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Abstract This paper describes three design values that

we apply for designing playful interactions. Interactive

play objects can stimulate social interaction and physical

play by providing motivating feedback to players’ behav-

ior; they can allow players to create their own game goals

and rules in an open-ended play context and support social

player interaction patterns. This design approach is illus-

trated by six design cases in which our assumptions were

examined in various play contexts. The results show that

the application of these design values can lead to rich and

appealing innovative play concepts. Players can create a

wide range of (physical) games using open-ended play

objects, and properties of the play objects, such as being

personal or shared, influence the type of social interaction.

Keywords Intelligent play objects � Social interaction �
Physical activity � Creativity � Emergent behavior

1 Introduction

A large part of children’s lives is spent playing. By playing

children practice skills and explore imaginary worlds [1].

In the past, children’s play used to take place outdoors and

had a highly social and physical nature. Nowadays, chil-

dren spend increasing amounts of their time playing com-

puter games and watching television, and they tend not to

meet the recommended norms for physical activity [24,

34]. The lack of physical activity may not only result in

health risks but may also have negative consequences for

children’s social skills and social life, since a lot of com-

munication takes place in the virtual rather than in the real

world. In our research, we examine how (outdoor) physical

play can be enriched in a way that appeals to children, thus

creating attractive play alternatives to computers and

television.

We explore how interactive play objects can provide

novel play opportunities by designing interactive play

objects that make use of digital technology such as sensors,

actuators, and computing power to create intelligent system

behavior. The play objects can measure the user’s move-

ments and use this information to provide motivating

feedback or to adapt the games to the children’s skill

level. We create playful solutions that stimulate social

interaction between children through physical play. In our

research, we have examined how design decisions influ-

ence players’ behaviors. So far, we have designed various

playful interaction concepts for sport contexts, for intelli-

gent playgrounds and for indoor contexts [5, 6, 8, 17, 22,

41, 42].

In this paper, we present our design values and their

theoretical underpinnings, describe the main assumptions

we have been investigating and illustrate our work with a

variety of design cases. The emphasis of the paper is on

presenting our vision on designing playful interactions

developed over the years, as opposed to describing single

case studies in detail as was done in previous papers [5, 6,

8, 9, 17, 22, 40]. The strength of the work presented lies in
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iteratively developing a design philosophy and validating

our assumptions by creating working prototypes for various

contexts of use.

2 Related work

Our work on social and physical games is closely related to

research on other types of games. Exertion interfaces or

exergames—interfaces that require some form of exercise

or exertion—have been studied in several research projects,

for example Ishii et al. [21] have designed an enhanced

version of ping pong, called PingPongPlus. Mueller et al.

[28] have designed various applications to play sports at a

distance, and Rogers and Muller [37] have designed an

adventure game for children which requires physical

interaction. Apart from these exertion interfaces, our work

has links with pervasive games or social games. Pervasive

(or location-aware or augmented reality) games bring the

gaming experience from the world of computers and the

internet into the real-world environment of the game

player, by wireless and location-based technologies [27].

An example of a pervasive game for adults is Can You See

Me Now, which is played both online in a virtual city and

on the streets of an actual city [10]. An example of a game

specifically designed for children is the Ambient Wood

project, which is a pervasive educational game. In this

game, children could explore a technology-enhanced wood

[36]. A new genre of pervasive games is Head Up Games:

technology enhanced games that do not require screen-

based interaction and therefore allow for rich social inter-

action [39]. Camelot is an example of such an outdoor

game in which children collaboratively create physical

castles (see also the paper by Soute and Markopoulos in

this special issue).

Various other games focus on specifically on social

interaction between children. The mixed-reality table top

game aMAZEd [2] is a maze game where teams of children

have to reach various locations in the maze to get to the

next phase of the game. Game elements such as bluffing

and competition and psycho-physiological feedback were

used to encourage social interaction. Age Invaders [12] is

an inter-generational mixed-reality game in which chil-

dren, parents, and their grand-parents play a socio-physical

game. Active players move about on an electronic game

board and can trigger rockets and bombs, while online

players can help the active players.

Our approach differs from those mentioned above in the

sense that we combine aspects from various areas. We

create solutions where multiple players can be both phys-

ically and socially active: through social interaction they

negotiate about game goals and rules to adapt the games

that they play. Furthermore, we focus on co-located

solutions where objects provide feedback without using

computer screens.

3 Research through design approach

We follow a research through design approach which means

that we generate scientific knowledge through cycles of cre-

ating and evaluating structurally varied, experiential proto-

types. Theoretical insights that are acquired in this way and/or

scientific knowledge that is available in literature are incor-

porated into the design variations, and it is empirically tested

how the variations influence product experience. In this way,

we iteratively develop an understanding of how design deci-

sions influence players’ behavior, using theories about child

development, human behavior, sport psychology, emergent

behavior and game design. Throughout our research we have

created various play concepts focusing on stimulating physi-

cal play, such as a physical prop controlled by children’s own

physical movements and enhanced sports objects for football,

skating, basketball, and tennis [5]. We have also created

various design solutions that stimulate social interaction and

creativity, such as abstract, responsive play objects that react

to players’ behavior. We have done research with objects

intended for children as well as for adults, with objects that

were context-independent or to enhance existing activities

such as skating, and objects that were completely novel or

extensions to a commercially available product.

