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ABSTRACT
This paper reviewed 66 commercial digital toys for young children’s
(3 to 5 years old) active play, aiming to explore their features, af-
fordances, and play activities they facilitate. Results show active
play is invited predominantly through physical affordances. Digital
features can act as prompts, provide feedback, and engage attention.
For HCI researchers this paper contributes insights into gaps and
design opportunities: 1) many digital toys target broader age groups,
and more work is needed to consider young children’s develop-
mental abilities and interests in the design; 2) many digital toys do
not elicit direct physical/digital responses from children’s physical
and embodied inputs; and 3) future research can design play se-
quences through providing age-appropriate affordances, prompts,
and feedback that encourage active play, without restricting chil-
dren’s imagination and free play. The outcomes of this study can
inform the design of new digital toys for children’s active play, to
benefit their motor skills development.
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1 INTRODUCTION
Adequate participation in physical activities is important for pre-
schoolers’ health and development [14], both physically and cog-
nitively. For pre-schoolers, they should be active for at least three
hours each day including one hour of energetic play [18], including
running, skipping, and jumping [23] . Play is central to children’s
development [56], and many activities that children engage in take
the form of play [90]. Rather than having a serious or practical pur-
pose, play is when children emerging in an activity that is enjoyable,
recreative [84], spontaneous, and intrinsically motivated [86]. Early
childhood professionals, researchers, and caregivers argue that play
is the mechanism for young children to interact with their sur-
roundings [67]. Young children also engage in physical activities
primarily in the form of play, particularly active play [18]. In fact,
active play has been promoted as an intervention for children’s
increasingly sedentary lifestyles [1]. However, studies of children
and active play identify a variety of barriers that influence tradi-
tional active play, including limited opportunities [12, 41, 49, 76, 80].
The COVID-19 pandemic has also made the situation worse [62].
Restrictions such as lockdowns and social distancing have changed
how, when, and where children are active [18].

A noticeable change in children’s play during the COVID-19
pandemic is that they have spent less time on outdoor physical
activities [42], and time spent on indoor activities such as playing
videogames on mobile devices or playing with toys has increased.
These types of indoor play activities tend to have an ‘object fo-
cus’ [79], meaning that children gain meaningful play experience
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through exploration of objects such as manipulation of toys. Toys
are broadly defined as any objects that children use in their play
[83]. Toys can inspire children to come up with game ideas [64];
toys can maintain children’s play by sustaining their engagement;
and furthermore, toys can also enrich children’s play experience.

Digital toys are changing the landscape of how children play [20].
Digital toys can share the characteristics of traditional toys, relying
on tangible manipulation of physical objects [13, 20]. They are
also augmented by technology [8], which better attract children’s
interests by incorporating digital features. Certain digital toys that
facilitate tangible and embodied interactions can also encourage
young children’s active play [87]. This is because such interactions
can leverage children’s bodily movements to allow them to act upon
objects and to move within spaces [3]. Several HCI studies have
previously reviewed digital toys in relation to children’s physical
forms of behaviour. These studies have been targeting different
aspects of child development, such as decisionmaking [35], problem
solving [75], or physical activity [16].

The study presented in this paper examined the potential of
digital toys to facilitate active play, aiming to discover the types
of play and motor skills that the toys afford, as well as the applied
digital and physical features and their affordances. Affordances
provide clues for children to discover the possible ways to interact
with a digital toy [31]. Clues can be conveyed through the toy’s
properties such as materials [61]. For example, when children see
a squishy and bouncy ball, they may throw it towards the floor.
Clues can also be inserted into designs deliberately [61] and com-
municated through prompts, which lead children to discover more
activities they can engage in with a toy. This study aims to answer
the research question of how affordances can enable digital toys
to invite young children (3 to 5 years old) to engage in physically
active play at moderate to vigorous intensity levels. Moderate to
vigorous intensity physical activity is commonly recommended for
health benefits. This type of activity usually involves moderate to
vigorous bursts of high energy that makes children “huff and puff”
[18].

This study forms a part of a larger research project that aims to
establish a framework for engaging young children in active play
through tangible embedded embodied interactions (TEIs). TEIs are
designs that couple physical and embodied interactions with some
forms of digital information [36]. We have previously identified that
digital toys can be classified as TEIs [87], emphasising the alignment
of the toys’ digital responses with children’s physical movements.
These digital toys are digitally enhanced physical objects, where
children interact with them through play behaviours such as run-
ning, pushing, or riding. Therefore, screen-based physical-digital
play technologies such as exergames or bodily-controlled video
games are excluded from our study.

We first discuss the relevant literature centred on active play and
children’s development, digital materiality and how it impacts chil-
dren’s play, and digital toys and their affordances. We then present
our study, which analyses 66 digital toys that are currently available
to children and families in online stores and local department stores
in Australia. We discuss their purposes, the types of interactions
they facilitate, digital and physical features and their affordances,
and identify key design elements to inform future designs of digital
toys for active play.

2 BACKGROUND
2.1 Active play in early childhood development
Preschool children are at an important developmental stage. From
ages three to five, children experience remarkable changes in their
physical and psychological growth [55]. Sufficient participation in
physical activity is critical to shape young children’s development
[15]. This is because children build key motor skills through move-
ments [78], which lays the foundations for their physical, social,
cognitive, and emotional development.

