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Abstract
Background: Tummy time is recommended by the World Health Organization (WHO) to improve infant
motor development. These recommendations are based on proxy-questionnaires that rely on parent recall.
As a result, the association and effectiveness of tummy time on infant health outcomes using objective realtime measurement techniques are unknown. A sequence of studies based on the behavioural epidemiology
framework will contribute to strengthen the evidence regarding tummy time recommendations.
Aims: To investigate 1) the prevalence of tummy time; 2) the association of tummy time with infant health
outcomes; 3) the validation of accelerometers to objectively measure tummy time; 4) the correlates of
tummy time; and 5) an intervention to promote tummy time.
Methods: A thesis by compilation of six manuscripts. The six manuscripts include 1) an observational
study to determine the prevalence of tummy time (Study 1); 2) two systematic reviews, with one
investigating the association of tummy time with infant health outcomes (Study 2), and the second
investigating the correlates of tummy time (Study 5); 3) two measurement validation studies, with one
validating objective measures of tummy time (Study 3) and the second determining how to define wear and
non-wear time of the GENEActiv accelerometer when worn by infants (Study 4); and 4) a pilot randomised
controlled trial to assess the feasibility, acceptability and potential efficacy of a tummy time intervention
(Study 6).
Key Findings:
Study 1: Childcare centres were 91.5% compliant with recommendations to provide tummy time.
Study 2: Tummy time was positively associated with gross motor and total development, reduction in BMIz score, prevention of brachycephaly and ability to move while prone, supine, crawling and rolling.
Study 3: Algorithms and cut-points to classify posture using devices from MonBaby, GENEActiv and
ActiGraph (hip and ankle) were 79%, 95%, 90% and 88% accurate at defining tummy time, respectively.
Parents reported the devices were practical and feasible to use.
Study 4: Analysed GENEActiv data identified optimal cut-points to determine wear and non-wear time
(25.6oC (temperature), -0.8124g (z-axis), and 0.01125g (z-axis SD)).
Study 5: Correlates positively associated with tummy time were age, prone sleeping, >15 minutes of tummy
time at 2-months-old, and setting aside time for tummy time.
Study 6: Group tummy time classes delivered in mother’s group settings were shown to be feasible and
acceptable. Moderate effect sizes were found at post-intervention for tummy time duration, adherence to
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WHO recommendations, and ability to move in prone and sitting favoring the intervention group.
Linking studies together: The need for a tummy time intervention targeting parents, using real-time
objective measurement techniques was confirmed by studies 1, 2 and 5. The intervention (Study 6) was
designed using evidence from studies 2 and 5 and tummy time was measured using techniques validated in
studies 3 and 4.
Significance and contribution to knowledge: This research has not been undertaken previously. The
findings have direct implications for tummy time measurement and recommendations for educators,
clinicians and parents worldwide. Assisting parents to meet the recommended tummy time guidelines will
start a pattern of optimal physical activity from birth, positively impacting their baby’s health in the short
and long term.

4

Statement of the thesis style
In agreement with my supervisors, this thesis has been prepared in journal article compilation style format.
This style format was chosen to be appropriate for this thesis because the outcomes of this work provide
important information for researchers to enable the objective measurement of tummy time in infants and
translate the evidence into intervention studies and clinical practice. This will consequently contribute to
enhancing the evidence-base for promoting physical activity and improving children’s overall health and
development. This research has resulted in six journal articles (three of which have been published and
three currently under review with peer-reviewed journals). Each of the journal articles is presented as a
chapter of the thesis. American English spelling has been used in the chapters with published studies from
American journals (Chapters 3, 5, 7). Australian English has been used for all other chapters in the thesis.
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Chapter 1:

Introduction
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1.1 Background
Physical activity in childhood is important for healthy growth and development. As patterns of physical
activity participation are established in early childhood, it is essential children develop appropriate physical
activity practices to initiate a lifetime of healthy behaviours (Hesketh et al., 2012). In 2019, the World
Health Organization (WHO) published the first global guidelines on physical activity, sedentary behaviour
and sleep for children under the age of five. The aim was to provide evidence-based guidance on the
recommended levels of these behaviours (World Health Organization., 2019).

The promotion of physical activity starts in the infant stage of life with the WHO recommending infants be
physically active through interactive floor-based play several times per day. For infants who are not yet
walking or mobile, playing on their tummy (“tummy time”) for at least 30 minutes spread throughout the
day whilst they are awake and supervised is the recommended method of physical activity appropriate for
this age (World Health Organization., 2019). Engaging in the recommended amounts of tummy time ensure
infants receive the optimum health and development benefits. The literature investigating the benefits of
tummy time report these benefits to be improved motor development (Dudek-Shriber & Zelazny, 2007;
Graham, 2006; Kuo et al., 2008; Majnemer & Barr, 2005; Monson et al., 2003; Russell et al., 2009; Salls
et al., 2002) and the reduced likelihood of head shape abnormalities (Hutchison et al., 2003; van Vlimmeren
et al., 2008; van Vlimmeren et al., 2007; Zachry et al., 2017).

Although these benefits have been identified, these studies subjectively measured infant positioning
through the use of retrospective parent questionnaires or diaries to record infant positioning over a specific
period of time. Typically, parents were asked to estimate the amount of daily tummy time given and report
to the investigator at an interview or record this information in a diary. The validity and reliability of these
questionnaires are currently unknown and are limited by the ability of parents to accurately calculate or
recall the amount of time spent in different positions (Hesketh et al., 2015). These methods can also be
biased towards over reporting (Colley et al., 2012). Over reporting the amount of tummy time can lead to
an over estimation of the amount of tummy time that is required to achieve health benefits. Collection of
proxy-report data can be a limiting factor in studies as it is unclear how accurately parents report very young
children’s time in different activities.
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In addition to subjective reporting of tummy time, there are also few randomised controlled trials that have
been conducted to determine the efficacy of a tummy time intervention. Of the studies that have been
undertaken using a randomised controlled trial design, tummy time has been included as part of an overall
positioning or feeding protocol, not tummy time specifically on its own (Gross et al., 2017; van Vlimmeren
et al., 2008; Wen et al., 2011). A randomised controlled trial determining the efficacy of a specific tummy
time intervention is important so recommendations can be founded on a strong base of evidence. Current
research provides some insight into tummy time initiatives. However, the absence of objective
measurements of tummy time warrants additional research to determine the accuracy of such findings.

In addition to the WHO guidelines, tummy time is also included in the Australian, South African, United
Kingdom and Canadian Guidelines for Physical Activity for the early years as part of “supervised floorbased play” (Australian 24-Hour Movement Guidelines., 2017; South African 24-Hour Movement
Guidelines., 2018; Tremblay et al., 2012; UK Physical Activity Guidelines., 2019). The evidence informing
these guidelines needs to be regularly reviewed and updated to strengthen the evidence-base for tummy
time and its relationship with infant health and development. A Behavioural Epidemiology Framework
(Sallis et al., 2000) can be applied to give structure and an overall plan to investigate tummy time from
prevalence, to association with health outcomes, to effective measurement, to identification of factors that
influence tummy time, to the evaluation of an intervention to promote tummy time.

1.2 Aim
The overall aim of this doctorate was to conduct a set of studies to strengthen the evidence-base regarding
tummy time in infants. This PhD consists of six specific aims:
1. To determine the adherence to infant physical activity (tummy time) recommendations in child-care
centres in three high-income countries;
2. To systematically review the literature on the associations between tummy time and infant health and
development;
3.To validate the use of an accelerometer to measure the amount of time an infant spends in tummy time;
4. To determine how to define accelerometer wear and non-wear time in infants;
5. To systematically review the literature on the correlates of tummy time in infants aged from birth to 12months;
6. To determine the feasibility, acceptability and potential efficacy of an intervention to promote tummy
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time in infants.

1.3 Research questions
This Doctoral thesis investigated the following research questions:
1.

What is the adherence to infant physical activity (tummy time) recommendations in child-care
centres from three high-income countries? (Study 1)

2.

What is the existing evidence regarding the association of tummy time with a broad and specific
range of infant health outcomes? (Study 2)

3.

What is the practicality of using devices on infants as an objective measure of tummy time? (Study
3)

4.

What is the accuracy of developed algorithms and cut-points for predicting prone posture? (Study
3)

5.

How is the GENEActiv accelerometer wear and non-wear time defined when used to determine
prone positioning in infants? (Study 4)

6.

What are the potential correlates of tummy time in infants aged from birth to 12-months-old?
(Study 5)

7.

What is the feasibility of a group intervention to promote tummy time when delivered in a mother’s
group setting? (Study 6)

8.

What is the acceptability of a group intervention to promote tummy time when delivered in a
mother’s group setting? (Study 6)

9.

What is the potential efficacy (tummy time duration, adherence to infant physical activity
guidelines, head shape, motor development) of a group intervention to promote tummy time when
delivered in a mother’s group setting? (Study 6)

1.4 Overview of thesis
This thesis includes a literature review, six original research studies reported in separate chapters, a general
discussion, and conclusions. Currently, three papers have been published in peer-reviewed journals
(Chapters 3, 5, and 7) and three papers have been submitted for publication in peer-reviewed journals
(Chapters 4, 6 and 8).
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The following paragraphs discuss the chapters included in this thesis and explain the relationships between
the different studies in order to present this Doctoral thesis as a coherent body of work.

An overview of the current literature on tummy time is provided in Chapter 2. This includes information
regarding the history of tummy time, the Behavioural Epidemiology Framework, the prevalence of tummy
time, the association of tummy time with infant health and development outcomes, the measurement of
tummy time, the correlates of tummy time and current interventions aimed to promote tummy time. The
chapter also presents the gaps in the literature and highlights the evidence required to address these gaps,
which is used to justify the aims of this thesis.

Chapter 3 presents the first study of this Doctoral thesis and addresses specific aim 1 and answers research
question 1. This study achieves this through a secondary data analysis of the Australian 2013 Standing
Preschools and 2014–2017 Early Start Baseline studies; the 2011 Canadian Healthy Living Habits in PreSchool Children study; and the American 2008 and 2013–2017 Baby Nutrition and Physical Activity SelfAssessment for Child-care (NAPSACC) trials. This project was the first to assess child-care centre
adherence to infant physical activity and screen time recommendations in Australia, Canada and the United
States. In terms of the Doctoral thesis, this study assisted to determine the target environment (child-care
centre or home) and the need for a potential randomised controlled trial to promote tummy time (Study 1).
This study has been published in Infant Behavior and Development (Hewitt et al., 2018).

Chapter 4 is a systematic literature review investigating the association of tummy time with a broad and
specific range of infant health and development outcomes (Study 2). It addresses specific aim 2 and
question 2. This study was conducted to identify the effect of tummy time on infant health and development
to assist with the educational component in a future randomised controlled trial. In addition, the literature
is evaluated to investigate current tools used to measure tummy time, and the frequency/duration of tummy
time required for optimal health outcomes. This study is currently under review in the journal Pediatrics.
This study was revised after their initial review and has been re-submitted back to the journal for their
review again.
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Chapter 5 addresses specific aim 3 and questions 3 and 4 by investigating the practicality and accuracy of
using accelerometers to measure tummy time in infants from birth to 6-months-of-age (Study 3). This study
was conducted to obtain an objective tummy time measurement tool which could be used in a future
randomised controlled trial. This was an observational study conducted at the University of Wollongong.
This study has been published in PLoS ONE (Hewitt et al., 2019).

Chapter 6 addresses specific aim 4 and question 5 by validating the process to define GENEActiv
accelerometer wear and non-wear time when used on infants for the purpose of enabling the objective
measurement of tummy time in an intervention study (Study 4). This study has been submitted to Physical
Activity and Health.

Chapter 7 is a systematic review of the literature to determine potential correlates of tummy time in infants
aged from birth to 12-months-of-age (Study 5). It addresses specific aim 5 and research question 6.
Information from this study will determine behavioural, personal and environmental correlates that can be
included in an intervention to promote tummy time in a randomised controlled trial. This study has been
published in Infant Behavior and Development (Hewitt et al., 2017).

The last study is a pilot randomised controlled trial and is outlined in Chapter 8 (Study 6). This study
addresses specific aim 6 and research question 7, 8 and 9 by investigating the feasibility, acceptability and
potential efficacy of an intervention to promote tummy time. This study was conducted in conjunction with
the Illawarra Shoalhaven Local Health District (ISLHD) and has been submitted for publication in Physical
Therapy.

Chapter 9 provides a general discussion of the thesis. This chapter includes a summary of the key findings,
the significance of the research, the contribution to knowledge, the strengths and limitations of the different
studies, recommendations for future research and overall conclusions.

1.5 Significance
The first 1000 days of a child’s life are considered a crucial phase of development (Pietrobelli et al.,
2017). Understanding and implementing programs to influence this age group is essential for life long
health (Fraser et al., 2013). Tummy time is a strategy commonly prescribed by health professionals
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to counteract motor development delay, enhance motor development and prevent head shape
abnormalities. As there is limited evidence regarding the measurement of tummy time, the effect of
tummy time on infant health and development and intervention types that are effective, it is important
to examine these associations in this age group. This will enable clinicians and researchers to make
accurate recommendations regarding tummy time and improve the awareness of its relationship
with the optimisation of infant health and development.

This Doctoral thesis outlines a series of studies to examine the prevalence, association, measurement,
factors and interventions regarding tummy time in the infant stage of life. Results from these studies will
add to the literature informing evidence-based interventions in this age group and advance the
understanding of the promotion and measurement of tummy time in infants. This work will also assist
future research regarding interventions to promote tummy time, enhance motor development, prevent head
shape abnormalities, increase infant physical activity and contribute to future tummy time
recommendations for parents, researchers and health care providers.

1.6 References
Australian 24-Hour Movement Guidelines. (2017). Australian 24-Hour Movement Guidelines for the Early
Years (Birth to 5 years): An Integration of Physical Activity, Sedentary Behaviour, and Sleep.
Colley, R. C., Wong, S. L., Garriguet, D., Janssen, I., Gorber, S. C., & Tremblay, M. S. (2012). Physical
activity, sedentary behaviour and sleep in Canadian children: Parent report versus direct measures
and relative associations with health risk. Health Reports, 23(2), 1-9.
Dudek-Shriber, L., & Zelazny, S. (2007). The effects of prone positioning on the quality and acquisition of
developmental milestones in four-month-old infants. Pediatric Physical Therapy, 19(1), 48-55.
Fraser, A., Macdonald-wallis, C., Tilling, K., Boyd, A., Golding, J., Davey smith, G., . . . Lawlor, D. A.
(2013). Cohort profile: The avon longitudinal study of parents and children: ALSPAC mothers
cohort. International Journal of Epidemiology, 42(1), 97-110. doi:10.1093/ije/dys066
Graham Jr, J. M. (2006). Tummy time is important. Clinical Pediatrics, 45(2), 119-121.
doi:10.1177/000992280604500202
Gross, R. S., Mendelsohn, A. L., Yin, H. S., Tomopoulos, S., Gross, M. B., Scheinmann, R., & Messito,
M. J. (2017). Randomised controlled trial of an early child obesity prevention intervention:
Impacts on infant tummy time. Obesity (Silver Spring, Md.), 25(5), 920-927.
doi:10.1002/oby.21779
Hesketh, K. D., Crawford, D. A., Abbott, G., Campbell, K. J., & Salmon, J. (2015). Prevalence and stability
of active play, restricted movement and television viewing in infants. Early Child Development
and Care, 185(6), 883-894. doi:10.1080/03004430.2014.963066
Hesketh, K. D., Hinkley, T., & Campbell, K. J. (2012). Children's physical activity and screen time:
Qualitative comparison of views of parents of infants and preschool children. International
Journal of Behavioral Nutrition and Physical Activity, 9. doi:10.1186/1479-5868-9-152
Hewitt, L., Benjamin-Neelon, S. E., Carson, V., Stanley, R. M., Janssen, I., & Okely, A. D. (2018). Childcare center adherence to infant physical activity and screen time recommendations in Australia,
Canada and the United States: An observational study. Infant Behavior and Development, 50, 8897.
Hewitt, L., Stanley, R. M., Cliff, D., & Okely, A. D. (2019). Objective measurement of tummy time in
infants (0-6 months): A validation study. PLoS ONE, 14(2). doi:10.1371/journal.pone.0210977

25

Hewitt, L., Stanley, R. M., & Okely, A. D. (2017). Correlates of tummy time in infants aged 0–12 months
old: A systematic review. Infant Behavior and Development, 49, 310-321.
doi:10.1016/j.infbeh.2017.10.001
Hutchison, B. L., Thompson, J. M., & Mitchell, E. A. (2003). Determinants of nonsynostotic plagiocephaly:
a case-control study. Pediatrics, 112(4).
Kuo, Y.-L., Liao, H.-F., Chen, P.-C., Hsieh, W.-S., & Hwang, A.-W. (2008). The influence of wakeful
prone positioning on motor development during the early life. Journal Of Developmental And
Behavioral Pediatrics: JDBP, 29(5), 367-376. doi:10.1097/DBP.0b013e3181856d54
Majnemer, A., & Barr, R. G. (2005). Influence of supine sleep positioning on early motor milestone
acquisition. Developmental Medicine And Child Neurology, 47(6), 370-376.
doi:10.1017/S0012162205000733
Monson, R. M., Deitz, J., & Kartin, D. (2003). The relationship between awake positioning and motor
performance among infants who slept supine. Pediatric Physical Therapy: The Official
Publication Of The Section On Pediatrics Of The American Physical Therapy Association, 15(4),
196-203.
Pietrobelli, A., Agosti, M., Palmer, C., Pereira-Da-Silva, L., Rego, C., Rolland-Cacherà, M. F., & Zuccotti,
G. (2017). Nutrition in the first 1000 days: Ten practices to minimize obesity emerging from
published science. International Journal of Environmental Research and Public Health, 14(12).
doi:10.3390/ijerph14121491
Russell, D. C., Kriel, H., Joubert, G., & Goosen, Y. (2009). Prone positioning and motor development in
the first 6 weeks of life. South African Journal of Occupational Therapy, 39(1), 11-14.
Sallis, J. F., Owen, N., & Fotheringham, M. J. (2000). Behavioral epidemiology: A systematic framework
to classify phases of research on health promotion and disease prevention. Annals of Behavioral
Medicine, 22(4), 294-298. doi:10.1007/bf02895665
Salls, J. S., Silverman, L. N., & Gatty, C. M. (2002). The relationship of infant sleep and play positioning
to motor milestone achievement. The American Journal Of Occupational Therapy: Official
Publication Of The American Occupational Therapy Association, 56(5), 577-580.
South African 24-Hour Movement Guidelines. (2018). South African 24-Hour Movement Guidelines For
Birth To Five Years: An integration of physical activity, sitting behaviour, screen time and sleep.
Accessed on 20 December 2018.
Retrieved from https://www.wits.ac.za/media/witsuniversity/research/coe-human/documents/EYMG 2-pager ONLINE.pdf
Tremblay, M. S., LeBlanc, A. G., Carson, V., Choquette, L., Gorber, S. C., Dillman, C., . . . Timmons, B.
W. (2012). Canadian physical activity guidelines for the early years (aged 0-4 years). Applied
Physiology, Nutrition and Metabolism, 37(2), 345-356. doi:10.1139/H2012-018
UK Physical Activity Guidelines. (2019). UK Physical Activity Guidelines.
Retrieved from
https://www.gov.uk/government/publications/uk-physical-activity-guidelines
Van Vlimmeren, L. A., van der Graaf, Y., Boere-Boonekamp, M. M., L'Hoir, M. P., Helders, P. J., &
Engelbert, R. H. (2008). Effect of pediatric physical therapy on deformational plagiocephaly in
children with positional preference: a randomised controlled trial. Archives Of Pediatrics &
Adolescent Medicine, 162(8), 712-718.
Van Vlimmeren, L. A., van Der Graaf, Y., Boere-Boonekamp, M. M., L'Hoir, M. P., Helders, P. J. M., &
Engelbert, R. H. H. (2007). Risk factors for deformational plagiocephaly at birth and at 7 weeks
of age: A prospective cohort study. Pediatrics, 119(2), 408-418. doi:10.1542/peds.2006-2012
Wen, L. M., Baur, L. A., Simpson, J. M., Rissel, C., & Flood, V. M. (2011). Effectiveness of an early
intervention on infant feeding practices and "tummy time": A randomised controlled trial.
Archives
of
Pediatrics
and
Adolescent
Medicine,
165(8),
701-707.
doi:10.1001/archpediatrics.2011.115
World Health Organization. (2019). Guidelines on physical activity, sedentary behaviour and sleep for
children
under
5
years
of
age.
World
Health
Organization.
https://apps.who.int/iris/handle/10665/311664. License: CC BY-NC-SA 3.0 IGO
Zachry, A. H., Nolan, V. G., Hand, S. B., & Klemm, S. A. (2017). Infant Positioning, Baby Gear Use, and
Cranial Asymmetry. Maternal And Child Health Journal, 21(12), 2229-2236.
doi:10.1007/s10995-017-2344-6

26

Chapter 2:

Literature review
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This chapter reviews the relevant background literature to provide a rationale for the studies undertaken as
part of this Doctoral thesis. It is structured according to the Behavioural Epidemiology Framework (Sallis
et al., 2000). This framework reviews and evaluates the literature regarding tummy time, health and
development in infants. A table is used to outline which of the six studies relate to each phase of the
framework (Table 2.1). This chapter will review this framework, the prevalence of tummy time, the
association of tummy time with infant health outcomes, the measurement of tummy time, the factors that
influence tummy time and finally interventions that aim to change behaviour regarding tummy time in
infants. Each section summarises the relationship between studies and how each study builds on the next
to design and measure the effect of an intervention to promote tummy time in infants.

2.1 Overview
To decrease the incidence of sudden infant death syndrome (SIDS), the American Academy of Pediatrics
recommended nearly 28 years ago that infants should be positioned supine when sleeping (Kattwinkel et
al., 1992). This recommendation was adhered to gradually by parents and promoted by health care
providers. It became known as the ‘Back To Sleep’ campaign (Wyllinger et al., 1994). This campaign led
to a 40% decrease in SIDS in the United States (Salls et al., 2002). Whilst this campaign was successful in
reducing the incidence of SIDS it raised a new set of challenges. Babies placed supine to sleep failed to
achieve their motor milestones (for example, rolling, crawling, and pulling to stand) at the same rate as
babies who were placed prone to sleep (Davis et al., 1998; Jantz et al., 1997). In addition, infant supine
sleep positioning was implicated in the increased incidence of head shape abnormalities, also referred to as
plagiocephaly and brachycephaly (Argenta et al., 1996; Pollack et al., 1997). To counteract these
consequences, parents were encouraged to provide their infants with ‘tummy time’ (Chizawsky & ScottFindlay, 2005).

Tummy time is a term used to describe when an infant is positioned on the stomach when they are awake
and supervised. When an infant is on their tummy they are given the opportunity to practice lifting up their
head, lifting up and turning their head, pushing up with their arms, and moving their legs. Tummy time
strengthens the infant’s head, neck, shoulder and trunk muscles which is needed for mastering motor skills
such as rolling, sitting, crawling and pushing up to sit. Tummy time is important for both infant motor
development and physical activity and as such, infants can be placed on their tummy from birth for short
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periods of supervised play. Whilst there is evidence supporting positive effects of tummy time on infant
motor development and the reduction of the incidence of head shape abnormalities, there are two significant
gaps in the literature that require further investigation. One, the evidence is based on the measurement of
tummy time by parent report rather than objective measurement techniques; and two, interventions to
promote tummy time have not yet been successful to ensure parent adherence to tummy time
recommendations, which have been a feature of all major national and international physical activity
guidelines over the past decade.

2.2 The Behavioural Epidemiology Framework
The Behavioural Epidemiology Framework was used to structure this Doctoral thesis to investigate these
gaps in the literature (Sallis et al., 2000). The framework consists of five phases: 1. Establish links between
prevalence, behaviours and health; 2. Develop methods for measuring the behaviour; 3. Identify factors
(correlates) that influence behaviour; 4. Evaluate interventions to change the behaviour; and 5. Translate
research into practice. The first four phases of this framework will be used in this thesis: 1. Establish the
prevalence of tummy time and links between tummy time and health; 2. Develop methods for measuring
tummy time; 3. Identify factors that influence tummy time; and 4. Evaluate an intervention to promote
tummy time.

Phase 1 was addressed by observing child-care provider adherence to The Institute of Medicine (IOM)
physical activity recommendations for infants (Study 1) and investigating the association of tummy time
with infant health outcomes (Study 2). These two studies assisted with determining the target group and
education content used in the development of the tummy time intervention study in Phase 4. Phase 2 was
addressed by two studies. The first assessed the practicality and validity of different devices to measure the
amount of time spent by infants in the prone position (Study 3) and the second determined the accuracy of
wear and non-wear time for accelerometer use for tummy time measurement (Study 4). These studies
assisted with the objective measurement of tummy time to determine the effect of receiving a tummy time
intervention in Phase 4. Phase 3 was addressed through a systematic review examining the correlates of
tummy time (Study 5). This study also assisted with the development of the intervention study for Phase 4.
Phase 4 was addressed by a pilot randomised controlled trial (RCT) to determine the feasibility,
acceptability and potential efficacy of a tummy time intervention (Study 6).
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Table 2.1: Research questions and how they relate to the phases in the Behavioural Epidemiology
Framework
Phase of Behavioural Epidemiological
Research question
Framework
1. Establish links between behaviours and
health
(a) Prevalence
Do child-care providers adhere to infant physical
activity (tummy time) and screen time
recommendations in Australia, Canada and the
United States? (Chapter 3, Study 1)
(b) Association with health
2. Develop methods for measuring the
behaviour

3. Identify factors that influence behaviour

4. Evaluate interventions to change the
behaviour

What is the association of tummy time with infant
health outcomes? (Chapter 4, Study 2)
Can the upgraded MonBaby monitor, Actigraph
and GENEActiv devices accurately measure the
amount of time an infant (0 – 6 months) spends in
the prone position? (Chapter 5, Study 3)
How is wear and non-wear time established
(GENEActiv) to enable the use of this
accelerometer when measuring tummy time?
(Chapter 6, Study 4)
What are the correlates of tummy time and prone
positioning ability in infants from birth to 12months-old? (Chapter 7, Study 5)
What is the feasibility, acceptability and potential
efficacy of an intervention to promote tummy time
among infants? (Chapter 8, Study 6)

2.3 Prevalence of tummy time
2.3.1 Prevalence of tummy time participation in child-care centres
Just over one-third of Australian children under the age of 12-months are regularly being cared for by
someone other than their parents (Harrison et al., 2010). Out of this sample, 41% had some involvement in
formal care such as a long day care or family day care centre. These infants spent approximately 20.8 to
24.6 hours per week in formal care. The Institute of Medicine (IOM) (2011) has developed
recommendations to assist child-care workers in their daily routines and how they can encourage physical
activity and motor development of the infants in their care (Institute of Medicine, 2011). See Table 2.2 for
the IOM recommendations.
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Table 2.2: IOM recommendations (Institute of Medicine, 2011)
Description of recommendation
Potential actions for infants
1) “Child-care regulatory agencies should
1) Providing daily opportunities for infants to
require child-care providers and early
move freely under adult supervision to explore
childhood educators to provide infants,
their indoor and outdoor environments
toddlers, and preschool children with
opportunities to be physically active throughout 2) Engaging with infants on the ground each day
the day”
to optimize adult-infant interactions
3) Providing daily “tummy time” (time in the
prone position) for infants less than six-months-ofage.
2) “The community and its built environment
should promote physical activity for children
from birth to age five”

1) To ensure that indoor and outdoor recreation
areas encourage all children, including infants, to
be physically active.

3) “Child-care regulatory agencies should
require child-care providers and early
childhood educators to allow infants,
toddlers, and preschoolers to move freely by
limiting the use of equipment that restricts
infants’ movement and by implementing
appropriate strategies to ensure that the
amount of time toddlers and preschoolers
spend sitting or standing still is limited”

1) Using cribs, car seats, and high chairs for their
primary purpose only – cribs for sleeping, car seats
for vehicle travel, and high chairs for eating.

4) “Health and education professionals
providing guidance to parents of young
children and those working with young
children should be trained in ways to increase
children’s physical activity and decrease their
sedentary behavior, and in how to counsel
parents about their children’s physical
activity”

1) Child-care regulatory agencies requiring childcare providers and early childhood educators to
be trained in ways to encourage physical activity
and decrease sedentary behaviour in young
children through certification and continuing
education.

2) Limiting the use of equipment such as strollers,
swings, and bouncer seats/chairs for holding
infants while they are awake.

Slining et al., (2014) compared American state and territory regulations to recent IOM recommendations
regarding physical activity and sedentary behaviour (Slining et al., 2014). They found that few states had
more than three of the IOM recommendations within their regulations. As such, they concluded that
enhancing state regulations in child-care settings could assist in the prevention of obesity. In addition, they
stated that child-care settings are an optimal environment for an early childhood health intervention. There
is limited evidence about the extent to which IOM recommendations are being implemented on an
individual child-care level, specifically, child-care centre adherence to tummy time recommendations. As
such, this Doctoral thesis included an observational study investigating the adherence of child-care centres
to physical activity recommendations in Australia, Canada and the United States (Chapter 3, Study 1). This
information enabled a comparison to studies investigating parent adherence to tummy time
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recommendations for their infants. This assisted in the development of an intervention aimed at the target
group with the lowest adherence (Study 6).

2.3.2 Prevalence of tummy time in home environments
The prevalence of tummy time participation has been reported in two recent studies. Gross et al., (2017)
reported that in their sample of three-month-old infants (N=456), 82.6% had practiced tummy time before
but only 32.0% had practiced tummy time on the floor (Gross et al., 2017). This finding was similar to the
baseline data (N=445 infants, 3.6 (SD=1.0) months mean age) from the Melbourne Infant Feeding, Activity
and Nutrition Trial (INFANT) Program (Hesketh et al., 2017). They reported the prevalence of infants
meeting Australian 24-hour Movement Guidelines for physical activity (30 min of tummy time per day)
was 29.7%. This information was compared with Study 1 findings. Based on these findings, an intervention
was planned to target parent groups (Study 6).

2.4 Association of tummy time with infant health outcomes. A systematic review
This section is a summary of the manuscript that has been submitted for publication to the Journal of
Pediatrics as: Hewitt L, Kerr E, Stanley RM, Okely AD. Association of tummy time with infant health
outcomes. A systematic review (under review). (Chapter 4, Study 2).

2.4.1 Background and methods
The objective of this review was to examine the evidence regarding the association of tummy time with a
range of infant health outcomes. Electronic databases were searched between June 2018 and April 2019.
Studies were included if they were peer-reviewed, English language articles that investigated a population
of healthy infants (birth to 12-months), used an observational or experimental study design containing an
objective or subjective measure of tummy time and examined the association of tummy time with a health
outcome. Examples of health outcomes that could be identified were adiposity, motor development,
psychosocial health, cognitive development, fitness, cardiometabolic health or risks/harms to the infant.
Risk of bias was assessed at the individual study level using the Cochrane risk of bias assessment for
observational and intervention studies.

2.4.2 Results
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Sixteen articles representing 4237 participants from eight countries were included. Tummy time was
positively associated with gross motor and total motor development, reduction in BMI-z score, prevention
of brachycephaly and the ability to move while prone, supine, crawling and rolling. An indeterminate
association was found for social and cognitive domains, plagiocephaly, walking, standing and sitting. No
association was found for fine motor development and communication. Most studies were observational in
design and lacked the robustness of a randomised controlled trial. High selection and performance bias
were also found.

2.4.3 Conclusions
These findings guided the prioritisation and justification of an intervention aimed to assist parents in
meeting the global and national physical activity guidelines for infants.

2.4.4 Relevance to Doctoral thesis
This study confirmed that subjective measurement tools are the only reported instruments used to assess
the amount of tummy time an infant receives in the current literature. In addition, it provided up-to-date
information on the benefits of tummy time to an infant’s health and development. This information was
used to form the educational component of the intervention conducted for Study 6.

2.5 The measurement of tummy time
Tummy time is currently measured subjectively, using a parent questionnaire or diary to record the amount
of time an infant spends in the prone position (Dudek-Shriber & Zelazny, 2007; Hesketh et al., 2017;
Majnemer & Barr, 2005; Monson et al., 2003; Russell et al., 2009; Salls et al., 2002). These studies do not
report the validity or reliability of the questionnaires used and are based on parent recall. The accuracy of
parents to calculate the time an infant spends in different activities is unclear (Hesketh et al., 2015) and
may present a bias towards an increase in the amount of tummy time provided. With the absence of an
objective measure to compare with, the accuracy of these reports is unknown.

The use of accelerometry has been demonstrated to be effective in determining child engagement in
physical activity in older age groups (Hnatiuk et al., 2019). To the best of the author’s knowledge, there are
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no studies in which accelerometry has been used to objectively measure tummy time and its relationship
with infant health and development outcomes.

Colley et al., (2012) compared the physical activity and sedentary behaviour of older children (ages 6 to
11) measured by parent report and accelerometry (Colley et al., 2012). The values varied widely. On
average, parents reported that their children engaged in moderate to vigorous physical activity (MVPA) for
104.5 minutes per day compared with 63.3 minutes per day recorded by accelerometry. As such, the
differences and limitations of each method of measurement must be better understood before they can be
used to compare between studies or make recommendations regarding one method over another.

There are some devices currently available that have the capacity to measure body position. The MonBaby
is a digital baby monitor that uses a wireless connection via Bluetooth Low Energy (BLE) to an iPhone or
Android phone. It is composed of a circuit board that incorporates a precision 14-bit, tri-axial accelerometer
sensor chip that communicates with the BLE microprocessor chip (MonDevices Inc, New York, NY, USA).
The ActiGraph Link and GENEActiv devices are tri-axial accelerometry-based activity monitors
(ActiGraph LLC, Pensacola, FL, USA; Activinsights Ltd, Cambridgeshire, UK). They have been
successfully used in studies to assess physical activity in older children and adults (Rowlands et al., 2014).
While these devices have the capacity to measure body position, they have not been validated to measure
position in the infant population. This Doctoral thesis included a study assessing the validity of the
Monbaby, ActiGraph Link and GENEActiv devices to calculate the amount of time an infant spends in the
prone position (Chapter 5, Study 3). This information was used to determine if an objective measure of
tummy time could be safely and accurately used on infants to measure tummy time before and after
receiving an intervention (Chapter 8, Study 6).

