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a b s t r a c t

In recent years, designers around the world have developed a number of interactive play systems
to stimulate children’s outdoor play. This paper provides a framework for the design principles
used by designers of interactive play systems. In addition, the mechanisms by which these design
principles could potentially contribute to stimulating children’s outdoor play are discussed based
on the COM-B model of behaviour change. The COM-B model is adopted to elaborate the design
principles and their mechanisms of action. This model provides a basis for designing healthy behaviour
change interventions. It defines behaviour as the result of an interaction between three components
that generate behaviour: Capability, Opportunity, and Motivation. The contribution of this paper is
to identify the design principles and link them to the underlying factors of children’s outdoor play
in terms of the components of the COM-B model. Clarifying this link elaborates the mechanisms of
action of design principles to stimulate children’s outdoor play. An in-depth interview approach is
used to explore the designers’ perspectives. The findings of this research contribute to the theory of
behaviour change and are beneficial for practitioners, and in particular, interactive designers who
develop systems that stimulate children’s outdoor play.

© 2023 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

In today’s digital age, technologies such as mobile apps and
aming are one of the key global factors and trends driving
hanges in children’s outdoor play behaviour. Children increas-
ngly prefer to spend more time indoors behind a screen than
ngaging in healthy behaviour like actively playing outside. Ex-
essive screen media use and playing digital games have been
ssociated with poor motor, cognitive, and social skills and in-
reased physical inactivity in children (Felix et al., 2020; García-
ermoso, Hormazábal-Aguayo, Fernández-Vergara, Olivares, &
riol-Granado, 2020; Turkle, 2011). However, in recent years, one
dea that has been studied and operationalized to stimulate chil-
ren’s outdoor play involves taking advantage of technology to
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ttps://doi.org/10.1016/j.ijcci.2023.100577
212-8689/© 2023 The Author(s). Published by Elsevier B.V. This is an open access a
create technology-enhanced environments. Turning technology
from a problem into a solution with ‘‘interactive play systems’’
(also called co-located augmented play spaces) is an example
of a technology-enhanced environment that aims to stimulate
children’s developmentally relevant behaviour, including play
behaviour.

These systems combine traditional play activities with gaming
experiences by using advanced technologies such as sensors and
actuators to engage children in physical, social, and cognitive
play activities (Bekker, Sturm, & Eggen, 2010; van Delden, Ger-
ritsen, Heylen, & Reidsma, 2018; Moriya et al., 2022; Tetteroo,
Reidsma, van Dijk, & Nijholt, 2014). Several studies also indi-
cate that some interactive play systems even have the potential
to stimulate ‘‘children’s outdoor play’’ behaviour (Back et al.,
2016; Back, Turmo Vidal, Waern, Paget, & Sallnäs Pysander, 2018;
Cumbo, Jacobs, Leong, & Kanstrup, 2014; Khalilollahi, Kasraian,
Kemperman, & van Wesemael, 2022). A variety of interactive play
systems for children’s outdoor play have been implemented in
the last decade; however, little is known about how designers of

implemented interactive play systems (heretofore referred to as

rticle under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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interactive play systems) intend to stimulate children’s outdoor
play by these systems. This question can be addressed by under-
standing which ‘‘design principles’’ are used by the designers of
the interactive play systems, and how these design principles can
potentially contribute to stimulating children’s outdoor play.

Design principles are heuristic, and value statements indicate
the purposes of a good intervention design or its procedural
aspects (Hulshof, Pemberton, & Griffiths, 2013). Design princi-
ples provide researchers and designers with a guide to effec-
tively design interventions by pointing out the goals and the
process of achieving these goals (Arzate Cruz & Igarashi, 2020;
Chiasson & Gutwin, 2005; Hulshof et al., 2013). The process of
designing interventions to promote healthy behaviour usually
begins by considering which underlying factors of the behaviour
need to change or be influenced, and which actions need to be
taken (Michie, van Stralen, & West, 2011). In this study, inter-
vention actions are articulated as design principles. Thus, the first
step to identifying the design principles used to create interactive
play systems is to understand the underlying factors that are
purposefully targeted in the design of children’s outdoor play. The
underlying factors of behaviour refer to the individual and envi-
ronmental factors that influence that behaviour (e.g., independent
ability, greenery environment).

It is helpful to use the lens of ‘‘behaviour change’’ theories
and models as they provide a framework for understanding the
underlying factors of behaviour and the process by which an
intervention action influences these underlying factors (Darn-
ton, 2008). The Capability, Opportunity, Motivation, Behaviour
(COM-B) model developed by Michie et al. (2011) explains the
‘‘components’’ that generate behaviour. This model theorizes be-
haviour as the result of an interaction between three main com-
ponents: ‘‘Capability’’, ‘‘Opportunity’’, and ‘‘Motivation’’. These
components can be used to categorize the individual and environ-
mental underlying factors of children’s outdoor play behaviours
(e.g., independent ability and walkability of the area). In addition,
this model provides a basis for understanding how an interven-
tion action can contribute to a healthy behaviour change (Michie
et al., 2011). The process through which an intervention action
affects behaviour is called ‘‘the mechanisms of action’’. Based on
the COM-B model, the mechanisms of action of intervention are
explained by understanding which components of the COM-B
model are targeted by intervention actions.