Mastering motor skills during early childhood is critical to chil-
dren’s overall development [52]. This includes two main types [26]:
fine motor skills and gross motor skills. Fine motor skills relate
to small muscle movements, which involve precise movements of
the hands, face, and feet. These skills can be facilitated through ac-
tions such as toggling or pressing buttons. Gross motor skills relate
to actions of large muscle groups and whole-body movements or
movements of large body segments. More specifically, gross motor
skills commonly include locomotor skills (e.g., running, jumping,
hopping) and object control skills (e.g., catching, kicking, throw-
ing) [85]. In addition, gross motor skills can also be developed in
body management activities [78] such as balancing, landing, and
stretching. A child’s ability to perform fine and gross motor skills
during early childhood correlates with later participation in phys-
ical activity and helps to maintain an active lifestyle [52, 70, 89].
Additionally, acquiring a range of motor skills is also essential for
school readiness. If a child does not develop these motor skills, they
will struggle to engage in activities required during formal educa-
tion, impacting their abilities to achieve academically, socialise with
peers, and experience school life [78]. Therefore, children’s motor
skills should be developed through prioritising physical activity by
scheduling opportunities for them to play [71].

Active play is considered as the “child version” of physical activ-
ity during early childhood [63]. Active play makes unique contri-
butions in increasing young children’s physical activity levels [12],
unlike other structured forms of physical activity such as exercise-
based activities [11]. Active play draws from the characteristics of
play and physical activity, which involves activities that are unstruc-
tured, freely chosen, fun, and intrinsically motivating [12, 63, 84].
Children’s cognitive abilities can also be developed through ac-
tive play [78], where they develop their problem-solving abilities
by learning about objects, ideas, and concepts [37]. Furthermore,
participating in active play activities can trigger the emergence of
symbolic thought, which allows children to use one thing to stand
for another (e.g., in pretend play). This enables children to construct
more complex ways of thinking.

Children’s active play behaviours progress as they grow up [37],
because children at different ages have vastly different physical
and cognitive abilities. For example, infants engage in active play
primarily through exploration of the body, such as touching and
manipulating their fingers and feet. While for 3-5-year-olds, their
active play shifts from body-focus to object-focus, as they have
improved fine and gross motor skills and cognitive abilities. This
means that ‘objects’ play a more important role in 3-5-year-olds’
active play. They can use objects to engage in object-control activi-
ties (e.g., kicking a ball) [78], locomotor activities (e.g., skipping a
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rope), and body management activities (e.g., climbing on a climbing
frame).

2.2 The role of materiality in young children’s
active play

Materiality has substantial impacts on children’s actions and under-
standing [74]. Through direct manipulation of physical objects, the
materials of an object can support children’s imagination and play
by providing sensory-rich experiences [60, 65], and aid children’s
physical and cognitive development [66]. For example, children
play with wooden blocks by stacking and constructing. These types
of manipulations may support children’s learning around arrange-
ment and balance. Therefore, diverse and sensory-rich materials
are crucial to better support children’s active play.

The increased use of technologies enables young children’s play
to be complex [57]. The complexity is reflected in the increasingly
blurred boundaries of physical and digital play. Young children’s
active play experience has also changed with interactive digital
technologies being incorporated. For instance, Pokémon Go is a
popular augmented reality mobile game that embeds game play in
the physical world [2]. Pokémon Go transforms traditional loco-
motor movements (e.g., running, walking, marching) into a digital
context (the gameworld), encouraging children to move in the phys-
ical world to find new Pokémon, and collect steps to hatch eggs.
Using digital rewards for physical activity better attracts children’s
interests by adding a playful dimension.

The development of interactive technologies has prompted the
terminology of “digital materiality” [4, 54], which attempts to un-
derstand digital content and technologies in relation to materiality.
Digital materiality refers to the properties of technologies that are
intangible (e.g., audio, songs, media characters) [50], emphasising
the properties’ performativity: the capability that a certain property
provides with people to perform some actions. Digital and physical
materiality in children’s play should not be considered as two sep-
arate things [4]. Previous studies have attempted to describe the
relationship between the material and digital. For example, Marsh
utilised the notion of “connected play” to describe how the Internet
of Toys transformed across the physical/virtual continuum [57].
Therefore, it is important to recognise that digital materiality has
been embedded in the practice of technology design.

Digital and physical materiality are entangled [4], and tangible
embedded embodied interactions (TEIs) reflect the entanglement in
a large extent. TEIs couple physical objects with digital information
[36], allowing people to physically manipulate the objects through
bodily interactions. Through physical manipulations, the associ-
ated digital responses are triggered, which in turn inform how the
physical objects should be further manipulated. TEIs emphasise
tangibility and embodiment [29], which support users to interact
with technologies intuitively by allowing users’ digital actions to
be comparable to similar actions in the real world.

