., 2014). It
offers a robust approach to intervention design because it proposes the use of
related tools such as COM-B and TDF to firstly understand behaviour. Michie et
al. (2011) report that none of the other 19 frameworks could be linked to an
overarching model of behaviour change. The TDF and the BCW have a
systematic approach to behaviour exploration and solution provision. The BCW
has specific labels and definitions of behaviour change techniques which are both
a strength in term of consistency of approach but also a limitation due to a certain
rigidity which comes with labels and definitions. However, French et al. (French
et al., 2012) argue that the framework should be iteratively adjusted to setting
and context.
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Whilst focusing on ethnic differences in SB among White British and South Asian
primary school age children, the results of the three research studies in the thesis
will be synthesised using BCW to generate movement behaviour intervention
components. This can be a possible future proposal for development and
continuity of the thesis. The BCW application process will be explained and
evidenced in more detail in chapter five.

Chapter one has outlined the background of the study and one of the more
prominent features of the Bradford area is that a high percentage of South Asian
population is socio-economically deprived. The socio-economic status construct
can be difficult to capture and studies have used various measures to define it.
The next section will discuss how Socio-economic status (SES) will be measured
in the studies within this thesis.

Other theoretical constructs
The measurement of socioeconomic status
Oakes and Rossi (Oakes and Rossi, 2003) view the socioeconomic status as a
construct that reflects access to collectively desired resources such as material
goods, education, money, power, friendship networks, healthcare and leisure
time.
An individuals’ SES is an important determinant of health status across the life
course and is correlated to lifestyle behaviours, including SB (Singh et al., 2008;
Stalsberg and Pedersen, 2010; O’Donoghue et al., 2018). This was evidenced in
Chapter one (section 1.6.2 pages 38-42), specifically related to the Bradford
population and more generally related to the wider population in a range of
studies (Cairney, 2000; Lindström, Hanson and Östergren, 2001). The SES is a
theoretical construct which often encompasses three core components: income,
education and occupation. The measurement of SES continues to be a
permanent debate and controversy among health and social care researchers
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and no agreed definition exists (Oakes and Rossi, 2003; Galobardes, Lynch and
Smith, 2007). It is perhaps for this reason that no justification has been given for
the choice of various SES components within the studies investigating SB
included in chapter one. For example, the included studies have derived the SES
from various measures such as the index of multiple deprivation, household
income alone or education alone, occupational classification alone or a mixture
of several components (Jackson et al., 2008; Drenowatz et al., 2010; Ham, Sung
and Kim, 2013; Jong et al., 2013). Other studies included receipt of benefits and
household tenancy status (Fairley et al., 2014). For child SES, the school area of
deprivation has been used and whether they are in receipt of free lunch. Oakes
and Rossi (Oakes and Rossi, 2003) view SES as a construct that reflects access
to collectively desired resources such as material goods, education, money,
power, friendship networks, healthcare and leisure time.

2.5.1.1 SES construct in the Born in Bradford study
Minimal primary data exists on models of the SES construct. One example of
primary data research was conducted by Fairley et al. (Fairley et al., 2014), who
derived such a model by using latent class analysis. Fairley et al. (2014)
combined several aspects of socioeconomic position into one measure, based
on a multi ethnic group from the Born in Bradford study. This model incorporated
both objective and subjective measures of SES and generated five levels in the
socioeconomic position. Although very comprehensive, data gathering based on
this model can be time consuming as it consists of 19 components (Table 2-2).
Generally, SES models are based on the three core components: education,
income and occupation but alternative measures of SES include a subjective
measure. The inclusion of subjective measures has been considered as
important as objective measures of SES by some researchers (Nazroo, 2003;
Demakakos et al., 2008).The most widely used subjective measure is based on
the ladder technique developed by Demakakos et al. (Demakakos et al., 2008).
In using the ladder technique, the participant is asked to identify their position on
a 10-step ladder, compared to the rest of the country and then compared to the
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their neighbourhood- step 1 meaning the lowest and step 10 meaning the highest.
It has been suggested that subjective or perceived SES can capture true social
economic situation more accurately as it takes into consideration context and
previous experiences. Also, since behaviour is triggered by perception, it is
believed that the perceived SES is a new type of identity which influences health
behaviour (Goodman et al., 2001, 2007). Therefore, the ladder technique will be
included in the measurement of the overall SES in one of the studies, as
presented in the demo graphic’s questionnaire.

Table 2-2: SES components used in Born in Bradford.

A meta-analysis undertaken by Sirin (Sirin, 2005), identified six types of
measures of the SES in the literature:

parental educational attainment (30

studies), parental occupational status (15 studies), family income (14 studies),
free or reduced-price lunch (10 studies), neighbourhood (6 studies), and home
resources (4 studies). A similar variation of SES measurement was identified in
studies evaluating associations between SB and SES (Jackson et al., 2008;
Drenowatz et al., 2010; Jong et al., 2013) . This suggests that there is no agreed
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standard of measuring SES and that the measurement of SES often needs to be
adapted to meet the features of the population it studies. A rationale for the choice
of the included components should, be provided to allow evaluation of such
constructs and a progression for better designs.

The National Centre for Education Statistics (NCES, 2012) defines student SES
as: “as one’s access to financial, social, cultural, and human capital resources.
Traditionally a student’s SES has included, as components, parental educational
attainment, parental occupational status, and household or family income, with
appropriate adjustment for household or family composition. An expanded SES
measure could include measures of additional household, neighbourhood, and
school resources”.

Based on the current evidence and definition of SES, the components that will be
used to derive the SES measure for the present thesis are based on the Born in
Bradford Baseline Better Start Questionnaire as it contains the three core SES
components and the SES subjective measure. The Better Start Questionnaire
has not yet been validated but has been developed in collaboration with a
Community Representative Advisory Groups which consists of community
presentative, local parents, leaders of local groups projects and charities and
local councillors (Bryant et al., 2013; Dickerson et al., 2016).

A points system will be used to generate one SES score for each child, which will
be stratified in quartiles: low, medium and high SES. The categories which will
be scored to generate SES are: family income, subjective SES, parents’
education and parents’ employment. The SES specific questions are part of the
demographics questionnaire and can be found in Appendix 1. It is a simplified
version of the BIB Baseline Better Start Questionnaire as items which were not
relevant to the present study, such as dietary habits and intake, were removed.

This thesis reports on three complementary studies relating to movement
behaviour, which includes SB and PA levels, with a focus on SB among primary
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school age children. Figure 2-3 offers an overall structure of current thesis with
individual study description.
Chapter 3
Study 1
Chapter 4

Chapter 2
Chapter 1
Introduction

Methodology

Study 2
Chapter 5
Towards a movement
behaviour intervention

Chapter 6
Study 3
Chapter 7
Summary and conclusion
Figure 2-3: Thesis structure.
Study one (in chapter 3) will address the research questions 1):” What are the
ethnic differences in levels and patterns in device measured movement
behaviours (inclinometer and accelerometer) among 6-to-8-year-old White British
and South Asian children during school terms and school holidays? “
The study investigates primarily SB, but also the wider context in which SB takes
place, by exploring PA levels in 6-to-8-year old White British and South Asian
children.

Considering that SB, the focus of the study, is within a movement continuum of
SB, light physical activity (LPA), moderate physical activity (MPA) and vigorous
physical activity (VPA) where behaviours are correlated, don’t occur in isolation
and are not in the same order, levels and pattern of various intensity of movement
behaviours will also be explored. Furthermore, PA levels are important when
identifying intervention components that aim to reduce SB, since the reduction of
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SB is likely to be managed through an increase in PA levels whether LPA, MPA
or VPA.

Study two (in chapter 4) draws from behaviour change theory and uses focus
groups and semi-structured interviews to understand children’s, parents’ and
teachers’ perceptions of SB and reasons for engaging in SB. It will to explore the
barriers and facilitators to reducing SB.

It aims to address two research questions:
2) What are White British and South Asian parents’, teachers’ and children’s
perceptions of SB?
3) What are the barriers and facilitators to modifying SB in 6-to-8-year old White
British and South Asian children?

Chapter 5 will synthesize the results of the two studies and extract meaningful
movement behaviour intervention components. The identification of the
intervention components will be based on the behaviour change wheel. The two
studies will contribute to addressing the last research question 4: “What are the
most relevant components for a movement behaviour intervention for 6-to-8
years old children?”
Study three (in chapter 6) will address research question 5: “What are the ethnic
differences in accelerometer measured movement behaviours in 8-to-11 years
old children?”
This study investigates various levels of intensity of movement behaviours, SB,
LPA and MVPA measured via accelerometry in a larger sample of children,
compared to study one, of White British, South Asian and children of other
ethnicities across several schools across West Yorkshire.

Finally, the summary of the thesis will be presented in the last chapter, chapter 7
which aims to bring together findings from the three studies, discuss strengths
and limitations of the thesis, future directions and public health implications.
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In summary, the present chapter has outlined the key theoretical and
methodological approaches influencing the thesis. It presented the structure of
the thesis, briefly outlining the three studies in the thesis, the integration chapter
and the summary and conclusion chapter.
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Chapter Three
3 Study 1: Ethnic differences in movement behaviour
levels and patterns during school terms and school
holidays among 6-to-8-year-old White British and
South Asian children
This chapter describes the aims, objectives, methods, results and discussion that
address research question 1: “What are the ethnic differences in levels and
patterns in device measured movement behaviours (inclinometer and
accelerometer) among 6-to-8-year-old White British and South Asian children
during school terms and school holidays?”

Abstract
Background
High levels of sedentary behaviour (SB) in childhood are increasingly common
and damaging for child health. This study aims to investigate ethnic differences
in SB during school terms and holidays among White British (WB) and South
Asian (SA) children.

Methods
160 children from three schools in Bradford were asked to wear inclinometers
and accelerometers for at least 7 days and overnight during data collections
which took place during July 2016 and May 2017. The inclinometer outcomes of
interest were: total SB, SB accumulated in bout lengths >30 minutes and SB
breaks. The accelerometer outcomes of interest were: SB, light physical activity
(LPA) and moderate-to-vigorous PA (MVPA). Covariates were adjusted for. Data
was analysed using multivariate mixed effects multilevel modelling with robust
standard errors.
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Results
104 children spent on average 490 minutes/day (60%) in SB measured via
inclinometer and a similar proportion measured via accelerometry. No significant
ethnic differences for any SB outcomes except for SB breaks were found within
the inclinometry data; SA children had 25 fewer SB breaks per day compared to
WB (p<0.001). The accelerometry data (n=108) identified 39 more minutes of SB
for SA children compared to WB and patterns of lower PA.

Conclusion
Children spent a concerning amount of time in SB, comparable to office workers,
regardless of ethnicity. The study showed significant ethnic differences for SB
breaks for SA children and a pattern of more SB and lower PA when compared
to WB.
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Background
Researchers in the field of movement behaviour have started to investigate
different compositions of the movement behaviours (compositional data analysis
or isotemporal allocation) which are most likely to enhance health (Ekelund et al.,
2012; Saunders et al., 2016; Dumuid et al., 2017; Pedišić, Dumuid and Olds,
2017; Fairclough et al., 2018), for example a reduction in LPA or SB versus an
increase in moderate to vigorous physical activity (MVPA). Researchers have
concluded that children characterised by low SB, high PA and high levels of sleep
have more desirable health outcomes (Saunders et al., 2016). Public health
messages are in general agreement with these ideas and have started to adopt
slogans such as “Move more, sit less” to promote positive health outcomes
among both adult and child populations (Dumuid et al., 2017). This appears to
suggest movement behaviour should be considered as a whole instead of
focusing on PA or SB separately. A recent UK-based study evaluating PA outside
of school hours for primary school-age children identified that an increase in PA
was strongly associated with a reduction in SB (Jago et al., 2017).

Simultaneously, an increase in SB and a reduction in MVPA and LPA especially
after the age of 5-6 years old were also identified in a substantial sample
(International children’s accelerometry database) of young people (n= 27,637)
from 10 countries including UK, USA, Australia, Denmark, Portugal, Brazil and
Switzerland (Cooper et al., 2015). Some evidence of the health benefits of LPA
is emerging, but little is still known about the levels and patterns of LPA. The
correlation between PA and SB was discussed in the introductory chapter (page
9). The chapter highlighted that we need to explore movement behaviours in child
populations, as well as understand the barriers and facilitators to reducing SB
among primary school-age children, to uncover relevant aspects of intervention
components aimed at reducing SB. Very few studies have considered movement
behaviour during the school holidays compared to term time (Staiano, Broyles
and Katzmarzyk, 2015; Tanaka et al., 2016), and fewer have explored ethnic
differences (Pollard et al., 2012; Griffiths et al., 2016; Collings et al., 2017; S.E.
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Barber et al., 2017). So far, existing research has identified predominantly higher
levels of SB and/or lower levels of MVPA for South Asian children.

Additionally, it has been hypothesised that PA would decrease while SB would
increase during the school holidays (Staiano, Broyles and Katzmarzyk, 2015;
Arundell et al., 2016; Tanaka et al., 2016; Brazendale et al., 2017; Emm-Collison
et al., 2019) when compared to school term-time, because of the lack of
structured time during holidays. Unstructured time is likely to foster an increase
in SB and a reduction of PA. However, research to support such hypothesis is
ambivalent. For example, Tanaka et al., (2016), measuring movement
behaviours via accelerometer in 98 children, found an increase of SB and
decrease in LPA and MVPA during the summer holidays, supporting this
hypothesis. Conversely, Staiano et al., (2015) who measured movement
behaviours via questionnaire in 406 children, did not support the hypothesis since
they found an increase in PA during the school holidays. Therefore, further
investigation is required into the movement behaviours of primary school-age
children during school terms and school holidays to identify the most appropriate
times for intervention implementation.
Within movement behaviour research, the focus has been on PA but the
importance of investigating SB in children is justified by the growing body of
evidence linking high levels of SB to poor child development outcomes, lower
academic results, and unfavourable cardio-metabolic risk factors in later life (ReyLópez et al., 2011; Tremblay, LeBlanc, et al., 2011; LeBlanc et al., 2012; Carson
et al., 2015). Inconsistencies in research findings linking SB to poor health
outcomes, as well as inconsistencies in establishing the correlates and
determinants of SB in children, have been noted and discussed in the
introductory chapter (section 1.6, pages 30-32). These inconsistencies are
related to the poor methodological quality of some studies (Uijtdewilligen et al.,
2011) and the complexity of identifying the direction and interplay between the
determinants (Stierlin et al., 2015; Tremblay et al., 2017a). Chapter one
discussed the correlates and determinants of SB in primary school-age children
and highlighted the aforementioned inconsistencies in findings. Concomitantly,
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interventions have been designed in an attempt to reduce SB in children of
different ages, with varying effectiveness (Biddle, O’Connell and Braithwaite,
2011; Biddle, Petrolini and Pearson, 2014; Hegarty et al., 2016).

Chapter one also highlighted the paucity of studies which have investigated
ethnicity and SB. A large amount of studies were based in the United States
where the non-white percentage of the population stood at 28% in the most recent
census (2011); United Stated also has a different ethnicity base compared to
Great Britain. Taking into consideration that Britain has seen an increase in its
ethnic diversity from 5.9% in 1991 to 14% in the last census (ONS, 2011), it is
therefore important to understand the ethnic differences in SB so that they can
be addressed in future health-enhancing interventions. This is relevant in the
setting of West Yorkshire, particularly Bradford, where the most recent census
reported that the ethnic composition of the population to be 63.9 % White British,
26.8%

South

Asian

and

9.03%

other

ethnicities,

which

includes

Black/African/Caribbean/Black British and mixed multiple ethnic groups (Bradford
Metropolitan Council, 2013). A predominant feature of the health of Black, Asian
and Minority Ethic (BAME) groups in the UK is poorer health outcomes when
compared to the rest of the population. Compared with White Europeans, South
Asians have an increased risk of cardiovascular health and type-2 diabetes, for
example the prevalence of diabetes is up to 6 times higher among South Asian
groups (Diabetes, 2010; Stuckey et al., 2010; Gholap et al., 2011).

So far, no published European studies have included holiday patterns of SB and
PA, but some have broken down the school day into particular time periods, for
example before school time and after school time (Beck et al., 2016; Collings et
al., 2017). Some studies have compared school hours with out-of-school hours
(before and/or after school during term time), or compared weekdays with
weekend days (A. Sherry et al., 2018) in the UK and US (Beck et al., 2016). Both
UK and US studies included children aged 9-11 and identified significantly more
SB and less PA during out-of-school hours. The US study, involving over 200
children, categorised the majority of children in the study as sedentary/active
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based on the amount of daily SB/PA (>360 minutes SB and >60 minute of PA).
This cut off of 360 minutes of daily SB might suggest the beginning of possible
development in identifying an upper limit on the amount of SB, as a point of
reference to be included in guidelines, similarly to PA guidelines, of achieving a
minimum of 60 minutes of daily MVPA (Tremblay, Carson and Chaput, 2016).
The reasons for lack of consideration of holiday SB are not discussed within the
existing research literature, despite expressed “suspicions” and some evidence
(Sherry et al., 2018; Beck et al., 2016) that the unstructured time is likely to
generate higher levels of SB. Nonetheless, it is also important to consider that
primary school-age children have 13 weeks of school holiday during the
academic year which totals approximately 25% of the whole calendar year; this
is a considerable amount of time that we currently have very little information
concerning the SB levels and patterns. Within existing PA/SB literature, the term
‘level of SB’ mostly denotes the total amount of SB within a particular time period,
for example a whole day or after school. ‘Levels of SB’ have been described as
high, low or moderate, without an established time benchmark to clarify the given
classification. This lack of clarity in the classification of SB levels is likely to be a
result of a lack of terminological consensus (historically) within the field on SB as
well as an inconsistency of research findings, which have undermined the
development of clear guidelines on SB (discussed in Chapter one, page 47
section 1.7-Current sedentary behaviour guidelines). Regarding level and patterns
of SB, when the level of SB in children is comparable to adults’ levels, this is often
described as high or excessive. When referring to patterns of SB, this generally
relates to the following aspects or a combination of them: how SB is accumulated,
specifically whether SB was generated from short or long bouts; the time of the
day when SB is accumulated and associative patterns, for example high SB being
associated with high-calorie dense foods or low physical activity (PA). In a few
studies, geographical patterns are described related to the location of high SB;
for example, a particular location and context might be associated with high or
low SB, for example the dining room or the classroom. Both levels and patterns
of SB are important when attempting to reduce SB, since they provide specific
information for targeted interventions.
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Fairly recent evidence highlights the importance of bout length of SB. Sedentary
behaviour accumulated in longer bouts (> 30 minutes) is known to be detrimental
to health: for example, insulin sensitivity is negatively influenced by prolonged SB
(Healy et al., 2008; Dunstan et al., 2012; Wilmot et al., 2012; Charlotte L
Edwardson et al., 2017).The number of breaks in sitting and the times of the day
when the frequency of the breaks is high or low also inform us about the patterns
of SB and have the potential to identify specific time periods when interventions
are most needed, adding specificity and effectiveness to SB interventions. Within
the continuum of movement behaviours, SB occupies a limited amount of time
and it is broken by other movement behaviours: light physical activity (LPA),
moderate physical activity (MPA), vigorous physical activity (VPA) and sleep.

The aim of this chapter is to investigate ethnic differences in device-measured
SB via inclinometer using activPAL and ethnic differences in device-measured
movement behaviour via accelerometer, using Actigraph during the school terms
and school holidays in White British and South Asian 6-to-8-year-old children.
Based on existing findings regarding SB and PA in children, we might expect to
find higher SB and lower PA in South Asian children compared to White British.
However, this hypothesis is based on findings in preschool children or older
primary school children as there is a lack of studies in 6-to-8 year old South Asian
children.

The distinctive demographic of Bradford was a contributing factor in making
ethnicity the main focus of this chapter. A unique aspect of this study is the fact
that it explores SB and PA during the school holidays and school term with a
focus on SB.

Methods
Recruitment and participants
Institutional approval from the University of Bradford Ethical Committee (E 536
on 06/06/2016) was granted for the study.
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Seven schools in West Yorkshire (rural and urban areas) were approached via
head teacher to take part in the study which commenced in July 2016 and ended
in May 2017. The schools were purposefully approached based on
demographics, either predominately White British or predominantly South Asian,
from high and low socioeconomic status (SES) areas and having a Bradford post
code.

Three schools agreed to participate; participant information sheets (Appendix 3)
and consent forms were sent to all 492, year 2 and year 3 children (aged 6-8year-old) and their parents via the schools. Prior to each recruitment, parents and
children had the opportunity to attend presentations about the research, to
familiarise themselves with the devices that were going to be used and ask any
questions about the study. Out of 492 children invited, 162 (33%) had written
informed parental consent (Appendix4) and 160 children agreed to participate,
signing child assent form (Appendix 5). Table 3-1 shows the recruitment and
uptake in each school. Data was collected concomitantly, with a difference of one
to two days between schools, in each of the three seasons (summer, winter and
spring). Data collection commenced with the summer, towards the end of school
term on 11/07/2016 for one week, for all year three (ages 6-8-years old) children
in the three schools. This was followed by the winter school term data collection
commencing on 31/01/2017 for one week and on 17/02/2017 for one week of
school holiday which recruited a new set of children. For the spring season, one
school was unable to continue and was therefore replaced with another school
with similar demographics and the same postcode area (ethnicity and IMD).
Spring data collection recruited a new set of children and commenced with the
holiday week on 7/04/2017, followed by the school week on 7/05/2015.
Therefore, the whole data set therefore comprised of 3 sets of children according
to the season in which they were recruited.
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Table 3-1: Child recruitment by season and school, showing three distinct data
subsets according to season.
Summer 2016

Winter 2017

Spring 2017

Total

consent/invited

consent/invited

consent/invited

consent/invited

School A

17/30

21/31

12/32

50/93

School B

22/62

26/62

15/92

63/216

School C

16/60

22/61

11/62

49/183

Total

55/152

69/154

38/186

162/492

Procedure and measurements
Measurements of children included height (wall mounted standiometer: Seca UK,
Birmingham UK), weight and body composition (measured with Tanita scales
TBF-300 MA, Tokyo, Japan and Tanita scales BC-418 MA, Tokyo, Japan), and
waist circumference (Seca anthropomentry tape) measured just above the
exposed naval. Height and weight was recorded to the nearest 0.1 cm and 0.1
kg, with shoes and socks removed. Data collection was undertaken by trained
researchers or research assistants from Bradford Institute for Health Research
and University of Bradford (LCN, PJC, MH, JA, RB, DP and AMV) and the lead
researcher (LCN) attended all data collection days. Body mass index (BMI)
values were calculated (weight (kg)/height (m)2) and BMI Z-scores were
calculated for each participant using the British growth reference (Cole, Freeman
and Preece, 1995). Weight categories were derived from BMI percentiles using
Freeman et al. (1995) recommendations (Freeman et al., 1995).

Parents completed a demographics questionnaire (Appendix 1and 2), a SB
questionnaire based on the Adolescent Sedentary Behaviour Questionnaire
developed by Hardy , Booth and Okely (Hardy, Booth and Okely, 2007)
(Appendix 7) and a sleep diary for their child (Appendix 6). The demographics
questionnaire, developed and used within in the BIB cohort (Dickerson et al.,
2016), was simplified for the purpose of the study (Appendix 1) to reduce
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participant burden as it included questions which were not relevant for the present
study. The questionnaire included child postcode, date of birth, ethnicity, parent’s
education, occupation, languages spoken at home, income and perceived SES.
Since parents left large proportions of the questionnaire uncompleted, especially
related to income and education, it was further simplified for the winter and spring
data collection by removing sections related to objective and subjective SES
(Appendix 2). Based on each child’s individual postcode, the Index of Multiple
Deprivation (IMD)Decile (ONS, 2015) was generated and collapsed in three
levels of SES: low (IMD 1-2), medium( IMD 3-5) and high (IMD 6-10).

Consenting participants were asked to wear activPAL inclinometer (PAL
Technologies Ltd, Glasgow, UK) and Actigraph GT3X+ triaxial accelerometer
(Actigraph, Pensacola, FL, USA) for seven days of school term during either the
summer, winter or spring season. Participants in the winter and spring data
collection periods were asked to wear the device for a further seven days period
during the school holidays with a 10-14 days break period from the school term
data collection. All participants were asked to remove the devices and bring them
to school at the end of each data collection. The activPAL device was placed on
the anterior side of the right thigh, in a nitrile sleeve, wrapped and attached using
hypo allergic medical dressing making the device waterproof, allowing a 24-hour
protocol meaning that the devices did not need to be removed during the whole
data collection period. Children were shown how to reapply the device and were
provided with pictorial and typed information sheets alongside with extra
dressings to take home. The Actigraph device was attached around the child’s
waist on the right hip. Children were asked to wear the accelerometer during all
waking hours and overnight for 7 days during data collections. The children were
visited at least once during the school week data collection, during each season
to ensure they were complying with recommendations and to encourage correct
wear of the device. For the holiday data collection, the devices were fitted on the
last day of school term, just before the holiday. All devices were collected via
school for all occasions. No monetary incentives were provided, but parents
whose children took part and had data recorded on the device, were invited for a
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post data collection meeting and were provided with verbal and written feedback
on their child’s movement behaviours. Parents who were unable to attend had
the data sent in the post alongside with an explanatory letter clarifying the results.
Participating children were provided with a thank you, ‘Participation Certificate’.

Data management and processing
ActivPAL
The activPAL data explored in this study included: awake wear time, total SB,
SB accumulated in bouts longer than 30 minutes, and number of breaks in SB.
The term ‘bout’ refers an uninterrupted (by standing or stepping) period of SB.
The outcomes of interests in the activPAL data (Total SB, SB in bouts ≥30
minutes and breaks in SB) were explored within a whole data set which included
school term days and school holiday days.
All activPAL data were downloaded using the manufacturer’s software
(activPAL3

Professional

v.7.2.32)

which

generated

three

excel

files

(EventMarker, Events.csv and EventsXYZ.csv): i) one datx file, ii) one def file and
iii) one pal file for each device. The csv EventsXYZ files which contain the raw
data and are an extension of the Events.csv files of each record were processed
in Stata/SE 13.1 (StataCorp, 2013). Event files are superior to the 15 seconds
epoch files, which have been used by previous studies in processing activPAL
data; they give information on the order in which the behaviour takes place and
therefore offer a more accurate reflection of the patterns of SB (Edwardson et al.,
2017). Files were processed using an algorithm designed for 24-hour protocol
where short removals are rare (Winkler et al., 2016). The algorithm does not try
to identify and eliminate short removals/non-wear as it is likely to remove true
wear. It was considered that if a child removed the device for a very short period
of time it would have very little impact on the data. As only 30% of children
returned completed sleep diaries, they were not used in the data analysis to
reduce bias. A day was considered valid if it had at least 10 hours of day wear
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time. The parameters for defining sleep/prolonged removals have been validated
in adults (Winkler et al., 2016) and to date no validated algorithm for children
exists. Other studies have used the 20 minutes of continuous 0 counts rule from
accelerometry. This study has used the algorithm developed by Winkler and
colleague (Winkler et al., 2016) which incorporates the following three specific
rules:
1. Bouts (continuous periods of any one activity) are classed as sleep/non-wear
if they are either of the following:
i) ≥ 5 hours duration, or
ii) ≥ 2hours duration and the longest bout that is found from noon-to-noon the
next day.
2. All surrounding bouts are classed as sleep-non/wear if the window contains:
i) a sitting/ lying or a standing bout of ≥ 2 hours or
ii) a ≥ 30 minutes sitting/lying bout and ≤ 20 steps.
3. All bouts on days meeting the criteria are marked as invalid if they contain
i) any one activity that accounts for ≥95% of waking wear time, or
ii) < 500 steps or
iii) < 10 hours of waking wear.

As a quality control measure, 15 processed files were visually examined for
plausibility of sleep/non-wear classification. For full data set comparisons of SB
across seasons, school term or school holiday, a child’s record was considered
valid if it had at least three valid weekdays and at least one valid weekend day.

Actigraph
Actigraph data explored in this study included SB, LPA and MVPA.
The accelerometer was set to record data at a sampling rate of 60 Hertz. Raw
accelerometer data were downloaded and collapsed into 15 seconds epoch files.
The Evenson (Evenson et al., 2008) cut-points were selected because they have
been reported to be among the most accurate to estimate MVPA for 6-8-year-old
children (Kim, Beets and Welk, 2012). The calibration studies for these cut off
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points meet the 4 criteria by Freedson (Freedson, Pober and Janz, 2005) and
Welk (Welk, 2005). The choice for 15 seconds epoch length was in line with the
calibration studies for this population group age (Evenson et al., 2008). Non- wear
time was defined as ≥ 20 minutes of consecutive zero counts as they are the
most reported; 10-30 minutes is one of the most reported non-wear periods
(Aadland et al., 2018).