The use of the COM-B model enables us to identify: i) which
underlying factors of children’s outdoor play are addressed by
designers, and (ii) which design principles they use to do so. Then,
by finding the links between design principles and the COM-
B model components, we explain how design principles could
potentially stimulate children’s outdoor play. Subsequently, this
article addresses three research questions: 1) Which underlying
factors of children’s outdoor play behaviour do the designers
of interactive play systems target in their designs? 2) How (by
which design principles) do designers of interactive play systems
target the underlying factors of children’s outdoor play? 3) How
can we explain the mechanisms of action of design principles
of interactive play systems that are used to stimulate children’s
outdoor play based on the COM-B model?

These questions are answered by a series of in-depth inter-
views with designers of interactive play systems for children’s
outdoor play, along with the development a conceptual frame-
work by mapping the design principles onto the COM-B model.
This will contribute to the theoretical underpinning of the design
principles of interactive play systems and the mechanisms of ac-
tion of interactive play systems based on a behaviour change the-
ory. The theoretical underpinning of design principles and their
mechanisms of action based on the COM-B model guide designers

and researchers in designing effective intervention principles.

2

This framework is helpful as it explains which design principle
could potentially be useful in stimulating children’s outdoor play
and how to begin that process. For instance, a design principle is
likely to be effective in stimulating children’s outdoor play as it
targets children’s motivation.

Fig. 1 presents the conceptual framework of this study by
explaining the mechanisms of the action of design principles
of interactive play systems to stimulate children’s outdoor play.
This conceptual framework is built upon the COM-B model. Here,
the design principles of interactive play systems contribute to
stimulating children’s outdoor play through addressing the indi-
vidual and environmental underlying factors of children’s outdoor
play in terms of capability, opportunity and motivation. These
constructs and the links between them are furthermore explained
in the findings and discussion sections. The rest of this paper
is organized as follows: Section 2 elaborates on the background
of the study. Section 3 discusses the methodology. Section 4
presents the results of the analysis of the interviews. Section 5
and 6 provide the discussion and conclusion of the research.

2. Background

2.1. Children’s outdoor play

This study focuses on children’s outdoor play as having the
opportunity for outdoor play is a basic prerequisite, not only
for the health and well-being of current generations of chil-
dren, but also for subsequent generations. Many studies have
found a positive relationship between children’s outdoor play
behaviour and the development of social, psychosocial, physi-
cal, and cognitive skills (Ansari, Pettit, & Gershoff, 2015; Hiki-
hara, Watanabe, Kawakatsu, & Ishii, 2018; Hinkley, Brown, Car-
son, & Teychenne, 2018; Razak et al., 2018). Children’s outdoor
play includes a wide range of activities, including exploratory,
creative, imaginary, problem-solving, and physical/social activi-
ties (Clements, 2004; Cooper Marcus & Sarkissian, 1986). A new
genre of games named ‘‘pervasive games’’ has emerged that aug-
ments traditional, real-world playing activities with digital and
virtual gaming (Soute, Markopoulos, & Magielse, 2010). This new
type of game can provide children with opportunities to ex-
plore, create and be involved in social activities (like engaging
with other children or parents) through meaningful interactions
with a combination of traditional play activities and digital gam-
ing (Cumbo et al., 2014; Moyse, 2019). They can also be used
to assist children in (nonformal) environmental education pro-
grams (Crawford, Holder, & O’Connor, 2017). Traditional outdoor
play activities and pervasive games greatly benefit the healthy
development of children. Therefore, the elements of both types
should be combined when designing interventions to support
children’s outdoor play.

2.2. Interactive play systems

This study focuses on interactive play systems as interven-
tions that have been developed in recent years to stimulate chil-
dren’s outdoor play. To encourage and support children’s outdoor
play, in recent decades, designers, policymakers, and activists of
children’s rights have proposed many programs and interven-
tions, such as ‘‘Play Streets1’’, ‘‘Playbourhood2’’, ‘‘Playful City3’’,
‘‘Active Living Research4’’ and ‘‘Child-Friendly Cities5’’. However,

1 https://londonplaystreets.org.uk/
2 https://playborhood.com/
3 https://www.aplayfulcity.com/
4 https://activelivingresearch.org/
5 https://childfriendlycities.org/

https://londonplaystreets.org.uk/
https://playborhood.com/
https://www.aplayfulcity.com/
https://activelivingresearch.org/
https://childfriendlycities.org/
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Fig. 1. The conceptual framework of the mechanisms of action of design principles of the interactive play system to stimulate children’s outdoor play.
one of these programs support the changing desires of children
rom exclusive traditional outdoor play activities to the inclu-
ion of technology-advanced gaming. The change in children’s
lay behaviour requires built-environment professionals to ex-
lore innovative and creative approaches to developing playable
paces (Anon, 2017). Interactive play systems are initiatives that
ombine the benefits of traditional playgrounds with advances
n technology such as sensors and actuators (Soute et al., 2010;
turm, Bekker, Groenendaal, Wesselink, & Eggen, 2008). Well-
esigned interactive play systems could stimulate physically ac-
ive behaviour, sports skills, and social interactions to improve
hildren’s cognitive development and provide them with joyful
xperiences (van Delden et al., 2018).
There are two main types of interactive play systems: in-