2.3 Affordances of digital toys
Physical objects play an important role in TEIs [36], as they serve
both as the representation and manipulation of digital data. With
physical objects, people explore the possible actions to perform
with these objects based on their affordances [31]. Affordances are

associated with clues, and through interpretation of clues, people
can discover possible actions. Clues can be natural clues and delib-
erate clues [61]. Natural clues refer to inherent properties of objects,
such as size, shape, or material. For instance, if we see a knife with
a sharp dihedral angle and an edge, we know it can afford cutting
or scraping. Affordances associated with natural clues are referred
to as physical affordances [21]. On the other hand, deliberate clues
are information that is incorporated into designs to direct people
to discover the possible actions [61]. If we see a scroll bar in a
webpage, we know that is scrollable and we can navigate up and
down through scrolling. The scroll bar is symbolic [30], and is an
example of deliberate clues. People discover deliberate clues based
on their previous experience with similar things [10]. Affordances
relating to deliberate clues are described as perceived affordances
[10, 40].

It is not unusual for a complex action to comprise a series of
affordances [30]. Commonly, a complex action consists of several
sub-actions. One sub-action can act as the context for another
action, where affordances can be nested within one another [30, 88].
For instance, a light switch affords being toggled, and this affordance
can be nested within the switch’s ability to turn on the lights.
Moreover, one sub-action can also provide indications to lead to
another action, where their affordances are sequential [30]. With
a light switch, it’s shape (natural clue) may reveal that it is also
togglable.

Digital play has become a common type of play [58], and the
resources available for children to play with have changed. The
increasing popularity of digital toys among children is one of the
noticeable changes [13]. Digital toys are incorporated with both
physical and digital components, sharing the characteristics of both
traditional toys (e.g., dress up toys, construction toys) and com-
puting devices (e.g., game consoles, tablets, mobile phones) [8].
Affordances are worth exploration when designing digital toys for
active play. This is because various current designs may not be prop-
erly engaged with by children [87], compared to their initial design
intentions. In relation to affordances, improperly engagement with
digital toys is associated with hidden or false affordances: children
may be unable to perform certain behaviours in line with designers’
intentions due to mis-constructed or absence of affordances.

3 METHOD
The purpose of this study is to explore commercial digital toys for
young children and families within Australia, aiming to discover
their physical and digital features, and the types of play and motor
skills they afford. Focus is placed on the relationship between the
applied features and their affordances.

3.1 Selection of toys
A series of criteria was developed to guide the exploration of com-
mercial digital toys:

• The toy is augmented by technology and can potentially
encourage bodily interactions.

• It is inclusive to young children (3 to 5 years old) to play
with and is currently available for purchase within Australia.

• It is intentionally or implicitly designed for increasing phys-
ical activity or facilitating active play.
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Table 1: The codes developed for the types of play activities facilitated by the digital toys

Code Description Example
Gross Motor
Activity

Gross motor activities involve actions of large
muscle groups that involve movements of whole
body or large body segments [26].

Tuff Tools L&S Power Mower [7]. A toy that looks like a realistic
lawn mower. When children push the mower, they can perform
gross motor activities (e.g., pushing and walking).

Fine Motor
Activity

Fine motor activities are actions of small muscle
groups that enable precise movements of the
hands, face, and feet [26].

Lettersaurus [46]. An alphabet dinosaur toy that allowed children
to explore letter names and sounds by pressing on different
buttons.

Pretend Play Pretend play is a form of play where children take
on roles to assign action to symbolic objects [33].

Scoop & Learn Ice Cream Cart [48] (Figure 1). A pretend play set
where children can pretend to order and make ice creams in a
variety of imaginative combinations.

Figure 1: The LeapFrog Scoop & Learn Ice Cream Cart, (1) pushing handle, (2) toy set-up, (3) ‘ice cream ingredients’ that can be
interacted with through fine motor interactions.

The study began by examining online catalogues, toy stores
and department stores (e.g., Target, Toyworld) for toys that would
adhere to the criteria outlined above. From there, we expanded our
searches by also exploring typical makers of children’s toys such
as LeapFrog and Vtech Electronics. As each eligible digital toy was
identified, it was logged into a spreadsheet with information about
the toy’s target age group, purpose, digital and physical components,
and a description of how the toy is used or interacted with. We
also acquired some of the eligible toys for closer observation and
to comprehend the information logged into the spreadsheet.

3.2 Coding scheme
Both deductive and inductive thematic analysis were conducted on
the information captured in the spreadsheet. Inductive thematic
analysis was conducted to investigate the digital and physical fea-
tures of digital toys; while deductive thematic analysis was to anal-
yse the toys’ affordances and the types of play and motor skills they
afford. Tables 1 to 4 detail the coding scheme that was developed
for the thematic analysis. The coding was led by the first author,
who is an HCI researcher working with young children. All toys
were analysed by applying the coding scheme to the spreadsheet
which captured information about each toy. The analysis was con-
ducted using ATLAS.ti web tool [32]. All codes and their application
were discussed and refined through regular meetings with all other
authors.

Three codes were developed for the types of play activities that
could be facilitated by digital toys (Table 1). Pretend play is con-
sidered as a stand-alone category because such activities could
incorporate a combination of fine and gross motor skills.