2.6 Correlates of tummy time in infants aged 0–12 months old: A systematic review
This section is a summary of the manuscript that has been published in: Infant Behavior and Development
as: Hewitt L, Stanley RM, Okely AD. Correlates of tummy time in infants aged 0–12 months old: A
systematic review. Infant Behavior and Development. 2017;49:310-21. doi: 10.1016/j.infbeh.2017.10.001.
(Chapter 7, Study 5), (Appendix C)
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2.6.1 Background and methods
Tummy time can be influenced by a number of factors. Using a social ecological model, categories of
potential variables can be examined to determine their influence on behaviours such as tummy time
(Kearns, 2010). The purpose of this systematic review was to examine potential correlates of tummy time
in infants from birth to 12-months-old. Electronic databases were searched between March to December
2016. To be included in the review, studies were required to be peer-reviewed, written in English, and meet
a priori study criteria. The population was apparently healthy infants aged from birth to 12-months-old.
The articles needed to contain an objective or subjective measure of tummy time as a dependent variable
and examine the association between a demographic, psychological, behavioural, and/or environmental
variable and tummy time. For this study, tummy time could include the ability of the infant to move whilst
being positioned on their stomach, for example, the infant’s ability to roll from back to front, lift their head
when lying on their stomach (prone positioning ability), or the capacity, time spent, age started, or parent
attitudes/behaviours regarding the infant being placed on their stomach to play. The outcomes were the
relationships between potential correlates and tummy time. Risk of bias was assessed at the individual study
level using the Cochrane risk of bias assessment for observational studies.

2.6.2 Results
Fifteen articles representing 2372 unique participants from seven countries were included. Correlates that
were positively correlated with tummy time were age, prone sleeping, spending greater than 15 minutes
whilst awake in tummy time when 2-months-old, amount of time in the bath, order of achievement of prone
extension and prone on elbow positions, and parents/carers setting aside time for tummy time. Time spent
supine, age of the parent and duration and frequency of hand-mouth behaviours were all negatively
correlated to tummy time. Risk of bias of the included studies ranged from low to high.

2.6.3 Conclusions
Specific demographic, environmental and behavioural variables were found to be positively and negatively
associated with tummy time. This evidence will assist future research regarding interventions to promote
tummy time, enhance motor development, increase infant physical activity and contribute to future tummy
time recommendations for parents and health care providers.
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2.6.4 Relevance to Doctoral thesis
This study confirmed that all research investigating tummy time only used subjective measurement tools
to measure the amount of tummy time an infant receives. In addition, this study provided current
information regarding the personal, behavioural and environmental factors to be considered when designing
a future intervention. This information was used to design the intervention reported in Study 6.

2.6.5 Updated systematic review
Since the completion of this systematic review (December 2016), an updated search was conducted to
determine if any new evidence had been published (August 2019). Two additional studies, which met the
criteria of the review, have been published. These articles were identified using the same databases and
search terms that were used for the original systematic review. Descriptive information, type of correlates
identified and risk of bias are presented in Tables 2.3, 2.4 and 2.5.

2.6.5.1 Updated synthesis of results
Three additional correlates were identified that were positively related to tummy time. These correlates
were mothers having adequate health literacy, being born in the United States (rather than from Mexico,
Ecuador or the Dominican Republic) and infants spending more time in tummy time when they were twomonths-of-age (Gross et al., 2017; Koren et al., 2019). The effect of having siblings on tummy time was
also investigated, however, no relationship was established (Gross et al., 2017). The risk of bias of the
additional studies was similar to the previously included studies, scoring low for performance, selective
reporting and other biases, and high for selection and detection bias. The updated results are reported as
follows: 17 articles representing 2947 unique participants from seven countries were included. Correlates
that were positively correlated with tummy time were age, prone sleeping, time spent in tummy time at 2months-of-age, greater than 15 minutes in tummy time when 2-months-of-age, amount of time in the bath,
order of achievement of prone extension and prone on elbow positions, adequate health literacy, being born
in the United States (rather than from Mexico, Ecuador or the Dominican republic) and parents/carers
setting aside time for tummy time.

2.6.5.2 Updated conclusions
The overall conclusions from this updated systematic review remain unchanged.
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Table 2.3: Descriptive information of additional studies
Author

Country

Sample
size

Sex
(B, G)

Gross
et al.,
(2017)

USA

456

228,
228

Koren
et al.,
(2018)

USA

119

70, 49

Age at
measurement

3 months

Design

Randomised
controlled
trial

2 months

Longitudinal

Tummy
time
outcome
measure
Telephone
surveys to
mothers

Telephone
surveys to
mothers

Correlates of
tummy time
identified
-Adequate
health literacy
- US-born
mothers
-Having
siblings
-More time
spent in
tummy time
at 2-monthsof-age

Type of
correlate

-Demographic
-Demographic
-Demographic
-Environmental

B = boy; G = girl

Table 2.4: Summary of additional correlates
Correlate

Investigated an
association with
tummy time
(reference)

Association (0, ?, –
or +)

Summary coding for
studies with an
association (n/N; %)

Summary code for
association
(– /+)

Demographic variables
Adequate health literacy

Gross et al., (2017)

+, p<0.05

1/1 (100%)

+

US-born mothers

Gross et al., (2017)

+, p<0.05

1/1 (100%)

+

Having siblings

Gross et al., (2017)

0, p>0.05

0/1 (0%)

0

Environmental variables
More time in tummy
time (2-months-of-age)

Koren et al., (2018)

+, p=0.0001 (lifts
head)
+, p=0.0033 (turns
head)
+, p=0.0001 (looks
at parent when talk)
+, p=0.0006 (kicks
legs)

4/4 (100%)

+

Koren et al., (2018)
Koren et al., (2018)
Koren et al., (2018)

0 = no association; ? = indeterminate association; – = negative association; + = positive association; n = number of studies with a
positive association; N = number of total studies with any association (none, indeterminate, positive, negative); % = percentage.

Table 2.5: Risk of bias of additional studies
Author
Gross et al.,
(2017)
Koren et al.,
(2018)

Selection bias

Attrition bias

High

Low

Detection
bias
High

High

High

High

Performance
bias
Low

Selective
reporting bias
Low

Other sources
of bias
Low

Low

Low

Low
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2.7 Interventions to promote tummy time
Investigating the efficacy of interventions to promote tummy time is important to determine the causal
effect of tummy time on infant health outcomes. In addition, they can assess the suitability of an
intervention in a chosen setting to determine if it would be feasible to implement in a practical and effective
way.

Wen et al., (2011) conducted a randomised controlled trial with 667 first time mothers and their infants in
2007 and 2008 (Wen et al., 2011). The intervention consisted of five to six home visits from a specially
trained research nurse delivering a staged home-based intervention in the antenatal period and at 1, 3, 5, 9,
and 12 months. Part of the intervention was an enhanced positioning program that included tummy time.
After the study, the intervention group infants started tummy time at an earlier age (p=0.03 for trend) and
had an increased daily practice of tummy time of 76% to 83% (p=0.05).

Gross et al., (2017) conducted a randomised controlled trial that compared 3-month-old Hispanic infants
and their mothers (n=533) allocated to either an intervention or control group. The intervention group
received “Starting Early”, which is a program involving individual nutrition counselling, nutrition and
parenting support groups coordinated with prenatal and paediatric visits. The control group received usual
care, which was their standard prenatal and paediatric primary care. The intervention group was more likely
to practice tummy time (86.4% vs. 78.9%, p=0.04, OR 1.71, 95% CI 1.04-2.80), to ever have practiced
floor tummy time (40.7% vs. 24.1%, p<0.001, OR 2.16, 95% CI 1.44-3.23) and to practice tummy time
mostly on the floor (11.8% vs. 5.2%, p=0.02, OR 2.44, 95% CI 1.20-4.98) compared to the control group
(Gross et al., 2017).

Van Vlimmeren et al., (2008) conducted a randomised controlled trial in which infants with positional
preference were randomly assigned to receive either physical therapy (n=33) or usual care (n=32). The
paediatric physical therapy program consisted of exercises to reduce positional preference and to stimulate
motor development. They also offered education to parents about counter-positioning, handling, nursing,
the causes of positional preference and basic preventative measures. Earlier, more frequent, and longer
playing on their tummy was encouraged. The intervention significantly reduced the prevalence of severe
positional plagiocephaly compared with usual care (van Vlimmeren et al., 2008).
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Current studies investigating tummy time rely on parent proxy-reports. These can be prone to error and bias
from over reporting and memory recall. An objective measurement device, that has the ability to measure
the amount of time an infant spends in the prone position, is yet to be validated. In addition, current studies
include tummy time as a part of a larger positioning or combined therapy protocol (for example, nutrition
and physical activity) rather than tummy time alone. A randomised controlled trial investigating the
individual effect of tummy time using real time measurement techniques is yet to be conducted. An
intervention study using a validated objective measurement tool could provide vital evidence and lead to
further research necessary for making accurate recommendations for parent reporting, frequency, amount
and benefits of tummy time to infants. This Doctoral thesis included a pilot RCT investigating the
feasibility, acceptability and potential efficacy of an intervention to promote tummy time among infants.
Tummy time in this study was measured using the validated objective measurement tool (Chapter 8, Study
6).

This chapter reviewed the literature to provide a rationale for the studies undertaken as part of this Doctoral
thesis. It was structured according to the Behavioural Epidemiology Framework and outlined a series of
six studies which investigate the prevalence of tummy time, the association of tummy time with infant
health outcomes, the measurement of tummy time, the factors that influence tummy time and interventions
that aim to change behaviour regarding tummy time in infants. The next six chapters (Chapters 3 to 8)
present each of the six studies (one Chapter per study).
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3.1 Abstract
Background
The aim of this study was to compare adherence to physical activity and sedentary behavior
recommendations within the 2011 Institute of Medicine Early Childhood Obesity Prevention Policies as
well as screen time recommendations from the 2013 American Academy of Pediatrics for samples of infants
in child-care centers in Australia, Canada, and the United States (US).
Methods
This cross-sectional study used data from: the Australian 2013 Standing Preschools (N = 9) and the 20142017 Early Start Baseline (N=22) studies; the 2011 Canadian Healthy Living Habits in Pre-School Children
study (N=14); and the American 2008 (N=31) and 2013-2017 (N=31) Baby Nutrition and Physical Activity
Self-Assessment for Child-care (NAP SACC) trials. Data were compared on the above infant
recommendations. Percentages were used to describe compliance to the recommendations and chisquare tests to determine whether compliance differed by country.
Results
Child-care centers were most compliant (74%-95%) with recommendations to: provide daily indoor
opportunities for infants to move freely under adult supervision, daily tummy time for infants less than 6months-of-age, indoor and outdoor recreation areas that encourage infants to be physically active, and
discourage screen time. Centers were least compliant (38%-41%) with adhering to recommendations to:
limit the use of equipment that restricts an infant’s movement and provide education about physical activity
to families. Compared with Canadian and US centers, Australian centers were less compliant (46%) with
the recommendation to engage with infants on the ground each day, to optimize adult-infant interactions
and to limit the use of equipment that restricts the infant’s movement. Canadian centers were less compliant
(39%) with the recommendation to provide training to staff and education to parents about children’s
physical activity. US centers were less compliant (25%-41%) with the recommendations to provide daily
opportunities for infants to explore their outdoor environment, limit the use of equipment that restricts the
infant’s movement and provide education to families about children’s physical activity.
Conclusions
Assisting child-care centers on limiting the use of equipment that restricts an infant’s movement, and
providing education about children’s physical activity to families may be important targets for future
interventions.
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Baby NAP SACC Clinical Trials Registration (ClinicalTrials.gov registry): NCT01890681. Registered 27
June 2013.

3.2 Background
The global prevalence of 0- to 5-year-old children who are overweight or obese has increased from 4.2%
in 1990 to 7.8% in 2015 and this trend is expected to continue to rise to 9.1% by 2020 (de Onis, 2010). For
developed countries such as the United Kingdom, United States, Canada, Australia, New Zealand and
Japan, the prevalence is even higher. In 1990, 7.9% of children aged 0–5 years in these countries were
overweight or obese; this rose to 12.9% in 2015 and is expected to reach 14.1% by 2020 (de Onis, 2010).
The early years are strongly predictive of obesity in later childhood and subsequently adulthood (Ong &
Loos, 2006). It is also well known that excess weight in infancy is associated with delayed gross motor
development (Slining et al., 2010), and leads to other adverse health outcomes, such as coronary heart
disease in adulthood (Must et al., 1992). Therefore, the early years provide an important opportunity for
obesity prevention (Campbell et al., 2016).

A moderate proportion of very young children attend formal child-care across developed countries. For
instance, the Longitudinal Study of Australian Children (LSAC) reported that 35% of parents used regular
child-care for their infants (Harrison et al., 2010). Likewise, 17% of American children aged birth to 2years are in some type of formal child-care, (Blaine et al., 2015) and 54% of Canadian children from 6months to 5-years are cared for in some type of non-parental care (Hinkley et al., 2015). Recent evidence
has shown attending child-care in the first year of life was associated with slightly higher weight at 12months-of-age (Benjamin Neelon et al., 2015). With a large number of infants attending such settings, there
is a need to understand the factors contributing to obesity prevention while in these environments and
review child-care practices in the first 12-months-of-life.

To assist in the prevention of obesity in infancy and early childhood, in 2011 the National Academy of
Medicine, previously known as the Institute of Medicine, published recommendations aimed at promoting
healthy environments in child-care settings (Institute of Medicine, 2011). These recommendations provide
guidance on appropriate quantities and types of physical activity, sleep, and sedentary behaviour. In
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addition, as the use of recreational electronic media plays an important role in the development of childhood
obesity (Strasburger et al., 2011), in 2013 The American Academy of Pediatrics published updated
recommendations on the use of television and other entertainment media for infants and young children
(Strasburger & Hogan, 2013; Strasburger et al., 2011).

To the author’s knowledge, there are no studies examining adherence to infant physical activity and screen
time recommendations in formal child-care settings. Such data may assist to identify child-care practices
in the first 12-months-of-life which impact the development of obesity. The purpose of this study was to
examine the adherence of child-care centers to these infant recommendations using data from three
developed countries.

3.3 Methods
Overview
For this observational study, data were collected from the 2013 Standing Preschools (N=9) and the 2014 2017 Early Start Baseline (N=22) studies in Australia, the 2011 Healthy Living Habits in Pre-school
Children study (N=14) in Canada and the 2008 (N=31) and 2013 - 2017 (N=31) Baby Nutrition and
Physical Activity Self-Assessment for Child-care (Baby NAP SACC) trials in the US. Since this study
conducted secondary analyses using existing center-level data and did not involve interaction with any
human subjects, ethical approval was not required; each individual study had its own ethical approval. This
study, however, followed the guidelines in the Strengthening the Reporting of Observational studies in
Epidemiology (STROBE) statement (Von Elm et al., 2008).

National Academy of Medicine and American Academy of Pediatrics recommendations
The four recommendations from the National Academy of Medicine and one from the American Academy
of Pediatrics regarding healthy and appropriate physical activity and screen time practices for infants
attending child-care centers are reported in Table 3.1.
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Table 3.1: 2011 IOM * physical activity and 2013 AAP screen time recommendations
IOM* recommendation number
3.1

Description of recommendation
“Child-care regulatory agencies should
require child-care providers and early
childhood educators to provide infants,
toddlers, and preschool children with
opportunities to be physically active
throughout the day”

“The community and its built
environment should promote physical
activity for children from birth to age
five”
3.3
“Child-care regulatory agencies
should require child-care providers
and early childhood educators to
allow infants, toddlers, and
preschoolers to move freely by
limiting the use of equipment that
restricts infants’ movement and by
implementing appropriate strategies to
ensure that the amount of time
toddlers and preschoolers spend
sitting or standing still is limited”
3.4
“Health and education professionals
providing guidance to parents of
young children and those working
with young children should be trained
in ways to increase children’s physical
activity and decrease their sedentary
behavior, and in how to counsel
parents about their children’s physical
activity”
AAP recommendation
Description
2013
“Screen media exposure should be
discouraged for children under 2 years
of age”
*
IOM, from 2015, known as the National Academy of Medicine
3.2

Potential actions for infants
1) Providing daily opportunities for
infants to move freely under adult
supervision to explore their indoor and
outdoor environments
2) Engaging with infants on the ground
each day to optimize adult-infant
interactions
3) Providing daily “tummy time” (time
in the prone position) for infants less
than six-months-of-age.
1) To ensure that indoor and outdoor
recreation areas encourage all children,
including infants, to be physically
active.
1) Using cribs, car seats, and high chairs
for their primary purpose only – cribs
for sleeping, car seats for vehicle travel,
and high chairs for eating
2) Limiting the use of equipment such
as strollers, swings, and bouncer
seats/chairs for holding infants while
they are awake.

1) Child-care regulatory agencies
requiring child-care providers and early
childhood educators to be trained in
ways to encourage physical activity and
decrease sedentary behaviour in young
children through certification and
continuing education.

Potential actions for infants
No screen media exposure for infants

Recommendations review
The questions and response option criteria from each country’s child-care center questionnaire that best
reflected the recommendations were used from each study. For example, to meet the criteria for “Does this
child-care center limit the use of equipment such as strollers, swings, and bouncer seats/chairs for holding
infants while they are awake?”, participants needed to answer “Rarely or Never”. To meet the criteria, “Are
early childhood educators trained in ways to encourage physical activity and decrease sedentary behavior
in young children through certification and continuing education?”, participants needed to answer they
were receiving professional development at least 1-2 times per year. A complete list of each country’s
question and the criteria required to meet the recommendation is in Table 3.2.
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Table 3.2: Corresponding question and criteria required from each country’s survey for the child-care center’s response to meet the infant recommendations
Question

Early Start Baseline
(Australia)

Did the center
provide…

Survey
question

INDOOR

Daily
opportunities
for infants to
move freely
under adult
supervision to
explore their
indoor
environment?
(IOM Rec 3.1)

Our program
offers the
following
features in the
indoor play
space

OUTDOOR

Daily
opportunities
for infants to
move freely
under adult
supervision to
explore their
outdoor
environment?
(IOM Rec 3.1)

GROUND

TUMMY TIME

AREA
INDOORS

AREA
OUTDOORS

Standing Preschools Project
(Australia)

Response
needed to meet
recommendati
on
2 to 4 features

Survey
question

Infants are
taken
outdoors

1 to 2 times
per day or more

Staff who
engage with
infants on the
ground each
day to optimize
adult-infant
interactions?
(IOM Rec 3.1)

During
tummy time
and other
activities,
teachers
interact with
infants to help
them build
motor skills

Staff who
provide daily
'tummy time'
for infants less
than 6-monthsof-age? (IOM
Rec 3.1)
Indoor
recreation areas
that encourage
infants to be
physically
active?
(IOM Rec 3.2)

Outdoor
recreation areas

Healthy Living Habits in Preschool Children study (Canada)

Response
needed to meet
recommendati
on
2 to 4 features

Survey
question

Infants are
taken
outdoors

1 to 2 times per
day or more

Always

During
tummy time
and other
activities,
teachers
interact with
infants to
help them
build motor
skills

Always

Our program
offers 3-5
minutes of
tummy time
to infants

1 to 2 times per
day

Our program
offers 3-5
minutes of
tummy time
to infants

Our program
offers the
following in
the indoor
play space
(mark number
of features)

2 to 4 features

Our program
uses the

2 to 5 activity
types

Baby NAP SACC (2008)
(United States)

Response
needed to meet
recommendati
on
120 to 180
minutes or
more each day

Survey
question

On average,
how may
minutes are
spent in
outdoor
active play
time per day
in the fall,
winter,
spring,
summer
Formal
instruction
or teaching
of gross
motor skills
(indoor or
outdoor) is
provided to
all children:
Infants

>60 minutes

Outdoor
time is
provided for
all infants

Everyday

1 to 3 or more
times per day

All of the time

During floor
play,
teachers get
on the
ground with
infants:

Always

1 to 2 times per
day

No suitable
question

N/A

1 or 2 times per
day

2 to 4 features

Indoor space
is available:
Infants

For all active
play activities
(eg crawling,
walking)

Our program
offers 3-5
minutes of
tummy time
for infants
who can't
turn over
Our program
offers the
following in
the indoor
play area

1 or several
times per day

Our program
offers the
following in
the indoor
play space
(mark
number of
features)
Our program
uses the

2 to 5 activity
types

Outdoor
play space

Plenty of play
space to move

Staff engage
with infants
to encourage
development
of gross
motor skills
(reaching,
sitting,
standing,
crawling,
walking)
Short
periods of
supervised
tummy time
is provided
for all
infants
Does your
center have
an indoor
play area
such as a
gym or a
room for
gross motor
activity?
Does your
center have

Our program
uses the

2 or more
checked

Our program
offers the
following
features in
the indoor
play space

Indoor
active play
time is
provided to
all children:
Infants

Opportunitie
s for moving
around
within the
classroom is
provided for
all infants

Response
needed to meet
recommendati
on
1, several or at
all times per
day

Baby NAP SACC (2013-2017)
(United States)

Yes

Yes

Survey
question

Our program
provides
structured
active play
(teacher-led
activity that
occurs
indoors or
outdoors)
each day: To
infants
Children are
taken
outdoors:
Infants

Response
needed to meet
recommendati
on
Always

1 time per day
or more

2 or more
checked
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that encourage
infants to be
physically
active? (IOM
Rec 3.2)
Limitation to
the use of
equipment such
as strollers,
swings,
bouncer
seats/chairs for
holding infants
while they are
awake? (IOM
Rec 3.3)

outdoors for
the following
type of
activities
Outside nap
and meal
times, the
longest that
infants spend
in seats,
swings, or
exersaucers at
any one time
is

Rarely or never

STAFF
TRAINING

Training to
staff in ways to
increase
children’s
physical
activity? (IOM
Rec 3.4)

Teachers and
staff receive
professional
development
on children’s
physical
activity

1 to 2 times per
year

Teachers
and staff
receive
professional
development
on children’s
physical
activity

1 to 2 times per
year

FAMILY
EDUCATION

Education to
families (who
have children
enrolled) about
children’s
physical
activity? (IOM
Rec 3.4)

Families are
offered
education on
children’s
physical
activity

1 to 2 times per
year

Families are
offered
education on
children’s
physical
activity

1 to 2 times per
year

NO SCREEN

Discouragemen
t of screen
media exposure
for children < 2
years of age?
(AAP rec)

For children
under 2 years
of age, the
amount of
screen time
allowed in
our program
each week is

No screen time
allowed

For children
under 2
years of age,
the amount
of screen
time allowed
in our
program
each week is

No screen time
allowed

LIMIT
EQUIPMENT

outdoors for
the
following
type of
activities
Outside nap
and meal
times, the
longest that
infants
spend in
seats,
swings, or
exersaucers
at any one
time is

Rarely or never

includes:
Infants

around and
explore

an outdoor
play area
such as a
playground?

outdoors for
the
following
types of
activities
Outside of
nap and
meal times,
the longest
spent in
seats,
swings, or
ExcerSaucer
s at any one
time is

Infants
participate in
seated or
non-active
play
activities
(excluding
naps/meals)
for more
than 30
minutes at a
time
Training
opportunities
are provided
to staff in
physical
activity
and/or gross
motor
development
(not
including
playground
safety)
Physical
activity
and/or gross
motor
development
education is
offered to
parents
through
workshops,
activities or
take home
materials
Can children
watch
TV/videos/D
VDs, play
video games
or use a
computer at
your
daycare?
Infants

Rarely or never

Infants are
placed in a
bouncy seat,
swing, or
play pen for
more than 15
minutes at a
time

Rarely or never

1 to 2 times per
year

Training is
provided for
staff on
promoting
infant
movement

1 to 2 times per
year

Teachers
and staff
receive
professional
development
or
continuing
education on
children’s
gross motor
activity

1 to 2 times per
year

1 to 2 times per
year

Active play
education
(workshops
and
activities) is
offered to
parents

1 to 2 times per
year

Families are
offered
education on
children’s
gross motor
activity

1 to 2 times per
year

No to all

Infants and
toddlers are
allowed to
watch or
allowed to
access
TV/DVDs/vi
deos viewed
by older
children or
adults

Never

The amount
of screen
time
provided in
our program
or used
during
feeding each
week is:
Infants

No screen time
allowed

Rarely or never
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Analysis
The percentage of child-care centers that were compliant with the recommendations as outlined in Table
3.2 were calculated. Pearson chi-square tests were used to assess whether compliance differed across
countries. Missing data (average overall 8%) were not included in the analysis. Analyses were conducted
using SPSS version 21 (IBM Corp, Armonk, NY, USA). The statistical significance was set to p<0.05.
Socio-economic status (SES) was assessed in Australia, Canada and the United States using Socioeconomic Indexes for Areas (SEIFA) (Australian Bureau of Statistics, 2011), neighborhood SES
(education, income, unemployment rate from 2006 Canadian census data in PCensus for MapPoint through
ArcGIS software) and household income (Blaine et al., 2015), respectively. The area where the child-care
center was located was defined as urban (>50 000 population) or non-urban (<50 000 population) (United
States Census Bureau, 2010).

3.4 Results
The final sample included 107 child-care centers with 31 from Australia, 14 from Canada, and 62 from the
United States. Almost all surveys (95%) were completed by the director of the child-care center. Center
opening and closing hours ranged from 6:30 am to 12:00 midnight, the average number of infants per center
was 10, and the year the child-care center started operating ranged from 1969 to 2014. Almost all staff
(94%) had a diploma, certificate or degree in child-care (Table 3.3).

Table 3.3: Baseline characteristics of the 107 child-care centers with infants who participated in the
Early Start Baseline, Standing Preschools Project, Healthy Living Trial and Baby NAP SACC
trials from 2008 – 2017
Baseline
All
Australia
Canada
United States
characteristic
N= 107
N=31
N=14
N=62
Survey completed by
102
26
14
62
the director
Survey completed by
5
5
0
0
an educator
Date survey completed
2008 to 2017
2013 to 2015
2011
2008 to 2017
(range)
Hours of operation
6.30 am to 12:00
6.30 am to 6.30pm
6.30 am to 6.30 pm
6.30 am to 12:00
(range)
midnight
midnight
Average number of
66
67
44
88
children per center
Average number of
10
14 *
7
9
infants per center
Year started operating
1969 to 2014
1986 to 2014
1969 to 2010
1986 to 2008#
as a child-care center
(range)
Teachers who have a
93.5%
100%
87%
No suitable question
diploma/certificate or
degree (mean
percentage)
* Standing preschools data only. No suitable question in early start baseline data; # 2008 Baby NAP SACC data only. No suitable
question from 2013 to 2017 Baby NAP SACC data

48

Most child-care centers provided daily opportunities for infants to explore their indoor environments,
provided them with tummy time, had suitable indoor and outdoor recreation areas and discouraged screen
media exposure (Table 3.4). One third limited the use of equipment that restricted the infant’s movement
whilst they were awake and provided education to families about children’s physical activity.

Table 3.4: Percentage compliance with infant 2011 IOM ^ physical activity and 2013 AAP screen
time recommendations
Recommendation:
All (%)
Australia (%)
Canada (%)
United States (%)
Does this center
n= 107
n= 31
n=14
n= 62
provide…
Daily opportunities for
78.5
100
50
75.5
INDOOR+
infants to move freely
under adult supervision
to explore their indoor
environment? (IOM Rec
3.1)
Daily opportunities for
61.5
85
100
41
OUTDOOR+
infants to move freely
under adult supervision
to explore their outdoor
environment? (IOM Rec
3.1)
Staff who engage with
62.5
42
71
70
GROUND++
infants on the ground
each day to optimize
adult-infant interactions?
(IOM Rec 3.1)
Staff who provide daily
78.5*
73
No suitable
100
TUMMY+
'tummy time' for infants
question
less than 6-months-ofage? (IOM Rec 3.1)
Indoor recreation areas
73
100
86
58
AREA
that encourage infants to
INDOORS+
be physically active?
(IOM Rec 3.2)
Outdoor recreation areas
95
100
93
93
AREA
that encourage infants to
OUTDOORS
be physically active?
(IOM Rec 3.2)
Limitation to the use of
36
46
62
25.5
LIMIT
equipment such as
EQUIPMENT++
strollers, swings,
bouncer seats/chairs for
holding infants while
they are awake? (IOM
Rec 3.3)
Training to staff in ways
63
81
39
61
STAFF
to increase children’s
TRAINING++
physical activity? (IOM
Rec 3.4)
Education to families
41
77
39
25
FAMILY
(who have children
EDUCATION+
enrolled) about
children’s physical
activity? (IOM Rec 3.4)
Discouragement of
80
69
83
84
NO SCREENS
screen media exposure
for children < 2 years of
age? (AAP rec)
+
p<0.001; ++p<0.05; *Data from Australia and United States only; Note: Missing data not included; ^IOM, from 2015, known as the
National Academy of Medicine

Significant differences (p<0.05) were found between countries for compliance to the following seven
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recommendations: daily opportunities for infants to move freely under adult supervision to explore their
indoor environment; daily opportunities for infants to move freely under adult supervision to explore their
outdoor environment; staff who provide daily 'tummy time' for infants less than 6-months-of-age; indoor
recreation areas that encourage infants to be physically active; limiting the use of equipment for holding
infants whilst they are awake; staff training in ways to increase children’s physical activity; and education
to families about children’s physical activity.

When compared to the sample of child-care centers in Canada and the United States, the Australian sample
had the greatest non-compliance to the discouragement of screen media exposure and staff engaging with
infants on the ground. On a positive note, the sample of child-care centers from Australia had the greatest
compliance to providing education to families regarding physical activity for infants and staff training on
ways to increase infants’ physical activity.

The greatest compliance from the sample of Canadian child-care centers was in providing daily
opportunities for infants to explore their outdoor environment, and this was closely followed by the
provision of a suitable outdoor recreation area. However, only 39% of these centers provided staff training
and education to families regarding infants’ physical activity.

The sample from the United States complied mostly with the provision of an outdoor recreation area
suitable for infants and providing daily tummy time. In contrast, only one fifth of the centers limited the
use of equipment that restricts an infant’s movement and provided education regarding infants’ physical
activity to families.

3.5 Discussion
Prior to this study there was limited evidence about the extent to which infant physical activity and screen
time recommendations were adhered to in child-care centers. Reporting these data may assist with
providing recommendations regarding future research to increase physical activity, prevent sedentary
behaviour, and decrease media exposure in infants. Based on the findings from this study, potential targets
would be limiting the use of equipment that restricts infant’s movement and strategies for educating families
on children’s physical activity.
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There were some significant variations between samples from the different countries. For example, the
conclusion that the sampled child-care centers need to improve their education to families regarding
physical activity applies more to the Canadian and United States samples than it does to the Australian
sample. This could potentially be explained by the introduction of the Early Years Learning Framework
where learning outcomes are actively promoted in Australian child-care settings, in collaboration with
families (Australian Government Department of Education, 2009). In addition, improving the number of
opportunities for infants to move freely under adult supervision to explore their outdoor environment and
the provision of an indoor recreation space that encourages infants to be physically active applies more to
the United States than it does to Canada or Australia.

Some of the messages regarding physical activity provision to infants in child-care settings is being adhered
to. In this study, approximately two thirds of the sampled child-care centers met the recommendations to
provide suitable indoor and outdoor recreation areas, indoor play, daily tummy time and no screen time to
the infants in their care. However, there are still a number of areas where further improvement is possible
including time spent in outdoor play, playing on the ground, limiting restrictive equipment and educating
families and staff regarding physical activity. To address these areas that require improvement, infant childcare curriculum may need to be reviewed to ensure they meet the national physical activity and sedentary
behavior guidelines (Tremblay et al., 2012). It has been suggested that infants may experience prolonged
periods of inactivity in a crib or high chair due to staff needing to care for other children (Benjamin Neelon
et al., 2015). Further training and a review of staff-to-infant ratios could possibly be other important areas
to target for future research to ensure staff are equipped to limit the use of equipment that restricts infants’
movement while they are awake.

There were some limitations to this study. Overall, missing data ranged from 4% to 11.5% per question.
Sample sizes were small and differed between countries ranging from 14 in Canada to 62 in the United
States. This potentially could have skewed results, favoring a particular country over another. The US data
contributed four times as much to the overall results than the Canadian data and twice as much as the
Australian data. Retrospective self-reporting questionnaires were used which may present a response bias.
It would have been preferable to assess compliance with the recommendations by direct observation using
an independent observer. The National Academy of Medicine recommendations became available in 2011
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and the AAP recommendations in 2013. Some data were collected prior to this time. As such, child-care
centers providing this data may have now changed practice according to the published recommendations.
However, additional analyses were conducted removing the United States 2008 sample. The results were
very similar, limiting the use of equipment and providing education to families remained the two
recommendations where compliance was the least adhered to both overall and in the most recent US sample
alone. Alarmingly, the adherence to the no screen time policy dropped from 84% with the 2008 US sample
included to 68% in the 2013-2017 US sample alone and from 80% overall to 71% overall. This may be due
to the availability of iPads and other tablets in the 2011-2017 data sample and not in the 2008 sample. The
same seven recommendations had the same significant differences between countries and the
recommendations that were adhered to the most were the same. Previous cross-sectional research has
investigated state regulations related to the promotion of physical activity among infants in child-care
centers (Slining et al., 2014). It found that physical activity regulations differed amongst and within states.
In this study, Australian child-care centers were from the state of New South Wales, Canada from the
Province of Alberta and the United States from Massachusetts and North Carolina. As such, this study
provides a snapshot of a small proportion of the child-care centers in these states/provinces and may not be
generalizable to the other parts of these countries. In addition, samples are not representative of that country
and as such, cannot be applied to represent the entire country. Another important issue is for some of the
recommendations, different questions were used to assess adherence (Table 3.2). The recommendation
regarding engaging with infants on the ground each day to optimize adult-infant interactions is a good
example of this and may explain why the Australian sample did so poorly relative to the Canadian sample.