The minimum valid wear time for inclusion in the analysis was at least 10 hours
on at least three week days and at least one weekend day for any data collection.
This minimum wear time was reported to have high reliability for estimates of
physical activity (Rich et al., 2014). Sleep was removed from the data each day
between 11 pm and 5 am, similarly to other studies for primary school aged
children (Meredith-Jones et al., 2015), and to ensure consistency of approach
with analyses of the activPAL data allowing a maximum opportunity window of
18 hours. The sleep and awake times identified in the activPAL data included
after midnight sleep hours and 4 am awake times. The choice for 5 am to 11 pm
awake time in accelerometry data, which would allow for a maximum of 18 hours
of valid wear was considered better aligned with the data analysis decisions for
the activPAL. Although there is growing literature on 24-hour waist worn
accelerometer analysis that detects sleep using the sleep detection algorithm
(Tudor-Locke et al., 2014), the algorithm was not used in this study due to licence
availability at the time of data processing and analysis. Data was processed and
downloaded using Actilife software version 6.13.3. Only data between 5 am and
11pm was included in the analyses of the whole data set, which includes school
term data set and holiday data set.

Statistical analysis
activPAL data
Statistical analyses were conducted using Stata v.13.1 (StataCorp, 2013). The
three outcome variables (total SB, SB generated in bouts ≥30 minutes and the
number of SB breaks) derived from the EventsXYZ files were compared between
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weekdays, and weekend days across seasons, in different time periods. Figure
3-1 gives a visual representation of 24 hours of activPAL wear before sleep/nonwear was removed (red for sitting, lying down or sleeping, yellow for standing and
green for stepping).

Figure 3-1: Visual representation of activPAL data from xyz event file.
The statistical analysis was based on the three response variables: Total SB,
SB Breaks and SB in bouts >30 mins. As shown in figure 3.2 (first row) two
response variables (SB and SB breaks) were well approximated by a normal
distribution but one outcome variable which was skewed (SB accumulated in
bouts > 30 minutes).
Statistical models used multivariate linear mixed effects multilevel modelling.
The statistical modelling began with unconditional modelling and proceeded to
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a final model using the goodness of fit measures (i.e. Akaike Information
Criterion (AIC) and Bayesian Information Criterion (BIC) and log-likelihood) and
intraclass correlation (ICC) to guide the process. Lower AIC/BIC indicated better
fit and higher ICC and log-likelihood is preferred. The first unconditional model
involved only random effect: the child was the random effect which
accommodated repeated measures for child. School was included initially as a
random effect but with only three schools, low ICC (<0.01) and little
improvement in other performance measures (AIC and BIC) was found. School
was therefore included as a fixed effect. The full model included all the covariated such as wear time, sex, ethnicity, SES, weight status, weekend,
holiday, season and school as presented in Table 3-2.

Figure 3.2 (middle and lower rows) also shows the residuals from the final
models of the three outcome variables which followed a similar pattern on
distribution, two were normally distributed (SB and SB breaks) and one was
slightly skewed (SB in bouts >30 minutes). Rather than consider transformation
of the skewed variable, which would have made comparison across the models
less straight forward, robust standard errors were used in all statistical models.
Robust standard errors have two advantages: the subsequent standard errors
are less dependent on model assumptions and rely instead on the empirical
data whilst also offering an effective way to mitigate the effects of
heteroskedasticity in residuals (Stock and Watson, 2008; Imbens and Kolesár,
2016).
Level of statistical significance was set at α=0.05. Models coefficients are
reported along with 95% confidence intervals (CIs).
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Total SB
Residuals: Histograms and
QQ plot

SB Breaks
Residuals: Histograms and
QQ plot

SB in bouts >30 minutes
Residuals: histograms and
QQ plot

Figure 3-2: Histograms and QQ plots for three activPAL outcome variables: total
SB, SB break and SB in bouts >30minutes.
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Table 3-2: Variables descriptions and groups of reference within statistical model.
Variables
Wear time

Sex
Ethnicity
SES
School
Season

Term
Weekend
Weight
status

Description

Reference group within the
statistical models
The amount of time the device Group 1
was worn after applying valid
wear rule ( group 1, 2, 3)
Male or female
Female
White British or South Asian
White British
Low SES, Medium SES, High Low SES
SES
School A, School B, School C School A
Summer, Winter, Spring
Summer during term and
spring during holiday as data
from only two seasons
Term or Holiday
Holiday
Weekday or weekend
Weekday
Normal weight, overweight, Normal weight
obese

SES= socioeconomic status

Wear time was represented as categorical data with tertiles generated in Stata.
The multilevel models adjusted for three levels of wear time: wear time group
one, two and three. Age was not included in the model as the age variation was
minimal (0.52) in a sample of 6 to 8 year old children.

Actigraph data analysis
Statistical analyses were conducted using Stata v.13.1 (StataCorp, 2013). The
three outcome variables (SB, LPA, and MVPA) were compared between
weekdays and weekend days, across seasons, during school term and school
holiday.
The statistical analysis was based on the three response variables: SB, LPA
and MVPA. As shown in figure 3.3 (first row) two response variables (SB and
LPA) were well approximated by a normal distribution but one outcome variable
which was skewed (MVPA).
Statistical models used the same approach as for activPAL data, multivariate
linear mixed effects multilevel modelling. The statistical modelling began with
unconditional modelling and proceeded to a final model using the goodness of
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fit measures (i.e. Akaike Information Criterion (AIC) and Bayesian Information
Criterion (BIC) and log-likelihood) and intraclass correlation (ICC) to guide the
process (Appendix 8). Lower AIC/BIC indicated better fit and higher ICC and
log-likelihood is preferred. The first unconditional model involved only random
effect: the child was the random effect which accommodated repeated
measures for child. School was included initially as a random effect but with
only three schools, low ICC (<0.01) and little improvement in other performance
measures (AIC and BIC) was found. School was therefore included as a fixed
effect. The full model included all the co-variated such as wear time, sex,
ethnicity, SES, weight status, weekend, holiday, season and school as
presented in Table 3-2.

Figure 3-3 (middle and lower rows) also shows the residuals from the final
models of the three outcome variables which followed a similar pattern on
distribution, two were normally distributed (SB and LPA) and one was slightly
skewed (MVPA). The same approach as in activPAL data was maintained,
rather than consider transformation of the skewed variable, which would have
made comparison across the models less straight forward, robust standard
errors were used in all statistical models.
Level of statistical significance was set at α=0.05. Models coefficients are
reported along with 95% confidence intervals (CIs).The variable of interest was
ethnicity.
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SB, Residuals
Histograms and QQ plot

LPA, Residuals
Histograms and QQ plot

MVPA, Residuals
Histograms and QQ plot

Figure 3-3. Histograms and QQ plot for three movement behaviours outcomes:
SB, LPA and MVPA.

Results
activPAL data
Out of 162 children who had parental consent to take part in the study, 104
(64.2%) had valid data included in the analyses. Figure 3-4 explains the reasons
for child exclusion from the whole data set, reasons which included device
malfunction, device loss, refusal to wear, absenteeism on the data collections
day, invalid data and ethnicity (neither White British nor South Asian).
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162 consented
(-2 children
absent on the
data collection
day)

160 children
with fitted
monitors
(-6 devices lost)

157 remaining(2 devices
malfuntionand 4 children
refused to wear)

152 remaning

106

(-46 invalid
data)

(-2 "other
ethicity)

104
children

Figure 3-4: Child exclusion in activPAL data.

It is important to distinguish between the numbers of children whose data was
analysed with number of records generated by 104 children. Normally it would be
expected that 104 children would generate 104 records. However, this is not the
case, as some children generated two sets of records of valid data as they wore
the device during the school week and during the holiday week. Across the whole
data set 104 unique White British and South Asian children had valid records (3
week days + 1 weekend day). The 104 children generated 133 activPAL records
consisting of 861 valid days to be analysed. However, when exploring these days,
it appeared that on some days children were awake for over 18 hours. Although
it is possible that some children have very poor sleep patterns generally, or
because of illness, it was decided to exclude such days from the statistical
analyses. On applying this exclusion rule, 25 days were dropped out of the whole
data set leaving 836 days to be analysed. The selection of the 18 hours cut off
was a pragmatic decision, taking into consideration the variability of awake time
hours in other research studies, from 6am to midnight or 6 am to 9 pm (MeredithJones et al., 2015). We also considered the fact that South Asian children, the
majority of Muslim faith are encouraged to wake up around 5 am during spring
and summer months for the dawn prayer.

94

Figure 3-5 provides an account of valid data, identifying (*) 29 children who took
part and had valid data during both holiday and term data collections.
The three SES categories were generated by collapsing IMD’s 1 to 2 for low SES
(poorest 20%) 2 to 5 for medium SES and 5 to 8 for high SES. No children had
an IMD higher than 8. No IMD could be located for 6 children and they have
equally been allocated to the low, medium and high SES group.
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School A

School B

School C

N=35/50

N=38/49

N=31/63

Summer

Winter

Spring

Summer

Winter

Spring

Summer

Winter

Spring

2016

2017

2017

2016

2017

Byron 2017

2016

2017

2017

N=11

N=17

N=7

N =12

N=20

N=6

N=8

N=18

N=5

Term time
Y3

Term time

Term time

Y3

y2

Term time

Term time

Y3

Y3

N=15*(4)

N=5*(2)

N=16 *(8))

N=3*(3)

Holiday
Y3

Holiday

Holiday

Y2

Y3

N=6*(4)

N=4 *(2)

N=12*(8)

Term time
y3

Term time

Term time

Term time

Y3

Y2

N=13*(10)

N=2*(2)

Holiday

Holiday

Holiday

Y3

Y3

Y2

N=6*(3)

N=15*(10)

N=5*(2)

y3

Figure 3-5: Showing the number of children with valid activPAL data in each school, data collection by season and occasion (term or
holiday).
* Children with valid data in both term and holiday week
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A description of the 104 children with valid activPAL data is presented in
Table 3-3.
Table 3-3: Demographics of the children with valid activPAL data.
All children
(n=104)

White British
children
(n=60)

South Asian
children
(n=44)

Age (years),
mean (SD)
Male (%)

7.51
(0.52)
51 (49.04)

7.48
(0.50)
29
(48.33)

7.50
(0.54)
22
(50.00)

Low SES
(%)
Medium
SES (%)
High SES
(%)

44 (42.31)
45 (43.27)
15
(14.42)

9
(15.00)
36
(60.00)
15
(25.00)

35
(79.55)
9
(20.45)
0
(0.00)

Normal
weight (%)
Overweight
(%)
Obese (%)

78
(75)
11 (10.58)

zbmiuk (SD)

0.32 (1.20)

46
(76.67)
9
(15)
5
(8.33)
0.30
(1.03)

32
(72.73)
2
(4.55)
10
(22.73)
0.34
(1.40)

15 (14.42)

SD=standard deviation; SES=socioeconomic status

On average children were 7.51 years of age and the male/female ratio was
close to one (51/53=0.96). The ethnic composition of the sample was 58%
White British and 42% South Asian. There was a high percentage (42%) of
children from the lowest SES status (IMD1-2) - the lowest 20% in the
country, and the majority of them were South Asian (n=35). The majority of
children

were

of

normal weight

(75%)

and

the

percentage

of

overweight/obese was 25%. A higher percentage of South Asian children
were obese (22.73%) compared to White British (8.33%). No differences
were identified between the children whose data was included in the
analyses and those whose data were excluded.
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Table 3-4 provides information on the mean and standard deviation (SD) of
all outcome variables and the percentage of time spent in SB without
adjustment across all data sets for all children (undivided by ethnicity). It
shows that children spent approximatively 60% of their school term days in
SB and 61% during school holidays.
Table 3-4: Mean time and SD for wear time and three SB outcomes in the
whole data set.
Data sets

Whole

Valid

Mean

Mean

% of

SB in

%

Mean

days

Wear

Total

total

bouts ≥ 30

out

Number

time

SB

SB

Mean

of

of SB

minutes

minutes

out of

number of

Total

breaks

(SD)

(SD)

wear

minutes

SB

(SD)

time

(SD)

60

124

26

111

836

dataset

814

490

(41)

(56)

820

492

(44)

(55)

804

488

(42)

(71)

(101)

(19)

N=104
Term time

519

N=85

Holiday
N=48

317

60

116

24

(58)

61

136
(59)

112
(17)

29

110
(22)

SB= sedentary behaviour; SD=standard deviation

3.6.1.1 Whole data set results for activPAL data
Across the whole data set (terms and holidays) children had an average of 814
minutes of valid wear time. Sixty percent (490/814 minutes) of the time was spent
in SB. Twenty four percentage of SB time (124/490 minutes) was generated from
bouts equal or greater than 30 minutes. On average children broke their SB 111
times per day which generated 111 sedentary bouts; 2 bouts were bouts ≥30 min
(Table 3-4).
Table 3-5 presents the unadjusted data stratified by ethnicity, with statistical
significant results related to ethnicity only for SB breaks as presented in the full
model in Table 3-6.
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Table 3-5: Unadjusted whole activPAL data set averages by ethnicity.
N= number of children with valid data; n= number of valid day
WB

SA

Outcomes

Mean (SD) Min to Max

Mean (SD) Min to Max

(unit of measure)

N=60

N=44

n= 376

n= 360

Total wear time

812.94

815.22

(minutes)

(40.79)

(41.64)

750 to 898.26

753.21 to 897.17

Total SB

481.61

501.85

(minutes)

(53.16)

(60.85)

377.34 to 633.89

358.2 to 660.12

59% in SB

62% in SB

SB in bouts>30 min

117.44

132.42

(minutes)

(53.03)

(52.73)

38.13 to 294.97

38.99 to 228.84

SB breaks

114.31

107.46

(occasions)

(20.39)

(15.11)

80 to 176.6

81.4 to 148.5

SB=sedentary behaviour; WB=White British; SA=South Asian

Wear time, sex ethnicity, deprivation, overweight status, season, term, weekday
and school were adjusted for in the full model (Table 3-6). No significant ethnic
differences for any of the sitting outcomes were found, except for breaks in sitting.
South Asian children had 25 fewer breaks in sitting compared to White British
(p<0.001). Likewise, children from medium SES had 10 fewer SB breaks when
compared with children of low SES (p=0.026) (Table 3-6).
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Table 3-6: Model coefficients for three SB outcomes based on the whole data set
(combined school terms and holidays activPAL data).
Covariate

Total SB
Coefficient,
confidence interval,
p-value

SB from
bouts>30min
Coefficient,
confidence interval,
p-value
Wear time group 2
62.46
16.64
(reference group 1)
(49.63 to 75.28)
(1.87 to 31.39)
p<0.001
p = 0.027
Wear time groups 3
119.67
51.96
(reference grp 1)
(103.18 to 135.15)
(34.23 to 69.68)
p<0.001
p<0.001
South Asian
8.85
7.98
(reference White British)
(-23.17 to 43.80)
(-26.36 to 42.31)
p = 0.620
p = 0.649
Male
-1.6
6.26
(reference Female)
(-21.71 to 19.96)
(-13.25 to 27.78)
p = 0.884
p = 0.529
Overweigh (reference
-27.12
-21.95
normal weight
(-58.37 to 4.12)
(-50.59 to 6.69)
p = 0.089
p = 0.133
Obese (reference
-3.19
-12.29
normal weight)
(-42.53 to 36.14)
(-44.36 to 19.79)
p = 0.874
p = 0.453
Medium SES (reference
-9.58
-5.46
low SES)
(-39.79 to 20.63)
(-32.51 to 21.59)
p = 0.534
p = 0.754
High SES (reference low
-5.66
6.62
SES)
(-43.70 to 32.14)
(-34.78 to 48.03)
p = 0.771
p = 0.754
Term
-7.73
-30.73
(reference holiday)
(-20.92 to 5.47)
(-52.46 to -8.99)
p = 0.251
p<0.006
Weekend
10.57
39.68
(reference weekday
(-4.40 to 25.44)
(23.70 to 55.60)
p = 0.164
p<0.001
Winter
36.65
-2.09
(reference Summer)
(15.23 to 58.07)
(-27.12 to 22.94)
p = 0.001
p = 0.870
Spring
-3.39
-16.13
(reference Summer)
(-39.40 to 32.61)
(-49.95 to 17.70)
p = 0.853
p = 0.350
School B
-0.22
-3.76
(reference school A)
(-43.53 to 43.09)
(-43.55 to 36.02)
p = 0.993
p = 0.853
School C
-8.98
-22.80
(reference school A)
(-39.89 to 18.93)
(-50.53 to 4.92)
p = 0.564
p = 0.107
Intercept
416.97
119.31
(372.71 to 457.22)
(75.69 to 162.92)
p<0.001
p<0.001
*The shaded cells in the tables identify significant difference.
SB= sedentary behaviour; SES=socioeconomic status

SB breaks
Coefficient,
confidence
interval,
p-value
13.99
(9.49 to 18.49)
p<0.001
24.68
(19.18 to 30.16)
p<0.001
-24.85
(-33.64 to -16.05)
p<0.001
-5.07
(-11.15 to 1)
p = 0.129
0.26
(-12.37 to 12.90)
p = 0.967
-0.22
(-8.53 to 8.09)
p = 0.959
-9.76
(-17.79 to -1.72)
p = 0.017
-10.72
(-23.27 to 1.82)
p = 0.094
1.81
(-4.42 to 8.03)
p = 0.408
-2.09
(-5.57 to 1.39)
p = 0.570
-2.95
(-9.35 to 3.46)
p = 0.368
3.91
(-5.98 to 13.80)
p = 0.439
18.39
(6.30 to 30.48)
p = 0.017
14.09
(4.99 to 23.18)
p = 0.002
106.91
(92.95 to 120.85)
p<0.001
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Within the full model, children had 37 minutes higher SB during the winter
compared to summer (p< 0.001). Significant differences were identified between
term vs. holiday and weekdays vs weekend days in the way sedentary time was
accumulated. The SB generated from long bouts was 40 min higher at the
weekend than during the week days (p<0.001) whilst the SB generated from long
bouts (>30minutes) during term days was on average 31 minutes per day less
than during holiday days (p< 0.001). Lastly, children in school B and C, had
significantly more SB breaks (+18 and +14) when compared with children in
school A.
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Results for Actigraph data
Out of 160 children who participated in the study 108 had their data included in
the accelerometry data analyses. The number of children whose data were
analysed varied slightly in different time periods according to the inclusion criteria
in each time period.Error! Reference source not found.Figure 3-6 shows the
reasons for child exclusion from each data set.

162 consented
(-2 absent on
the day of data
collection

160 children
with fitted
monitors
(-8devices lost)

156 children
(-6
malfunctioning)

153 children
(-43 invalid
data)

110 children
(-2 other
ethnicities)

108
chidlren

Figure 3-6: Actigraph child exclusion criteria.
Table 3-7 presents the characteristics of children whose data was included in the
analyses. The characteristics are very similar to the children with valid activPAL
data but they are not identical. The mean age of children is 7.52 years; the
male/female ratio was near 1 (53/55=0.96) (Table 3-7). Out of the 108 children,
64 (59 %) were White British and 44 (41%) were South Asian. Forty-one (38 %)
of all children were from the 20% most deprived areas in the country, however
this was the case for the majority of South Asian (80%) children. The majority of
children (77%) were of normal weight and 23 % were overweight and obese.
However, higher percentages (27%) of South Asian children were overweight and
obese.
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Table 3-7: Characteristics of children whose data was included in the analyses.
Characteristic

White British

South Asian

All children

N=64

N=44

N=108

Age, mean (sd)

7.52(0.50)

7.61 (0.49)

7.52 (0.50)

Male (%)

32 (50)

21 (48)

53 (49)

Female (%)

32 (50)

23 (52)

55(51)

Low SES (%)

6 (9.38)

35 (79.55)

41 (38)

Medium SES (%)

40(62.50)

9 (20.35)

49 (45)

High SES (%)

18 (28.13)

0 (0.0)

18 (17)

Zbmiuk, mean (sd)

0.31 (.98)

0.38 (1.34)

0.34(1.14)

Normal weight (%)

51 (80)

32 (73)

83 (77)

Overweight (%)

9(14)

3 (7)

12 (11)

Obese (%)

4(6)

9 (20)

13 (12)

sd= standard deviation; SES= socioeconomic status; N=number of children

No differences were identified between children whose data were included in the
analyses and those whose data was excluded or not available.
Table 3-8 provides information on the mean and standard deviation of all
actigraph outcome variables across all data sets. Wear time information was
provided to generate the percentages of time spent in each type of movement
behaviour. The results within each data row within the table will be described later
under each data set results section.
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Table 3-8: Unadjusted averages of all outcomes in all data sets.
Data sets Number Daily wear time
Sedentary
% of

Whole

of valid

(minutes)

(minutes)

days

Mean (sd)

Mean (sd)

901

546

(115)

(117)

910

553

(99)

(89)

902

551

(99)

(110)

1157

dataset

SB

Light

% of

Daily MVPA

% of

(minutes)

LPA

(minutes)

MVPA

Mean (sd)
60

291

Mean (sd)
33

(61)

64

7

(35)

N=108
(41% SA)
Term

628

dataset

61

291

32

(55)

66

7

(25)

N=95
(41% SA)
Holiday

529

data set

61

290
(70)

32

60

7

(34)

N=63
(37% SA)
Sd= standard deviation; SB= sedentary behaviour; LPA= light physical activity; MVPA=moderate to vigorous physical activity
SA=South Asian; WB=White British
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The 108 children with valid acclelerometry data provided a total of 1167 days of
valid data. Out of 901 minutes of daily valid wear, there was an average of 67
minutes (7%) of MVPA, 296 minutes (33%) of LPA and 539 minutes (60%) of SB.
Children had on average of 582 counts per minute (CPM)( 225 to 1300) on Axis
1. Axis 1 CPM are reported as the Evenson cut off points are based on axis 1
counts.
When stratifying the unadjusted results by ethnicity, South Asian children had
slightly higher times of SB (550 minutes) and LPA (292 minutes) and lower MVPA
(57 minutes) compared to White British children in the whole data set (school
terms and holidays days)(Table 3-9).

Table 3-9: Actigraph unadjusted whole data set results by ethnicity.
Whole data set

White British
Mean ( sd)
N=64
684

% of wear
time

% of wear
time

n/a

South Asian
Mean (sd)
N=34
473

Valid wear time

888.78 (117.16)

n/a

899.85 (110.55)

n/a

Total SB

532.05 (109.13)

60

550.13 (117.57)

61

Total LPA

288.73 (66.64)

32

292.27 (52.02)

33

Total MVPA

67.99 (33)

8

57.44 (37.97)

6

Total number of
valid days

n/a

Sd= standard deviation; SB= sedentary behaviour; LPA= light physical activity; MVPA=moderate
to vigorous physical activity

Once wear time, ethnicity, sex, SES, school, season, school term, weekend and
weight status were mutually adjusted for, significant ethnic differences were
identified for SB (Table 3-10); South Asian children had on average 39 minutes
more SB compared to White British children (p=0.017).
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Table 3-10: Model coefficients for three movement behaviour outcomes based
on the whole data set.
Covariates

Total Wear time

South Asian

Male

Medium SES
(ref Low SES)
High SES
(ref Low SES)
School A ( ref
school B)
School C (ref
school B)
Spring (ref
Winter)
Summer (ref
winter
Term (ref
holiday)
Weekend (ref
weekday)
Overweight and
Obese (ref
Normal weight)
Intercept

Variance of
level-2 (child)

SB
Coefficient, CI, pvalue
0.68
(0.64 to 0.71)
p <0.001
38.51
(6.79 to 70.23)
p = 0.017
-1.15
(-18.88 to 16.59)
p = 0.899
15.82
(-6.09 to 37.72)
p = 0.157
43.26
(12.35 to 74.18)
p = 0.006
18
(-23.86 to 59.86)
p = 0.399
18.64
(-14.36 to 51.65)
p = 0.268
-53.48
(-81.56 to -25.4)
p<0.001
-42.44
(-59.61 to -25.28)
p < 0.001
8.04
(-1.38 to 17.46)
p = 0.094
-6.02
(-15.44 to 3.4)
p = 0.211
-19.18
(-42.03 to 3.68)
p = 0.1
-86.66
(-133.21 to -40.1)
p < 0.001
147.11

LPA
Coefficient, CI, pvalue
0.28
(0.25 to 0.31)
p <0.001
-23.66
(-47.46 to 0.15)
p = 0.051
-9.87
(-23.08 to 3.33)
p = 0.143
-17.29
(-31.65 to -2.92)
p = 0.018
-31.28
(-55.36 to -7.2)
p = 0.011
-14.01
(-45.87 to 17.85)
p = 0.389
-11.37
(-36.68 to 13.95)
p = 0.379
38.07
(17 to 59.13)
p <0.001
26.99
(13.28 to 40.7)
p < 0.001
-8.64
(-15.38 to -1.9)
p = 0.012
1.39
(-5.66 to 8.43)
p = 0.7
21.13
(3.23 to 39.04)
p = 0.021
64.81
(29.53 to 100.09)
p < 0.001
915.14

MVPA
Coefficient, CI, pvalue
0.05
(0.03 to 0.06)
p <0.001
-14.94
(-34.41 to 4.54)
p = 0.133
11.03
(2.33 to 19.72)
p = 0.013
1.65
(-12 to 15.3)
p = 0.813
-11.85
(-27.61 to 3.9)
p = 0.14
-4.31
(-28.37 to 19.74)
p = 0.725
-7.36
(-27.06 to 12.35)
p = 0.464
15.48
(0 to 30.97)
p =0.05
15.47
(7.15 to 23.8)
p <0.001
0.59
(-3.84 to 5.01)
p = 0.796
4.67
(0.31 to 9.02)
p = 0.036
-1.94
(-11.25 to 7.37)
p = 0.683
21.7
(-1.16 to 44.55)
p = 0.063
357.36

SB= sedentary behaviour; LPA= light physical activity; MVPA=moderate to vigorous physical
activity
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Specifically, boys spent significantly more time in MVPA (11 min/d) compared to
girls. Children residing in high SES area had approximately 43 min/d more
sedentary time and 31 min/d less LPA than children from low SES areas
(p<0.001; p=0.011). Children were more active (15 minutes MVPA, 27 minutes
LPA) and less sedentary (-42 minutes) during summer and spring ( 15 minutes
MVPA, 38 minutes LPA, -53 minutes SB) compared to winter (p<0.001).Less time
in LPA (9 minutes) during school terms compared to school holidays (p=0.012).
Children spent more time in MVPA (5 minutes) during weekends compared to
weekdays (p=0.036). Overweight and obese children spent more time in LPA (21
minutes) than normal weight children (p=0.021).

Discussion
The aim of this chapter was to address the research question: “What are ethnic
differences in device (inclinometer and accelerometer) measured movement
behaviours in primary school age children during school terms and school
holidays”. In order to address the research question, activPAL and actigraph data
sets were separately analysed. Within activPAL data set, three aspects of SB
(total SB, SB accumulated in long bouts and number of SB breaks) were
evaluated in the whole data set (school term and holiday days).

Across the whole data set (activPAL) children spent over 8 hours (60%) of their
awake time in SB irrespective of ethnicity. No ethnic differences were identified
for any SB outcomes, except for breaks in SB (25 fewer SB breaks for South
Asian children compared to White British).

The results generated from the actigraph data showed that ethnicity was a
significant factor in relation to SB, South Asian children had 39 more minutes of
SB compared to White British children (p=0.003) (Table 3-6).

Children spent a large proportion of their time in SB, approximately 60- 61% (522
to 563 minutes/day). Thirty-two to 33 % ( 276 to 300 minutes) of wear time was
spent in LPA and 6-8% (54 to 69 minutes) in MVPA, which is similar to a recent
Norwegian study with over 2000 , 6 to 12 year children (Deng and Fredriksen,
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2018). Our study sample was small compared to the Norwegian study, and it
could be considered “unethical” by some researchers since it is underpowered
(Halpern, Karlawish and Berlin, 2002), however other researchers, including
Bachetti et al.,(Bacchetti et al., 2005; Bacchetti, Deeks and McCune, 2011) and
Lillford and Stevens (Lilford and Stevens, 2002) argue on the importance of small
studies as contributions to a topic. In this case, the data on ethnic differences in
movement behaviour in the Bradford population in primary school age children is
a question that needs to be addressed so that it can be considered in
interventions. More so, ethnic differences in movement behaviours during school
terms and school holidays have not yet been considered in the UK. Lillford and
Stevens (2002) distinguish between small studies and poor studies. The present
study makes a contribution to the topic of movement behaviour as it addressed a
pertinent question in the context of Bradford child population whose health is
poorer compared the health of the UK child population.

We also identified other key findings: (1) boys were more active than girls; (2)
There were no significant differences for SB and MVPA, yet LPA was lower during
term compared to school holiday; 3) Children had more MVPA during weekends
compared to weekdays; 4) Children were markedly more active and less
sedentary during the summer and spring compared to winter; 4) Overweight and
obese children has more LPA than normal weight children and 5) children from
high SES were more sedentary and less active (LPA) compared to children from
low SES.