Physical components (Table 2) and digital features (Table 3)
codes were captured from each product’s description, image, and
the listed components. Each toy was only coded in one category
of physical components based on the primary interaction it may
facilitate. The primary interaction is indicated by the metaphor
that the toy utilised. Metaphors can invoke metaphorical links [29],
which enable children’s interactions with the toy to be comparable
to similar actions in the real world. For instance, the LeapFrog
Pick Up & Vacuum [47] was coded as a push along toy, because
pushing and pulling are the primary actions to use a real vacuum
cleaner. The Scoop& Learn Ice CreamCart [48] (Figure 1) as another
example, it also has a handle that children can use to push or pull it
along. Yet, because it mimics real-world ice cream carts by including
varieties of components such as ‘order cards’ or ‘ice cream toppings’,
children are most likely to engage in pretend play. Therefore, the
ice cream cart was coded as pretend play set instead of push-along
toy. As for digital features, each toy can be coded in more than
categories because it was common for the toys to provide multiple
forms of digital responses.

Coding heuristics for affordances were developed based on a
review of relevant literature. Six types of affordances were recog-
nised and were used to deductively code and analyse the digital
toys (Table 4).
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Table 2: The codes developed for physical components of the physical toys

Code Description Example
Ball General ball toys or sports-related balls such as

soccer, basketball, or bowling ball.
VTech Bright Lights Soccer Ball [25]. An educational ball toy
that supports learning around colours, phrases, and
sportsmanship.

Mat Floor mats, including dance mats, music mats,
or other types of play mats.

LeapFrog Learn and Groove Mat [45] (Figure 2). An educational
musical mat that encourages children’s movements.

Small Toy/Prop Toys or props that are portable and in smaller
sizes.

Educational Insights Magic Moves Electronic Wand [38]. A
talking toy wand that gives directions to children.

Pretend Play Set Toys used for role play including household
tools, and pets/animals.

Scoop & Learn Ice Cream Cart [48] (Figure 1).

Push-along Toy Toys with handles or leashes that children can
push or pull them around.

LeapFrog Pick Up & Count Vacuum [47]. A toy vacuum that
can pretend real-life vacuum cleaners.

Ride-on Toy Toys that children can ride on, including bikes
and scooters, toy vehicles, or metaphorical
animals such as horses.

Fisher-Price Music Parade Ride On [5]. A ride-on toy that has
marching tunes and reviving sounds.

Sports Toy Traditional sports-related toys and sports
equipment.

VTech 3-in-1 Sports Centre [24] (Figure 3). A smart sports
centre that responds to children scoring baskets or making
goals with cheerful sounds and phrases.

Wearable ‘Kid friendly’ smart watches, fitness trackers,
and augmented clothing that children can wear.

LeapFrog LeapBand [44]. A wearable activity tracker that
encourages active play and healthy habits with challenges.

Table 3: The codes developed for digital features of the digital toys

Code Description
Audio

Music/Songs Music or songs.
Voice Clips/Instructions Instructional or pretend play voice clips.
Pretend Play Sound Sounds that reinforce pretend play such as engine revving or ‘clip clop’ sounds.

Visual
Flashing Lights Where lights were flashing, pulsing, and alternating between colours.
Light-up Buttons Buttons that light up.
Light-up Interfaces Such as the LED interfaces on smart watches, or the score boards on sports technology.

Movement
Spinning/Vibrating/Oscillating Components of the toy that can spin or rotate; or vibrate or move up and down.
Real-life Movements Movements that mimic the ‘real world’ object.

Figure 2: The LeapFrog Learn & Groove Musical Mat
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Figure 3: The VTech 3-in-1 Sports Centre, (1) toy set-up, (2) soccer ball, (3) light-up LED screen that can display scores in
response to children kicking goals.

Table 4: The codes developed for affordances

Type of Affordance Description Example
Physical Affordances Actions determined by physical and material

properties [31].
Giddy-Up and Play Activity Toy [22]. A soft hobby horse
that invites children to pat, pull, and climb on. Its soft and
squishy material affords children to squeeze and cuddle.Indicated by natural clues [21].

Perceived Affordances Actions determined by prior experience with
similar things [10].

LeapFrog Learn and Groove Mat [45]. It provides voice
instructions to direct children’s movements. Voice
instructions act as deliberate clues.Learned conventions [61].

Indicated by deliberate clues [21].
Nested Affordances One affordance serves as context for another one

[88].
Toysmith Flashing Skip Ball [82]. Children put one foot
through its hoop, which provides context for them to
perform skipping.

Sequential Affordances “Acting on a perceptible affordance leads to
information indicating new affordance” [30].

No toys were identified in this study that presented
sequential affordances.

Hidden Affordances Affordances that do not convey its existence
through perception [30].

Sunlin Dance Mat [77]. The mat is advertised to
encourage collaboration. However, it is not conveyed
through its design.

False Affordances Mis-constructed affordances that convey
inappropriate actions [30].

LeapFrog Learn and Groove Mat [45]. There are four
round components on the control panel. Three are mode
indicators and the other one is a pressable button to
change modes. Children may get confused of their
functions because their designs are not distinguishable.

Actions performed differently from designers’
intentions or no actions at all [17].

4 RESULTS
Sixty-six digital toys were identified as having the potential to
facilitate active play for 3–5-year-olds. In this section, we outline
the results of our thematic analysis centred on identifying the digital
and physical features and their affordances, and the types of active
play activities that each digital toy affords.