3.6 Conclusions
Promoting physical activity and reducing screen time should commence in the infant stage of life. Within
this study, many child-care centers were able to provide suitable indoor and outdoor recreation areas and
daily indoor opportunities to encourage physical activity, provide tummy time and avoid screen media
exposure to the infants in their care. Potential areas of improvement for future interventions to target
include, limiting the use of equipment that restricts the infant’s movement whilst they are awake and
providing education to staff and families about children’s physical activity.
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Chapter 4:

Association of tummy time with infant health
outcomes. A systematic review

This chapter has been submitted for publication to Pediatrics as: Hewitt L, Kerr E, Stanley RM, Okely
AD. Association of tummy time with infant health outcomes. A systematic review.
Note: This study has been reviewed by Pediatrics, it has been revised as per their recommendations and
resubmitted back to Pediatrics in October 2019. It is currently under review.
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4.1 Abstract
Background
The World Health Organization recommends tummy time for infants due to the benefits of improved
motor development and reduced likelihood of plagiocephaly. The association of tummy time with specific
aspects of motor development and other health outcomes requires further investigation. The aim of this
study was to review the existing evidence regarding the association of tummy time with a broad and
specific range of infant health outcomes.
Methods
Electronic databases were searched between June 2018 and April 2019. Peer-reviewed, English language
articles were included if they investigated a population of healthy infants (birth to 12-months), used an
observational or experimental study design containing an objective or subjective measure of tummy time
which examined the association with a health outcome (adiposity, motor development, psychosocial health,
cognitive development, fitness, cardiometabolic health or risks/harms). Two reviewers independently
extracted data and assessed the quality of the studies.
Results
Sixteen articles representing 4237 participants from eight countries were included. Tummy time was
positively associated with gross motor and total development, reduction in BMI-z score, prevention of
brachycephaly and the ability to move while prone, supine, crawling and rolling. An indeterminate
association was found for social and cognitive domains, plagiocephaly, walking, standing and sitting. No
association was found for fine motor development and communication. Most studies were observational in
design. High selection and performance bias were also present.
Conclusions
These findings guide the prioritisation of interventions aimed to assist parents meet the global and national
physical activity guidelines.
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4.2 Background
Tummy time is a form of physical activity recommended for infants under the age of 6-months. It is defined
as awake prone positioning on the floor that is encouraged and monitored by an adult (Wen et al., 2011).
As studies have demonstrated a positive association between tummy time and gross motor development
(Dudek-Shriber & Zelazny, 2007; Majnemer & Barr, 2005; Monson et al., 2003; Russell et
al., 2009; Salls et al., 2002), it is a component of the national movement guidelines in Australia, United
Kingdom, Canada and South Africa (Chief Medical Officer UK, 2019; Okely et al., 2017; South African
24-Hour Movement Guidelines, 2018; Tremblay et al., 2017) and included in the World Health
Organization (WHO) Global guidelines for physical activity, sedentary behaviour and sleep for children
less than five years of age (World Health Organization, 2019). Thirty minutes of tummy time spread over
a 24-hour period is recommended in all these guidelines to optimise healthy growth and development.

Evidence shows that approximately 30% of parents and 75% of childcare educators adhere to these
recommendations (Gross et al., 2017; Hewitt et al., 2018). The potential benefits of tummy time outlined
in the current physical activity guidelines discuss the effect of tummy time on an infant’s gross motor
development. Whereas, the effects of tummy time on individual aspects of motor development are not
currently highlighted. Attainment of specific “small skills” such as the ability of the infant to lift their head
off the ground, ability to move their arms while in prone, ability to reach while in prone, ability to sit with
arms supporting them are small yet tangible goals parents can strive to assist their children to meet.
Breaking down the achievement of “big skills” such as rolling, sitting up unsupported and walking into
smaller, achievable stages of motor development could be a motivating factor especially for those who find
meeting the guidelines for tummy time challenging. Research that has investigated the association of
tummy time with specific aspects of motor development such as the ability to move while in prone, roll, sit
or walk has not been systematically reviewed.

Additionally, the association of tummy time with other infant health outcomes such as adiposity,
psychosocial health, cognitive development, fitness, cardiometabolic health and risks/harms requires
further investigation. A previous review investigating the association of tummy time with other infant
health outcomes has been conducted (Carson et al., 2017). However, to be included in this systematic
review, the minimum sample size was 100 participants for observational studies. As such, only two studies
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were found relating to tummy time. The first found a positive effect on motor development (Kuo et al.,
2008) and the second a protective effect against deformational plagiocephaly (van Vlimmeren et al., 2007).
Some of the health benefits that may be present in other smaller studies may be a decrease in body mass
index (BMI) in older children, fine motor skill development, cardiovascular fitness, bone mineral density
and a reduction in other head shape abnormalities such as brachycephaly, however this is currently
unknown.

The early years are a crucial period of physical, cognitive, social and emotional development (Berk, 2013;
Carson et al., 2017). Identifying the association of tummy time with specific aspects of motor development
as well as other health outcomes is important for the development of evidence-based interventions and
may assist parents and educators meet the recommended guidelines of 30 minutes per day. The purpose of
this systematic review was to determine the association of tummy time with infant health outcomes across
experimental and observational study designs.

4.3 Methods
Registration
A systematic review of the literature was undertaken on the association of tummy time with infant health
and development outcomes. It was prospectively registered with PROSPERO, the international prospective
register of systematic reviews (http://www.crd.york.ac.uk/prospero, registration no. CRD42017075156)
and was reported in accordance with the Preferred Reporting Items for Systematic review and MetaAnalysis (PRISMA) statement (Moher et al., 2009).

Search strategy
Computerized searches were completed in May 2018 and May 2019 using MEDLINE, CINAHL, Scopus
and PsycINFO. The search was limited to titles and abstracts containing "all infant (birth to 23 months)"
and English and humans. SCOPUS search strategy: (TITLE-ABSKEY(("tummy time" OR tummy OR
prone OR position* OR abdomen OR stomach OR belly OR front)) AND TITLEABS-KEY(effect* OR
result* OR influence* OR impression* OR appear* OR achieve* OR consequence* OR outcome* OR
conclusion* OR correlat* OR determin* OR predictor* OR relationship* OR associate* OR difference*)
AND TITLE- ABS-KEY((infant* OR baby OR babies OR newborn) )) AND ( LIMIT-
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TO(DOCTYPE,"ar") OR LIMIT-TO(DOCTYPE,"re" ) OR LIMIT- TO(DOCTYPE,"ip" ) ) AND ( LIMIT
TO(EXACTKEYWORD,"Human" ) OR LIMIT TO(EXACTKEYWORD,"Humans" ) ) AND ( LIMITTO(LANGUAGE,"English" ) ). The following search terms (keywords) were used: “tummy time” OR
“tummy” OR “prone” OR “position*” OR “abdomen” OR “stomach” OR “belly” OR “front” AND
“effect*” OR “result*” OR “influence*” OR “impression*” OR “appear*” OR “achieve*” OR
“consequence*” OR “outcome*” OR “conclusion*” OR correlat* OR determin* OR predictor* OR
relationship* OR associat* OR difference* OR investig*. Duplicates were removed using EndNote
software program and the search output was screened manually also using EndNote. After duplicates were
removed, two researchers independently reviewed the titles of the articles to determine if they met the
criteria for inclusion. Abstract and full-text articles were then studied to clarify and confirm eligibility. Any
differences between reviewers were discussed to reach consensus regarding inclusion. Reference lists of
relevant reviews identified during screening were also checked for relevant studies. To capture registered
clinical trials, two trial registries (https://clinicaltrials.gov/ and http://www.who.int/ictrp/en/) were searched
in May 2018 and May 2019 using search terms “tummy time” and the infant age group.

Inclusion and Exclusion Criteria
To be included in this review, the article was required to be peer-reviewed, published or in press, written
in English, and meet the pre-determined study criteria (Appendix D). The review was based on the
population, intervention/exposure, comparator/control, and outcome (PICO) study criteria (Schardt et al.
2007) from the Grading of Recommendations Assessment, Development, and Evaluation (GRADE)
framework (Guyatt et al., 2011). Conference abstracts, book chapters, and dissertations were excluded.

Population, Intervention, Comparator and Outcome
The population chosen to review was apparently healthy (i.e., general population) infants aged from birth
to 12-months-old. Where an age range was described rather than mean age, infants up to 12-months-of-age
were included. If a mean age or age range was not reported, participants who were described as infants,
newborns and babies were included. For longitudinal or experimental studies, the age criterion was
unlimited for the outcome measures, however the intervention must have taken place while the infant was
between the ages of birth to 12-months-old. To ensure all studies were captured in this review, experimental
and observational studies were required to have a minimum sample size of 15 (in one intervention group)
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and 30 participants, respectively.

The interventions comprised different durations, frequencies, patterns, types, and intensities of tummy time
and/or prone positioning when awake. Tummy time was defined as awake and supervised prone
positioning. Prone positioning ability was defined as an infant’s ability to move their body when placed on
their stomach. This could include the ability to roll from front to back, ability to lift their head, ability to
push up with their arms, and ability to move their arms and/or legs (Hewitt et al., 2017). Studies
investigating prone positioning during prone sleeping only were excluded. Tummy time and/or prone
positioning ability could be measured objectively (e.g., accelerometer, direct observation) or subjectively
(e.g., proxy-report). For experimental studies, interventions targeting tummy time and/or prone positioning
exclusively were included. Interventions targeting multiple health behaviors (e.g., tummy time and
breastfeeding) were not included.

The comparators were objective (e.g., accelerometer) or subjective (e.g., proxy-report, questionnaire)
measures of tummy time and/or prone positioning ability from an observational or experimental study. The
outcomes were various health outcomes. For example, adiposity (e.g., overweight, obesity, body mass
index (BMI)), motor development (e.g., gross motor skills, fine motor skills, specific components of a
motor skill, locomotor and object control skills), psychosocial health (e.g., self-efficacy, self-esteem, prosocial behavior, social functioning, depressive symptoms, anxiety symptoms), cognitive development (e.g.,
language development, attention, executive functioning), fitness (e.g., cardiovascular fitness,
musculoskeletal fitness), bone and skeletal health (e.g., bone mineral density, bone mineral content, skeletal
area, Vitamin D), cardiometabolic health (e.g., blood pressure, insulin resistance, blood lipids), and
risks/harms (e.g., injury, plagiocephaly).

Data extraction
Data extracted included; authors name, publication year, country, study design, sample size, characteristics
of participants, tummy time measure, health outcome measure, type of health outcome, association of
tummy time with an infant health outcome and the risk of bias. A finding was deemed to be statistically
significant if p<0.05. Two reviewers completed data extraction for each included article and crosschecked
the findings.
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Quality assessment
Risk of bias was assessed at the individual study level using the Cochrane risk of bias assessment for
observational and intervention studies (Higgins, 2011). Selection bias, performance bias, selective
reporting bias, detection bias, attrition bias, and other biases (e.g., inadequate control for key confounders)
were assessed (Guyatt et al., 2011). For all studies, risk of bias was assessed independently by both
reviewers and then confirmed to ensure consistency. Overall quality of evidence was evaluated by one
reviewer and verified by the larger review team.

4.4 Results
Description of studies
After duplicates were removed, 4233 titles, 790 abstracts and 130 full-text articles were screened (see
Figure 4.1). A total of 16 articles met the inclusion criteria. Reasons for excluding articles are summarized
in Figure 4.1. The 16 articles involved 4237 participants from 8 different countries. The year of publication
ranged from 1998 to 2018. An experimental study design was used in one article (Jennings et al., 2005);
this was a non-randomised intervention (n=1). Observational study designs were used in the remaining 15
articles (Aarnivala et al., 2016; Carmeli et al., 2009; Davis et al., 1998; Dudek-Shriber & Zelazny, 2007;
Koren et al., 2019; Kuo et al., 2008; Majnemer & Barr, 2005; Majnemer & Barr, 2006; Mawji et al., 2014;
Monson et al., 2003; Russell et al., 2009; Salls et al., 2002; Senju et al., 2018; Soska & Adolph, 2014; van
Vlimmeren et al., 2007), which included longitudinal (n=8) and cross-sectional (n=7) studies.
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Figure 4.1: Flowchart of included and excluded studies
Studies identified through database searching
(n=5977)
(MEDLINE=2819, Scopus=2420,
CINAHL=502, PsycINFO =236)

Additional studies identified through other
sources (e.g., author’s own bibliographic
libraries) (n=1)

Duplicates removed (n=1745)

Titles screened (n=4233)

Abstracts screened (n=790)

Full text studies assessed for eligibility
(n=130)

Studies included in systematic
review (n=16)

Studies excluded (n=3443)
Reasons:
* Irrelevant = 3182
* Position papers = 261
Studies excluded (n=660)
Reasons:
* Not English (n=1)
* Not healthy (n=144)
* Not birth to 12-months-old
(n=46)
* Not journal article (n=79)
* No measure of tummy time
as the independent variable
(n=252)
* No health outcome (n=1)
* < 30 participants in
observational study (n=18)
* Outcome measure not taken
between birth and 12-months
old (n=1)
* Duplicates (n=118)
Full text studies excluded (n=114)
Reasons:
* Not English (n=2)
* Not healthy (n=22)
* Not birth to 12-months-old (n=5)
* Not journal article (n=3)
* No measure of tummy time as the
independent variable (n=30)
* No measure of health outcome
(n=11)
* No association between effect of
tummy time and health outcome
(n=1)
* < 30 participants (n=6)
* Not exclusively tummy time
(n=32)
* Duplicate (n=2)
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Tummy time was measured subjectively in all 16 included articles using a questionnaire/parent interview
(n=12) or a position log/diary (n=4). Parents were asked to record or describe the amount of time their
infant spent in tummy time (hours/minutes per day) in eight studies, report the number of times per day
spent in tummy time in seven studies, report the number of experiences spent in prone when awake in three
studies, outline their infant’s preferred position to be awake and play in two studies, identify the age at
which the infant started tummy time in two studies and report their infant’s ability while prone in one study.
Further information on the study design, sample size, tummy time outcome measure and association of
tummy time with the heath outcome are summarized in Table 4.1.

62

Table 4.1: Descriptive information of included studies (ordered alphabetically)
Author and
year

Country

Study design

Sex (B,G)

Age at
measurement

Tummy time
outcome measure
used

Tummy time outcome
measure result

Health outcome
measure type
(1=motor
development;
2=head shape;
3=BMI-z score;
4=cognition)
2

Aarnivala et al
2016

Finland

Longitudinal

52,47

3,6,12 months

Questionnaire

*Daily time spent prone on the
floor when awake (hours)

Carmeli et al
2009

Israel

Longitudinal

80,0

1,3,6 months

Position log

*Preferred position to be
awake and play in
*Whether infant spent less or
more than 15 minutes in the
prone position each day

1

Davis et al
1998

United States

Longitudinal

172,179

1 week, 1,2,3,4,5,6
months

Position log

*Percentage of time the infant
spent in the prone position
while awake (measured as
hours per day)

1

Dudek-Shriber
et al 2007

Jennings et al
2005

United States

United States

Observational

Nonrandomised
intervention

48,52

41,37

134.8 (9.2) days,
mean (SD)

6,18 months

Questionnaire

Questionnaire

*Amount of time in a typical
24-hour period that the infant
spent on their tummy whilst
awake

*Regularity of placing infant
in prone for play – Seldom,
Sometimes <1 x day,
Frequently 1 x day, Routinely

1

1

Health outcome measure used

Association of tummy time with an infant
health outcome

Overall association
of tummy time with
health outcome
(positive, negative,
neutral)

*3D stereophotogrammetry;
-Cephalic index (CI) for
brachycephaly
-Oblique cranial length ratio
(OCLR) for plagiocephaly
*Alberta Infant Motor Scale
(AIMS)

Hours per day prone on the floor when
awake (effect of tummy time on skull
deformation after 3-months-of-age): A
significant decrease in CI scores (p<0.01).
No association with OCLR (p >0.05)
No significant association with preferred
play position or time in play position with
motor development.

Positive (beneficial)
for:
*Brachycephaly
Neutral for:
*Plagiocephaly
Neutral for:
*AIMS percentile
distribution
*AIMS prone and
supine categories
analysed separately

*Attainment of infant motor
milestones (rolls prone to supine,
rolls supine to prone, sits
supported (tripod), sits
unsupported, transfers objects,
creeping (pulling self along on
abdomen), crawling (moving on
hands and knees or hands and
feet with trunk off the ground),
pulls to stand, walks 10 to 15
steps independently).

Increased prone play-time (supine sleeping
babies only) was significantly associated
with earlier attainment of supported sitting
(tripod), sitting unsupported, crawling and
pulling to stand (p<0.05). However, when
maternal education, race, gender, birth
weight and number of older siblings
controlled for, the difference was significant
only for pull to stand (p<0.01).

Positive for:
*Supported sitting
(tripod)
*Sitting unsupported
*Crawling
*Pulling to stand

*AIMS

Time spent in prone position whilst awake
when 4-months-old was significant to predict
the achievement of forearm support 1
(p=0.001), forearm support 2 (p<0.001),
extended arm support (p<0.001), roll prone
to supine (p<0.001), swimming (p<0.001),
reaching (p=0.004), pivoting (p=0.001),
supine hands to knees (p=0.016), supine
active extension (p=0.001), roll supine to
prone without rotation (p=0.003), sit propped
with arms (p<0.001), unsustained sitting
(p<0.001), sit with arm support (p=0.001).

*Peabody Developmental Motor
Scale (PDMS)

Infants who spent more time awake in prone
at 4-months-old achieved their expected
milestones significantly more compared to
with infants who spent less time awake in
prone (p<0.001).
Infants placed in prone to play prior to the
age of 6-months achieved a significantly
higher locomotion score when 18-months-old
(p=0.015).

Neutral for:
*Rolling prone to
supine
*Rolling supine to
prone
*Transferring small
objects between
hands
*Creeping
*Walking
Positive for:
*Forearm support 1
*Forearm support 2
*Extended arm
support
*Roll prone to supine
*Swimming
*Reaching
*Pivoting
*Supine hands to
knees
*Supine active
extension
*Roll supine to prone
*Sitting propped with
arms
*Unsustained sitting
*Sit with arm support
Positive for:
*Locomotion (had
tummy time prior to
6-months-of-age)
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> 1 x day
*Age of infant when started
placing them prone for
playtime

Koren et al
2018

United States

Longitudinal

70, 49

2, 4 months

Telephone survey

* Minutes of tummy time per
day

1, 3

* Peabody Developmental Motor
Scales 2 (Attainment of gross and
fine motor development)
* BMI-z score

Kuo et al 2008

Taiwan

Longitudinal

152,136

4,6,12,24 months

Questionnaire

*Experience in prone (awake)
*Duration in prone play
(minutes)
*Preference of wakeful prone
position

1

*Attainment of motor milestones
(rolling, crawling-on-abdomen,
crawling-on-4s, transferring
objects, sitting, walking)
*Gross motor development
quotient (GMDQ)
*Fine motor developmental
quotient (FMDQ),
*Comprehensive developmental
inventory for infants and toddlers
(CDIIT)

*Babies less than 174 days old who had
tummy time routinely (more than once per
day) had significantly higher locomotion
scores than other babies in the youngest
group who were seldom placed prone to play
(p=0.0012) or placed in prone less than once
per day (p=0.0367).
*No significant difference in locomotion
scores for infants who were placed seldom,
sometimes, frequently or routinely in prone
to play for infants older than 174 days.
* Significant association between
development, level of BMI-z score and time
spent in tummy time at 2-months-of-age
(p<0.0001).
* A higher percentage of 2-month-old infants
reaching developmental milestones if they
had more tummy time and if controlled for
BMI-z score.
* More time in tummy time resulted in a
higher percentage of infants achieving prone
developmental milestones such as lifts head
(p=0.0001), turns head (p=0.0033), looks
when talked to (p<=0.0001), brings hand to
mouth (p=0.0284), and kicks on tummy
(p=0.0006).
* Decline in BMI-z score at 4-months as
daily tummy time at 2-months increases past
the threshold of 12 minutes per day.
* Tummy time duration at 2-months was a
significant predictor of BMI-z score at 4months (p=0.0412).
* Prone experience: Infants with prone
experience attained crawling on abdomen
significantly earlier than infants without
prone experience (p=0.012). No effect on
attainment of the other milestones. No effect
on GMDQ and FMDQ.
* Prone duration: Infants with longer prone
duration significantly achieved rolling,
crawling on abdomen, crawling-on-4s and
sitting earlier (p<0.0167). No effect on
transferring objects or walking. Higher 6month GMDQ by Krukal-Wallis test
(p=0.018). No effect on FMDQ.
* Prone preference: Prone preference group
attained rolling, crawling-on-abdomen and
crawling-on-4s significantly earlier than the
nonprone preference group (p<0.0167). No
effect on transferring objects, sitting and
walking. Higher 6-month GMDQ by MannWhitney (p=0.037). No significant
differences in FMDQ.

*Locomotion (infants
less than 174 days old
when received
tummy time more
than once per day)

Positive for:
* Attainment of
prone motor
milestones (lifts head,
turns head, looks
when talked to,
brings hand to mouth,
and kicking on
tummy).
* Decrease in BMI-z
score at 4-months
(tummy time >12
minutes at 2-months)
* To predict BMI-z
score at 4-months
(tummy time at 2months)

Positive for
attainment of motor
milestones:
*crawling-onabdomen
*rolling
*crawling-onabdomen
*crawling-on-4s
*sitting
*GMDQ
*rolling
*crawling-onabdomen
*crawling-on-4s
*GMDQ
Neutral for:
*rolling
*crawling-on-4s
*transferring objects
*sitting
*walking
*GMDQ
*FMDQ
*transferring objects
*walking
*FMDQ
*transferring objects
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Majnemer et al
2005

Canada

Observational

38,33 (4
months);
21,29 (6
months)

4,6 months

Parent diary

*Duration (minutes per day)
spent awake positioned in
prone

1

*PDMS
-Fine motor quotient (FMQ)
-Gross motor quotient (GMQ)
*AIMS

*Exposure to prone positioning whilst awake
was significantly positively associated with
AIMS percentile at both 4-(p<0.01) and 6months (p<0.0001) of age.
*Exposure to prone positioning was
significantly negatively associated with FMQ
at 4-months-of-age (p<0.05)
*Exposure to prone positioning whilst awake
was significantly positively associated with
GMQ (p<0.001) and FMQ (p<0.05) at 6months-of-age.
*Mean daily exposure to prone positioning
whilst awake (mins/day) was significantly
correlated with AIMS prone raw score, total
score and percentile score at 4-months-of-age
(p<0.05).
*Mean daily exposure to prone positioning
whilst awake (mins/day) was significantly
correlated with AIMS prone raw score and
percentile score at 6-months-of-age (p<0.01).
Also with PDMS GMQ at 6-months-of-age
(p=0.001).

*sitting
*walking
*FMDQ
Positive for:
*AIMS percentile (4
and 6-months-old)
*FMQ (6-months)
*GMQ (6-months)
Negative for:
*FMQ (4-monthsold)

Majnemer et al
2006

Canada

Observational

42,41 (4
months);
32,40 (6
months)

4,6 months

Parent diary

*Duration (minutes per day)
spent awake positioned in
prone

1

*PDMS
-GMQ
*AIMS

Mawji et al
2014

Canada

Prospective
cohort

261,179

9 weeks (mean) (7
to 12 weeks)

Questionnaire

*Times per day
*Length of tummy time
received. Unclear if length of
tummy time is measured in
minutes/hours or time since
started tummy time.

2

*Argenta

*Times per day: No result specified
*Length of tummy time received: No
association with plagiocephaly (p=0.83).

Neutral for:
*Plagiocephaly

Monson et al
2003

United States

Observational

7,23

6 months

Parent interview

*How often placed infant on
their stomach to play (rarely –
0 to 1 x day; sometimes – 2-3
x day; frequently – 4 or more
x day)

1

*AIMS

*Infants who received more tummy time in a
day were associated with a significantly
higher AIMS raw score (p=0.004), percentile
score (p=0.003), prone raw score (p<0.001)
and supine raw score (p=0.019).

Positive for:
*AIMS total score
*AIMS percentile
score
*AIMS prone score
*AIMS supine score

Russell et al
2009

South Africa

Observational

59,61

6 weeks

Questionnaire

*Length of time (minutes)
spent in prone position when
awake (Infants were classified
as prone if spent > 30 minutes
per day in tummy time and
non-prone if they spent < 30
minutes per day).

1

*Blys development guidelines
When in prone, their ability to:
-turn head
-lift head 45 degrees
-displace weight on upper trunk
or thorax
-actively move arms
-push up on arms
-have elbow behind shoulder
-weight bear on hands with
forearms in mid-position
-hands open or not open
-anterior thigh
-knee extension less than 180
degrees
When being “pull-to-sit:

*No significant association with number of
experiences of tummy time per day with
AIMS subscale sit raw score (p=0.24) and
stand raw score (p=0.79).
*Spending more than 30 minutes per day in
tummy time was associated with a
significantly greater ability in prone head
control (p<0.0001), active movement of the
arms (p<0.0001) and pushing up on the arms
(p<0.0001), elbow position in relation to the
shoulder (p=0.0039), weight bearing on
hands in the mid position (p=0.0002),
anterior thigh position in relation to the floor
(p=0.0008) and knee extension (p=0.0334).
*No significant association with keeping
hands open or not and pull-to sit action
(p>0.05).

Positive for:
*AIMS prone score
(4-months)
*AIMS total score (4months)
*AIMS percentile (4months)
*AIMS prone score
(6-months)
*AIMS percentile (6months)
*GMQ (6-months)

Neutral for:
*AIMS sit score
*AIMS stand score
Positive for:
*Head control in
prone (turn head, lift
head, weight
displacement of
trunk)
*Active movement of
arms when prone
*Pushing up on arms
when prone
*Elbow position in
relation to the
shoulder when prone
*Weight bearing on
hands when prone
*Anterior thigh
position when prone
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-head control
-presence of shoulder girdle
elevation
-any activity of the legs
-presence of hip flexion
resistance
Salls et al 2002

United States

Observational

66 in total*

2 months

Questionnaire

*Awake time spent in prone
per day (0, 1-15, 16-30, 31-60,
61-90, 91-120, > 120
minutes).

1

Denver II gross motor sector
-head up 45 degrees
-head up 90 degrees
-sit-head steady
-chest up arm support
-roll over
-pull to sit no head lag
-sit no support

*Knee extension
when prone

*Two-month-old infants spending 15
minutes or fewer of awake time in prone
passed the gross motor milestones at
significantly lower percentages.
*Infants who spent > 15minutes per day of
awake time in prone at 2-months-of-age was
associated with a significantly earlier
achievement of head up 45 degrees, head up
90 degrees and sit head steady.
*No significant association with time spent
awake in prone noted at 4 and 6-months-ofage.

Senju et al 2018

Japan

Longitudinal

898, 906

6 months and 1,
1.5, 2, 2.5, 3 years

Questionnaire

* Ability in prone at 6-months
old (can the baby straighten
both arms and push their
whole chest off the floor when
on their tummy?)

1

* Ages and Stages
Questionnaires, third edition
(ASQ-3)

Soska et al
2014

United States

Observational

14,15

6.02 months
(mean)

Parent interview

*Frequency of playing with
toys while in prone (never,
seldom, sometimes, often)

4

Van Vlimmeren
et al 2007

Netherlands

Longitudinal

160, 197

Birth, 7 weeks

Parent interview

*Positioning of infant while
awake in prone
*Age (weeks) of infant when
put in prone to play for the
first time
*Frequency (per day) and
duration (minutes) of prone
play when awake

2

*Scoring of manual, visual and
oral exploration of objects using
Datavyu (a computerized video
coding software).
*Plagiocephalometry
-Plagiocephaly (oblique diameter
difference index)

Neutral for:
*Hands open or not
open when prone
*Pull-to-sit
Positive for:
*Gross motor
milestones (2months)
*Head up 45 degrees
(2-months)
*Head up 90 degrees
(2-months)
*Sit head steady (2months)
Neutral for:
*Chest up arm
support
*Roll over
*Pull to sit no head
lag
*Sit no support

* Significant difference between prone and
non-prone babies in the gross motor
development domain (p<0.001) that persisted
until 3 years of age (p=0.001); personalsocial domain (p<0.001) which persisted
until 1.5 years of age (p=0.035); fine motor
domain (p<0.001) which persisted until 2
years (p=0.009); problem solving domain
(p<0.001) which persisted until 2 years
(p=0.009); communication domain (p=0.027)
which persisted until 1 year (p=0.003) and
ASQ-3 total score (p<0.001) which persisted
until 2 years of age.
*No association between frequency of play
in prone and amount of manual, oral, or
visual exploration overall.

Positive for:
* Gross motor
development
* Personal-social
* Fine motor
* Problem solving
* Communication
* ASQ-3 total
score(Jennings, Judy
T. et al. 2005)

*Infants receiving tummy time less than 3
times per day was significant risk factor to
develop plagiocephaly at 7 weeks of age
(p=0.02).

Positive (beneficial)
for:
*Plagiocephaly

Neutral for:
*Manual, oral and
visual exploration

*No significant association between age of
first tummy time (≥3 weeks of age)
(p=0.7) and tummy time ≤5mins per day
(p=0.6)
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The quality of included studies ranged from low to high. All studies had high selection bias due to
homogenous participants in each of the studies. Most studies relied upon un-validated questionnaires or
position logs to measure the amount of tummy time the infant received. However, the majority of studies
used a validated tool to measure the health outcome and had less than 20% of participants drop out from
the studies. Further information regarding risk of bias of the included studies is reported in Table 4.2 for
observational studies and Table 4.3 for the single intervention study. Rules for classifying the strength of
and a summary of the association of tummy time (Hewitt et al., 2017) with the health outcomes are reported
in Tables 4.4 and 4.5 respectively.

Table 4.2: Risk of bias (observational studies)
Author

SELECTION
BIAS
How
participants
were selected
to be in the
study

PERFORMANCE
BIAS
How was tummy
time measured?
Was it a valid and
reliable tool?

DETECTION
BIAS
How was the
health
outcome
measured?
Was it a valid
and reliable
tool?

SELECTIVE
REPORTING
BIAS
Incomplete or
absent
reporting of
some
outcomes and
not others on
the basis of
the results

OTHER
BIAS
Other
factors that
may lead to
an
increased
risk of bias

Low

ATTRTION
BIAS
Did an
adequate
proportion of
those
consenting to
participate in
the study
have
complete
data (i.e. no
more than
20% of data
missing from
a cross
sectional
study and no
more than
30% for a
longitudinal
study)
Low

Aarnivala et al
2016
Carmeli et al
2009
Davis et
al1998
Dudek-Shriber
et al 2007
Koren et al
2018
Kuo et al 2008
Majnemer et
al 2005
Majnemer et
al 2006
Mawji et al
2014
Monson et al
2003
Russell et al
2009
Salls et al
2002
Senju et al
2018
Soska et al
2014
Van

High

High

Low

Low

High

High

Low

Low

High

High

High

High

Low

Low

Low

Low

High

High

Low

Low

Low

Low

High

High

Low

Low

Low

Low

High
High

High
Low

Low
Low

Low
Low

Low
Low

Low
Low

High

Low

Low

High

High

Low

High

High

Low

Low

Low

High

High

High

Low

Low

Low

High

High

High

Low

Low

Low

Low

High

High

Low

Low

High

Low

High

High

Low

Low

Low

Low

High

High

Low

Low

Low

Low

High

High

Low

Low

Low

Low
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Vlimmeren et
al 2007

Table 4.3: Risk of bias (intervention studies)
Author

SELECTION
BIAS
How
participants
were selected
to be in the
study

PERFORMANCE
BIAS
How was tummy
time measured?
Was it a valid and
reliable tool?

DETECTION
BIAS
How was the
health
outcome
measured?
Was it a valid
and reliable
tool?

Jennings et al
2004

High

High

High

ATTRTION
BIAS
Did an
adequate
proportion of
those
consenting to
participate in
the study
have
complete
data (i.e. no
more than
20% of data
missing from
a cross
sectional
study and no
more than
30% for a
longitudinal
study)
High

SELECTIVE
REPORTING
BIAS
Incomplete or
absent
reporting of
some
outcomes and
not others on
the basis of
the results

OTHER
BIAS
Other
factors that
may lead to
an
increased
risk of bias

High

High

Table 4.4: Rules for classifying variables regarding strength of association of tummy time to a
health outcome
Studies supporting association (%)
Summary code
Explanation of code
0-33
0
No association
34-59
?
Indeterminate/inconclusive association
60-100
+
Positive association
60-100
–
Negative association
Note: When an outcome was found four or more times, it was coded as: 00 (no association); ?? (indeterminate); ++ (positive
association); or – – (negative association)
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Table 4.5: Summary of reported association of tummy time with a health outcome
Health outcome
measure

Investigated an
association of tummy
time with the health
outcome (reference)

Association (0,
?, – or +)

Association was found with:

Effect sizes

Brachycephaly

Aarnivala et al 2016

+, p<0.01

Daily time spent in tummy time (hours)

Plagiocephaly

Aarnivala et al 2016

0, p>0.05

Daily time spent in tummy time (hours)

Coefficient estimate −0.14,
95% CI -0.24-0.03
No effect size given

Mawji et al 2014

0, p=0.83

Length of tummy time received (time measure not reported)

OR 0.93, 95%CI 0.61-1.41

Van Vlimmeren et al 2007
Carmeli et al 2009

+, p=0.02
0, p>0.05

Tummy time less than 3 times per day
Preferred position to be awake and play

OR 2.7, 95% CI 1.12-6.55
No effect size given

Dudek-Shriber et al 2007

+, p<0.001

Daily time spent in tummy time

No effect size given

Kuo et al 2008

+, p=0.018

Duration in prone play (minutes)

X2 (df=3) =10.1

Kuo et al 2008

+, p=0.037

Preference in wakeful prone position

Mann-Whitney U = 363.5

Kuo et al 2008

0, p>0.05

Experience in prone when awake

No effect size given

Majnemer et al 2005

+, p<0.01

Exposure to prone positioning when awake (AIMS percentile, 4 months old)

Correlation matrix = 0.38

Majnemer et al 2005

+, p<0.0001

Exposure to prone positioning when awake (AIMS percentile, 6 months old)

Correlation matrix = 0.64

Majnemer et al 2005

+, p<0.001

Exposure to prone positioning when awake (GMQ, 6 months old)

Correlation matrix = 0.55

Majnemer et al 2006

+, p<0.05

Duration of tummy time per day (minutes), (AIMS total score, 4 months old)

r=0.27-0.33

Majnemer et al 2006

+, p<0.05

Duration of tummy time per day (minutes), (AIMS percentile score, 4 months
old)

r=0.27-0.33

Majnemer et al 2006

+, p<0.01

Duration of tummy time per day (minutes), (AIMS percentile score, 6 months
old)

r=0.39

Majnemer et al 2006

+, p=0.001

Duration of tummy time per day (minutes), (PDMS GMQ, 6 months old)

r=0.49

AIMS percentile,
total score or
gross motor
development

Summary
coding for
studies with
an
association
(n/N; %)
1/1 (100%)

Summary
code for
association
(0,–,+, ?)

+

1/3 (33%)

?