eractive playgrounds, and geo-location-based games. Interactive
laygrounds use additional sensors or additional means of pro-
iding feedback, while geo-location-based games mostly rely on
ensors in the environment. Geo-location-based games use elec-
ronic devices (mostly smartphones and tablets) with location-
ased technologies such as GPS and QR codes. In other words,
he screen of a smartphone or tablet becomes a window into the
D and 3D virtual environment that augments the physical envi-
onment (van Delden et al., 2018; Poppe, van Delden, Moreno, &
eidsma, 2014; Tetteroo et al., 2014). Designers of both types of
nteractive play systems are included in this study to understand
ow each type can contribute to stimulating children’s outdoor
lay.

.3. Design principles

This study focuses on exploring the design principles of the
nteractive play systems to stimulate children’s outdoor play.
esearchers and designers can use these design principles to
evelop effective interventions. The purposes and actions used
y designers to design a product or system are usually presented
s design principles. Some researchers have tried to describe the
urposes of a good interactive play system for children’s outdoor
lay. For instance, Sturm et al. (2008) define the key issues for
he successful design of interactive playgrounds for children’s
utdoor play in concepts such as simplicity, social interaction,
hallenge, goals, and feedback (Sturm et al., 2008). Poppe et al.
2014) describe the general goals of interactive playgrounds in
erms of engagement and fun, physical activity, behaviour change,
ducation and learning, and diagnosis (Poppe et al., 2014). These
urposes and goals of interactive play systems are too global to be
sed as design principles. Specific and operative design principles
re needed to be operationalized into more detailed requirements
o achieve an effective intervention.
3

Fig. 2. A schematic representation of the multiple connections of three levels
of design principles.

Design principles vary from general rules to specific oppor-
tunities. Bell et al. (2004) outline three levels of design prin-
ciples of technology-enhanced environments in terms of their
purposes: Specific Principles, Pragmatic Principles, and Meta-
Principles. These three levels are hierarchical: A specific principle
describes the rationale behind the design of a single feature; a
pragmatic principle connects several specific principles (or sev-
eral features); and a meta-principle captures abstract ideas repre-
sented in a cluster of pragmatic principles (Bell, Hoadley, & Linn,
2004). Fig. 2 schematically illustrates these multiple connections.
Within this study, the three levels of design principles of interac-
tive play systems are explored from the viewpoints of designers.
This will contribute to obtaining a systematic understanding of
general and site-specific design principles.

2.4. The COM-B model of behaviour change

In this study, we use the COM-B model as a framework for un-
derstanding the design principles of the interactive play systems
and the process by which these design principles can poten-
tially contribute to the stimulation of children’s outdoor play.
Behaviour change theories and models aim to explain why and
how human behaviours change. There are many theories of be-
haviour change, like the ‘‘Fogg Behaviour Model’’ (Fogg, 2009)
and the ‘‘Transtheoretical (Stages of Change) Model’’ (Prochaska &
Velicer, 1997). Most behaviour change theories tend to emphasize
individual capabilities and motivation, with limited reference to
context such as social and environmental factors (Davis, Camp-
bell, Hildon, Hobbs, & Michie, 2015). Moreover, most of these
theories do not link behaviour change actions to the underlying
factors of behaviour (Prestwich et al., 2014). The COM-B model
of behaviour change provides a framework for understanding
individual and environmental underlying factors of behaviour, as
well as for designing behaviour change interventions. This model
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r

Fig. 3. Interactive playground examples. Top left Yalp Sona,6 Yalp Memo,6 the Playnetic KineticWheel;7 Bottom left: the Playdale i. Play,8 Biba smart playground;9 Top
ight: Kompan smart playground.10
was developed with reference to existing theories of behaviour
and is applicable to all behaviours (Michie et al., 2011).

The COM-B model conceptualizes the underlying factors of
behaviours in relation to three components: Capability, Opportu-
nity, and Motivation. Capability refers to the individual physical
and psychological capacity to engage in an activity. Opportu-
nity refers to the factors afforded by the physical and social
environment that lie outside the individual and make behaviour
possible or prompt it. Motivation is a factor that energizes and
directs behaviour. Motivation may be reflective, i.e., inspired by
others or events (extrinsic motivation), or it may be automatic,
i.e., originating from within the individual (intrinsic motivation).
Khalilollahi et al. (2022) adapt the COM-B model to explain the
underlying factors of children’s outdoor play in neighbourhood
and playground areas (e.g., children’s independent ability, the
walkability of the neighbourhood, etc.) (Khalilollahi et al., 2022).

The underlying factors identified by Khalilollahi et al. (2022)
are used to understand which underlying factors of children’s
outdoor play are targeted by designers of interactive play sys-
tems. Moreover, the COM-B model is intended as a starting
point to design interventions that are most likely to be effective
through different intervention actions. In other words, interven-
tion actions target a particular component of the COM-B model
(Capability, Opportunity, Motivation) to bring a healthy behaviour
change. In this paper, the intervention actions are articulated as
meta, pragmatic, and specific design principles.