Each toy was firstly categorised based on its primary physical
components, as described in Table 2. Table 5 shows the frequency
of each type of the digital toys. Based on the results, sports toy,
push-along toy, and small toy/prop are three of the most common
toy types. Then we captured the co-occurrences of each type of
digital toys with each type of play activity, including fine motor
activity (FMA), gross motor activity (GMA), and pretend play (PP).
Co-occurrences were also captured of each type of digital toys
with each type of affordances, including physical affordances (PHA)
and perceived affordances (PEA). Results of the co-occurrences are
presented in Table 5. Hidden (4/66, 6%), false (3/66, 4%), nested (2/66,

3%), and sequential (0/66, 0%) affordances were disregarded from
this co-occurrence analysis because they had very small sample
sizes, which were not representative.

Section 4.1 to Section 4.3 present detailed results that elaborate
on the co-occurrences listed in Table 5, in the aspects of types of
play and motor skills, physical components in relation to physical
affordances, as well as digital features and perceived affordances.

4.1 Types of Play activities
From Table 5, thirty-seven digital toys were identified to have the
potential to facilitate fine motor activities, where small toys/props
were themost common type to facilitate such activities. For example,
Lettersaurus [46] is an educational toy that teaches children about
alphabets. Children can engage in fine motor activities by pressing
on different buttons to explore letter names and sounds. Second,
fifty-seven digital toys can invite gross motor activities, which were
most commonly invited by push-along toys and sports toys. For
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Table 5: Types of physical components and their frequencies; and their co-occurrences with different types of activities and
affordances.

Toy Types Co-occurrences
Play Activities Affordances

FMA GMA PP
PHA PEA

Material Size Shape Layout Visual Verbal
Ball (5) 1 5 1 4 4 4 0 0 0
Mat (8) 4 7 3 0 8 0 8 3 8
Sports Toy (11) 2 10 0 1 4 9 0 2 2
Push-along Toy (11) 5 11 10 1 0 11 0 4 2
Ride-on Toy (7) 3 7 6 1 7 7 0 3 0
Small Toy/Prop (11) 11 6 2 1 8 7 0 4 2
Pretend Play Set (6) 5 4 6 0 0 6 0 4 3
Wearable (7) 6 7 1 0 0 7 1 7 1
Total 37 57 28 8 31 51 9 27 18

Figure 4: Types of play activities and frequencies. The overlaps between gross motor activity, fine motor activity, and pretend
play show that most digital toys can be used for multiple play activities.

example, the VTech 3-in-1 Sports Centre [24] (Figure 3) can engage
children’s gross motor skills by prompting them to score baskets or
kick goals. Lastly, twenty-eight digital toys can encourage pretend
play, and push-along toys, ride-on toys, and pretend play sets can
commonly invite such play. The LeapFrog Pick Up & Count Vacuum
[47] is an example.

The majority of digital toys (63/66, 95%) can be used for different
types of activities and play, as indicated by the overlaps in Figure
4. For example, AlphaPup [43] is a toy dog with letter buttons
that is designed to teach children letters. Children may press the
buttons (fine motor movements) to learn alphabets. It also has
a leash attached, which allows children to pull the toy around
(gross motor movements). AlphaPup was coded for both fine motor
activity and gross motor activity. Furthermore, it is worth noting
that no digital toys were identified to only facilitate pretend play.
Toys that relate to pretend play also invite fine motor activities
(19/66, 29%), gross motor activities (25/66, 38%), or both fine and
gross motor activities (16/66, 24%).

4.2 Physical properties and physical affordances
Physical affordances were provided by physical properties of the
toy, which convey information about how children can interact
with it. Physical affordances identified in this study are relating to
the toy’s material, size, shape, and layout/presentation, as described
in Table 6. Based on the results presented in Table 5, size and shape
were two of the most frequently captured physical properties. Size
plays an important role in communicating physical affordances,
especially in mat-based toys, ride-on toys, and small toys/props.
However, push-along toys, pretend play sets, and wearables did not
rely on size to afford the play activities that they may invite.

The impact of shape was not observed from mat-based toys in
this study. While on the other hand, shape was a common determi-
nant of other types of digital toys to engage children in play activi-
ties, which was captured from push-along toys the most frequently.
Moreover, layout/presentation and material showed predominance
power in certain types of digital toys. More specifically, mat-based
toys rely on layout/presentation to invite children in play activities.
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Table 6: Types and frequencies of physical properties that inform physical affordances

Type Description

Material (8) Soft, squishy, or bouncy materials that are commonly seen in toy pets and bouncy balls.
Size (31) Where the size of a digital toy is a determinant of possible actions to perform, including playmats that are usually

in lager size so that children can stand and play on top; and small and portable toys that children can hold in their
hands and form their own types of play.

Shape (51) The shape of some components of a digital toy informs possible actions to perform, such as push and pull toys that
are usually incorporated with handles; ride-on toys that have seat pads; small toys such as balls that are in round
shapes so that children can hold in hands; and skipping ropes that children can skip over.

Layout/Presentation
(9)

The graphical design of a digital toy is an indicator of potential actions. For example, the LeapFrog Learn and
Groove Mat [45] (Figure 2) is designed with ten coloured circles, which can inform children to stomp/step on
different circles to hear different sounds.

