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Abstract

Background: Only 10% of Australian children meet the recommended daily physical activity guidelines. Augmented reality
(AR) is increasingly being used in primary education and clinical rehabilitation, with high enjoyment and motivation to
participate frequently reported. AR has increased physical activity participation in adult populations, but whether AR can
increase physical activity in young children has yet to be investigated.

Objective: This study aimed to determine if an indoor AR-enhanced playground is enjoyed by young children and prompts
physical activity in both low- and high-structured scavenger hunts.

Methods: Seventeen pairs of 5- to 8-year-olds participated in 2 animal search tasks (ie, AR and non-AR) in 2 activity
structure levels (ie, low-structured and high-structured) in a 2x2 repeated measures design in an indoor laboratory playground.
Children searched for either AR animals (a custom AR app on a smartphone) or toy animals and followed a set obstacle course
route (high-structured) or moved wherever they wished (low-structured). Questionnaires assessed child enjoyment, perceived
physical activity, and caregiver perception of enjoyment. Thigh-worn accelerometers (SENS; SENS Innovation ApS) assessed
postures and movements, and a video camera recorded engagement time.

Results: Children rated AR conditions (low-structured: mean 4.4, SD 1.0, and high-structured: mean 4.5, SD 0.9) as more
enjoyable than high-structured non-AR (mean 4.1, SD 1.0; P=.03). When asked which condition was the most enjoyable,
15 chose the low-structured AR, followed by the high-structured AR (n=11) and low-structured non-AR (n=8). Caregiver
perception of children’s enjoyment ratings generally aligned. Ratings of perceived physical activity level were the same in
all conditions (mean 4.3, SD 0.7; P>.05). Accelerometry showed that a greater percentage of time was spent in low-intensity
postures and movements during AR conditions (AR: mean 50%, SD 13% vs non-AR: mean 35%, SD 14%; P<.001), namely
in sitting and standing, and in high-intensity movements during non-AR (AR: mean 21%, SD 12% vs non-AR: mean 32%, SD
18%; P<.001). During low-structured conditions, engagement time was significantly longer with the AR animals compared to
the toy animals (AR: mean 263.1, SD 65.7 seconds vs non-AR: mean 197.3, SD 76.5 seconds; P=.002).

Conclusions: While the intensity of physical activity was lower during AR, the greater enjoyment and longer engagement
time may lead to greater overall accumulation of active play by motivating young children to go to and stay longer at
playgrounds. The high-structured AR conditions resulted in higher-intensity physical activity compared to low-structured
AR conditions; however, enjoyment ratings from children and caregivers were generally higher in the low-structured AR.
Therefore, AR may be suitable to implement in both low- and high-structured play environments. Future research should
investigate whether these findings hold true at outdoor playgrounds and examine the impact of novelty over time.
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Introduction

Augmented reality (AR) digital technology is becoming
increasingly available and promoted to children in both home
and educational settings [1,2]. AR refers to the use of a
smart device with an incorporated camera to present the
user with an integrated, real-time view of the real world
with superimposed digital information. This is commonly
a smartphone or tablet, but headset technology is rapidly
advancing, making it more affordable and available [3]. AR
applications vary enormously, from static overlaid images to
animated 3D creatures to semi-immersive 3D worlds. Not
only can the appearance and fidelity of AR vary enormously,
but so too can the way it is “activated.” AR can be activated
using a physical marker (eg, a QR code or image) or be
markerless (eg, using GPS location or world tracking, where
the device camera scans the environment for a flat surface
to place the AR object upon). Despite its growing popular-
ity, the implications of AR use by young children remain
relatively unstudied. While there is often inherent skepticism
and concern about potential risks with children engaging with
digital technology [4], the potential benefits of AR should
also be investigated.

Primary school education, particularly in science,
technology, engineering, and mathematics subject areas, can
benefit from AR by allowing teachers to extend learning into
a 3D space and for children to visualize concepts that would
not normally be accessible in real life [5]. Compared with
traditional learning resources, children aged 8-10 years have
reported a preference for AR games when learning about
multiculturalism, solidarity, tolerance, and the water cycle [6,
7]. AR has also been shown to increase motivation to learn
[5] and knowledge retention [8] in areas such as mathematics
[9], literacy, geography, biology [5], and recycling behavior
[10]. The increased appeal and motivation that AR provides
for children in educational settings could translate into other
aspects of their daily lives, for example, motivating children
to be physically active in leisure time.

Children’s participation in physical activity in many
countries is generally low. For example, in Australia,
parent-reported data show that in 2020, only 10% of
children aged 5-18 years participated in the recommended
60 minutes of moderate-to-vigorous physical activity daily
[11]. Sufficient physical activity and avoiding excessive
sedentary behavior are vital for child health and well-being
by reducing obesity risk [12], improving mental health
[13], and supporting muscle and bone development [14].
Enjoyment has been identified as a key factor in child-
ren’s participation in physical activity in theoretical models
such as the self-determination theory [15]. Intrinsic motiva-
tion and higher enjoyment of physical activity are related
to increased physical activity levels [16-18]. Further, a
randomized controlled trial of 2087 adolescent girls demon-
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strated that increasing enjoyment of physical activity resulted
in increased voluntary participation in physical activity [19].

AR is effective in increasing physical activity levels in
adults and adolescents [20,21]. For example, adolescents in a
study of Pokémon Go (2016; Niantic Inc), an AR smartphone
game that encourages users to move to different geographical
locations to “catch” Pokémon, increased their participation
in low, moderate, and vigorous physical activity by ~41
minutes per week [22] over 7 weeks. AR has also been
shown to increase the motivation of adolescents to partic-
ipate in physical education classes [23]. AR applications
that encourage children to be physically active are becom-
ing more prevalent [24,25]; however, very little research
has been undertaken regarding the feasibility and effective-
ness of AR to promote physical activity, motivation, and
enjoyment among primary school-aged children. However,
evidence shows that AR apps can improve motor function
and increase participation in physical rehabilitation among
pediatric clinical populations [26]. For example, in children
with cerebral palsy, AR has been shown to improve upper
limb muscle strength and range of motion [27] and to be an
effective tool in improving gait speed [28]. In a review [29],
the most frequently reported advantage of AR use in a clinical
population was increased motivation leading to increased
participation. If AR can effectively increase participation
in physical rehabilitation in a clinical pediatric population,
it remains possible that it could be an effective way to
encourage increased physical activity in typically developing
primary school-aged children; however, this has not been
investigated.

AR as a tool to encourage physical activity in children
is attractive due to its easy access and portability, being
predominantly used on a smart device (eg, smartphone or
tablet) already owned by many families, and its ability for
use in both indoor and outdoor environments. Outdoor play
not only provides children with the opportunity to practice
and refine gross motor skills [30] but also reduces the risk
of myopia [31] and vitamin D deficiency, which has been
linked to poor bone development, cardiovascular disease, and
diabetes [32]. This flexibility of use across multiple envi-
ronments contrasts with many other digital devices aimed
at eliciting active play in children, such as console-based
active video games [33]. The versatility of AR applications,
particularly marker-based AR, also allows for easy adaptation
to different situations, such as different play styles. Physi-
cally active play can be broadly grouped into 2 overarching
categories: high-structured and low-structured. High-struc-
tured physical play requires children to follow a set of
rules or activities (eg, an obstacle course or football drills),
while low-structured play is child-led free play. While both
play types have overall benefits, highly structured play can
emphasize motor skill development, while low-structured or
free play can enhance imagination, autonomy, confidence,
and self-esteem [34]. Marker-based AR could be adapted to
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both play styles, as the physical markers can, for example, be
placed around an obstacle course by a parent, educator, or
coach (high-structure play) or around a playground (low-
structure play), prompting children to engage with the AR
in diverse ways. However, how AR may encourage physical
activity in children engaging in different play types remains
unknown. This study aimed to explore whether marker-based
AR digital technology could be a useful tool for engaging
young children in physical activity during both high-struc-
tured and low-structured play, compared to a non-AR task.
We hypothesized that children would enjoy AR more than
non-AR conditions, and that their physical activity level
(perceived and measured) would be higher in both high-struc-
tured and low-structured play.

