
 
 
 

 
 

Macquarie University PURE Research 
Management System 

 
 
 
This is the Accepted Manuscript version of the following article: 
 
Pocovi, N., Colliver, Y., Pacey, V., Liao, J., O’Laco, E., Shepherd, R., & 
Scrivener, K. (2019). Analysis of infant physical activity in the childcare 
environment: An observational study. Infant Behavior and Development, 57, 
101338. 
 
which has been published in final form at: 
 
Access to the published version:  
https://doi.org/10.1016/j.infbeh.2019.101338   
 
© 2019. This manuscript version is made available under the CC-BY-NC-ND 
4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/ 
 

https://doi.org/10.1016/j.infbeh.2019.101338
http://creativecommons.org/licenses/by-nc-nd/4.0/


1 

Analysis	of	infant	physical	activity	in	the	childcare	environment:	An	
observational	study	 

Natasha	Pocovia,⁎,	Yeshe	Colliverb,	Verity	Paceya,	Jenkin	Liaoa,	Emily	O’Lacoa,	Roberta	Shepherdc,	
Katherine	Scrivenera	

a	Department	of	Health	Professions,	Macquarie	University,	Australia	b	Department	of	Educational	Studies,	Macquarie	University,	Australia	c	Faculty	of	Health	Sciences,
University	of	Sydney,	Australia	

This study utilized behavior-mapping to describe behavior and levels of activity in infants 

attending Early Childhood Education and Care (ECEC). Descriptive statistics were used to 

determine proportion of time spent in certain locations, body positions, activities and 

engagement with others. To establish whether location, the presence of equipment or 

engagement with others influenced levels of activity, a paired t-test was used. Results 

indicated that of all locations, infants spent the greatest amount of time in the meals area 

(35%), with half of this period spent physically inactive (sedentary). The indoor play area 

was where infants were most active. Infants also spent a significantly greater proportion of 

their upright time (64%) supported by either furniture or equipment than without (MD 28, 

95% CI 13 to 44, p<0.01). Interestingly, infants displayed more sedentary behavior when 

engaged with others than when not engaged (MD 21, 95% CI 6 to 36, p < 0.01). The 

environment, presence of others and equipment availability appear to influence activity 

levels of infants in ECEC centers. Findings suggest that time spent in meal areas, provisions 

of furniture/equipment, and opportunities for infants to play independently warrant further 

exploration to determine their influence on activity levels in typically-developing infants. 

Keywords: Infants, Observation, Physical Activity, Movement, Early Learning, 

Behavior Mapping 

1. Introduction
As female workforce participation has increased over time, so too has the requirement 

for Early Childhood Education and Care (ECEC) services (Australian Bureau of Statistics, 

2002). An estimated 11 million North Americans under five spend an average of 36 hours per 

week in childcare (Child Care Aware, 2015). Similarly, in Australia, the peak age of ECEC 
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attendance is at 4 years, when 87% of children are enrolled in some form of ECEC (Australian 

Government, 2015). Since infants may spend large amounts of their time within ECEC, these 

settings have become an avenue for governments to tackle the health challenges of low physical 

activity and significant sedentary behavior through introduction of guidelines and policies.  

The Institute of Medicine (IOM) in the United States has detailed recommendations for 

children in childcare and preschools (McGuire, 2012), suggesting that prolonged positions such 

as sitting or standing should be limited to 30 minutes in duration, and opportunities for physical 

activity should be provided for 15 minutes of each hour in care. Similarly, the World Health 

Organization (WHO) recently updated their physical activity guidelines, encouraging infants 

to be physically active several times a day in a variety of ways, particularly through interactive 

floor-based play; where more is better (Organization, 2019). 

As is the case with various developed countries, Australia has also adapted guidelines 

hosting similar sentiments as the IOM recommendations. The “Australian 24-Hour Movement 

Guidelines for the Early Years” (Okely et al., 2017) recommends infants (under the age of 1 

year) to be active several times a day and not being restrained for more than 1 hour at a time 

or sitting for extended periods. Additionally, it recommends that toddlers 1-2 years of age 

engage in at least 180 minutes of physical activity per day. Current research in Australia, 

reports that between 3.5% and 8.9% of observed infants (mean age 4 months) meet all outlined 

guidelines (K. Hesketh et al., 2017, {Santos, 2017 #282, {Santos, 2017 #282). Additionally, an 

Australian study (Ellis et al., 2017) reported that only 56% and 16% of children aged one to 

five years met the IOM physical activity recommendations. Research across various countries 

has displayed poor levels of physical activity and failure to meet current guidelines. Wijtzes et 
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al. (2013) reported that toddlers aged two spent approximately 15% of the day active and 85% 

of the day sedentary (measured objectively with activity monitors).  

It is widely accepted that increased physical activity and reduced sedentary behavior 

confers a number of benefits over an individual’s lifespan. In children, both increased physical 

activity and a reduction in sedentary behavior have been associated with improved bone and 

skeletal health (Specker & Binkley, 2003), motor-skill development (Jones et al., 2011), 

cognition (Timmons et al., 2012) and an improved capacity to socialize and share with 

caregivers (Karasik, Adolph, Tamis-LeMonda, & Zuckerman, 2012).  

In pre-walking infants, physical activity presents itself differently to the movement that 

encompasses physical activity in adults. For instance, physical activity in infants typically 

includes a combination of floor mobility such as the performance of rolling, crawling or 

bottom-shuffling, as well as upright activity, including actions such as pulling to stand, 

standing, cruising, and more (Martin, Weise, & Adolph, 2000). Important to note, is that 

cultural influences can critically impact physical activity. For example, in cultures that carry 

infants for prolonged periods, infants take longer to sit independently (Goldberg, 1972). Motor 

skills and cognition develop as an infant explores and interacts with the environment around 

them (Adolph et al., 2012), hence opportunities to be active within the environment promotes 

learning and skill development.  