The LeapFrog Learn and Groove Mat [45] (Figure 2) is an exam-
ple, as described in Table 6. Additionally, in terms of material, ball
toys are typically made of squishy and bouncy materials, which
may engage children in various activities such as throwing the ball
towards the floor and catching it when bounced up.

4.3 Digital features and perceived affordances
Digital features of digital toys were analysed to identify their roles
in children’s interactions with the toys. Digital features can act
as prompts to direct children to engage in activities; they can pro-
vide feedback in response to children’s interactions; and/or engage
children’s attention. Table 7 shows the frequencies of each type of
digital features as described in Table 3, and also details the frequen-
cies of each type of digital features acting as prompts, providing
feedback, and engaging attention.

Thirty-eight digital features were identified to provide prompts
to direct children’s interactions, which include visual and verbal
prompts. Prompts convey information of a digital toy’s perceived
affordances. Visual prompts were frequently captured from toys
with light-up interfaces, which can be communicated through an-
imations, graphics, and texts. In this study, these prompts were
commonly observed from wearables. For example, the LeapFrog
LeapBand [44] allows children to keep virtual pets, and the more
active they are, the more their pets can grow. Virtual pets are
presented to children in the form of animations, and different ani-
mations can provide prompts for children to unlock more features
about raising their pets. On the other hand, verbal prompts were
frequently captured from mat-based toys, which were commonly
conveyed through music/songs, and voice clips/instructions.

Fifty-seven digital features can provide feedback to children’s
interactions, which were commonly presented through light-up
interfaces and flashing lights, as well as pretend play sound. For
example, the light up rain boots [51] can respond to children’s
walking/running/jumping/stomping with flashing lights. Flashing
lights act as feedback in this example. Lastly, seventy-eight digital
features were observed to engage children’s attention. Such digital
features were commonly in the forms of flashing lights and pretend
play sound.

5 DISCUSSION
This study examined sixty-six commercial digital toys that can
encourage young children’s physically active play, either as an

intentional design choice, or as a more implicit aspect. The purpose
of this study is to explore the associations between the affordances
of the digital toys’ physical and digital features, and the types of
play activities they afford.

The digital toys examined in this study tend to target much
broader user age groups, where many toys are also inclusive to
children younger than 3 years or older than 5 years. Targeting
broader age groups may lead to the digital toys facilitating limited
types of play activities. This is because children experience dramatic
development changes both physically and cognitively since infancy
[37], meaning they have vastly different abilities even with one
year age difference. Limitations also apply when considering the
physical features of a toy, because toys for children of one age may
have some features not suitable for another. For instance, a common
reason that excludes children at certain ages to play with certain
toys is when the toys have small components and there is a chance
that younger children may swallow them. The results highlight an
opportunity to design digital toys specifically for 3- to 5-year-olds’
physically active play, that meet their developmental abilities and
interests.

5.1 Design opportunities for enhancing active
play activities

Fifty-seven digital toys were identified in this study to have the
potential to encourage active play by inviting gross motor activities.
However, we argue that there is still a lack of design of such digital
toys. First, even though many digital toys have the potential to en-
gage children in gross motor activities, it is not their primary focus.
For example, the Scoop & Learn Ice Cream Cart (S&L ICC) (Figure
1) may have the potential to create vigorous active play because
it has a pushing handle that allows for gross motor movements
such as pushing and walking/running. However, since the primary
focuses of the S&L ICC are about pretend play and education about
colours and numbers [48], children may neglect the pushing handle
of the ice cream cart. Instead, they may engage in pretend play by
scooping ‘ice cream’ and inputting ‘order cards’, which are mostly
fine motor inputs. Hence, we highlight designing for active play
by inviting gross motor activities as an opportunity for future HCI
research. In particular, children could benefit from toys that invite
gross motor play activities through clues and feedback such as
lights and sounds triggered by quick sprints, jumping, or other
intense bursts of active play.
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Table 7: Types of Digital Features and frequencies. Digital features can act as prompts, provide feedback, and engage children’s
attention.

Digital Feature Frequency Overlap
Prompts Feedback Attention

Visual
Light-up Buttons (8) 1 1 6 No overlaps captured.
Light-up Interfaces (12) 11 12 0 All light-up interfaces can convey feedback; 11 of them can

also act as prompts.
Flashing Lights (24) 8 12 24 All flashing lights can engage children’s attention; 8 of them

act as prompts; 12 provide feedback; 6 of them can act as
prompts and provide feedback.

Audio
Music/Songs (28) 9 6 13 No overlaps captured.
Voice Clips/Instructions
(15)

9 6 0 No overlaps captured.

Pretend Play Sound (20) 0 11 20 All pretend play sounds can engage children’s attention; 11
of them can also provide feedback.

Movement
Spinning/Vibrating/
Oscillating (10)

0 2 8 No overlaps captured.

Real-life Movements
(8)

0 7 8 All real-life movements can engage children’s attention, 7 of
them can also provide feedback.