The strength of this study lies in the approach it had adopted in addressing the
question of ethnicity in relation to SB measured via inclinometry and movement
behaviour measured via accelerometry, in primary school age children from a
deprived area. To my knowledge this is the only study to have evaluated
inclinometer and accelerometer recorded data for SB during school holidays in
the UK. Similar studies during the school holidays are needed to test these
findings as well as studies which take an overall and a time period specific
approach, to allow for the identification of critical time conditions during the whole
day where SB interventions are mostly needed.
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This study has highlighted the need for the overall reduction of SB regardless of
ethnicity. Sitting has been compared to smoking (Schwartz, 2015; Baddeley,
Sornalingam and Cooper, 2016) in recent research literature because of its
effects on health, and if this is the case, more needs to be done to reduce it.
Unlike PA, which has clear MVPA guidelines of 60 minutes per day, SB guidelines
lack such clarity. Therefore, benchmarking SB to a maximum of number of hours
per day could be an effective solution to reduce SB.

The results of the study suggest that as well as considering the reduction of total
SB, interventions should consider increasing breaks in SB especially for South
Asian children.

Unpublished data from Born in Bradford via questionnaire (completed 2016/2017)
with 2400 children of South Asian ethnicity and of which 2365 (99%) completed
the religion section, might provide possible explanatory answers concerning the
after school and evening time periods. Of all the South Asian children who
completed the religion questions, 96% identified themselves as being Muslim,
91% said that they attended Mosque/Madrasa and 85% said they attended
Mosque/Madrasa on some or most days of the week (71%, most days of the
week). Children spend 1-2 hours daily at Madrasa (religious venue) and it is
expected that they are mostly seated as this is a religion and language learning
environment. The way in which prayers are undertaken requires frequent
changes in posture but the proportion of SB accumulated during the week is
unclear as no device recorded data on SB specifically from mosques is available.
Further studies could consider using GPS and clarify the classification of the
movement behaviour within mosques but they might carry ethical and privacy
related challenges.

Relating to the similarity in the amount of SB during school terms and school
holidays the in this study results are not as predicted by other researchers in the
field (Brazendale et al., 2017). It was anticipated that SB would be higher during
school holidays compared to term time on the account of lack of structured
activities for many children. The difference in structure of the day between school
term and school holiday is vast but perhaps SB has become habituated to the
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point when even if sitting in class is no longer imposed, children display the exact
same SB in the amount of time and same number of SB breaks regardless of
school term or school holiday.

It was also anticipated that there would be significant ethnic differences in the
total SB (via inclinometry) similar to accelerometry studies. SB generally
increases with age and a possible explanation for the lack of ethnic differences
seen in this study mightbe a result of the age group of the children under study.
Inclinometer recorded data from older children (9-10 years old) in the same
geographical region highlighted significant ethnic differences in the total SB
(Sherry et al. 2018). It may be that around 6 years of age, children’s movement
behaviour is similar regardless of ethnicity and may be a critical age for reducing
SB by implementing health enhancing behaviours.

Twenty-five percent of children in this study were overweight and obese which is
similar to a recent survey in UK for children between 2-15-year-olds (Digital NHS
England, 2017). The recent predictions made by WHO on rising child overweight
and obesity to 40% by 2030 if no action is taken are relevant for both developed
and developing countries. Part of the WHO strategy for reducing overweight and
obesity is to reduce SB (World Health Organization, 2017). In the present study,
SB occupies 60% of a whole movement continuum; it takes place in the context
of other movement behaviours. To increase understanding of child SB,
complementary data on other movement behaviours (light, moderate, vigorous
PA) could play an instrumental role in the effectiveness of the strategies to reduce
SB.

With regards to the accelerometry results, the findings are comparable to results
from the Millennium cohort study on 13000, 7-year-old children which identified
an average of 38 minutes of MVPA/day. However, the Millennium Cohort Study
defined a valid day as having >6 hours of valid data while the present study had
>10 hours of daily valid data (Griffiths et al., 2016).

The ethnic differences in movement behaviour identified in present study are
similar to the results of other studies investigating ethnic differences in PA and
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SB in White British and South Asian children which identified South Asian
children less active and more sedentary (Griffiths et al., 2012; Pollard et al., 2012;
Eyre et al., 2013).

Considering the results of the activPAL measured SB, which identified 10 minutes
more SB for South Asian children, the findings from accelerometry data are
somewhat surprising. A possible explanation is that some LPA has been
classified as SB and the issue of misclassifying LPA for SB in accelerometer data
is an ongoing challenge as accelerometers cannot differentiate standing from
lying down (Montoye et al., 2016). A recent Australian study (n=366) with children
aged 9 to 16 years old investigating time compositions between term time and
holiday periods in 2007, identified an increase in screen time (+58 minutes),
longer sleep (+40 minutes), more social time (+35 minutes), less MVPA (-10
minutes) and less sitting time (-33 minutes) during the school holidays (Olds,
Maher and Dumuid, 2019). Overall the study found a decrease in total energy
expenditure (-5.4%) during school holidays compared to school term. However,
this study used self-reported measures, acknowledged by the author as
susceptible to recall and desirability bias. Nevertheless, it provides information
on time use during a period hardly explored by researchers in the field. In view of
the Australian’s study results, some misclassification of sleep as SB during
school holidays might have been possible in the present study.

A systematic review looking at the effectiveness of interventions to increase PA
and reduce SB identified that the majority have been delivered through schools
and had only a small effect on children’s overall activity levels (Metcalf, Henley
and Wilkin, 2012). Implementing interventions during school holidays might
enable increased parent involvement, if at least one parent also has the time off,
and possibly have a larger effect on activity levels, especially for South Asian
children.

There were only modest differences between the school term and the school
holidays, with 8.64 fewer min/d of LPA spent during the school term time
compared to the school holidays. The findings of lower LPA and no differences
for SB and MVPA during the school terms is contrary to previous reports of higher
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SB and lower PA during school holidays (Brazendale et al., 2017). It is possible
that children maintain the movement habits from the school term during the
school holidays despite the lack of unstructured time for some and despite not
needing to sit down for lessons. Currently the majority of interventions aimed at
increasing PA and/or reducing SB focus on school term time only (Sluijs, McMinn
and Griffin, 2007; Atkin et al., 2011; O’Dwyer et al., 2013). The results of the
present study imply that interventions to promote positive movement behaviour
are needed also during holidays as high levels of SB have been recorded during
both occasions. From a practical point of view for data collection and
interventions, children are more accessible en-masse during the school term,
however the school holiday period should be considered as it appears to be a
critical time period for some children. In a recent meta-analysis (Loveday et al.,
2015) which highlighted reasons for the lack of effectiveness of PA interventions
it was suggested that the positive outcomes of PA interventions during school
hours are not maintained outside of school hours and that interventions should
include homes and communities.

Seasonality was identified as a consistent correlate of all movement behaviours
(SB lower and LPA, MVPA higher during the summer and spring season
compared to winter). Expectedly, SB was significantly higher and MVPA
significantly lower during the winter season when compared to spring or summer.
These findings are similar to Atkin et al.’s (Atkin et al., 2016), study which
identified elevated levels of SB in winter and autumn for children aged 7-year-old
children and suggested the need for intervention during autumn and winter.
Similarly, a study involving over 1000 primary school aged Danish children,
(Hjorth et al., 2013) found higher SB and lower MVPA during winter compared to
spring. More studies should consider designs that allow seasonal comparisons
within the same children measured repeatedly throughout the course of a year.
Regarding weekdays and weekend, unlike the present study, Hjorth et al. (Hjorth
et al., 2013) identified higher SB and lower MVPA at the weekend. Most studies
evaluating movement behaviour in children (Eyre et al., 2013; Collings et al.,
2014; Fairclough et al., 2015) have identified lower MVPA at the weekend which
is contrary to our results.
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Compared to children from low SES areas, children residing in higher SES areas
(IMD 6-8) were more sedentary and less active which is contrary to majority of
the existing evidence. A possible explanation would be that children residing in
higher SES areas might have access to more items of technology and engage in
more screen viewing activities. Also, contrary to existing evidence (Collings et al.,
2017, 2018), the overweight and obese children were more active than normal
weight children.

Among the potential limitations of this study is the choice for 5 am awake time. It
is possible that some of the time which was recorded as SB during the 5 am to 9
am time period, was actually sleep time, especially during holidays. The choice
of sleep exclusion is always challenging because of the risk of misclassifying
sleep as SB and vice-versa, or excluding data from analyses. Our choice for 5
am awake time and 23 pm sleep time in accelerometry was made in alignment
with data analysis decisions inclinometry data which allowed for a maximum of
18 hours of awake time. The decision for 5 am awake time was also made in the
context of South Asian children, majority of Muslim faith, who are encouraged to
wake up around this time for the dawn prayer. The lack of access to software
using validated algorithms to remove sleep time was also a contributor to our
decision.

Finally, this chapter discusses strictly device measured ethnic differences in SB
without incorporating the views of children, parents or teachers, exploring the
reasons of engaging in SB. The research within the field of SB and PA is
predominantly quantitative. Given the existing challenges of reducing SB and
sustaining this reduction, it is relevant to enquire about perceptions of SB from a
child, parent and teacher perspective.

The 33% response rate in this study is similar to response rates in similar studies
taking part in more affluent areas in the UK (Collings et al., 2014; Keevil et al.,
2016).The sample of the study was modest which means that it may have been
underpowered to detect small associations. However, the sample size was
similar to a Japanese study conducted by Tanaka and colleagues which
considered the summer holidays accelerometry and included 98 children in the
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data analysis (Tanaka et al., 2016). A larger study which considered PA and SB
during school holidays was conducted in the USA and included 406 children but
the data were collected over 20 months and PA and SB were self-reported
(Staiano, Broyles and Katzmarzyk, 2015).
Despite aiming to include children from various SES areas, this was challenging
because the majority of South Asian children in Bradford were from the poorest
areas with only 20% of South Asian children from medium SES and 0% from high
SES. The use of area SES has its own limitations by introducing misclassification
error (Stalsberg and Pedersen, 2010).
Ideally a comparator school with predominantly South Asian children with high
SES would also have been included, but the demographics of Bradford precluded
this.

Conclusion and implications
Children spent a concerning amount of time in SB measured via inclinomentry
and accelerometry, comparable to office workers, regardless of ethnicity. The
study showed no significant ethnic differences for any SB outcomes measured
via inclinometry except for SB breaks. Since breaks in SB are desirable for
cardiovascular health, interventions to reduce SB should also aim to increase SB
breaks especially for South Asian children.

The accelerometry data identified South Asian children as having higher levels of
SB and lower levels of PA when compared to White British children. Both
accelerometry measured SB and PA fluctuated across the seasons with a pattern
for higher SB and lower PA during the winter season.

Interventions to reduce SB and increase PA are needed over school terms and
school holidays. Interventions aimed at reducing SB and increasing PA are
needed across all seasons but especially during the winter when SB is higher
and PA is lower.
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Chapter Four

4 Study 2: The barriers and facilitators to reducing
sedentary behaviour in 6-to-8 years old children of
South Asian and White British ethnicity: a qualitative
study with children, parents and teachers, guided by
the Theoretical Domains Framework
The chapter aims to address three interlinked research questions: i) what are the
children’s, parents’ and teachers’ perceptions of sedentary behaviour (SB) ii)
what are the barriers and facilitators to modifying SB in children iii) which are the
most relevant components required for SB interventions for 6-to-8-year-old
children.

Abstract
Background: High levels of sedentary behaviour (SB) in primary school age
children are increasingly concerning due to the harmful effects on health during
childhood and adulthood. As a result, interventions aimed at reducing SB in
children are emerging but these had varying effectiveness. Amongst the criticism
for their inconsistent effectiveness were lack of psychological theory and the
contextual information in which the behaviour takes place.

This study aimed to identify barriers and facilitators to reducing SB in primary
school age children and to identify corresponding SB intervention components in
response to identified barriers and facilitators.

Methods: Children, teachers and parents from three primary schools in West
Yorkshire, England, participated in focus groups and interviews between October
2016 and March 2017, to discuss SB related perceptions. The interview schedule
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was based on the Theoretical Domains Framework (TDF) and the data was
analysed using Framework Analysis.

Results: A subsample of 32 South Asian and White British participants (18
children, six parents and eight teachers) of a quantitative study with 162 children,
participated in eight focus groups and two interviews (parent and teacher). Seven
themes that mapped on to TDF domains emerged from the analysis: 1)
Knowledge practice gap; 2) Hierarchy of SB; 3) The culture of sitting; 4) Intrainterpersonal reasons to SB; 5) Environmental constraints; 6) Educational
constraints; and 7) Participant’s solutions to SB.

Perceived reasons for engaging in SB included enjoyment of screen viewing
activities and laziness (child’s view); the need to sit down for learning and child’s
preferences (parent’s view); and, curriculum pressures and parenting (teacher’s
view).

A substantial amount of the proposed SB intervention components related to
policy and a greater involvement of parents, teachers and health professionals in
SB interventions design and implementation.
Conclusion: Children’s SB has multifactorial contributors but predominantly, it is
impacted by the adults’ influence on children.

Implications: Intervention designers need to consider tackling the behaviour by
responding to children’s, teachers and parents identified barriers across the
home and school environment. Collaborative work between professionals in
research, education, health, policy as well as children and families has the
potential of being a catalyst in SB interventions.

Keywords: sedentary behaviour, sitting time, primary school, children, barriers,
intervention
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Background
High levels of Sedentary Behaviour (SB) in primary school age children have
consistently been reported in the research literature, asserting for the reduction
of SB to become a major public health priority (Department of Health, 2010;
Arundell et al., 2016). SB has continued to receive attention (Tremblay et al.,
2017b) since the first study conducted by Morris (Morris et al., 1953) showed
significant differences in cardiovascular illness between workers who were
physically active and those who were highly sedentary. However, the evidence
for SB was based only on an adult population in Morris’ study. More recently,
research within the field of non-communicable diseases has evidenced the
deleterious effects of SB on child’s health (Owen et al. 2012; Tremblay et al.
2011). In the previous chapter (Chapter 3) it was reported that 6-8-year-old
children were sedentary for approximately 8 hours (60%) per day, which is
comparable to an office worker and that South Asian children had significantly
fewer SB breaks compared to White British children. Previous research
highlighted in chapter 1 and 3 has identified that it is not only the total amount of
accumulated SB that is an issue, but also whether SB was accumulated in bouts
(uninterrupted periods of SB) above 30 minutes (Dunstan et al., 2012).
Furthermore, epidemiological and behavioural studies have shown that SB tracks
strongly to moderately in adult life meaning that the situation will not ameliorate
by itself, on the contrary SB levels will increase with age. The background
literature (Chapter 1) has identified that the living environment is a contributing
factor to high levels of SB through urban spaces that lack greenery and
connective walkability; increased motorised transport; small indoor spaces; high
access to screen viewing technology and unsafe neighbourhoods (Maitland et
al., 2013). The modifiable correlates and determinants of SB are not only of an
environmental and parenting nature, but also pertaining to an educational system
which has contributed to making the issue of reducing SB in primary school age
children a cumbersome matter (King et al., 2011). The England Reports Card on
Physical Activity (Wilkie et al., 2016) assigned the INC (incomplete) indicator to
SB due to the lack of guidelines in the UK and highlighted the need for evidence
based guidelines. Recent debates around the topic of quantitative public health
guidelines have also called or clearer guidelines in the field of SB, and have been
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documented in a recent narrative review evaluating relevant evidence for the
development of guidelines for adults (Stamatakis et al., 2019). Such an initiative
has not yet been identified for children, but this is likely to follow if we consider
that interest in the topic and physical activity (PA) and SB first started in adult
populations. Reports on SB from low income and medium income countries are
scarce, therefore a global overview on child SB is not yet available. Some multi
country (n=13) data surveillance and comparison is available, for example those
generated by the Determinants of Diet and Physical Activity Consortium
(DEDIPAC) as discussed in chapters 1 (page 3, 11, 30). However, given the rising
obesity and overweight levels in children and a growing body of literature
suggesting a strong correlation between high levels of SB and overweight status
(Department of Health, 2010; Sisson et al., 2010) more attention needs to be
given to exploring SB, what aspect of interventions work and why. Only a handful
of studies have been dedicated to designing and trialling interventions aimed at
reducing SB in children and even fewer have been effective in reducing it (Marsh
et al., 2014). Previously, behaviour change interventions have been criticised for
a lack of underpinning psychological theory and contextual information (Michie,
Bridle and Fund, 2008). The Medical Research Council (MRC) guidelines for
complex intervention suggests that the context of the behaviour needs to be
acknowledged and understood for effective design of the intervention (Medical
Research Council, 2006). To date, very little is known about the context of SB in
primary school age children. Although a number of studies have objectively
measured children’s SB, most do not capture children’s perceptions on this topic
(Sherar et al., 2007; Griffiths et al., 2013; Collings et al., 2017). Recently, some
studies have captured parents and teachers opinions in this area (Veitch et al.,
2013). For example, a sub-study of a large cohort study (n=1296) in the UK
explored parents perceptions around PA during school holidays in children aged
10 to 11 and identified that grandparents were often responsible for childcare
during holidays despite beliefs that children would have lower levels of PA when
in the care of their grandparents (Emm-Collison et al., 2019). Adults play an
important role in children’s behaviour and habit formation (Lloyd et al., 2014), and
since parents, extended family and teachers are a predominant influence for
primary school age children, through primary socialisation, their views are
important to capture.
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This study aimed to explore: i) children’s, parents’ and teachers’ perceptions of
sedentary behaviour (SB) ii) barriers and facilitators to modifying SB in children
iii) and, relevant components required for SB interventions for 6-8-year-old
children.

It is hoped that the present enquiry will provide a better understanding of the
quantitative data collected via activPAL inclinometer and actigraph (Chapter 3)
from 6-to-8-year-old children during July 2016 to May 2017. Finally, this study
acknowledges that psychological theory is highly important when developing
interventions and therefore the study has been underpinned by the Theoretical
Domains Framework (TDF). Brief justification for the use of the TDF has been
provided in the Research Paradigm chapter (Chapter 2, section 2.4.2) and further
detail is given in the methods section of this chapter.

The uniqueness of this study lies in the fact that it builds upon the findings from
inclinometer and accelerometer recorded data and goes further to explore the
topic through qualitative enquiry, exploring perceptions of SB from different
viewpoints, in this case, the child, parent and teacher. In capturing the views of
both South Asian and White British children and parents, this study aims to unpick
and explore ethnic differences in SB and identify which components need to be
addressed in future interventions aimed at reducing SB.

Methods
Design
An exploratory, qualitative study design was used to investigate primary school
aged children’s SB using focus groups and interviews with the children, their
parents and teachers.

Ethical approval
Following ethical approval for the study (E 536: Chair of the Humanities, Social
and Health Sciences Research Ethics Panel at the University of Bradford on
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6th June 2016.), participants involved in the quantitative part of the study (Chapter
3) were invited to participate in the qualitative arm of the study.

Setting and recruitment
Recruitment of participants was based on the demographics of the Born in
Bradford cohort, selecting participants from high and low socioeconomic areas,
from South Asian and White British ethnic backgrounds. The study commenced
in July 2016 in three out of seven primary schools that have been approached
via head teachers, in West Yorkshire.

Detailed recruitment for the larger quantitative study is described in chapter three.
This qualitative study, presents subset of the data.

Participants
4.3.4.1 Parents and teachers
All parents and teachers of year three children who took part in the quantitative
summer stage of the study (as detailed in chapter 3) were invited to participate in
the qualitative part of the study.

4.3.4.2 Children
A purposive sample of six children (three girls and three boys) from each school
took part in the focus groups firstly ensuring that children whose parents attended
parents’ focus group (or interview) were also invited to participate in the children’s
focus group. Once this requirement was met, children’s inclinometer data files
(discussed in chapter 3) were inspected to ensure they had valid data. The names
of the children with valid inclinometry data were then given to the class teacher
of each of the three schools. The teacher in each school then selected three boys
and three girls based on availability to attend the discussion on the day and their
knowledge of which children had the ability to work constructively in a group
discussion for 30 to 40 minutes. Parents or teachers were not present in two of
the focus groups (school A and B). However, a teaching assistant observed the
children’s focus group in school C, at class teacher’s suggestion, since the
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children were boisterous and the presence of a teaching assistant might facilitate
a more effective discussion.

Topic guide
The interview guides (Table 4-1), were developed based on the TDF to elicit
specific components required for behaviour change interventions (Michie, S
Ashford, et al., 2011; Cane, O’Connor and Michie, 2012). An in-depth description,
development process, purpose and structure of the TDF have been outlined in
chapter two. The interview guides were developed by the primary researcher
(LCN) and reviewed by specialists in the area (MH, SB and ND).

The focus group schedules were then refined through four separate pilot tests
with a White British 7-year-old boy, his parent, a South Asian parent and a White
British primary school teacher in a predominantly South Asian school. The pilot
tests were not included in the analysis. Minor changes were made to the
questions such as changing some of the wording for the children’s focus group
e.g., instead of sedentary behaviour, sitting was used. Focus group and
interviews were conducted in a manner consistent with recommendations made
by Krueger & Casey ( 2001).
All focus groups and interviews were carried out in English, were digitally audiorecorded and transcribed verbatim by LCN. An Urdu and Punjabi translator was
available for the focus group with the South Asian parents, but translation was
not necessary as all parents spoke English. Focus groups took place at each of
the participating schools during the school day, in the morning. Focus groups and
interviews were conducted until data reached a point of theoretical saturation
(Mason, 2010; Fusch and Ness, 2015).

Prior to starting the recording for each group, the interviewer reminded the
participants about the topic of the discussion, provided a definition of SB and
clarified discussion guidelines, among which: voluntary participation, being able
to refuse to answer any question at any point and being free to leave at any point.
Participants were informed about the use of transcripts for the PhD thesis and
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publications, whilst preserving their anonymity and maintaining confidentiality. All
adult participants signed a consent form and children signed an assent form. Only
children whose parents signed consent for the child to participate in the focus
group were invited to participate. Demographics information was collected in the
quantitative part of the study.
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Table 4-1: Focus groups/interview schedule for children, parents and teachers.
TDF Domains
Questions for children
Questions for parents
Questions for teachers
1. Knowledge (awareness of  Why do you think some  Are you aware of any  Are you aware of any
the existence of something)
children spend more time
recommendations
recommendations
sitting during the day than
related to children’s SB?
related to SB for
others?
children?
 Why do you think some
children spend more  What do you think that
sitting time during the
makes some children
day than others?
spend more time sitting
during school hours than
others?
 What is your view on the
importance of physical
activity during break
time?
2. Skills (any ability or  Have a look at these pictures!  Are you able to monitor  How you are able to
proficiency acquired through
(watching TV, traveling by car,
your child sitting time in
monitor children’s SB?
practice)
playing
an
instrument,
terms of the amount and  How do you manage
listening to music, chatting
type of SB they are
children
who
are
with friends, having a bath,
engage in?
fidgeting in class or
having
a
meal,
doing  How do you do this?
standing
up
or
homework, playing on the
wandering about?
tablet,
smartphone,
hairdresser) How easy is it for
you to sit down? (use pictures
as discussion focus)
 What about those activities
that it is hard to sit down for?
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3. Social/professional role and 
identity (a coherent set of
behaviours
and
displayed
personal qualities of an 
individual or a social or work
setting)
4. Beliefs about capabilities 
(acceptance of the truth reality
or validity about ability, talent,
or facility that a person can put
into constructive use)

5. Optimism (the confidence 
that things will happen for the
best, or that desired goals will
be attained)

Where are you normally asked
by adults, such as parents or
teachers, to sit down?
What activities are you
normally doing when asked by
adults such as your teachers
or your family to sit down?
Think about the time when you
are not learning in class or
doing homework, if you
wanted to, do you think you
would be able to cut down on
the amount of time you sit
down for? How do you think
you would feel about doing
this? (prompt: would it be easy
or hard?
As you grow up do you feel
your sitting down time will
change? Will you be sitting
less or more?



Do you have any family 
rules
related
to
children’s SB?
In what way do you think 
your own SB affects your
child behaviour?

Do you have any
classroom rule related to
SB?
What do you consider to
be your role in relation to
SB during school time?



How confident do you 
feel about helping your
child sit less/increase
their levels of physical
activity?

How confident do you
feel about being able to
modify children’s SB and
increase their physical
activity levels during the
school time?



How do you feel about 
your child’s sitting time
as he/she is growing up?
Will it stay the same,
lesson or increase?
Does this concern you at
all?

How do you feel about
children’s SB as they are
growing
up?
For
example, will it stay the
same,
lessen
or
increase? Does this
concern you at all?
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6. Beliefs about consequences 
(acceptance of the truth reality
or validity about outcomes of a
behaviour in a given situation)




What do you think happens to 
your body if you sit down for a
long time? For example, after
sitting in class for lessons, and
then going home and sitting
down for other activities. How
do you think this affects your
body and your health?
Prompt: good and not so good 
effects on body and health
Does it affect your work at
school?

Can you tell me what do 
you
know/understand
about the benefits of SB
for your child? You can
consider
impact
on
physical health, mental
health,
academics
results, interaction, etc.
Can you tell me what do
you
know/understand 
about
the
risk
or
negative impact of SB
for your child? As
previously, you can
consider
impact
on
physical health, mental
health,
academics
results, interaction, etc.


Can you tell me what do
you know about the
benefits of SB for
children aged 6-8-yearold? You can consider
impact
on
physical
health, mental health,
academic
results,
interaction etc.
Can you tell me what do
you know about the risks
or the negative impact of
SB on children aged 6-8
years old? As previously
please consider physical
health, mental health,
academic
results,
interaction, etc.
How does a child who is
fidgeting in class or is
getting up a few times
affects lesson time or
learning?
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7. Reinforcement (increasing 
the probability of a response by
arranging
a
dependent
relationship or contingency
between the response and the 
given stimulus)

What does your teacher say if 
you are sitting down as you
have been told? And what
about your parents?
What does your teacher say if,
instead of sitting down, you 
become restless and fidget
about or stand up? And what
about your parents?

What is the response 
you give to your child
when he/she remains
seated for large amounts
of time?
What is the general
response you give to
your child when he/she 
is
physically
active
inside or outside the
house?

8. Intentions (a conscious 
decision
to
perform
a
behaviour or a resolve to act in
a certain way)

Do you plan to change 
anything about your sitting
down
time?
How/what
changes are you thinking
about making to sit down less?
Do you want to sit more or sit 
less than you do at the
moment?
Do you want to be moving 
around more than you are at
the moment?

Do you intend to modify 
your child sitting time in
any way?

9. Goals (mental representation 
of outcome or end states that
an individual wants to achieve)


Do you have any idea 
how active you would
like your child to be?
How much time do you
think it is ok for a 6-8year-old child to spend in
sitting or lying down
activities?

What is the general
response you give to
children
when
they
remain seated for the
expected amount of time
in class? For example,
the whole lesson time.
What is the general
response you give to
children
when
they
become
physically
active or fidget during
the class time?
Is there a need to modify
sitting time and if so do
you intend to modify
sitting time during school
hours in any way?
Do you have any
goals/objectives related
to children’s activity
levels during class or
break time? If so which
are they?
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10. Memory attention and 
decision processes: ability to
retain
information,
focus
selectively on aspects of the
environment and choose two 
or more alternatives


Is sitting down in school 
something you do without
thinking or do you do it
because you are told to?

What about at home?
Is sitting down too much
something you have thought
about before today?

What
helps
you 
remember to monitor
your child’s SB?
Have you any prompts 
around the house to help
you encourage physical
activity
and
reduce
sitting time for the whole
family?

11. Environmental context and 
resources- any circumstance
or
a
person’s
situation,
environment that discourages
or
encourages
the 
development of skills and
abilities, independence, social 
competence, and adaptive
behaviour

Think about your home, 
school, and other places you
go to. Where do you think you
sit down the most?

Which room in the house do
you sit down in the most?
Why? What could be different 
about these places to help you
sit down less?

Where does SB mostly 
tales place inside the
house?
Where does SB mostly 
takes place outside the
house
In which environment do
you encourage your
children
to
remain 
seated?
Are there any visible
items
that
would
encourage
physical
activity in your house?



What
helps
you
remember
monitor
children’s SB?
Are there any prompts in
the
classroom
and
throughout the school to
encourage
physical
activity
and
reduce
sitting time for children
and adults?
Where SB does takes
place mostly throughout
the school?
Are there any particular
classes/ lessons which
require more sitting than
others? If so which
ones?
Are there any areas in
the playground which
you have identified as
being more sedentary
than others? Why is
that?
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12. Social influences (those 
interpersonal processes that
can cause an individual to
change their thoughts, feelings
or behaviours)


Think about the people you 
see every day, like family and
friends, are they people who
do a lot of sitting or are they
more active?