17/19 (89%)

++
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Ability in prone
(AIMS prone
subscale, rolling
prone to supine,
forearm support,
extended arm
support,
swimming+,
reaching,
pivoting, head
control in prone,
active movement
of arms when in
prone, pushing up
on arms when in
prone, elbow
position in
relation to the
shoulder when in
prone, weight

Monson et al 2003

+, p=0.004

Times per day given tummy time (AIMS raw score)

No effect size given

Monson et al 2003

+, p=0.003

Times per day given tummy time (AIMS percentile score)

No effect size given

Salls et al 2002

+, p<0.05

Awake time spent in prone at 2 months old (minutes)

X2 (df=1) ≥ 3.84

Senju et al 2018

+, p<0.001

Ability in prone at 6 months old (Infant)

g=1.83, 95%CI 1.67-2.00

Senju et al 2018

+, p<0.001

Ability in prone at 6 months old (1 year of age)

g=0.54, 95%CI 0.38-0.70

Senju et al 2018

+, p<0.001

Ability in prone at 6 months old (1.5 years of age)

g=0.45, 95%CI 0.29-0.61

Senju et al 2018

+, p=0.001

Ability in prone at 6 months old (2 years of age)

g=0.31, 95%CI 0.15-0.47

Senju et al 2018

+, p=0.001

Ability in prone at 6 months old (2.5 years of age)

g=0.36, 95%CI 0.19-0.52

Senju et al 2018

+, p=0.001

Ability in prone at 6 months old (3 years of age)

g=0.33, 95%CI 0.16-0.49

Carmeli et al 2009

0, p>0.05

Preferred position to be awake and play

No effect size given

Majnemer et al 2006

+, p<0.05

Duration of tummy time per day (minutes), (AIMS prone score, 4 months old)

r=0.27-0.33

Majnemer et al 2006

+, p<0.01

Duration of tummy time per day (minutes), (AIMS prone score, 6 months old)

r=0.39

Monson et al 2003

+, p<0.001

Times per day given tummy time (AIMS prone raw score)

No effect size given

Davis et al 1998

0, p>0.05

Hours per day spent in tummy time

No effect size given

Dudek-Shriber et al 2007

+, p=0.001

Daily time spent in tummy time (Forearm support 1)

OR=19.33

Dudek-Shriber et al 2007

+, p<0.001

Daily time spent in tummy time (Forearm support 2)

OR=5.41

Dudek-Shriber et al 2007

+, p<0.001

Daily time spent in tummy time (Extended arm support)

OR=3.60

Dudek-Shriber et al 2007

+, p<0.001

Daily time spent in tummy time (Roll prone to supine)

OR=3.69

Dudek-Shriber et al 2007

+, p<0.001

Daily time spent in tummy time (Swimming+)

OR=4.14

26/31 (84%)

++
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bearing on hands
when prone,
anterior thigh
position in
relation to the
floor, knee
extension when
prone, keeping
hands open when
prone, head up 45
degrees, head up
90 degrees, chest
up arm support,
lifts head, turns
head, looks when
talked to, brings
hands to mouth,
kicks on tummy)

Dudek-Shriber et al 2007

+, p=0.004

Daily time spent in tummy time (Reaching)

OR=3.42

Dudek-Shriber et al 2007

+, p=0.001

Daily time spent in tummy time (Pivoting)

OR=4.02

Russell et al 2009

+, p<0.0001

Tummy time more than 30 minutes per day (Turn head in prone)

No effect size given

Russell et al 2009

+, p<0.0001

Tummy time more than 30 minutes per day (Lift head in prone)

No effect size given

Russell et al 2009

+, p<0.0001

Tummy time more than 30 minutes per day (Weight displacement of trunk)

No effect size given

Russell et al 2009

+, p<0.0001

Tummy time more than 30 minutes per day (Active movement of arms)

No effect size given

Russell et al 2009

+, p<0.0001

Tummy time more than 30 minutes per day (Pushing up on arms)

No effect size given

Russell et al 2009

+, p=0.0039

Tummy time more than 30 minutes per day (Elbow position)

No effect size given

Russell et al 2009

+, p=0.0002

Tummy time more than 30 minutes per day (Weight bearing on hands)

No effect size given

Russell et al 2009

+, p=0.0008

Tummy time more than 30 minutes per day (Anterior thigh position)

No effect size given

Russell et al 2009

+, p=0.0334

Tummy time more than 30 minutes per day (Knee extension)

No effect size given

Russell et al 2009

0, p>0.05

Tummy time more than 30 minutes per day (Keeping hands open)

No effect size given

Salls et al 2002

+, p<0.05

Tummy time more than 15 minutes per day (Head up 45 degrees, 2 months old)

X2 (df=1) ≥ 4.91

Salls et al 2002

+, p<0.05

Tummy time more than 15 minutes per day (Head up 90 degrees, 2 months old)

X2 (df=1) ≥ 8.90

Salls et al 2002

0, p>0.05

X2 (df=1) ≥ 0.01

Koren et al 2019

+, p=0.0001

Tummy time more than 15 minutes per day (Chest up arm support, 2 months
old)
Minutes per of tummy time (Lifts head)

Koren et al 2019

+, p=0.0033

Minutes per of tummy time (Turns head)

Koren et al 2019

+, p<0.0001

Minutes per of tummy time (Looks when talked to)

Koren et al 2019

+, p=0.0284

Minutes per of tummy time (Brings hand to mouth)

OR=4.73, 95%CI 0.5739.11
OR=10.06, 95%CI 1.2581.23
OR=2.7, 95%CI 0.88-8.36

Koren et al 2019

+, p=0.0006

Minutes per of tummy time (Kicks on tummy)

No effect size given

OR=2.93, 95%CI 0.614.27
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Ability in supine
(AIMS supine
subscale, rolling
supine to prone,
supine hands to
knees, supine
active extension)

Ability in or to sit
(AIMS sitting
subscale,
supported sitting
(tripod), sitting
unsupported,
unsustained
sitting, sit with
arm support, pull
to sit, sit head
steady)

Ability in or to

Koren et al 2019

0, p=0.1072

Minutes per of tummy time (Moves arms)

Carmeli et al 2009

0, p>0.05

Preferred position to be awake and play

OR=1.62, 95%CI 0.565.23
No effect size given

Monson et al 2003

+, p=0.019

Times per day given tummy time (AIMS supine raw score)

No effect size given

Davis et al 1998

0, p>0.05

Hours per day spent in tummy time

No effect size given

Dudek-Shriber et al 2007

+, p=0.003

Daily time spent in tummy time (Roll supine to prone)

OR=2.01

Dudek-Shriber et al 2007

+, p=0.016

Daily time spent in tummy time (Supine hands to knees)

OR=1.84

Dudek-Shriber et al 2007

+, p=0.001

Daily time spent in tummy time (Supine active extension)

OR=2.21

Monson et al 2003

0, p=0.24

Times per day given tummy time (AIMS sit score)

No effect size given

Davis et al 1998

+, p<0.05

Hours per day spent in tummy time (Supported sitting)

No effect size given

Davis et al 1998

+, p<0.05

Hours per day spent in tummy time (Unsupported sitting)

No effect size given

Dudek-Shriber et al 2007

+, p<0.001

Daily time spent in tummy time (Sitting propped with arms)

OR=4.12

Dudek-Shriber et al 2007

+, p<0.001

Daily time spent in tummy time (Unsustained sitting)

OR=2.82

Dudek-Shriber et al 2007

+, p=0.001

Daily time spent in tummy time (Sit with arm support)

OR=3.46

Kuo et al 2008

+, p<0.0167

Duration in prone play (minutes), (Sitting earlier)

No effect size given

Kuo et al 2008

0, p>0.05

Preference in wakeful prone position (Sitting)

No effect size given

Salls et al 2002

+, p<0.05

Tummy time more than 15 minutes per day (Sit head steady, 2 months old)

X2 (df=1) = 5.76

Salls et al 2002

0, p>0.05

X2 (df=1) = 1.85

Salls et al 2002

0, p>0.05

Tummy time more than 15 minutes per day (Pull to sit no head lag, 2 months
old)
Tummy time more than 15 minutes per day (Sit no support, 2 months old)

Russell et al 2009

0, p>0.05

Tummy time in minutes per day, (Pull to sit)

No effect size given

Monson et al 2003

0, p=0.79

Number of experiences of tummy time per day

No effect size given

4/6 (67%)

++

7/12 (58%)

??

1/2 (50%)

?

X2 (df=1) =3.00
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stand (AIMS
standing subscale,
pull to stand)
Ability in or to
crawl (Creeping ,
all fours,
crawling on
abdomen)

Walking

Fine motor
development
quotient (FMDQ,
transferring small
objects between
hands

Davis et al 1998

+, p<0.05

Hours per day spent in tummy time (Pull to stand)

No effect size given

Davis et al 1998

+, p<0.05

Hours per day spent in tummy time (Crawling)

No effect size given

Davis et al 1998

0, p>0.05

Hours per day spent in tummy time (Creeping)

No effect size given

Kuo et al 2008

+, p<0.0167

Duration in prone play (Crawling on abdomen)

No effect size given

Kuo et al 2008

+, p<0.0167

Duration in prone play (Crawling-on-4s)

No effect size given

Kuo et al 2008

+, p=0.012

Experience in prone (Crawling on abdomen)

Log rank = 6.3

Kuo et al 2008

+, p<0.0167

Preference in wakeful prone position (Crawling on abdomen)

No effect size given

Kuo et al 2008

+, p<0.0167

Preference in wakeful prone position (Crawling-on-4s)

No effect size given

Davis et al 1998

0, p>0.05

Tummy time, hours per day

No effect size given

Jennings et al 2005

+, p=0.015

Tummy time given prior to 6 months of age

No effect size given

Jennings et al 2005

+, p=0.0012

Tummy time given more than once per day

No effect size given

Jennings et al 2005

+, p=0.0367

Tummy time given less than once per day but more than seldom placed in prone

No effect size given

Kuo et al 2008

0, p>0.05

Duration in prone play

No effect size given

Kuo et al 2008

0, p>0.05

Preference of wakeful prone position

No effect size given

Davis et al 1998

0, p>0.05

Hours per day spent in tummy time (FMDQ)

No effect size given

Kuo et al 2008

0, p>0.05

Experience in prone when awake (FMDQ)

No effect size given

Kuo et al 2008

0, p>0.05

Experience in prone when awake (Transferring objects)

No effect size given

Kuo et al 2008

0, p>0.05

Duration in prone when awake (FMDQ)

No effect size given

Kuo et al 2008

0, p>0.05

Duration in prone when awake (Transferring objects)

No effect size given

6/7 (86%)

++

3/6 (50%)

??

5/15 (33%)

0
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Rolling
(unspecified
direction)

Cognition
(manual, oral and
visual
exploration,
problem solving)

Kuo et al 2008

0, p>0.05

Preference of wakeful prone position (FMDQ)

No effect size given

Kuo et al 2008

0, p>0.05

Preference of wakeful prone position (Transferring objects)

No effect size given

Majnemer et al 2005

–, p<0.05

Tummy time in minutes per day (4 months old)

Correlation matrix = -0.29

Majnemer et al 2005

+, p<0.05

Tummy time in minutes per day (6 months old)

Correlation matrix = 0.33

Senju et al 2018

+, p<0.001

Ability in prone at 6 months of age (Infant)

g=0.48, 95% CI 0.32-0.63

Senju et al 2018

+, p=0.001

Ability in prone at 6 months of age (1 year of age)

g=0.31, 95% CI 0.15-0.47

Senju et al 2018

+, p=0.014

Ability in prone at 6 months of age (1.5 years of age)

g=0.21. 95% CI 0.05-0.37

Senju et al 2018

+, p=0.009

Ability in prone at 6 months of age (2 years of age)

g=0.26, 95% CI 0.10-0.42

Senju et al 2018

0, p=0.264

Ability in prone at 6 months of age (2.5 years of age)

Senju et al 2018

0, p=0.806

Ability in prone at 6 months of age (3 years of age)

g=-0.07, 95% CI -0.230.09
g=0.37, 95% CI -0.13-0.20

Kuo et al 2008

+, p<0.0167

Duration in prone play (minutes)

No effect size given

Kuo et al 2008

+, p<0.0167

Preference of wakeful prone position

No effect size given

Salls et al 2002

0, p>0.05

Awake time spent in prone per day in minutes

X2 (df=1) = 2.96

Soska et al 2014

0, p>0.05

Frequency of playing in prone

No effect size given

Senju et al 2018

+, p<0.001

Ability in prone at 6 months of age (Infant)

g=0.40, 95%CI 0.24-0.55

Senju et al 2018

+, p<0.001

Ability in prone at 6 months of age (1 year of age)

g=0.28, 95%CI 0.12-0.44

Senju et al 2018

+, p=0.004

Ability in prone at 6 months of age (1.5 years of age)

g=0.24, 95%CI 0.08-0.40

Senju et al 2018

+, p=0.009

Ability in prone at 6 months of age (2 years of age)

g=0.22, 95%CI 0.06-0.38

Senju et al 2018

0, p=0.420

Ability in prone at 6 months of age (2.5 years of age)

g=-0.08, 95%CI -0.25-0.08

Senju et al 2018

0, p=0.878

Ability in prone at 6 months of age (3 years of age)

g=0.01, 95%CI -0.15-0.18

2/3 (67%)

+

4/7 (57%)

?
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Body Mass Index
(BMI-z)
Communication

Personal social

Total
development
(communication,
gross motor, fine
motor, problem
solving, personal
social)

Koren et al 2019

+, p=0.0412

Tummy time duration at 2 months of age

Senju et al 2018

+, p=0.027

Ability in prone at 6 months of age (Infant)

Slope -0.0384, CI -0.0752 -0.0015
g=0.20, 95%CI 0.45-0.35

Senju et al 2018

+, p=0.003

Ability in prone at 6 months of age (1 year of age)

g=0.25, 95%CI 0.09-0.41

Senju et al 2018

0, p=0.226

Ability in prone at 6 months of age (1.5 years of age)

g=0.08, 95%CI -0.08-0.24

Senju et al 2018

0, p=0.888

Ability in prone at 6 months of age (2 years of age)

g=-0.02, 95%CI -0.18-0.14

Senju et al 2018

0, p=0.839

Ability in prone at 6 months of age (2.5 years of age)

g=-0.01, 95%CI -0.17-0.15

Senju et al 2018

0, p=0.142

Ability in prone at 6 months of age (3 years of age)

g=0.11, 95%CI -0.05-0.28

Senju et al 2018

+, p<0.001

Ability in prone at 6 months of age (Infant)

g=0.58, 95%CI 0.42-0.73

Senju et al 2018

+, p<0.001

Ability in prone at 6 months of age (1 year of age)

g=0.30, 95%CI 0.14-0.46

Senju et al 2018

+, p=0.035

Ability in prone at 6 months of age (1.5 years of age)

g=0.21, 95%CI 0.05-0.37

Senju et al 2018

0, p=0.104

Ability in prone at 6 months of age (2 years of age)

g=0.16, 95%CI 0.00-0.32

Senju et al 2018

0, p=0.130

Ability in prone at 6 months of age (2.5 years of age)

g=0.13, 95%CI -0.03-0.30

Senju et al 2018

0, p=0.507

Ability in prone at 6 months of age (3 years of age)

g=0.06, 95%CI -0.11-0.22

Senju et al 2018

+, p<0.001

Ability in prone at 6 months of age (Infant)

g=0.96, 95%CI 0.80-1.11

Senju et al 2018

+, p<0.001

Ability in prone at 6 months of age (1 year of age)

g=0.46, 95%CI 0.30-0.62

Senju et al 2018

+, p=0.001

Ability in prone at 6 months of age (1.5 years of age)

g=031, 95%CI 0.15-0.47

Senju et al 2018

+, p=0.016

Ability in prone at 6 months of age (2 years of age)

g=0.21, 95%CI 0.49-0.37

Senju et al 2018

0, p=0.526

Ability in prone at 6 months of age (2.5 years of age)

g=0.05, 95%CI -0.11-0.22

Senju et al 2018

0, p=0.119

Ability in prone at 6 months of age (3 year of age)

g=0.12, 95%CI -0.44-0.29

1/1 (100%)

+

2/6 (33%)

0

3/6 (50%)

?

4/6 (67%)

++
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OR = Odds ratio; CI = Confidence interval; g = hedge’s g; r = regression; X2 = Chi square; p = p value; df = degrees of freedom
+
Swimming as a position on the floor not in water, infant’s arms and legs raised from the ground whilst positioned on their tummy
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Association with infant health outcomes
All outcomes that had a positive, neutral or negative association with tummy time are reported in Tables
4.1 and 4.5. In general, there were five health and development outcomes examined. These were head
shape, motor development, body mass index, social/communication and cognition. Separating these
outcomes into more specific components, 16 health and development outcomes were identified. They were
brachycephaly, plagiocephaly, gross motor development, fine motor development, total development,
ability in prone, supine, sitting, standing, rolling, crawling, walking, personal/social, communication, body
mass index and cognition (Table 4.5).

Experience in tummy time was found to have a significant positive association with an infant’s total
development (communication, gross motor, fine motor, problem solving, social), gross motor development,
ability in prone, supine, rolling and crawling, a decrease in BMI-z score and for the prevention of
brachycephaly. There were 17 positive associations found with tummy time from seven studies with an
infant’s gross motor development ability, 26 positive associations found from six studies with an infant’s
ability to move in prone, six positive associations with an infant’s ability to crawl from two studies and
four positive associations from two studies with an infant’s ability to move in supine. Indeterminate
associations were found between tummy time and plagiocephaly, the ability to sit, stand and walk, cognition
and personal/social domains. No association was found between tummy time and fine motor development
and communication.

Head shape
Three studies examined the association between tummy time and head shape. There was a significant
decrease in brachycephaly scores (p<0.01) associated with more hours per day prone on the floor when
awake but no association with plagiocephaly scores (p>0.05) (Aarnivala et al., 2016). Another study did
not find an association between length of tummy time and plagiocephaly (p=0.83) (Mawji et al., 2014).
However, it was found that infants who received tummy time less than 3 times per day were at greater risk
to develop plagiocephaly at 7 weeks of age (p=0.02) (van Vlimmeren et al., 2007).

Motor development
The association between physical activity and motor development was examined in 12 studies. Eleven
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studies found a positive effect and one study found a neutral effect. One non-randomised controlled trial
found babies less than 6-months-old who had tummy time routinely (more than once per day) had
significantly higher locomotion scores than other babies in the youngest group who were seldom placed
prone to play (p=0.0012) or placed in prone less than once per day (p=0.0367) (Jennings et al., 2005). The
four longitudinal studies reported a significant difference between prone and non-prone babies in gross
motor development (p<0.001) (Senju et al., 2018), achievement of rolling, crawling on abdomen, crawlingon-4s and sitting earlier (p<0.0167) (Kuo et al., 2008), achievement of prone developmental milestones
(p<0.01) (Koren et al., 2019) and earlier attainment of supported sitting, sitting unsupported, crawling and
pulling to stand (p<0.05) (Davis et al., 1998). Interestingly, in one of these studies, the gain in motor
development persisted until the child was 3 years of age (p=0.001) (Senju et al., 2018). The six
observational studies also found that infants who spent more time awake in prone achieved their expected
milestones earlier (p<0.001) (Dudek-Shriber & Zelazny, 2007) and had higher AIMS percentile and prone
scores (p<0.01) (Majnemer & Barr, 2005, 2006; Monson et al., 2003) compared with infants who spent less
time awake in prone. Spending more than 30 minutes per day in tummy time was associated with a
significantly greater ability in prone head control (p<0.0001), active movement of the arms (p<0.0001),
pushing up on the arms (p<0.0001), elbow position in relation to the shoulder (p=0.0039), weight bearing
on hands in the mid position (p=0.0002), anterior thigh position in relation to the floor (p=0.0008) and knee
extension (p=0.0334) (Russell et al., 2009). Likewise, infants who spent more than 15 minutes per day of
awake time in prone at 2-months-of-age were more likely to achieve earlier head up 45 degrees, head up
90 degrees and sit head steady (Salls et al., 2002).

Body Mass Index
One study found a significant association between developmental milestones, level of BMI-z score and
time spent in tummy time at 2-months-of-age (p<0.0001). More tummy time resulted in a higher percentage
of infants achieving prone developmental milestones (p<0.01). In addition, there was an association
between an increase in daily tummy time past the threshold of 12 minutes per day at age 2-months and a
decline in BMI-z score at 4-months.

Social/Communication/Cognition
One study investigated the association between tummy time and communication. They found a significant
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difference between prone and non-prone babies in the communication domain (p=0.027) that persisted until
1 year (p=0.003) but no association after this age (positive association between tummy time and
communication for prone babies). There were two studies that investigated the effect of tummy time on
cognition. One study found a significant positive association between the infant’s ability in prone at 6months-of-age and cognition (problem solving), which persisted until the infant was 2 years old. However,
combining this result with the other study investigating cognition, resulted in an indeterminate association
overall (Table 4.5).

Fine motor development
Four studies investigated the association of tummy time with fine motor development. No association was
found in 10 out of 15 outcomes measured.

4.5 Discussion
This systematic review identified the association of tummy time with a broad and specific range of infant
health and development outcomes. Combining the current available evidence further confirms the
importance of tummy time to enhance infant development. In addition, it highlights the association of
tummy time with specific aspects of motor development (ability to move in prone, supine, rolling and
crawling), the reduction in BMI-z score and for prevention of brachycephaly. This review further
demonstrates the need for objective tummy time measurement techniques as all included studies used
subjective questionnaires or parent position logs.

Investigating specific benefits of tummy time can be beneficial for parents, health care professionals and
early care educators. Attainment of specific abilities such as the ability of the infant to lift their head off the
ground, ability to move their arms while in prone, ability to reach while in prone, ability to sit with arms
supporting them are small yet tangible goals parents can strive to meet. Breaking down the achievement of
motor tasks such as rolling, sitting up unsupported and walking into smaller, achievable stages of motor
development could be a motivating factor especially for those struggling with meeting the guidelines for
tummy time.

The findings in this study are similar to the systematic review by Carson et al., 2017 (Carson et al., 2017)
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who found that tummy time participation of less than three times per day was significantly associated with
plagiocephaly in unadjusted models (van Vlimmeren et al., 2007) and that at least 30 minutes of tummy
time per day was beneficial to motor development (Kuo et al., 2008). Fourteen additional studies were
found in the current review due to new studies published and the reduced number of participants required
in our inclusion criteria.

To our knowledge, this is the first systematic review that includes a positive association of tummy time
with Body Mass Index (Koren et al., 2019). As there is currently only one study investigating the association
of tummy time with BMI, further research into the effect of tummy time on unhealthy weight gain among
young children is recommended. At this time, the guidelines focus on the prevention of plagiocephaly and
the enhancement of motor development. Current adherence to the infant physical activity guidelines is 30%
in Australia (Gross et al., 2017; Hesketh et al., 2017). The inclusion of the benefit of a reduction in infant
BMI-z score may potentially be an important finding to translate to assist parents and educators with
adherence to the global physical activity guidelines, however, further research is required before this can
be incorporated into future translation plans. These findings may also guide the prioritisation of
interventions aimed to increase tummy time practices for both healthy babies as well as babies with
developmental disorders.

Limitations of this study are the small number of studies (which also had small sample sizes) available to
review. A publication bias may also be present as it is unknown if other studies were conducted but not
published due to null results. In addition, most studies were observational in design and lacked the
robustness of a randomised controlled trial design. High selection and performance bias were present for
the majority of studies, which reduces their ability to be accurately representative of other socioeconomic
and cultural groups. Limits were placed on the selection criteria to only include studies written in English
and that had tummy time as the only intervention. There were some studies that combined various
interventions (supine positioning, prone positioning, prone sleeping, counseling, nutrition etc) and
investigated the combined effect of these interventions on infant health outcomes. To include these in the
review would have confounded the independent effect of tummy time on infant health outcomes, leading
to a misinterpretation of actual effect of tummy time alone. To ensure the true (not confounded) effect of
tummy time on infant health outcomes could be examined, studies were only included if they conducted an
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exclusive tummy time intervention. As such, this may have excluded some studies written in other
languages or investigated a combination of interventions which may have found associations different to
this review. In addition, studies that had infants with and without plagiocephaly grouped together were also
excluded due to the potential differences in motor development that could not be distinguished.
While a number of systematic reviews have examined the effect of physical activity interventions on older
children’s health outcomes (Carson et al., 2017; Tremblay et al., 2017), research examining the
relationships between physical activity and health among infants are limited. It is recommended more
research examine the relationships between physical activity and health indicators in infants. This can
ensure the identification of developmentally appropriate types and doses of physical activity that have a
positive impact on the health and well-being of the infant.

4.6 Conclusions
This study systematically reviewed evidence from 16 studies regarding the association of tummy time with
infant health outcomes. Total development, gross motor development, ability to move while prone, supine
and crawling were the health outcomes that had a significantly strong positive association. Studies using
tummy time objective measurement techniques and assessing a broader range of health outcomes are
warranted to further inform future physical activity guidelines for infants.

Clinical implications/public health significance


Results from this review (tummy time being positively associated with gross motor and total
development, reduction in BMI-z, prevention of brachycephaly and ability to move while prone,
supine, crawling and rolling) can be used to educate parents about the benefits of tummy time



Further understanding of the effects of tummy time on infant health and development may assist
to improve compliance with the WHO tummy time recommendations of 30 minutes per day.



This review highlights further work is required regarding the objective measurement of tummy
time rather than relying on parent-proxy questionnaires.

81

4.7 References
Aarnivala, H, Vuollo, V, Harila, V, Heikkinen, T, Pirttiniemi, P, Holmström, L, Valkama, A, Holmström,
L & Valkama, AM. (2016). The course of positional cranial deformation from 3 to 12 months of
age and associated risk factors: a follow-up with 3D imaging. European Journal Of Pediatrics,
175(12), 1893-1903.
Berk L. (2013). Development through the lifespan, 6th ed, Pearson Higher Education, Boston, MA.
Carmeli, E, Marmur, R, Cohen, A & Tirosh, E. (2009). Preferred sleep position and gross motor
achievement in early infancy. European Journal Of Pediatrics, 168(6), 711-715.
Carson, V, Lee, EY, Hewitt, L, Jennings, C, Hunter, S, Kuzik, N, Stearns, JA, Unrau, SP, Poitras, VJ, Gray,
C, Adamo, KB, Janssen, I, Okely, AD, Spence, JC, Timmons, BW, Sampson, M & Tremblay,
MS. (2017). Systematic review of the relationships between physical activity and health indicators
in the early years (0-4 years). BMC Public Health, 17.
Chief Medical Officer UK. (2019). UK Chief Medical Officers' Physical Activity Guidelines.
Davis, BE, Moon, RY, Sachs, HC & Ottolini, MC. (1998). Effects of sleep position on infant motor
development. Pediatrics, 102(5), 1135-1340.
Dudek-Shriber, L & Zelazny, S. (2007). The effects of prone positioning on the quality and acquisition of
developmental milestones in four-month-old infants. Pediatric Physical Therapy, 19(1), 48-55.
Gross, RS, Mendelsohn, AL, Yin, HS, Tomopoulos, S, Gross, MB, Scheinmann, R & Messito, MJ. (2017).
Randomised controlled trial of an early child obesity prevention intervention: Impacts on infant
tummy time, Obesity (Silver Spring, Md.), 25(5), 920-927.
Guyatt, G, Oxman, AD, Akl, EA, Kunz, R, Vist, G, Brozek, J, Norris, S, Falck-Ytter, Y, Glasziou, P &
Jaeschke, R. (2011). GRADE guidelines: 1. Introduction—GRADE evidence profiles and
summary of findings tables. Journal of clinical epidemiology, 64(4), 383-394.
Guyatt, G, Oxman, AD, Sultan, S, Glasziou, P, Akl, EA, Alonso-Coello, P, Atkins, D, Kunz, R, Brozek, J
& Montori, V. (2011). GRADE guidelines: 9. Rating up the quality of evidence. Journal of clinical
epidemiology, 64(12), 1311-1316.
Guyatt, G, Oxman, AD, Vist, G, Kunz, R, Brozek, J, Alonso-Coello, P, Montori, V, Akl, EA, Djulbegovic,
B & Falck-Ytter, Y. (2011). GRADE guidelines: 4. Rating the quality of evidence—study
limitations (risk of bias). Journal of clinical epidemiology, 64(4), 407-415.
Hesketh, KD, Downing, KL, Campbell, K, Crawford, D, Salmon, J & Hnatiuk, JA. (2017). Proportion of
infants meeting the Australian 24-hour Movement Guidelines for the Early Years: Data from the
Melbourne InFANT Program. BMC Public Health, 17.
Hewitt, L, Benjamin-Neelon, SE, Carson, V, Stanley, RM, Janssen, I & Okely, AD. (2018). Child-care
center adherence to infant physical activity and screen time recommendations in Australia, Canada
and the United States: An observational study. Infant Behavior and Development, 50, 88-97.
Hewitt, L, Stanley, RM & Okely, AD. (2017). Correlates of tummy time in infants aged 0-12 months old:
A systematic review. Infant Behavior & Development, 49, 310-321.
Higgins, J, Green S. (2011). Cochrane handbook for systematic review of interventions, 5.1.0 [updated
March 2011] edn, John Wiley & Sons, West Sussex, England.
Jennings, JT, Sarbaugh, BG & Payne, NS. (2005). Conveying the message about optimal infant positions.
Physical & Occupational Therapy In Pediatrics, 25(3), 3-18.
Koren, A, Kahn-D'angelo, L, Reece, SM & Gore, R. (2019). Examining Childhood Obesity From Infancy:
The Relationship Between Tummy Time, Infant BMI-z, Weight Gain, and Motor Development—
An Exploratory Study. Journal of Pediatric Health Care, 33(1), 80-91.
Kuo, Y-L, Liao, H-F, Chen, P-C, Hsieh, W-S & Hwang, A-W. (2008). The influence of wakeful prone
positioning on motor development during the early life. Journal Of Developmental And
Behavioral Pediatrics, 29(5), 367-376.
Majnemer, A & Barr, RG. (2005). Influence of supine sleep positioning on early motor milestone
acquisition. Developmental Medicine And Child Neurology, 47(6), 370-376.
Majnemer, A & Barr, RG. (2006). Association between sleep position and early motor development. The
Journal Of Pediatrics, 149(5), 623-629.
Mawji, A, Vollman, AR, Fung, T, Hatfield, J, McNeil, DA & Sauvé, R. (2014). Risk factors for positional
plagiocephaly and appropriate time frames for prevention messaging. Paediatrics & Child Health,
19(8), 423-427.
Moher, D, Liberati, A, Tetzlaff, J, Altman, DG & Group, P. (2009). Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA statement, PLoS med, 6(7), p. e1000097.
Monson, RM, Deitz, J & Kartin, D. (2003). The relationship between awake positioning and motor
performance among infants who slept supine. Pediatric Physical Therapy: The Official

82

Publication Of The Section On Pediatrics Of The American Physical Therapy Association, 15(4),
196-203.
Monson, RM, Deitz, J & Kartin, D. (2003). The relationship between awake positioning and motor
performance among infants who slept supine. Pediatric Physical Therapy, 15(4), 196-203.
Okely, AD, Ghersi, D, Hesketh, KD, Santos, R, Loughran, SP, Cliff, DP, Shilton, T, Grant, D, Jones, RA,
Stanley, RM, Sherring, J, Hinkley, T, Trost, SG, McHugh, C, Eckermann, S, Thorpe, K, Waters,
K, Olds, TS, Mackey, T, Livingstone, R, Christian, H, Carr, H, Verrender, A, Pereira, JR, Zhang,
Z, Downing, KL & Tremblay, MS. (2017). A collaborative approach to adopting/adapting
guidelines - The Australian 24-Hour Movement Guidelines for the early years (Birth to 5 years):
An integration of physical activity, sedentary behavior, and sleep. BMC Public Health, 17.
Russell, DC, Kriel, H, Joubert, G & Goosen, Y. (2009). Prone positioning and motor development in the
first 6 weeks of life. South African Journal of Occupational Therapy, 39(1), 11-14.
Salls, JS, Silverman, LN & Gatty, CM. (2002). The relationship of infant sleep and play positioning to
motor milestone achievement, American Journal of Occupational Therapy, 56(5), 577-580.
Schardt, C, Adams, MB, Owens, T, Keitz, S & Fontelo, P. (2007). Utilization of the PICO framework to
improve searching PubMed for clinical questions. BMC medical informatics and decision making,
7(1), 16.
Senju, A, Shimono, M, Tsuji, M, Suga, R, Shibata, E, Fujino, Y, Kawamoto, T & Kusuhara, K. (2018).
Inability of infants to push up in the prone position and subsequent development. Pediatrics
International, 60(9), 811-819.
Soska, KC & Adolph, KE. (2014). Postural position constrains multimodal object exploration in infants.
Infancy: The Official Journal Of The International Society On Infant Studies, 19(2), 138-161.
South African 24-Hour Movement Guidelines. (2018). South African 24-Hour Movement Guidelines For
Birth To Five Years: An integration of physical activity, sitting behaviour, screen time and sleep.
, viewed 20 December 2018, <https://www.wits.ac.za/media/wits-university/research/coehuman/documents/EYMG 2-pager ONLINE.pdf>.
Tremblay, MS, Chaput, JP, Adamo, KB, Aubert, S, Barnes, JD, Choquette, L, Duggan, M, Faulkner, G,
Goldfield, GS, Gray, CE, Gruber, R, Janson, K, Janssen, I, Janssen, X, Jaramillo Garcia, A, Kuzik,
N, LeBlanc, C, MacLean, J, Okely, AD, Poitras, VJ, Rayner, ME, Reilly, JJ, Sampson, M, Spence,
JC, Timmons, BW & Carson, V. (2017). Canadian 24-Hour Movement Guidelines for the Early
Years (0-4 years): An Integration of Physical Activity, Sedentary Behaviour, and Sleep. BMC
Public Health, 17.
Van Vlimmeren, LA, van Der Graaf, Y, Boere-Boonekamp, MM, L'Hoir, MP, Helders, PJM & Engelbert,
RHH. (2007). Risk factors for deformational plagiocephaly at birth and at 7 weeks of age: A
prospective cohort study. Pediatrics, 119(2), 408-418.
Wen, LM, Baur, LA, Simpson, JM, Rissel, C & Flood, VM. (2011). Effectiveness of an early intervention
on infant feeding practices and "tummy time": a randomised controlled trial. Archives Of
Pediatrics & Adolescent Medicine, 165(8), 701-707.
World Health Organization. (2019). Guidelines on physical activity, sedentary behaviour and sleep for
children
under
5
years
of
age.
World
Health
Organization.
https://apps.who.int/iris/handle/10665/311664. License: CC BY-NC-SA 3.0 IGO

83

Chapter 5:

Objective measurement of tummy time in
infants (0-6 months): A validation study

This chapter has been published as: Hewitt L, Stanley RM, Cliff D, Okely AD. Objective measurement
of tummy time in infants (0-6 months): A validation study. PLoS ONE. 2019;14(2). doi:
10.1371/journal.pone.0210977 (Appendix B).
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5.1 Abstract
Background
The 2017 Australian and Canadian 24-hour movement guidelines recommend infants receive 30 minutes
of tummy time daily. Currently, there are no validated objective measurement tools or devices to assess
tummy time. The purpose of this study was to: 1) test the practicality of using devices on infants as an
objective measure of tummy time, and 2) test the accuracy of developed algorithms and cut-points for
predicting prone posture.
Methods
Thirty-two healthy infants aged 4 to 25 weeks completed a protocol of 12 positions. Infants were placed in
each position for 3 minutes while wearing a MonBaby (chest), GENEActiv (right hip) and two ActiGraphs
(right hip and ankle). Direct observation was the criterion measure. The accuracy of the algorithms or cutpoints to predict prone on floor, non-prone and prone supported positions were analyzed. Parents also
completed a practicality questionnaire.
Results
Algorithms and cut-points to classify posture using devices from MonBaby, GENEActiv and ActiGraph
(hip and ankle) were 79%, 95%, 90% and 88% accurate at defining tummy time and 100%, 98%, 100%
and 96% accurate at defining non-prone positions, respectively. GENEActiv had the smallest mean
difference and limits of agreement (-8.4s, limits of agreement [LoA]: -78.2 to 61.3s) for the prone on floor
positions and ActiGraph Hip had the smallest mean difference and LoA for the non-prone positions (-0.2s,
LoA: -1.2 to 0.9s). The majority of parents agreed all devices were practical and feasible to use with
MonBaby being the preferred device.
Conclusions
The evaluated algorithms and cut-points for GENEActiv and ActiGraph (hip) are of acceptable accuracy
to objectively measure tummy time (time spent prone on floor). Accurate measurement of infant positioning
practices will be important in the observation of 24-hour movement guidelines in the early years.
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5.2 Background
The Australian and Canadian 24-Hour Movement Guidelines for the Early Years (Birth to 5 years)
recommend infants (Birth to one year) participate in supervised, interactive floor-based play in safe
environments (Hesketh et al., 2017; Tremblay et al., 2017). Tummy time, defined as awake time in the
prone position (Hewitt et al., 2018) is advantageous for motor development (Carson et al., 2017). Thirty
minutes of tummy time, spread throughout the day whilst the infant is awake and supervised is encouraged
(Guidetti et al., 2017). In addition, a lack of tummy time is one of the most commonly reported risk factors
for the development of deformational plagiocephaly (De Bock et al., 2017). Despite this, evidence remains
inconsistent, with some studies reporting a significant positive effect of tummy time on plagiocephaly and
others reporting no effect (Glasgow et al., 2007; Habal et al., 2004; Hutchison et al., 2004; Hutchison et al.,
2009; Rogers, 2011; van Vlimmeren et al., 2007).