Total 38 57 78

Second, children may not perform the gross motor activities
as prompted by the digital toys when there is no direct digital
feedback. For example, the Educational Insights Magic Moves Elec-
tronic Wand [38] requires children to switch it on, and then it
gives children directions to engage in a range of different gross
motor movements. However, it continues to give new instructions
whether children perform the previously instructed activities or
not; and it does not respond with any feedback when children per-
form the correct movements. We see two opportunities for HCI
researchers here. On the one hand, there is an opportunity to en-
hance the understanding of the analysis presented in this paper
through observational research on how children use and appropri-
ate digital toys in unintended ways. On the other hand, there is an
opportunity to work out and design play sequences through cycles
of affordances and feedback that encourage active play, without
restricting the imagination and free play of children through overly
didactic instructions and feedback.

5.2 Considering physical affordances for
designing digital toys

HCI researchers are interested in designing digital toys that can
exploit the physical and material properties [31] to encourage ac-
tive play. Results presented in Table 6 indicate that size and shape
are two dominant properties that relate to physical affordances of
a digital toy, which convey information about the types of play
activities that children can engage in with the toy.

Size is an important property that impacts a toy’s physical af-
fordance and its ability to facilitate gross motor activities. When a
toy is in a size that can afford a child’s whole-body movements or

movements of large-body segments, it can facilitate gross motor ac-
tivities by inviting the child to stand, climb, sit, or ride. It is evident
that when digital toys are in smaller sizes that cannot physically
afford bodily movements, they need to rely on other physical or
digital properties to invite gross motor activities. For example, the
LeapFrog Learn and Groove Mat [45] (Figure 2) is a playmat that
encourages children’s movements by prompting them to step on
different circles on the mat. The mat provides a wide surface so that
children can perform various gross motor movements on it, such
as stomping, jumping, and crawling. Yet, the Educational Insights
Magic Moves Electronic Wand (the wand) [38] can be handheld
(smaller in size). The wand itself cannot physically afford children’s
gross motor movements, however, it provides voice instructions to
direct children to perform specific movements. In this example, the
wand relies on digital outputs to encourage vigorous movements.
In comparison, fine motor movements are usually performed in
limited spaces because they typically only involve finger or hand
movements. Physical components related to such movements iden-
tified in this study are varieties of buttons, portable toys such as
toy dogs, and components of playsets that facilitate pretend play.

The shape of a toy is also an important physical property to
engage children in gross motor activities such as throwing and
catching, pushing and pulling, or kicking. For example, ride-on toys
are usually in the shape of vehicles (e.g., cars, trains, bikes), or they
can be in the form of some real-life animals (e.g., horses). These
specific shapes not only physically afford children’s bodily move-
ments, but also allow for mimicry and pretend play, which further
contribute to children’s intuitive use of toys [19]. This is because
when the shapes are familiar to children, they may subconsciously
apply their experiential knowledge based on past experience in
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‘real life’ [9]. A push-along toy is another example, which is typi-
cally incorporated with a handle or a leash. The shapes of handles
and leashes can afford gross motor movements including pushing,
pulling, and walking. Therefore, to engage children in gross motor
activities, a digital toy should either be in a shape that can physi-
cally afford bodily movements (e.g., riding on), or it is incorporated
with some physical components (e.g., leashes and handles) that can
afford gross motor movements (e.g., pushing and pulling).

5.3 Harnessing digital features and perceived
affordances

5.3.1 Digital outputs as feedback. The results presented in Table 7
show that the examined digital toys typically incorporated digital
features in the form of audio (e.g., music, voice instruction), light
(e.g., blinking LED light), and movement (e.g., vibration, spinning).
These digital features can provide feedback to children’s inputs,
which can be an important tool for communication between chil-
dren and the toys. It is common for a toy to provide more than one
form of digital feedback. For example, the VTech 3-in-1 Sports Cen-
tre [24](Figure 3) responds to children scoring baskets or kicking
goals with both cheerful sounds (in the form of audio) and LED
scores (in the form of visual), which can engage children’s attention
and can be more persuasive [53].

For HCI researchers it is important to remember that digital
feedback needs to be appropriate to the child’s age. The feedback
identified in this study relied largely on the child’s senses (i.e., touch,
sight, and hearing), rather than on written or visual instructions.
This is because 3 to 5 years old children have minimal or developing
literacy skills [78]. Feedback was commonly presented through the
forms of audio and visual. Audio-based feedback included music
and songs, pretend play sounds, and voice clips. Music and songs
may engage children in active play as they experiment with how to
move their bodies with the rhythm of the music [78]. The Musical
Hop Skipper is an example; when it is switched on, music plays,
and the arms of the toy begin to spin. Children can then jump over
the spinning arms in time with the music, therefore getting active.
On the other hand, visual-based feedback was commonly commu-
nicated through light-up interfaces. Light-up interfaces include
graphical user interfaces and simple LED boards, and children need
to use their literacy skills to make sense of such feedback. Digital
toys designed with light-up interfaces are usually more complex in
terms of functionality. Such toys usually incorporate games, chal-
lenges, or have different levels of difficulties, and most of them are
wearables such as ‘kid-friendly’ smart watches.