3. Methodology

The methodology used in this study involves two steps: con-
ducting a semi-structured interview with designers of interactive

6 https://www.yalp.com/
7 https://playnetic.nl/
8 https://www.playdale.co.uk/
9 https://www.playbiba.com/

10 https://www.kompan.com/smart-playground
4

play systems, and developing a conceptual framework. Table 1
presents how the research questions of this study are addressed
by these steps. These steps are further explained in the 3.2 and
3.3 sub-sections.

3.1. Selection and participation

First, to find interview participants, an internet search for
companies that design and develop interactive play systems was
conducted. This consisted of performing a search for the following
keywords and their variations in Google: children’s interactive
play, co-located augmented spaces, and intelligent playground.
Companies developing these systems are limited and hard to find
as this is an emerging field. Subsequently, the snowball method
was used to ask the interviewees, i.e., the designers working in
these companies, to assist in identifying other potential partici-
pants. Eventually, seven companies that are actively working on
developing interactive play systems for children’s outdoor play
were found in five different countries, namely the Netherlands,
Denmark, England, Canada, and New Zealand. In each company,
a designer was approached and asked to participate in the online
interview. Participants were placed on the design team that was
involved with the design strategy and creating prototypes and
products.

Consistent with (van Delden et al., 2018), two main types
of interactive play systems were recognized: i) interactive play-
grounds, and (ii) geo-location-based games. Table 2 outlines the
interviewed companies and their outdoor play system types. Yalp,
Playnetic, Playdale, Biba and Kompan are companies that focus
on the interactive playground typology (Fig. 3). Yalp developed
four interactive playgrounds for children’s outdoor play (Sona,
Memo, Sutu, and Toro). Playnetic developed a series of interac-
tive playground equipment, such as KineticWheel, KineticSwing,
and GameNetic. Playdale developed one digital interactive play
system named i.play (intelligent play). In Biba and Kompan, a
playground is equipped with a marker or scanner. The virtual

https://www.yalp.com/
https://playnetic.nl/
https://www.playdale.co.uk/
https://www.playbiba.com/
https://www.kompan.com/smart-playground
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Table 1
The study’s research questions, methodology, and aims.
Research questions Methodology Aim

1) Which underlying factors of children’s
outdoor play behaviour do the designers of
interactive play systems target in their
designs?
2) How do designers of interactive play
systems target the underlying factors of
children’s outdoor play?

In-depth, semi-structured interview To understand the underlying factors of
children’s outdoor play and design principles
used by designers of interactive play systems

3) How can we explain the mechanisms of
action of design principles of interactive play
systems to stimulate children’s outdoor play
based on the COM-B model?

Developing a conceptual framework by
mapping the design principles onto the COM-B
model

To understand the mechanisms of action of
design principles to potentially stimulate
children’s outdoor play
Table 2
The list of companies included in the research.
Company Country Type of interactive play system

Yalp The Netherlands Interactive playground (Sona, Memo, Sutu, Toro)
Playnetic The Netherlands Interactive playground (KineticWheel, AudioSense, GameNetic, etc.)
Playdale England Interactive playground (i.Play)
Biba Canada Interactive playground (Smart playground)
Kompan Denmark Interactive playground (multi-dimensional playground)
Agents of discovery Canada Geo location-based games (mobile game platform)
Geo AR games New Zealand Geo-location-based games (outdoor mobile gaming)
Fig. 4. Geo-location-based games from left to right: Agents of discovery mobile game platform;11 Bottom right: Geo AR games outdoor mobile gaming.12
nvironment is connected to the playground by scanning this
arker.
The products of Agents of Discovery and Geo AR games belong

o the second group, i.e., geo-location-based games (Fig. 4). In
his type, the virtual environment is connected to the physical
nvironment through geolocation technologies like GPS. Here, the
hysical environment is a wide, open area like a park. Usually,
he games designed for these places are applicable to other open
reas if the GPS coordinate system of the app is adjusted to
he geographical coordinate of the area. The seven interactive
esigners of the identified companies were individually inter-
iewed. They were provided with the information and consent
orm before participating in the interview.

A consent mechanism was used that was cleared by the au-
hor’s institution’s Ethics Committee and included a commitment
o adhere to data protection legislation. The consent form in-
luded information about the purpose of the study, the rights
f the interviewees, and the usage and storage procedure of the
ata. The interviews took place from February to May 2021 and
ere conducted online through Microsoft Teams, each lasting

11 https://agentsofdiscovery.com/
12 https://www.geoargames.com/
5

approximately 60 min. Some of the interviewees represent com-
panies that have also developed interactive systems for educa-
tional purposes and/or teenagers and adults (e.g., Yalp). Therefore,
from the beginning of the interview, the interviewees were asked
to focus on the systems that have been explicitly developed
for children’s outdoor play, with an average age of 4–12 years.
Permission was obtained beforehand from the interviewees to
record the interview.