Methods
Study Design

This was a 2x2 repeated measures study (Animal Format:
smartphone AR vs non-AR plastic toys x Activity Structure:
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low-structure vs high-structure) where children participated in
4 animal scavenger hunts in a laboratory playground setting.
Outcome measures included enjoyment, time spent engaging,
and level of physical activity. Pilot testing of the study
protocol and AR app was conducted with 4 children (2 pairs,
aged 5-8 years, male and female), and the protocol and app
were refined before the commencement of participant data
collection.

Laboratory Setup

The indoor laboratory was set up to simulate a playground,
with the following equipment: a soft balance beam, wobble
cushions, a see-saw plank, a hula-hoop tunnel, wooden boxes
to climb, soft cushions to jump on, a mini trampoline, a
climbing frame, a soft tunnel to walk through, hanging pillars
to navigate, half Bosu balls, and wobble boards (Figure 1).
Equipment setup was standardized for all participants and
conditions.

Figure 1. Laboratory play equipment setup (all conditions) showing 2 participants in the low-structure non—augmented reality (non-AR) condition.

Participants

Thirty-four children aged 5-8 years and their caregivers
volunteered to participate in the study. They were recruited
from the local community and workplace networks in an
Australian city via word of mouth and social media adver-
tisements. Eligible children took part in the study in pairs,
either a known friend or sibling (both henceforth termed
“peer”). Parents and caregivers (henceforth termed “care-
giver”) completed a screening questionnaire to determine if
they and their children were eligible before being enrolled
in the study. Participants were excluded if they did not
speak fluent English (child and caregiver), had a physi-
cal injury (eg, sprained ankle) that limited their ability to
move normally, a history of seizures or epilepsy, binocular
vision abnormalities (eg, strabismus or amblyopia), frequent
headaches or earaches, experienced severe motion sickness,
had a known skin response to medical tape, or had any known
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or suspected psychological or physical clinical diagnosis
that may influence their ability to understand and follow
instructions or perform requested activities. The sample size
was deemed appropriate based on previous accelerometer
studies with children [35].

Protocol

Children and their caregivers visited the university labora-
tory for a single data collection session, approximately 60
minutes in duration. A standardized warm-up was comple-
ted, which involved a familiarization period with the AR
technology, playground equipment, and obstacle course route.
Children completed 4 conditions concurrently with their
peers. Condition order was randomized (refer to Multimedia
Appendix 1). Children were told they could work together
with their peers but did not have to; it was their choice.
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Animal Format: AR Versus Non-AR

A custom marker-based AR application (Animal Adventures;
Curtin University) was developed for this study using Unity
Vuforia Engine (Unity Technologies). Ten custom VuMarks
(similar to a QR code but colorful images of the animal
habitats; Figure 2) were designed, each linked to a different
AR animal. VuMarks were 12x7.5 cm each. AR animals
were virtual 3D low-poly animated animals (Unity Asset
Store, Polyperfect) that appeared to be 30-100 cm in height,
including a shark, elephant, panda, penguin, cat, rabbit, wolf,
crocodile, seagull, and deer (Figure 2). AR animal size was
adjusted to ensure they were visually impressive but not too
large to be difficult to view on the smartphone. The distance
the AR animal appeared relative to the VuMark was adjusted
to ensure the children knew the animal had appeared (ie,
close enough to the VuMark) but also far enough away to
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ensure the entire animal was visible. Once VuMarks were
activated by holding them in the phone’s camera view for
one second, the AR animal remained visible in that loca-
tion for the remainder of the condition. The decision to use
this setting was to prevent the animal from disappearing
while children were viewing and interacting with it, which
otherwise resulted in frustration. It also created the illusion
of being surrounded by animals at the playground. Children
were provided with an Apple iPhone 12 (Apple Inc) each
to use during the AR conditions. Children were given a
demonstration and the opportunity to try using the AR app
before commencing the first AR condition. For the non-AR
conditions, plastic toy animals (Schleich Inc), the same as the
AR animals, which ranged in size from 3-20 cm, were used
(Figure 2).

Figure 2. Top shows children playing with the panda, elephant, and crocodile augmented reality (AR) animals during the AR conditions. The bottom
left shows the VuMarks (marker-based AR) used in the AR conditions, including the penguin, deer, and panda. The bottom right shows the plastic toy
animals used in the non-AR conditions.

Scavenger Hunt Activity Structure: Low-
Structure Versus High-Structure

Conditions involved searching for 6 animals around the
indoor play equipment, either AR animals or toy ani-
mals (non-AR), depending on the condition. Children were

https://pediatrics.jmir.org/2025/1/e75302

instructed that they could move wherever they wanted to find
the animals during the low-structure conditions, or follow a
set obstacle course route during the high-structure conditions.
During the high-structure obstacle course conditions, children
completed 2 laps of the circuit at the same time as their
peers but in the opposite direction. They were not given any
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specific instructions on time, only that they should try to find
the 6 animals while completing the 2 laps. During low-struc-
ture conditions, children were told there were 6 animals to
find, after which they could play until they were told time was
up. The low-structure conditions ended after a maximum of 5
minutes or earlier if the children lost interest in playing (total
time). The time children stopped engaging with the AR or
the non-AR animals during the low-structure conditions was
noted and referred to as “engagement time.”

Data Collection Tools

Questionnaires

Children completed a series of questionnaires for the
outcomes of enjoyment and perceived physical activity.
Children and caregivers were blinded to the hypotheses of the
research in an attempt to avoid biases such as social desirabil-
ity bias. Caregivers completed questionnaires regarding the
outcomes of perceived enjoyment and their child’s previous
digital technology experience.

Child enjoyment and caregiver perception of their child’s
enjoyment were recorded following each condition and after
the conclusion of all conditions using items from the Fun
Toolkit [36], which have been frequently used with young
children [37]. Specifically, children and caregivers were
invited to circle the best response on a 5-item Smileyometer
[37], a pictorial scale with round yellow faces ranging from
awful (=1) to brilliant (=5) (refer to Multimedia Appendix
1) at the end of each condition. In addition, children and
caregivers were invited to complete 3 variations of the fun
sorter [37] following all 4 conditions. First, they were asked
to rank which animal search condition they enjoyed more by
placing cut-out images representing the conditions (eg, AR
or non-AR animals) into the appropriate box. Second, they
were invited to rate whether they found the low-structure or
high-structure conditions more enjoyable. Finally, they were
asked to rank all 4 conditions from most enjoyable to least
enjoyable. Caregivers were also provided with the option to
complete a written open-ended question after each fun sorter
task to elaborate on the reason for their answers.

Following each condition, children completed a 5-item
pictorial Perceived Physical Activity Rating Scale, select-
ing how physically active they felt they were during the
condition, from completely stationary (=1) to fast running
(=5). This scale was adapted from the Children’s Physical
Activity Rating Scale (CARS) [38], a validated measure
of observer-rated physical activity levels in young children.
The adapted scale used the same 5 levels as the CARS
but included illustrations, and children completed the scale
themselves (refer to Multimedia Appendix 1). Caregivers
were asked to complete a short questionnaire about their
child’s previous experience with digital technology.

Video

Total time and engagement time were calculated from
accelerometer data and video footage. Video footage was
captured from 2 video cameras (model A2403; Apple Inc; 30
Hz super wide lens) affixed to 1-meter-tall tripods and placed
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at opposite edges of the play area. Low structure condition
total time (AR and non-AR conditions) commenced when
the children started the condition and ended when either they
lost interest in playing or after 5 minutes, whichever was
sooner. Low structure condition engagement time (AR and
non-AR) commenced when the child started the condition and
ended when they lost interest in playing with the AR app or
toys. In high-structure conditions, total time and engagement
time were the same, commencing when the children started
the obstacle course and ending when they completed their 2
circuits.