Parent and caregiver’s perceptions of a child’s physical activity levels may further 

contribute to difficulties in a child achieving the recommended level of daily physical activity. 

Hesketh and colleagues (2013) found that although 90% of mothers believed their preschooler 

was active, in reality, some 41% of these preschoolers were actually classified as inactive. It 
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has also been documented that most child-care providers believe that infants require less than 

one hour of physical activity per day, which is below current recommended guidelines 

(Hesketh et al., 2015). If parents and caregivers are unaware of the lack of physical activity and 

abundance of sedentary behavior, or perceive a child’s activity levels inaccurately, it then 

becomes a difficult issue to address and provide support for. 

As more time is spent in ECEC, these centers become an important location to address 

an infant’s activity levels, particularly in Australia where steadily increasing rates of ECEC 

utilization occur due to the current Child Care Subsidy schemes which exist (Government, 

2018). To combat rising levels of sedentary behavior, governments have promoted adult-led 

programs, such as Munch & Move™ (Lockeridge, 2015). This program is an initiative that 

supports the healthy development of children from birth to 5 years by promoting physical 

activity, healthy eating and reduced small screen time. This is done by providing training and 

resources for educators working in this sector who will then guide a child’s day. 

Implementation of formal, structured activity programs is difficult within busy ECEC settings, 

particularly within infant rooms, and therefore new strategies to address low physical activity 

within infants must be formulated. Although promotion of physical activity is essential, 

stationary behavior is also a necessary skill to obtain to assist development of social, attentional 

and inhibition skills – but must not exceed recommended guidelines. 

1.1 Early Childhood Curriculum and Physical Activity 
Mainstream ECEC has a long history of encouraging physical activity and outdoor play, 

in keeping with the philosophy of educating the “whole” child (Organization for Economic 
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Cooperation and Development (OECD), 2006). The dominant ECEC approach in the US, for 

example, focuses on learning and development in physical, intellectual, emotional and social 

domains (Copple & Bredekamp, 2009). Historically, ECEC has endorsed a curriculum which 

has emphasized the active, constructivist nature of children’s learning and development (e.g., 

Piaget, 1962) and thereby the more passive, or “facilitator”, role of the adult (Bredekamp, 1987, 

p. 5; Ortlipp, Arthur, & Woodrow, 2011, p. 57; Siraj–Blatchford, 2009, p. 147; Wood, 2013,

p. 40). Rather than directing behavior, the educator’s role has been notably more passive,

focused on the provision of materials (Fleer, Tonyan, Mantilla, & Rivaland, 2009). Materials 

are expected to be open-ended, so that children can decide how they are used, in accordance 

with their innate interests, rather than educators deciding those activities (Curtis & Carter, 

2008; Kinkead-Clark, 2018). This approach can be traced back to early European philosophers 

such as Jean Jacques Rousseau (1712 – 1778) and Friedrich Fröbel (1782 – 1852), who advised 

adults to be “passive, watchfully and protectively following, not dictatorial, not invariable, not 

forcibly interfering” (Fröbel, 1887/1900, p. 4).  If adults were to intervene in children’s 

physical development, Rousseau (1762/2007, p. 107) argued it should be following the child’s 

lead, so as to maximize “the easy and voluntary control of the movements which nature 

demands of them, the art of varying their games to make them pleasanter”.  

Many recent physical activity interventions sit uncomfortably alongside this traditional, 

non-interventionist approach to ECEC, which has focused on the provision of age-appropriate 

materials and following children’s expressed interests rather than directing behavior such as 

physical activities (Wood, 2013). Furthermore, adult-led physical activities are less practicable 

with infants, for whom verbally-led and group activities are much more difficult. Given infancy 
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is the gateway into later physical activity, the current study sought to investigate which factors 

(including adult presence and material provisions) in the infant’s ECEC environment were 

most associated with mobility and physical development. It sought to observe typically-

developing infants who are not yet walking independently within an ECEC setting and to 

describe proportions of the day spent physically active and sedentary. Additionally, the current 

study explored what factors within the environment (people present, location, available 

equipment) might be associated with increased levels of activity and upright mobility (i.e. pull-

to-stand, cruising, stepping). Pre-walkers were observed as this is the period preceding the 

acquisition of gross motor skills related to upright mobility. Mapping this in a representative 

sample would provide a snapshot of contemporary infants’ time in ECEC facilities. Examining 

factors associated with increased activity is also likely to illuminate ways to address inactivity 

during infancy, particularly given the historical preference for child-led activity and recent 

trend towards more adult-led programs. Given pragmatic restrictions in assessing pre-verbal 

infants’ motivations for engaging in activity, the current investigation used observational 

behavior mapping. Observational behavior mapping builds on previous work on activity levels 

in infants where activity was measured using accelerometry or parental reports (Ellis et al., 

2017; K. R. Hesketh et al., 2013; Sarker et al., 2015). Although this methodology hosts 

limitations, its major advantage is that it provides context to infants active or sedentary 

behavior that adds to our understanding of these behaviors. 

2. Methods
An observational study was conducted in three ECEC’s using a behavior-mapping 

technique. This method was employed to describe an infant’s typical day within an ECEC 
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through direct observation, unlike previous research reliant on subjective parent and carer self-

report. The study observed typically-developing infants aged 6-14 months who were not yet 

walking independently. The observer noted each infant’s location and what they were doing, 

in five-minute intervals throughout the ECEC day. The study was approved by the blinded 

University Human Research Ethics Committee (HREC reference: 5201600311). 