Do they make you want to do
more or less sitting down?


13. Emotion (a complex 
reaction pattern, involving
experiential, behavioural and 
psychological elements, by
which the individual attempts 
to
deal
with
personally
significant matters or event)

Which sit down activities make 
you feel happy?
Which sit down activities make
you feel less happy?

Why?



In which social situations
do you encourage your
children
to
remain
seated?
Do you think your own
behaviour might impact
on the SB of your child?
If so, how?
Do you think children
influence one another in
relation to SB? If so
how?
Are
you
concerned
about the amount of
sedentary
behaviour
your child engages in in?
Are there any particular
SB that worry you in
particular? If so which
ones?
Are there any SB that
your child engages in
that you are particularly
happy about and keen to
promote? If so which
ones?











Do you think your own
behaviour might impact
on the SB of the children
you teach? If so, how?
How do you think
children influence one
another in relation to
SB?

Are
you
concerned
about the amount of SB
children are engaged in
during school hours?
Are there any sedentary
activities during school
hours that you worry
about? If so which ones?
Are there any sedentary
activities during the
school hours that you
are particularly happy
about? If so which ones?
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14. Behavioural regulation 
(anything aimed at managing
or
changing
objectively
observed, measured actions)


If you wanted to sit down for 
less time, what changes would
you need to make?
How can adults from your
family or staff in school help
you to sit less?

What are some of the 
way in which you could
modify your child SB?

Could you help me how
you could help children
sit less during the school
hours?

TDF= theoretical domains framework
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Data analysis
Data were anonymised and data analysis adopted the Framework Approach
(Ritchie et al., 2013), using the Theoretical Domains Framework (TDF) as a
framework. NVIVO11 (QSR International, Warrington UK) software was used to
assist with coding, cross-referencing, storage and data retrieval. The Framework
approach was chosen as this method allows for a combined approach to analysis
enabling themes to be developed inductively or deductively from the literature
(Ritchie et al., 2013). Furthermore, the framework method provides a systematic
and comprehensive structure within which the emergent themes can be ordered,
allowing comparisons of associations (Spencer et al., 2003; Ritchie et al., 2013).
In addition, framework analysis allows quick and easy access to the original data
which permits the transparency of the analysis for others (Ritchie et al., 2013).
Although framework categories were determined a priori and comprised the
domains of the TDF from the interview topic guide, lower order themes emerging
within the domains were also examined as the analysis progressed. All
transcripts were uploaded into the NVIVO11 data management programme.

The analysis process involved reading and re-reading the transcripts several
times to enable familiarisation and immersion in the data. Three researchers
(LCN, MH and SB) read the transcripts, and two researchers (LCN and MH)
coded the text independently and developed the working analytical framework of
the focus groups. Discrepancies were discussed between MH and LCN. Data
were then lifted from the text and placed under the thematic analytical working
framework headings (the charting stage) after which key characteristics were
analysed subtracting meaning, developing associations and explanations within
context. The themes were identified through initial coding of focus groups and
interview transcripts by LCN and MH, and grouping codes under overarching
themes. The proposed intervention components were generated in response to
identified TDF items requiring change following discussion between LCN and
MH.
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Results
Three out of the seven primary schools approached via head master of the school,
agreed to participate.
A total of eight focus groups and two interviews were carried out between October
2016 and June 2017 with 32 participants, which included 18 children aged 7-8
years, six of their parents and eight primary school teachers from three schools in
Bradford. Three focus groups were conducted with children, three focus groups
with teachers and two focus groups with parents. As only one parent attended in
school A, an interview was carried out with this parent. Similarly, a separate
interview was carried out with a teacher in school B as she was unable to join the
focus group. The focus groups and interviews took place in each of the three
schools and lasted between 15-40 minutes. Two of the schools were located in
low SES areas (IMD1-2) and one was located in a medium SES (IMD 4) area. Six
children (33%) were from the lowest SES (IMD 1-2), 8 children (44%) were from a
medium SES (IMD 3-5) and 4 children (22 %) were from the highest SES (IMD 68). Children FG1 in school A were all WB, in FG 3 from school B were all SA and
children in FG6 in school C were both WB and SA. All children’s focus groups
included three boys (50%) and three girls (50%) and all adults focus group
participants were females (100%) (Table 4-2).
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Table 4-2: Focus groups/interview characteristics.
Focus
School
groups
(n=3)
and
interviews
(n=10)

School
SES

Participants Participants Participants’
(n=32)
Index of
ethnicity
Multiple
Deprivation
decile

FG1

A

Med SES

Children
n=6

4,4,6,6,8,8

WB

Int1

A

Med SES

8

WB

FG2

A

Med SES

Parents
n=1
Teachers
n=3

n/a

WB

FG3

B

Low SES

Children
n=6

1,1,1,1,3,3

SA

FG4

B

Low SES

3,1

SA

FG5

B

Low SES

n/a

WB

Int2

B

Low SES

Parents
n=2
Teachers
n=2
Teachers
n=1

n/a

WB
WB and SA

FG6

C

Low SES

Children
n=6

2,2,4,4,5,5

FG7

C

Low SES

2,5,5

WB

FG8

C

Low SES

Parents
n=3
Teachers
n=2

n/a

WB

FG=focus group; Int= interview; SES=socioeconomic status.
It was particularly difficult in some parts of the children’s focus groups to
differentiate which child had spoken as they often talked over each other. The
children’s quotes identify the child’s school, ethnicity and sex but it was not
always possible to be certain of which out the three boys or three girls spoke.
This was not an issue for the parents’ and teachers’ groups and quotes are
always identified by participant number.
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Table 4-3: Themes with corresponding TDF domains.
Final Theme

Evidence

Mapped TDF
components

Knowledge
practice gap

Parents and teachers had some
knowledge of the impact of SB on
children generally. Parents and
teachers were not able to see the
long-term impact and came across
as not being able to apply the
knowledge in practice. A lack of
concern towards existing levels of SB
resulted therefore in lack of action.
Children expressed a wide range of
beliefs about the consequences on
SB ranging from obesity, diabetes
and cardiovascular illness but this
knowledge did not result in a focused
action to change SB.
Sedentary activities considered
cognitively engaging and contributing
to child development such us
reading, writing, coloring, school
homework, arts and crafts, board
games with family and friends were
preferred by parents and teachers
and considered positive for their
children. Sedentary activities that
were negatively perceived were:
screen viewing especially television,

Knowledge, Beliefs
about consequences,
Intentions, Emotion

Hierarchy of SB

Identified intervention component
Educational sessions within schools to raise
awareness for both parents and children on the
long-term impact of SB.
National campaigns to sensitize the population
on the risks of SB.
Educational and health policy needs to target
SB during school time using benchmarking in a
similar way to physical activity benchmarking
during the school hours.

Beliefs, Emotion,
social influences

Educational sessions for both parents and
children on the impact of SB on the body
despite the type of SB activity engagement.
Health policy to agree bench marking for
screen viewing for primary school children.
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IPad and smart phone. These were
tolerated by parents when accessed
for a short time as a mean of
relaxation and also if used as a way
of family bonding eg. Watching a
movie together.
The expectation Sitting or the requirement to sit is Skills, Goals, Intention,
and the culture of strongly embedded in today’s Social professional
sitting
culture. In other words, created to
role identify,
move but made to sit. From a need to
Reinforcement
sit for particular activity, adults have
generalised this to activities that
perhaps don’t necessary require a
sitting posture. Children spend more
time in environments and social
circumstances that feature sitting
than those which don’t. Children are
trained to sit in school from a young
age to be able to respond to heavier
academic demands and future work
that requires to be seated. The
tolerance to sitting is gradually built
into the child’s ability to sit and focus
on work.
Intra-personal
The intrapersonal aspects related to Skills, emotion, Social
and interpersonal child seen by all (teachers, children
influence
reasons to sitting and
parents)
were
laziness,
enjoyment to sit and boredom.
These aspects were particularly
linked to screen viewing.

Training with school teachers and head
teacher on the topic of needing to sit for
learning i.e. not all learning requires sitting for
example art, active learning
Educational policy to implement active learning
in schools.
Training on active learning for teachers.

School nursing involvement in routine checks
about movement behaviour levels similarly to
weight status checks.
Interventions to reduce out of school SB should
involve parents.
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Environmental
constraints

In teachers view, the reason to
increased SB was traced to parents’
behaviour, the type of behaviours
they were modelling: active or
sedentary lifestyles. Parent’s mental
health was part of the cause for one
parent. Lack of time and family
pressures put parents in the position
of seeing sitting, in particular screen
viewing as a safe solution. The cost
of organised physical activities was
believed to have contributed towards
increased SB.
Lack of indoor and outdoor space at
home and in the classroom, was
perceived to contribute to SB. Within
the neighborhood perception of
safety influenced preference of
screen activities rather than outdoor
physical activity. Vicinity to parks or
sport facilities and having access to
personal means of transport was an
issue for a South Asian mother

Availability of after school/holiday activity clubs
that are affordable for all families.

Environmental
context and
resources

Education and health policy clarify minimum:
- minimum space per child in the play
ground
- minimum space per child in the
classroom minimum
- minimum outdoor space in housing
Local authorities to consider:
- urban planning informed by physical
activity and SB research
- connectivity of the neighbourhoods
- improving children’s play area
- improving neighbourhood safety
- promotion of active travel
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Educational
constraints

Participant’s
solutions

Teacher’s perception was that the
increased in academic demands was
inseparable from increased SB.
Curriculum pressures and academic
driven scores to evaluate the level of
the school were to blame for their
contribution to increased sitting and
reduction of PA.

Social influences,
Social/professional
role identity

Education/Health policy to re-evaluate the
importance for PE/outdoor play in view of
existing research.
Child Mental Health professionals to be
involved in devising the load of academic
demands to enable a balance that promotes
mental health and physical health

Parents, teachers and children
Beliefs about
Parent and teacher to be co-designers in
generated solutions to reduce sitting.
capabilities,
interventions
These are informed and limited by
knowledge, skills,
their knowledge on the topic and social professional role
beliefs about capabilities.
identity
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Overall seven themes corresponding to TDF domains emerged through data
analysis and are presented in Table 4-3, along with relevant solutions to address
highlighted factors to reduce SB.

Detailed results with original quotes are presented under the theme headings
(Table 4-3). The data generated knowledge on what is known about SB, risks,
benefits and expectations for impact in later life; it highlighted the existence of a
SB hierarchy where some SB were desirable whilst other were not; it explained
how learning to sit for certain behaviours can contribute to habitual SB; it
identified a variety of perceived reasons for sitting and barriers to reducing sitting;
certain aspects of environment and the current educational system, as well as
being identified among the reasons for increased SB, stood apart and remained
independent themes. Finally, children, parents and teachers proposed solutions
to SB.

Knowledge practice gap
“Knowledge practice gap” consisted of three subthemes: awareness of SB as a
problematic behaviour, expectations of child’s SB and lack of action despite the
consequences.
4.4.1.1 Awareness of SB as a problematic behaviour
Parents and teachers discussed a wider negative impact of SB on health, such
as the rise of obesity levels, reduced ability to learn and retain information, and
poor concentration:
“I suppose that …it affects..your metabolism… and you wouldn’t want your child
to put on weight and be…overweight” (School A, White British Parent).

When asked about the impact of sedentary behaviour on health, teachers saw it
in connection with lack of physical activity:
“…I know that if the kids are less active it is not good for the blood pressure,
health, weight” (School C, Teacher 1).
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Parents and teachers balanced the risk of prolonged sitting with identified
benefits for sitting which included relaxation and rest, improved communication
and educational learning:
“They are somewhat more focused if they are sat on one place…instead of just
walking around the room” (School C, White British Parent 1).
“Sometimes children need to be focused. So they need to be sat, especially for
things like handwriting, that good position, sitting bum right to the chair, feet flat
on the floor” (School C, Teacher 1).

Parents and teachers acknowledged both the need to sit down and be still for
learning as well as the problem of too much sitting which can have opposite
results: loss of focus, restlessness and behavioural issues.

It was clear that parents and teachers were not aware of the existence of any SB
guidelines but teachers were aware of the national physical activity guidelines for
children.

Likewise, children were aware of different negative impacts of SB on their body
and talked about heart issues, and the legs “going funny”, referring to numbness
or pins and needles due to pressure on nerves or blood vessels supplying the
nerves:
“The blood doesn’t get pumped” (School B, South Asian Boy).
“Pins and needle in your legs” (School B, South Asian Boy).

Generally, children were able to identify the different short-term effects of SB on
the body, but only a few mentioned the longer-term effects on health; one
particular girl was cognisant of wider social implications of SB, becoming big
(obese), unhealthy and not being liked by others:
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“If you sit down too much you gonna get bigger and you not gonna be healthy
and then people not gonna like you because you gonna be fat and everything”
(School B, South Asian Girl)

Although body image issues are more common with adolescents it is possible
they might start much earlier on in primary school as suggested by pupil’s
statement.

4.4.1.2 Awareness and expectations of children’s current and future SB
Parents believed that girls were generally more active than boys perceiving boys
to be lazier than girls. The expectations on what was going to happen as their
children grew up differed between parents. Whilst some felt that their children
would become more sedentary, due to increased use of technology, others
thought they would become more active due to having more independence:
“for my son, I think it will be less [SB], he is all right. He is not like …all the time
sitting you know? He is, different, different things he is doing “(School B, South
Asian Parent 1).
“he likes to play computers, tablet …. like this they’re going to sit, more” (School
B, South Asian Parent 2).
“I think is going to increase [SB]. More time he will be wanting to spend
on….[screen devices], well he doesn’t have a phone yet, but when they get older,
they get phones, there is more sitting down, it will be harder to stop. I think it will”
(School A, Parent, White British).

Some teachers expected that SB would increase due to higher demands of
academic work, whilst others believed that SB levels will stay the same in school;
teachers expected that by year three children would have learned to sit for longer
lengths of time as required for class work:
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“I would imagine more. They will be told to sit down…do your work; and teacher
pressure…children do need to sit down and learn” (Teacher 1, School B).
Girls of SA origin expected they were going to be more active as they grow older
and talked about having children and responsibility of the house work:
“more, because when you are a woman you have to do more things” (School B,
South Asian Girl 1).
“you have to cook the food; you have to look after children” (School B, South
Asian, Girl 2)
” yeah but the fathers can” (School B, South Asian Girl 3) (discussion among girls
in School B).
WB children’s expectations related to SB in adulthood were also connected to
responsibilities as an adult:
”You might have a job that you sit down at the computer”! (School A, White British
Boy).

Other, children thought that SB would increase during the holidays whilst other
disagreed:
“I think it is in 6 weeks holiday because you have lots of holidays, because when
there is half term there is two days, Saturday and Sunday and there isn’t much
to do in those days because one day you gonna be doing your homework and
the second day you are not gonna be able to do anything” (School B, South Asian
Girl).

The answers were very much divided and related to each child personal
circumstances:
“In weekend, I climb trees “(School B, South Asian Boy).
” I sit more in school holidays too” (School B, South Asian Girl).
” I sit less in school holiday” (School B, South Asian Girl).
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Parents’, teachers’ and children’s expectations of lower or higher SB during
school holidays or as children become older were much divided. A difference in
expectations that could be attributed to gender and ethnicity was that a White
British boy expected increased SB in adulthood because of his office job while
two South Asian girls believed SB would decrease based on their active role in
the household. Contrary to the literature evidence, mothers believed boys to be
less active than girls.

4.4.1.3 Lack of concern generates lack of action
Overall there was not a concern about SB in general, but only about the use of
screens, especially computer games for boys and watching television; there was
no intention by parents to make any changes to their child’s SB levels.

LN: would you take an action to modify your child sedentary behaviour at this
point in any way? Do you have any intention?
“No” (School C, White British, Parent 1).
“No, I don’t think so” (School C, White British, Parent 3).
“I wouldn’t” (School C, White British, Parent 2).

However, for some parents, having an overweight child was an indicator that SB
needed to be reduced, otherwise the concerns about the SB were not justified.

Any concerns that were voiced by parents around SB were related to the negative
impact of screen viewing. Parents perceived screen viewing as not being
mentally stimulating, giving the children eyesight problems, or headache,
reducing the appetite for food and causing challenging behaviours. Moreover,
when the researcher used the word ‘concern’ to prompt teachers or parents to
reflect on concerns with children’s sitting time, both parents and teachers
appeared to take a stand and justified the lack of concern; parents and teachers
clarified that measures were already in place to foster positive movement
behaviour that included enough physical activity in school:
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“Not within our school cos of what we offer, there’s lots of like I said activities for
them to run around, burn that energy, get the exercise that they need, learn that
the body, you know the different feelings in your body when you do run around,
that that’s normal, you know to be about out of breath, a bit sweaty a bit hot”
(School B, Teacher 3)

Within the current primary education framework, which includes meeting many
academic targets, adding SB to it might seem like extra work and therefore the
knowledge practice gap is a natural reaction and a coping strategy with the
already existing demands placed on children, parents and teachers, either at
home or in school. A reprioritisation of the demands within school may be
required to address the child SB levels in a more productive manner. Such
reprioritisation is likely to require a whole system approach to work more
effectively, due to the complex interplay of SB correlates and determinants.

Hierarchy of sedentary behaviours
Parents and teachers rated SB as desirable or not, depending on how they
perceived the outcomes for sedentary activities. Sedentary activities which were
not mentally stimulating were deemed as negative especially if they were
considered to be in excess. For example, television viewing or playing computer
games were the most talked about and least desirable sedentary behaviours:
“…it depends what you are doing, if you are playing siting down, reading or talking
I guess you are still using your brain. If you’re watching television I guess you are
zoning out and not doing much, which is ok, you need that I think; you do need
that but you don’t want your children doing that all the time do you?” (School A,
White British Parent1).
“If he wanted to sit play board games all day, I wouldn’t have a problem, I wouldn’t
limit that. I think is more computers, the Xbox stuff.” (School C, White British
Parent 2).
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“After playing games he always complains, oh, my head hurts.” (School B, South
Asian Parent 2).

On the other hand, there were many situations when parents considered screen
time to be a positive pursuit. The exact same screen viewing activity, which even
if not mentally stimulating, was considered positive in a different context as it was
helping the children to relax or it would facilitate family bonding time. Parents had
a logical reasoning and evaluation of screen viewing activity within this context.
“… if a child can sit relaxed he can understand, the rule is you need to sit” (School
B, South Asian Parent 1).

Screen viewing was also treated as a tool to facilitate something by most parents.
“ …we used to have Saturday , Sunday as a family sort of sit down, talk,… on
Saturday night in the front room we would watch something we all want to watch”
(School C, White British Parent 3).

Parents from neighbourhoods which were perceived to be unsafe to play out in,
preferred screen viewing as a safe entertainment activity for children.
“I think is just the safety aspect. If he says to me on a weekend, I am meeting
with my mates and we are going to play football. I say fine, off you go, but you
see them walking around…I would rather have my boy just sitting on his xbox or
ipad then walking the streets” (School C, White British Parent 2).
“you know he is not in trouble” (School C, White British, Parent 1).

Sitting down to learn or to write, sitting down to listen to the teacher, sitting down
to have a discussion and being able to focus were among the positive SB
pursuits. Both parents and teachers were allocated a positive or negative label
for the SB based on intended purpose and expected outcome of that behaviour;
for example, sitting to read or to write was positive because of the intended
purpose of sitting was reading or writing; they were focused on the exact time of
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the behaviour being performed and did not take into consideration habit formation
and long-term implications of SB habits.
‘Certainly, with handwriting, they do need to sit and adopt a correct posture and
write properly so it is quite important in handwriting. Working in groups, they are
all sat around the table together being focused, concentration, but again, there
comes a time when again, they become fidgety’ (School A, Teacher 1).
Adults’ (parents’ and teachers’) perception of SB seemed to be influenced by the
academic or cognitive outcome generated by the sedentary activity without taking
into consideration possible negative outcomes on physical health.

A culture of sitting
Parents discussed the known, expected and perceived benefits of sitting which
appeared to reinforce the expectation of sitting behaviour. Sitting is
predominantly required in employment regardless of the level of education, from
a checkout member of staff in the supermarket to the chief executive. In this
context, it is no surprise that an ability to remain seated is something desirable in
a child and reinforces the culture of sitting:
“I think this sounds like training for what could be their possible careers and
stamina…they will be in employment, they obviously not going to be able to stand
up and wander off when they feel like it” (School B, Teacher 2).

Teachers discussed the need to sit for classroom activities and how the ability to
sit is developed over time by being gradually built into the child’s daily schedule.
Developing and strengthening the ability to sit down and focus on academic work
was identified as mandatory for learning; teaching children to sit so that they can
learn was part of the teacher’s role and therefore it is teachers who control the
child sitting behaviour during school hours.
“…so we are following on from foundation stage, into year 2, so obviously when
they come to year three that’s probably the year that they have the biggest shock,
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this is when the school becomes, what people perceive as school more desk
based, but they had lots of transition, they build that over the time in year 2 so is
not a culture shock to them (School A, Teacher 2).

Teachers associated the need to sit down and focus on task with resilience and
being prepared for challenges in later working life which required sitting. This is
suggestive of the fact that sitting does not come natural or is easy for children.
However, since it is a requirement of most jobs, sitting is instructed and
reinforced.
‘I feel we focus a lot on building resilience in children because our children don’t
have a lot of resilience and I think that through parents not always seeing the
importance of children being resilient because they see them like babies really
but I think that is something we are building the resilience and even when things
get hard you have to keep going because we are preparing them for world that a
lot of our children don’t see their mum and dad in, a lot of our children don’t have
both parents in the working world striving to achieve and I think we try prepare
them for that’ ( School B Teacher 1).

Teachers and parents believed that sitting was important for academic learning
to be able to focus and to have the ability to absorb knowledge better if seated,
i.e., concentration is improved.
“..well they have to learn don’t they that there are times when they can’t run
around and there are times where they have to sit and learn” (School B, Teacher
3).
“..a time for thinking, you are able to concentrate, if you need to, if you are writing
or reading, talking, you not gonna do your best if you sort of fidgeting, running
around so yeah, those things probably” (School A, White British Parent).

The importance of sitting for academic learning was not something that resonated
in children’s narratives. Children reported that they were subjected to sitting,
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which was reinforced by their teachers or parents on a regular basis in order to
do what was required during school hours.

Children and parents were able to identify a variety of circumstances when
children were told to sit down that related to completing school work, eating,
completing craft based activities at home, motorised transport and attending
religious events. The type of activities children spent more time seated were
classroom based and those involving screens (TV viewing, computer).
“ …when we’re doing our work in school and we have to sit on chairs” (School B,
South Asian Girl).
“My mum tells me to sit down when I have to eat my food” (School B, South Asian
Girl).
“We went to a wedding and we had to get her to sit down” (School B, White British
Parent 3).
“There are families that don’t have kids and want them not to breathe basically
(School B, White British Parent 2).
“Yeah, sit there and don’t move” (School B, White British Parent 1).

Good sitting behaviour was reinforced through reward and sanctions in all three
schools where data was collected; different behavioural approaches were
adopted to encourage children to follow rules on sitting down in class, for example
one teacher would point out children who demonstrate good sitting behaviour as
an example to the rest of the class; or children would lose play time for bad
behaviour and they would have to stay in, sit down and reflect on their doings.
“We praise good sitting, if children are sitting on the carpet we praise it, but we
don’t expect them to sit rock still” (School A, Teacher 2).
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If sitting is an important prerequisite to the child’s future employment and if the
current methods of learning largely involve sitting it is no surprise that the current
culture is one that values and facilitates sitting behaviour in children. This is
understandable in a context where we have only just started to learn about the
negative impact of sitting upon health, which has been evidenced at a slower
pace than advances in technology. The culture created by the technological
progress is one in which sitting and productivity go hand in hand; sitting to travel,
sitting to communicate, sitting to learn, sitting to work and sitting to rest. Such
lifestyle societal changes call for raising awareness and action against some of
the less desirable effects (SB) of the technological evolvement and to explore
physically active methods of engaging with technology.

Intra-personal and interpersonal perceived reasons to sitting
Children, parents and teachers reported a variety of perceived reasons to
engagement in SB which came two subthemes: child preferences and parental
influences.

4.4.4.1 Child preferences
Children were able to identify reasons for their own SB as being related to
boredom or preference for screen viewing activities. When they had to think
about why other children might sit they related SB to physical health and
disability, laziness, boredom, tiredness, not having friends, feeling lonely,
having a dislike for physical activity and enjoying screen based activities.

The aspect of enjoying SB or enjoying being active was something that each
child related to as a cause for a particular choice within the movement
behaviour.
“When I am looking at my tablet, and then when I sit down it makes me feel
happy” (School B, South Asian Boy).
“I like going for walks with my dog and playing football “(School A, White British
Boy 1).
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“some, maybe just cos they want to do it, some people want to do it, to be lazy,
like my sister she always sits on the sofa and never gets out, and I am always
out of the house” (School A, White British Boy 3).
”…they might be lazy and might have pain somewhere” (School B, South Asian
Girl 2).
“I think they are lazy and if you are lazy you keep on playing with your phone”
(School B, South Asian Boy 3).

The aspect of liking, disliking sedentary activities or laziness influencing the
child’s behaviour was acknowledged by parents; this was a re-occurring reason
for sitting from the parents’ point of view. Parents reported that a combination
of being lazy or bored and a preference for playing computer games was one
of the main reasons for engagement in SB for boys.
“…my son is so lazy, when he stays inside, then he likes to play games on the
computer all the time, but when I say to him, go and play outside, go and have
some fresh air, then he plays like with my daughter, so then he is running around
in the garden” (School B, South Asian Parent 2).

The liking of screen viewing activities went further for some children and it was
perceived as an addiction by parents, when it came to computer games.
”I know my son, if I wouldn’t say he can’t have it, or you can have it only for an
hour or so, he would be on it 24 hrs. a day, take it to bed and sleep with it. He
wouldn’t put it down” (School C, White British Parent 2).

Relating to the social context of SB, children and parents reported that children
would sit with family, friends, and by themselves. Parents talked about their
child PA, but this was mainly done in company and not as a sole pursuit by
themselves.
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“My son always stays at home playing computer games and tablet and stuff.
When, my son’s friend comes to our house then he plays outside in the garden
and running and hide and seek and stuff (School B, South Asian Parent 2).

The need for company to be active instead of sitting was something that
resonated in the narratives of other parents too. Children also agreed that they
would prefer to sit if alone, but would become more active when other children
were around.

Children identified activities that were easy to sit down for, for example playing
on the computer. Relating to the day of the week, there were mixed opinions
with some children within the same focus group thought that they were
spending more time in sedentary activities at the weekend whilst other thought
they were spending less time in SB at weekends as they were spending more
time out of the house. A similar inverse pattern was identified for PA: children
reported more PA if they were spending time outdoors.
“In the week, I play more because my friend, when we go outside and we feel
like playing” (School B, South Asian Girl).

Similarly, there were mixed opinions about the school holidays, with some
children reporting they were doing more sitting during the school holidays
because there was nothing to do, whilst others thought they sat more during
the term time because of all the classes they had to sit down for.

4.4.4.2 Parental influences
Parents’ health behaviour appeared to directly impact children’s SB. Children
tended to perceive their mother more physically active than their fathers.
“My mum is active and my dad is less active because he is a taxi driver and he
has to sit in his car all day long…. also then he goes to watch TV and lay down”
(School B, South Asian Boy).
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“They wait for me yes, actually I am so lazy you know, cos my health is not…cos
well ok, I sit and watch TV or doing something on laptop and these things” (School
B, South Asian Parent 1).
Teachers identified parenting as a major contributor to children’s SB. Teachers
at a predominantly South Asian school discussed how parents overprotected
their children and that they did not see the importance of PA.
“There are lots of children who would stay inside and there are an awful lot of
parents who would say, aw so and so has got a cold today he needs to stay
inside, you know he is feeling tired. I don’t think the parents see the importance
of being outside in fresh air, burning energy and things like that (School B,
Teacher 1).

Other teachers, at a predominantly White British school thought that the
difference in children’s SB or PA levels had to do with parenting through role
modelling.
“If mum is going to run then the kids tend to come with you. Where as opposed
to, if parents are at home not doing anything…” (School A, Teacher 2).
Teachers thought that parent’s perception of neighbourhood safety would
influence their parenting, which in turn would affect children’s SB. This was also
discussed by some parents, who would rather have their children stay indoors
and be safe rather than be exposed to various risks or antisocial behaviour.
“…the big part of it is down to parents, if it’s like a big family its easy just to put
them in from of the television or give them a table or a game console rather than
taking them out to the sports centre, so I think a lot of it comes down to the family,
to the parents” (School B, Teacher 2).
“I think partly is due to parents, I think as a whole, as a country we have all
become a little bit lazy” (School B, Teacher 3).
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Among the reasons for engagement in SB, parents identified several factors,
such as lack of time, the cost of participating in physical activities and easily
accessible technology. Parents perceived that if they did not have “time” to spend
with their children, then having them in front of a screen was a safe way to keep
them quiet, at no extra cost.
“Do you think it might depend on circumstances? Like families, and maybe, cost
and maybe time? Parents haven’t got time to...” (School C, White British Parent
1).
“Yeah, yeah and the cost of doing activities as well” (School C, White British
Parent 2).
“The technology that is at hand for the child” (School C, White British Parent 3).
Children’s daily routines after school seemed to include screen viewing straight
after coming home from school followed by other activities for example meal time,
then more screen viewing later in the evening. South Asian children talked about
spending time at the mosque straight after school. Although these activities might
seem intra-personal to the child, they are within the influence or direction of the
parent.
”…yeah, I think we all sit there don’t we, on an evening and one is on the iPad,
on is on the phone” (School C, White British Parent 2).
“…and nobody talks” (School C, White British Parent 1).