Accelerometer

The time children spent in different postures and move-
ments was estimated from a thigh-worn accelerometer (SENS
Innovation ApS) previously used in research with children
of the same age [35]. The SENS motion PLUS (model
number A01.6) accelerometer weighs 7 g and is 47x22x4.5
mm in size and was placed on the midline of the child’s
anterior right thigh halfway between the hip and knee. It was
affixed using hypoallergenic double-sided tape underneath the
accelerometer and hypoallergenic Fixomull stretch over the
top. It was worn for the entire data collection. The accelerom-
eter operated at 12.5 Hz and recorded accelerations in the x,
y, and z axes with a range of +4 to —4 G.

Analysis

Accelerometer Analysis

Accelerometer data were cropped using a customized
LabVIEW program (National Instruments). The Motus
software, based on the Acti4 algorithm as developed and
described in Skotte et al [39] and validated for use in
school-aged children in a laboratory [35,40], was used to
classify postures and movements. The software resamples the
accelerometer data to 30 Hz in 2-second windows with a 50%
overlap and uses both the inclinations and SDs of the thigh
accelerations to classify different postures and movements
using a rule-based algorithm [39]. The classified postures and
movements are lying, sitting, standing, moving (stationary but
with fidgeting legs), walking, running, stair climbing, cycling,
or rowing (high-intensity movement that is not classified
as running, stairs, or cycling). A customized R program (R
Development Core Team) summarized these data into total
and percentage of time spent in each movement and posture
per condition. Due to the minimal incidences of movement
coded as cycling and rowing (average total across all 4
conditions was 4.9, SD 10.1 seconds, and mean 4.6, SD 154
seconds, respectively, of a total average of 1200.4, SD 130.2
seconds), they were combined with the stair-climbing time
to create a single stairs+ variable. Postures and movements
were grouped as low intensity (lying, sitting, standing, and
moving), moderate intensity (walking), and high intensity
(running and stairs+).

Statistical Analysis

Questionnaire data from children and caregivers, along
with pictorial scale numerical values, were transcribed into
Microsoft Excel (Microsoft Corporation), and descriptive
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statistics were calculated. All other statistical analyses were
performed in Jamovi (version 2.3.28; Jamovi). A critical
alpha probability level was set at P<.05 for all analyses.
Two-by-two (2x2) repeated-measures ANOVAs with post
hoc pairwise comparisons without Bonferroni correction were
run for all measures, except binomial fun sorter data, where
a chi-square analysis was used. A thematic analysis of
caregiver open-ended questionnaire responses was conducted.

Ethical Considerations

The study was approved by the Curtin University Human
Research Ethics Committee (HRE2023-0323) before its
commencement. An information sheet was provided to
caregivers, and time was allowed for questions before the
caregiver provided written consent. A simplified version
of the information sheet was shown to children with their
caregiver present. The study procedures were explained to
children using visual illustrations and demonstrations of
the study equipment, and time was allowed for questions.
Children were invited to provide their verbal and written
assent to participate. Three researchers were present for
data collection, and all had current Working with Children
Clearances. All data were deidentified for analysis when
possible.

Results

Participants

All 34 children completed the study. Their average age was
6.2 (SD 1.2) years (range 5-8 years), 41% (n=14) were
female, and all were currently in primary school education.
The majority (n=20, 59%) attended with a friend of the same
age and gender, while 41% (n=14) attended with a sibling (4
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male-female sibling pairs, 2 brother pairs, and 1 sister pair).
Parents reported that 47% (n=16) of children had previous
experience with AR, most notably Pokémon Go, 59% (n=20)
had active video game experience, and 94% (n=32) had
previously played sedentary games on a computer, tablet, or
smartphone. There was no correlation between age and AR
experience (r3p=0.165; P=.35).

Enjoyment in AR Versus Non-AR

Results from the children’s ratings on the 5-item Smileyom-
eter showed that AR was generally rated as more enjoya-
ble than non-AR, and low-structure was sometimes rated
as more enjoyable than high-structure. For child ratings of
enjoyment, there was no overall main effect of Animal
Format (AR: mean 4.5, SD 0.9 vs non-AR: mean 4.3, SD
1.0; F133=3.79; P=.06) or Activity Structure (low-structure:
mean 4.4, SD 09 vs high-structure: mean 4.3, SD 0.9;
F133=0.90; P=235). However, pairwise comparisons revealed
children rated low-structure AR and high-structure AR as
more enjoyable than high-structure non-AR (#33=2.26; P=.03;
d=0.03 and 133=2.26; P=.03; d=0.32, respectively; Table
1 and Figure 3). Caregivers’ perception of their child’s
enjoyment was similar, though with a significant main effect
of Animal Format showing AR rated as more enjoyable (AR:
mean 4.2, SD 0.7 vs non-AR: mean 3.9, SD 0.6; F| 33=6.81;
P=01; d=0.46), but no main effect of Activity Structure
(low-structure: mean 4.1, SD 0.7 vs high-structure: mean 4.0,
SD 0.7, F133=0.66; P=.42). Pairwise analysis showed that
caregivers rated low-structure AR as more enjoyable than
low-structure non-AR and high-structure non-AR (#33=2.54;
P=.02; d=0.50 and t33=2.73; P=.01; d=0.54; respectively;
Table 1 and Figure 3). Multimedia Appendix 1 displays
results based on the number of responses.

Table 1. Enjoyment, time, and physical activity. Superscript letters indicate statistical groupings. Values within a row that share a letter are not

statistically different from each other. Conversely, values with no letters in common are significantly different (P<.05)

Outcome

Augmented reality (AR), mean (SD) Non-AR, mean (SD)

Low-structure

High-structure

Low-structure

High-structure

Child enjoyment (scale 1-5, higher number=greater enjoyment)

Caregiver perception of enjoyment (scale 1-5, higher number=greater
enjoyment)

Child fun sorter (1-4 rank, higher number=greater enjoyment)
Caregiver fun sorter (1-4 rank, higher number=greater enjoyment)
Total time (seconds)

Engagement time (seconds)

Child physical activity perception (scale 1-5, higher number=greater
percived activity)

Total percentage low-intensity exercise (combination of lie, sit, stand,
and move)

Total percentage moderate-intensity exercise (walk)
Total percentage high-intensity exercise (run and stairs+)
Lie (%)

Sit (%)

Stand (%)

4.4 (1.0) 4.5 (0.9 44 (1.0)%° 4.1 (1.0
42 (0.6) 4.1 (0.8)*b 3.9 (0.6)° 39050
3209 28 (1.1)~b 24 (1.1)° 1.6 (0.8)°
3.4 (0.9 2.7 (0.8)° 22(1.1)° 1.7 (0.9)°
329.6 (22.0)2 225.7 (69.4)P 312.5 (61.1)2 158.1 (61.2)°
263.1 (65.7) 225.7 (69.4)° 197.3 (76.5)° 158.1 (61.2)¢
43(0.7) 43(0.7) 43(0.8) 44(0.8)

54 (11)2 47 (13)P 37 (12)¢ 33 (154

28 (9) 30 (11)2 34 (12)b 30 (13)&:P
18 (11)? 24 (12)b 29 (15)¢ 37 (20)4
2(57 1P 3(5)° 140

11 (8) 8 (9) 4(4P 3 4P

12 (8)2 7 (6)° 4 (4)¢ 3 (3)°
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Augmented reality (AR), mean (SD) Non-AR, mean (SD)

Outcome Low-structure High-structure Low-structure High-structure
Move (%) 29 (6)» 31 (9)° 27 (92 26 (0.1)*
Walk (%) 28 (9) 30 (11)2 34 (12)b 30 (13)&:P
Run (%) 12 (10)* 13 (12)* 23 (14)° 28 (19)¢
Stairs+ (%) 7 (6) 11 (7)° 6 (5)? 8 (H:°

3Groups with no statistical significance in pairwise comparison (P>.05).
bGroups with no statistical significance in pairwise comparison (P>.05).
“Groups with no statistical significance in pairwise comparison (P>.05).
dGroups with no statistical significance in pairwise comparison (P>.05).