3.2. Interview protocol

An in-depth interview method was used to collect data. An
in-depth interview is a conversation between an interviewer and
interviewee to gain insight into certain issues using a semi-
structured interview guide (Hennink, Hutter, & Bailey, 2011). The
interview guide was organized based on the first and second
research questions. The first interview topic originated deduc-
tively from the COM-B components (capability, opportunity, and
motivation) and included a series of topical probes. Probes are
used to remind the interviewer to ask about specific topics to
ensure that detailed information on the topic is collected. Here,
the probes were based on the underlying factors of children’s
outdoor play, as identified by Khalilollahi et al. (2022). As soon

as the designers determined an underlying factor of children’s

https://agentsofdiscovery.com/
https://www.geoargames.com/
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Table 3
Interview questions.
Interview topic Main interview questions Probes

Underlying factors of children’s
outdoor play behaviour

Capability: Have you addressed the individual
physical and psychological capacity of children in
your project?

- Independent ability
– The ability to understand the environment
– Social capital and feeling connected to the
environment
– Socio-cultural norms and values

Opportunity: Did the project intend to take the
social/physical context into account?

- Parents’ socioeconomic status
– Walkability of the area
– The greenery of the area
– The presence of other play spaces

Motivation: Have you considered children’s
intrinsic and extrinsic motivations for outdoor
play?

- Quality, size and layout, and maintenance of
play areas
– Parental perception and practices of the family
– Creative and explorative experience
– External encouragement

Design principles How did you expect your system to help achieve
your intentions?

–

outdoor play, they were asked ‘‘how’’ they did so. We aimed
to gain an inductive insight into the design principles used by
designers without being prompted by any topical probes. Table 3
shows the main interview questions and topical probes. The
interview questions were approved by the Ethical Review Board
of the Eindhoven University of Technology. Before conducting
the interview, pilot testing with some researchers took place to
ensure that the questions were easy to understand and their
order was logical.

3.3. Data analysis

A qualitative data analysis method was used to gain an
vidence-based understanding of the given responses in the in-
erviews. This method includes a circular process of textual data
nalysis to develop an empirical theory based on qualitative
ata (Hennink et al., 2011). The process includes three steps:
erbatim transcribing, developing codes, and modifying and de-
eloping theory. These steps are conducted in a circular manner,
hich means they are repeated during the data analysis and are
lso conducted simultaneously at different points in the anal-
sis. Verbatim transcribing of the recorded interviews enables
esearchers to understand the viewpoints of the interviewees in
heir own words. Moreover, it helps reach conclusions that are
ell-rooted in the data. The transcription started as soon as the

irst interview was completed to identify new issues that may
urther be explored in subsequent interviews.

Code development involved deductive and inductive strate-
ies. Codes are topics discussed by participants and are identified
hrough reading transcriptions. Deductive codes relate to topics
hat have been prompted by the interviewer and are derived from
he theory in the research literature. These codes were developed
ased on the interview questions and topical probes and included
nformation on the underlying factors of children’s outdoor play
ehaviour in terms of the COM-B model components. Deductive
odes and their definitions were used to understand which un-
erlying factors of children’s outdoor play are addressed by the
esigners.
Inductive codes are topics raised by the interviewees and

eflect the issues of importance to the participants. Developing
nductive codes involved reading and rereading data to iden-
ify explicit and more subtle underlying codes. To identify the
nductive codes, the data were scanned to highlight issues indi-
ating a design idea. The interviewees usually mentioned a design
dea like ‘‘designing a safe playground’’ when explaining how
hey address different underlying factors of children’s outdoor
lay behaviour. This step involves identifying words and phrases
ith similar attributes and grouping them into broad categories

ndicating inductive codes.
6

These inductive codes indicate general design ideas (meta-
principles). Furthermore, the relevant pragmatic (key phrases de-
scribing a practical solution) and specific design principles (exam-
ples of how a design solution has been manifested) were searched
across different interviews. Fig. 5 shows an example of identifying
a meta-principle and subsequently its relevant pragmatic and
specific design principles. The code development stopped at the
point where no more issues were left unidentified in the data. The
meta-principles and their corresponding pragmatic and specific
design principles are explained in the findings section.

Eventually, the mechanisms of action of design principles to
potentially stimulate children’s outdoor play was identified based
on the COM-B model. This enabled mapping of the design prin-
ciples of interactive play systems onto the COM-B model and
clarifying the mechanisms of action of interactive play systems to
potentially stimulate children’s outdoor play behaviour. As Michie
et al. (2011) explain, the mechanisms of the action of intervention
are elaborated through the links between intervention actions
and the components of the COM-B model. Subsequently, the link-
age between the identified design principles and the components
of the COM-B model is distinguished as follows:

(1) If a design principle addresses the psychological and physi-
cal underlying factors, it is linked to the capability component. (2)
If a design principle addresses the socio-cultural underlying fac-
tors and the opportunities afforded by the physical environment,
it is linked to the opportunity component. (3) If a design principle
addresses the underlying factors that energize and direct a child’s
outdoor play behaviour, it is linked to motivation. It should be
noted that the term ‘‘design principle’’ here refers to all the
corresponding meta/pragmatic/specific principles.