It is clear that parents have a big responsibility and a large influence over their
child SB, through primary socialisation. Whether a child likes or dislikes SB, the
parent seems to have, in theory, control over it and the ability to modify factors
that results in more, or less, engagement in SB.
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Environmental constraints
There were three subthemes within the environmental constraints: seasonality,
physical space and transportation.

4.4.5.1 Seasonality
Parents and teachers felt that seasonality played a part in the amount of SB of
their child. This was also reported by children who preferred to be inside when it
was raining.
”It depends on situations and weather as well cos if the weather is not great you
can’t get them moving around the house too much can you?”(School C, White
British Parent 3).

Children discussed seasonality as a factor for more SB, explaining that if there
was snow or thunder they would stay indoors. However, it is difficult to ascertain
how much the child’s view about what is acceptable weather to be outdoors in is
shaped as a result of parents’ or adults’ response to what they consider
unsuitable weather to be outdoors in.

Within the school hours, the weather played an important role as children were
encouraged by staff to stay in if it was raining. Teachers reported that they made
sure some movement activities took place within the indoor break.
“in reception, no matter what the weather they would be out…. but for the rest of
the school if it’s raining a lot of the adults don’t want to go outside so then they
make the decision that play is indoor and say that the children will get wet and
uncomfortable but really it is because the adults don’t want to go out if we are
honest” (School C, Teacher 1).

Again, this was not necessarily the choice of the children but this is a result of the
adult guiding their behaviour. Sedentary behaviour increases during the winter
and it would be understandable to conclude that this is the result of the “bad
weather” or, in the light of the evidence collected in the present study it can be
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understood that the increase of SB during the winter or during “bad weather” is
the result of adult’s response to seasonality.
Although teachers are putting things in place to ensure children don’t remain
seated during break times, if going outside is not possible, perhaps this is not
enough.
“They are up and about playing with cars, so they are not sat down…moving from
table to table” (School C, Teacher 2).

Schools may need to be better prepared with alternative forms of activity to
enable children to spend the break times being active indoors and outdoors
regardless of the weather, for example, setting up circuits in the classroom, using
the gym or dining hall or having some covered outdoor spaces.

4.4.5.2 The physical space
The issue of space, or lack of it, the functionality of an environment, and the
distance from a nurturing of physical activity environment were reoccurring
aspects in the children’s, parents and teacher’s focus groups discussions.
Participants were able to easily identify spaces in which children tended to be
sedentary and point out the reason for this.

The main environments identified as sedentary were the school, specifically the
classroom, the assembly hall and home, particularly the living room for all
children. For South Asian children, these were the same but also included the
mosque as a SB environment.

Lack of space was a problem both at home and in the classroom. Parents are
faced with a lack of space indoors and often a lack safe space outdoor (garden).
“I don’t have space in my house” (School C, White British Parent 1).
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“Because children need to go out from the home, because at home sitting is more,
because the houses are not big, no big garden” (School B, South Asian Parent
1).

The lack of space in the neighbourhood was also perceived as a reason for SB
by teachers at a SA school:
“I think because they live quite in a built-up area, there’s not much space” (School
B, Teacher 1).

The outdoor physical environment carried the safety aspect with it which was a
barrier to reducing SB.
”I think it’s just the safety aspect. If he says to me on a weekend, I am meeting
with my mates and we are going to play football. I say fine, off you go, but you
see them walking around…I would rather have my boy just sitting on his xbox or
ipad then walking the streets (School C, White British Parent 2).
“You know he is not in trouble “(School C, White British Parent 1).
Within the home environment, it was the living room and dining room where
children tended to be more sedentary. This was more about being ‘socially
sedentary’ as the whole family sit together for ‘family time’ whilst children’s’
bedrooms were solitary sedentary. Children reported that the awake time spent
in their bedrooms was more a ‘solitary sedentary’ as they tended to spend time
on their own.

Within the school, the classrooms and the school halls were the most sedentary
areas. All schools had benches in the play area which were requested by children
and especially used by older children, particularly who enjoyed sitting down and
chatting.
“…yeah there are, the school council children have just requested more benches”
(School A, Teacher 2).
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”…cos the older children just want to sit down and talk, we got a reading gazebo
which is a covered area” (School A, Teacher 1).

Teachers felt that the classroom space did not allow for much movement without
causing a chaos within the classroom, which contributed to an increase in SB.
“….some of it is dictated by the size of the classroom to be fair, 33 children, three
adults in there, the size of the room, doesn’t exactly leave enough space to move
around” (School A, Teacher 1).
“By 2 o clock they were really agitated, we did some stand up …but in small
space…” (School C, Teacher 1).

Children were able to identify some main locations which were automatically
associated with sitting: classrooms, school dining rooms, or the school hall for
assembly, religious places. In relation to the home environment the dining room,
kitchen and the living room were associated with more sitting.

Although the lack of space in schools and at home is not an issue created by
adults that are the closest to the child (immediate family and teachers), this is still
a main factor affecting child’s SB.

4.4.5.3 Motorised transport
For most children, motorised transport was the regular means of coming to school
even if they lived within walking distance from school.
“It seems that some children seem unfamiliar with walking beside a road, you
know the road safety side aspect, they are clearly not used to walking to school
and we have children who live at the bottom of the road who are being driven up,
with an easily walkable 5-minute walk. But would you agree, the behaviour beside
the road suggests this is something the children are not familiar doing” (School
A, Teacher 1).
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Teachers perceived that coming to school by car was related to parents’ patterns
of working and family demands. In a family where both parents are working, using
the car to drop off children to school is a result of time pressures but may also be
lack of value placed on the importance of walking to school:
“I would say with a lot of working parents…driving the children to school, dropping
them on the way to work [in car]” (School A, Teacher 1)

White British children talked about coming to school by car with very few children
reporting that they walked to school; none mentioned the use bikes or scooters.
Reasons for travelling to school by car were living far, parents having to go to
work and having to cross busy roads:
“…cos if I had to walk home by myself I would have to cross busy roads” (School
C, White British Boy 3).

All South Asian children reported they came to school on foot except one girl who
was living further:
“everybody mostly walks but she comes by car” (School B, South Asian Boy).

It appeared that the main reasons for traveling to school by car were distance
from school, child road safety concerns and parents’ employment.

Educational constraints
The existence of educational constraints that impact on SB was evident
throughout both teachers’ and children’s narratives. Teachers discussed the
need to meet academic targets and dealing with pressures of meeting the targets.
In a context where academic topics such as maths and English are a priority and
targets for meeting certain educational outcomes need to be met, it is often the
PE lessons that are being sacrificed:
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“Yeah because it is such a…there is pressure from the curriculum but I think that
is something that we have to accept, that is when you are in the position you have
to go with that”. (School B, Teacher 1).

The teachers appeared to be compliant with the existing educational system and
did not talk about the need for it to be challenged in a contemporary society. The
system was a given and they did their best to meet what was required of them:
“I think what we have to do at school and the knowledge we have to give them
that is the way we see. And because children need to write something in the book
and the only way they can do that is by sitting and writing in their book. I think if
there was less demand on seeing what children produced there would be more
scope to see more active or things where they were not sat at the table or on the
carpet” (School C, Teacher 1).

However, one teacher assistant who specialized in PE questioned the
established practices:
“Why can’t they stand up at the desk so they can move about as they’re writing?
There’s no reason why they have to sit” (School B, Teacher 3).

Teachers discussed how children enter education with minimal requirements to
sit down, but as the demands of academic work increase, sitting time also
increased. Some teachers felt that academic work built up and by year three, it
reaches a plateau. Others felt that the academic work would continue to increase
due to constant increase of academic requirements. As the current educational
system values results based mostly on academic topics it is often the nonacademic topics that are left out in favour of better academic attainment/scoring.
Teachers expressed feelings of pressure in response to government challenges
and expectations on academic results and keeping SB levels low at the same
time. A prioritisation of subjects takes place almost automatically, but PA and SB
are never a top priority:
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‘…..it will increase [SB] as they get older as the demands on what children
produce will get higher and because the government expectations they don’t test
the children on PE, they test the children on maths, reading and writing … so as
a school if your score have been published on reading, writing and maths …you
will put a higher profile on that then you are on PE. So, if something is going to
get squished out it tends to be that (PE). So not necessarily the school, we are
very mindful that the children need PE twice a week but when you are being
judged on other things that when it gets squeezed out. It is really hard’ (School
C, Teacher 1).

Teachers reported that the changes in academic expectations were also reflected
in the pace of school days, which was perceived to be much faster when
comparing it to a school day in the past:
“Everything is tight. If I think about 6-7 years ago when I have started teaching,
there were a lot of times in the day where you would say. alright now we get ready
for so and so… and everything was much smoother turn around, we had a longer
lunch time, slightly longer play time and then as my years of teaching have gone
on, everything got tighter and tighter and now is literally: (clapping hands) come
one pack up we have to pack up, quick we got to do this so there is much less
time for the children just to have time to tidy around. It’s like…. right: back on the
carpet” (School C, Teacher 1).

Teachers were clear about the areas in which the government had changed their
approach to education in several ways, from increasing task difficulty to tracking
and increased frequency on tests. This meant that more time was needed to be
spent sedentary:
“Demand. Curriculum got more difficult, the government are tracking more, they
have more tests, tests are harder so what you have to do now in the classroom
is much more difficult and there are other things …I think that’s why” (School C,
Teacher 1).
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To respond to curriculum demands teachers reported devising their own rules to
help them work towards meeting requirements:
“Yeah so, we don’t have a rule for sitting but our first school rule is to do as you
are told by the adult the first time, and if that is to sit…well in year three we train
the children to sit, and in year three that is to sit down and to be sat down in your
chair ready to learn” (School B, Teacher 1).
“….and that is curriculum led really to have…English and maths and phonics they
are all seated and afternoon PE so they got lots of energy (School B, Teacher 2).

The teachers identified some differences in sitting at the beginning of the
semester compared to the end when they have become more accustomed to
sitting:
“….at the beginning of the year that we have lots of children who are up and about
in the classroom and it seems like a confidence thing but as we get 5-6 weeks
into the half term the children feel more confident in themselves, they are sat
down, they don’t get up, coming for reassurance, cos that’s how they are the first
few weeks’ reassurance, whereas now, we are, second half term, there are not
many children up and about in the classroom” (School B, Teacher 1).

Some teachers reported using sitting as a behavioural tool to facilitate reflection
time and to discipline unacceptable behaviour. Although this is not overtly part of
the school’s policy on behaviour, it appears to be a common tool used in all of
the participating schools:
“…it is not part of our policy, our behaviour policy, but different teachers use that
and I have used that but I don’t tend, I try to not keep them in for the whole of the
play time. I keep them for a couple of minutes so they have some consequences”
(School C, Teacher 1).
‘Red behaviour is extreme behaviour, like physical contact, bullying …. That’s 15
minutes in time out at lunch time’ (School A, Teacher 2).
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Good sitting behaviour was reinforced and praised in schools. Teachers used
modelling and pointing out other children who displayed good sitting behaviour to
the rest of the class, as a good example to follow. This was found to be an
effective method in teaching children to remain seated in class:
“…but then if you are reinforcing that with positive, you say oh look how well so
and so is sitting, so then it stops that, it nips it straight in the bud….and it does
work, you see them- oh I need to sit smartly now” (School C, Teacher 2).

Good sitting behaviour is something that all schools aimed to develop in children.
This often contributed to not noticing prolonged SB and losing sight of its negative
impacts unless children become agitated. This approach not only contributes to
an increase in the total amount of sitting time per day but also leads to increase
in long periods of uninterrupted SB throughout the day.
“I think I am guilty of not doing that, I think I am guilty sometime of not…unless
that is a child that struggles. If it’s a child that struggles with sitting I would
probably be quite, I would have that on my attention, that child needs to get up
and move but sometime, I mean we do try and have times in the lesson when we
do get up and play games but I think, sometimes, if I were to sit and think about
it properly, well they’ve actually sat down for quite a long time, and focused,
especially for a 7-year-old child, when you think of 7-8 year olds outside the
classroom, they are quite active” (School B, Teacher 1).
”yeah, I think I would agree with that, I think you don’t quite realise how fast the
day goes, I think you could get a two-hour period when they been sat still for a
couple of hours and as you say 7-8 year olds, that’s quite a hard job” (School B,
Teacher 2).

Solutions to reducing sitting
Teachers identified programs or measures that were implemented in schools to
reduce sitting time and increase physical activity. One school adopted “One Mile”
programme (Chesham et al., 2018) with the aim of ensuring children completed
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at least one mile of walking during the school breaks. Another school had sports
mentors who would seek out children who appeared to be less involved in
physical activity pursuits or children who appeared to be overweight and try to
involve them in activities. After school clubs were available in schools. All schools
believed that the daily school schedule included a balanced range of physical and
sitting activities:
”…well we offer lots and lots of after school clubs….. I think us as a school we do
a lot to prevent the SB and encourage children to be active” (School B, Teacher
3).
“… we had skipping workshops, so we have skipping ropes available, we take
sporting equipment, so they have the choice of going to where the children are
active and be full on active” (School A, Teacher 1).

It was felt that the main need (because of the curriculum requirements) and also
scope to reduce sitting, was outside of the school environment and needed to be
addressed at home. However, the teachers had the perceptions that home
environments could be challenging for parents and they would choose the easy
option which is to allow screen time instead of another activity.

Solutions identified by teachers to reduce SB were related to educating the
parents on the importance of reducing SB and increasing physical activity, but
also on the normal physiological responses of the body to physical activity,
sweating, increased heart rate, responses which worried some South Asian
parents.
“I think my only concern would be encouraging it with parents a little bit more, that
is normal that children should be active and that they should be out of breath and
that they should be tired” (School B, Teacher 1).

However, when teachers were asked by the researcher what could be done
within the school the school environment to, hypothetically reduce sitting time,
other solutions emerged, such as active lessons, short bursts of activities within
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lesson, use of standing desks and use of sports items during school break.
Despite having highlighted the pressures of the curriculum, none of the teachers
challenged the need for such high demands. However, the present focus group
discussions had triggered a moment of reflection for several teachers on the
matter of reducing SB for children in both, predominantly South Asian and White
British schools.
“…this has highlighted the focus for us really cos quite often we fall into curriculum
and objective and we do have a focus on fun learning but sometimes we focus
on what we think is fun learning not what children think is fun leaning so I know
that maths lessons are fun and I know that children think the maths lessons are
fun but I am not sure some of the other activities we plan are fun. I think we could
do with children’s opining a little bit more. Yeah that would be the focus for me”
(School B, Teacher 1).

All participating children thought that one solution to reduce sitting was to become
active and play outside or jump on the trampoline. Whereas, parents reported
encouraging outdoor play to reduce sitting and also felt that that schools could
organise more activities during the school holidays particularly:
”…they need activities, groups outside where they can go and play with friends
because here, there is sport centre, but a little far, you need a car, then you can’t
go in the winter to the park. So, more activities, I am thinking for the children.
Sorry about this but I can’t do anything at the moment” (School B, White British
Parent 1).

However, on reflection during the focus group discussions with teachers, despite
felling that they were doing all that was possible to reduce SB, several other ideas
were brought up:
”I think possibly, maybe we could get more, as a school in general get more
activity into lessons, because, I think is just that attitude, that if sitting down is
unhealthy cos you do need to get up and about, cos we are active as species,
we should be for our health, we do in jobs and in classroom we spend a lot of
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time siting, maybe we could focus on, I am not sure how but maybe more
active…. but is difficult to fit all these things into curriculum. Active maths, I know
we are doing active maths, that of kind of thing. So maybe is a thing a curriculum
wide thing that we could maybe get more active based learning in there, almost
as a given that you need to so some active lesson, every week” (School A,
Teacher 1).

Schools and parents had their own ideas and strategies to reduce SB during
school hours and intervention designers should consider input from parents and
teachers when developing interventions to reduce SB.

Discussion
Through the qualitative exploration carried out with children, parents and
teachers, seven themes were identified through data analysis. The identified
themes mapped onto several TDF domains which overlapped with each other;
an overarching corresponding domain was identified for each of the themes: I)
knowledge practice gap- knowledge domain; II) Hierarchy of SB- beliefs about
consequences domain; III) the expectation and the culture of sitting – social
influence domain; IV) intra-personal and interpersonal reasons to sittingsocial/professional role identity; V) environmental constrains- environment
domain; VI) educational constraints- social/professional role domain; VII)
participants solutions- skills domain.

Based on each identified theme and its corresponding domain, behaviour change
intervention components have been proposed which related to education on the
impact of SB and training on active learning in schools; involvement of parents in
intervention design, intervention implementation as well as involvement of school
nursing and child mental health in SB interventions. A substantial amount of the
components were concerned with SB policy and screen viewing benchmarking,
physical education and outdoor play, active learning, minimum space per child in
the classroom, in the playground, minimum outdoor space in housing and
neighbourhood connectivity (Table 4-3).
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A recent WHO proposal for healthier populations through the increase of PA and
SB (World Health Organization, 2018) encompasses several of the components
identified by the presents study relating to changing the population’s perception
of PA and SB, improving environments through walkability, connectivity and
green space quality. However, the proposals fail to include the school and home
environment which are important because of the amount of time children spend
in these environments. The proposal does not highlight the impact of the
educational system on SB through being heavily academic and using methods of
knowledge delivery which require sitting behaviour. A heavily academic
curriculum and seated methods of knowledge delivery are aspects identified by
the current study as promoting SB. Such aspects should be further investigated
in other schools and nationally to test their validity.

The focus groups and interviews highlighted that child SB is influenced and
shaped by the adults. Children’s behaviour is very much dependent on the
restrictions or enabling measures that were put in place by adults: parents,
teachers and wider systems (health, education, legislation). It is therefore
surprising that the majority of SB interventions are focused mainly on the child
rather than equally targeting adults influencing the child’s life and the systems he
or she is exposed to. The barriers and facilitators to reducing SB identified by the
study spread across several systems and the interplay between them can be
challenging to unpick similarly to public health issues such as obesity. The
Forsyth report (Butland et al., 2007) commissioned by the government
acknowledges the complex interplay between the determinants of obesity and
proposes a whole system approach to tackling obesity. Within the field of PA, the
idea of a whole systems approach is barely mentioned despite sharing a large
proportion of determinants with obesity and despite the complex interplay
between determinants. More recently Speake et al. (Speake et al., 2016)
proposed that the way forward in increasing PA is by adopting a whole system
approach within the National Health System. Within this proposal the ecological
model and whole systems approach seem to be used interchangeably. Within the
field of SB , Chastin et al. (Chastin et al., 2016) proposes a framework to foster
transdisciplinary systems thinking and to facilitate the identification of factors and
cluster factors influencing SB. This framework has strong features of the whole
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systems approach while building on the ecological model. At the same time,
Chastin et al. (2016) highlight several inadequacies of the ecological model for
SB, such as limitations for transdisciplinary research because of its development
being based on a single ontological view rather the acknowledgement of
multidisciplinary view. Chastin et al. (2016) point out that the ecological model
assumes hierarchical dependencies between the spheres of influences which is
not the case for the proposed framework. Chastin et al.’s (2016) proposed
framework is a start in re-evaluating the way in which we approach SB
interventions.
One of the themes of the study was related to a hierarchy of SB’s which appears
to be a common theme in current research (Solomon-Moore et al., 2018) and
media (Hendricks, 2019) suggested that ‘not all sitting are made equal’. The
qualitative exploration conducted with parents (n=51) of children aged 8-9 years
identified positive and negative perceptions towards screen viewing, in which the
use of tablets were worse than the use of TV because of social isolation and
educational TV was more beneficial than non-education TV (Solomon-Moore et
al., 2018).

The findings of the present study suggest that in order to reduce SB in children a
whole systems approach is needed. The existing evidence on the reduced
effectiveness of the SB interventions evaluated so far strengthen the case for the
application of a whole systems approach. A recent systematic approach
evaluating the effectiveness of SB interventions in children found conflicting and
insufficient evidence of effectiveness (Altenburg, Holthe and Chinapaw, 2016)
and highlighted that out 21 studies included in the review no studies collaborated
with parents in the development of interventions. The review pointed out the
importance on having knowledge of children motived to SB which the present
study does provide to some extent.

A whole approach recognises the importance of shared meaning and
understanding before moving to problem solving and seeks participation of
individuals in open consultations and striving to remove the hierarchy of input
from specialist in the field only (NICE, 2010). This statement was also supported
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but the findings of Altenburg, Holthe and Chinapaw (2016) who suggested that a
collaborative approach is likely to generate more acceptable, attractive and
therefore for effective interventions for reducing SB in children

The application of the whole systems approach into healthcare appears
promising in addressing key public health concerns and has materialised so far
with the launch of the “ whole systems approach to obesity programme” in 2015,
and which was commissioned by the government (Local Government
Association, 2017). Its development is ongoing with plans to complete the final
route map in 2019.

The TDF has highlighted several systems and the ways in which they work as a
barrier or a facilitator to reducing SB in primary school aged children: aspects of
the educational system, the culture, mode of transportation, beliefs and attitudes.
It has also highlighted components which were not purposefully explored within
the current study, but emerged from the participant narratives such as PA, which
emerged as an ‘antidote’ to SB.

The barriers and facilitators to reducing SB among South Asian and White British
children are very similar at a macro-level and are driven by parenting, SES,
environment, school system and child characteristics. Subtle differences exist,
such as the South Asian children possibly acquiring some of their SB in the
mosque, and the South Asian parents being more overprotective of their children
when it comes to PA. Both South Asian children and their parents expected that
SB would be higher during the school holidays and at the weekend but it is
unclear whether this is ethnicity or SES related since the majority of South Asian
children were from the lowest SES.

The present study is not without limitations. The sample size of the qualitative
enquiry was modest and further studies should consider taking a similar approach
in exploring SB in a larger sample that would include head teachers, school
nursing and educational psychologists. The recruitment of parents and teachers
was challenging due to their time constraints and availability. Phone call
interviews were proposed to teachers as an alternative to face to face focus
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groups or interviews but various job pressures were a significant barrier to
recruitment and attendance. Despite inviting all parents from the summer data
collection being invited to participate in focus groups and/or interviews, only five
mothers and an adult older sister participated. More effort should be made to
recruit both mothers and fathers.

Due to area demographics, no South Asian participants from a high SES were
recruited. More effort should be made to capture the views South Asian
participants from high SES areas.

The design of the present investigation did not directly involve the children,
parents and teachers except for the pilot interviews to support the development
of the focus group schedule. Further studies might benefit from participant
involvement in consultation groups and investigation research should consider
co-design of interventions, based on co-design of exploration and taking into
consideration whole systems approach.

Many of the intervention components aimed at reducing SB, presented in this
study related to education on long term impact of SB, environmental modification,
policy modification and availability of interventions outside of school hours and
outside of school term. Such findings resonate with findings of a systematic
review evaluating behaviour change strategies aimed at reducing SB in adults.
The review (Gardner et al., 2015) which included 26 studies identified that the
very promising or quite promising interventions targeted SB instead of PA and
included environmental restructuring, persuasion or education. The review
highlighted that the majority of interventions (53%) were worksite based which is
similar to children in the sense that most interventions are carried out at school
(Jones et al., 2019). In terms of existing evidence for interventions aimed at
reducing sedentary time in primary school aged children, a recent meta-analysis
(Jones et al., 2019) wich includes 57 systematic reviews, has found no evidence
of effects on MVPA in school settings. Similar to the review on adult population,
(Gardner, et al., 2015) the meta-analysis on child population highlighted that
after-school interventions which involved families and stake holders appeared
promising but might be challenging to implement.
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The data analysis in this study followed the ‘framework method’ which is
commonly used for semi-structured interview transcripts. Because of its highly
systematic approach, it has been criticised for being deductive (Pope and Mays,
2009).Other possible limitations of the framework method include being time
consuming and requiring high component of training (Gale et al., 2013).

Finally, the findings of the present study, which proposes a multisystem approach
to SB change, poses the question of the realistic implementation of such an
approach, given the complex interplay between SB correlates and determinants.
The

implementation

of

any

intervention

requires

a

multi-sectorial,

multidisciplinary approach committed to reducing SB in children. Through
collaboration with other sectors and through evaluation of the applications of the
whole systems approach to other public health challenges (for example reducing
obesity), we can perhaps learn and be able to replicate the relevant aspects of
effective approaches.

Conclusion and implications
The barriers and facilitators to reducing child SB impact multiple domains of
behaviour change. Intervention designers should consider tailoring interventions
around identified domains requiring change.
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Chapter five
5 Towards a movement behaviour intervention for 6-to8 year old children
This chapter will summarise the results of the two studies presented in chapters
three and four. These chapters were presented with individual discussion and
conclusion sections. Therefore, the present chapter will integrate and synthesise
key findings from the two studies and extract components for developing a
movement behaviour intervention for White British and South Asian children aged
6-to-8 years.

Study 1: Ethnic differences in movement behaviour
levels and patterns during school terms and school
holidays among 6-to-8-year-old White British and South
Asian children
Study one was undertaken to investigate whether there were ethnic differences
in device measured (inclinometer and accelerometer) movement behaviours
among White British and South Asian 6-to-8 year old children during school terms
and school holidays in three different seasons: summer, winter and spring. The
main focus was on exploring levels of SB measured via inclinometry, looking at
whole days during school terms and holidays. The outcomes of interest were total
SB, time spent SB bouts > 30 minutes, and the number of breaks in SB. The
mixed effects multilevel modelling used to analyse the valid data of 104 out of
160 participating children, adjusted for several co-variates: sex, SES, z- BMI
(overweight status), season, school and type of day (weekday or weekend).

Children spent approximately 8 hours per day in SB measured via activPAL
across school terms and holidays. Children broke their SB on average 111 times
per day. Generally, 60% of their awake time was spent in SB. No ethnic
differences were found for any of the SB outcomes except for breaks in SB. South
Asian children had 25 fewer breaks compared to WB children (p<0.001). Results
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from the inclinometry data, outlined in Chapter 3, highlighted that 6-to-8 year old
children had similar SB levels as office workers and concluded that intervention
designers aiming to reduce SB should also consider increasing the number of
breaks in SB, especially for South Asian children who are at risk of poor
cardiovascular health. The study proposed benchmarking SB, as a useful
strategy for reducing SB in this group of children.

The outcomes investigated via accelerometry were SB, light physical activity
(LPA) and moderate to vigorous physical activity (MVPA). Children spent on
average 546 (60%) minutes in SB (similar to results from inclinometry), 291 (33%)
minutes in LPA and 64 (7%) minutes in MVPA, within the whole data set,
consisting of term and holiday days.

There were significant ethnic differences for SB with children of South Asian
ethnicity having 39 more minutes of SB within the whole data set (terms and
holidays combined) compared to White British children. Sex and seasonality were
significant factors, highlighting lower MVPA for girls compared to boys and high
levels of SB and low levels in MVPA during the winter compared to summer.

Conclusions based on the accelerometery data highlighted that ethnicity was
significant for SB, children spent a large proportion of their awake time in SB
(60%) and only 7% in MVPA. An identified pattern of low LPA and MVPA for
South Asian children which although not statistical significant, should be
considered in interventions.

The results of the study suggested that interventions aimed at reducing SB
should also consider, increasing breaks in SB and addressing patterns of low PA
levels, especially for South Asian children. Interventions are needed across the
seasons, but especially during winter months when SB level is high and MVPA is
at its lowest.
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Study 2: The barriers and facilitators to reducing
sedentary behaviour in 6-to-8 years old children of South
Asian and White British ethnicity: a qualitative study with
children, parents and teachers, guided by the Theoretical
Domains Framework
The study in Chapter 4 identified the barriers and facilitators to reducing SB, as
well as corresponding intervention components and methods of delivery, in
response to the identified barriers and facilitators. The analysis of nine focus
groups and two interviews with a subsample (n=32) of the children, parents and
teachers involved in the first study (Chapter 3) resulted in seven main themes
that mapped onto the Theoretical Domains Framework (TDF) domains. The
results highlighted multifactorial contributors to SB such as parenting, the current
culture, the educational system and the environment. Based on these findings,
proposed solutions to reducing SB, according to the identified TDF domains were
discussed. Chapter 4 highlighted adults’ impact on children as an important
contributor to SB and for this reason it suggested that adults, parents and
teachers should be involved in intervention consultation, design and
implementation. The chapter proposed a collaborative approach to intervention
that includes education, health, local authority, policy makers and families, based
on the whole systems approach.