Current research investigating tummy time has used retrospective parent questionnaires (Dudek-Shriber &
Zelazny, 2007; Monson et al., 2003; Russell et al., 2009; Salls et al., 2002) or diaries to record infant
positioning over a specified period of time (Majnemer & Barr, 2005). These studies do not report the
validity of the questionnaires used and are based on parent recall. The parents’ accuracy for estimating the
time an infant spends in different activities is unclear (Hesketh et al., 2015) and may result in a bias towards
over-reporting tummy time (Colley et al., 2012). To enable an objective measure of the amount of tummy
time an infant engages in requires the development and validation of measurement devices that can
calculate real-time infant positioning (Hewitt et al., 2017).

A number of commercial devices are currently available that have the capacity to measure infant body
posture. MonBaby is a digital baby monitor that uses a wireless connection via Bluetooth Low Energy
(BLE) to an iPhone or Android phone (MonDevices Inc, New York, NY, USA). MonBaby has been
originally designed

to

function as a

“Smart Breathing Movement Monitor

for

Babies”

(www.monbaby.com). It consists of a device (“Smart button”), which sends information about the baby’s
breathing movement, body position (supine or prone), fall detection, proximity to the phone, battery life
and connection status to a MonBaby app that has been installed on an iPhone or Android phone. The
ActiGraph and GENEActiv devices are tri-axial accelerometry-based activity monitors (ActiGraph LLC,
Pensacola, FL, USA; Activinsights Ltd, Cambridgeshire, UK). They have been successfully used in studies

86

to assess physical activity in ambulating children (Rowlands et al., 2014; Trost et al., 2011). Whilst these
devices have the capacity to measure body posture or movement, they have not been validated to measure
posture in the infant population. It is also unclear where to best place a device on an infant’s body to enable
this type of measurement to occur (Cliff et al., 2009). Therefore, the purpose of this study was to: 1) test
the practicality of using devices on infants as an objective measure of tummy time, and 2) test the accuracy
of the manufacturer’s (MonDevices Inc, ActiGraph LLC and Activinsights Ltd) algorithm or cut-points for
predicting posture.

5.3 Methods
Participants
A convenience sample of 32 infants aged from 4 to 25 weeks (male, n = 19) were recruited from the
Illawarra region of New South Wales, Australia. Most infants were recruited from their Early Childhood
Nurse or from advertisements within the University of Wollongong (Appendix E and F). The study was
approved by the University of Wollongong and Illawarra Shoalhaven Local Health District Health and
Medical Human Research Ethics Committee (HE16/167) (Appendix G). Written informed consent was
obtained by the infant’s parent prior to commencement of the study (Appendix H).

Procedures
The parent brought the infant to the University of Wollongong between September 2016 and November
2017. Weight and recumbent length were measured to the nearest 0.01 kg and 0.5 cm respectively using
the Seca 334 electronic baby scale plus Seca 232 measuring rod (Seca group). Four devices were placed
onto the infant. An ActiGraph and GENEActiv were placed on the right hip (secured with an elastic strap
around the waist), an ActiGraph was placed on their right ankle (secured with an elastic strap around the
ankle) and a MonBaby was secured to the clothing in the middle of the infant’s chest (Figure 5.1). All
monitors were worn continuously during testing (approximately 1 hour). Times (video and four devices)
were synchronized immediately before testing. Placement of the monitors on the hip and chest were chosen
based on the respective manufacturer’s recommendation. An additional ActiGraph was placed on the ankle
because it is one of the most common monitoring sites in infant sleep studies (Meltzer et al., 2012). Activity
trials were conducted firstly on a doll, then on randomly selected infants to assist with selecting the
appropriate threshold for each axis or developing an algorithm to deduce position.
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Figure 5.1 Device placement on infants. 14-week-old female wearing four devices as indicated.

MonBaby

ActiGraph Hip

GENEActiv

ActiGraph Ankle

The participants were placed in 12 positions by their parent: 1. prone on floor attempt one and 2. prone on
floor attempt two (categorized as prone on floor positions); 3. supine, 4. left sidelying, 5. right sidelying, 6.
cradle hold, 7. reclined in a car seat, 8. being held upright against the parent’s shoulder whilst the parent is
standing, 9. supported sitting on the lap of the parent, and 10. reclined in a pram (categorized as non-prone
positions); 11. being held whilst the infant is on their tummy (carer standing or sitting) and 12. prone but
lying on the parent’s chest who was reclined on a bean bag (categorized as prone supported positions)
(Appendix I). The infants were placed in each position by their parent for approximately 3 minutes each.
The entire session was video recorded and the position of the baby was noted for each second. Parents also
completed a 25-item questionnaire to understand their perceptions of the practicality of their infant wearing
each device at home (Appendix J).

Devices
The ActiGraph and GENEActiv devices are tri-axial accelerometry-based activity monitors (ActiGraph
LLC, Pensacola, FL, USA; Activinsights Ltd, Cambridgeshire, UK). They were initialized with a sampling
frequency of 30 Hz and set with on and off times to record the data. The ActiGraph accelerometers (hip
and ankle) were orientated (baby supine) with the x-axis pointing vertically forwards (front to back), y-axis
horizontally (head to feet) and z-axis horizontally (hip to hip). The MonBaby is composed of a circuit
board, which incorporates a precision 14-bit, tri-axial accelerometer sensor chip that communicates with
the BLE microprocessor chip (MonDevices Inc, New York, NY, USA). MonBaby has a sample frequency
of 6.25 Hz and begins to record immediately once it is configured (i.e. put flat on a table so the device is
aware when it is face up or upside-down). MonBaby is orientated (baby supine) with the x-axis pointing
horizontally (side to side), y-axis vertically (head to feet) and the z-axis facing forwards (front to back).
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After each session, the individual GENEActiv data were uploaded and the raw .bin files converted to 1s
epoch .csv files using GENEActiv PC software (version 2.2). The 1s epoch files from the GENEActiv
device were imported into custom-built spreadsheets in Excel that computed the most likely position
(classified as prone, non-prone or prone supported) using an algorithm developed by Activinsights Ltd.
This algorithm was formed by classifying each position from a scatter plot with rotation (360 degree angle)
on the x-axis and elevation (up/down angle) on the y-axis (Appendix K). The GENEActiv accelerometer
was oriented (baby supine) with the x-axis horizontally to the right (side to side), y-axis pointing towards
the feet (head to feet), and z-axis facing forward (front to back). In addition, as the movement was low, the
signal from the accelerometer is dominated by the Earth’s gravitational field, as such, the angles can be
calculated without a gyroscope (Rowlands et al., 2016).

Similarly, the ActiGraph data were uploaded and the raw .GTx file converted to 1s epoch .csv file using
ActiGraph PC software (version 6.12.1). A custom-built Excel macro designed by ActiGraph then opened
the .csv file and position (classified as prone, non-prone and prone supported for ActiGraph Hip; prone and
non-prone for ActiGraph Ankle) was determined. This was achieved by using specified x and y axis cutpoints for ActiGraph Hip (x axis >0.7g and y axis >-0.1g for prone on floor; x axis >0.7g and y axis <-0.1g
for prone supported) and x and z axis cut-points for ActiGraph Ankle (x axis >0.35g and z axis >-0.45g for
prone). Correction for gravity is done automatically upon downloading the data into the Macro for analysis,
as such, a Gyroscope was not required.

For MonBaby, a custom-built dashboard was developed by MonDevices Inc. A Universal Unique Identifier
(UUID) was used by the dashboard to retrieve the data collected (timestamp, x,y and z axis) by the
MonBaby device from each testing session. Data were then downloaded from the dashboard into a .csv file
and then converted into an Excel file. For the non-prone positions, a formula was copied into each row to
determine

the

360

degree

angle

calculated

from

the

x,

y

and

z

axis

[=ACOS(E3/SQRT(C2*C2+D2*D2+E2*E2))*180/PI() with the number representing the row on the Excel
spreadsheet and C being the x axis, D the y axis, E the z axis]. All 360-degree angles that were calculated
as less than 134 degrees were classified as non-prone. Prone on floor and prone supported positions were
determined by using a z axis cut-point of <-0.10g. Downloading data from the MonBaby device required a
manual entry of the time period in question (yyyy/mm/dd hh:mm:ss to yyyy/mm/dd hh:mm:ss). When
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downloaded, the data is presented as 5 to 7 epochs per second (5-7 rows) rather than 1s per row on the excel
spreadsheet. As such, the percentage accuracy of the section downloaded was determined rather than
second by second analysis.

Direct observation
The criterion measure was direct observation captured on a video recording of the whole session. Infants
were recorded completing each position in addition to transitioning between each position. A single
observer coded each second of the video-recording using specific definitions for each position (Appendix
L). One randomly selected video was analyzed by four observers to test inter-observer reliability. Each
second in the video was analyzed by each observer. Of the 4251 seconds analyzed, 97.5% were recorded
to be the same position for all 4 raters.

Statistical analyses
The position codes from direct observation served as the criterion measure for all four devices. The
percentage accuracy of the devices to measure prone on floor, non-prone and prone supported positions for
the total time of the positioning protocol were analyzed. For ActiGraph (hip and ankle) and GENEActiv,
this was done by calculating the number of seconds recorded by each device in the 3 categories (prone on
floor, non-prone and prone supported) and comparing to the seconds recorded by direct observation in the
same three categories. Time spent (duration in seconds) in each category was evaluated for each device
against direct observation. For MonBaby, only the percentage accuracy of the section downloaded and
comparing to the same section of time from direct observation was calculated. This was then converted into
seconds to enable a comparison between the devices. Bland-Altman plots were used to examine systematic
bias in estimates of time spent in each category from each device (Janssen & Cliff, 2015).

5.4 Results
Participant information is shown in Table 5.1. All participants (N=32) completed the positioning protocol
and had data available from each device to review for each category of position except for MonBaby where
there was no data downloaded from three prone on floor and three prone supported categories due to
connectivity issues. The complete duration of all 32 videos was 98150 seconds. Infants were coded as: off
screen (for example, mother took baby off screen to breast feed, mother in front of infant on video thus
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blocking the view) for 8% of this time; were coded as invalid position (for example, when the infants were
not in one of the 12 defined positions such as picking up off the floor, putting into the car seat/pram,
supported standing on the lap of the parent, infant being held whilst parent is moving into and out of the
beanbag) for 18% of this time; and coded as invalid device (for example, if the device required repositioning on the infant) for <1% of the time. The total time able to be classified as one of the 12 positions
(excluding when the infant was coded as off screen, invalid position or invalid device) was 72050 seconds
(11749 seconds in prone positions; 49123 seconds in non prone positions and 11178 seconds in prone
supported positions).

Table 5.1: Participant characteristics
Infants (N=32)
Age (weeks)
15.20  6.39
Range (4.71 to 24.86 weeks)
Sex
Boys (n)
19 (59.4%)
Girls (n)
13 (40.6%)
Recumbent length (cm)
61.01  3.49
Range (52.0 to 68.0cm)
Weight (kg)
6.28  1.25
Range (4.34 to 9.22kg)
Complex medical conditions
Nil
Participant characteristics presented as mean  SD and range; The
distribution of the sample is presented in numbers (n) and percentages (%).

For the total time, the most accurate algorithms or cut-points were from GENEActiv for the prone on floor
positions (95.4%), and both the ActiGraph Hip (99.9%) and MonBaby (99.9%) for the non-prone positions.
MonBaby was the most accurate for the prone supported positions (66.1%) (Figure 5.2 and Table 5.2),
however, none of the algorithms had acceptable levels of accuracy for this position.
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Figure 5.2: Time spent in prone on floor, non-prone and prone supported positions.
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Table 5.2: Seconds recorded by the criterion measure and the four devices for the different categories of positions
#
Direct observation
GENEActiv
ActiGraph Hip
ActiGraph Ankle
MonBaby
(criterion measure)
Positions Prone
Non
Prone
Prone
Non
Prone
Prone
Non
Prone
Prone
Non
Prone
Prone
Non
Prone
on
prone supported
on
prone supported
on
prone supported
on
prone supported
on
prone supported
floor
floor
floor
floor
floor
Duration 11749 49123 11178
11209 48124 5836
10576 49118 7105
10333 47313 5959^
9302
49071 7387^
(s)
Accuracy 100
100
100
95.4
98
52.2
90
99.9
63.6
87.9
96.3
53.3
79.2
99.9
66.1^
(%)
Average
367
1535
349
350
1504
182
331
1535
222
323
1479
186
145
1533
115
(s)
SD
98
227
66
105
232
100
112
227
108
103
245
120
95
227
84
(s)
Data presented as duration (s), accuracy (% accuracy compared to direct observation), average (s)  SD (s) for all 32 babies. GENEActiv and ActiGraph Hip and Ankle data
presented as seconds measured by each device respectively. #MonBaby data presented as seconds which has been estimated from percentage accuracy of the section downloaded
from the MonBaby device for each time period. ^MonBaby and ActiGraph ankle were unable to differentiate between prone supported and prone positions. As such, for these
devices, held in prone and prone on the parent’s chest positions (prone supported) are recorded as prone.
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The GENEActiv appeared to have some difficulty classifying right sidelying (Table 5.3) with
approximately 14% of right sidelying positions recorded as prone. Due to connectivity issues, MonBaby
had difficulty recording prone on floor and prone supported positions. The ActiGraph Ankle had difficulty
with classifying being held upright with approximately 24% of upright positions being classified as prone
(Table 5.3).

Table 5.3: Total seconds prone recorded by direct observation, GENEActiv, ActiGraph Hip and
ActiGraph Ankle for each position (N=32).
Direct observation
GENEActiv
ActiGraph
ActiGraph
(criterion measure)
(s)
Hip (s)
Ankle (s)
(s)
Supine
0
0
1
19
Prone attempt 1
5763
5668
5295
5126
Left sidelying
0
267
0
388
Right sidelying
0
732
4
8
Cradle hold
0
0
0
9
Held in prone
5546
2932
2899
2256
Prone on parent’s chest
5632
2904
4206
3703
Car seat
0
0
0
0
Held upright
0
0
0
1325
Supported sitting
0
0
0
61
Prone attempt 2
5986
5541
5281
5207
Pram
0
0
0
0
Data presented in total seconds; N=32; Held in prone and prone on parent’s chest positions are recorded
as prone supported for GENEActiv and ActiGraph Hip and prone for ActiGraph Ankle.

Bland–Altman procedures (Figure 5.3) demonstrated underestimation for prone on floor, prone supported
and non-prone position categories. For prone on floor positions, GENEActiv had the smallest mean
difference (-8.4s) and limits of agreement than ActiGraph Hip (-18.3s), ActiGraph Ankle (-22.1s) and
MonBaby (-38.0s). Bland-Altman procedures for prone supported categories demonstrated the largest
difference and limits of agreement for all devices. For these prone supported positions, MonBaby had the
smallest difference (-113.0s), compared with ActiGraph Hip (-127.3s), ActiGraph Ankle (-163.1s) and
GENEActiv (-166.9s). Bland-Altman procedures for non-prone categories demonstrated the smallest
difference and limits of agreement for all devices. For these non-prone positions, ActiGraph Hip had the
smallest difference (-0.2s) compared with MonBaby (-2.0s), GENEActiv (-31.2s) and ActiGraph Ankle (56.6s). Table 5.4 shows the limits of agreement for each device’s algorithm or cut-point when compared
to direct observation. Additional Bland-Altman plots for prone supported and non-prone positions can be
found in Appendix M.
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Table 5.4: Values (LoA^) when compared to direct observation from Bland-Altman procedures
Positions
Values (LoA^) as measured by each algorithm (s)
GENEActiv
ActiGraph Hip
ActiGraph Ankle
MonBaby
Prone on
-8.4(-78.2 to 61.3) -18.3(-97.0 to
-22.1(-124.0 to
-38(-194.5 to 118.5)
floor
60.3)
79.7)
Non-prone
-31.2(-154.9 to
-0.2(-1.2 to 0.9)
-56.6(-209.5 to
2.0(-14.0 to 10.8)
92.4)
96.3)
Prone
-166.9(-390.7 to
-127.3(-324.7 to
-163.1(-431.7 to
-113(-355.6 to
supported
56.8)
70.2)
105.6)
129.6)
^
limits of agreement
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Figure 5.3: Bland-Altman plots of MonBaby, GENEActiv, ActiGraph Hip and ActiGraph Ankle for
prone on floor positions
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Graphs displays bias (full line), 95% limits of agreement (dashed lines) and individual participants
(diamond shape); #MonBaby seconds estimated from percentage accuracy of the section downloaded for
each individual participant.
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Practicality questionnaire results are shown in Table 5.5. Most parents thought all devices did not interfere
with infant positioning (90.6%), the infant’s ability to move (91.4%), were not uncomfortable (93.8%),
required little effort to put the device on and off (82.8%), were not difficult to attach (97.7%) and could be
worn for more than 3 days (85.2%). Out of the four devices, most parents (78.1%) rated the MonBaby
device as the most preferable device for their baby to wear. Approximately 38% and 34% of parents rated
the ActiGraph Ankle and GENEActiv devices respectively as their second preference with 59% of parents
rating ActiGraph Hip as their fourth preference.

Table 5.5: Practicality questionnaire – Number of parents and percentage of agreement (N=32).
The device:
MonBaby
GENEActiv
ActiGraph
ActiGraph
Hip
Ankle
Did not interfere with the
32
29
25
30
positions my baby was
(100%)
(90.6%)
(78.1%)
(93.8%)
placed in today
Did not interfere with my
32
30
26
29
baby’s ability to move
(100%)
(93.8%)
(81.3%)
(90.6%)
around freely
Was not uncomfortable for 32
30
28
30
my baby to wear
(100%)
(93.8%)
(87.5%)
(93.8%)
(including attaching and
removing devices)
Did not require a lot of
26
28
26
27
input to ensure the device
(81.3)
(87.5%)
(81.3%)
(84.4%)
was kept on correctly
Was able to be attached by 31
32
31
31
myself
(96.9%)
(100%)
(96.9%)
(96.9%)
Could be tolerated by my
31
26
30
28
baby to wear (during the
(96.9%)
(81.3%)
(93.8%)
(87.5%)
daytime) for at least 3 days
Practicality questionnaire results presented as number (n) and percentages (%); Internal consistency as
measured by Cronbach’s Alpha, α = 0.91

5.5 Discussion
This study investigated the accuracy of the manufacturer’s (MonDevices Inc, ActiGraph LLC and
Activinsights Ltd) algorithm or cut-points for predicting posture. The GENEActiv device was the most
accurate to determine prone on floor positions, followed by ActiGraph Hip. All devices were able to
accurately determine non-prone positions but not prone supported positions.

The evaluated algorithms for GENEActiv and ActiGraph (hip) were able to accurately record and calculate
when an infant was positioned prone on the floor (>90% accuracy). All algorithms were able to accurately
record and calculate when an infant is placed in a non-prone position (such as supine on the floor, car seat,
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pram, and supported sitting) with greater than 95% accuracy. To our knowledge, no previous studies have
evaluated the validity of an accelerometer or objective measurement tool to assess infant positioning
practices and tummy time. Although MonBaby was most preferred by parents, improvements in
connectivity would be required before recommending MonBaby for use in further studies. For prone
position detection, the cut-point for MonBaby was 100% accurate at identifying tummy time when there
was no connectivity issues, and 79% accurate when taking into account data loss. Data connectivity issues
resulted from mothers or babies blocking the signal of the device with their bodies. For future studies
investigating objective measurement tools for tummy time, MonBaby would require additional
testing. Additionally, it is important to note that MonBaby has been designed as a “Smart Breathing
Movement Monitor for Babies” and not to measure prone positioning (tummy time). As such, the results
from this study do not necessarily reflect the purpose for which it was originally designed.

The algorithms or cut-points had difficulty correctly classifying prone supported (GENEActiv, ActiGraph
Hip) or prone (ActiGraph Ankle, MonBaby). Accuracy was less than 70% for all devices. Further analysis
and adjustments to the cut-points and algorithms could be made to increase this accuracy level to a more
acceptable standard. However, for future studies where the outcome is to objectively measure the time an
infant spends in tummy time when it is defined as awake and supervised prone positioning on the floor,
GENEActiv and ActiGraph devices would be the most suitable to use.

This study also investigated the practicality of using devices on infants as an objective measure of tummy
time. All devices were found to be practical and feasible to use by the parents. This finding is similar to
previous studies that have investigated the use of accelerometers to measure physical activity levels in
toddlers (Hager et al., 2016). Most studies place the accelerometer on the child’s ankle (Hager et al., 2016)
or hip (Cliff et al., 2009; van Cauwenberghe et al., 2011). However, in this study, as the participants were
infants, the positioning of the devices on the hip and ankle with a strap were not as amenable to parents as
MonBaby’s ‘smart button’ which attaches to the infant’s clothing in the middle of the infant’s chest. Most
parents (78.1%) preferred the MonBaby device as it was the least intrusive (was thinner than the other
devices), able to be left on for nappy changes, the least likely to move out of position and able to be
positioned on the infant’s clothes at the level of their chest without a strap. For all devices, a singlet plus a
full ‘wondersuit’ (arms and legs included) or ‘onesie’ are recommended to ensure correct device placement
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and to avoid redness on the chest, waist and ankle (Appendix N).

Extrapolations from the findings of this study need to take into consideration that the positioning protocol
was laboratory-based which may not reflect the infant’s real-world positions. To account for this, parents
were asked to place the infant in the different positions in an attempt to keep positioning as realistic as
possible. In addition, the development of the algorithms was made using some of the data also used for
validation. Having two separate samples (development and evaluated) would have been preferable but
difficult with such a small sample size. As there are no previous studies investigating the validation of these
devices to determine tummy time, a power calculation could not be conducted. An analysis of the wear and
non-wear times is required before using one of these devices as an objective tummy time measure without
requiring the parents to log or record these times. In addition, the placement of GENEActiv and ActiGraph
around the infant’s waist was not randomised. This could account for GENEActiv recording right sidelying
as prone for approximately 14% of the total time. This may be due to its position being closer than
ActiGraph to the midline of the infant’s body (Figure 5.1). It is expected that if GENEActiv was relocated
to the tested location of the ActiGraph Hip, this percentage would be reduced.

Further research could include an investigation of the effect of infants being placed on the floor versus
being held in prone (Gross et al., 2017) and the infant’s ability in tummy time (rather than only duration in
tummy time) to infant health outcomes (Clark, 2017). In addition, further investigation into the application
of the devices to assess non-prone positions particularly the amount of time spent restrained would also be
valuable, as this has been identified as a specific recommendation in the 24-hour Movement Guidelines.
Rigorous assessment of potential variables and objective outcome measures could be an effective way of
ensuring a more consistent method of assessing the impact of infant positioning in relation to the 24-hour
movement guidelines.

5.6 Conclusions
The algorithms evaluated in this study for GENEActiv and ActiGraph (hip) were of acceptable accuracy to
objectively measure the amount of time an infant spends in tummy time (when it is defined as awake and
supervised prone positioning on the floor). MonBaby was most preferred by parents due to its positioning
on the chest and unobtrusive design. Improvements would be required before recommending MonBaby for
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use in future studies. Future research could be conducted to identify wear and non-wear times as well as
identifying individual non-prone positions (for example, finding an algorithm to separate out being reclined
in a pram, supported sitting and supine). Accurate measurement of infant positioning practices will be
important to assist in the observance of 24-hour movement guidelines in the early years.

5.7 Practical Implications


The algorithms evaluated in this study for GENEActiv and ActiGraph (hip) are of suitable
accuracy to objectively measure tummy time (awake and supervised prone positioning on the
floor) in infants



MonBaby, GENEActiv and ActiGraph devices are practical and feasible to be used by parents



Most parents preferred the MonBaby “smart button”, chest position and unobtrusive design



Potential over reporting of tummy time could occur from right sidelying (GENEActiv) and being
held upright (ActiGraph Ankle)



Objective measures of tummy time and other infant positions may assist in the observance of 24hour movement guidelines in the early years.
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Chapter 6:

GENEActiv accelerometer use on infants to
measure tummy time (0-6 months). A wear and
non-wear time validation study.

This chapter has been submitted to Physical Activity and Health and is currently under review: Hewitt
L, Okely AD, Stanley RM, Batterham M and Cliff D. GENEActiv accelerometer use on infants to measure
tummy time (0-6 months). A wear and non-wear time validation study.
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6.1 Abstract
Background
Daily tummy time (30 minutes) is recommended by the World Health Organization for optimal infant motor
development. To enable objective measurement of tummy time, GENEActiv wear and non-wear analysis
firstly requires investigation in a controlled environment. The purpose of this study was to formulate and
validate GENEActiv accelerometer wear and non-wear time when used on infants.
Methods
Accelerometer data analysed by receiver operating characteristic (ROC) curves were used to identify optimal
cut-points for wear and non-wear time. Cut-points were tested against direct observation to determine
sensitivity, specificity, positive and negative predictive value, false positive and false negative values. Leaveone-out validation and Bland-Altman plots were used to determine differences in wear time.
Results
Mean temperature, z-axis and z-axis standard deviation (SD) had the greatest area under the curve from the
ROC analysis (0.941, 0.889 and 0.851, respectively). This revealed cut-points of 25.6˚C (temperature), 0.8124g (z-axis), and 0.01125g (z-axis SD). Temperature and z-axis cut-points together had a sensitivity of
0.84 (95% CI 0.8377 to 0.8421) and specificity of 0.948 (95% CI 0.9439 to 0.9463).
Conclusions
Analysis methods demonstrated high sensitivity and specificity to determine wear and non-wear time in a
safe, controlled environment. Further investigation in a free-living setting is warranted.
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6.2 Background
Physical activity is favourably associated with positive health outcomes in the early years (Timmons et al.,
2012). Tummy time is considered a type of physical activity performed by infants and is recommended by
the World Health Organization for optimal motor development and to reduce the likelihood of head shape
abnormalities such as plagiocephaly (World Health Organization, 2019). The recommended daily (24 hours)
duration of tummy time is 30 minutes to ensure the optimization of these health benefits (World Health
Organization, 2019). The research informing these recommendations are based on proxy-questionnaires that
rely on parent recall to report the amount of tummy time an infant has received (Hewitt et al., 2017). To our
knowledge, there are no studies in which accelerometry has been used to objectively measure tummy time
and its relationship with health and development outcomes (Hewitt et al., 2017). To initiate the process of
objective tummy time measurement, an algorithm developed from GENEActiv tri-axial accelerometer data
(ActivInsights Ltd, UK) to determine infant position (prone on the floor and not prone) has been validated as
95% and 98% accurate respectively (Hewitt et al., 2019). To enable the use of the GENEActiv to assess
tummy time in future studies, how wear and non-wear time is analysed needs to be established. Identifying
wear and non-wear time is important to ensure that data obtained whilst the device is carried in a handbag,
placed in a moving car, or put in a pram/stroller for example are not included in the analyses.

Some studies have already reported wear and non-wear time classification methods in children and adults
(Choi et al., 2011; van Hees et al., 2011; Zhou et al., 2015). However, there are no studies using GENEActiv
to measure tummy time duration for the infant population. Van Hees et al., 2011 estimated accelerometer
non-wear time on the basis of the standard deviation and the value range of each accelerometer axis,
calculated for consecutive blocks of 30 minutes on adult women using a wrist worn protocol (van Hees et al.,
2011). Zhou et al., 2015 combined temperature and accelerometer seismic information from children (under
16 years of age) and adults which they found gave more accurate estimates of wear and non-wear time rather
than using temperature or acceleration alone (Zhou et al., 2015). Other studies that investigated accelerometer
use on infants and toddlers were for the purpose of measuring general physical activity levels (not tummy
time), used a different type of accelerometer (e.g., ActiGraph, Axivity) and/or placed the device on a different
location of the child’s body (ankle or wrist) (Jia et al., 2018; Prioreschi et al., 2018; Ricardo et al., 2018; van
Cauwenberghe et al., 2011). Choi et al., 2011 conducted a validation study investigating wear and non-wear
time in youth and adults (age range 10 to 67 years). Participants were tested in a laboratory setting

105

(calorimeter room) to ensure wear and non-wear time was accurately measured and for the future use of
possibly assessing the outcomes’ clinical relevance by measurement of physical activity related energy
expenditure (Choi et al., 2011). Whilst there are accelerometry studies involving young children, wearing an
accelerometer by infants under the age of 6-months is a new concept for parents in Australia. It is currently
unknown if parents would be amenable to using the GENEActiv on their infants and if future tummy time
intervention studies, using GENEActiv to measure tummy time, would be well received. Before attempting
a free-living protocol, a laboratory-based assessment of GENEActiv use is required to determine a baseline
accuracy level and to determine if this investigation method is suitably representative and accepted by this
chosen population.

To contribute to the validation of the GENEActiv to measure tummy time duration, wear and non-wear time
analysis methods need to be established. The purpose of this paper was to formulate and validate the wear
and non-wear time analysis method for the GENEActiv tri-axial accelerometer worn by infants (0 to 6months) on their right hip.

6.3 Methods
Complete explanation of procedures, device parameters and direct observation are outlined in the above
mentioned paper (Hewitt et al., 2019). Since this current study conducted secondary analyses using existing
data and did not involve interaction with human participants, further ethical approval was not required. The
original study had its own ethical approval (HE16/167) (Appendix G).

In a laboratory setting, infants were recorded on video while being placed in different positions (supine, prone
on floor, left side-lying, right side-lying, cradle hold, sitting in a car seat and pram etc.) by their parent/carer
for approximately 3 minutes each. The GENEActiv device (30Hz) was placed on the right hip (secured with
an elastic strap around the waist) at the start of the video and removed at the end of the video. It was also
worn continuously during testing (approximately 1 hour). The GENEActiv was also carried around, placed
on a table, in a handbag, car and a pram/stroller during non-wear time to replicate normal activity of a mother
who may potentially be involved in a future study using GENEActiv to measure tummy time. This non-wear
time was not individually categorised but grouped and defined as non-wear time. Times (video and device)
were synchronized immediately before testing. Time when the infant was on video was defined as wear time,
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times outside of the video time was defined as non-wear time. At no point did an infant wear the monitor
during the non-wear time.

To ensure consistency to the validated infant positioning algorithm (Hewitt et al., 2019), all data from the
GENEActiv, including both wear and non-wear time, were downloaded using 1s epochs (.csv file) that was
then converted into an excel file.

Data downloaded for every second included the time stamp, mean x-axis, mean y-axis, mean z-axis, mean
lux, sum button, mean temperature, sum of vector magnitudes, x-axis standard deviation, y-axis standard
deviation, z-axis standard deviation and peak lux. These data were transferred into SPSS version 24 (IBM
Corp, Armonk, New York) to complete a receiver operating characteristic (ROC) curve of the downloaded
variables. The ROC analyses were inspected to determine the most accurate cut-point for determining wear
and non-wear time. This cut-point was then analysed using the leave-one-out cross-validation (LOOCV)
method to determine overall sensitivity, specificity, negative and positive predictive value, false positive and
false negative values (Stewart et al., 2018). Overall wear time as measured by direct observation and the wear
and non-wear analysis method was then compared using Bland-Altman plots (van Hees et al., 2018; Vanhelst
et al., 2019). These analysis methods have been previously used by other accelerometer studies (Johansson
et al., 2016; Stewart et al., 2018; Vanhelst et al., 2019). Further testing by machine learning was not practical
due to the small sample size however would be an appropriate method of analysis to consider for future
studies of a larger scale.

6.4 Results
Participant information is shown in Table 6.1. All participants (N=32) completed the positioning protocol
and all data downloaded from the GENEActiv device were available to review. There were 110092 seconds
of wear time and 150986 seconds of non-wear time available for the analysis.
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Table 6.1: Baseline characteristics
Infants (N=32)
Age, weeks

15.20  6.39* (4.71 to 24.86)#

Sex, n (%)

*

Boys

19 (59.4%)

Girls

13 (40.6%)

Recumbent length, cm

61.01  3.49* (52.0 to 68.0) #

Weight, kg

6.28  1.25* (4.34 to 9.22) #

Complex medical conditions

0

mean  SD; #range; numbers (n); percentages (%)

ROC analyses revealed the mean temperature had the greatest area under the curve of 0.941 with a sensitivity
and 1-specificity of 0.941 and 0.186 respectively. Mean z-axis also had a large area under the curve of 0.889
and sensitivity and 1-specificty of 0.889 and 0.166 respectively. This analysis identified cut-points for
temperature of 25.6˚C (e.g., recorded temperature above 25.6˚C was wear time), -0.8124g for mean z-axis
(e.g., mean z-axis above -0.8124g was wear time), and 0.01125g for z-axis standard deviation (SD) (e.g., zaxis SD above 0.01125g was wear time). Area under the curve results are shown in Table 6.2 and the ROC
curve is shown in Figure 6.1.