4. Findings

4.1. The underlying factors of children’s outdoor play targeted by
designers

This section uses the lens of the COM-B model to discuss the
underlying factors of children’s outdoor play behaviour that de-
signers of interactive play systems target in their designs. Table 4
shows the underlying factors of children’s outdoor play based on
the deductive codes, examples of interviewees’ responses indicat-
ing these codes, and the share of interviewers that pointed them
out. In terms of capability, ‘‘children’s independent ability’’ and
their ‘‘ability to understand the environment’’ are the underlying
factors addressed by some designers.

In terms of opportunity, ‘‘opportunities for social interaction’’
and ‘‘safe outdoor play areas’’ have been considered by designers.
However, the designers did not take into account the children’s
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Fig. 5. Example of developing meta, pragmatic, and specific design principles.
Table 4
Underlying factors of children’s outdoor play of interactive play systems.
Deductive code Example from interview data Share of

interviewees that
mentioned this
code

The COM-B
model
components

Capability

Underlying factors of children’s outdoor play

Physical Children’s independent ability ‘‘We tend to design the playground in a
way that is accessible and suitable for
all children with different abilities to
play on their own. For example, children
with a wheelchair can play without any
[extra] physical effort.’’

4/7

Psychologi-
cal

Children’s understanding of the
environment

‘‘Our playground has a simple form that
can be perceived easily by children.’’

5/7

Opportunity

Social
environment

Opportunities for social interaction ‘‘Parents and adults can also join
children to engage in games and play
activities.’’

5/7

Physical
environment

Safe outdoor play areas ‘‘We tend to suggest flat sports fields
and big open parks for children’s play
areas so that they can run around free
from cars and obstacles.’’

7/7

Motivation

Automatic Creative and explorative
experience

‘‘We wanted to create different games
to raise children’s sense of curiosity and
exploration in the playground.’’

4/7

Reflective External encouragement ‘‘While children are playing, the
playground generates energy, and the
energy is used to produce music and
light shows.’’

7/7
cultural backgrounds. Their rationale was that play is universal,
and playing activities should be designed in a way that allows
everyone to engage regardless of their cultural background. The
economic status of families was also not considered by designers
as the usage of these systems, and related applications are mostly
free of charge. So, children with potentially different economic
statuses can potentially play with them.

Most of the neighbourhood-scale underlying factors, such as
he walkability of the neighbourhood, the availability/amount of
reenery, and the presence of other play areas, have not been
onsidered by designers. Designers explained that this is due to
he fact that the locations of these systems are most often de-
ermined by the customers, such as municipal authorities, school
7

boards, and park officials. Therefore, the designers mostly con-
sider the physical characteristics of the systems at the scale of
the playground rather than the neighbourhood in their designs. In
terms of motivation, children’s intrinsic inspiration for engaging
in creative and explorative experiences and extrinsic desires for
external encouragement have been addressed by the designers.

4.2. The design principles and their mechanisms of action

This section discusses the design principles and their mech-
anisms of action to potentially stimulate children’s outdoor play.
Overall, six meta-principles, including their relevant pragmatic
and specific design principles, were identified from the tran-

scriptions. Table 5 shows the meta principles derived from the
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Table 5
Identified Meta-Principles derived from the inductively coded interviews.
Meta-Principle (inductive code) Corresponding words and phrases to define inductive

codes
Share of interviewers
that pointed out this
code

Make the systems inclusive for all children ‘‘suitable for everyone’’; ‘‘includes disabled children’’;
‘‘includes a variety of activities’’

7/7

Enable children to understand the systems easily ‘‘understood without explanation’’; ‘‘without
instructions’’

4/7

Provide opportunities for children to socialize
with other children and people

‘‘Includes group activities’’; ‘‘involves parents and
caretakers’’

6/7

Make the systems safe for children’s playing ‘‘without causing risk and danger’’; 7/7
Provide children with opportunities to be
involved in challenging activities

‘‘offers competition’’; ‘‘promotes skills’’ 5/7

Give external encouragement to children ‘‘gives score’’; ‘‘feedback’’; ‘‘reward’’ 7/7
inductive codes, their corresponding words and phrases, and
the share of interviewers who pointed out the code. ‘‘Make the
systems inclusive for all children’’, ‘‘make the systems safe for
children’s playing’’ and ‘‘give external encouragement to chil-
dren’’ are design principles that are considered by all designers.
‘‘Enable children to understand the systems easily’’ is less used
by designers.

Table 6 presents the identified meta-principles and their cor-
esponding pragmatic and specific design principles. The mecha-
isms of action of design principles to stimulate children’s out-
oor play are also clarified in this figure. These mechanisms of
ction are elaborated in the linkage between the design princi-
les with the COM-B model components through the underlying
actors of children’s outdoor play. As an example, in terms of
apability, two meta-principles have been identified to target
hildren’s capability of outdoor play: ‘‘Make the systems inclusive
or all children’’ and ‘‘Enable children to understand the systems
asily’’. These meta-principles are supported by practical design
olutions in terms of a pragmatic-principle, such as ‘‘Provide a
ystem where children with different abilities can play with low
hysical effort’’ and ‘‘Design a system suitable for audibly and
isually impaired children’’.
These pragmatic principles have been manifested through