Figure 3. Group mean (SE) for child enjoyment and caregivers’ perception of their child’s enjoyment on the Smileyometer scale of 1 to 5, where 1
was “awful” and 5 was “brilliant.” AR: augmented reality. *Indicates statistically significant differences in pairwise comparison (P<.05).

* P=.03
L

* P=.03
|

44

4
L 2]
2
6 3
[=9
2
g
o
=

2

1

0

Low-structure High-structure Low-structure High-structure Low-structure High-structure Low-structure High-structure
AR AR non-AR non-AR AR AR non-AR non-AR
Child Caregiver

In the fun sorter questionnaire comparing enjoyment in
AR and non-AR conditions (or caregivers’ perception
of their child’s enjoyment), both children and caregiv-
ers ranked AR higher (children: 82%, n=28, X21,34=15-1§
P<001 and caregivers: 91%, n=31, x21,34=21.1; P<.001).
When comparing enjoyment during low and high-structured
conditions, both children and caregivers ranked low-struc-
tured conditions higher (children: 69%, x21,34=4.5; P=.03 and
caregivers: 69%, X21,34=4-5? P=.03). There was a significant
negative correlation between previous AR experience and
AR enjoyment (r3p=—0.366; P=.03), with those who had not
experienced AR previously more likely to rate it as the more
enjoyable activity over the non-AR. Younger children (5 or 6
years old) were also more likely to rate the AR experience as
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more enjoyable (r3p=—0.366; P=.03) than older children (7 or
8 years old).

When children and caregivers were asked to rank the
enjoyment of all 4 conditions individually, there were
main effects of Animal Format and Activity Structure
for both children (F733=22.65; P<.001 and F33=7.13;
P=01, respectively) and caregivers (F| 33=33.21; P<.001 and
F133=7.61; P=01, respectively). The majority of children
and caregivers ranked low-structure AR as the most enjoy-
able condition (n=15 and n=21, respectively), followed by
high-structure AR (n=11 and n=6, respectively; Table 1,
Figure 4, and Multimedia Appendix 1).
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Figure 4. Group mean (SE) for child enjoyment and caregivers’ perception of their child’s enjoyment on the fun sorter ranking scale of all 4
conditions, where 4 was the favorite condition and 1 was the least favorite. AR: augmented reality. *Indicates statistically significant differences in

pairwise comparison (P<.05).
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Of the 31 caregivers who rated AR as preferred, 25 chose
to provide a written rationale for their rankings. Forty-eight
percent (12/25) of caregivers wrote their child demonstra-
ted more signs of excitement during the AR conditions, for
example, stating, “More expressive, finding the AR animals
‘argh, the shark is scary.”” Forty-eight percent (12/25) of
caregivers who rated AR as preferred also referred to the
novelty of the AR experience, making it more enjoyable, for
example, stating, “[child] has never used AR, I think the
novelty of it was a bit more enjoyable for him (new always
better than old).” Caregivers also wrote that being able to
use technology made the AR more appealing to their children
(8/25, 32%), for example, “[child] hasn’t used smartphone
apps and it’s extra exciting to have the technology and AR for
the first time.” Two caregivers mentioned that AR enhanced
the social connection between their children, stating, “I
think it added another dynamic to the play and added a
social element.” Of the 3 caregivers who felt their child
preferred the non-AR conditions, all 3 believed this was
because they were easier to find, stating, “quicker reward,
easier to find.” Regarding activity structure, 19 caregivers
provided rationales for their responses. Of these, 42% (n==8)
believed their child enjoyed the low-structure conditions more
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AR AR non-AR non-AR

Caregiver

because they allowed more freedom and autonomy in play,
for example, stating, “a bit more autonomy. They can create
their own paths and adventures.” Twenty-one percent (n=4)
commented on the increased social aspects of low-structure,
for example, stating, “We were able to concentrate on finding
animals rather than completing the obstacle items and able
to interact more with each other rather than being on their
separate courses.”

Time Spent in Each Condition
(Engagement Time)

Time spent engaging with AR or non-AR animals differed
significantly with main effects of both Animal Format (AR:
mean 239.8, SD 68.3 seconds vs non-AR: mean 171.3, SD
73.9 seconds; Fj33=39.17; P<.001) and Activity Structure
(low-structure: mean 230.2, SD 78.2 seconds vs high-struc-
ture: mean 180.9, SD 71.8 seconds; Fj33=14.14; P<.001).
Low-structured AR engaged children for longer than all
other conditions (mean 263.1, SD 65.7 seconds), followed
by high-structured AR (mean 225.7, SD 69.4 seconds; Table
1 and Figure 5).
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Figure 5. Group mean (SE) for engagement time in seconds. AR: augmented reality. *Indicates statistically significant differences in pairwise

comparison (P<.05).
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Questionnaire: Perception

Child ratings of physical activity perception showed no main
effect of Animal Format (AR: mean 4.3, SD 0.7 vs non-AR:
mean 4.3, SD 0.8; F33=0.03; P=.86) or Activity Structure
(low-structure: mean 4.3, SD 0.7 vs high-structure: mean 4.3,
SD 0.8; F;33=0.30; P=.59; Table 1) on perceived physical
activity levels. Pairwise comparisons found no significant
results. The majority of participants rated their perceived
physical activity level as 5 out of 5 in all conditions,
indicating they felt they spent the majority of their time
running (refer to Multimedia Appendix 1 and Figure 3).

Accelerometer: Percentage of Time Spent in
Postures and Movements

Low-Intensity Percentage

There were main effects of Animal Format (AR: mean 50%,
SD 13% vs non-AR: mean 35%, SD 14%; Fj33=68.13;
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High-structure

Low-structure
non-AR

High-structure
non-AR

P<.001) and Activity Structure (low-structure: mean 46%, SD
14% vs high-structure: mean 40%, SD 16%; F33=13.15;
P<.001) on the percentage of time spent in low-intensity
postures and movements. During low-structure AR, the
majority of time (54%) was spent in low-intensity postures
and movements, a greater percentage than all other conditions
(vs high-structure AR, P=.004; vs low-structure non-AR,
P<001; vs high-structure non-AR, P<.001). High-structure
AR (47%) also differed from all other conditions (vs low-
structure AR, P=.004; vs low-structure non-AR, P<.001; vs
high-structure non-AR, P<.001; Figure 6). This was driven
primarily by increased time spent standing (12% and 7%,
respectively; ) and sitting (11% and 8%, respectively; Table
1 and Figure 7). The lowest percentage of time spent in
low-intensity postures and movements was during high-struc-
ture non-AR (33%).
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Figure 6. Group mean (SE) accelerometer results for the percentage of time spent in low-intensity postures and movements (lie, sit, stand, and move),
moderate intensity (walking), and high intensity (run and stairs+) per condition. AR: augmented reality. *Indicates statistically significant differences

in pairwise comparison (P<.05).
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Figure 7. Group mean (SE) accelerometer results for the percentage of total time spent in each posture and movement per condition. AR: augmented
reality. *Indicates statistically significant differences in pairwise comparison (P<.05).
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There was a main effect of Animal Format (AR: mean
29%, SD 10% vs non-AR: mean 32%, SD 13%; F 33=6.61;
P=01) on the percentage of time spent in moderate-inten-
sity movements, but no main effect of Activity Structure
(low-structure: mean 31%, SD 11% vs high-structure: mean
30%, SD 12%; F,33=0.12; P=.73). A greater proportion of
time (34%) was spent walking during low-structure non-
AR compared to both AR conditions (low-structure AR:
27%;, t33=3.02; P=.005; d=0.60 and high-structure AR: 30%;
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133=2.32; P=.03; d=0.36) but did not differ from high-struc-
ture non-AR (30%; 133=1.69; P=.10; Table 1; Figures 6 and
7.