2.1.Recruitment & Participants 
In preparation for the project, the research team met with educators from each ECEC 

center to raise awareness of the project and its aims. Recruitment posters were displayed at 

each center to alert families to the project taking place. Additionally, information packs were 

distributed to the parents/guardians of potential participants. These information packs 

contained documents outlining the purpose and structure of the study, a participant screening 

form and a consent form. 

Participants were eligible for inclusion if they were: aged from 6-18 months, born >37 

weeks of gestation, attended the center a minimum of two days per week, had the physical 

ability to transition between two positions (e.g. lying to sitting, or sitting to crawling), and were 

not yet able to independently walk a distance greater than two meters.   

Infants were excluded if they scored ‘at risk’ on three or more sections of the Ages and 

Stages Questionnaire (Squires, Bricker, & Potter, 1997), scored in less than the 10th percentile 

in the Alberta Infant Movement Scale (Piper, Pinnell, Darrah, Maguire, & Byrne, 1992), and 

had any known chronic disability affecting development. The criteria were chosen to exclude 

infants who were not typically-developing and include those who could move but were not yet 
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walking. Infants who could walk two meters without support were excluded from the study. 

This was due to a specific research interest in the environmental determinants attributing to 

levels of activity and upright mobility in infants who were not yet walking. 

2.2. Setting 
Long day care services in New South Wales (NSW) provide center-based care for up 

to eight or more hours per day and usually enroll children from the age of six weeks to six 

years. Three long day care centers located on a University campus participated in this study. 

All centers’ practices are underpinned by the Early Childhood Australia Code of Ethics and 

reflective of the Early Years Learning Framework (Australian Government Department of 

Education Employment & Workplace Relations, 2009). Although the centers were situated on- 

campus, enrolment into the center was also available to residents of the local community. 

The infant room in each center accepted children up to the age of two, with a maximum 

capacity of 12 children enrolled per day. The ratio of children to educators was 1:3 and the 

daily staffing included bachelor-, diploma- and certificate-qualified educators. Although the 

layout and design of each center varied, all included an outdoor-play, meals, sleeping and 

indoor play areas.  

2.3. Procedure 
Week prior to observation: Following attainment of parental consent, and one week 

prior to behavior mapping, researchers made appointments with childcare educators to 

complete pre- screening of interested participants during ECEC center hours. The screening 

involved the Alberta Infant Motor Scale (AIMS) and the Ages and Stages Questionnaire 



9 

(ASQ). The AIMS was completed to ensure infants were typically-developing and to exclude 

infants with evidence of developmental delays. This component was carried out by an 

experienced pediatric physiotherapist. Educators were asked to complete the relevant ASQ for 

each infant in accordance with her/his age. The ASQ involves rating an infant’s current 

development skills in five domains (i.e. communication, gross and fine motor, problem-

solving, and adaptive skills); if necessary, educators were instructed to facilitate activity to gain 

accurate assessment. The physiotherapist met with the parents/ guardians of any children that 

scored outside of range for either the AIMS or the ASQ and those infants were then excluded 

from further participation in the study. 

Parents of participants were asked to complete a demographics questionnaire detailing 

the infant’s age, gestational age, days of center attendance, ethnicity, highest level of parental 

education, and motor skills observed at home. Parents of non-participating children were 

provided study information sheets explaining the study aims, the observer’s presence over a 

two-week period, and a declaration that non-participating individual’s data would not be 

collected. 

Indoor and outdoor sections of each ECEC center were mapped, divided into zones and 

photographed to compartmentalize equipment and large play areas; all zones and equipment 

were documented clearly in the behavior map. Photos were taken of participants to correctly 

identify them and ensure accurate data were collected when completing the behavior mapping. 

Observation Period: Observations were conducted at each ECEC center between 9am 

and 4pm over a two-week period. This timeframe allowed for observations whilst most 

participants were present and settled into the daily program. 
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The behavior-mapping technique required a trained coder to observe infants. Training 

involved all coders practicing behavior mapping against recorded videos of infants. These 

videos were used as a practice resource until complete consensus was reached by all 3 coders 

(EO, JKL, NP). Training manuals and reference guides were carried by the team whilst coding 

– these supplied examples of equipment, definitions of each category and a photo identifying

the children to be observed. 

Data was collected at five-minute intervals, for a minimum of two ECEC days for each 

infant. The trained coder observed a maximum of four children on any one day. At a single 

timepoint in each 5-minute observation, the child’s location, people present, communication, 

body position, activity and equipment used were recorded on a laptop in a Microsoft Excel™ 

spreadsheet by marking all relevant categories. For all instances where the infant was either 

not present, sleeping, or if the observer was on a break – this was recorded as ‘Not Observed’. 

Coder breaks were taken when most participants were sedentary for long periods of time, i.e. 

sleeping or eating/drinking. Breaks were no longer than 15 minutes, twice a day. 

Coders were encouraged to make notes of any situations where they were unsure of 

coding, these were later revisited by the research team and coding decisions were made based 

on the text presented and consensus. All data entered were checked by a second member of the 

research team to review for any obvious errors.  

2.4. Measures & Analysis 
Each observation included coding of the following factors: 
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Area of center: the geographical zone the infant was in was coded as meal, outdoor 

large equipment, outdoor small equipment, indoor lounge or indoor play area.  

People Present: was coded as either engaging or not engaging with peers or caregivers. 

Engagement was defined as an infant’s physical, verbal or eye-to-eye contact with either peers 

or caregivers.  This meant that when the infant was not engaged, adult supervision was still 

occurring, but this was not done by directly engaging with the infant. 

Physical Contact: recorded as a dichotomous ‘yes’ or ‘no’ response, i.e. occurring or 

not. If physical contact was recorded, naturally infants were also recorded as ‘engaged with 

peers or caregivers’. 