ome examples of design ideas in terms of specific principles
ike: ‘‘Make the playing areas accessible and suitable for children
ith a wheelchair’’ and ‘‘Install the markers on an accessible
eight for all abled and disabled children, like children in a
heelchair’’. Other pragmatic principles describing a practical
olution to support the above meta-principles are: ‘‘Design the
layground in a simple form that can be perceived easily by
he children’’ and ‘‘Design the games with a level of difficulty
hat fits all children’’. ‘‘Take into account children with hearing
roblems by considering the whole audio range’’, or ‘‘Use sounds
or the visually impaired children and lights flashing for audibly
mpaired children’’ are other specific principles used by designers.
hese meta-principles and their corresponding pragmatic and
pecific design principles have been claimed by designers to
ddress children’s independent ability and ability to understand
he environment and subsequently the capability component of
he COM-B model. This process of influencing children’s capabil-
ty with design principles can potentially result in stimulating
hildren’s outdoor play. Other meta design principles and their
orresponding pragmatic and specific design principles and their
inks to the underlying factors of children’s outdoor play and the
omponents of the COM-B model are elaborated in Table 6.

. Discussion

This paper investigates the design principles used by designers
nd the mechanisms of action of these design principles to stim-
late children’s outdoor play behaviour. These design principles
re identified through in-depth interviews with the designers of
8

seven companies that develop interactive playgrounds and geo-
location-based games. The design principles were investigated
through the lens of the COM-B model of behaviour change. This
model posits that, to stimulate children’s outdoor play, healthy
behaviour change mechanisms of action are required that en-
hance children’s capability and motivation, as well as opportu-
nities provided by their physical and social environments.

The COM-B model was chosen to identify the design principles
as this model explains the underlying factors of behaviour and the
mechanisms through which an intervention action can support
a healthy behaviour change. Thus, investigating the design prin-
ciples used by designers through the lens of the COM-B model
can help clarify which underlying factors of children’s outdoor
play behaviours are intended to be addressed by the designers
of interactive play systems and which mechanisms they intend
to trigger. Overall, the interview results indicate that designers
of interactive play systems intend to address some underlying
factors of children’s outdoor play through six meta and their
corresponding pragmatic and specific design principles. These
design principles are discussed and outlined by the COM-B model
categories of capability, opportunity, and motivation.

5.1. Capability

In terms of capability, designers of interactive play systems
aim to provide a system where children can play with low phys-
ical effort and easily perceive the systems and games. In this
regard, the designers consider children with different abilities,
including children with movement, visual and hearing problems.
For instance, in terms of movement, they make the playing areas
accessible and suitable for children in a wheelchair, and in terms
of hearing, they consider the whole audio range in their systems.
However, few designers develop truly inclusive interactive play
systems, yet it is a prerequisite for children with different abili-
ties. Moreover, children’s ability to understand the system easily
was less mentioned by designers as a design principle. However,
it is a necessity for children to play freely and without controlling
adults (Moran, Plaut, & Merom, 2017).

5.2. Opportunity

In terms of social opportunity, designers aim to create game
and play activities for a group of children and have parents
involved in playing activities with their children. For example, the
system gives the role of leader in the game to the parents. De-
signers do not consider the sociocultural differences of children;
however, sociocultural norms and family values are important
underlying factors of children’s outdoor play (Khalilollahi et al.,
2022). In terms of physical opportunity, all designers intend to
make the systems and surrounding environment safe for chil-
dren’s play. This finding shows that designers are aware of the
importance of providing a safe play environment as a prerequisite
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Table 6
The mechanisms of action of design principles of interactive play systems to stimulate children’s outdoor play.
9
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for children with different abilities (Giraldi et al., 2017). For
example, there are no sharp edges or any dangerous elements in
the designs that can hurt children. In the design of a geo-location-
based game, wide lands with no natural or artificial obstacles
such as national parks and big open parks have been assigned
to be used as a safe area of play.

5.3. Motivation

In terms of motivation, designers of interactive play systems
im to engage children in physical, cognitive, and imaginary chal-
enges. For example, children are involved in sports and pretend
lay activities. Designers also provide children with extrinsic en-
ouragement. All designers took into account children’s desire for
xternal encouragement. This finding can be explained by the fact
hat designers are aware of the role of external encouragement
s the main driver of reflective or extrinsic motivation for chil-
ren’s playing. For example, children receive external feedback
hrough a system that uses scores, lights, and sounds. Designers
hould give greater attention to fulfilling children’s automatic
otivation as children’s intrinsic motivation (including their pref-
rences for exploring, creativity, imaginary role-play, learning,
roblem-solving, rule-based and skill-based team games) is the
ain driver of children’s outdoor play (Cumbo et al., 2014).

. Conclusion

This study provides a theoretical underpinning for the de-
ign principles of interactive play systems. The findings of this
esearch contribute to the theory of behaviour change and are
eneficial for practitioners, and in particular, interactive designers
ho develop systems that promote children’s outdoor play. Fur-
hermore, mapping the identified design principles of interactive
lay systems onto the COM-B model provides designers with a
uide to designing effective interactive play systems to stimulate
hildren’s outdoor play behaviour. We should note that this study
akes a first step toward providing a theoretical underpinning
f the design principles and their mechanisms of action based
n the COM-B model. Whether following the identified design
rinciples actually lead to behaviour change in practice requires
urther empirical investigation.