Table 6.2: Area under the curve with 95% confidence intervals (lower and upper bound) from ROC
curve analysis (N=32).
Test result variables
Area
Lower bound 95% CI Upper bound 95% CI
Mean x-axis

0.530

0.527

0.533

Mean y-axis

0.288

0.286

0.291

Mean z-axis

0.889

0.887

0.890

Mean lux

0.158

0.156

0.16

Sum button

0.500

0.498

0.502

Mean temperature

0.941

0.940

0.942

Sum of vector magnitude

0.295

0.293

0.298

x-axis SD

0.823

0.821

0.825
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y-axis SD

0.811

0.810

0.813

z-axis SD

0.851

0.849

0.852

Peak Lux

0.16

0.159

0.162

Receiver Operating Characteristic (ROC); Confidence interval (CI); Standard Deviation (SD)

Figure 6.1: ROC curve of data downloaded from GENEActiv worn by infants on their right hip

Receiver Operating Characteristic (ROC); Standard Deviation (SD)

The variables with the greatest area under the curve were viewed and the performance of using these cutpoints separately and in combination were established by determining the sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV), false positive and false negative values. Analysing
the cut-point of temperature alone had the highest sensitivity and NPV, the least false negative but the highest
false positive values. Combining the cut-points of temperature and mean z-axis together had the highest PPV
and a very high specificity. Using all three variables together (temperature, mean z-axis and z-axis SD) had
the highest specificity but also the highest false negative values. Results of the performance of the different
analysis methods to determine wear and non-wear time are presented in Table 6.3.
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Table 6.3: Performance of classifying wear and non-wear time using cut-points obtained from ROC
analysis (N=32). Mean and 95% confidence intervals.
Analysis
Sensitivity
Specificity
PPV
NPV
False
False
method
(95% CI)
(95% CI)
(95% CI)
(95% CI)
positive
negative
(95% CI)
(95% CI)
Temperature
0.837 (0.838 0.948 (0.944 0.921
0.890
0.052
0.163
and mean zto 0.842)
to 0.946)
(0.917 to
(0.888 to
(0.051 to
(0.158 to
axis
0.920)
0.891)
0.053)
0.162)
Temperature
0.800 (0.798 0.944 (0.943 0.911
0.868
0.056
0.199
and z-axis SD to 0.803)
to 0.945)
(0.910 to
(0.867 to
(0.055 to
(0.197 to
0.913)
0.870)
0.057)
0.202)
Temperature
0.941 (0.939 0.814 (0.812 0.784
0.950
0.186
0.059
alone
to 0.942)
to 0.816)
(0.782 to
(0.949 to
(0.184 to
(0.058 to
0.786)
0.952)
0.188)
0.061)
All 3 (temp,
0.721 (0.712 0.955 (0.954 0.919
0.827
0.045
0.279
mean z-axis
to 0.724)
to 0.956)
(0.918 to
(0.825 to
(0.044 to
(0.276 to
and z-axis
0.921)
0.828)
0.046)
0.282)
SD)
Mean z-axis
0.769 (0.767 0.851 (0.849 0.791
0.834
0.149
0.231
and z-axis SD to 0.771)
to 0.853)
(0.789 to
(0.832 to
(0.147 to
(0.229 to
0.794)
0.835)
0.151)
0.234)
Z-axis SD
0.850 (0.848 0.822 (0.821 0.775
0.884
0.178
0.150
alone
to 0.852)
to 0.824)
(0.772 to
(0.883 to
(0.176 to
(0.148 to
0.777)
0.886)
0.179)
0.152)
Mean z-axis
0.889 (0.888 0.834 (0.832 0.794
0.913
0.166
0.111
alone
to 0.891)
to 0.836)
(0.791 to
(0.912 to
(0.164 to
(0.109 to
0.796)
0.915)
0.168)
0.113)
Receiver Operating Characteristic (ROC); Confidence interval (CI); Standard Deviation (SD); Positive
predictive value (PPV); Negative predictive value (NPV)

Leave-one-out cross-validation was performed on the variables with the highest performance in terms of their
overall sensitivity, specificity, PPV, NPV, false negative and false positive values. The variables chosen for
these analyses were the combination of cut-points from temperature and mean z-axis, temperature and z-axis
SD, and temperature alone. There was minimal variation when compared to the whole sample mean. These
results are presented in Table 6.4.

Table 6.4: Results from leave-one-out cross-validation analysis. Performance of classifying wear and
non-wear time using cut points obtained from ROC curve analysis. Mean and 95% confidence
intervals.
Analysis
Sensitivity
Specificity
PPV
NPV
False
False
method
(95% CI)
(95% CI)
(95% CI)
(95% CI)
positive
negative
(95% CI)
(95% CI)
Temperature
0.837 (0.838 0.948 (0.944 0.921
0.89
0.052
0.163
and z-axis
to 0.842)
to 0.946)
(0.917 to
(0.888 to
(0.051 to
(0.158 to
0.920)
0.891)
0.053)
0.162)
Temperature
0.803 (0.798 0.944 (0.943 0.911
0.868
0.056
0.199
and z-axis SD to 0.803)
to 0.945)
(0.910 to
(0.867 to
(0.055 to
(0.197 to
0.913)
0.870)
0.057)
0.202)
Temperature
0.941 (0.941 0.814 (0.813 0.784
0.950
0.186
0.059
alone
to 0.942)
to 0.815)
(0.783 to
(0.949 to
(0.185 to
(0.058 to
0.784)
0.951)
0.187)
0.060)
Receiver Operating Characteristic (ROC); Confidence interval (CI); Standard Deviation (SD); Positive
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predictive value (PPV); Negative predictive value (NPV)

Temperature alone underestimated the amount of wear time whereas using the combinations of temperature
and mean z-axis and temperature and z-axis SD overestimated the amount of wear time. The analysis method
of using both temperature and mean z-axis cut-points had the least bias of approximately 5 minutes. Bias and
upper and lower limits of agreement are shown in Table 6.5. Bland-Altman plots are shown in Figure 6.2.

Table 6.5: Values when compared to direct observation from Bland-Altman procedures (seconds)
Analysis method
Bias
Limits of agreement
Temperature and z-axis
309.88
-995.18 to 1614.93
Temperature and z-axis SD
416.47
-899.36 to 1732.30
Temperature alone
-685.38
-1848.48 to 477.73
Standard Deviation (SD)

Figure 6.2: Bland-Altman Plots. Analysis method compared to direct observation (Wear time)

Analysing amount of wear time (seconds) using both temperature and mean z-axis
compared to direct observation
2000

Difference in wear time (seconds)

1500
1000
500
0
-500
-1000
-1500
-2000

Mean wear time (seconds)
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Analysing amount of wear time (seconds) using both temperature and z-axis SD
compared to direct observation
2000

Difference in wear time (seconds)

1500
1000
500
0
-500
-1000
-1500
-2000

Mean wear time (seconds)

Analysing amount of wear time (seconds) using temperature alone compared to direct
observation
2000

Difference in wear time (seconds)

1500
1000
500
0
-500
-1000
-1500
-2000

Mean wear time (seconds)

6.5 Discussion
A specific analysis of how accelerometer wear and non-wear time is defined is essential to ensure the accuracy
of objectively measured infant physical activity. Misclassifying the amount of wear time could lead to
inaccurate measurement of physical activity (operationalized as tummy time) in infants (Choi et al., 2011)

112

and study conclusions. This study outlines different cut-points that can be used to determine wear and nonwear time of the GENEActiv accelerometer when worn by infants on their right hip in a laboratory setting.

The methods demonstrating the most accurate findings of wear and non-wear time were from using the
temperature and mean z-axis cut-points together. Our findings are similar to Zhou et al., 2015 who reported
greater performance of classifying wear and non-wear time when combining temperature and acceleration
among children (under 16 years of age) and adults (Zhou et al., 2015). In this study (Zhou et al., 2015), an
event was classified as non-wear if the temperature was below the threshold of 26˚C and the acceleration was
less than 13g for the three axes. However, as they used skin surface temperature and it was based in the United
Kingdom, they recommended repeated validation in countries of different climates. To enable replication of
this in Australia, a laboratory-based protocol was needed to ensure parent acceptance, practicality and ethical
requirements before translating out into the community (free living) situation. Similar analysis methods to
previous studies using ROC curve analyses, Leave-one-out cross-validation and Bland-Altman plots were
used to determine cut-points and test performance (Stewart et al., 2018; Van Loo et al., 2017).

To our knowledge, there are no previous studies obtaining a method to classify infant wear and non-wear
time of the GENEActiv accelerometer to determine tummy time duration. Additional studies using other
types of accelerometers among infants are required. This is a difficult age group to objectively measure as
infants are often carried, placed in a pram or car seat which causes movement by the carer/conditions rather
than the infant’s own movement and positioning (Prioreschi et al., 2018). A strength of this study, is that the
infants were wearing the accelerometer in all these situations, and additionally the device was also placed in
these same situations when not worn by the infant. This is where the temperature was very evident during
wear time. When the accelerometer is placed on the infant, the temperature starts to rise. When it is taken off
the infant it starts to decrease and returns to ambient temperature.

The methods proposed for the identification of wear and non-wear time has some potential limitations. They
can only be used for the GENEActiv accelerometer with the temperature sensor; are based on laboratory
conditions when testing infants (real-life conditions can now be attempted safely); unclear if the results would
differ by infant gender; had a small sample size and was calculated from a total time of 261078 seconds.
Despite these limitations, wear and non-wear time using this analysis method had a high sensitivity and
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specificity (>80%). Overall, mean wear time was overestimated by approximately 5 to 7 minutes (temperature
and mean z-axis, temperature and z-axis SD) or underestimated by 11 minutes (temperature alone).

Future studies could use GENEActiv to measure tummy time duration rather than relying on parent report.
They could also compare the accuracy of parent report with GENEActiv to record the amount of tummy time
an infant receives. In addition, as recent studies (Patel et al., 2017; Phan et al., 2018; Triantafyllidis et al.,
2018) have found a motivating effect from monitoring physical activity levels, an investigation into whether
there is a motivating effect to parents monitoring their baby’s tummy time duration is needed. This could be
a potential strategy to increase the proportion of infants who meet the recommended 30 minutes of tummy
time daily (Hesketh et al., 2017).

6.6 Conclusions
Analysis methods to determine wear and non-wear time for the GENEActiv among infants were calculated.
Analysing GENEActiv data using temperature (> 25.6˚C) and z-axis (> -0.8124g) cut-points together can be
used to determine wear time with acceptable accuracy among infants when the device is worn on the right
hip in a laboratory setting. Combining this information with the algorithm to determine infant position (prone
or not prone) (Hewitt et al., 2019) enables tummy time to be accurately assessed in infants. Further
investigation into the use of GENEActiv devices in measuring infant tummy time in a free-living setting is
warranted.

6.7 Practical Implications


Analysing wear and non-wear time in the way an accelerometer is specifically being used is essential
to ensure the accuracy of using that same accelerometer to objectively measure tummy time duration.



The feasibility and acceptability of using GENEActiv on infants should now be explored in a freeliving situation accounting for different weather, personal and ambient conditions.



Objectively measuring tummy time may assist in the surveillance of the 24-hour Movement
Guidelines in the early years and is an area in need of immediate advancement.
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Correlates of tummy time in infants aged 0-12
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7.1 Abstract
Background
Tummy time, defined as an infant being placed on their stomach whilst they are awake and supervised, has
been shown to have a positive effect on infant development and head shape. Tummy time can be influenced
by a number of factors. Using a social ecological model, categories of potential variables can be examined
to determine their influence on behaviours such as tummy time. The purpose of this systematic review was
to examine potential correlates of tummy time in infants from birth to 12-months-old.
Methods
Electronic databases were originally searched between March to December 2016. Included studies needed to
be peer-reviewed, written in English, and meet a priori study criteria. The population was apparently healthy
infants aged from birth to 12-months-old. The article needed to contain an objective or subjective measure of
tummy time as a dependent variable and examine the association between a demographic, psychological,
behavioral, and/or environmental variable and tummy time. For this study, tummy time could include the
ability of the infant to move whilst being positioned on their stomach, for example, the infant’s ability to roll
from back to front, or lift their head when lying on their stomach (prone positioning ability), or the capacity,
time spent, age started, or parent attitudes/behaviours regarding the infant being placed on their stomach. The
outcomes were the relationships between potential correlates and tummy time. Risk of bias was assessed at
the individual study level using the Cochrane risk of bias assessment for observational studies.
Results
Fifteen articles representing 2372 unique participants from seven countries were included. Correlates that
were positively correlated with tummy time were age, prone sleeping, spending greater than 15 minutes whilst
awake in tummy time when 2-months-old, amount of time in the bath, order of achievement of prone
extension and prone on elbow positions and parents/carers setting aside time for tummy time. Risk of bias of
the included studies ranged from low to high.
Conclusions
Specific demographic, environmental and behavioral variables were found to be positively and negatively
associated with tummy time. This evidence could assist future research regarding interventions to promote
tummy time, enhance motor development, increase infant physical activity and contribute to future tummy
time recommendations for parents and health care providers.
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7.2 Background
Tummy time, defined as awake and supervised positioning on the stomach, is included in the National
Academy of Medicine (IOM, 2011) and both the Canadian (Tremblay et al., 2012) and Australian Early Years
(Australian Government Department of Health, 2014) physical activity recommendations for infants. As
tummy time has been included in these recommendations it can be assumed that it is an important component
of physical and motor development in infancy. These recommendations suggest that tummy time should be
provided daily to an infant less than 6-months-of-age. Identifying factors that influence tummy time is
therefore important in assisting parents/carers, health professionals, and early childhood educators meet these
guidelines

Tummy time provides an opportunity for the infant to stimulate and enhance their motor development. Infants
can be placed on their tummy from birth for short periods of supervised play. When an infant is on their
tummy they are given the opportunity to practice lifting up their head, lifting up and turning their head,
moving their legs and pushing up with their arms. Tummy time strengthens the infant’s head, neck, shoulder
and trunk muscles they will need to master motor skills such as rolling, sitting, crawling and pushing up
to sit. There are some studies that have demonstrated a positive effect between tummy time and motor
development (Dudek-Shriber & Zelazny, 2007; Majnemer & Barr 2005; Monson et al., 2003;
Russell et al., 2009; Salls et al., 2002; Salls et al., 2002). However, studies that have explored
factors that influence tummy time are limited. Some potential examples of tummy time correlates may be
age, sex, sleeping position, type of positioning and handling from carer, home set up, amount of time
placed prone, low birth weight, gestational age, mental health issue of the carer and tolerance by the infant.
In addition, studies that investigate an infant’s ability to move when on their stomach (prone positioning
ability) have not been systematically reviewed. This could include the ability to roll from front to back, ability
to lift their head, ability to push up with their arms, and ability to move their arms and/or legs. Combining
tummy time and prone positioning ability in the search strategy will be important to ensure as many studies
as possible are captured. A study using the combination of these terms is yet to be conducted. As such, both
the infant’s ability to move in prone (prone positioning ability) and the infant’s capacity, time spent, age
started, or parent attitudes/behaviours regarding the infant being placed on their stomach will be defined in
this study as ‘tummy time’. A number of systematic reviews have been conducted addressing the correlates
of pre-school-aged children's physical activity (Hinkley et al., 2008) and sedentary behaviour ( H i n k l e y
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e t a l . , 2 0 1 0 ) . In contrast, reviews investigating correlates of infant behaviour or positioning practices are
limited. Identifying what influences tummy time will be important for the development of evidence-based
interventions. In addition, it will also highlight how these correlates relate to infant health indicators.
Therefore, the purpose of this systematic review is to examine the correlates of objectively and subjectively
measured tummy time in infants (aged 0 to 12-months) across observational study designs.

7.3 Methods
Protocol and Registration
This review was registered with the international prospective register of systematic reviews PROSPERO
network (http://www.crd.york.ac.uk/prospero/): Registration no. CRD42016036931. This review followed
the PRISMA statement for reporting systematic reviews and meta-analyses (Moher et al., 2009).

Inclusion and Exclusion Criteria
For an article to be included in this review, it had to be peer-reviewed, published or in press, written in
English, and meet a priori determined population, intervention/exposure, comparator/control, and outcome
(PICO) study criteria (Schardt et al., 2007) from the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) framework (Guyatt et al., 2011). Conference abstracts, book
chapters, and dissertations were excluded.

Population: The population was apparently healthy (i.e., general population, including overweight/obese, but
not studies that only included infants with a diagnosed medical condition with the exception of studies relating
to prematurity, sudden infant death syndrome or low birth weight) infants from the ages of 0 to 12-months.
For studies using a longitudinal design, the age criterion applied to at least one measurement time point during
the study. Observational studies and only the control group (i.e., not experienced any form of intervention)
from experimental studies were reviewed and were required to have a minimum sample size of 20
participants. An article was included if it: (1) included human infants aged from birth to 12-months-old; (2)
contained quantitative research and had been published in an English-language, peer-reviewed journal; (3)
contained a measure of tummy time and/or prone positioning ability as a dependent variable (all defined in
this study as tummy time); (4) examined the association between a demographic, psychological, behavioral,
and/or environmental variable and tummy time.
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Intervention (exposure): Tummy time could be measured objectively (e.g., direct observation, validated
measurement tool) or subjectively (e.g., proxy-report, questionnaire).

Comparator: Various levels of demographic (e.g., Age, gender), behavioral (e.g., Sleeping position, type of
positioning and handling from carer, tolerance by infant), environmental (e.g., Home set up, amount of time
placed prone), or psychological factors (e.g., Depression or mental health issue of carer).

Outcomes (indicators): The outcomes were subjectively or objectively measured amount of time spent prone
or tummy time or stomach or abdomen or front or belly or position*, age at which started tummy time and/or
ability to move whilst on the stomach.

Information Sources and Search Strategy
Computerized searches were completed in April 2016 using MEDLINE, CINAHL, Scopus and PsycINFO.
A search top-up was conducted in April 2017 to capture any articles that were not yet indexed in the search
engines in April 2016. The following search terms were used: “tummy time” OR “prone” OR “position*”
OR “abdomen” OR “stomach” OR “belly” OR “front” AND “correlate*” OR “determin*” OR “predictor*”
OR “relationship*” OR “associate*” OR “difference*” AND “infant* OR “baby” OR “babies” OR
“newborn”. In addition, studies from the author’s own libraries were also assessed for possible inclusion.
After duplicates were removed, two researchers independently reviewed the titles of the articles to determine
if they met the criteria for the systematic review. Abstract and full-text articles were then referred to clarify
and confirm eligibility. Any differences in articles selected by the two researchers were discussed to reach a
decision regarding inclusion. Discrepancies that could not be resolved by the two independent reviewers were
resolved by discussions with a third reviewer. Reference lists of relevant reviews identified during screening
were also checked for relevant studies. To capture registered clinical trials, two trial registries
(https://clinicaltrials.gov/ and http://www.who.int/ictrp/en/) were searched in May 2017 using search terms
for tummy time and the infant age group.

Data Extraction
The data extracted included; authors name, publication year, country, study design, sample size,
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characteristics of participants, tummy time measure and/or prone positioning ability measure, the correlate
and type of correlate and the risk of bias. A finding was deemed to be statistically significant if p<0.05 was
reported even if statistical significance was defined differently in the article. One reviewer completed data
extraction for each included article and a second reviewer checked all data.

Quality Assessment
Risk of bias was assessed at the individual study level using the Cochrane risk of bias assessment for
observational studies (Higgins, 2011). Selection bias, performance bias, selective reporting bias, detection
bias, attrition bias, and other biases (e.g., inadequate control for key confounders) were assessed (Guyatt et
al., 2011). For all studies, risk of bias was assessed by one reviewer and checked by a second reviewer.
Overall quality of evidence was evaluated by one reviewer and verified by the larger review team.

7.4 Results
Description of studies
After de-duplication, 1840 titles, 466 abstracts and 41 full-text articles were screened (see Figure 7.1). It was
determined that 15 articles met the inclusion criteria. Reasons for excluding articles are summarized in Figure
7.1.

The 15 articles involved 2372 participants from seven different countries. An experimental study design was
used in two articles; this included a randomized controlled trial (n=1) and a non-randomized intervention
(n=1). An observational study design was used in the remaining 13 articles, including longitudinal (n=6),
prospective cross-sectional (1), prospective cohort (1) and cross-sectional (n=5).
Time spent, tolerance of, age when first experienced and parent attitudes/knowledge of tummy time was not
measured objectively in any articles and subjectively in nine articles, primarily by proxy-report questionnaire,
log, or interview (Carmeli et al., 2009; Davis et al., 1998; Hesketh et al., 2015; Jennings et al., 2005; Moir et
al., 2016; Ricard & Metz, 2014; Salls et al., 2002; van Vlimmeren et al., 2007; Zachry & Kitzmann, 2011).
The ability of the infant to move whilst on the stomach was only measured objectively in seven articles,
primarily by validated assessment tools (e.g., prone AIMS scale, Chailey level of abilities scale, prone
position) (Bartlett & Fanning, 2003; Bell & Darling, 1965; Bridgewater & Sullivan, 1999; Majnemer & Barr,
2006; Rocha & Tudella, 2008; Salls et al., 2002) and direct observation (Horowitz & Sharby, 1988). Further
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information on the study design, sample size, tummy time outcome measure and correlates identified from
each study are summarized in Table 7.1. Rules for classifying the strength of the correlate to tummy time are
reported in Table 7.2. All correlates that are reported to have a positive or negative association with tummy
time were statistically significant (p<0.05) and are reported in Table 7.3.
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Figure 7.1: Flowchart of included and excluded studies
Studies identified through database
searching (n=2793)
(MEDLINE=1253, Scopus=1209,
CINAHL=246, Psych Info=85)

Additional studies identified through
other sources (e.g., author’s own
bibliographic libraries) (n=5)

Duplicates removed (n=958)
Studies excluded (n=1374)
Reasons:
* Irrelevant = 1249
* Position papers = 125
Titles screened (n=1840)

Abstracts screened (n=466)

Full text studies assessed for
eligibility (n=41)

Studies included in
systematic review (n=15)

Studies excluded (n=425)
Reasons:
* Not healthy (n=126)
* Not birth to 12-months-old
(n=28)
* Not journal article (n=33)
* No measure of tummy time as
the dependent variable (n=234)
* < 20 participants (n=1)
* Duplicate (n=3)

Full text studies excluded (n=26)
Reasons:
* Not healthy (n=3)
* Not birth to 12-months-old (n=1)
* Not journal article (n=1)
* No measure of tummy time as the
dependent variable (n=18)
* No association between variable
and tummy time (n=1)
* < 20 participants (n=2)

124

Table 7.1: Descriptive information of included studies (Ordered alphabetically)
Author

Country

Sam
ple
size

Sex
(B, G)

Age at
measuremen
t

Design

Tummy time outcome
measure

Correlates of tummy time identified

Type of correlate
(Social Ecological
Framework Domain
Association)
- Environmental

Bartlett &
Fanning 2003

Canada

60

28, 32

8.08 months
(corrected)

Observational

Prone AIMS subscale

- Amount of equipment use (jolly jumper,
walker, exersaucer, seat, swing, backpack,
carried, other, total equipment), n.s

Bell & Darling
1965

USA

75

41, 34

Birth to 4
days old

Observational

Prone Head Reaction (PHR) by
an 11 point scale

- Sex, n.s
- Method of feeding (Breast or bottle fed)

- Demographic
- Behavioral

Bridgewater &
Sullivan 1999

Australia

26

13, 13

14 to 18
weeks

Observational

Movement Assessment of
Infants (MAI): Head righting
(Extension) and active weight
bearing through shoulders

Carmeli et al
2009
Davis et al
1998
Hesketh et al
2015
Horowitz &
Sharby 1988

Israel

80

80, 0

Longitudinal

USA

400

49%, 51%

Australia

542

285, 257

Position log completed by
parents
Position log completed by
parents
Questionnaire to the Mother

- Demographic
- Environmental
- Environmental
- Environmental
- Environmental
- Environmental
- Demographic
- Behavioral
- Behavioral
- Demographic
- Demographic

USA

20

10, 6

Birth to 26
weeks
1 week to 6
months
4 and 9
months
8 to 28 weeks
(every 2
weeks)

- Age, p<0.001
- Bath time, p<0.001
- Amount of time spent supine, negative
correlation, p<0.05
- Exercise, n.s.
- Capsule/cuddle, n.s
- Age, p=0.03
- AIMS percentile, prone subscale, n.s
- Prone sleeping (p <0.003)
- Age, no p value given
- Age, p<0.001

Longitudinal

Direct observation, prone
positioning ability

- Behavioral

Jennings et al
2005

USA

Not given

6 months

Nonrandomized
intervention

Parent survey

Majnemer &
Barr 2006

Canada

27
*con
trol
grou
p
only
72

- Order of achievement of prone extension
posture (head and limb positions) was head,
lower extremity, upper extremity (p<0.001)
- Order to achieve prone on elbows position was
head and lower extremity (p<0.01)
- Upper extremity extension not required to
achieve prone on elbows position (n.s)
- Prone on hands position not correlated with
head, lower or upper extremity extension (n.s)
- Parent receiving positioning information from
the pediatricians office, no p value

32, 40

6 months

Longitudinal

- Prone AIMS subscale
- Motor milestones (AIMS) (%
achieved): Rolling prone to
supine

- Prone sleeping, p<0.005
- Prone sleeping, p<0.02

- Behavioral
- Behavioral

Longitudinal
Longitudinal

- Behavioral
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Majnemer &
Barr 2006

Canada

83

42, 41

4 months

Longitudinal

- Prone AIMS subscale

- Mean daily exposure to prone position
(minutes/day), p<0.01

- Environmental

Prone AIMS subscale

- Prone sleeping, p<0.002
- Mean daily exposure to prone position
(minutes/day), p<0.05
- Older parents, negative, p<0.01
- Age, p<0.0001

- Behavioral
- Environmental
- Demographic
- Demographic

Moir et al 2016

New
Zealand

Ricard & Metz
2014

USA

Rocha &
Tudella 2008

Salls et al 2002

Brazil

USA

209
*con
trol
grou
p
only
87

40

66

98, 111

4 and 6
months

Randomised
controlled
trial

Parent questionnaire

- Age, no p value

- Demographic

Not
provided

3 months

Observational

Parent questionnaire

- Knowledge of prone positioning, p>0.05
- Fearful attitude towards prone position, p>0.05
- Setting aside time for prone positioning, p<0.01

- Behavioral

16, 24

Not
provided

Newborn, 1,
2, 3 and 4
months

Prospective
crosssectional
study

Chailey level of abilities scale,
prone position

2, 4 and 6
months

Longitudinal

Parent questionnaire

Denver II Gross Motor Sector,
(head up 45deg, head up 90deg,
chest up-arm support

Van
Vlimmeren et
al 2007

Netherlan
ds

380

178, 202

7 weeks

Prospective
cohort study

Parent questionnaire, gave their
infant tummy time for the first
time at >=3 weeks of age

- Frequency of hand-mouth behaviour, negative,
p<0.001
- Duration of hand-mouth behaviour, negative,
p=0.005
- Age, p<0.001
- Age, no p value, unknown if significant
- Awake time in prone >15mins at 2-months,
p<0.05
- Awake time in prone <15 minutes at 2-months,
p<0.05
- Awake time in prone < or > 15 minutes, 4 and
6-months, p> 0.05
- Sleeping position at 2-months
- Sleeping position at 4-months

- Low education level, negative, significant but
no p value given

- Behavioral
- Behavioral
- Behavioral
- Behavioral
- Demographic
- Demographic

- Environmental
- Environmental

- Environmental

- Behavioral
- Behavioral
- Demographic
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Zachry &
Kitzmann 2011

USA

205

42%, 52%

2 weeks to 24
months
(range)

Observational

Parent questionnaire

- Tolerance of tummy time in minutes, ?, no p
value
- Intolerance of tummy time in minutes, ? no p
value
- Caregiver awareness of tummy time, ? no p
value

- Behavioral
- Behavioral
- Behavioral
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Table 7.2: Rules for classifying variables regarding strength of association with tummy time
Studies supporting association (%)
Summary code
Explanation of code
0-33
0
No association
34-59
?
Indeterminate/inconclusive association
60-100
+
Positive association
60-100
–
Negative association
Note: When an outcome was found four or more times, it was coded as: 00 (no association); ?? (indeterminate); ++ (positive association); or – – (negative association) (Tonge et
al., 2016)
Table 7.3: Summary of reported correlates – tummy time
Correlate
Investigated an association with
tummy time (reference)
Demographic variables
Age

Association (0, ?, – or +)

Summary coding for
studies with an
association (n/N; %)

Summary code for
association
(– /+)

Rocha & Tudella 2008
Majnemer & Barr 2006
Hesketh et al 2015
Davis et al. 1998
Carmeli et al. 2009
Bridgewater & Sullivan 1999
Bridgewater & Sullivan 1999
Moir et al. 2016
Salls et al. 2002

+, p<0.001
+, p<0.0001
+, p<0.001
?, no p value given
+, p=0.03
+, p<0.001 (HRE)
+, p<0.01 (AWBTS)
?, no p value given
?, no p value given

6/9 (67%)

++

Male infant

Bell & Darling 1965
Bell & Darling 1965

0, n.s but no p value given
+, p<0.01

1/2 (50%)

?

Low parent education level

Van Vlimmeren et al. 2007

-, significant but no p
value given

1/1(100%)

–

Older parents

Majnemer & Barr 2006

-, p<0.01

1/1, (100%)

–

Behavioral variables
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Method of feeding (breast or
bottle)

Bell & Darling 1965

?

1/1 (100%)

?

AIMS percentile, prone
subscale
Prone sleeping

Carmeli et al. 2009

0, n.s

0/1, (0%)

0

Majnemer & Barr 2006
Majnemer & Barr 2006
Majnemer & Barr 2006
Davis et al. 1998
Salls et al. 2002
Salls et al. 2002
Horowitz and Sharby 1998

+, p<0.002
+, p<0.02
+, p<0.02
+, p<0.003
+, p<0.05, 2-months-old
0, p>0.05, 4-months-old
+, p<0.001

5/6 (83%)

++

1/1 (100%)

+

Order to achieve prone on
elbows position was head and
lower extremity

Horowitz and Sharby 1998

+, p<0.01

1/1 (100%)

+

Upper extremity extension not
required to achieve prone on
elbows position

Horowitz and Sharby 1998

0, n.s

0/1 (0%)

0

Prone on hands position not
correlated with head, lower or
upper extremity extension

Horowitz and Sharby 1998

0, n.s

0/1 (0%)

0

Parent receiving positioning
information from the
paediatricians office
Knowledge of prone
positioning
Fearful attitude towards prone
position

Jennings et al. 2005

0, no p value

0/1 (0%)

0

Ricard & Metz 2014

0, p>0.05

0/1 (0%)

0

Ricard & Metz 2014

0, p>0.05

0/1 (0%)

0

Order of achievement of
prone extension posture (head
and limb positions) was head,
lower extremity, upper
extremity
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Setting aside time for prone
positioning
Frequency of hand-mouth
behaviour, negative

Ricard & Metz 2014

+, p<0.01

1/1 (100%)

+

Rocha & Tudella 2008

-, p<0.001

1/1 (100%)

–

Duration of hand-mouth
behaviour

Rocha & Tudella 2008

-, p=0.005

1/1 (100%)

–

Tolerance of tummy time in
minutes

Zachry & Kitzmann 2011

?, no p value

1/1 (100%)

?

Intolerance of tummy time in
minutes

Zachry & Kitzmann 2011

?, no p value

1/1 (100%)

?

Caregiver awareness of
tummy time

Zachry & Kitzmann 2011

?, no p value

1/1 (100%)

?

Salls et al. 2002

+, p<0.05

1/1 (100%)

+

Mean daily exposure to prone
position (minutes/day), 4months

Majnemer & Barr 2006

+, p<0.05

2/4 (50%)

?

Mean daily exposure to prone
position (minutes/day), 6months

Majnemer & Barr 2006

+, p<0.01

Awake time in prone (< or >
15 minutes per day), 4months

Salls et al. 2002

0, p>0.05

Salls et al. 2002

0, p>0.05

Environmental variables
Awake time in prone >15mins
at 2-months

Awake time in prone (< or >
15 minutes per day), 6months
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Amount of time spent supine

Bridgewater & Sullivan 1999

-, p<0.05 (AWBTS)

1/1 (100%)

–

Amount of time in the bath

Bridgewater & Sullivan 1999

+, p<0.001

1/1 (100%)

+

Minutes spent experiencing
exercise

Bridgewater & Sullivan 1999

0, n.s

0/1 (0%)

0

Amount of time in
capsule/cuddle

Bridgewater & Sullivan 1999

0, n.s

0/1 (0%)

0

Amount of time in jolly
jumper
Amount of time in walker

Bartlett & Fanning 2003

0, n.s

0/1 (0%)

0

Bartlett & Fanning 2003

0, n.s

0/1 (0%)

0

Amount of time in exersaucer

Bartlett & Fanning 2003

0, n.s

0/1 (0%)

0

Amount of time in seat (e.g.,
highchair, infant seat, bouncer
seat, car seat – other than for
meals)

Bartlett & Fanning 2003

0, n.s

0/1 (0%)

0

Amount of time in swing

Bartlett & Fanning 2003

0, p=0.24 *excludes outlier

0/1 (100%)

0

Amount of time in backpack

Bartlett & Fanning 2003

0, n.s

0/1 (0%)

0

Amount of time carried

Bartlett & Fanning 2003

0, n.s

0/1 (0%)

0

Amount of time in other
equipment not mentioned
above
Amount of time use total
equipment
n.s: not significant

Bartlett & Fanning 2003

0, n.s

0/1 (0%)

0

Bartlett & Fanning 2003

0, n.s

0/1 (0%)

0
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Demographic variables
There were four demographic variables that correlated with tummy time from 10 articles (Table 7.3). Age
had a positive correlation with tummy time from six studies (Bridgewater & Sullivan, 1999; Carmeli et al.,
2009; Hesketh et al., 2015; Majnemer & Barr, 2006; Rocha & Tudella, 2008; Salls et al., 2002) and an
unclear association in two studies (Davis et al., 1998; Moir et al., 2016). Older parents and low parent
education level was found to have a negative correlation (Majnemer & Barr, 2006; van Vlimmeren et al.,
2007). One third of the studies investigating a demographic variable had a high risk of bias (Table 7.4).
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Table 7.4: Risk of bias of included studies
Author
Were the
participants likely
to be
representative of
the chosen
population?
(Selection bias)

Bartlett & Fanning
2003
Bell & Darling
1965
Bridgewater &
Sullivan 1999
Carmeli et al. 2009
Davis et al. 1998
Gajewska &
Sobieska 2015
Hesketh et al. 2015
Horowitz & Sharby
1988
Jennings et al. 2005
Majnemer & Barr
2006
Moir et al. 2016
Ricard & Metz
2014

Did the study
report the sources
and details of the
type of tummy
time measurement
tool used in the
study? AND did
the study report
adequate
reliability and/or
validity of this
measurement tool
used in the study
(Detection bias)

Did the study
report the sources
and details of the
type of correlate
measurement tool
used in the study?
AND did the study
report adequate
reliability and/or
validity of this
measurement tool
used in the study
(Performance
bias)

Did the study
have incomplete
or absent
reporting of some
outcomes and not
others on the
basis of the
results? (Selective
reporting bias)

Other sources
of bias

High

Did an adequate
proportion of
those consenting
to participate in
the study have
complete data (i.e.
no more than
20% of data
missing from a
cross sectional
study and no
more than 30%
for a longitudinal
study) (Attrition
bias)
Low

High

Low

Low

Low

High

High

Low

Low

High

Low

High

Low

Low

High

Low

Low

High
High
High

Low
Low
Low

Low
High
Low

High
Low
Low

Low
Low
Low

High
Low
Low

Low
High

Low
Low

Low
Low

Low
Low

Unclear
Low

Low
Low

High
High

High
Low

High
Low

Low
High

Low
Low

Low
Low

Low
High

Low
High

High
High

Low
High

Low
Low

Low
Low
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Rocha & Tudella
2008
Salls et al. 2002
Van Vlimmeren et
al. 2007
Wen et al. 2011
Zachry &
Kitzmann 2011

Unclear

Low

Low

Low

Low

Unclear

High
High

High
Low

High
High

Low
Low

High
Low

High
Unclear

Low
High

Low
High

High
High

Low
High

Low
High

High
High
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Behavioral variables
There were 16 behavioral variables that correlated with tummy time from 10 articles (Table 7.3). Prone
sleeping (Davis et al., 1998; Majnemer & Barr, 2006; Salls et al., 2002), the order of achievement of prone
extension and prone on elbows position (Horowitz & Sharby, 1988) and parents setting aside time for
tummy time (Ricard & Metz, 2014) were all positively correlated with tummy time. Interestingly,
knowledge, a fearful attitude (Ricard & Metz, 2014) and receiving information from a pediatrician
(Jennings et al., 2005) about tummy time had no effect. The frequency and duration of hand-mouth
behaviors decreased as the ability to move whilst on the stomach improved (Rocha & Tudella, 2008).
Despite these findings, almost half of the studies that had a behavioral variable had a high risk of bias
(Table 7.4).