There are several gaps and opportunities identified in terms of
providing digital feedback to encourage children’s active play. First,
digital toys examined do not elicit a digital response directly from
children’s physical and embodied inputs. This means they do not
reinforce children’s development of physical activity competencies
(gross motor skills, and to a lesser degree fine motor skills). This is
further supported by the fact that movement-based feedback (e.g.,
spinning, vibration) appears to be used to reinforce the pretend
play qualities of toys, as opposed to encouraging embodied inter-
action. For example, the inner housing of the LeapFrog Pick Up &
Count Vacuum [47] spins around to emulate the inner workings
of a vacuum cleaner (Figure 5), making the child believe they are

vacuuming. Hence, more work is needed to design digital toys that
map physical inputs and digital information [27], and that provide
appropriate feedback to children to communicate this information.

Second, visual-based feedback such as light and visual stimuli
can attract children’s attention [53, 69], however, the misuse of
lights can be problematic. For example, flashing lights are com-
monly captured in this study. Flashing lights of between 1 and 65
Hz (particularly red lights) can be an issue for children who are pho-
tosensitive, potential causing seizures [28, 68]. An example of this
is the Hello Sunshine Light Up Sensory Ball [6] (Figure 6), which
has rapid flashing red and blue lights inside of it. Based on the
literature around photosensitivity [28, 68], HCI researchers need
to be careful in using high frequency flashing lights in their design
and perhaps avoid them altogether.

5.3.2 Digital outputs as prompts to explore possible interactions
and pretend play. HCI researchers interested in designing more
complex digital toys, which creates digital outputs that prompt
children to discover and explore possible interactions. Our study
showed that many of the more complex toys relied on perceived
affordances, which provide deliberate clues [21] or prompts to
encourage possible interactions. A prompt is a deliberate message
to encourage someone to perform certain behaviours in a particular
situation [34, 72]. HCI researchers have studied prompts in wide
range of contexts, e.g., to support people with dementia [59], to
help students’ knowledge acquisition and learning [81], or in the
context of persuasive computing to support people in changing
their behaviours [39].

Thirty-six digital toys were identified to have perceived affor-
dances through visual and verbal prompts. Visual prompts are
presented in the forms of texts, graphics, animations, and lights;
while verbal prompts identified in this study are through music
and songs, pretend play sounds, and voice instructions or voice
clips. Visual and verbal prompts are commonly presented together,
which can be more persuasive [53]. An example is the FAO Schwarz
– Toy Dance Mixer Rhythm Step Playmat [73] (the playmat), which
can facilitate a beat rhythm game. The playmat has an instruction
panel (Figure 7), and children need to step on the correct circle
on the playmat as the buttons light up. In this example, children
perceive the meaning of the light-up buttons (visual prompt) and
know which circle to step on to keep the beat (verbal prompt).

Digital prompts also provide opportunities to invite pretend play,
e.g., through sounds related to the child’s prior experience with
similar scenarios in their real life. Pretend play sounds are sounds
that reinforce pretend play such as engine revving or ‘clip clop’
sounds. These sounds usually do not provide strong prompting
power compared to voice instructions that directly tell children
what to do. Instead, these sounds may trigger children’s memory
of similar situations in their real life, therefore guiding children’s
actions. For example, with the Scoop and Learn Ice Cream Cart
[48] (Figure 1), children who have purchased ice cream in ‘real
life’ may find it easier to play with this playset. Furthermore, such
sounds can also provide feedback to reinforce desirable actions (e.g.,
cheerful sounds, bingo sounds). Given the importance of pretend
play for children in this age group, harnessing sounds for pretend
play constitutes an interesting area for further investigation.
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Figure 5: The LeapFrog Pick Up & Count Vacuum’s inner housing rotates in order to emulate a real vacuum cleaner

Figure 6: The Hello Sunshine Light Up Sensory Ball, (1) with lights turned off, (2) with flashing light.

Figure 7: The FAO Schwarz – Toy Dance Mixer Rhythm Step
Playmat, (1) the toy set-up, (2) the instruction panel.

5.4 Limitation
A limitation of this study is that we focused primarily on digital
toys that are commercially available in Australia. Our intention
was that children and families can easily access these toys from
online or in-store purchase, meaning that these toys were more
likely to be widely used. This limitation also provides opportunities
for future reviews of digital toys from international stores such
as Amazon, which has been experiencing increased popularity in
Australia.

6 CONCLUSION
The study explored sixty-six commercial digital toys for young
children’s (3 to 5 years old) active play. The aim of this study was to

uncover the relationships between the toys’ physical and perceived
affordances, and the types of play activities and motor skills they
invite. Results indicate that majority of the digital toys rely on
physical affordances to engage children in active play, particularly
the physical affordances relating to size and shape. Some digital
toys also presented perceived affordances through visual and verbal
prompts to direct children to discover more activities to engage in
with the toys.

We identify gaps and highlight the design opportunities for
future research to design new and innovative digital toys for young
children’s active play. First, more work is needed to design digital
toys that target young children’s developmental capabilities and
interests, by applying age-appropriate digital and physical features.
Second, even though many digital toys in this study can potentially
invite active play, it was not reinforced through their physical and
perceived affordances, which relate to their physical and digital
features. In terms of physical affordances, future designs should
regard size and shape as two important physical considerations. In
terms of perceived properties, future designs should provide visual
and/or verbal prompts to direct children’s engagement with the toys
without restricting their imagination and free play; and provide
direct feedback in response to children’s physical and embodied
interactions.
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