High-Intensity Percentage

There were main effects of Animal Format (AR: mean 21%,
SD 12% vs non-AR: mean 32%, SD 18%; Fj33=37.87;
P<.001) and Activity Structure (low-structure: mean 24%,
SD 14% vs high-structure: mean 30%, SD 18%; F 33=9.84;
P=004) on the percentage of time spent in high-intensity
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movements. The greatest proportion of time in high-inten-
sity movements was during non-AR conditions, with 36%
of time during high-structure non-AR and 29% in low-struc-
ture non-AR ( Figure 6). Both were due to an increased
percentage of time spent in running (28% and 23%, respec-
tively; Table 1 and Figure 7). The lowest proportion of
time spent in high-intensity movements was during low-struc-
ture AR (18%; vs high-structure AR: 24%, P=.04; low-struc-
ture non-AR: 29%, P<.001; high-structure non-AR: 37%,
P<.001). Accelerometer results in seconds are presented in
Multimedia Appendix 1.

Discussion

Principal Findings

This study was the first to investigate the effect of a marker-
based AR-enhanced versus traditional non-AR laboratory-
based playground scavenger hunt on young children’s
enjoyment and physical activity during both low-structured
and high-structured play. Our hypothesis that children would
enjoy the AR was supported, with children rating AR in both
low- and high-structured scavenger hunts as more enjoyable
than non-AR, and they spent longer engaging with the AR.
Caregivers’ perceptions of their child’s enjoyment showed
a similar pattern. Physical activity was of a lower intensity
during AR conditions; however, given the nature of AR
interaction requiring children to be stationary to “activate” it,
this is not surprising. Despite the lower intensity of activ-
ity, the longer engagement time during AR conditions may
lead to greater accumulation of active play and, therefore,
health and wellness benefits, although this warrants further
investigation.

Enjoyment is reported to be a key factor in children’s
motivation to participate in physical activity from both
theoretical models, such as self-determination theory [15],
and research evidence [14,16,18,19.4142]. In this study,
children’s enjoyment ratings across all tasks were high (range
4.1-45 out of 5), but when they were invited to rank
conditions, there was a strong preference for AR, with 82%
(n=28) of children and 91% (n=31) of caregivers ranking
searching for AR animals as more enjoyable than search-
ing for non-AR animals. Condition order was randomized,
suggesting the preference for AR was unlikely to be a
recency or order effect; however, it is possible there was
a novelty effect. Children with no previous AR experience
(59%, n=20) were more likely to rate the AR as more
enjoyable. In addition, caregivers who ranked AR as more
enjoyable commented on the novelty of the AR (48%, n=12)
as a possible explanation. This is consistent with research
in adults; for example, one study found that most adult
participants increased physical activity for only the first 3
to 4 weeks of playing Pokémon Go [43]. How long the
potential novelty effect of AR lasts in children is unknown,
but could potentially be overcome by the design of the AR
application (eg, changing challenges with increased play).
Younger children in our study (aged 5-6 years) were more
likely to rate the AR as more enjoyable than the non-AR
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condition in comparison to older children (aged 7-8 years).
Given the lack of correlation between age and AR experi-
ence, this may be explained by the design of the AR—solo,
low-fidelity, slightly animated animals—being too simple to
hold the interest of some older children. The AR applica-
tion used for this study was custom-built for this project
by a single programmer and may not be as sophisticated as
commercially available products. AR fidelity is an important
consideration for future studies, particularly those aimed at
an older age group. Caregivers (32%, n=8) also commented
on the appeal of technology use as a possible explanation for
their child’s high enjoyment. The link between technology
use, task enjoyment, and motivation to participate has been
noted in children in clinical [29] and educational [5] settings
and aligns with the self-determination theory and research
by Sebire et al [18] that found young children’s enjoyment
was strongly linked with increased participation in physical
activity.

While the enjoyment results suggest that AR may be a
useful tool to motivate children to participate in physically
active play, the physical activity intensity recorded in this
study during AR was low. A greater percentage of time
was spent in low-intensity postures and movements during
AR, in particular low-structured AR, which saw 11% and
12% of time spent in sitting and standing, respectively,
compared to 3%-4% during non-AR conditions. In contrast,
a greater percentage of time was spent in high-intensity
movements during non-AR conditions, with 23% and 28%
of time spent running in low- and high-structured non-AR
conditions, respectively, compared to 12%-13% during AR
conditions. Despite the discrepancies in low- and high-inten-
sity postures and movements, the greatest percentage of time
in all conditions was spent moving (any instance when the
child was stationary but not still, eg, fidgeting) or walk-
ing. Given the nature of the AR task, requiring children
to stop and remain stationary to “activate” the AR and
subsequently engage with it (eg, lying down to pretend the
animal was standing on them), the accelerometer physical
activity results are not surprising. It should also be noted that
during AR conditions, children did participate in high-inten-
sity movements, with a similar percentage of time spent
running as they spent standing. While this particular AR
experience may not have prompted as much high-intensity
physical activity as non-AR play, it did engage children
for 36% longer; if this were extrapolated out to a 1-hour
playground visit, this could lead to an additional 22 minutes
of play. However, future field-based studies with unrestricted
time limits are needed to explore this further. Interestingly,
children perceived their physical activity level to be compa-
rable across all conditions and felt they spent the majority
of their time running. This discrepancy in reported versus
recorded physical activity levels, possibly explained by social
desirability bias, is common in research [44] and highlights
the need for objective measures such as accelerometers to be
used in children’s physical activity research [35,40].

AR may be beneficial to implement in both low- and
high-structured play environments. The level of activity
structure affected physical activity levels, with a greater
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percentage of time spent in low-intensity postures and
movements in low-structure AR conditions, and a greater
percentage of time spent in high-intensity movements during
the high-structure AR. This finding, however, may be offset
by the generally greater enjoyment reported during the
low-structured play, potentially leading to greater motivation
to participate for longer. AR is versatile and can be adap-
ted to different environments in comparison to many other
digital technologies that encourage active play in children,
such as game consoles. While these digital devices have
been found to elicit low to moderate physical activity levels
during gameplay [45], they are restricted to indoor use and
require the purchase of expensive equipment. Marker-based
AR, such as that used in this study (as opposed to markerless
and GPS-based AR), may be particularly useful as it allows
the greatest user control over AR location. For example,
this study incorporated marker-based AR into laboratory
play equipment, but this could easily be relocated to any
other indoor or outdoor playground or obstacle course. AR
applications may present a cost-effective way to enhance
existing community playground infrastructure. Its simple
and versatile application could be implemented by coaches
and parents to encourage children to participate in certain
movements; for example, AR markers could be placed along
a beam to encourage balance, at the top of stairs to encourage
climbing, or in a low-structured environment to encourage
imagination. However, future research should investigate the
potential risk to children colliding with objects and tripping
over while moving around play equipment with a smartphone.
Smartphone AR use by adults has been associated with
poorer road-crossing behaviors [46], but whether the risk of
miscoordination exists when children use a smartphone for
AR remains unknown and warrants investigation before AR
playgrounds can be considered in the community.

Limitations and Future Research

This study had several limitations. The use of subjective
ratings in young children may be biased. For example, there
were instances where the responses given by some of the
children did not match what the researcher or caregiver
perceived based on the child’s behavior. These instances were
not removed from the dataset and were instead considered a
limitation of collecting subjective ratings in young children.
Another potential limitation of subjective self-report measures
completed in the presence of the researcher is the potential
for social desirability bias. This may have impacted the
perceived physical activity level and enjoyment outcomes;
however, children were blinded to the hypotheses of the
research in an attempt to reduce this. Future research should
consider looking at evidence of children’s enjoyment of
AR playgrounds beyond self-rating scales and caregiver
perspectives and using objective measures of physical activity
such as accelerometers. This study was limited to a rela-
tively small population in one geographical region and was
conducted under controlled laboratory conditions. Whether
these findings remain consistent in a community outdoor
playground, where children may behave differently, and
in different geographical regions, warrants investigation. It
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should also be acknowledged that the methods used to
classify postures and movements from the accelerometer
required the child to be performing the movement (ie,
running) for at least one full second. Given the small indoor
space and distances between play equipment, high-intensity
movements may have been underestimated in all conditions.
In an outdoor environment with more space to move, physical
activity may be of higher intensity. AR experiences vary
enormously, from a static generated image to completely
immersive environments where the real-world visibility is
minimal. Future research should investigate how children of
different ages respond to different levels of AR immersion
and whether there are added benefits to increased immersion,
such as additional enjoyment or increased physical activity,
or if it poses risks such as simulator sickness or falling.
Simulator sickness is a common side effect in immersive
virtual reality and headset AR [47], but little is known
about whether handheld AR poses the same risk to chil-
dren. An additional risk that should be investigated before
smartphone AR games are used in community playgrounds
is the distraction and social isolation that the presence of a
smartphone may introduce. The potential effect that novelty
may have on enjoyment, engagement time, and physical
activity results should also be acknowledged. As this study
was conducted in a single data collection session with a novel
AR app, future longitudinal studies are needed to investi-
gate how the novelty of AR-enhanced playgrounds changes
over time. Future field-based studies are also needed to
determine if unrestricted play time results in greater accumu-
lated physical activity over time when using AR. Practical
considerations for playground and AR designers that arose
during this study include fidelity of the AR experience to
appeal to a wide age range, the added flexibility and control
of marker-based AR, and the potential need to maintain
interest after initial novelty has worn off.