Environmental variables
There were 15 environmental variables that correlated with tummy time from four studies (Table 7.3).
Among these studies, spending greater than 15 minutes in tummy time at two-months-of-age (Salls et al.,
2002) and amount of time in the bath (Bridgewater & Sullivan, 1999) was positively correlated with tummy
time. Amount of time spent awake supine (Bridgewater & Sullivan, 1999) was negatively correlated.
Equipment and minutes spent exercising had no effect (Bartlett & Fanning, 2003; Bridgewater & Sullivan,
1999). Interestingly, time spent in tummy time (minutes per day) at 4 and 6-months had an indeterminate
effect on the ability to move whilst on the stomach, with one study reporting a significant positive effect
(Majnemer & Barr, 2006) and the other reporting no effect (Salls et al., 2002). Both were longitudinal
studies with less than 100 participants. However, they used different assessment tools (AIMS prone
subscale vs Denver II Gross Motor Sector) and overall the risk of bias for Salls et al., 2002 was high whereas
it was moderate for Majnemer & Barr, 2006. Approximately, almost half of the studies with an
environmental variable had a high risk of bias (Table 7.4).

7.5 Discussion
In this systematic review, evidence from 15 articles were synthesized to examine the correlates of tummy
time in infants aged from birth to 12-months-old. From these observational studies and control groups from
experimental studies, age and prone sleeping has the strongest positive correlation with tummy time. It is
not unexpected that as an infant grows older, their tummy time practices improve. However, this
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information can provide evidence for health professionals and encouragement to parents who report that
their infant does not enjoy tummy time when they first begin to experience it. Fifty percent of parents from
the study completed by Ricard & Metz, 2014 reported that their infant cried, rolled/squirmed or appeared
frustrated during tummy time. Anecdotally, health professionals assist parents to provide tummy time to
their infants a few minutes at a time and gradually increase the demand and duration. The knowledge that
tummy time improves, as the baby gets older can be a powerful tool in the early stages to persevere. Prone
sleepers also had a positive correlation with tummy time. There was no indication from studies that had the
correlate of prone sleeping as to why parents were not complying with the back to sleep recommendations.
One study, even gave parents brochures and advised them to adhere to supine sleep positioning according
to the American Academy of Pediatrics recommendation prior to entry into the study (Davis et al., 1998).
However, as the sample size for the prone sleeping groups was smaller than the supine sleeping group it
can be suggested that the majority of those enrolled in these studies were complying with the
recommendations. The number of parents in this sample of participants who did not follow the sleep
recommendations was consistent with other studies that found that approximately one third of parents who
are aware of the recommendations continue to put their babies prone to sleep (Rainey & Lawless, 1994;
Taylor & Davis, 1996). Despite this, parents should be encouraged to adhere to the ‘back to sleep’ campaign
recommendation (AAP, 1992). For safety, increasing the amount of time prone whilst the infant is awake
and supervised would be recommended rather than changing the infant sleeping position. This view is
supported by Pin et al., 2007 who reported that it is important to educate parents to continue placing their
baby to sleep supine but to change their position during play time when they are awake (Pin et al., 2007).

The frequency and duration of hand-mouth behaviors decreased as the ability to move when on the stomach
improved (Rocha & Tudella, 2008). To explain this, Rocha & Tudella, 2008 suggest that as infants start to
use their arms for support in prone they begin to visually explore their environment around them rather
than exploring just their own body. Order of achievement of a prone extension position was reported by
one study to be head extension, then leg extension, then arm extension and the prone on elbows position to
be head extension then leg extension (Horowitz & Sharby, 1988). This correlated positively with the
infant’s ability to move when on the stomach. This information could be helpful to Physiotherapists and
Occupational therapists assisting infants with motor development delay. Motor development interventions
could be structured to achieving head extension, then leg extension and then arm extension. This is not to
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say that therapists cannot progress until the first one is achieved, but that motor development training could
be ordered and progressed as tolerated by the infant. This information could also be helpful to parents.
Being aware of the stages of achieving tummy time may assist in relieving the pressure of achieving “text
book” tummy time (i.e. Head up, arms extended, happy baby on tummy) immediately or in the first few
attempts.

Amount of time in the bath (Bridgewater & Sullivan, 1999) and setting aside time for tummy time (Ricard
& Metz, 2014) were also positively correlated to tummy time. To our knowledge, this is the first link
between bath time and tummy time. This may be a result of bath time promoting positive interactions
between parents and infants, however this finding requires further investigation. The infant’s position in
the bath was not mentioned however increased time in the bath was associated with more mature responses
from the infant of being able to lift their head in prone (p<0.0001) (Bridgewater & Sullivan, 1999). Having
the attitude of “setting aside time for my baby to spend on his/her tummy is important” correlated with
setting aside time for awake prone positioning (p<0.01) (Ricard & Metz, 2014). The most common factor
influencing this decision for parents in this study was “helping their infants develop”. Ricard & Metz, 2014
suggest providing education to parents on how, when, and the significance of setting aside time for tummy
time may improve daily practice of tummy time.

Variables that were detrimental to tummy time were found to be amount of time spent supine whilst awake
(Bridgewater & Sullivan, 1999), having older parents (Majnemer & Barr, 2006), having less educated
parents (van Vlimmeren et al., 2007) and spending less than 15 minutes per day at two-months-of-age in
awake and supervised tummy time (Salls et al., 2002). From this information, health professionals could
be extra vigilant in their tummy time instructions with parents who are older and/or less educated. Parents
could also be informed that a minimum of 30 minutes per day spent in awake and supervised tummy time
when the infant is two-months-old is a positive step towards starting tummy time. In addition, avoiding
prolonged supine positioning could be beneficial to the infant’s motor development. Some of the risk
factors for deformational plagiocephaly at 7 weeks of age is experiencing tummy time less than 3 times per
day and slow achievement of motor milestones (van Vlimmeren et al., 2007). This information could be
combined with the results from this study to assist parents with a more prescriptive approach to tummy
time. For example, when your baby is two-months-old, they could be receiving tummy time more than 30
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minutes per day. This could be broken up into small amounts (for example, more than 3 times per day)
adding up to more than 30 minutes. Proclaiming a specific goal to reach could be helpful to assist parents
to determine if their baby is getting enough tummy time and exposes tools or equipment that would assist
to meet it. For example, using a timer or diary to record their sessions, having a space, play mat and suitable
toys ready.

A number of research gaps and limitations to address in future research also warrant attention. For instance,
as all included articles were observational studies, they lack the rigor of a randomized controlled trial and
will all score high on risk of bias. The final outcomes found in this study (positive and negative correlates
described in Table 7.3) are drawn from only 11 studies. As such, findings from this review should be
interpreted with caution. In addition, there were no objective measures of the time spent in tummy time.
All were based on parent questionnaires or position logs. Future research into objective measures of tummy
time using real time measurement devices is yet to be conducted. The majority of studies (75%) had a high
selection bias. As such, information from these studies may not be generalizable to other cultures and/or
socio-economic groups. As there were no psychological variables found, further research could be
conducted examining the effect of depression or mental health issue of the parent or carer with the aim to
further target populations more in need of specific interventions. As tummy time and prone positioning
ability were used as combined terms in this study, it is important to note that the correlates found are from
studies investigating tummy time and/or prone positioning ability, further analysis would be required to
separate out these two terms. Lastly, having English language limits for feasibility was also a limitation as
it is possible that studies published in other languages may have provided additional correlates not
discovered by this review.

7.6 Conclusions
This review synthesized low quality evidence from 15 studies on the correlates of tummy time. Age, prone
sleeping, greater than 15 minutes daily of tummy time at two-months, amount of time in the bath, order of
achievement of prone extension and prone on elbows position, parent education level and setting aside time
for tummy time were all positively correlated. Time spent supine, age of the parent and duration and
frequency of hand mouth behaviors were all negatively correlated to tummy time. This information could
be used to assist health professionals target intervention groups and specify intervention techniques. Good
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quality studies would be beneficial to strengthen the evidence-base and inform future research aimed at
improving motor development and physical activity for infants.
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Chapter 8

Weekly group tummy time classes are feasible
and acceptable to mothers with infants: a pilot
randomised controlled trial

This chapter has been submitted to Physical Therapy and is currently under review: Hewitt L,
Stephens S, Spencer A, Stanley RM and Okely AD. Weekly group tummy time classes are feasible and
acceptable to mothers with infants: a pilot randomised controlled trial.
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8.1 Abstract
Background
The World Health Organization recommends 30 minutes of tummy time daily for improved motor
development and reduced likelihood of plagiocephaly. As only 30% of infants meet this recommendation,
parents require strategies and support to increase this proportion. The aim of this study was to determine
the feasibility, acceptability and potential efficacy of a group intervention to promote tummy time.
Methods
Group randomized controlled trial with concealed allocation, assessor blinding and intention-to-treat
analysis. Five groups of healthy infants (N=35) and their mothers attending local mother’s groups were
randomly allocated to the intervention or control group. The intervention group received group tummy time
classes in addition to usual care. The control group received usual care with their child and family health
nurse. Primary outcomes were intervention feasibility and acceptability. Secondary outcomes were tummy
time duration (accelerometry), adherence to physical activity guidelines, head shape and motor
development. Measures were taken at baseline, post-intervention and when infants were six-months-ofage. Analyses were by linear mixed models and Cohen’s d.
Results
Intervention mothers reported the information, goal planning and handouts were significantly more useful
and relevant than control group mothers (p<0.01). Moderate effect sizes were found at post-intervention
for tummy time duration (Control: 95% CI, 0 to 42.1 minutes; Intervention: 95% CI, 0 to 60.6 minutes,
Cohen’s d = 0.5), adherence to physical activity guidelines (Control: 13%; Intervention: 30%, Cohen’s d =
0.5), ability in prone and sitting favoring the intervention group. Limitations: Small sample size, 4-week
intervention, limited accelerometer use and a homogenous sample of participants.
Conclusions
Group tummy time classes delivered in a mother’s group setting were shown to be feasible and acceptable.
A larger randomised controlled trial is warranted. (Trial registration: ACTRN12617001298303p)

142

8.2 Background
The World Health Organization (WHO) recommend infants are physically active several times a day in a
variety of ways for the greatest health benefits. This includes at least 30 minutes in a prone position (tummy
time) spread throughout the day while they are awake and supervised (World Health Organization, 2019).
Benefits of tummy time include improved motor development (Kuo et al., 2008) and a reduced likelihood
of deformational plagiocephaly (van Vlimmeren et al., 2007). These recommendations also form part of
the 24-hour Movement Guidelines for Australia, Canada, South Africa and the United Kingdom (Australian
24-Hour Movement Guidelines, 2017; South African 24-Hour Movement Guidelines, 2018; Tremblay et
al., 2017; UK physical activity guidelines, 2019).

Despite the implementation of interventions aimed at improving infant nutrition, physical activity and
sedentary behaviour, (Campbell et al., 2016; Wen et al., 2011) only 30% of parents adhere to these physical
activity (tummy time) recommendations (Hesketh et al., 2017). Interventions aimed to increase awareness,
translation and implementation of infant physical activity guidelines are required to determine which
strategies and types of support given to parents/carers are feasible, acceptable and efficacious. Assisting
parents and carers to meet the recommended targets will ensure the achievement of optimal health and
development outcomes for their children.

The purpose of this study was to develop, implement and test an intervention to determine the feasibility,
acceptability and potential efficacy of the intervention to promote tummy time when delivered in a mother’s
group setting.

The research questions for this study were:

1.

What is the feasibility of a group intervention to promote tummy time when delivered in a mother’s
group setting?

2.

What is the acceptability of a group intervention to promote tummy time when delivered in a
mother’s group setting?

3.

What is the potential efficacy (tummy time duration, adherence to infant physical activity
guidelines, head shape, motor development) of a group intervention to promote tummy time when
delivered in a mother’s group setting?
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8.3 Methods
Overview
This study investigated the feasibility and acceptability of group tummy time classes to mothers and their
infants who were attending their local area health service mother’s groups. The primary outcome was
feasibility and acceptability of the intervention. The secondary outcomes were tummy time duration,
adherence to the tummy time guidelines for infants, the infant’s head shape and motor development. This
study complied with the CONsolidated Standards Of Reporting Trials (CONSORT) statement. The
University of Wollongong and Illawarra Shoalhaven Local Health District Health and Medical Human
Research Ethics Committee approved the study (2017/368) (Appendix O). This trial was prospectively
registered in September 2017 with the Australian New Zealand Clinical Trials Registry (ANZCTR)
(Appendix P). A participant information sheet (Appendix Q) were given to the mothers and written
informed consent was obtained by the infant’s mother on behalf of themselves and the infant prior to the
commencement of the study (Appendix R).

Participants and Recruitment
Participants were recruited in groups from an Early Childhood Health Service in NSW, Australia (January
2018 to September 2018). Mothers with infants in the post-natal period (birth to 12 weeks) are usually
placed into groups by the Early Childhood Health Nurse (ECHN) from this health service. Mothers (and
their infants) attending these groups were invited to participate in the study by the principal researcher. The
inclusion criteria were a mother and her healthy infant who would attend their local mother’s group weekly
for four weeks. Originally, the study was to include first time mothers only. However, this was too exclusive
in a small group context and consequently all mothers in the group were invited to participate.

Sample size, randomization and blinding
No sample size power calculations were taken as the main outcome of this study was feasibility (Downing
et al., 2018). Initially the aim was to obtain 40 participants for this study. The study was finalized with 35
participants due to principal researcher time constraints. Whole groups of participants were randomised to
intervention or usual care (control) after baseline data collection. Randomisation into either the intervention
or control group was determined by a computer-generated random numbers program, conducted by a
researcher who was not part of the research team and was blinded to group allocation and all participant
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information. The infant outcome measurements (baseline, post-intervention, follow-up) were taken by a
member of the research team who was blinded to the group allocation. To avoid observer effect (Hawthorn
effect), mothers were not told the accelerometer was specifically measuring the amount of tummy time.
They were only told the accelerometer was measuring the infant’s physical activity.

Intervention
Bandura’s Social Cognitive Theory was used to develop an intervention that considered how personal,
behavioural and environmental factors influence the amount of tummy time given to an infant (Bandura,
2004; Stanley et al., 2016). The intervention was 30 minutes, and was conducted at the start of the mother’s
groups usual 2-hour session with their early childhood nurse (Appendix S). Personal factors (e.g.,
importance of tummy time) were addressed by an educational component in the intervention that aimed to
improve the value and benefits of tummy time. Behavioural (e.g., setting aside time) and environmental
factors (e.g., organising a space and having equipment ready) were also addressed by demonstrating and
discussing techniques and equipment for achieving tummy time throughout the day. Small, achievable goals
were set each week to assist mothers with the frequency and duration of tummy time. Discussions were had
the week following to allow mothers to converse with their peers regarding tips, strategies they found
helpful or to allay any concerns. Most importantly, tummy time was practiced together at the mother’s
groups. This gave practical experience with immediate feedback and encouragement, enabling mothers to
have the confidence to attempt tummy time at home. The intervention was conducted by a Physiotherapist
(principal researcher) and was designed to improve parent self-efficacy (persuasion and experience) and
mastery (attention, retention, goal setting, perceived barriers, practicing together and motivation)
(Appendix T).

A WhatsApp® social media group was also included in the intervention group to provide an outlet for
mothers to encourage each other regarding strategies they found helpful during the week regarding their
infant’s tummy time. Messaging on WhatsApp ® was limited to the 4-week intervention time only and was
not continued after this time. Standardized messages were sent from the principal researcher via
WhatsApp® three times per week encouraging the mothers to practice tummy time with their infant. For
example, “Hi Mums! Hope you are having a lovely day. If you can, try to meet our goal today of 3 sessions
of tummy time today. Don’t forget to use a timer. Have fun and let me know how you go!

”.
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Standardized replies were also sent after a mother posted a message about their baby’s tummy time. For
example, “Yay! Well done [baby name]!

”.

The use of text messaging and social media platforms to enhance healthy behaviour is also an emerging
field of research. Positive benefits have been shown for a parent text messaging intervention aimed to
reduce sedentary behaviour in young children (ages 2 to 4 years) (Downing et al., 2018). The use of a parent
delivered social media messaging system to influence infant behaviour is yet to be investigated.

Usual care
Groups randomised to the control group received usual care, which was to attend their local area health
service mother’s group sessions (once per week for four weeks). During these sessions, topics such as
breastfeeding, settling, tummy time and development for example were discussed on an adhoc basis. The
sessions were conducted by the Early Childhood Nurse Practitioner from this health service. A mother in
each control group set up her own social media group for the mothers in her respective group to enable
social interaction and organization of events as required.

Outcome measures
Data were collected at baseline, post-intervention and again when the infants were approximately 6months-of-age (follow-up).

Primary outcomes
Feasibility and acceptability
Intervention feasibility was measured by the number of mothers recruited to the study, retention during the
study and participation (attendance at mother’s groups, WhatsApp ® messaging, use of GENEActiv to
measure physical activity). Recruitment was measured by the percentage of mothers agreeing to be a part
of the study. Retention was measured by comparing the number of mothers at each measurement time point.
Participation/engagement was measured by the number of sessions attended, the number of WhatsApp ®
messages sent and received and the number of mothers using the GENEActiv for more than two days.
Intervention acceptability and usefulness was measured by a post-intervention parent questionnaire given
to all intervention and control groups (Downing et al., 2018) (Appendix U).
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Secondary outcomes
Tummy time
Tummy time duration (minutes) was measured using the GENEActiv accelerometer which has been
validated in a previous study (Hewitt et al., 2019). All GENEActiv data were included in the baseline and
post-intervention measurement time points as all mothers reported their infants were supine sleeping. When
the infants were 6-months-of-age, it was reported that 15% were sleeping prone (10% from the intervention
group, 18% from the control group). To account for this, nighttime and naptime sleep data were removed
for all infants according to the parent questionnaire regarding their infant’s routine. Parents were asked to
place the GENEActiv on their infants for 3, 24-hour periods over 7 days to measure the amount of tummy
time they received. The GENEActiv is worn on the right hip secured by an elastic strap around the waist.
The device was initialized at 30Hz and data was collected in 1s epochs as per the validation study (Hewitt
et al., 2019). Wear and non-wear time was classified by using temperature and z-axis cut points (Hewitt et
al., 2019).

Previous tummy time studies have used subjective parent reports to provide information regarding the
amount of time an infant engages in tummy time. These studies do not report the validity and reliability of
the questionnaires used (Hewitt et al., 2017). With the absence of an objective tool for comparison, the
accuracy of these reports is unknown. The use of accelerometry has been demonstrated to be effective in
determining child engagement in physical activity in older age groups (Hnatiuk et al., 2019). This research
is now extending to infant movement with the GENEActiv accelerometer (ActivInsights Ltd, UK) recently
validated to determine the time spent in non-prone or prone positions by an infant as 98% and 95%,
respectively (Hewitt et al., 2019).

Head shape and motor development
A Physiotherapist (who was blinded to group allocation) with more than 20 years’ experience in Pediatric
care measured the infant outcomes (head shape, motor development). Head shape was measured using
cranial calipers to calculate the cranial diagonal difference (CDD) to determine the presence of
plagiocephaly and cephalic index (CI) to determine the presence of brachycephaly (Loveday & De Chalain,
2001). Motor development was assessed using the Alberta Infant Motor Scale (AIMS) (Piper et al., 1992).
The AIMS is designed to assess gross motor ability in infants from birth through to walking (Piper &

147

Darrah, 1994). The scale has four categories: prone, supine, sitting and standing. Categories are divided
into abilities relating to the final achievement of each skill. Each ability the infant achieves is scored as
“observed” or “not observed” (1 point per ability). The reliability and validity of this scale is reported in
previous studies (Piper et al., 1992).

Statistical analysis
Analyses were conducted using SPSS version 25 (IBM Corp, Armonk, NY, USA). Descriptive statistics
were used to describe the demographic information of those participating in the study. Feasibility and
acceptability were assessed using percentages and comparing between groups using Pearson Chi Square.
Groups were compared by tummy time duration, head shape and motor development using linear mixed
models. As there was not adequate power to detect statistically significant differences, Cohen’s d was
calculated to determine effect sizes. Cohen’s d values of approximately 0.20, 0.50 and ≥0.80 were defined
as a small, moderate and large effect sizes, respectively (Cohen, 1969). Intention-to-treat principles were
followed with all participants analysed in the group in which they were randomised and irrespective of
whether they finished the intervention.

8.4 Results
Demographic information
Demographic information is presented in Table 8.1. Two mothers and their infants from the intervention
group did not attend any intervention sessions despite consenting to participate at baseline. One mother was
not contactable after baseline measures and the other declined to participate due to wanting to prioritise
receiving assistance for breastfeeding difficulties. There were no unintended effects or harms caused to any
of the participants.

Table 8.1: Demographic information
Intervention

Control group

group

n=19

n=16
Male

n (%)

10 (62.5%)

8 (42.1%)

Maternal country of birth

n (%)

13 (81.3%)

17 (89.5%)
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(Australia)
Paternal country of birth

n (%)

15 (93.8%)

18 (94.7%)

Household income (>$80000)

n (%)

13 (81.3%)

16 (84.2%)

Age of mother (years)

M (SD)

33 (3.5)

32 (4.5)

Highest level of education

n (%)

14 (87.5%)

16 (84.2%)

(Australia)

completed by Mother
(university or higher)
Birth weight (kg)

M (SD)

3.3 (0.4)

3.4 (0.4)

Birth length (cm)

M (SD)

50.4 (1.7)

51 (2.4)

Medical conditions that affect

n

0

0

functional ability
Gestational age (weeks)

M (SD)

38.6 (0.9)

39.1 (1.2)

Age at which tummy time

M (SD)

2.3 (1.3)

2.1 (1.7)

Age (Baseline) (weeks)

M (SD)

5.6 (2.3)

6.2 (3.3)

Age (Post-intervention)

M (SD)

11.1 (2.9)

10.2 (3.2)

M (SD)

6 (0.6)

5.6 (1.0)

was started (weeks)

(weeks)
Age (Follow-up) (months)

Primary outcomes – feasibility and acceptability
Recruitment and retention
Forty-two mothers were asked to partake in the study from five different mother’s groups. Thirty-five
mothers (83%) consented to participate in the study and were randomised (by group) to either the
intervention (n=16) or control group (n=19). There were two intervention groups and three control groups
with an average of seven mother/infant pairs per group (range 6 to 9 mother/infant pairs per group).
Attendance was on average 69% over the four sessions for the intervention group (includes drop outs) and
80% for the control group. Appendix V demonstrates the flow of participants through the study and Table
8.2 has the attendance record of participants in their respective sessions.
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Table 8.2: Attendance in mother’s group sessions, n (%)
Intervention group
Control group

Total

(n=16#)

(n=19)

(N=35)

Session 1

12 (75)

19 (100)

31 (88.6)

Session 2

10 (62.5)

16 (84.2)

26 (74.3)

Session 3

10 (62.5)

14 (73.7)

24 (68.6)

Session 4

12 (75)

12 (63.2)

24 (68.6)

#

Includes two drop outs from intervention group after baseline measures

Usefulness and Relevance
All mothers in the intervention group reported that the information and goal planning was extremely or
very useful compared with 61% (information) and 28% (goal planning) in the control group (p<0.01).
Similarly, 100% of mothers in the intervention group reported that the information and goal planning was
extremely or very relevant compared with 82% (information, p<0.05) and 46% (goal planning, p<0.01) in
the control group. Ninety-three percent of the intervention group mothers thought the tummy time group
practice was extremely or very useful (Figure 8.1).
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Figure 8.1: Usefulness and relevance of intervention and control group programs (extremely or very)
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Engagement in WhatsApp®
For the intervention group, standardized messages were sent three times per week (12 messages per
intervention group) from the principal researcher encouraging the mothers to practice tummy time with
their infant. In addition, there were 65 standardized replies to the 65 messages sent by mothers about their
own baby’s tummy time. Approximately 88% of intervention mothers participated in WhatsApp ® and sent
messages to their group. There were 128 messages (average of 9 messages per mother) sent that were
relevant to tummy time (104 not relevant). Of the messages that were relevant to tummy time, 51% of those
messages were about their own baby and 49% were messages of encouragement to another mother. For the
control group, 84% of mothers reported they participated in a social media group set up by one of the
mothers in their group. All three control groups chose Facebook as their social media platform to
communicate with each other for the purpose of social interaction. Both the intervention and control groups
reported the social media was relevant to them equally (p>0.05), however the intervention mothers reported
the social media was significantly more useful than the control group mothers (p<0.05) (Figure 8.1).

Wearing the GENEActiv
Thirty-one mothers (89%), 25 mothers (71%) and 27 mothers (77%) consented to use the accelerometer to
measure their infant’s physical activity at baseline, post-intervention and at follow-up, respectively. Use of
the GENEActiv to measure tummy time was somewhat feasible with most infants wearing the device for
approximately two days, with a range from 0 days to 4 days. One (intervention group), two (one infant each
from the intervention and control groups) and four infants (two each from the intervention and control
groups) had less than 24-hours wear time at baseline, post-intervention and follow-up, respectively. These
infants were not excluded from the analysis due to the already small sample size. Additional analysis (linear
mixed models) revealed this made little difference to the final outcome. A practicality questionnaire was
also administered at each measurement time point. At post-intervention, more than 74% of mothers reported
the accelerometer did not interfere with the positions their baby was placed in, the baby’s ability to move
around, was not uncomfortable, was able to be attached easily and could be tolerated to wear for 3 days.
Fifty-two percent of mothers reported the device required considerable effort to be kept on correctly. At
follow-up, more than 85% of participants reported the device did not interfere with the positions their baby
was placed in, the baby’s ability to move around, was not uncomfortable, was able to be attached easily
and could be tolerated to wear for 3 days. Forty percent of mothers reported the device required a lot of
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input to be kept on correctly.

Secondary outcomes – potential efficacy

Amount of tummy time and adherence to 24-hour Movement Guidelines
There were no overall differences between the groups regarding the amount of tummy time the baby
received (control group 95% CI, 26.9 to 58.5 minutes; intervention group 95% CI, 21.9 to 59 minutes,
p=0.551) from the linear mixed models analysis. However, there was a moderate effect size favoring the
intervention group for both tummy time duration and percentage adhering to guidelines at the postintervention measurement (Cohen’s d=0.5). At post-intervention, control babies had a mean of 17.6 minutes
and 13% adherence to the guidelines (95% CI 0 to 42.1 minutes), whereas the intervention babies had a
mean of 29 minutes and 30% adherence to guidelines (95% CI 0 to 60.6 minutes, Cohen’s d=0.5). At 6months-of-age, a small effect size was found with 70% of the intervention group meeting the guidelines
compared with 56% of the control group (d=0.3) (Figures 8.2 and 8.3).

Figure 8.2: Mean duration of tummy time per day (minutes)
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Figure 8.3: Percentage of infants meeting physical activity guidelines
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Motor development and head shape
There were no differences between groups regarding motor development (control group 95% CI, 12.3 to
14.7 AIMS total points; intervention group 95% CI, 11.5 to 14.4 AIMS total points, p=0.565) or head shape
(control group 95% CI, 2.4 to 3.8mm; intervention group 95% CI, 1.5 to 3.1mm, p=0.124) from the linear
mixed models. There was a moderate effect size at post-intervention for the infant’s ability in prone (d=0.5)
and sitting (d=0.7) favoring the intervention group (Table 8.3).

Table 8.3: Tummy time per day (minutes), percentage of infants meeting 24-hour Movement
Guidelines (tummy time), motor development scores (AIMS) and head shape (mm).
Intervention

Control group

group (N=16)

(N=19)

Total (N=35)

Cohen’s d

46.7 (46.6)

0.3

Tummy time per day in minutes, mean (SD)
Baseline

40.1 (36.4)

52.9 (55.0)
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(n=15)

(n=16)

(n=31)

29.0 (32.4)

17.6 (10.5)

22.4 (22.5)

(n=10)

(n=14)

(n=24)

52.7 (60.7)

58.9 (63.3)

56.5 (61.1)

(n=10)

(n=16)

(n=26)

53.8%

50.0%

51.9%

(n=15)

(n=16)

(n=31)

30%

13.3%

21.7%

(n=10)

(n=14)

(n=24)

70%

56.3%

63.2%

(n=10)

(n=16)

(n=26)

(n=16)

(n=18)

(n=34)

Prone

2.3 (0.6)

2.3 (0.9)

2.3 (0.8)

0.0

Supine

2.4 (0.8)

2.6 (0.8)

2.5 (0.8)

0.3

Sitting

1.0 (0.0)

1.2 (0.7)

1.1 (0.5)

0.3

Standing

1.0 (0.0)

1.2 (0.5)

1.1 (0.4)

0.5

Total

6.7 (1.3)

7.3 (2.5)

7.0 (2.0)

0.3

(n=13)

(n=18)

(n=31)

Prone

3.5 (0.7)

3.2 (1.0)

3.3 (0.9)

0.5

Supine

3.3 (0.5)

3.7 (0.9)

3.5 (0.8)

0.5

Sitting

1.8 (0.6)

1.4 (0.8)

1.6 (0.7)

0.7

Standing

1.5 (0.5)

1.6 (0.6)

1.5 (0.6)

0.0

Total

10.2 (1.6)

9.8 (2.5)

10.0 (2.1)

0.2

(n=10)

(n=17)

(n=27)

Prone

7.8 (2.9)

8.7 (3.6)

8.4 (3.3)

0.3

Supine

6.8 (1.2)

6.9 (1.7)

6.9 (1.5)

0.1

Sitting

5.1 (0.7)

5.3 (2.5)

5.2 (2.0)

0.1

Standing

2.2 (0.4)

2.5 (0.6)

2.4 (0.6)

0.5

Post-intervention

6-months-of-age

0.5

0.1

Met recommendations (%)
Baseline

Post-intervention

6-months-of-age

0.01

0.5

0.3

AIMS scores, mean (SD)
Baseline

Post-intervention

6-months-of-age
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Total

21.9 (4.2)

23.4 (7.7)

22.9 (6.5)

0.2

(n=16)

(n=18)

(n=34)

CDD (mm)

3.2 (2.6)

3.5 (2.3)

3.4 (2.4)

0.1

CI (%)

81.9 (6.0)

82.5 (5.0)

82.3 (5.4)

0.1

(n=13)

(n=18)

(n=31)

CDD (mm)

1.9 (1.7)

3.3 (2.5)

2.7 (2.3)

0.7

CI (%)

85.9 (6.7)

82.4 (4.4)

83.9 (5.7)

0.6

(n=10)

(n=17)

(n=27)

CDD (mm)

2.3 (1.1)

2.3 (1.7)

2.3 (1.5)

0.0

CI (%)

84.3 (9.2)

82.9 (5.7)

83.4 (7.1)

0.2

Head shape, mean (SD)
Baseline

Post-intervention

6-months-of-age

AIMS = Alberta Infant Motor Scale; SD= Standard Deviation; CDD = Cranial Diagonal Difference; CI
= Cranial Index

Personal, behavioural and environmental factors
There were no significant difference between groups at any measurement time point regarding the mothers
reported knowledge about the benefits of tummy time, being afraid when their infant is on their tummy,
tummy time being important to them, equipment used to assist their baby’s tummy time, setting aside time
for their baby to spend on their tummy, use of various equipment to assist their tummy time sessions and
where tummy time usually takes place (all p>0.05). Despite this, only the mothers in the intervention group
(50%) reported they used a timer to assist in measuring the amount their baby was receiving.

8.5 Discussion
This study investigated the feasibility, acceptability and potential efficacy of group tummy time classes to
mothers attending their local area health service mother’s groups. The content and group tummy time
practice was feasible and acceptable to mothers. In addition, the use of a social media platform such as
WhatsApp® was also useful for the mothers in this study to improve their compliance to tummy time
recommendations. Using the accelerometer on infants as a measurement tool was somewhat feasible with
an average wear time of approximately two days at each measurement time point. The effect of the program
on the potential efficacy were promising at post-intervention with moderate effect sizes for tummy time
duration, percentage meeting the guidelines and ability in prone and sitting. A larger RCT adequately
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powered to determine statistically significant differences would be feasible and acceptable to implement.

Designing a program considering many of the personal, behavioural and environmental factors affecting
behaviour change are shown to be more effective (King et al., 2002; Michie et al., 2011; Michie et al., 2018;
Michie et al., 2013; Michie et al., 2015). It is presumed that this is why the intervention was feasible and
acceptable for the mothers in this study. The intervention was personal, included realistic goal setting and
a supportive environment of mothers in the same stage of life. The effect sizes (difference between the
control and intervention groups) at six-months-of-age were smaller than expected; this may be due to the
contact between mothers and researchers ceasing after the post-intervention measurements. The addition
of a booster education session or the continuation of WhatsApp ® messaging after the 4-week intervention
may have assisted intervention mothers continue with their tummy time practices post-intervention
(Downing et al., 2018).