Communication: both receptive and expressive, was recorded as dichotomous ‘yes’ or 

‘no’ response, i.e. occurring or not. If communication was occurring this interaction was 

defined as listening or talking/babbling. Infants were also recorded as ‘engaged with peers or 

caregivers’ if communication was occurring. 

Position: coded under blanket terms of either sedentary or active. Sedentary was 

defined as situations where infants were not mobilizing (i.e. lying, sitting on floor, sitting on 

chair) - however they could have been taking part in an activity (e.g. eating). The term active 

included either floor mobility, or upright (trunk) positioning including kneeling, standing or 

stepping/cruising.  

Activity: coded as either play, sleep, self-care, eating/drinking or no activity. No activity 

described situations when an infant was not playing, engaging with others and the absence of 

partaking in play, eating, self-care, etc. 
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Equipment Used: was broadly categorized to include either small toy, large toy, 

chair/couch, table or no equipment.  

Data analysis was completed using IBM SPSS Statistics™ software (Version 24). 

Descriptive statistics were used to determine the mean proportion of observations (during 

awake time) spent in designated zones, positions, activities and the presence of others. Awake 

periods were calculated by removing any non-observed periods, time not present at the center 

(i.e. arrival after 9am or departure prior to 4pm) and time spent sleeping. To determine a 

difference between levels of activity and sedentary behavior in varying conditions (i.e. location 

and presence of people), a paired t-test was used. Mean difference (MD) and 95% confidence 

intervals (CI) were calculated, and statistical significance was set at p <0.05. 

3. Results

3.1. Descriptive data 
Thirty infants aged between 6 and 18 months were enrolled at the three ECEC when 

the study commenced. The parents/caregivers of twenty-three of these infants consented to 

participation in the study. Two participants were not attending the center during the observation 

period, and one participant was screened as ineligible due to not meeting scoring below the 

10th percentile on the AIMS and scoring at-risk in 4 categories on the ASQ (gross motor, fine 

motor, problem solving and communication), resulting in twenty infants for whom data was 

collected.  Participant characteristics, demographic information and results from the purpose-

built parent questionnaire are summarized in Table 1.  
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Table 1  
Participant Demographics 

Characteristic Total (n = 20) 
Perinatal 
Current age (months), n (%) 

6-8 3 (15) 
9-11 7 (35) 
12-14 10 (50) 
>14 0 (0) 

Gender, n (%) 
       Male 9 (45) 
       Female 11 (55) 
Other siblings, n (%) 

0  12 (60) 
1 6 (30) 
2 2 (10) 
>2 0 (0) 

Ethnicity, n (%) 
       Australian 11 (55) 
       Asian 4 (20) 
       European 1 (5) 
       Other 4 (20) 
Parents Highest Education, n (%) (n=40) 
       Secondary level 3 (7.5) 
       Tertiary level 17 (42.5) 
       Post-Graduate Degree 20 (50) 
       Other 0 (0) 
Motor Skills - Observed at least once by parent/guardian, 
n (%) 
       Rolling Over 20 (100) 
       Sitting Unsupported 20 (100) 
       Bottom Shuffling 9 (45) 
       Crawling 18 (90) 
       Commando Crawl 15 (75) 
       Cruising (supported sideways walking) 16 (80) 

3.2.Daily behavior 
Participating infants were observed for a minimum of two days and a maximum of three 

days, with a mean total observation period of 2.6 days (SD = 0.5). Each observation day was a 

seven-hour period; however, infants were not always present for the entire day. The mean 
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number of daily observations was 78.5 (SD = 5.6). With each observation equivalent to a five-

minute period, this amounted to approximately 6.5 hours of observations for each infant.  

Although there was some heterogeneity in center layout and design, researchers 

separated each ECEC center into zones to facilitate a uniform mapping criterion over the three 

facilities. Amongst all centers, infants spent the majority of awake time in the meals area (35%), 

with almost half of this time (49%) spent sedentary. The indoor play area accounted for the 

next highest amount of awake time (30%). In contrast to the meals area, most of this time was 

spent active in floor mobility and upright (31% and 34% respectively). Table 2 further 

describes the proportion of time the infants spent in various categories (i.e. area of center, 

people present, physical contact, communication, position, activity and equipment used).  

Table 2  
Description of participants behavior during awake time (n=20) 

Descriptive Mean % of Observations (SD) 
Area of Center 
       Meals Area 35 (12) 
       Outdoor (Large Equipment) 10 (11) 
       Outdoor (Small Equipment) 10 (6) 
       Indoor Lounge 14 (10) 
       Indoor Play  30 (15) 

People Present 
       Not engaged with others 44 (14) 
       Engaged with Educators 45 (14) 
       Engaged with Other Children 14 (8) 
       Engaged with Parents/ Visitors 5 (7) 

Physical Contact 
       Yes 26 (16) 
        No 74 (18) 

Communication 
       Listening 21 (15) 
       Talking/Babbling 12 (8) 
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       No Communication 68 (15) 

Position 
Sedentary 
       Lying 6 (15) 
       Sitting on Floor 18 (9) 
       Sitting on Chair 24 (11) 
Floor mobility       
       On all fours 7 (5) 
       Crawling 6 (5) 
Upright       
      Kneeling 7 (5) 
      Standing 18 (9) 
      Stepping/Cruising 12 (15) 

Activity 
       Play 33 (13) 
       Sleep * 30 (9) 
       Self/Assisted-Care 4 (2) 
       Eating/Drinking 25 (8) 
       No Activity 42 (18) 

Equipment Used 
       Small Toy 27 (11) 
       Large Play 9 (7) 
       Chair/Couch 25 (11) 
       Table 21 (17) 
       No Equipment 36 (19) 

Note. * Sleep: measured as a mean proportion of total observations at ECEC 
center. Instances where multiple situations could have occurred within a category 
(e.g. playing with a small toy at a table which are both coded as ‘equipment’) will 
not add to 100%. 