Conclusion

This study found that young children enjoyed participat-
ing in a search task for AR animals using a smartphone
more than searching for traditional toy animals. Given that
enjoyment is a key element in children’s motivation to
participate in tasks [5], including physical activity [41], AR
may have the potential to encourage children to be physi-
cally active. While physical activity was of a lower intensity
during the AR condition, which may be explained by the
nature of the AR requiring children to stand to activate it,
the engagement time was longer, potentially leading to an
overall greater accumulation of active play if time was not
restricted. This study cannot rule out the possibility that
the novelty of AR may have produced the high enjoyment
reported; therefore, future studies should explore the longer-
term effects of AR on enjoyment and physical activity and
whether these findings translate from the laboratory to a
community outdoor playground. However, these laboratory-
based findings suggest that smartphone AR technology could
be a novel method to encourage young children to participate
in active play.

JMIR Pediatr Parent 2025 | vol. 8 175302 | p. 12
(page number not for citation purposes)


https://pediatrics.jmir.org/2025/1/e75302

JMIR PEDIATRICS AND PARENTING Stearne et al

Acknowledgments

The authors would like to acknowledge Carley Tillett from the Curtin University Hub for Immersive Visualization and
eResearch for her contribution to developing the augmented reality application used in this study. This work was supported by
the Australian Research Council Centre of Excellence for the Digital Child (project number CE2001000022).

Conflicts of Interest
None declared.

Multimedia Appendix 1

Additional material with reviewers’ comments incorporated without track changes.
[DOCX File (Microsoft Word File), 393 KB-Multimedia Appendix 1]

References

1.  Das P, Zhu M, McLaughlin L, Bilgrami Z, Milanaik RL. Augmented reality video games: new possibilities and
implications for children and adolescents. MTI. 2017;1(2):8. [doi: 10.3390/mti1020008]

2. Akgayir M, Akcayir G. Advantages and challenges associated with augmented reality for education: a systematic review
of the literature. Educ Res Rev. Feb 2017;20:1-11. [doi: 10.1016/j.edurev.2016.11.002]

3.  Minkov R. Best AR glasses and headsets: augmented reality is here to stay! Phone Arena. 2024. URL: https://www.
phonearena.com/ar-vr/picks/best-ar-glasses-headsets id146955 [Accessed 2025-09-10]

4. Straker LM, Coleman J, Skoss R, Maslen BA, Burgess-Limerick R, Pollock CM. A comparison of posture and muscle
activity during tablet computer, desktop computer and paper use by young children. Ergonomics. Apr
2008;51(4):540-555. [doi: 10.1080/00140130701711000] [Medline: 18357540]

5. Muhammad K, Khan N, Lee MY, Imran A, Sajjad M. School of the future: a comprehensive study on the effectiveness
of augmented reality as a tool for primary school children’s education. Appl Sci (Basel). 2021;11(11):5277. [doi: 10.
3390/app11115277]

6.  Furi6 D, Juan M -C., Segui I, Vivé R. Mobile learning vs. traditional classroom lessons: a comparative study. J Comp
Assist Learn. Jun 2015;31(3):189-201. [doi: 10.1111/jcal.12071]

7. Furié D, Gonzélez-Gancedo S, Juan MC, Segui I, Rando N. Evaluation of learning outcomes using an educational
iPhone game vs. traditional game. Comput Educ. May 2013;64:1-23. [doi: 10.1016/j.compedu.2012.12.001]

8.  Tekedere H, Goke H. Examining the effectiveness of augmented reality applications in education: a meta-analysis. Int J

Envir Sci Educ. 2016;11(16):9469-9481. URL: http://www.ijese.net/makale indir/[JESE 1181 article 580e70{f0e079f.
pdf [Accessed 2025-09-11]

9.  Demitriadou E, Stavroulia KE, Lanitis A. Comparative evaluation of virtual and augmented reality for teaching
mathematics in primary education. Educ Inf Technol. Jan 2020;25(1):381-401. [doi: 10.1007/s10639-019-09973-5]

10.  Juan MC, Furi6 D, Alem L, Ashworth P, Cano J. Argreenet and basicgreenet: two mobile games for learning how to
recycle. Presented at: 19th International Conference in Central Europe on Computer Graphics, Visualization and
Computer Vision; Jan 31 to Feb 3, 2011; Plzen, Czech Republic.

11. Reboot! Reimagining physically active lives: 2022 Australian report card on physical activity for children and young
people. Active Healthy Kids Australia; 2022. URL: https://www .activehealthykids.org/wp-content/uploads/2022/03/
Australia-report-card-long-form-2022.pdf [Accessed 2025-09-10]

12. Hills AP, Andersen LB, Byrne NM. Physical activity and obesity in children. Br J Sports Med. Sep
2011;45(11):866-870. [doi: 10.1136/bjsports-2011-090199] [Medline: 21836171]

13.  Ahn S, Fedewa AL. A meta-analysis of the relationship between children’s physical activity and mental health. J Pediatr
Psychol. May 2011;36(4):385-397. [doi: 10.1093/jpepsy/jsq107] [Medline: 21227908]

14. Fritz J, Rosengren BE, Dencker M, Karlsson C, Karlsson MK. A seven-year physical activity intervention for children
increased gains in bone mass and muscle strength. Acta Paediatr. Oct 2016;105(10):1216-1224. [doi: 10.1111/apa.
13440] [Medline: 27096878]

15. Deci EL, Ryan RM. The “what” and “why” of goal pursuits: human needs and the self-determination of behavior.
Psychol Inq. Oct 2000;11(4):227-268. [doi: 10.1207/S15327965PL11104 01]

16. Carcamo-Oyarzun J, Herrmann C, Gerlach E, Salvo-Garrido S, Estevan I. Motor competence, motivation and enjoyment
in physical education to profile children in relation to physical activity behaviors. Phys Educ Sport Pedagogy.
;2023:1-16. [doi: 10.1080/17408989.2023.2265399]