Consequently, there is a need for more evidence-based re-
earch to evaluate the effectiveness of interactive play systems
n stimulating children’s outdoor play. Here, the children’s per-
pectives and behaviours while playing with these systems need
o be further investigated. Only then can we conclude whether
he designers’ purposes have been realized or not. In addition,
nvestigating children’s in situ behaviour and attitudes would
lso help identify more design principles based on children’s
eeds and their outdoor play behaviour. Moreover, assessing the
ffectiveness of interactive play systems with other non-technical
pproaches such as environmental education (EE) programs and
onformal environmental education (NFEE) is needed to evaluate
he efficiency of these systems compared to other approaches.

Based on our findings, a number of recommendations can
e made for designers of interactive play systems to improve
heir systems to fulfil children’s needs for outdoor play. First
f all, designers should consider all identified underlying factors
f children’s outdoor play in their designs. For example, a crit-
cal missing underlying factor is parental perception, which is
bout the attitudes of parents toward interactive outdoor play
nd their safety concerns. This underlying factor is significantly
ssociated with children’s perception of playing outside and the
otivation to do so (Khalilollahi et al., 2022) and needs to be
onsidered by designers. Moreover, designers should consider
10
the neighbourhood-scale underlying factors, such as the avail-
ability/amount of greenery, and the presence of other play areas
while designing and developing interactive play systems as suc-
cessful play spaces are carefully located, and considering the
attributes of their surrounding environment (Giraldi et al., 2017).

In addition, designers could further incorporate upcoming
technological developments to create more effective interactive
play systems. For example, one interviewee pointed out that they
intend to create ‘‘open-ended systems’’. This feature means that
there are no fixed or rigorous rules for playing, and children can
invent their own games. This design idea is important to motivate
children to create and control the environment according to their
needs (Dylan et al., 2020). Another interviewee explained that
the reason that this design idea is less used by designers is that
‘‘open-ended’’ play systems are usually sophisticated ones. The
interviewee elaborated that the existing interactive play systems
are the first generation of such systems that apply rather simple
techniques and design ideas. As technology advances, there is
a need for designers to further explore and use more innova-
tive design solutions to address children’s outdoor play through
interactive play systems.

Selection and participation

First, to find interview participants, an internet search for
companies that design and develop interactive play systems was
conducted. This consisted of performing a search for the following
keywords and their variations in Google: children’s interactive
play, co-located augmented spaces, and intelligent playground.
Companies developing these systems are limited and hard to find
as this is an emerging field. Subsequently, the snowball method
was used to ask the interviewees, i.e., the designers working in
these companies, to assist in identifying other potential partici-
pants. Eventually, seven companies that are actively working on
developing interactive play systems for children’s outdoor play
were found in five different countries, namely the Netherlands,
Denmark, England, Canada, and New Zealand. In each company,
a designer was approached and asked to participate in the online
interview. Participants were placed on the design team that was
involved with the design strategy and creating prototypes and
products.

Consistent with (van Delden et al., 2018), two main types
of interactive play systems were recognized: i) interactive play-
grounds, and (ii) geo-location-based games. Table 2 outlines the
interviewed companies and their outdoor play system types. Yalp,
Playnetic, Playdale, Biba and Kompan are companies that focus
on the interactive playground typology (Fig. 3). Yalp developed
four interactive playgrounds for children’s outdoor play (Sona,
Memo, Sutu, and Toro). Playnetic developed a series of interac-
tive playground equipment, such as KineticWheel, KineticSwing,
and GameNetic. Playdale developed one digital interactive play
system named i.play (intelligent play). In Biba and Kompan, a
playground is equipped with a marker or scanner. The virtual
environment is connected to the playground by scanning this
marker.

The products of Agents of Discovery and Geo AR games belong
to the second group, i.e., geo-location-based games (Fig. 4). In
this type, the virtual environment is connected to the physical
environment through geolocation technologies like GPS. Here, the
physical environment is a wide, open area like a park. Usually,
the games designed for these places are applicable to other open
areas if the GPS coordinate system of the app is adjusted to
the geographical coordinate of the area. The seven interactive
designers of the identified companies were individually inter-
viewed. They were provided with the information and consent
form before participating in the interview.
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A consent mechanism was used that was cleared by the au-
hor’s institution’s Ethics Committee and included a commitment
o adhere to data protection legislation. The consent form in-
luded information about the purpose of the study, the rights
f the interviewees, and the usage and storage procedure of the
ata. The interviews took place from February to May 2021 and
ere conducted online through Microsoft Teams, each lasting
pproximately 60 min. Some of the interviewees represent com-
anies that have also developed interactive systems for educa-
ional purposes and/or teenagers and adults (e.g., Yalp). Therefore,
rom the beginning of the interview, the interviewees were asked
o focus on the systems that have been explicitly developed
or children’s outdoor play, with an average age of 4–12 years.
ermission was obtained beforehand from the interviewees to
ecord the interview.
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