A substantial amount of the identified intervention components related to policy.
For example, concerning benchmarking of SB starting with school hours and
ensuring that more active learning takes place in school; environmental design to
increase connectivity between neighbourhoods, parks and active leisure centres;
environmental design to increase a minimum sqm/child in the classroom and in
the playground and active transport to school. The main results from the two
studies are presented in Table 5-1.Although the whole data set is presented as a
whole, a description of movement behaviours is also presented by term and
holiday since the qualitative data also related to this.
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Table 5-1: Summary of results from study 1 and 2.
activPAL
SB
(minuntes)
Mean (sd)

activPAL
SB breaks
(ocassionas)
Mean (sd)

Actigraph
SB
(minutes)
Mean(sd)

Actigraph
LPA
(minutes)
Mean(sd)

Actigraph
MVPA
(minutes)
Mean (sd)

Qualitative observations

Whole data set
activPAL
(N=104)
and Actigraph
(N=108)

490 min
(56)

111
(19)

546
(117)

291
(61)

64
(35)

P<0.005
(SA -25
breaks)

P<0.005
(SA +40
min SB)

Term data set
activPAL
(N=85)
and
Actigraph
(N=95)

492
(55)

112
(17)

553
(89)

291
(55)

66
(25)

Holiday data set

488
(71)

110
(22)

551
(110)

290
(70)

60
(34)

Parents, teachers and children were aware of the
negative impact of SB and lack of PA but they were
not aware of any SB guidelines; teachers showed
awareness of PA guidelines and all reported difficulty
to implement guidelines due to academic demands.
Generally all expected that children’s SB will increase
with age and this was due to academic and
employment demands later in life.
Generally parents had no intention to make changes
related to SB unless their child was overweight. The
only expressed concern related to SB was about
excessive levels of screen time.
Children perceived high levels of SB due to boredom,
being told to sit and enjoying certain sitting activities
such as screen time.
Both parents and teachers identified a hierarchy of SB
in which they valued those SB’s which they
considered productive: reading, writing, board games
with family but they placed a lower value on TV
watching and Xbox.
Teachers felt that sitting was a SB which was mainly
implemented in school and children were trained to sit
as this is a requirement for later life.
Children’s perceptions about SB and PA during school
holidays were mixed. Some though they would be less
active and more sedentary while others thought they
would be more active and less sedentary.
Parents reported time pressures and lack of resources
as a reason for high SB and low PA during holidays.

activPAL (N=48)
and
Actigraph
(N=63)
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Towards a movement behaviour intervention for primary
school aged children
The combined results of the two studies generated a comprehensive overview of
the ethnic differences in SB among 6-8-year-old children in the Bradford area,
through the use of three complementary methods: i) inclinomery measuring SB
ii) accelerometry, measuring SB, LPA and MVPA, and iii) qualitative exploration
investigating barriers and facilitators to reducing SB. The combined results of the
three studies highlighted relevant intervention components towards a movement
behaviour intervention aimed at reducing SB and increasing PA in 6 to 8 years
old children. As identified in chapter four, a multisystem approach is needed and
the intervention should be transdisciplinary.

The findings from the two studies may be used to formulate specific intervention
aims based on psychological theory, namely the COM-B model. The qualitative
exploration in chapter four used the TDF to guide the exploration around
perception of SB and barriers and facilitators to reducing SB. A proposed
framework for designing and implementing behaviour change interventions is the
Behaviour Change Wheel (BCW) which has the COM-B model at the centre. It
acknowledges the three essential criteria for change in behaviour as capability,
opportunity and motivation (Michie et al. 2011).
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Figure 5-1: Behaviour change wheel inclusive of TDF and COM-B (Michie, Atkins and
West, 2014).

Surrounding the COM-B model are the TDF components (in yellow), which can
be used to address specific deficits of the capabilities, opportunities and
motivation; the next layer consists of nine intervention functions (in red). Chapter
4 identified possible behaviour change components based on the identified
deficits. However, Michie et al. propose a systematic approach to behaviour
change that links the identified problems to strict intervention techniques (Michie
et al., 2013). The behaviour change techniques were defined by Michie et al. in
the Behaviour Change Techniques Taxonomy (BCTTv1) (Michie et al., 2013).
The outer layer of the BCW identifies policy categories that can be used to deliver
intervention functions.
Michie’s approach has been used in several health behaviour change
interventions. For example, a recent intervention aimed at increasing PA using
the BCW through a two-arm randomised control trial has been proposed for
patients at risk of developing cardiovascular illness (Westland et al., 2017). The
trial proposes the inclusion of 31 general practices in Netherlands, with the
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participation of 279 patients aged 40 to 75 years old. The intervention aimed to
integrate 17 behaviour change techniques over a 3-month period with a 6 month
follow up. The 17 behaviour change techniques were compiled as a result of a
pragmatic literature review on the perceived barriers and facilitators to increasing
PA. The results of the review were firstly mapped onto the COM-B and TDF,
which led to the selection of intervention functions according to the BCW
recommendations (West and Michie, 2015). The identified behaviour change
techniques were then evaluated using the APEASE criteria (Michie et al., 2013)
which looks at acceptability, practicability, effectiveness/cost effectiveness,
affordability, safety/side effects and equity. Finally, the intervention consisted of
4 nurse-led consultations to enhance PA with the primary outcome being MVPA
and SB among one of the four secondary outcomes. The process described by
Westland et al. (2017) appears structured and robust however the evaluation of
the intervention is not yet available.

Michie et al. (2013) recommends six activities in the BCW process of designing
interventions: behavioural target specification (1), behavioural diagnosis (2),
intervention strategy selection (3), implementation strategy selection (4),
selection of specific behaviour change techniques, (5) and drafting of the full
intervention specification (6). The steps outlined by Michie et al., can be followed
throughout the approach of this thesis, however, further development from the
studies in this thesis is required to complete the whole process.

The background literature and the two studies in this thesis contributed to
identifying the precise goal of an intervention (step 1) that promotes positive
movement behaviour for 6-to-8 year old children through reducing daily SB, for
example by at least 60 minutes and increasing MVPA to at least 60 minutes on
each day of the week. Children in the current study had on average 8 hours of
inclinometer measured SB and approximately 9 hours of accelerometer
measured SB. The discrepancy was understood in the context of possible
misclassification of LPA as SB and different non-wear processing criteria for the
two devices. Experts in the field of SB highlighted the lack of data on SB
modification required to optimize health (Manini et al., 2015). Until research is
able to answer this question the aim to reduce SB to specific amounts will be
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intuitive or based on previous intervention results. Therefore, the choice of at
least 60 minutes reduction in SB was based on the results of a recent systematic
review of school based interventions to reduce SB in primary school aged
children (Hegarty et al., 2016). The review, which includes 11 papers from studies
based in the UK, Australia, New Zealand and Belgium identified an average
reduction of daily SB between 13 to 66 minutes. The intervention studies were
published between 2010 and 2015 and were single or multi-component based.
The studies included in the review had various focus of intervention such the use
of standing desks, education, activities, physical environment and home setting.
Finally, the review concluded that multi-component intervention might be
beneficial and recommended long term trial to determine their effectiveness
(Hegarty et al., 2016)

An issue with school interventions is that they appear unsustainable (Love,
Adams and van Sluijs, 2019) and there is also limited data on the out of school
interventions. A meta-analysis by Love, Adams and Sluijs (2019), including
approximately 9000 participants, reported that school interventions have no
impact on total PA. Their recommendations are broad and rather generic,
advising researchers to continue with interventions in the context of existing
evidence. The meta-analysis did not investigate why these interventions were not
effective and this is something that requires further research. However, while this
question is addressed, more time and attention should be given to interventions
directed at out-of-school hours and out-of-school term.

Another meta-analysis Azevedo et al. (Azevedo et al., 2016), looking at the effect
of SB interventions on BMI, highlighted that out of school interventions had the
largest impact in reducing BMI in children. Multicomponent interventions, for
example targeting both SB and PA had significantly lowered BMI compared to
interventions which targeted only one component. Contrary, an earlier metaanalysis undertaken by Sweet and Frontier (2010), which evaluated the
effectiveness of single or multiple PA and dietary behaviour interventions, found
that the single interventions were more effective in changing behaviour than the
multiple interventions but the multiple component interventions were more
effective at reducing weight. The intervention proposed in this thesis has multiple
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components, PA and SB. It is therefore different to the interventions outlined in
the meta-analysis, where PA and nutrition are part of two different systems. The
two components here, SB and PA, are part of one system, the movement
continuum.

The second recommended activity in the BCW is about finding out what needs to
change in the target population in terms of their capabilities, opportunities and
motivation. Our target behaviour is child movement behaviour: SB and PA.
Without exploring the situation in more depth, one would consider the target
population to be only the children. However, children are vulnerable and with
limited autonomy in the activities they participate in and the decisions made;
children continue to rely on adults to support their physical and cognitive
development. A recent qualitative exploration with 11-13-year old children (n=53),
on what influences diet and physical activity choices (McHugh et al., 2019)
identified the family among the main influencers, as well as the school setting,
while the children are in school. Therefore, adults, parents and teachers are also
the target population and should be included in future interventions. Seeing the
target population as a collective of children, who are influenced by parents and
teachers, and understanding what needs to change, can be the key to more
sustainable changes in reducing SB and increasing PA. Although a single
intervention might not address all the needs for change that are required in all
three groups, addressing one or more needs consistently in all three groups
would be more effective. For example, if the perceptions about the risks of SB
have been identified as an aspect that needs to change in children, this should
also be explored and addressed in parents and teachers. By only addressing a
particular item with children who are not completely autonomous from their
parents and teachers, the intervention is likely to fail to sustain the new behaviour.

Chapter four used the TDF to explore barriers and facilitators to SB from the child,
parent and teacher’s perspective and identified specific aspects of capabilities
opportunities and motivation that needed to change.

Evidence of the identified behaviours that required change based on the
qualitative data was provided in Chapter 4, (Table 4-3: Themes with
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corresponding TDF domains.). The identified behaviours are presented in the
Table 5-2, in the first column. The application of the BCW process has
intervention function and policy category that could deliver the intervention, are
presented in the second column of the Table 5-2 where this is relevant.

As a reminder, Figure 5-1 identifies nine intervention functions and seven policy
categories. The proposed intervention functions are: education, persuasion,
incentivisation, coercion, training, restrictions, environmental structuring and
modelling enablement; they link to various policy categories such as:
communication/marketing, guidelines, fiscal measures, regulation, legislation,
environmental/social/planning and service provision (Michie et al., 2013).

Behaviour change techniques relevant for the identified behaviours that need to
change are listed in the third column of Table 5-2. Michie et al. (2013) provide a
definition for each technique along with practical examples of specific behaviour
change techniques formulation. The fourth column consists of possible
interventions specifications and the fifth column identifies the mode of delivery.
The sequencing of this process is presented in a linear manner but Michie et al
describe this as cyclical. Table 5-2 identifies possible intervention components
that require refining through stakeholders’ discussion and pilot testing. The
process however offers a systematic and novel approach to changing movement
behaviour in children.

The intervention strategy and its implementation requires the application of the
APPESE criteria (Michie et al., 2013) in a structured way, using available
evidence and expert judgement. There are six questions asked in these criteria:
(i) affordability ( what is the cost of delivery?),(ii) practicability (Does the selected
mode of intervention delivery allows for it to be delivered as intended?),(iii)
effectiveness and cost effectiveness (is there evidence to guide the selection of
the delivery mode?), (iv) acceptability (how acceptable is the mode of delivery to
those who are delivering and receiving the intervention?),(v) side-effects/safety
(are there any unintended consequences of the modes of delivery?), (vi) equity
(does the particular mode of deliver reaches the intended individuals and will it
disadvantage any groups?).
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Table 5-2 represents an application of the TDF and BCW to changing movement
behaviour in primary school aged children. It incorporates identified ethnic
differences in movement behaviour by proposing interventions during school
holidays especially for South Asian children. The intervention specifications
require further refining through consultation and, as such, are not final. However,
they represent and valid starting point for a further research project considering
the use of BCW in promoting positive movement behaviour.

The use of BCW has it strengths and limitations, which were pointed out in
Chapter 2 (section 2.4.3). Adding to the strengths and limitations pointed out in
chapter 2, the APPEASE criteria described earlier on this page takes into
consideration the importance of intervention effectiveness and adds to the
strength of the framework.

Using the BCW to finalise the intervention design might require extensive
consultation between the stakeholders because of the rigour required. Therefore,
it might involve a high level of commitment from all participants. Nevertheless, it
is the high level of comprehensiveness and the systematic approach that
strengthen the case for the use of the BCW in addressing movement behaviour
in children. The BCW and the TDF have been previously used in the past to
analyse unhealthy behaviours and design effective interventions relating to
smoking cessation, sexual health, medication management, long term hearing
aid use and PA in patients (French et al., 2012; Sinnott et al., 2015; Barker et al.,
2016; Gould et al., 2017; Murphy et al., 2017; Westland et al., 2017).
One of the limitations of the BCW identified by the literature was the iterative
nature of the process, as it was challenging to capture the step- by- step
process (Gould et al. 2017) and the subjectivity involved in the process of
designing the intervention. Therefore, further testing of the method in different in
different contexts is required (French et al., 2012).
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Table 5-2: Behaviour change wheel process.
Behaviour
diagnosis

1. Children’s,
parents’,
teachers’,
knowledge and
understanding
of the long-term
impacts of child
SB.

Potential
intervention
functions and
policy
categories
Education
Persuasion
Regulation
Communication
/marketing

Behaviour
change
techniques

Intervention specification
(content)

Information about
health
consequences

Provide information on the longterm impacts of SB-tailor
knowledge delivery around needs
of SA/WB individuals.



Produce posters showing health
consequences of SB.



Salience of
consequences

Comparative
imaging of the
future

2. Children’s,
parents’,
teachers’
awareness on
the more
immediate risks

Education
Persuasion
Regulation
Communication
/Marketing

Bio-feedback
Information about
health
consequences

Model of delivery



Face-to-face individual or
groups of children,
parents and teachers
Broadcast media: TV,
radio
Outdoor media: posters
(non-English included in
SA communities)

Prompt the child to imagine or
possible outcomes of sedentary
lifestyle compared to active
lifestyle.
Inform the individual of their body
composition to improve
movement behaviour.

Provide information on the
immediate risks and benefits of
SB.





Face-to-face groups of
children, parents and
teachers
Broadcast media: TV,
radio
Outdoor media: posters
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and benefits of
SB.
Monitoring
emotional
consequences
Problem solving

3. Children’s,
parents’,
teachers’ ability
to apply SB
knowledge into
practice.
4. Parents and
teachers’
acceptance,
compliance and
valuing the
culture of
sitting.

Education
Communication
/Marketing

Education
Environmental
restructuring
Communication
/Marketing

Information about
health
consequences

5. Teachers’
lesson delivery
mode.

Training
Incentivisation
Regulation
Guidelines

Instructing how to
perform
behaviours

Discuss with the children about
how they feel after sitting for a
long time and after PA.



Face- to- face: groups of
children or written
reflection at school

Identify specific triggers to high
levels of SB and low levels of PA.




Face to face
Broadcast media: TV,
radio
Outdoor media: posters



Prompts / cues

Adding objects to
the environment

Inform about the health
consequences of a culture of
sitting.
Use stickers to remind people to
sit less and exercise more.
Liaise with Muslim religious
leaders on acceptable ways to
reduce SB during religious
activities.
Provide training to teachers on
active lessons to ensure breaks
in sitting raising awareness on
the needs for increase breaks for
SA children.
Make standing desks available to
classrooms




Face-to-face
Outdoor media/indoor:
stickers, posters




Face-to –face
Print media
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6. Parenting
which promotes
SB.

Modelling
Communication
/Marketing

7. Understanding
how parent
modelling
impacts on
children.

Education
Communication
/marketing

8. Parent mental
health support.

Enablement
Service
provision
Enablement
Regulation

9. Availability of
activity
programs in out
of school (after
school and
during school
holidays).
10. Affordability of
activity
programs.
11. Minimum space
per child in the

Instruction on
how to perform
behaviours
Prompts and
cues
Remove aversive
stimulus
Identification of
self as role model

Prompts/cues
Body changes

Adding objects to
the environment

Enablement
Fiscal
measures

Remove aversive
stimulus

Enablement

Environmental
modification

Advise parents on the
recommended levels of PA and
SB (when available).
Use stickers within that promote
PA and reduce sitting.
Limit TV viewing between certain
hours.
Inform parents that is their
movement behaviour is positive
that may be a good example for
their children.
Use posters to inform parents
how their movement behaviour is
impacting on children.
Support changes in mental health
functioning by signposting to
relevant professionals
Provide out of school activity
program. Provide holiday physical
activity program especially for SA
children.




Face-to-face
Print media




Face-to-face
Outdoor media: posters




Face-to-face
Distance: phone helpline



Face-to-face groups:
children only or parents
and children

Liaise with local authority, nongovernmental bodies and schools
to ensure accessible activity
schemes.
Liaise with local authority,
education and governmental



Face-to-face




Face-to-face
Print media
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classroom and
in the
playground.

Environmental
Planning
Guidelines
Legislation

Remove aversive
stimulus

12. Minimum
outdoor space
for family
homes.

Enablement
Environmental
Planning
Guidelines
Legislation
Enablement
Service
provision
Legislation
Enablement
Environmental
planning
Incentivisation
Restriction
Communication
/Marketing
Guidelines
Service
provision
Restriction
Education
Guidelines
Regulations

Restructuring
physical
environment

13. Neighbourhood
safety.

14. Neighbourhood
connectivity.
15. Transport
to/from school
and within
neighbourhood

16. Educational
demands

Restructuring
social
environment
Restructuring
physical
environment
Social reward
Non-specific
reward

Action planning
Habit reversal
Habit formation

bodies responsible for the
decision to increase classroom
and playground space.
*further research on minimum
classroom space
Local authority liaison: Limit
further extension permission if
reducing outdoor space.



Digital media





Face-to-face
Print media
Digital media

Local authority liaison: Limit car
access between certain hours to
protect play time in the
neighbourhood.
Urban planning and PA research
collaboration: promote active
travel connectivity.
Promote active walking to school
campaigns.
Celebrate children who walked or
cycled to school (partly or fully).
Restrict car parking rear school
between drop and pick up times.





Face-to-face
Print media
Digital media



Face-to-face





Face-to-face
Print media
Digital media

Facilitate collaboration between
education, health and research to
re-evaluate demands impacting
negatively on PA and SB.





Face-to-face
Digital media
Print media
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17. Value given to
PE and outdoor
play.

Persuasion
Incentivisation
Coercion
Regulations
Legislation

Salience of
consequences.
Information about
emotional
consequences.

Use visuals to show the
importance of PE and outdoor
play and the benefit of
transferable skills gained.
Inform parents, children and
teachers that PA increases
happiness and life satisfaction.
Prompt involvement of all
relevant groups in intervention
consultation.

18. Children,
Enablement
Action planning
Guidelines
parents,
educational,
health, local
authority
involvement in
intervention
design and
implementation.
19. Lack of clarity
Restrictions
Goal setting
Set a maximum SB time per day
Regulation
over SB
as an outcome of changed
Legislation
guidelines.
movement behaviour.
20. Lack of clarity
Restrictions
Goal setting
Set a maximum screen viewing
Regulation
over screen
time per day as an outcome of
viewing
changed movement behaviour.
guidelines.
SA=South Asian; WB=White British; SB=Sedentary behaviour; PA=Physical activity.




Face-to-face
Print media



Face-to-face



Face-to-face groups



Face-to-face groups
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The fifth column in Table 5-2 highlights over 30 interventions components which
could be considered when designing a positive movement behaviour change
intervention. This number is not exhaustive and the components need to be
further refined through consultation. Different components require the input of
various specialists such as teachers, health professionals, psychologists, and
parents. All components are relevant for children of both White British and South
Asian ethnicity. However, several have been specifically tailored around the
needs of South Asian children. For example, provision on physical activities
during school holidays for South Asian, liaison with Muslim faith leaders, on
acceptable way to reduce SB for children and provision of SB educational posters
in South Asian communities. The implementation of a movement behaviour
intervention requires multidisciplinary collaboration; it requires change and
participation of different systems concerning family, education, religion, transport,
urban planning, health, research, legislation, media, and non-governmental
organisations. Knowledge about components tailored around specific needs of a
community and collaborative approach were also identified in a UK qualitative
study with 9-11 years old girls (n=34), their parents (n=11) and teachers (n=4),
exploring factors affecting intervention uptake and PA participation (Morgan et
al., 2019). The concept of collaborative approach from design to implementation
or of co-creation has been supported by a recent literature review (Greenhalgh
et al., 2016) which suggested that such approach has high potential for
sustainable societal impact. The review draws attention to the complexity of
implementing a co-production approach and achieving success is dependent of
careful attendance of processes, relationships and conflict management.

Further research should consider using the BCW to test co-created movement
behaviour interventions aimed at reducing SB and increasing PA in children of
White British and South Asian ethnicity.

Conclusions
The two studies highlighted high levels of inclinometer measured SB, of
approximately 8 hours (60%) per day during school terms and holidays,
regardless of ethnicity. The only ethnic difference identified in inclinometer
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measured SB was for breaks in SB; on average children broke their sitting 111
times a day. South Asian children had 25 fewer times compared to White British
children. The study identified a range of barriers and facilitators to reducing SB in
children such as perceptions of risks and benefits associate with the behaviour,
parenting, a culture that values sitting, environmental constraints and educational
constraints. The two studies have identified the child SB is closely connected with
PA and it is a complex result of adult’s influence (parents and teachers) on the
child. When looking at SB in the context of movement behaviour the study
highlighted an ethnicity related trend of higher SB and lower PA for South Asian
children. The integration of the results from the two studies into the behaviour
wheel process highlighted the need for a multi component movement behaviour
intervention which requires the collaboration a multiple groups from design
through to intervention implementation.
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Chapter Six
6 Study 3: Ethnic differences in movement behaviour
among 8- to-11-year old children
Study three addresses research question five: “What are the ethnic differences
in accelerometer measured movement behaviours in 8-to-11-year old children in
West Yorkshire?”

The present study builds upon learning from study one when addressing the
question of ethnic differences in a new group of older primary school age children.
Study three explores the hypothesis of higher SB and lower PA in South Asian
children vs. White British in a larger sample of children, compared to study one,
by looking at levels and patterns of movement behaviours during full weekdays
and weekends and across two seasons, during the school terms.

Abstract
Background
High levels of sedentary behaviour (SB) and low levels of physical activity (PA)
among primary school age children are a health concern due to the negative
impacts on physical and mental health. The health of the South Asian (SA)
population and of other minority ethnic groups in the UK is poorer when compared
to White British (WB). The purpose of this study is to investigate ethnic
differences in accelerometer measured movement behaviours in 8 to 11 year old
children.
Methods
Pooled baseline accelerometry data from four intervention studies with primary
school age children (n=365) in West Yorkshire schools was accessed via the
Born in Bradford project. The outcomes of interest were: SB, moderate to
vigorous PA (MVPA), light PA (LPA) and counts per minute (CPM).
Data were analysed using linear mixed effects multilevel modelling with robust
standard errors. The co-variates used were: wear time, sex, age, ethnicity,
socioeconomic (SES) status, weekend, season, weight status and school. The
co-variate of interest was ethnicity.
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Results
The ethnic composition of the sample was 34% White British, 52% South Asian
and 14% other ethnicities; 38% of the sample was overweight and obese, and
47% of children attended schools in deprived areas. On average children were
9.76 years old and 52% were male. No significant ethnic differences were
identified for any outcome variables in a sample of 221 children with valid data.
A pattern of high SB and low PA was observed for SA (+7 SB;5 LPA and -5 MVPA
minutes) children and children of other ethnicities( +4 SB and -6 LPA minutes)
compared to WB. Factors of statistical significance were: sex, SES, weight status
and season. Children spent 57% of awake time in SB, 37% in LPA and 6% in
MVPA.
Conclusion
Interventions to promote healthy movement behaviours are needed for all
children regardless of ethnicity but recruitment might prioritise multi-ethnic
communities because of patterns of high SB and low PA in minority ethnic groups.
Interventions should be tailored around factors such as: sex, SES, weight status
and season.
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Background
High levels of sedentary behaviour (SB) and low levels of physical activity (PA)
in children are predominantly discussed in the context of obesity levels and
cardiometabolic risk factors in the research literature. Generally, the negative
impact of SB on physiological outcomes and mental health has been noted, as
well as a differentiation of certain SB’s, such as screen viewing which is
correlated with unhealthy eating habits (Brazendale et al., 2017; Collings et al.,
2017; Barnett et al., 2018). This might result in labelling of some SB’s as
unwanted or to be avoided while others as preferred SB’s. It was consistently
reported in the research literature that as children grow older, SB increases and
PA decreases (Stierlin et al., 2015; Janssen et al., 2016; Jago et al., 2017). In
relation to the Bradford population, chapter three provided some insights through
teachers’ and parents’ narratives into why this might be the case. It was reported
that children are trained to sit and need to sit, so that they can meet increasing
academic demands and later life employment requirements. In the UK, the
existing evidence on ethnic differences in SB and PA, predominantly shows that
Black, Asian and Minority Ethnic groups (BAME) have higher levels of SB and
lower levels of PA when compared to White British in both adult and child
populations (Khunti et al., 2007; Pollard et al., 2012; Barber et al., 2017).
However, some studies have demonstrated no ethnic differences in movement
behaviour outcomes, especially in younger children and it is not yet clear whether
there is a critical age when the ethnic differences manifest (Collings et al., 2019).
A critical age for a shift in obesity has been identified around the age of 5-8 by
some studies (Dietz, 1994; Glavin et al., 2014; Farooq et al., 2017) although a
critical age for increase in SB and reduction on PA is not yet clear, since various
studies highlight different ages. For example the ICAD data set identified five
years old (Cooper et al., 2015) but another Norwegian study with over 2000, 612 years old children identified 6-7 years old as a critical age (Deng and
Fredriksen, 2018).

The purpose of the present study is to investigate ethnic differences in four
outcomes of movement behaviour in 8-to-11-year old children during school
terms. The four outcomes considered are: SB, light physical activity (LPA),
moderate to vigorous physical activity (MVPA) and counts per minute (CPM).
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Methods
A secondary data analysis was undertaken using pooled accelerometry baseline
data from four intervention studies which included children from 13 primary
schools in West Yorkshire. The data were accessed via the Born in Bradford
study (Wright et al., 2012). All schools had a Bradford postcode with the exception
of one, which had a Wakefield postcode. Each study had ethical approval and
the recruitment, data collection procedures and measurements for each study
has been described elsewhere for three studies (Clemes et al., 2016, 2018;
Sherry et al., 2018) while data from one study has not as yet been published
(Active Travel reference E: 483). The individual studies have been described as
either pilot control trial, cluster randomized control trial or feasibility study.

The triaxial accelerometer Actigraph GT3X+ (Actigraph, Pensacola, FL, USA)
was set to record data at a sampling rate of 60 Hertz in all data collections. Raw
accelerometer data were downloaded and collapsed into 15 seconds epoch files.
Data was processed similar to study one in this thesis, using Evenson cut points
(Evenson et al., 2008). Sleep was excluded between 11pm to 6am and non-wear
time, defined as ≥ 20 minutes of consecutive zero counts was excluded. The
minimum valid wear time for inclusion in the analysis was at least 10 hours on at
least three week days and at least one weekend day. This minimum wear time
was reported to have high reliability for estimates of PA (Kim, Beets and Welk,
2012; Kim et al., 2014; Rich et al., 2014). Data was processed and downloaded
using Actilife software version 6.13.3 and further checks were done in Stata v
13.1 (StataCorp, 2013), to ensure that valid data inclusion criteria were met.
Actigraph data explored in this study included SB, LPA, MVPA and CPM.

Actigraph data analysis
Statistical analyses were conducted following the same structure in study one in
this thesis, using Stata v.13.1 (StataCorp, 2013). The four outcome variables (SB,
LPA, MVPA and CPM) were compared between weekdays and weekend days,
across seasons in different schools.
The statistical analysis was based on the four response variables: SB, LPA and
MVPA. As shown in figure 6.1 (first row) two response variables (SB and LPA)
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were well approximated by a normal distribution and one outcome variable was
skewed (MVPA) and one only slightly skewed (CPM).