17. Cairney J, Kwan MY, Velduizen S, Hay J, Bray SR, Faught BE. Gender, perceived competence and the enjoyment of
physical education in children: a longitudinal examination. Int J Behav Nutr Phys Act. Mar 6,2012;9:1-8. [doi: 10.1186/
1479-5868-9-26] [Medline: 22394618]

https://pediatrics.jmir.org/2025/1/e75302 JMIR Pediatr Parent 2025 | vol. 8 175302 | p. 13
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=pediatrics_v8i1e75302_app1.docx
https://jmir.org/api/download?alt_name=pediatrics_v8i1e75302_app1.docx
https://doi.org/10.3390/mti1020008
https://doi.org/10.1016/j.edurev.2016.11.002
https://www.phonearena.com/ar-vr/picks/best-ar-glasses-headsets_id146955
https://www.phonearena.com/ar-vr/picks/best-ar-glasses-headsets_id146955
https://doi.org/10.1080/00140130701711000
http://www.ncbi.nlm.nih.gov/pubmed/18357540
https://doi.org/10.3390/app11115277
https://doi.org/10.3390/app11115277
https://doi.org/10.1111/jcal.12071
https://doi.org/10.1016/j.compedu.2012.12.001
http://www.ijese.net/makale_indir/IJESE_1181_article_580e70f0e079f.pdf
http://www.ijese.net/makale_indir/IJESE_1181_article_580e70f0e079f.pdf
https://doi.org/10.1007/s10639-019-09973-5
https://www.activehealthykids.org/wp-content/uploads/2022/03/Australia-report-card-long-form-2022.pdf
https://www.activehealthykids.org/wp-content/uploads/2022/03/Australia-report-card-long-form-2022.pdf
https://doi.org/10.1136/bjsports-2011-090199
http://www.ncbi.nlm.nih.gov/pubmed/21836171
https://doi.org/10.1093/jpepsy/jsq107
http://www.ncbi.nlm.nih.gov/pubmed/21227908
https://doi.org/10.1111/apa.13440
https://doi.org/10.1111/apa.13440
http://www.ncbi.nlm.nih.gov/pubmed/27096878
https://doi.org/10.1207/S15327965PLI1104_01
https://doi.org/10.1080/17408989.2023.2265399
https://doi.org/10.1186/1479-5868-9-26
https://doi.org/10.1186/1479-5868-9-26
http://www.ncbi.nlm.nih.gov/pubmed/22394618
https://pediatrics.jmir.org/2025/1/e75302

JMIR PEDIATRICS AND PARENTING Stearne et al

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Sebire SJ, Jago R, Fox KR, Edwards MJ, Thompson JL. Testing a self-determination theory model of children’s physical
activity motivation: a cross-sectional study. Int J Behav Nutr Phys Act. Sep 26, 2013;10(1):111. [doi: 10.1186/1479-
5868-10-111] [Medline: 24067078]

Dishman RK, Motl RW, Saunders R, et al. Enjoyment mediates effects of a school-based physical-activity intervention.
Med Sci Sports Exerc. Mar 2005;37(3):478-487. [doi: 10.1249/01.mss.0000155391.62733.a7] [Medline: 15741848]
Lee JE,Zeng N, Oh Y, Lee D, Gao Z. Effects of Pokémon GO on physical activity and psychological and social
outcomes: a systematic review. J Clin Med. Apr 25,2021;10(9):1-22. [doi: 10.3390/jcm10091860] [Medline: 33922978]
Wong FY. Influence of Pokémon Go on physical activity levels of university players: a cross-sectional study. Int J
Health Geogr. Feb 22,2017;16(1):8. [doi: 10.1186/s12942-017-0080-1] [Medline: 28228102]

Jumareng H, Setiawan E, Németh Z. Augmented Pokemon Go in times of Covid-19: does it have any effect on
promoting teenagers’ physical activity? Teor metod fiz vihov. 2022;22(3):360-365. [doi: 10.17309/tmfv.2022.3.09]
Chang KE, Zhang J, Huang YS, Liu TC, Sung YT. Applying augmented reality in physical education on motor skills
learning. ILE. Aug 17, 2020;28(6):685-697. [doi: 10.1080/10494820.2019.1636073]

Daud N, Abdullah MHL. Stimulating children’s physical play through augmented reality game. JACTA.
2020;2(1):29-34. URL.: https://jacta.utem.edu.my/jacta/article/view/5203 [Accessed 2025-09-10]

Laine TH, Suk HJ. Designing mobile augmented reality exergames. Games and Culture. Jul 2016;11(5):548-580. [doi:
10.1177/1555412015572006]

Han S, Park C, You JSH. Effects of robotic interactive gait training combined with virtual reality and augmented reality
on balance, gross motor function, gait kinetic, and kinematic characteristics in Angelman syndrome: a case report.
Children (Basel). Apr 12, 2022;9(4):544. [doi: 10.3390/children9040544] [Medline: 35455588]

Malick WH, Butt R, Awan WA, Ashfag M, Mahmood Q. Effects of augmented reality interventions on the function of
upper extremity and balance in children with spastic hemiplegic cerebral palsy: a randomized clinical trial. Front Neurol.
2022;13:895055. [doi: 10.3389/fneur.2022.895055] [Medline: 35800080]

Guinet AL, Bouyer G, Otmane S, Desailly E. Visual feedback in augmented reality to walk at predefined speed cross-
sectional study including children with cerebral palsy. IEEE Trans Neural Syst Rehabil Eng. 2022;30:2322-2331. [doi:
10.1109/TNSRE.2022.3198243] [Medline: 35951576]

Quintero J, Baldiris S, Rubira R, Cerén J, Velez G. Augmented reality in educational inclusion. A systematic review on
the last decade. Front Psychol. 2019;10:1835. [doi: 10.3389/fpsyg.2019.01835] [Medline: 31456716]

Dyment JE, Bell AC. Grounds for movement: green school grounds as sites for promoting physical activity. Health Educ
Res. Dec 2008;23(6):952-962. [doi: 10.1093/her/cym059] [Medline: 17956885]

Rose KA, Morgan IG, Ip J, et al. Outdoor activity reduces the prevalence of myopia in children. Ophthalmology. Aug
2008;115(8):1279-1285. [doi: 10.1016/j.ophtha.2007.12.019] [Medline: 18294691]

Misra M, Pacaud D, Petryk A, Collett-Solberg PF, Kappy M, Drug and Therapeutics Committee of the Lawson Wilkins
Pediatric Endocrine Society. Vitamin D deficiency in children and its management: review of current knowledge and
recommendations. Pediatrics. Aug 2008;122(2):398-417. [doi: 10.1542/peds.2007-1894] [Medline: 18676559]

Straker LM, Abbott RA, Smith AJ. To remove or to replace traditional electronic games? A crossover randomised
controlled trial on the impact of removing or replacing home access to electronic games on physical activity and
sedentary behaviour in children aged 10-12 years. BMJ Open. Jul 1,2013;3(6):002629. [doi: 10.1136/bmjopen-2013-
002629] [Medline: 23818650]

Bento G, Dias G. The importance of outdoor play for young children’s healthy development. Porto Biomed J.
2017;2(5):157-160. [doi: 10.1016/j.pbj.2017.03.003] [Medline: 32258612]

Lund Rasmussen C, Hendry D, Thomas G, et al. Evaluation of the ActiMotus software to accurately classify postures
and movements in children aged 3—14. Sensors. Oct 18, 2024;24(20):6705. [doi: 10.3390/s24206705] [Medline:
39460185]

The third british HCI group one-day meeting “COMPUTERS AND FUN 3”. Presented at: Computers and Fun 3 (Third
British HCI Group one-day meeting); Dec 13, 2000; York, United Kingdom. URL: https://www-users.york.ac.uk/~am1/
candf3.html [Accessed 2025-09-10]

Read JC. Validating the Fun Toolkit: an instrument for measuring children’s opinions of technology. Cogn Tech Work.
Apr 2008;10(2):119-128. [doi: 10.1007/s10111-007-0069-9]

Puhl J, Greaves K, Hoyt M, Baranowski T. Children’s Activity Rating Scale (CARS): description and calibration. Res Q
Exerc Sport. Mar 1990;61(1):26-36. [doi: 10.1080/02701367.1990.10607475] [Medline: 2091164]

Skotte J, Korshgj M, Kristiansen J, Hanisch C, Holtermann A. Detection of physical activity types using triaxial
accelerometers. J Phys Act Health. Jan 2014;11(1):76-84. [doi: 10.1123/jpah.2011-0347] [Medline: 23249722]

https://pediatrics.jmir.org/2025/1/e75302 JMIR Pediatr Parent 2025 | vol. 8 175302 | p. 14