3.3.Factors associated with activity and sedentary behavior 
Table 3 displays the proportion of times spent active and sedentary in the categories of 

location and people present. Infants were observed to spend 37% of their awake time upright, 

this included kneeling, standing and cruising/stepping. Infants spent a significantly greater 

proportion of their upright time supported (79%) compared to unsupported (21%) (MD 59, 

95%, CI 44 to 74, p<0.01). The majority of time spent upright was whilst utilizing furniture 
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and/or equipment (64%) compared to no use of furniture and/or equipment (MD 28, 95% CI 

13 to 44, p<0.01). Of all the time spent upright, most was without physical assistance from a 

parent, caregiver or educator (81%). There was a significant difference between upright time 

with and without physical assistance from an adult (MD 63, 95% CI 48 to 77, p<0.01). 

When observing people’s presence over an infant’s awake time, almost equal periods 

of time were spent not engaged with anyone and engaged with educators (44% and 45% 

respectively). Infants displayed significantly more sedentary behaviors when engaging with 

adults or peers (59%) compared to when not engaging with others (38%) (MD 21, 95% CI 6 to 

36, p < 0.01). Time spent not engaged with others saw significantly higher levels of floor 

mobility (i.e. crawling or on all-fours) compared to when infants were engaged with others 

(MD 52, 95% CI 38 to 67 p < 0.01). Additionally, more time was spent upright when not 

engaged with others, however this finding was not significant (MD 8, 95% CI -22 to 38, p= 

0.24).  

Table 3 
Description of Sedentary or Active (Floor Mobility and Upright) behavior under three 
conditions (proportion of observations under each condition) 

Condition Sedentary Active 

Floor Mobility Upright 
Location 
   Meals Area 49 (16) 11 (13) 20 (13) 

Outdoor (Large Equipment) 7 (8) 15 (20) 12 (17) 
Outdoor (Small Equipment) 7 (6) 11 (8) 14 (10) 

   Indoor Lounge 10 (9) 19 (17) 12 (9) 
   Indoor Play 23 (14) 31 (20) 34 (20) 

People Present 
 Accompanied/engaged with 
others 

59 (15) ⃰ 22 (16) 43 (17) 
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  Solitary/not engaged with 
others 

39 (17) 74 (17) ⃰ 51 (19) 

* = p-value < 0.01

4. Discussion
This study sought to describe the behavior of infants within formal ECEC. The study 

also aimed to determine what factors within the environment (people present, location, 

available equipment) were associated with increased activity levels and upright time, and by 

contrast establish factors associated with more sedentary behavior.  

In recent years there has been an emphasis on the need to overcome inactivity and 

sedentary behavior in children. Australia has developed 24-hour movement guidelines based 

on those guidelines initially introduced in Canada (Tremblay et al., 2017). To our knowledge, 

two studies have explored compliance with these guidelines within Australia, reporting 

between 3.5% and 8.9% of observed infants meeting all outlined guidelines (K. Hesketh et al., 

2017; Santos et al., 2017). These low rates of compliance highlight the difficulties in adhering 

to current recommendations. 

To address issues surrounding activity levels, initiatives to date have focused on 

planning adult-led physical activities as well as increasing opportunities for outdoor play and 

learning, and access to outdoor environments in ECEC centers is now legally required (NSW 

Department of Planning and Environment, 2017). In all centers in the current study, outdoor 

areas were easily accessible to infants through an open-planned design, yet more than 80% of 

awake periods were spent indoors. Infants were observed to be more active when indoors, 

bringing to question initiatives to move infants outdoors within this age-group, as a strategy to 
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increase activity levels. Other factors need to be considered which may pose influence on these 

activity levels, for example the comfort of crawling over surfaces or seasonal changes in an 

indoors versus outdoors environment.  

Additionally, in this study, over one-third of awake time was spent in the meals area. 

During meal times, the infants were predominantly observed sitting in chairs at tables, 

restricting movement and possibly contributing to the high levels of sedentary behavior. 

Current Australian guidelines (Okely et al., 2017) discourage infants being sedentary or 

restrained for more than an hour at a time and although a significant proportion of an infant’s 

day was spent in the meals area and seated, this was spread over various meal times and never 

greater than an hour at a time. Whilst deemed sedentary behavior, it is important to recognize 

the activity of meal time as an opportunity to practice fine motor and social skills. However, it 

is evident that not all the time observed in the meals area was spent eating, and ways to 

encourage educators to limit time sitting for meals may be beneficial, particularly for infants 

requiring physical restraints such as lap sashes or harnesses, which further restrict movement. 

The periods where infants were most active (either in floor mobility or upright 

behaviors) were within the ‘indoor play’ area. This zone hosted the greatest abundance of toys 

and fixed equipment (ramp, play kitchen, benches, etc.) in each center. Interestingly, recent 

work by Dauch et al (2018) suggests that infants provided with fewer toys engage in longer 

periods of play with a single toy, allowing for more focused, creative and self-directed play. 

Another study (Hoch, O'Grady, & Adolph, 2019) found that infants accrue the same amount of 

locomotion whether in a room with or without toys. Infants were more willing to travel farther 

from their caregivers and to more widely explore their surroundings in the presence of toys. In 
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the current study, time spent with a single toy or equipment was not documented, however 

infants displayed highest levels of activity in environments which hosted the greatest 

opportunities for play and movement, such as the indoor play area. 