Statistical models used the same approach as for activPAL and actigraph data
in study one (chapter three), multivariate linear mixed effects multilevel
modelling. The statistical modelling began with unconditional modelling and
proceeded to a final model using the goodness of fit measures (i.e Akaike
Information Criterion (AIC) and Bayesian Information Criterion (BIC) and loglikelihood) and intraclass correlation (ICC) to guide the process (Appendix 9).
Lower AIC/BIC indicated better fit and higher ICC and log-likelihood is
preferred. The first unconditional model involved only random effect: the child
was a random effect which accommodated repeated measures for child. School
(n=13) was also included as a random effect. The full model included all the covariates such as wear time, age sex, ethnicity, SES, weight status, weekend,
season.

Figure 6-1 (middle and lower rows) also shows the residuals from the final
models of the four outcome variables which followed a similar pattern of
distribution, two were normally distributed (SB and LPA) and one was skewed
(MVPA) and one was slightly skewed (CPM). The same approach as in
activPAL data was maintained, rather than considering transformation of the
skewed variables, which would have the made comparison across the models
less straight forward, robust standard errors were used in all statistical models
(Table 6.2).
Level of statistical significance was set at α=0.05. Models coefficients are
reported along with 95% confidence intervals (CIs).The co-variate of interest
was ethnicity.
Different from study one, age was added as a covariate and the SES was
generated based on the school’s Index of Multiple Deprivation (IMD) as individual
child postcode to generate individual IMD was not available in this data set.
Similar to study one, IMD 1-2 were coded as low SES, IMD 3-5 as medium SES
and IMD 6-10 as high SES.
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Figure 6-1: Histograms and QQ plots for four outcome variables and residuals: SB, LPA, MVPA and CPM
SB

LPA

MVPA

CPM
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Results
The accelerometery baseline data from 365 primary school age children included
in four studies (July 2014 to December 2016) was accessed via Born in Bradford
study. However, 110 (30%) had missing outcomes (SB, LPA, MVPA and CPM),
25 (7%) did not comply with the valid inclusion criteria and 9 (2%) had missing
height and weight and were therefore excluded from the analyses. Therefore, the
final sample includes 221 (61%) children who generated 1340 days included in
the analyses. 994 days (74%) of data were during weekdays and 346 days (25%)
of data were during weekends. On average a child had 6 valid days included in
the analyses.

Descriptive statistics of children whose data were included in the analyses are
presented in Table 6-1.

On average children were 9.76 years old and 52 % were male. The ethnic
composition of the sample was 34% White British, 52% South Asian and 13%
other ethnicities. A high percentage (47%) of children attended schools in low
socioeconomic areas, the lowest 20% in the country and this percentage was
even higher for South Asian children (72%).The majority for children were of
normal weight ( 55%) but a large percentage were overweight and obese (38%).
The percentage of overweight and obese was higher for South Asian children
(42%). A small proportion of children, 6.33% (n=14) were underweight, of which
the majority were South Asian (n=9).

Seventy-nine (35.75%) children had their data collected during autumn and 142
(64.25%) during winter.
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Table 6-1: Demographics and accelerometry means.
White British
children

Children of
other ethnicity

(N=75)
33.94%

South
Asian
children
(N=116)
52.49%

(N=30)
13.57%

Children
with valid
data
(N=221)
100%

9.78
(.31)

9.76
(.44)

Age
(years),
mean
(sd)
Male (%)
Low SES
(%)

9.77
(.37)

9.75
(.51)

39(52)
7
(9.33)

62(53.45)
84
(72.41)

Medium SES
(%)

49
(65.33)

32
(27.59)

High SES
19
0
(%)
(25.33)
Normal weight
53
58
(%)
(70.67)
(50%)
Underweight
4
9
(%)
(5.33)
(7.76)
Overweight
18
49
and obese (%)
(24)
(42.24)
zbmiuk
.18
0.71
(sd)
(1.18)
(2.18)
Weartime
763.69
756.27
Mean (sd)
(50.65)
(42.53)
SB
432.04
441.06
Mean (sd)
(75)
40.6)
(%)
57%
58%
LPA
280.42
269.42
Mean (sd)
(42.24)
(36.69)
(%)
37%
36%
MVPA
51.23
45.78
Mean (sd)
(17.22)
(16.62)
(%)
6%
6%
CPM
521.80
479.27
Mean (sd)
(112.58)
(111.5)
Sd=standard deviation; SB=sedentary behaviour;
MVPA= moderate to vigorous physical activity,
SES=socioeconomic status.
*all accelerometry data per day

13(43.33)
13
(43.33)
15
(50)

111(51.58)
102
(47.06)
96
(43.44)

2
21
(6.67)
(9.50)
12
123
(40)
(55.66)
1
14
(3.33)
(6.33)
17
84
(56.67)
(38.01)
1.02
0.57
(1.53)
(1.83)
746.93
757.52(46.47
(49.53)
)
428.37
436.28
(45.53)
(43.15)
57%
57%
268.87
273.08
(43.33)
(39.74)
36%
36%
49.68
48.16
(14.09)
(16.64)
7%
7%
507.7
497.56
(88.59)
(110.39)
LPA=light physical activity;
CPM=counts per minute;

On average children spent 57% (436 minutes) of their awake time in SB, 36%
(273 minutes) in LPA and 7 % (48 minutes) in MVPA. Children had a mean of
497.56 CPM.
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No significant ethnic differences for any of the outcome variables were identified
for South Asian children or children of other ethnicity when compared to White
British as presented in Table 6-2. However the coefficients of all movement
behaviours outcomes identified a pattern of higher SB and lower PA for South
Asian children and children of other ethnicity when compared to White British.

Other factors of statistical significance were sex, overweight and obese,
socioeconomic status and seasonality. Being a boy was significantly correlated
with lower SB (-17minutes) and higher MVPA (12 minutes). Children attending
schools in high SES areas were less sedentary (-16 minutes) and more active
(+7 minutes MVPA) compared to children attending schools in low SES areas.
Children were significantly more sedentary (+13 minutes) and less active (-7
minutes LPA and -6 minutes MVPA) during winter compared to autumn.
Overweight children were less active (-8 minutes MVPA) compared to normal
weight children. Significantly more CPM have been recorded for boys (+76 CPM)
compared to girls and for children attending schools in higher SES areas (+50
CPM) compared to children attending schools in low SES areas. Significantly less
CPM have been recorded during winter (43 CPM) compared to autumn and for
overweight children (42 CPM) compared to normal weight children.
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Table 6-2: Model coefficients for four movement behaviours outcomes with robust standard error.
SB coefficient
(min)
Other ethnicity
(reference WB)
South Asian
(reference WB)
Weekend
(reference weed
day)
Male
(reference female)
Age
( age 6)
Medium SES
( reference low
SES)
High SES
(reference low SES)
Winter
(reference autumn)
Underweight
(reference normal
weight)
Overweight and
obese (reference
normal weight)

4.090
7.748
0.487

-16.598
4.113
-2.747

-15.918
12.557
5.023

1.106

Wear time

0.538

Intercept

-13.987

SB Confidence.
Interval and p-value
(min)
-7.13 to 15.31
P=0.475
-11.17 to 26.67
P=0.422
-7.75 to 8.73
P=0.908

LPA
coefficient
(min)
-5.852

-23.92 to -9.27
P<0.001
-4.88 to 13.10
P=0.37
-12.74 to 7.25
P=0.59

3.903

-31.51 to -0.32
P=0.045
6.60 to 18.51
P<0.001
-16.79 to 26.83
P=0.652

-5.135
2.914

-3.854
4.813

7.260
-6.604
-1.524

-13.75 to 15.96
P=0.884

5.283

0.50 to 0.57
P<0.001
-108.56 to 80.59
P=0.772

0.400
7.475

LPA Confidence
Interval and p-value
(min)
-17.57 to 5.87
P=0.328
-19.97 to 9.70
P=0.498
-2.70 to 8.53
P=0.309

MVPA
Coefficient
(min)

-3.07 to 10.88
P=0.273
-12.64 to 4.93
P=0.39
-1.56 to 11.19
P=0.139

12.426

-4.10 to 18.62
P=0.211
-11.68 to -1.52
P=0.011
-18.84 to 15.79
P=0.863

7.051

1.251
-4.777
-3.443

-0.699

-2.864

-5.582
-3.241

-6.17 to 16.74
P=0.366

-7.522

0.37 to 0.42
P<0.001
-82.26 to 97.21
P=0.87

0.059

MVPA Confidence
Interval and p-value
(min)
-1.46 to 3.96
P=0.367
-10.59 to 1.03
P=0.107

CPM
Coefficient
(min)

-7.54 to 0.65
P=0.1
10.71 to 14.13
P<0.001
-4.35 to 2.95
P=0.708

-11.082

-7.57 to 1.84
P=0.233
2.053 to 12.04
P=0.006
-10.50 to -0.66
P=0.026
-10.53 to 4.04
P=0383

-11.470

-2.740
-33.502

75.983
-7.944

49.766
-42.690
-17.701

13.27636

-41.11 to 18.95
P=0.47
64.80 to 87.16
P<0.001
-31.31 to 15.42
P=0.505
-42.45 to 19.50
P=0.468
14.13 to 85.39
0=0.006
-71.52 to -13.85
P=0.004
-66.03 to 30.63
P=0.473

-41.551

-71.79 to -11.30
P=0.007

-0.016

-0.15 to 0.11
P=0.806
309.63 to 914.89
P<0.001

-11.31 to -3.73
P<0.001
0.041 to 0.078
P<0.001
-31.45 to 58.00
P=0.561

CPM Confidence.
Interval and p-value
(min)
-22.81 to 17.33
P=0.789
-74.40 to 7.39
P=0.108

612.265

SB= Sedentary behaviour; LPA=light physical activity; MVPA= moderate to vigorous physical activity; SES= socioeconomic status.
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Discussion and conclusion
The present study investigated ethnic differences in movement behaviours
among 8 to 11 year old children and found no statistically significant ethnic
differences for any of the outcome variables (SB, LPA, MVPA and CPM).
However, the coefficients and confidence intervals suggest that South Asian
children and children of other ethnicities have higher levels of SB and lower
levels of PA. Children spent 57% of their awake time in SB, 37% in LPA and
6% in MVPA.

Significant statistical differences were identified for four co-variates: sex, SES,
weight status, and season. Being a boy was correlated with being less
sedentary and more active compared to girls. Children attending schools in
high SES areas were also less sedentary and more active compared to
children attending schools in low SES areas. Winter was correlated with being
more sedentary and less active compared to autumn. Overweight children
were significantly less active compared to normal weight children. The
movement patterns observed suggested children were less active during
weekend compared to weekdays, although this was not statistically significant.

The proportion of time spent in various movement behaviours is similar to
some studies, including study one from the thesis (Barnett et al., 2018; Nagy
et al., 2019) although they vary when compared to others (Jago et al., 2018).
Some variations might be related to the type of the device used, selected cut
off points and other processing choices which make it difficult to compare
results directly. Direct comparison might also be difficult because of the ethnic
composition of our sample of which 52% are South Asian children. This study
is one of the very few to compare patterns and levels of movement behaviour
in South Asian and White British children. The majority of studies have found
that South Asian children are more sedentary and less active when compared
with White British children (Pollard et al., 2012; Barber et al., 2017; Sherry et
al., 2018) but this is not the case in the present study. It is possible that ethnic
differences manifest only when children become older. This is consistent with
findings from other studies at Born in Bradford (Collings et al., 2019; Nagy et
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al., 2019) in younger children. Recent studies have reported no ethnic
differences in inclinometer measured SB (Nagy et al., 2019) and
accelerometer measured MVPA and LPA (Nagy et al., 2019) in 6-8 year old
children in Bradford area (study one). However the present study found smaller
proportions of SB (57%) when compared to other children of a similar age. For
example Hornby et al. (2015) reported 65-75% of accelerometry recorded
wear time was spent in SB by White British and South Asian girls aged 9 to 11
(Hornby-Turner, Hampshire and Pollard, 2014). It is possible that this
discrepancy can attributed to sex differences since most studies consistently
report higher SB for girls. However, Sherry et al. (2018) reported 68% of the
inclinometer recorded wear time was spent in SB by 9-10 year old children
from Bradford area (Sherry et al., 2018) which included boys and girls in fairly
equal proportions.

The present study identified four influencing factors: sex, SES, season and
overweight. The fact that boys had higher levels of PA and lower levels of SB
has been consistently reported in the literature and recently in a sample of the
Childhood Obesity Project on 6 to 11 year old children (Schwarzfischer et al.,
2019). The study included data from 600 children from Belgium, Poland and
Spain and reported a decline in PA around the age of 6. The present study
identified similar results on PA levels in children aged 6-8 in the Bradford area
(Nagy et al., 2019) which was around 60%. Similar to other studies, the results
related to weight status and season are consistent with the majority of cross
sectional studies which show that overweight and obese children have less
MVPA compared to normal weight children (Collings et al., 2019). Expectedly,
SB during winter was higher and PA was lower when compared to autumn,
which is consistent with other studies (Janssen et al., 2015; Atkin et al., 2016).
The findings from the present study identified children attending schools in
high SES area had lower SB and higher PA compared with children attending
schools in low SES areas. However, the recent DEDIPAC umbrella literature
review did not confirm such findings in children or adolescent populations
(O’Donoghue et al., 2018). The findings from the first study in this thesis are
not consistent with the findings from this study in relation to SES which is
possibly related to the different ways of measuring SES. It was unfortunate
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that we did not have individual SES for each child or more information on
parents’ income and education. For this reason we have used the schools’
postcode to generate IMD which was then collapsed into three levels of SES.
The proportion of children in each SES category was also small and
unbalanced in relation to ethnicity, for example only seven White British
children attended schools in low SES areas while the majority of South Asian
children (n=84) attended schools in low SES areas. Future studies should
consider a more robust measure of SES where possible.

One of the strengths of this study is the inclusion of an understudied minority
ethnic group, South Asian children, the majority of which attended schools in
low socioeconomic areas. A large proportion of the children were overweight
and obese (38%) and the proportions of the overweight and obese children
who were of South Asian (42%) or of other ethnicity (56%) were worrying,
considering the increased risk of cardiovascular health for South Asian
children. The problem of obesity is a worldwide public health concern
(Katzmarzyk et al., 2015b; Levesque, 2018; Lanigan, Tee and Brandreth,
2019) particularly in Bradford, where child obesity levels are higher than the
rest of the UK (MDC, 2016). A recent report highlighted that nearly three
quarters of the Bradford adult population are overweight and obese, while
35.7% of children aged 10-11 are overweight and obese; this figure rises to
50-60% in some Bradford schools (MDC, 2016). Although the direction of
correlation between SB and overweight and obesity cannot be determined
because of the cross sectional design, interventions are needed to address
these aspects in BAME group populations.

The present study includes school term time data only and it would have been
interesting to have an understanding of the movement behaviours for this
group of children during school holidays especially because of the overweight
and obesity levels in this group of children. Several studies have identified an
increase in obesity and overweight during school holidays (Brazendale et al.,
2017; Weaver et al., 2018). The overall overweight and obesity levels (38%)
in the present study are higher compared to a recent multi country study
involving over 6000, 9 to 12 year old children (Roman-Viñas et al., 2016). The
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multi-country study identified obesity levels ranging from 5.4% in Finland to
24.5% in China. It is possible that obesogenic behaviours might be developed
and established during school holidays and this pattern might be even stronger
for older children. Therefore, more studies, should consider investigating levels
of movement behaviours during school holidays.

The present study uses 6 am to 23 pm awake time while the previous study in
this the thesis uses 5 am to 23 pm. As the data included in this study was
collected during autumn and winter only, a 6 am awake time was considered
more appropriate. However, sleep timing tends to differ by ethnic group with
South Asians going to bed later and getting up later, compared to White British.
On the aspect of ethnicity, children of South Asian ethnicity could have been
Pakistani, Bangladeshi, Indian or Mirpuri and it could be argued that they might
behave different in terms of sleep patterns. Therefore applying a fixed awake
time criteria might introduce different biases depending on ethnicity.

Finally, from a total for 365 children, 39% of data was lost due to inclusion
criteria which left the data of 221 children to be included in the analyses. A
more lenient criterion of data inclusion was considered, for example one week
day and one weekend day and using at least 6 hours to define a valid day.
However, to maintain consistency of approach within the thesis and to align it
with the most recommended criteria of valid data, the three weekday/one
weekend day, and 10 hours of valid data approach was maintained as they
have been reported to be most reliable.

The generalisability of the present study might be limited to children living in
deprived UK cities with a high proportion of South Asian population. The
proportion of South Asian children in the present study was over-represented
(52 %) compared to 7.7% in the 5-9 year old child population in the UK (ONS,
2011).

Based on patterns observed, the present study might suggest that
interventions to promote healthy movement behaviours are needed for all
children regardless of ethnicity but recruitment should prioritise multi-ethnic
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communities since patterns of higher SB and lower PA are observed for South
Asian and other ethnicities compared to White British. Intervention designers
should consider implementing interventions during the winter season.
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Chapter seven
7 Summary, public health implications and future
directions
Summary of thesis
The thesis addressed the overall question of ethnic differences in movement
behaviours among primary school age children during school terms and school
holidays. The thesis consists of three studies involving 525 children in total,
aged 6-11 years from 16 schools in West Yorkshire. Studies one and two
(chapter three and four) explored ethnic differences in inclinometer and
accelerometer measured movement behaviours among 6-8 years old children
during school terms and school holidays as well as barriers and facilitators to
reducing SB in this group of children. It identified that all children had excessive
levels of SB regardless of ethnicity. The inclinometry data showed no
significant ethnic differences for activPAL outcome measures except for SB
breaks (study one), with South Asian children having 25 fewer breaks
compared to White British Children. The accelerometry data identified 6-8
years old South Asian children as having significant higher levels of SB and a
pattern of lower levels of PA when compared to White British children. Both
accelerometry measured SB and PA fluctuated across the seasons with a
pattern for higher SB and lower PA during the winter season. Study two
(chapter four), the qualitative exploration with parents, children and teachers
identified seven themes that mapped onto domains of the Theoretical Domains
Framework (TDF) which included: i) knowledge practice gap; ii) hierachy of
SB’s ; iii) the expectation and the culture of sitting; iv) intra-personal and
interpersonal reasons to sitting; v) environmental constraints; vi) educational
constraints;

and,

vii)

participants’

solutions.

From

these

findings,

recommendations for a movement behaviour intervention for 6 to 8 years old
children were identified (chapter five).
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These included:

1. Movement behaviour interventions need to address both high levels SB
and low levels of PA in 6-8 year old children regardless of ethnicity.
2. As well as addressing total SB, intervention designers should consider
increasing SB breaks especially for South Asian children who had
significantly fewer SB breaks compared to White British.
3. A collaborative approach between intervention designers, parents,
children, teachers and stakeholders, starting from intervention design
through to implementation, to ensure sustainability of changes in
movement behaviours over time is required.
4. Clear behaviour change techniques and methods of implementation
need to be mapped onto identified barriers to reduce SB and increase
PA.

Regarding ethnic differences in movement behaviours, study one identified
South Asian children aged 6-8 years had significantly more SB (+39 minutes)
compared to White British children in a data set of 108 children with valid
accelerometry data. This finding of higher SB was not consistent in study three
(chapter six) which included 221, 8 to 11 year old children who had valid data.
However, the pattern of higher levels of SB in South Asian children compared
to White British was not dissimilar in the two studies (chapter three and six).
The key differences between the two studies were the age of the children, the
sample size, different occasions of data collections, for example one study
(chapter three) included holiday days and the other did not (chapter six), and
choice of awake time, in one study from 0500 to 2300 (chapter three) and from
0600 to 2300 in the other study (chapter 6).

As mentioned earlier, study three (chapter six) did not identify statistically
significant ethnic differences in SB in 8-11 year old children on any movement
behaviour outcomes (LPA, MVPA or CPM) although the 95% confidence
interval was suggestive of lower MVPA and higher SB for South Asian children.
The patterns of higher SB and lower PA for South Asian children compared to
White British were consistent throughout the thesis, in the two quantitative
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studies (chapter three and six). Both studies identified high proportions of SB
and low proportions of MVPA in all children which should be addressed
regardless of ethnicity. Girls were consistently identified to have lower PA and
higher SB compared to boys, which might suggest that sex differences could
take priority over ethnic differences when it comes to movement behaviour
interventions.

Regarding season, SB was higher while PA lower in winter compared to spring,
autumn or summer which suggest interventions should be a priority during
winter. To date no studies specifically tailor movement behaviour interventions
for winter.

Results related to the correlation between SES and movement behaviours
outcomes were inconsistent between the two studies (chapter three and six).
The accelerometry data in study one highlighted significant differences for
children from high SES with higher SB and lower LPA when compared to
children from low SES. On the other hand study three identified significantly
lower SB and higher MVPA for children from higher SES compared to children
from low SES. The discrepancy may be because the SES measures used were
different between studies; study one using individual SES and study three
using school SES, which was generated based on postcodes and IMD.
Capturing an accurate SES is a current ongoing issue that requires
commitment to share sensitive data related to income and education (which
parents have been reluctant to share for the studies) as was the consistency
of measuring SES by researchers.

Taking into consideration the intervention components identified in chapter five
and the results from study three which showed no statistically significant ethnic
differences for any movement behaviour outcomes (SB, LBPA, MVPA, CPM),
the intervention components could be applicable to all children in primary
schools, including 8 to 11 years old children and not only 6 to 8 years old. The
intervention would need to be developed further (e.g. a manual with
intervention activities, training for delivery personnel), tested for feasibility and
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piloted, which was not the aim of this thesis but it is a future direction for this
research.

Strengths and limitations
The strength of the thesis is its focus on SB in a unique sample of children,
from a deprived area: an over-represented proportion of South Asian children,
the largest ethnic minority in the UK, White British children and children of other
ethnicities. Very few studies have had a focus on SB using mixed methods.

Another strength of the thesis is that it reported on inclinometer and
accelerometer measured movement behaviours outcomes during school
holidays. Data collection during this time period might be challenging but the
importance of understanding children’s movement behaviours during school
holidays should not be underestimated since it accounts for nearly 25% of the
school year. Therefore ways of engaging parents and children in data
collection during this time should not be overlooked.

Although the thesis includes the exploration of various intensities of movement
behaviours (SB, LPA and MVPA), sleep was not accurately identified and the
thesis has adopted the widely used approach, exclusion of night time sleep of
6 (study one) and 7 hours (study three). Future studies which use 24-h
movement behaviour data should consider using fully automated, valid reliable
algorithms. The data in study one in this thesis was 24-h data but in study three
this was not the case. Currently the Tudor-Locke automated algorithm (2013),
considered superior to Sadeh et al. (1994) algorithm is used to detect sleep in
children aged 9.5 to 10.5 years but the authors advise against its use to detect
sleep in children of other ages (Sadeh, Sharkey and Carskadon, 1994; TudorLocke et al., 2014). Future research should consider developing algorithms
that could be used with various groups of children and which are tested against
polysomography.

The thesis identified issues with the use of activPAL which have caused rashes
for some children and this is likely to have impacted on children’s decision to
wear the device or parents’ allowing children to wear the device. This is not
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something that many studies have reported (Nagy et al., 2019) but recently a
study using the device in 9-10 years old children, accepted for publication by
the National Institute for Health Research (Public Health Research report
number 14/231/20-in press) also highlighted this issue. Future studies should
take this into consideration in their choice of activity monitor.

The majority of the children included in study one (38%) and three (47%) were
from lower SES areas, or attending schools in low SES areas, few were from
medium SES and a very small group from higher SES. This is related to the
demographics of Bradford which means that the generalisability of the results
from the three studies might be limited to deprived areas in the UK with high
proportions of South Asian population.

The data in the thesis was cross sectional which does not allow a clear
identification of movement behaviour determinants. Longitudinal data will
highlight the differences over time which will contribute to a clearer
understanding of SB and movement behaviours of other intensity.

Future directions
As children within the Born in Bradford birth cohort grow older, it will allow for
longitudinal data analysis at age 2-3 years old, 7-9 years old and teenage
years. The analysis will generate a more comprehensive picture of the critical
points when ethnic differences become significant which will inform
intervention designers of the most relevant times to implement interventions
which are tailored according to ethnic differences.

An important future direction of this study is further development and feasibility
of a movement behaviour intervention which includes the components
identified in chapter five.

As this thesis identified issues with the use of activPAL in children, perhaps its
use should be discouraged until new methods of attaching the device are
developed.
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Since the evidence on the correlation between sleep and other movement
behaviours shows the growing importance of this factor, future studies should
include sleep in statistical modelling.

A last final direction worth considering is the development of movement
behaviour interventions specifically for winter, to address the consistent
pattern of lower PA and higher SB compared to other seasons.

Public health implications
The results of the thesis have several public health implications:

1. Given the consistently high levels of SB for all primary school age
children, all ethnic groups require intervention.

2. The studies show a consistent pattern of high SB and low PA for South
Asian children compared to White British children in study one and
three, as well as the same pattern being observed for children of other
ethnicity in study three. Therefore, a particular focus on ensuring
provision is appropriate for different ethnic groups is required.
Recruitment form multi-ethnic areas might be considered as a priority.

3. Since seasonality and sex were the two consistent factors associated
with movement behaviours, movement behaviour interventions should
be a priority during winter and more interventions should be tailored to
address girls’ movement behaviours.
4. Given the negative impact of SB and high proportions of SB identified
in study one and three, quantitative public health guidelines for children
might be an effective approach towards promoting a reduction in SB.
5. Given concerning and increasing proportions of overweight and obesity
in study three compared to study one and the fact that obesogenic
behaviours are correlated with school holidays, while overweight and
obesity is correlated with activity levels and sedentariness, positive
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movement behaviours should be implemented also during school
holidays.

6. Given the lack of behaviour change sustainability regarding child
movement

behaviours,

future

interventions

should

adopt

a

multicomponent, collaborative approach which includes families,
teachers, health professionals and local authorities, and which is
underpinned by psychological theory.
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Appendix 1: Summer demographics questionnaire.

FRONT SHEET
-------------------------------------- TO BE COMPLETED BY RESEARCHER -------------------------------------

PARTICIPANT INFORMATION
Participant Study ID
_______________________________________________

Date completing questionnaire

  

Language used for administration

 English
 Punjabi
 Urdu
 Other: ____________

Interpreter used

 No
 Yes, family or friend
 Yes, other

SECTION A
BACKGROUND
This first section is about your background.
A1. What is your date of birth?

  
Day

Month

Year

A2. What country were you born in?
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 England
 Pakistan
 Bangladesh
 India

Northern Ireland
 Scotland
 Wales
 Republic of Ireland

 Poland
 Czech Republic
 Slovakia
 Romania
 Hungary

 Other: ________________________
A3. What country were your parents born in?
Your mother:

Your father:





England











Pakistan





















Scotland





Don’t know

Bangladesh
India
Northern Ireland

Wales
Republic of Ireland
Slovakia
Czech Republic
Poland
Romania
Hungary

Other:
__________________________________________________
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A4. If you were not born in the UK, how old were you when you moved to the UK?

years old

Don’t know

A5. What best describes your ethnic group or background?
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White

English/Welsh/Scottish/N.

Irish/British
White; Irish
Pakistani
Indian
Bangladeshi
White; Polish
White; Slovakian
white; Romanian
White; Czech
Other White
Any
other
mixed/multiple
________________________________________

White; Gypsy/Roma or
Irish traveller
Chinese
African
Caribbean
Mixed White and Black
Caribbean
Mixed White and Black
African
Mixed White and Asian
ethnic

background:

Any other ethnic background: ________________________________________
A6. What is the father of your child date of birth?

 
Day

Month

Year

A7. What country was he born in?

 England
 Pakistan
 Bangladesh
 India

 Northern Ireland
 Scotland
 Wales
 Republic of Ireland

 Poland
 Czech Republic
 Slovakia
 Romania
 Hungary

 Other: ________________________
A8. What country were his parents born in?
His mother:

His

father:





England









Pakistan
Bangladesh
India
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Northern Ireland





















Scotland





Don’t know

Wales
Republic of Ireland
Slovakia
Czech Republic
Poland
Romania
Hungary

Other:
__________________________________________________

A9. If he was not born in the UK, how old was he when he moved to the UK?

years old

 Don’t know

A10. What best describes his ethnic group or background?

White;

English/Welsh/Scottish/N.

Irish/British
White; Irish
Pakistani
Indian
Bangladeshi
White; Polish
White; Slovakian
White; Romanian
White; Czech
Other White
Any other mixed/multiple ethnic
background:
________________________________
________

White; Gypsy/Roma or
Irish traveller
Chinese
African
Caribbean
Mixed White and Black
Caribbean
Mixed White and Black
African
Mixed White and Asian

SECTION B
HOUSEHOLD
INFORMATION

Any

other ethnic background:
________________________________
________

B1. What is your post code?

B2. How many people live in your
household, including yourself?
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B3. How many children do you have?





B4. What number child is the child whose data is being collected?

 1st
 2nd
 3rd
 Other (specify)…...
B5. Do you have any children with a disability living with you?