(page number not for citation purposes)


https://doi.org/10.1186/1479-5868-10-111
https://doi.org/10.1186/1479-5868-10-111
http://www.ncbi.nlm.nih.gov/pubmed/24067078
https://doi.org/10.1249/01.mss.0000155391.62733.a7
http://www.ncbi.nlm.nih.gov/pubmed/15741848
https://doi.org/10.3390/jcm10091860
http://www.ncbi.nlm.nih.gov/pubmed/33922978
https://doi.org/10.1186/s12942-017-0080-1
http://www.ncbi.nlm.nih.gov/pubmed/28228102
https://doi.org/10.17309/tmfv.2022.3.09
https://doi.org/10.1080/10494820.2019.1636073
https://jacta.utem.edu.my/jacta/article/view/5203
https://doi.org/10.1177/1555412015572006
https://doi.org/10.3390/children9040544
http://www.ncbi.nlm.nih.gov/pubmed/35455588
https://doi.org/10.3389/fneur.2022.895055
http://www.ncbi.nlm.nih.gov/pubmed/35800080
https://doi.org/10.1109/TNSRE.2022.3198243
http://www.ncbi.nlm.nih.gov/pubmed/35951576
https://doi.org/10.3389/fpsyg.2019.01835
http://www.ncbi.nlm.nih.gov/pubmed/31456716
https://doi.org/10.1093/her/cym059
http://www.ncbi.nlm.nih.gov/pubmed/17956885
https://doi.org/10.1016/j.ophtha.2007.12.019
http://www.ncbi.nlm.nih.gov/pubmed/18294691
https://doi.org/10.1542/peds.2007-1894
http://www.ncbi.nlm.nih.gov/pubmed/18676559
https://doi.org/10.1136/bmjopen-2013-002629
https://doi.org/10.1136/bmjopen-2013-002629
http://www.ncbi.nlm.nih.gov/pubmed/23818650
https://doi.org/10.1016/j.pbj.2017.03.003
http://www.ncbi.nlm.nih.gov/pubmed/32258612
https://doi.org/10.3390/s24206705
http://www.ncbi.nlm.nih.gov/pubmed/39460185
https://www-users.york.ac.uk/~am1/candf3.html
https://www-users.york.ac.uk/~am1/candf3.html
https://doi.org/10.1007/s10111-007-0069-9
https://doi.org/10.1080/02701367.1990.10607475
http://www.ncbi.nlm.nih.gov/pubmed/2091164
https://doi.org/10.1123/jpah.2011-0347
http://www.ncbi.nlm.nih.gov/pubmed/23249722
https://pediatrics.jmir.org/2025/1/e75302

JMIR PEDIATRICS AND PARENTING Stearne et al

40.

41.

42.

43.

44,

45.

46.

47.

Lendt C, Hettiarachchi P, Johansson PJ, et al. Assessing the accuracy of activity classification using thigh-worn
accelerometry: a validation study of ActiPASS in school-aged children. J Phys Act Health. Oct 1,
2024;21(10):1092-1099. [doi: 10.1123/jpah.2024-0259] [Medline: 39159934]

Brazendale K, Graves B, Penhollow T, Whitehurst M, Pittinger E, Randel A. Children’s enjoyment and perceived
competence in physical education and physical activity participation outside of school. Emotion Behav Dis Youth.
2015:65-69. URL.: https://www .researchgate .net/publication/280206297 Children’s Enjoyment and Perceived
Competence in Physical Education and Physical Activity Participation Outside of School [Accessed 2025-09-10]
Gao Z, Podlog L, Huang C. Associations among children’s situational motivation, physical activity participation, and
enjoyment in an active dance video game. J Sport Health Sci. Jun 2013;2(2):122-128. [doi: 10.1016/j.jshs.2012.07.001]
Howe KB, Suharlim C, Ueda P, Howe D, Kawachi I, Rimm EB. Gotta catch’em all! Pokémon GO and physical activity
among young adults: difference in differences study. BMJ. Dec 13,2016;355:16270. [doi: 10.1136/bmj.i6270] [Medline:
27965211]

Adamo KB, Prince SA, Tricco AC, Connor-Gorber S, Tremblay M. A comparison of indirect versus direct measures for
assessing physical activity in the pediatric population: a systematic review. Comput Educ. 2009;4(1):2-27. [doi: 10.1080/
17477160802315010] [Medline: 18720173]

Moller AC, Sousa CV, Lee KJ, Alon D, Lu AS. Active video game interventions targeting physical activity behaviors:
systematic review and meta-analysis. J] Med Internet Res. May 16, 2023;25:e45243. [doi: 10.2196/45243] [Medline:
37191992]

Chen PL, Pai CW. Smartphone gaming is associated with pedestrians’ head-turning performances: an observational
study of street-crossing behaviors at uncontrolled intersection in Taipei. Int J Sustain Transp. Jan 2, 2018;12(1):12-18.
[doi: 10.1080/15568318.2017.1321706]

Rebenitsch L, Owen C. Review on cybersickness in applications and visual displays. Virtual Real. Jun
2016;20(2):101-125. [doi: 10.1007/s10055-016-0285-9]

Abbreviations

AR: augmented reality
CARS: Children’s Physical Activity Rating Scale

Edited by Anh Nguyen; peer-reviewed by Cihan Aygiin, Shirley Wyver; submitted 01.04.2025; final revised version received
01.07.2025; accepted 01.08.2025; published 09.10.2025

Please cite as:

Stearne SM, Beynon A, Lund Rasmussen C, Zabatiero J, Paatsch L, Johnson D, Straker L, Campbell A

Augmented Reality Playgrounds to Promote Physical Activity in Young Children: Feasibility Study Using a Repeated
Measures Laboratory Design

JMIR Pediatr Parent 2025,;8:¢75302

URL: hitps://pediatrics. jmir.org/2025/1/e75302

doi: 10.2196/75302

© Sarah M Stearne, Amber Beynon, Charlotte Lund Rasmussen, Juliana Zabatiero, Louise Paatsch, Daniel Johnson, Leon
Straker, Amity Campbell. Originally published in JMIR Pediatrics and Parenting (https://pediatrics.jmir.org), 09.10.2025.
This is an open-access article distributed under the terms of the Creative Commons Attribution License (https://creativecom-
mons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original

work, first published in JMIR Pediatrics and Parenting, is properly cited. The complete bibliographic information, a link to the
original publication on https://pediatrics.jmir.org, as well as this copyright and license information must be included.

https://pediatrics.jmir.org/2025/1/e75302 JMIR Pediatr Parent 2025 | vol. 8 175302 I p. 15

(page number not for citation purposes)


https://doi.org/10.1123/jpah.2024-0259
http://www.ncbi.nlm.nih.gov/pubmed/39159934
https://www.researchgate.net/publication/280206297_Children’s_Enjoyment_and_Perceived_Competence_in_Physical_Education_and_Physical_Activity_Participation_Outside_of_School
https://www.researchgate.net/publication/280206297_Children’s_Enjoyment_and_Perceived_Competence_in_Physical_Education_and_Physical_Activity_Participation_Outside_of_School
https://doi.org/10.1016/j.jshs.2012.07.001
https://doi.org/10.1136/bmj.i6270
http://www.ncbi.nlm.nih.gov/pubmed/27965211
https://doi.org/10.1080/17477160802315010
https://doi.org/10.1080/17477160802315010
http://www.ncbi.nlm.nih.gov/pubmed/18720173
https://doi.org/10.2196/45243
http://www.ncbi.nlm.nih.gov/pubmed/37191992
https://doi.org/10.1080/15568318.2017.1321706
https://doi.org/10.1007/s10055-016-0285-9
https://pediatrics.jmir.org/2025/1/e75302
https://doi.org/10.2196/75302
https://pediatrics.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://pediatrics.jmir.org
https://pediatrics.jmir.org/2025/1/e75302

	Augmented Reality Playgrounds to Promote Physical Activity in Young Children: Feasibility Study Using a Repeated Measures Laboratory Design
	Introduction
	Methods
	Study Design
	Laboratory Setup
	Participants
	Protocol
	Animal Format: AR Versus Non-AR
	Scavenger Hunt Activity Structure: Low-Structure Versus High-Structure
	Data Collection Tools
	Analysis
	Ethical Considerations

	Results
	Participants
	Enjoyment in AR Versus Non-AR
	Time Spent in Each Condition (Engagement Time)
	Physical Activity Intensity Across Conditions

	Discussion
	Principal Findings
	Limitations and Future Research
	Conclusion