During the process of learning to walk, infants transition their gait pattern and technique 

to meet the demands of walking, given their limited skill level. Prior to standing and mobilizing 

unassisted, infants will often exhibit cruising by holding onto the edge of furniture and moving 

feet sideways along the object (Worobey, 2014). Of all time spent upright, significantly more 

time (64%) was spent holding on to furniture and equipment for support compared to no 

support from furniture and equipment. This finding supports the necessity of additional 

equipment-based support until infants gain the required increase in motor control and 

confidence to execute independent walking. To our knowledge, this paper represents the first 

evidence of age-appropriate provision of equipment and toys potentially encouraging more 

physically active play within ECEC environments. It suggests that the traditional, “facilitator” 

role of the educator that provides age-appropriate materials may have an important place in 

promoting mobility (Wood, 2013, p. 40).  

Childcare educators can be both the facilitators and/or inhibitors of physical activity. 

The beliefs, creativity, level of engagement and daily schedules of a center and its staff can 

shape the types and amount of activities accessible to infants (Copeland, Kendeigh, Saelens, 

Kalkwarf, & Sherman, 2012). Since adults are seen to have such influence over an infant’s 

child care experience, it is no surprise that adult-led programs (e.g. Munch & Move™) are most 

often implemented. However, in the present study, it was demonstrated that infants are more 

sedentary when engaging with others. This finding, when combined with the finding that 



20 

provision of appropriate equipment and furnishings was associated with higher levels of 

activity, provides preliminary evidence for the value of intrinsically-motivated activities for 

physical activity, as it has been for other outcomes (Habgood & Ainsworth, 2011; Hidi, 2000; 

Ryan & Deci, 2000). Health initiatives involving young children may therefore need to 

consider infants’ opportunities for self-directed activity, alongside provisions of equipment 

encouraging standing-up, particularly furniture or equipment which allow infants to pull-to-

stand. 

A recent systematic review by Engle and others (2018) stated that three- to five-year-

old’s demonstrate a significant improvement in fundamental motor skill proficiency following 

teacher-led interventions. Our findings suggest that infants (aged 6-14 months) demonstrate 

higher levels of physical activity when given the opportunity to self-direct activity. The control 

of gait requires executive and attentional functions, which only become easier with mastery of 

the skill of walking (Hagmann-von Arx et al., 2015). It is possible that infants who are learning 

to stand and walk require more effort, concentration, self-guided practice and failed attempts 

to achieve walking and cannot cope with the added cognitive load of simultaneously attending 

to surrounding peers and adults. Adults and peer interactions potentially provoke higher levels 

of distraction and infants are in turn less likely to engage in activity. In older children that have 

developed the capacity to communicate, socialize and move simultaneously – it makes sense 

that they are likely to engage and benefit from adult-led programs. Another review found that 

interventions were more “realistic” in achieving sustainable improvements only if adults 

changed their own habits, suggesting adult-directed interventions may be complemented by 

adult-inspired, but child-initiated, physical activity (Hnatiuk, Brown, & Downing, 2019). 
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4.1.Limitations  
Behavior mapping hosts some limitations. It is possible that the attendance of 

unfamiliar adults monitoring the participants may have altered behavior. Although coders were 

instructed to be as inconspicuous as possible and to not engage with the participants, their 

presence may have influenced both participant and educator behavior. Also, since observations 

could only be assessed at a single time-point at strict five-minute intervals, the conclusions 

made from behavior mapping are limited as they provide an estimation of measures instead of 

data collected from continuous monitoring. 

Recognizing the challenging nature of conducting behavior mapping, future studies 

may assess the feasibility of utilizing video footage for improved consistency and accuracy of 

coding. Additionally, future research should explore the use of accelerometry in combination 

with behavior mapping, to obtain continuous objective data as well as add context to movement 

data collected in infants. This project would have benefitted from being able to control for age, 

but given the small sample size and most participants being aged between 10 and 12 months, 

this was unfortunately not possible and further research in this area is warranted. 

Lastly, since this study occurred at centers within a single university campus in 

Australia, our results may not be generalizable to other, international ECEC settings governed 

by different regulations.  

5. Conclusion
This study observed the behavior of typically-developing infants (aged between 6-14 

months) who were not yet walking independently within ECEC settings. Infants in this sample 
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appeared to engage in higher levels of activity when undertaking self-directed play and not 

engaging with peers or carers, implying the value of allowing children to engage in 

intrinsically-motivated activity. These findings are consistent with dominant ECEC 

philosophy, and in contrast to adult-led physical activity interventions.  Structure of the 

environment and available equipment (specifically presence of shoulder-height furniture from 

which infants can pull themselves up), may help promote increased levels of activity and 

upright time, which are both believed to be beneficial for physical development.  

6. Reference list
1. Adolph, K. E., Cole, W. G., Komati, M., Garciaguirre, J. S., Badaly, D., Lingeman, J.

M., Sotsky, R. B. (2012). "How do you learn to walk? Thousands of steps and dozens
of falls per day." Psychological Science 23(11): 1387-1394.

2. Australian Bureau of Statistics. (2002). Australian Social Trends: Child Care.
3. Australian Government. (2015). Child care and early childhood education in Australia.

Melbourne, Australia: Australian Institute of Family Studies.
4. Australian Government. (2018). Early childhood and child care quarterly reports -

September 2018.
5. Australian Government Department of Education Employment & Workplace

Relations. (2009). The Early Years learning Framework for Australia.



23 

6. Bredekamp, S. (1987). Developmentally Appropriate Practice in Early Childhood
Education Programs: Serving Children from Birth through Age 8. Washington, DC:
National Association for the Education of Young Children (NAEYC)

7. Cannella, G. S. (1997). Deconstructing early childhood education: Social justice and
revolution. New York, NY: Peter Lang.