Previous studies have also demonstrated an association between awake prone time and a better attainment
of sitting skills (Davis et al., 1998; Dudek-Shriber & Zelazny, 2007). It is hypothesized that prone
positioning improves trunk extension and upper limb weight bearing which are abilities that assist with
learning to sit (Dudek-Shriber & Zelazny, 2007). As experienced in this study, developing a relationship
of trust with the parent is an important element in changing behaviour (Zachry et al., 2017). Communicating
directly and openly with families, health care professionals have opportunities to address concerns that may
serve as barriers to providing prone playtime. As early childhood nurses (ECHN) care for parents and
infants in this post-natal stage, the addition of 24-hour Movement Guideline information to existing
mother’s groups conducted by ECHN teams may be an ideal time to begin this education.

Tummy time remains a challenging task for parents. This study is important as it highlights that programs
in the post-natal stage are required to assist parents meet the recommended targets. Parents in this study
valued the practical, supportive assistance to encourage prone play. The use of group tummy time practice
and starting a WhatsApp® group are two strategies that could be considered by ECHN teams to further
support parents achieve optimal outcomes for their infants.

Translating current evidence to parents and health care providers about infant physical activity in a real-
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world setting, and improving the ability to measure infant physical activity using objective measurement
techniques are essential to target. Results from this study can be used to design a larger randomised
controlled trial, refine other existing programs and prioritise strategies that will optimise infant care through
which positive health strategies can be started from birth.

Strengths of this study include the implementation of an intervention that was added to an existing health
service aimed to assist mothers and their infants reach optimum health outcomes. Studies have
demonstrated that starting early, role modeling, practicing skills and building social networks are successful
to enhance infant physical activity (Gross et al., 2017). Additional strengths of the study were the use of
objective measurement techniques, and the development of the intervention using Social Cognitive Theory.
Limitations for this study include the small sample size, one area health service, a 4-week intervention,
limited number of days using the accelerometer to measure tummy time and a potential clustering effect on
the sample selection. Additionally, many mothers (overall approximately 45%) reported the accelerometer
required input throughout the day to keep it positioned correctly. The use of a pouch to contain the
accelerometer in clothing or inserting belt loops to a “wondersuit” or onesie may have decreased the burden
on mothers to keep the accelerometer correctly positioned on the right hip. The groups were homogenous
with mothers being mostly highly educated (>85% with a university degree of higher), Australian and from
middle-income families. Results therefore from this study may not be transferrable to parents in lower
educational, socioeconomic situations or from different cultural backgrounds. Control groups were also not
monitored for the amount of tummy time education or practice that was given to the mothers in these
groups. However, it was usual practice for mother’s groups in this health district to include information
about tummy time, goal setting, social media component (for social interaction only), handouts and social
interaction.

8.6 Conclusions
The addition of a group tummy time program was found to be feasible and acceptable to mothers attending
their local area health service mother’s groups. WhatsApp® was also useful for the mothers in this study to
improve their compliance to tummy time recommendations. Potential efficacy on motor development was
positive for immediate effects (prone and sitting), however overall effects remain inconclusive. A larger
randomised controlled trial is warranted.
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8.7 Practical implications


A group tummy time program with practical and social media components are feasible and
acceptable to mothers attending their local area health service mothers’ groups.



Providing support to parents in implementing the 24-hour Movement Guidelines is needed in the
infant stage of life.



Objective measurement of tummy time by GENEActiv is somewhat feasible in the real-world
setting.
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Chapter 9:

General Discussion

161

The aim of this Doctoral thesis was to investigate 1) the prevalence of tummy time; 2) the
association of tummy time with infant health outcomes; 3) the validation of accelerometers to
objectively measure tummy time; 4) the correlates of tummy time; and 5) a pilot intervention to
promote tummy time. This Doctoral thesis included six papers from five studies addressing gaps in
the literature on tummy time in infants. Chapter 3 highlighted the need for targeted interventions
with parents in their home environment rather than in a child-care setting. Chapter 4 described the
findings from a systematic review on the association of tummy time with infant health outcomes.
Chapters 5 and 6 reported the validation and identification of wear and non-wear time for the
GENEActiv accelerometer in objectively measuring tummy time in infants, enabling the use of this
accelerometer in the pilot intervention study. Chapter 7 identified demographic, behavioural and
environmental correlates of tummy time that can be used to guide an intervention to promote tummy
time. Chapter 8 demonstrated that a tummy time intervention delivered in a mother’s group setting
was feasible and acceptable.

This current Chapter provides a general discussion for this Doctoral thesis. It summarises the main
findings and discusses the research questions introduced in Chapter 1. The strengths and limitations
of this Doctoral thesis will be discussed, as well as the significance and implications for future
research. An overall conclusion is also provided.

9.1 Key findings

1. What is the adherence to infant physical activity (tummy time) recommendations in childcare centres from three high-income countries?
Chapter 3 described the outcomes of the observational study that investigated the adherence of
child-care centres from Australia, Canada and the United States to tummy time recommendations
(Study 1) (Hewitt et al., 2018). This study found that most child-care centres were compliant
(91.5%) with the recommendations of providing daily tummy time to the infants in their care. This
finding is much higher than the reported 30% parent adherence to tummy time recommendations in
recent studies (Gross et al., 2017; Hesketh et al., 2017). Parent adherence to physical activity
recommendations is considerably lower compared with adherence in child-care centres and as such
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requires targeted interventions with parents to promote adherence to the guidelines.

2. What is the existing evidence regarding the association of tummy time with a broad and
specific range of infant health outcomes?
Chapter 4 describes the outcomes from the systematic review that investigated the association of
tummy time with infant health and development outcomes (Study 2). This review found tummy
time to be positively associated with gross motor and total development, reduction in BMI-z score,
prevention of brachycephaly and ability to move while prone, supine, crawling and rolling. This is
the first systematic review to demonstrate a positive association of tummy time with body mass
index (Koren et al., 2019). This information is currently not included in published benefits of tummy
time for infants (World Health Organization, 2019). The inclusion of an additional health benefit of
tummy time, that is, a reduction in BMI-z score, may be important to translate to parents and health
care providers and could assist with providing a stronger rationale for the importance of adhering to
physical activity guidelines.

3. What is the practicality of using devices on infants as an objective measure of tummy time?
Chapter 5 outlines a validation study investigating the practicality of infants wearing a device
(MonBaby, ActiGraph and GENEActiv) to measure tummy time (Study 3) (Hewitt et al., 2019).
Most parents thought all devices did not interfere with infant positioning (90.6%), the infant’s ability
to move (91.4%), were not uncomfortable (93.8%), required little effort to put the device on and off
(82.8%), were not difficult to attach (97.7%) and could be worn for more than 3 days (85.2%). Out
of the four devices, most parents (78.1%) rated the MonBaby device as the most preferred for their
baby to wear. Thirty-eight percent and 34% of parents rated the ActiGraph Ankle and GENEActiv
devices respectively as their second preference with 59% of parents rating ActiGraph Hip as their
fourth preference.

4. What is the accuracy of developed algorithms and cut-points for predicting prone posture?
Chapter 5 outlines a validation study investigating the accuracy of three accelerometers to determine
infant prone position (MonBaby, ActiGraph and GENEActiv) (Study 3) (Hewitt et al., 2019).
Algorithms and cut-points to classify posture using the MonBaby, GENEActiv and ActiGraph (hip
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and ankle) devices were 79%, 95%, 90% and 88% accurate in defining tummy time, respectively.
For prone on floor positions, GENEActiv had the smallest mean difference (-8.4s) and limits of
agreement than ActiGraph Hip (-18.3s), ActiGraph Ankle (-22.1s) and MonBaby (-38.0s). No
previous known studies have evaluated the validity of an accelerometer or objective measurement
tool to assess infant positioning practices and tummy time. Despite the MonBaby being identified
by parents as the most preferred device, the GENEActiv was chosen to use in Study 6 as it was the
most accurate and also considered by parents to be practical to use.

5. How is the GENEActiv accelerometer wear and non-wear time defined when used to
determine prone positioning in infants?
Chapter 6 outlines a validation study that was used to define wear and non-wear time for the
GENEActiv accelerometer (Study 4). Analysing GENEActiv data using temperature (> 25.6˚C) and
z-axis (> -0.8124g) cut points together can be used to determine wear time with acceptable accuracy
among infants when the device is worn on the right hip. There are no known previous studies that
have developed a method to classify infant wear and non-wear time of the GENEActiv
accelerometer to determine tummy time duration.

6. What are the potential correlates of tummy time in infants aged from birth to 12-months
old?
Chapter 7 reports on a systematic review conducted to determine the correlates of tummy time
(Study 5) (Hewitt et al., 2017). Correlates positively associated with tummy time were age, prone
sleeping, time spent in tummy time at 2-months-old, >15 minutes of tummy time at 2-months-old,
amount of time in the bath, order of achievement of prone extension and prone on elbows positions,
adequate health literacy, being born in the United States and parents setting aside time for tummy
time (Study 5). This information can be used to develop strategies to test in interventions to promote
tummy time for health and development outcomes among infants.

7. What is the feasibility of a group intervention to promote tummy time when delivered in a
mother’s group setting?
Chapter 8 described a pilot RCT that investigated the feasibility of a group intervention to promote
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tummy time in a mother’s group setting (Study 6). The feasibility of a group intervention to promote
tummy time was high, with 83% of mothers consenting to participate, and an overall attendance rate
of 75%. The feasibility of using social media was also high with approximately 88% of intervention
mothers engaging with WhatsApp® and 84% of control group mothers participating in a social
media group established by one of the mothers. Use of the GENEActiv to measure tummy time was
somewhat feasible with most infants wearing the device for approximately two days, with a range
from 0 days to 4 days. Thirty-one mothers (89%), 25 mothers (71%) and 27 mothers (77%)
consented to use the accelerometer to measure their infant’s physical activity at baseline, postintervention and at follow-up, respectively. More than 74% and 85% of mothers reported the
accelerometer was practical to use at post-intervention and 6-month follow-up, respectively.

8. What is the acceptability of a group intervention to promote tummy time when delivered in
a mother’s group setting?
Chapter 8 outlined a pilot RCT that investigated the acceptability of an intervention to promote
tummy time in a mother’s group setting (Study 6). Intervention acceptability and usefulness was
measured by a post-intervention parent questionnaire given to all intervention and control group
participants (Appendix U). All mothers in the intervention group reported that the information and
goal planning was “extremely useful” or “very useful” compared with 61% (information) and 28%
(goal planning) in the control group (p<0.01). Similarly, 100% of mothers in the intervention group
reported that the information and goal planning was “extremely relevant” or “very relevant”
compared with 82% (information, p<0.05) and 46% (goal planning, p<0.01) in the control group,
respectively. Ninety-three percent of the intervention group mothers thought the tummy time group
practice was extremely or very useful and relevant.

9. What is the potential efficacy (tummy time duration, adherence to infant physical activity
guidelines, head shape, motor development) of a group intervention to promote tummy time
when delivered in a mother’s group setting?
Chapter 8 outlined a pilot RCT that investigated the potential efficacy of a group intervention to
promote tummy time in a mother’s group setting (Study 6). The potential efficacy of the group
intervention to promote tummy time in a mother’s group setting remains inconclusive as there were
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no differences at post-intervention or 6-month follow-up between groups from the linear mixed
models analyses. However, as this was a pilot RCT that was not adequately powered to detect
statistically significant differences, effect sizes were also calculated. Results showed promising
moderate effect sizes (Cohen’s d) favoring the intervention group for tummy time duration (d=0.5),
percentage adhering to WHO guidelines (d=0.5), and the infant’s ability in prone (d=0.5) and sitting
(d=0.7) at the post-intervention measurement.

9.2 Strengths and limitations
The first study of this Doctoral thesis was novel in examining the adherence of physical activity
(tummy time) recommendations for samples of infants in child-care centres in Australia, Canada
and the United States (Hewitt et al., 2018). Based on the findings from this study, potential targets
in child-care centres to further assist in the uptake of physical activity recommendations would be
to limit the use of equipment that restricts an infant’s movement and to provide strategies for
educating families on children’s physical activity. This study included samples of infants from three
high-income countries to compare and contrast. Having this multi-national perspective on childcare adherence to physical activity recommendations assists with global solutions that can be shared
and collaborated between countries. The results from this study are limited by missing data (4% to
11.5% per question), the small and differing sample sizes between countries, the use of retrospective
self-reported questionnaires that may have presented a response bias, and variability in some of the
questions from each country used to assess compliance. As this study used data from high-income
countries, the results may not be generalizable to other countries particularly low- and middleincome countries.

The second study of this Doctoral thesis involved conducting a systematic review to investigate the
association of tummy time with a range of infant health and development outcomes. Strengths
included searching multiple databases, extracting comprehensive study details, agreement on
inclusion, exclusion and methodological quality of included studies and the use of the PRISMA
statement. Limitations of this study were the small number of studies available to review, with most
studies being cross-sectional in design (with high selection and performance bias), which reduces
their ability to be accurately representative of other socioeconomic and cultural groups. Limits were

166

also placed on the selection criteria to only include studies written in English and that had tummy
time as the only intervention. As such, this may have excluded some studies written in other
languages or that investigated a combination of interventions which may have found associations
different to this review.

The third study of this Doctoral thesis tested the practicality of using devices on infants as an
objective measure of tummy time and additionally tested the accuracy of developed algorithms and
cut-points for predicting prone posture (Hewitt et al., 2019). To the candidate’s knowledge, no
previous studies have evaluated the validity of an accelerometer or objective measurement tool to
assess infant positioning practices and tummy time. The evaluated algorithms for GENEActiv and
ActiGraph (hip) were able to accurately record when an infant was positioned prone on the floor
(tummy time) (>90% accuracy) and in non-prone positions (>95% accuracy). This study was limited
by the positioning protocol being laboratory-based which may not reflect the infant’s “real-world”
positions and environment. However, as this is the first study investigating accelerometer use on
infants for tummy time measurement, a laboratory protocol was required to ensure the infant’s safety
before translating into a non-laboratory-based community environment.

The fourth study of this Doctoral thesis formulated and validated GENEActiv accelerometer wear
and non-wear time when used on infants. A specific analysis of how accelerometer wear and nonwear time is defined is essential to ensure the accuracy of objectively measured infant physical
activity. Misclassifying the amount of wear time could lead to inaccurate measurement of physical
activity (Choi et al., 2011) and study conclusions. To the candidate’s knowledge, there are no
previous studies obtaining a method to classify infant wear and non-wear time of the GENEActiv
accelerometer to determine tummy time duration. Additional studies using other types of
accelerometers among infants are required. This is a difficult age group to objectively measure as
infants are often carried, or placed in a pram or car seat which causes movement by the
carer/conditions rather than the infant’s own movement and positioning (Prioreschi et al., 2018). A
strength of this study is that the infants were wearing the accelerometer in all these situations, and
additionally the device was also placed in these same situations when not worn by the infant. The
methods proposed for the identification of wear and non-wear time has some potential limitations.
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They can only be used for the GENEActiv accelerometer with the temperature sensor; are based on
laboratory conditions when testing infants (real-world conditions can now be attempted safely);
were from a small sample size and were calculated from a total time of three days which may not
be enough time to capture every position infants may be placed in a real-world setting.

The fifth study of this Doctoral thesis identified demographic, behavioural and environmental
correlates of tummy time (Hewitt et al., 2017). Strengths included searching multiple databases,
extracting comprehensive study details, agreement on inclusion, exclusion and methodological
quality of included studies and the use of the PRISMA statement. Limitations of this study were
that the included articles were all observational studies and therefore scored high on risk of bias, the
conclusions were drawn from a small sample size, there were no objective measures of tummy time
used, and all tummy time outcome measures were based on parent report which may be prone to
over reporting (Colley et al., 2012).

The sixth study of this Doctoral thesis found that a tummy time intervention delivered in a mother’s
group setting was feasible and acceptable to implement. Strengths of this study include the
implementation of an intervention that was added to an existing health service aimed to assist
mothers and their infants reach optimum health outcomes. Studies have demonstrated that starting
early, role modelling, practicing skills and building social networks are successful at enhancing
infant physical activity (Gross et al., 2017). Additional strengths of the study were the use of
objective measurement techniques to measure tummy time, and the development of the intervention
using Social Cognitive Theory. Limitations for this study include the small sample size, recruitment
in only one local health district, a 4-week intervention and a limited number of days where the
accelerometer was worn to measure tummy time. Additionally, many mothers (overall
approximately 45%) reported the accelerometer required input throughout the day to keep it
positioned correctly. The groups were homogenous with mothers being mostly highly educated
(>85% with a university degree of higher), Australian and from middle-income families.
Consequently, results from this study may not be generalizable to parents in lower educational,
socioeconomic situations or from different cultural backgrounds.
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9.3 Significance and implications for future research
9.3.1 Study 1
Results from the first study of this Doctoral thesis showed the adherence level to physical activity
(tummy time) recommendations by child-care centres from three high-income countries (Hewitt et
al., 2018). Potential targets identified from this study were limiting the use of equipment that
restricts an infant’s movement whilst they are awake and providing education to staff and families
about children’s physical activity. Future interventions that provide education to both staff and
families may assist with the uptake of physical activity guidelines. An intervention based on the
partnership between child-care staff and parents regarding their infant’s health may facilitate a more
collaborative approach to providing infants with additional opportunities to practice tummy time.
Reporting the adherence from three high-income countries to physical activity recommendations is
significant to initiate a global perspective on physical activity practices. Further research is needed
to determine the adherence in low- and middle-income countries to further contribute to this
perspective.

9.3.2 Study 2
The systematic review presented in Chapter 4 demonstrated the association of tummy time with
specific aspects of motor development (ability to move in prone, supine, rolling and crawling), a
reduction in BMI-z scores and with the prevention of brachycephaly. This review provided
justification regarding the importance of tummy time which can be used to assist parents, health
professionals and child-care educators promote tummy time in infants. This review also
demonstrated the need for more objective measures of tummy time as all included studies used
subjective questionnaires or parent position logs. While there are some systematic reviews that have
examined the effect of physical activity interventions on older children’s outcomes (Carson et al.,
2017; Tremblay et al., 2017), research examining this relationship on infants is limited. Additional
research examining the relationships between physical activity and health indicators in infants is
required. Ensuring the identification of developmentally appropriate types and doses of physical
activity that have a beneficial effect on the health and well-being of infants will be important to
target in future interventions.
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9.3.3 Studies 3 and 4
The third and fourth study of this Doctoral thesis validated the GENEActiv accelerometer to
objectively measure tummy time in infants from birth to six-months-of-age (Hewitt et al., 2019).
Providing a method for accurate measurement of infant positioning practices is important in the
observation of the 24-hour Movement Guidelines and subsequently the WHO Guidelines for
physical activity for infants. To the candidate’s knowledge, these studies are the first worldwide to
enable this type of measurement for the purpose of tummy time. Initiating the objective
measurement of tummy time allows for further refinement of current algorithms and assists with the
validation of other devices thereby improving the landscape for future studies involving tummy
time. Further research could investigate the effect of infants being held in prone (rather than being
placed on the floor) on infant health and development outcomes. In addition, studies investigating
the validity of using accelerometers or other devices in a real-world setting and the infant’s ability
in tummy time, rather than just duration of tummy time on health outcomes, would also be of benefit.

9.3.4 Study 5
The fifth study of this Doctoral thesis identified a number of correlates, indicating that the correlates
of tummy time are multidimensional (Hewitt et al., 2017). The consistent associations found in
demographic, behavioural and environmental variables with tummy time can assist health
professionals and educators target intervention groups and specify intervention techniques. For
example, the association of having greater than 15 minutes daily of tummy time at two-months-ofage, setting aside time for tummy time and replacing the amount of time spent supine when awake
with tummy time are all modifiable variables which can be used in future interventions aimed at
increasing infant physical activity. Additional high-quality studies would be beneficial to strengthen
the evidence base and inform future research aimed at improving motor development and physical
activity for infants. In addition, as no psychological correlates were found, further research could
be conducted examining the effect of mental health issues of the parent or carer on infant physical
activity with the aim to further target populations more in need of specific interventions.

9.3.5 Study 6
The sixth study of this Doctoral thesis developed a tummy time intervention to mothers attending
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their local area health service mother’s groups. This intervention was shown to be feasible and
acceptable. This is the first randomised controlled trial that measured tummy time using an objective
measurement technique. Translating current evidence to parents and health care providers about
infant physical activity in a real-world setting, and improving the ability to measure infant physical
activity using objective measurement techniques are essential to target. Results from this study can
be used to design a larger full scale randomised controlled trial, refine other existing programs and
prioritise strategies that will optimise infant care through which positive health strategies can be
started from birth.

9.4 Conclusions
An infant’s ability in prone, as demonstrated by their experience in tummy time, is one of the
building blocks of motor skill development (Kuo et al., 2008). An early start in infant physical
activity practices provides a strong foundation for advanced movement and future motor behaviour.
Motor skill competence has a positive effect on the trajectory of children’s development due to its
association with several health and development outcomes (Lubans, 2010; Robinson, 2015;
Stodden, 2008). The benefits of tummy time have been recognised by the World Health
Organization who recommend infants receive 30 minutes of tummy time per day (World Health
Organization, 2019). Given the importance of tummy time and the low levels of tummy time
reported globally, there is a need for high-quality strategies to promote tummy time. Currently,
available evidence on tummy time relies on subjective parent proxy-questionnaires to measure
tummy time that depend on memory recall. Examining methods to objectively measure tummy time
will contribute to identifying and translating the benefits of tummy time that may increase the uptake
of daily tummy time participation.

The studies included in this Doctoral thesis add to the evidence-based literature on tummy time in
infants by filling several important research gaps. This research will be useful to inform and guide
researchers, practitioners, educators and policymakers on best practice at this important stage of
early childhood development. Results reinforce the importance and need for early commencement
of tummy time promotion. Parents require strategies and support to implement tummy time into
their infant’s daily routine, to assist them to reach high quality physical activity practices that meet
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the current Guidelines. Assisting parents from this early stage with the correct advice can have the
potential to influence their physical activity literacy, which can in turn positively impact the health
and development of their children.
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months): A validation study. PLoS ONE. 2019;14(2). doi: 10.1371/journal.pone.0210977 (Chapter 5).
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Positioning protocol
Project: Validation of the upgraded MonBaby monitor, ActiGraph and the GENEActiv devices
to measure the amount of time an infant (0-6 months) spends in the prone position.
Investigators: Professor Tony Okely, Dr Rebecca Stanley and Mrs Lyndel Hewitt
Position 1: Lying down on their back

Position 2: Lying down on their tummy

Position 3: Left supported side lying

Position 4: Right supported side lying

Position 5: Being held in the cradle position (like the feeding position)

Position 6: Being held whilst they are on their tummy
(with their head and neck supported)

Position 7: On their tummy but lying on the parent’s chest

Position 8: Lying on their back in a car seat

Position 9: Up over the parent’s shoulder (like burping)

Position 10: Being held in supported sitting

Position 11: Tummy time (lying on their tummy, playing with/engaging with parent)

Position 12: Lying on their back (reclined) whilst being pushed in a pram

Position 13: Free play, your baby can be placed on the floor and can move around freely (For
example, roll, be on their front, be on their back, be on their side)

Appendix J
Practicality questionnaire for:
Hewitt L, Stanley RM, Cliff D, Okely AD. Objective measurement of tummy time in infants (0-6
months): A validation study. PLoS ONE. 2019;14(2). doi: 10.1371/journal.pone.0210977 (Chapter 5).

Practicality Questionnaire
Instructions: Please mark your response to the statement in the corresponding box provided, example: 

Strongly
disagree

Disagree

Neither
agree or
disagree

Agree

Strongly agree

The MonBaby interfered with the positions my baby was placed in today

☐

☐

☐

☐

☐

The MonBaby interfered with my baby’s ability to move around freely

☐

☐

☐

☐

☐

The MonBaby was uncomfortable for my baby to wear (including attaching and removing
devices)
A lot of input was required to ensure the MonBaby was kept on correctly

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

I would not be able to attach the MonBaby by myself

☐

☐

☐

☐

☐

My baby would not be able to tolerate wearing the MonBaby (during the daytime) for at
least 3 days

☐

☐

☐

☐

☐

Strongly
disagree

Disagree

Neither
agree or
disagree

Agree

Strongly agree

The ActiGraph interfered with the positions my baby was placed in today

☐

☐

☐

☐

☐

The ActiGraph interfered with my baby’s ability to move around freely

☐

☐

☐

☐

☐

The ActiGraph was uncomfortable for my baby to wear (including attaching and removing
devices)
A lot of input was required to ensure the ActiGraph was kept on correctly

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

I would not be able to attach the ActiGraph by myself

☐

☐

☐

☐

☐

MonBaby on CHEST:




ActiGraph on HIP:

☐

☐

☐

☐

☐

Strongly
disagree

Disagree

Neither
agree or
disagree

Agree

Strongly agree

The ActiGraph interfered with the positions my baby was placed in today

☐

☐

☐

☐

☐

The ActiGraph interfered with my baby’s ability to move around freely

☐

☐

☐

☐

☐

The ActiGraph was uncomfortable for my baby to wear (including attaching and removing
devices)
A lot of input was required to ensure the ActiGraph was kept on correctly

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

I would not be able to attach the ActiGraph by myself

☐

☐

☐

☐

☐

My baby would not be able to tolerate wearing the ActiGraph (during the daytime) for at
least 3 days

☐

☐

☐

☐

☐

Strongly
disagree

Disagree

Neither
agree or
disagree

Agree

Strongly agree

The GENEActiv interfered with the positions my baby was placed in today

☐

☐

☐

☐

☐

The GENEActiv interfered with my baby’s ability to move around freely

☐

☐

☐

☐

☐

The GENEActiv was uncomfortable for my baby to wear (including attaching and removing
devices)
A lot of input was required to ensure the GENEActiv was kept on correctly

☐

☐

☐

☐

☐

☐

☐

☐

☐

☐

My baby would not be able to tolerate wearing the ActiGraph (during the daytime) for at
least 3 days



ActiGraph on ANKLE:

GENEActiv on HIP:

I would not be able to attach the GENEActiv by myself

☐

☐

☐

☐

☐

My baby would not be able to tolerate wearing the GENEActiv (during the daytime) for at
least 3 days

☐

☐

☐

☐

☐

Please rate from 1 to 4 (with 1 being the most preferable) which monitor you would prefer your baby to wear:

☐
MonBaby on chest

☐
ActiGraph on Hip

☐

☐

ActiGraph on Ankle

GENEActiv on hip

Appendix K
GENEActiv algorithm for:
Hewitt L, Stanley RM, Cliff D, Okely AD. Objective measurement of tummy time in infants (0-6
months): A validation study. PLoS ONE. 2019;14(2). doi: 10.1371/journal.pone.0210977 (Chapter 5).

Algorithm for GENEActiv device to classify prone, non-prone and prone supported positions.
The algorithm calculated:
 360 Angle [SIGN(B101)*ACOS(-D101/SQRT(B101^2+D101^2))*180/PI()+180] [1];
 up/down angle [ASIN(C101/(B101^2+C101^2+D101^2)^0.5)*180/3.14] [2];
 body rotation [IF(AND(N101>$S$5, N101<($S$5+180)),"supine-recline","prone-sit"][3];
 prone-sit class [IF(AND(Q101="prone-sit",O101>0),"prone",IF(AND(Q101="pronesit",O101>-23),"prone supported",IF(AND(Q101="prone-sit",O101>63),"upright",IF(Q101="prone-sit","sitting",""))))][4];
 Supine-recline class [IF(AND(Q101="supinerecline",O101>15),"upsidedown",IF(AND(Q101="supine-recline",O101<36),"reclined",IF(AND(Q101="supine-recline",N101<($S$5+69)),"left
side",IF(AND(Q101="supine-recline",N101>($S$5+101)),"right side",IF(Q101="supinerecline","supine","")))))][5]; and then
 Overall class [CONCATENATE(R101,S101)] [6].
 Final outcome of infant position was taken from the overall class. (where B is x-axis, C is y-axis,
D is z-axis, N is 360 degree angle, O is up/down angle, P is observed position, Q is body
rotation, R is prone-sit class, S is supine-recline class, T is overall class and S5 is a prone to
supine angle of 140 degrees).

Appendix L
Definition of positions in:
Hewitt L, Stanley RM, Cliff D, Okely AD. Objective measurement of tummy time in infants (0-6
months): A validation study. PLoS ONE. 2019;14(2). doi: 10.1371/journal.pone.0210977 (Chapter 5).

Definitions of positions used to code video analysis
Category
Position
Definition
Prone
Prone
Baby lying on the floor on their tummy. Both
positions
attempt 1
hips touching ground. Ok to push up with
and 2
their arms and lift head off the ground or
keep head on the ground. Must be awake and
supervised for safety.

Non prone
positions

Supine

Baby lying on the floor on their back. Both
shoulders and hips touching ground. Able to
kick freely but not roll over or onto their
side.

Left
sidelying

Baby on floor with their left shoulder and hip
touching the ground. Reclined leaning on
rolled up towel. Not to either roll forward or
roll back onto floor but stay as midline as
possible.

Right
sidelyling

Baby on floor with their right shoulder and
hip touching the ground. Reclined leaning on
rolled up towel. Not to either roll forward or
roll back onto floor but stay as midline as
possible.

Reclined
in car seat

Baby reclined in a car seat. Seat belt
fastened.

Upright

Baby held upright over the parent’s shoulder.

Reclined
in pram

Baby reclined in a pram. Seatbelt on.

Picture

Prone
supported
positions

Other
positions

Supported
sitting

Baby held in supported sitting on the parent’s
lap who is sitting in a chair.

Cradle
hold

Baby held in crook of parent’s arm or
feeding baby (bottle or breast).

Prone on
parent’s
chest

Parent reclined on a beanbag. Parent’s head,
shoulders and bottom are touching the
beanbag. Baby on tummy lying on parent’s
chest with their head near the parent’s chin
or shoulder. Baby placed straight.

Being held
in prone

Baby held prone whilst parent is standing or
sitting. Parent can sway hips from side to
side or gently rock baby if needed.

Off screen

Baby is currently not on the video screen. For example, parent is
in front of the baby or parent took baby off screen to feed/change
nappy/settle.

Invalid
position

Baby is in a position other than the ones stated above. For
example, supported standing, getting in and out of the car
seat/pram, being held whilst the parent is getting into the beanbag,
picking up off the floor.

Invalid
device

Device is not in the correct position. For example, strap moved
around, device flipped upside-down.

Appendix M
Bland-Altman plots for prone supported and non-prone
positions in:
Hewitt L, Stanley RM, Cliff D, Okely AD. Objective measurement of tummy time in infants (0-6
months): A validation study. PLoS ONE. 2019;14(2). doi: 10.1371/journal.pone.0210977 (Chapter 5).

Bland Altman plots for prone supported positions
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ActiGraph Ankle_Prone supported (s)
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(Direct
observation -200
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0
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500

-400
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-600

Mean (Direct observation and ActiGraph Ankle)

Graphs displays bias (full line), 95% limits of agreement (dashed lines) and individual participants
(diamond shape); #MonBaby seconds estimated from percentage accuracy of the section downloaded for
each individual participant
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Bland Altman plots for non-prone positions
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ActiGraph Ankle_Non prone (s)
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-30 0
(Direct
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Graphs displays bias (full line), 95% limits of agreement (dashed lines) and individual participants
(diamond shape); #MonBaby seconds estimated from percentage accuracy of the section downloaded for
each individual participant
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Device parameters used in:
Hewitt L, Stanley RM, Cliff D, Okely AD. Objective measurement of tummy time in infants (0-6
months): A validation study. PLoS ONE. 2019;14(2). doi: 10.1371/journal.pone.0210977 (Chapter 5).

247

Device parameters#
MonBaby
37mm x 37mm x
8mm

GENEActiv
43mm x 40mm x
13mm

ActiGraph Hip
38mm x 40mm x
15mm (includes
clip)

ActiGraph Ankle
38mm x 40mm x
15mm (includes
clip)

Weight

10.3g including
battery and smart
button clasp

16g without strap

29.2g including
clip but without
strap

29.2g including
clip but without
strap

Battery life

Dependent upon
environment for
signal strength

21 days when
recording at
30Hz*

14 days when
recording at
30Hz+

14 days when
recording at
30Hz+

Software

Free to download
app onto iPhone or
Android phone
after purchase of
device

Free to download

Requires licence

Requires licence

Cost (AUS
dollars)

$101.34 +
shipping

$388 + shipping

$275 +
accessories and
single licence
($1695)

$275 +
accessories and
single licence
($1695)

Size

Infant clothing
required

Smart button clasp Onesie and strap
Onesie and strap
Onesie with long
onto clothes on
around waist
around waist
legs including
infant’s chest
foot covering and
(included). Onesie
strap for ankle
and singlet
underneath
*The battery life of GENEActiv is determined by the measurement frequency selected to record. For
example, recording at 100Hz records for 7 days and 10Hz records for 45 days (activinsights.com); +The
battery life of ActiGraph is determined by the measurement frequency selected to record; #Information
correct as at 7th February 2018
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Registration for:
Hewitt L, Stephens S, Spencer A, Stanley RM and Okely AD. Weekly group tummy time classes are feasible
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Appendix Q
Participant information sheet for:
Hewitt L, Stephens S, Spencer A, Stanley RM and Okely AD. Weekly group tummy time classes are feasible
and acceptable to mothers with infants: a pilot randomised controlled trial (Chapter 8).
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Appendix R
Consent form for:
Hewitt L, Stephens S, Spencer A, Stanley RM and Okely AD. Weekly group tummy time classes are feasible
and acceptable to mothers with infants: a pilot randomised controlled trial (Chapter 8).
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Appendix S
Intervention for:
Hewitt L, Stephens S, Spencer A, Stanley RM and Okely AD. Weekly group tummy time classes are feasible
and acceptable to mothers with infants: a pilot randomised controlled trial (Chapter 8).

262

Week 1


Experience of tummy time (go around the circle, starting with researcher)



What is tummy time?



Why is tummy time important?



How old does my baby have to be to participate in tummy time?



Warning: Back to sleep, tummy to play



How much tummy time should I give my baby?



What if my baby doesn’t like it?



How do I make it happen?



Lets have a go together, circuit class, 30s on, 30s off



Goal setting: First week, try it, use a timer and see how you go



What’s App group to encourage each other
Week 2



How did you go?



Any barriers/difficulties?



Brainstorming together



What does the research say about tummy time?



Goal setting: Maybe 3 sessions per day by next mother’s group?



Let’s have a go together, 3 minutes x 2 reps
Week 3



How did the week go, were you able to achieve the goal of 3 sessions per day?



What worked to assist with the goal?



Any barriers/difficulties? What strategies did you use to manage?



Australian Government Department of Health recommendations for physical activity for infants



Let’s have a go together



Goal setting together
Week 4



How did the week go, were you able to achieve the goal of 3 sessions per day?



What strategies did you use to manage?



Video link to tummy time ideas
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Let’s have a go together, 5 minutes x 2 reps



Where to from here? How will you continue to remember to do tummy time?



Goal setting: 3 sessions per day?



Questionnaire



Appointment time for post group measures
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Intervention mapping for:
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