 Yes
 No
B6. How many screen devices are in your household?

 TV
 Laptops and computers
 Ipads/Tablets
 Smart Phones
 Play stations
 Other (specify)…………
B7. Does your child (whose data is being collected) have a TV in his/her bedroom?

 Yes
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 No
SECTION C
LANGUAGE
This next section is about languages you speak, languages in your households and books
in your home.
C1. What is your first language?

English
Punjabi
Urdu (including Hindi)
Polish
Slovakian
Hungarian

Romanian
Russian
Gujarati
Spanish
Pashto

Bengali (including Sylheti,
Chatgaya/Chittagonian)

Arabic
Other:
______________________

C2. Which of these languages is usually spoken at home?

English
Punjabi
Urdu (including Hindi)
Polish
Slovakian
Hungarian

Romanian
Russian
Gujarati
Spanish
Pashto

Bengali

(including

Sylheti,
Chatgaya/Chittagonian)

Arabic
Other:

SECTION D
EDUCATION
This next section is about you and your partners’ education. Please skip the questions
that don’t apply to you.
D1. Where did you obtain your highest educational qualification?

England
Pakistan

India
Bangladesh

Poland
Slovakia
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Hungary

Elsewhere

D2. Where did the father of your child obtain his highest educational qualification?

England
Pakistan
India

Bangladesh
Poland
Slovakia

Hungary
Elsewhere
Don’t know

D3. If your highest educational qualification was obtained in England, what is the highest
level you completed? Please tick only one box.

Any GCSE, SCEs (less than 5 GCSEs
grades A-C)

5 or more GCSEs (grades A-C)
GNVQ foundation level
NVQ1
GNVQ intermediate
NVQ 2
 (Young) apprenticeship
NVQ 3
Advanced apprenticeship
GNVQ Advanced
AS or A level, International
Baccalaureate

NVQ 4/5
Higher National Certificate/ Higher
National Diploma, Higher Education
Diploma

Foundation Degree
Bachelor’s degree 3-5 years
Master’s degree (taught/research) or
Postgraduate qualification, Doctorate/
PhD

Other:
_______________________________

None of these qualifications
Don’t know

D4. If your highest educational qualification was obtained in Pakistan, what is the
highest level you completed? Please tick only one box.

Secondary

School

Certificate/

Matriculation

Higher Secondary or Intermediate

Bachelor Degree Arts/Sciences,
Education,
Medicine/Surgery

Engineering,

Master

Diploma

Degree/ Master of
Education/ Master of Philosophy
(MPhil), Doctorate

Registered Nurse/ General Nursing

Other:

Diploma

_____________________________
___

Certificate

Technical

Education

Certificate/

Primary Teaching Certificate
Certificate in Training, Paramedic
Secondary
Matriculation

School

Certificate/

None of these qualifications
Don’t know
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D5. If your highest educational qualification was obtained in India, what is the highest
level you completed?
Please tick only one box.

Senior Secondary School Leaving
Certificate

Matriculation Certificate, Senior
School Certificate, ITI Certificate

Master’s

Degree, Master
Philosophy (Mphil), Doctor
Philosophy/ Letters

of
of

Diploma in Technical Education,

Other:

Junior basic teacher’s training,
Nursing Diploma/Certificate

_____________________________
___

Bachelor’s Degree, Bachelor of
Law/ Education

None of these qualifications
Don’t know

D6. If your highest educational qualification was obtained in Bangladesh, what is the
highest level you completed? Please tick only one box.

Secondary School/ Higher Secondary Certificate
Dakhil/ Alim Certificate
SSC Vocational/ Trade Certificate
HSC Business Management
HSC Vocational
Diploma in Commerce Certificate
Diploma in Engineering
Certificate in Education (CinEd)
Diploma in Agriculture/Ayurvedic & Unanai Medicine/ Textile/ Health Technology/
Survey/Ceramics/ Nursing/ Graphic Arts

Bachelor Degree Pass, Bachelor Degree
Master’s Degree, PGD and PhD
Fazil/ Kamil Degre
Other: ________________________________
None of these qualifications
Don’t know
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D7. If father’s highest educational qualification was obtained in England, what is the
highest level he completed? Please tick only one box.

Any GCSE, SCEs (less than 5 GCSEs grades

Higher National Certificate/ Higher

A-C)

National Diploma, Higher Education
Diploma

5 or more GCSEs (grades A-C)
GNVQ foundation level
NVQ1
GNVQ intermediate
NVQ 2
 (Young) apprenticeship
NVQ 3
Advanced apprenticeship
GNVQ Advanced
AS or A level, International Baccalaureate
NVQ 4/5

Foundation Degree
Bachelor’s degree 3-5 years
Master’s degree (taught/research)
or
Postgraduate
Doctorate/ PhD

qualification,

Other:
_____________________________
__

None of these qualifications
Don’t know

D8. If father’s highest educational qualification was obtained in Pakistan, what is the
highest level he completed? Please tick only one box.

Secondary

School

Certificate/

Matriculation

Higher

Secondary

or

Intermediate

Bachelor Degree Arts/Sciences,
Education,
Medicine/Surgery

Engineering,

Master

Technical Education Certificate/ Diploma
Registered Nurse/ General Nursing

Degree/ Master of
Education/ Master of Philosophy
(MPhil), Doctorate

Diploma

Other:

Certificate

Primary Teaching Certificate
Certificate in Training,

Paramedic
Secondary School Certificate/ Matriculation

_____________________________
___

None of these qualifications
Don’t know

D9. If father’s highest educational qualification was obtained in India, what is the
highest level he completed?
Please tick only one box.
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Senior

Secondary

School

Leaving

Certificate

Matriculation Certificate, Senior School
Certificate, ITI Certificate

Master’s

Degree,
Philosophy
(Mphil),
Philosophy/ Letters

Master
Doctor

of
of

Diploma in Technical Education, Junior

Other:

basic
teacher’s
Diploma/Certificate

________________________________

training,

Nursing

Bachelor’s Degree, Bachelor of Law/

None of these qualifications
Don’t know

Education
D10. If father’s highest educational qualification was obtained in Bangladesh, what is
the highest level he completed? Please tick only one box.

Secondary School/ Higher Secondary
Certificate

Other:
________________________________

Dakhil/ Alim Certificate
None of these qualifications
SSC Vocational/ Trade Certificate
Don’t know
HSC Business Management
HSC Vocational
Diploma in Commerce Certificate
Diploma in Engineering
Certificate in Education (CinEd)
Diploma in Agriculture/Ayurvedic &
Unanai
Medicine/
Textile/
Health
Technology/ Survey/ Ceramics/ Nursing/
Graphic Arts

Bachelor Degree Pass, Bachelor Degree
Master’s Degree, PGD and PhD
Fazil/ Kamil Degree

SECTION E
SOCIOECONOMIC
CIRCUMSTANCES

E1. Are you currently a full-time student?

Yes

 No

This section is about you and your partners’E3. If you are not currently employed,
socioeconomic circumstances, such as yourhave you ever worked before?
employment and financial situation.
Yes
 No
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E2. Are you currently employed?

Yes

 No

E4. If you have worked before but you are
not working right now, how long ago have
you stopped working?

 years
E5. Which of these best
describes the sort of work
the you do/did?

Modern

professional
occupations
such
as:
teacher
–
nurse
physiotherapist – social
worker – welfare officer –
artist– musician – police
officer (sergeant or above) –
software designer
Clerical and intermediate
occupations
such
as:
secretary
–
personal
assistant – clerical worker –
office clerk – call centre agent – nursing auxiliary –
nursery nurse
Senior managers or
administrators (usually
responsible for planning,
organising
and
coordinating, and work for
finance) such as: finance
manager – chief executive

Technical and craft

messenger – labourer
– waiter/waitress –
bar staff
Middle or junior
managers such as:
office manager – retail
manager
–
bank
manager – restaurant
manager – warehouse
manager – publican
Traditional
professional
occupations such as:
accountant - solicitor
– medical practitioner
–
scientist
–
civil/mechanical
engineer

occupations such as:
motor mechanic fitter – inspector –
plumber – printer –
tool
maker
–
electrician – gardener
– train driver
Semi-routine
manual and service
occupations such as:
postal
worker
–
machine operative –
security
guard
–
caretaker
farm worker –
catering assistant –
receptionist – sales assistant
Routine manual and
service occupations
such as: HGV driver –
van driver – cleaner –
porter – packer –
sewing machinist –

Other:



Modern professional
occupations
such
as:
–
nurse
E6. Which of these best teacher
physiotherapist
–
social
describes the sort of work
worker – welfare officer –
the father of your child
artist– musician – police
does/did?
officer (sergeant or above) –
software designer
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 Clerical and intermediate
occupations
such
as:
secretary
–
personal
assistant – clerical worker –
office clerk – call centre agent – nursing auxiliary –
nursery nurse
 Senior managers or
administrators (usually
responsible for planning,
organising
and
coordinating work, and for
finance) such as: finance
manager – chief executive



Middle
or
junior
managers such as: office
manager – retail manager –
bank manager – restaurant
manager – warehouse
manager – publican
 Traditional professional
occupations
such
as:
accountant - solicitor –
medical practitioner –
scientist – civil/mechanical
engineer

 Other:



Technical and craft
occupations such as: motor
mechanic - fitter – inspector
– plumber – printer – tool
maker – electrician –
gardener – train driver
 Semi-routine manual and
service occupations such as:
postal worker – machine
operative – security guard –
caretaker - farm worker –
catering
 assistant – receptionist –
sales - assistant
 Routine manual and
service occupations such as:
HGV driver – van driver –
cleaner – porter – packer –
sewing
machinist
–
messenger – labourer –
waiter/waitress – bar staff
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E7. This table shows income in weekly, monthly and annual amounts. Which of the
amounts on this list represents the total income of your household; income from all
jobs, (full and part time), all tax credits, all benefits and all other sources and earnings
after tax when all income is added together.
Please tick only one box.
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E8. Think of this ladder as showing where people stand in your neighbourhood. By your
neighbourhood, I mean within about a mile or 20 minute walk of your home.
At the top of the ladder are the people who are the best off – those who have the most
money, the best education, and the most respected jobs. At the bottom are the people
who are the worst off – who have the least money, least education, and the least
respected job or no job.
The higher up you are on this ladder, the closer you are to the people at the top; the
lower you are, the closer you are to the people at the bottom.
Where would you place yourself on this ladder? Please tick the box next to the rung
where you think you stand at this time of your life relative to other people in your
neighbourhood.



Do not wish to answer
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E.9You have just ranked yourself on the social ladder compared to other people in your
neighbourhood. Could you now do the same, but with the ladder representing all people
in England?
The higher up you are on this ladder, the closer you are to the people at the top; the
lower you are, the closer you are to the people at the bottom.
Where would you place yourself on this ladder? Please tick the box next to the rung
where you think you stand at this time of your life relative to other people in England.



Do not wish to answer
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Appendix 2: Winter and spring demographics questionnaire

FRONT SHEET

-------------------------------------- TO BE COMPLETED BY RESEARCHER -------------------------------------

PARTICIPANT INFORMATION

Participant Study ID
_______________________________________________

Date completing questionnaire

  

Language used for administration

 English
 Punjabi
 Urdu
 Other: ____________

Interpreter used

 No
 Yes, family or friend
 Yes, other

If you require any help completing this form or if you feel the questions do not capture
your family situation, please speak with the researcher collecting this data.
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SECTION A
BACKGROUND

This first section is about your background.
A1. Please state your relationship with the child whose data is being collected:

Mother
Father
Other/Please specify
A2. What is your date of birth?

  
Day

Month

Year

A3. What country were you born in?

 England
 Pakistan
 Bangladesh
 India

Northern Ireland
 Scotland
 Wales
 Republic of Ireland

 Poland
 Czech Republic
 Slovakia
 Romania
 Hungary

 Other: ________________________
A4. What country were your parents born in?
Your mother:

Your father:



Don’t know

A5. If you were not born in the UK, how old were you when you moved to the UK?

years old

Don’t know

A6. What best describes your ethnic group or background?

White
Irish/British
White; Irish
Pakistani
Indian

English/Welsh/Scottish/N.Bangladeshi
White; Polish
White; Slovakian
White; Romanian
White; Czech
244

Other White
White; Gypsy/Roma or Irish traveller
Chinese
African
Any

other
mixed/multiple
________________________________________

Caribbean
Mixed White and Black Caribbean
Mixed White and Black African
Mixed White and Asian
ethnic

background:

Any other ethnic background: ________________________________________
A7. What is the date of birth of the other parent of your child?

  
Day

Month

Year

A8. What country was he/she born in?

 England
 Pakistan
 Bangladesh
 India

 Northern Ireland
 Scotland
 Wales
 Republic of Ireland

 Poland
 Czech Republic
 Slovakia
 Romania
 Hungary

 Other: ________________________
A9. What country were his/her parents born in?
His/her mother:



His/her

father:

Don’t know

A10. If he/she was not born in the UK, how old was he/she when he/she moved to the
UK?

years old

 Don’t know

A11. What best describes his/her ethnic group or background?

White;
Irish/British
White; Irish
Pakistani
Indian

English/Welsh/Scottish/N.Bangladeshi
White; Polish
White; Slovakian
White; Romanian
White; Czech
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Other White
White; Gypsy/Roma or
Irish traveller
Chinese
African
Caribbean
Any other mixed/multiple ethnic
background:
________________________________
________
A12. What is the ethnicity of your child?
________________________________
________

Mixed White and Black
Caribbean
Mixed White and Black
African
Mixed White and Asian


B2. How many people live in your
household, including yourself?



SECTION B
HOUSEHOLD INFORMATION
B1. What is your post code?

.
B3. How many children do you have?


B4. What number child is the child whose data is being collected?

1  2
st

nd

 3  Other (specify)…...
rd

B5. Do you have any children with a disability living with you?

 Yes

 No

B6. How many screen devices are in your household (please specify numbers in each
box)?

 TV  Laptops and computers  IPad/Tablets  Smart Phones Play
stations
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 Other (specify)…………
B7. Does the child (whose data is being collected) have a TV in his/her bedroom?

 Yes  No
SECTION C
LANGUAGE

This next section is about languages you speak, languages in your households and books
in your home.
C1. What is your first language?

C2. Which languages are usually spoken at home?

SECTION D
EDUCATION

This next section is about you and your partners’ education. Please skip the questions
that don’t apply to you.
D1. In which country did you obtain your highest educational qualification?

D2. In which country did the other parent of your child obtain his/her highest
educational qualification?

D3. What is the highest level you completed? Please tick only one box.

Any GCSE, SCEs (less than 5 GCSEs
grades A-C)

5 or more GCSEs (grades A-C)
GNVQ foundation level
NVQ1
GNVQ intermediate
NVQ 2
 (Young) apprenticeship
NVQ 3

Advanced apprenticeship
GNVQ Advanced
AS or A level, International
Baccalaureate

NVQ 4/5
Higher National Certificate/ Higher
National Diploma, Higher Education
Diploma

Foundation Degree
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Bachelor’s degree 3-5 years
Master’s degree (taught/research) or
Postgraduate qualification, Doctorate/
PhD

Other:
_______________________________

None of these qualifications
Don’t know

D4. What is the highest level the other parent of the child completed? Please tick only
one box.

Any GCSE, SCEs (less than 5 GCSEs grades

Higher National Certificate/ Higher

A-C)

National Diploma, Higher Education
Diploma

5 or more GCSEs (grades A-C)
GNVQ foundation level
NVQ1
GNVQ intermediate
NVQ 2
 (Young) apprenticeship
NVQ 3
Advanced apprenticeship
GNVQ Advanced
AS or A level, International Baccalaureate
NVQ 4/5

Foundation Degree
Bachelor’s degree 3-5 years
Master’s degree (taught/research)
or
Postgraduate
Doctorate/ PhD

qualification,

Other:
_____________________________
__

None of these qualifications
Don’t know

SECTION E

have you ever worked before?

SOCIOECONOMIC
CIRCUMSTANCES

Yes

 No

E4. If you have worked before but you are
This section is about you and your partners’not working right now, how long ago have
socioeconomic circumstances, such as youryou stopped working?
employment and financial situation.
E1. Are you currently a full-time student?
years

Yes

 No

E2. Are you currently employed?

Yes

 No



E5. What is your current job (if working) or
past job (if not working at present)?

E3. If you are not currently employed,
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E6. What is the current job of the other
parent if your child (if working) or past job
(if not working at present?
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Appendix 3: Parent Information Sheet.

School term and school holiday sedentary behaviour
Information for Parents
Why is this study being conducted?
Children spend long periods of time sitting or lying down during waking hours and this
has been called sedentary behaviour. Sedentary behaviour is happening both during
school term and during holiday. It contributes to obesity, cardiovascular illness diabetes,
depression, reduced cognitive function, poor short-term memory and reduced math’s
and reading skills. This study is going to look at the differences in sedentary time spent
during school term and during school holiday and how that can be modified. The study
will also evaluate ethnic and socioeconomic differences.
What will my child be asked to do?
Your child will be asked to wear two small devices, have some measurements taken and
completed a diary of their daily activities. Some children will be invited to participate in a
group discussion about what motivated them to spend long periods of time being seated.
The measurements will be taken by research staff from the University of Bradford and
Born in Bradford Study and are likely to take 15-20 minutes.
What measurements will you take?
Sitting and standing time
We will measure how much time your child spends
sitting and standing, using a sensor called the activPAL.
This sensor sticks to your child’s upper leg using a sticky
pad. We will ask your child to wear this for 7 days of
school term and 7 days on school holiday. It can be
hidden under their normal clothing. A researcher will
come to the school and collect the sensor from your child
at the end each monitoring period.
The activPAL3, measurements: 3.2h x 2.1w x 0.5d cm, 9g
Physical activity
We will measure your child’s physical activity levels using a sensor called the ActiGraph.
This sensor is worn on an elastic belt around their waist (see picture overleaf); it can be
hidden under clothing. We will ask your child to wear this for 7 days of school term and
7 days of holiday at the same time as the activPAL.
The ActiGraph, measurements: 4.6h x 3.3w x 1.5d cm, 19g
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The ActiGraph
If the ActiGraph or activPAL is lost, please contact a member of the research team by
phone or email (see investigator details below) and we will arrange for a replacement to
be taken to the school for your child to collect.
Body composition measure
We will measure your child’s body composition with the Tanita scale (Fig 1) which uses
Bio-Impedance Analysis(BIA). The BIA technology uses a relative simple, quick (not
longer than measuring weight) and non-invasive body composition method which is
reliable and easy to perform. It is widely used to evaluate body composition in children
and adults. Conductance of a small alternating current through the body is measured in
this method. Children with pace -makers are advised not to use the monitors We
will also ask them how old they are. The measurements will be conducted in a private
setting within the school. All of this information will be kept private and at no point will
this information be linked to your child’s name.
Figure 1. Tanita Scale

Does my child have to take part?
No. Once you have read this information sheet, if your child decides to take part and you
are happy for them to, you will be asked to sign a consent form. By signing the consent
form you will be agreeing for the researchers to do the measurements and assessments
with your child. If you or your child changes your minds about taking part you can ask
to withdraw from the study at any time without giving a reason. If you do wish to withdraw
your child’s data from the study, please contact one of the researchers (see below) and
their data will be deleted from the dataset and not used in the analysis.
Will my child be required to attend any sessions and where will these be?
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The measurements and assessments will take place during the normal school day for
your child. Trained research staff from Bradford University and the Born in Bradford
study will visit your child’s class to carry out the measurements and assessments.
What personal information will be required from my child?
We will ask for your child’s date of birth and record their gender and ethnicity. This
information will be stored with your child’s other measurements. All of this information
will be kept confidential, and at no point will this information be linked to your child’s
name.
Are there any risks in participating?
There are no foreseen risks associated with taking part in this study, however children
with pace-makers will not be included in the study.
What information will be asked from the parents?
Parents will be asked to complete a questionnaire related to their child sedentary
behaviour during the school term week and during the school holiday week. Parents will
be asked to complete a demographics questionnaire providing information on parents’
education, income and occupation, postcode and languages spoken at home. Some
parents will be invited to participate in a focus group for a maximum of one hour to
discuss about barriers and facilitators to sedentary behaviour.
What will happen to the results of the study?
The results will be coded (for anonymity) and analysed by the research team. The results
will help better understand what are the ethnic and socioeconomic differences in
sedentary behaviour. It will inform further research examining sedentary time in primary
school aged children and will contribute towards the design on an intervention aimed at
reducing sedentary behaviour The results will also be presented in scientific journals and
conferences. You can ask the researchers for copies of these publications.
Will my child’s taking part in this study be kept confidential?
If your child takes part all information collected from them during the course of this study
will be kept strictly confidential.
All references to participants in any
publications/presentations will be anonymous. The information will be kept in a secure
location, accessible only to the researchers. The data will be stored by the lead
investigator Liana Nagy at Bradford University under conditions specified by the Data
Protection Act 1998.
I have some more questions who should I contact?
You should contact either Liana Nagy, Sally Barber or Maria Horne the lead investigators
of this study, whose contact details are below.

Investigators
Liana Nagy, Faculty of Health, University of Bradford - L.C.Nagy@bradford.ac.uk,
telephone: 01274 235450
Dr Sally Barber, Born in Bradford Cohort Study, Bradford Institute for Health Research Sally.Barber@bthft.nhs.uk, telephone: 01274 38 3696
Dr Maria Horne, Faculty of Medicine, University of Leeds - M.Horne@leeds.ac.uk ,
telephone: 01133431230
Appendix 4: Parent consent form
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School term and school holiday sedentary behaviour

PARENTS INFORMED CONSENT FORM
(to be completed after the Information for Parents has been read)

The purpose and details of this study have been explained to me. I
understand that this study is designed to further scientific knowledge.
I have read and understood the information sheet and this consent form.

Yes 
Yes 

No 
No 

I have had an opportunity to ask questions about my participation.

Yes 

No 

I understand that I am under no obligation to take part in the study.

Yes 

No 

I understand that I have the right to withdraw from this study at any stage
for any reason, and that I, will not be required to explain the reasons for
withdrawing.

Yes 

No 

I understand that all the information provided will be treated in strict
confidence and will be kept anonymous and confidential to the researchers
unless (under the statutory obligations of the agencies which the
researchers are working with), it is judged that confidentiality will have to
be breached for the safety of the participant or others.

Yes 

No 

I confirm that my child does not use a pace-maker.

Yes 

No 

I agree to participate in this study.

Yes 

No 

Parent and child name
Parent signature
Signature of investigator
Date
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Appendix 5: Child assent form.

School term and school holiday sedentary behaviour
Child and young person’s assent form
My name is ________________________________________.

I know what the ‘The school term and school holiday sedentary behaviour’
is about.
I understand what taking part involves.
I know that everything I tell you is private.
I know I can change my mind about having any measurements taken from me.
I know that if you think I or others might not be safe, you will have to tell
somebody.
I am happy to take part in the ‘The school term and school holiday sedentary
behaviour’
‘research
______________________________________________________[child’s
name]
I
____________________(researcher)
confirm
that
I
have
told
__________________(child) about the research project and given them the
information leaflet. To the best of my knowledge they have understood what I
have told them and they are giving free consent.
__________________________________________________[researcher’s
name]
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Appendix 6: Sleep diary
ID:

Directions
Wear on Right hip during day and night
Take off when showering or swimming
Use recording sheet to record when put on and taken off

Has the monitor
been worn today
Yes
Example

Monday



No

If NO, why?

Has the
monitor been
taken off
today?

Yes


No

If Yes, what time?
And why?
3pm - swimming

What
time put
back on?
4pm

Day 1

Day 2
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Day 3

Day 4

Day 5

Day6

Day 7
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ACTIGRAPH
Directions

activPAL
Today is…
(Please write)

Use provided stickers to wear on right thigh
Please keep on during day and night
Use recording sheet to record sleep time and wake time
Only replace sticker if needed

Has the monitor What
What time Was the monitor taken off for any reason?
been
worn time did did you go And why?
today?
you
to bed?
wake
Yes
No
If Yes what time? And What time
up?
why?

Yes
Example

Monday



No
9am

9pm



put back
on?
3pm – Sticker came 4pm
loose

Day 1

Day 2
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Day 3

Day 4

Day 5

Day6

Day 7
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Appendix 7: Sedentary behaviour questionnaire.
The Children’s Sedentary Behaviour Questionnaire (CSBQ)
In recent years there has been an increased interest in the time we spend sitting or lying down during the waking hours. This is called sedentary
behaviour. Examples of sedentary behaviour are: computer work whilst seated, motorized transport whilst seated, watching TV whilst seated
and so on.

We want to find out how much time your child is spending engaged in sedentary behavior
Thank you for helping us and being part on this important study!
HOW TO COMPLETE THIS FORM
Questions can be answered by writing your answer in the box provided
Complete this questionnaire with your child
Read each question carefully
Write answers clearly in the box provided
Fully erase any mistake
Contact the researcher if you need any help

Name of child:
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Following are some questions about the things your child does, sitting or lying down, out of school hours. Please
fill this diary with your child at the end of each day and return it to school at the end of data collection week in the
envelope provided
Please write down how many hours and minutes per day your child spends doing the following activities sitting or lying down

EXAMPLE: Watching TV
Watching TV
Using laptop, tablet, smartphone, computer for fun (not active
computer games like Wii fit)
Using computer, laptop for homework
Doing homework not on the computer
Reading for fun
Eating
Having a bath
Being tutored
Travel (car/bus/train)
Doing crafts or hobbies (sitting down)
Sitting around (chatting with family/friends/listening to music)

Monday
Hrs:mins
3:30

Tuesday
Hrs:mins
2:00

Wednesday
Hrs:mins
3:15

Thursday
Hrs:mins
0:30

Friday
Hrs:mins
1:00

Saturday
Hrs:mins
5:20

Sunday
Hrs:mins
1:00

Practicing a musical instrument (sitting down)
Attending/participating in religious/spiritual activity (sitting
down)
Other (please specify)
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Appendix 8: Performance of unconditional and full models for each outcome

SB, LPA and MVPA (study 1)

Models
Nested vs. non-nested
Likelihood ratio test
Unconditional models
(school as a random
effect)
ICC
AIC
BIC
Log-likelihood
Unconditional models
(child as a random
effect)
ICC
AIC
BIC
Log-likelihood
Full model (child as a
random effect)
ICC
AIC
BIC
Log-likelihood

SB
246.02
(p<0.001)

LPA
345.72
(p<0.001)

MVPA
393.15
(p<0.001)

0.001
13991.08
14006.24
-6992.54

0.01
12820.21
12835.37
-6407.10

0.01
11379.40
11394.56
-5686.70

0.33
13745.28
13760.44
-6869.64

0.39
12482.51
12497.67
-6238.26

0.45
10996.79
11011.95
-5495.40

0.33
12807.72
12.883.53
-6388.86

0.35
12097.39
12173.19
-6033.70

0.37
10950.04
11025.85
-5460.02

SB=sedentary behaviour; LPA=light physical activity; MVPA=moderate to
vigorous

physical

activity;

ICC=Intra

Class

Correlation;

AIC=Akaike

Information Criterion; BIC= Bayesian Information Criterion.
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Appendix 9: Performance of unconditional and full models for each outcome

SB, LPA, MVPA and CPM (study 3)

Models
Unconditional
models (school as a
random effect)
ICC
AIC
BIC
Log-likelihood
Unconditional
models (child as a
random effect)
ICC
AIC
BIC
Log-likelihood
Unconditional
models (School and
child as a random
effect)
ICC
AIC
BIC
Log-likelihood
Nested vs. nonnested Likelihood
ratio test
Full model (School
and child as a
random effect)
ICC
AIC
BIC
Log-likelihood

SB

LPA

MVPA

CPM

0.04
15055.26
15070.87
-7524.63

0.02
14527.51
14543.11
-7260.755

0.07
12187.32
12202.92
-6090.66

0.07
17278.40
17294.00
-8636.20

0.28
14925.39
14940.99
-7459.69

0.41
14216.96
14232.57
-7105.48

0.42
11878.6
11894.2
-5936.30

0.40
16996.77
17012.37
-8495.39

0.03, 0.28
14919.07
14939.87
-7455.54
174.89
(p<0.001)

<0.001,0.41
14218.96
14239.77
-7105.48
319.97
(p<0.001)

0.04,0.42
11874.95
11895.75
-5933.47
372.03
(p<0.001)

0.04,0.40
16993.78
17014.59
-8492.89
338.85
(p<0.001)

0.001,0.39
13684.19
13766.95
-6826.10

<0.001,0.45
13437.98
13515.99
-6703.99

0.03,0.35
11736.79
11814.80
-5853.40

0.01, 0.33
16964.09
17042.10
-8467.05

SB=sedentary behaviour; LPA= light physical activity; MVPA= moderate to
vigorous physical activity; ICC=intraclass correlation coefficient; AIC=Akaike
information criterion; BIC=Bayesian information criterion.
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