8. Cashmore, A. W., & Jones, S. C. (2008). Growing Up Active: A Study Into Physical
Activity in Long Day Care Centers. Journal of Research in Childhood Education,
23(2), 179-191. doi: 10.1080/02568540809594654

9. Child Care Aware. (2015). Child Care Aware of America. Annual Report, 2014. A
Monumental Year for Child Care.

10. Chung, S., & Walsh, D. J. (2000). Unpacking child-centredness: A history of meanings.
Journal of Curriculum Studies, 32(2), 215-234. doi: 10.1080/002202700182727

11. Copeland, K. A., Kendeigh, C. A., Saelens, B. E., Kalkwarf, H. J., & Sherman, S. N.
(2012). Physical activity in child-care centers: do teachers hold the key to the
playground? Health Education Research, 27(1), 81-100. doi: 10.1093/her/cyr038

12. Copple, C., & Bredekamp, S. (2009). Developmentally appropriate practice in early
childhood programs: Serving children from birth through age 8 (3rd ed.). Washington,
DC: National Association for the Education of Young Children.

13. Curtis, D., & Carter, M. A. (2008). Enhance the curriculum with materials Learning
together with young children: A curriculum framework for reflective teachers (pp. 55-
84). St Paul, MN: Redleaf.

14. Dauch, C., Imwalle, M., Ocasio, B., & Metz, A. E. (2018). The influence of the number
of toys in the environment on toddlers' play. Infant Behavior and Development, 50, 78-
87. doi: 10.1016/j.infbeh.2017.11.005

15. Ellis, Y. G., Cliff, D. P., Janssen, X., Jones, R. A., Reilly, J. J., & Okely, A. D. (2017).
Sedentary time, physical activity and compliance with IOM recommendations in young
children at childcare. Preventive Medicine Reports, 7, 221-226. doi:
10.1016/j.pmedr.2016.12.009

16. Engel, A. C., Broderick, C. R., van Doorn, N., Hardy, L. L., & Parmenter, B. J. (2018).
Exploring the Relationship Between Fundamental Motor Skill Interventions and
Physical Activity Levels in Children: A Systematic Review and Meta-analysis. Sports
Medicine. doi: 10.1007/s40279-018-0923-3

17. Fleer, M., Tonyan, H. A., Mantilla, A. C., & Rivaland, C. M. (2009). World yearbook
of education: A cultural–historical analysis of play as an activity setting in early
childhood education: Views from research and from teachers. In M. Fleer, M.
Hedegaard, & J. Tudge (Eds.), Childhood studies and the impact of globalization
policies and practices at global and local levels (pp. 292–312). New York, NY:
Routledge.

18. Fröbel, F. (1887/1900). The education of man (Trans. N. Hailmann). London, England:
Arnold.

19. Goldberg, S. (1972). "Infant care and growth in urban Zambia." Human Development
15(2): 77-89.

20. Habgood, M. P. J., & Ainsworth, S. E. (2011). Motivating Children to Learn
Effectively: Exploring the Value of Intrinsic Integration in Educational Games. Journal
of the Learning Sciences, 20(2), 169-206. doi: 10.1080/10508406.2010.508029



24 

21. Hagmann-von Arx, P., Manicolo, O., Perkinson-Gloor, N., Weber, P., Grob, A., &
Lemola, S. (2015). Gait in Very Preterm School-Aged Children in Dual-Task
Paradigms. PLoS One, 10(12), e0144363. doi: 10.1371/journal.pone.0144363

22. Hesketh, K., Downing, K. L., Campbell, K., Crawford, D., Salmon, J., & Hnatiuk, J. A.
(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(856).

23. Hesketh, K. R., McMinn, A. M., Griffin, S. J., Harvey, N. C., Godfrey, K. M., Inskip,
H. M., . . . van Sluijs, E. M. (2013). Maternal awareness of young children's physical
activity: levels and cross-sectional correlates of overestimation. BMC Public Health,
13, 924. doi: 10.1186/1471-2458-13-924

24. Hesketh, K. R., van Sluijs, E. M., Blaine, R. E., Taveras, E. M., Gillman, M. W., &
Benjamin Neelon, S. E. (2015). Assessing care providers' perceptions and beliefs about
physical activity in infants and toddlers: baseline findings from the Baby NAP SACC
study. BMC Public Health, 15, 100. doi: 10.1186/s12889-015-1477-z

25. Hidi, S. (2000). An interest researcher's perspective: The effects of extrinsic and
intrinsic factors on motivation. In C. Sansone & J. M. Harackiewicz (Eds.), Intrinsic
and extrinsic motivation: The search for optimal motivation and performance (Vol. 328,
pp. 309-339). San Diego, CA: Academic Press.

26. Hnatiuk, J. A., Brown, H. E., & Downing, K. L. (2019). Interventions to increase
physical activity in children 0-5 years old: a systematic review, meta-analysis and
realist synthesis. Obesity Reviews. 20(1), 75-87. doi: 10.1111/obr.12763

27. Hoch, J. E., O'Grady, S. M., & Adolph, K. E. (2019). It's the journey, not the
destination: Locomotor exploration in infants. Dev Sci, 22(2), e12740.
doi:10.1111/desc.12740

28. Jones, R. A., Riethmuller, A., Hesketh, K., Trezise, J., Batterham, M., & Okely, A. D.
(2011). Promoting fundamental movement skill development and physical activity in
early childhood settings: a cluster randomized controlled trial. Pediatric Exercise
Science, 23(4), 600-615. Doi: 10.1123/pes.23.4.600

29. Karasik, L. B., Adolph, K. E., Tamis-LeMonda, C. S., & Zuckerman, A. L. (2012).
Carry on: spontaneous object carrying in 13-month-old crawling and walking infants.
Developmental Psychology, 48(2), 389-397. doi: 10.1037/a0026040

30. Kinkead-Clark, Z. (2018). Teachers’ tensions and children’s readiness. Taking a
discursive approach to understanding readiness for primary school. Early Years, 1-13.
doi: 10.1080/09575146.2018.1481826

31. Klesges, R. C., Klesges, L. M., Eck, L. H., & Shelton, M. L. (1995). A Longitudinal
Analysis of Accelerated Weight Gain in Preschool Children. Pediatrics, 95(1), 126-
130. http://pediatrics.aappublications.org/content/pediatrics/95/1/126.full.pdf

32. Langford, R. (2010). Critiquing child-centred pedagogy to bring children and early
childhood educators into the centre of a democratic pedagogy. Contemporary Issues in
Early Childhood, 11(1), 113. doi: 10.2304/ciec.2010.11.1.113

33. Lockeridge, A., . Innes-Hughes, C., O’Hara, B. J., McGill, B., Rissel, C. (2015). Munch
& Move: Evidence and Evaluation Summary. NSW Ministry of Health.

34. Martin, L., Weise, I., Adolph, K. (2000). Parenthood in America. L. Balter. Denver,
CO: 354-358.



25 

35. McGuire, S. (2012). Institute of Medicine (IOM) Early Childhood Obesity Prevention
Policies. Washington, DC: The National Academies Press; 2011. Advances in
Nutrition, 3(1), 56-57. doi: 10.3945/an.111.001347

36. NSW Department of Planning and Environment. (2017). Draft Child Care Planning
Guideline: Planning and designing quality child care facilities in NSW.

37. Okely, A. D., Ghersi, D., Hesketh, K.D., Santos, R., Loughran, S.P., Cliff, D.P., Shilton,
T., Grant, D., Jones, R.A., Stanley, R.M. and Sherring, J. (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(5), 869. doi: 10.1186/s12889-
017-4867-6.

38. Organization for Economic Cooperation and Development (OECD). (2006). Starting
Strong II: Early childhood education and care. Paris, France: Doctorate for Education,
OECD.

39. Ortlipp, M., Arthur, L., & Woodrow, C. (2011). Discourses of the early years learning
framework: Constructing the early childhood professional. Contemporary Issues in
Early Childhood, 12(1), 56. doi: 10.2304/ciec.2011.12.1.56

40. Piper, M. C., Pinnell, L. E., Darrah, J., Maguire, T., & Byrne, P. J. (1992). Construction
and validation of the Alberta Infant Motor Scale (AIMS). Canadian Journal of Public
Health, 83 Suppl 2, S46-50.

41. Rousseau, J. J. (1762/2007). Émile. Middlesex, England: The Echo Library. Retrieved
from https://openlibrary.org/works/OL80743W/Emile. Original published 2007.

42. Ryan, R. M., & Deci, E. L. (2000). Intrinsic and Extrinsic Motivations: Classic
Definitions and New Directions. Contemporary Educational Psychology, 25(1), 54-67.
doi: 10.1006/ceps.1999.1020

43. Santos, R., Zhang, Z., Pereira, J. R., Sousa-Sá, E., Cliff, D. P., & Okely, A. D. (2017).
Compliance with the Australian 24-hour movement guidelines for the early years:
associations with weight status. BMC Public Health 17(867).

44. Sarker, H., Anderson, L. N., Borkhoff, C. M., Abreo, K., Tremblay, M. S., Lebovic, G.,
Birken, C. S. (2015). Validation of parent-reported physical activity and sedentary time
by accelerometry in young children. BMC Res Notes, 8, 735. doi:10.1186/s13104-015-
1648-0

45. Siraj–Blatchford, I. (2009). Quality teaching in the early years. In A. Anning, J. Cullen
& M. Fleer (Eds.), Early childhood education: society and culture (pp. 147–157).
London, England: Sage.

46. Specker, B., & Binkley, T. (2003). Randomized trial of physical activity and calcium
supplementation on bone mineral content in 3- to 5-year-old children. Journal of Bone
and Mineral Research, 18(5), 885-892. doi: 10.1359/jbmr.2003.18.5.885

47. Squires, J., Bricker, D., & Potter, L. (1997). Revision of a parent-completed
development screening tool: Ages and Stages Questionnaires. Journal of Pediatric
Psychology, 22(3), 313-328.

48. Timmons, B. W., Leblanc, A. G., Carson, V., Connor Gorber, S., Dillman, C., Janssen,
I., . . . Tremblay, M. S. (2012). Systematic review of physical activity and health in the
early years (aged 0-4 years). Applied Physiology, Nutrition, and Metabolism, 37(4),
773-792. doi: 10.1139/h2012-070



26 

49. Tremblay, M. S., Chaput, J.P., Adamo, K.B., Aubert, S., Barnes, J.D., Choquette, L.,
Duggan, M., Faulkner, G., Goldfield, G.S., Gray, C.E. and Gruber, R. (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(Suppl 5):
874.

50. Wijtzes, A. I., Kooijman, M. N., Kiefte-de Jong, J. C., de Vries, S. I., Henrichs, J.,
Jansen, W.,  Raat, H. (2013). Correlates of physical activity in 2-year-old toddlers: the
generation R study. Journal of Pediatrics, 163(3), 791-799.e791-792.

51. Wood, E. (2013). Play, Learning and the Early Childhood Curriculum (3rd ed.).
London, England: Sage.

52. World Health Organization. (2019). Guidelines on physical activity, sedentary
behaviour and sleep for children under 5 years of age.

53. Worobey, J. (2014). Physical activity in infancy: developmental aspects, measurement,
and importance. American Journal of Clinical Nutrition, 99(3), 729s-733s. doi:
10.3945/ajcn.113.072397

. 