4 Design values

The focus of our research is on stimulating physical activity

and social interaction [7]. We have identified a set of design

values that supports our vision. The first design value is to

provide motivating feedback to players’ behavior. The second

design value is based on creating opportunities for players to

define their own game goals and rules. The third design value

focuses on creating social player-interaction patterns, by

designing various opportunities for players to collaborate and

compete with each other using interactive play objects. We

will explain the theories related to each of our design values

and then describe the related design research.

4.1 Design case overview

In this section, we will present six design cases (see the

acknowledgements for the designers and students, who

collaborated in the cases) to illustrate how the three design

values described above have influenced our work. Many of

the design cases address more than one of the design val-

ues; these are presented under the heading where they had

most impact (see Table 1).
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4.2 Motivating feedback

Our first design value concerns providing immediate

motivating feedback to players’ physical activity. Physical

activity can be broken down into various components, such

as strength, endurance, speed, balance, and coordination

[19, 32]. Rather than addressing all these components

explicitly in our studies, we design concepts that motivate

children to participate in physical games, and thus con-

tribute to their meeting the general physical activity norm,

which states that children should be physically active for

60 min every day (Dutch Norm [23] and the American

Norm [13]). These play concepts are inspired by theories

and models about human behavior and behavior change.

The self efficacy theory [4], for example, describes that

people’s behavior is influenced by beliefs about their being

able to do certain activities and their outcome expectations.

Such theories provide ideas about which behaviors can be

influenced through the use of a specific product. For

example, providing positive experiences and motivating

feedback can contribute to children’s self efficacy and thus

to their intention to play a sport. In the area of persuasion

theories, Fogg [15] describes how technology can be used

to influence people’s behavior, e.g., as a tool to make

keeping track of certain behavior easier. Specifically in the

context of sport-like activities, these ideas can be related to

theories about sport psychology. IJsselsteijn et al. [20]

describe how persuasive technology may be a powerful

tool to help people adapt their behavior by presenting rel-

evant and actionable information at the right time.

Playing sports can help children develop many different

skills. Apart from working on their physical development,

e.g. strength, stamina, and motor skills children also

develop cognitive skills (e.g. learning about rules and

strategies) and social skills (e.g. negotiation and turn-

taking) [19]. Children practice sports because they think it

is fun to do, they enjoy making friends, want to become fit

and develop new skills. However, lack of fun, lack of

excitement, lack of exercise and fitness and insufficient

challenges are reasons for children to stop playing a sport

[45]. Enhancing children’s sport experiences, for example

by providing feedback to appealing challenges can possibly

increase children’s motivation to play sports and sports-

like games. Our initial projects examined how to enhance

children’s sport experiences by embedding sensor and

actuator combinations in intelligent play objects.

We first examined whether children enjoy receiving

feedback about their own behavior in a game-like context,

and whether interesting challenges could be created around

their own behavior. Subsequently, we applied this approach

in different physical play contexts, related to sports such as

football, skating, and basketball [8]; we describe one

example from a football context.

4.2.1 Design case 1: Battle Bots

One of our first explorations of designing for physical play

was the Battle Bots project [5]. The main goal of this

project was to develop a game for 8–0-year-olds in which

body movements of children would be used to control a

physical prop for outdoor play. An iterative design process

resulted in the Battle Bots concept, which is a physical

game in which children’s movements are used to remotely

control battle-tank toys (see Fig. 1).

The Battle Bots can drive around and shoot at other

Battle Bots using infrared communication. The Battle Bots

support activities, such as hunting, seeking, hiding, fight-

ing, aiming, and shooting, which appeal to 8–10-year-old

children [1]. The Battle Bot is controlled by the child’s

movements: a vest and a glove containing motion sensors

Table 1 Overview of the design cases and the design values they address

Project name Design value 1:

Motivating

feedback

Design value 2:

Open-ended

play

Design value 3:

Social interaction

patterns

1. Battle Bots: battle-tank toys that can be controlled through

body movements

X X

2. Feedball: a ball that senses the precision of a pass and

provides light feedback

X

3. Ledtube: an object that detects shaking or rolling and

changes colored light feedback

X X

4. ColorFlare: an object that responds to player movements

and can communicate its uni-modal state to other similar objects

X X X

5. MultiModalMixer: objects that provide multi-modal feedback

to player movements and can communicate its state to other similar objects

X X X

6. Swinxsbee: a shared object to be used with an outdoor game console X X

Italicised cells indicate that the design case is first presented under the heading of that design value
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allow the children to remotely control the bot. When

leaning forward the robot moves forward, whereas leaning

backwards will make the robot drive backwards. The

amount of physical activity determines the speed of the

robot. Turning the upper body will cause the robot to

change direction. The glove is used to aim the robot’s laser

gun, which is indicated on the robot using LEDs. Aiming

the glove will change the direction of the gun, and a button

can be pressed to shoot the gun.

A small-scale user test was carried out (N = 12) to

examine whether children understood how to control the

tank and whether the movements for controlling the tank

were appealing. Both girls and boys liked the global con-

cept, but boys particularly liked the battle fantasy compo-

nent of the design. They were quickly able to control the

prototype and tried out the various ways of controlling the

prototype. Overall, the children were enthusiastic about

controlling the tank with their body movements. Children

who did not control the tanks themselves enjoyed giving

advice to the players.

4.2.2 Design case 2: Feedball

In the Feedball project, we intended to combine the essence

of soccer with the rules of game design to create a new fun

sport concept [8]. The Feedball allows children between 10

and 12 years of age to practice football skills in a playful

manner (see Fig. 2).

The Feedball can be kicked, thrown and caught like a

normal ball. Using a tilt sensor and an accelerometer, it

senses acceleration and direction and calculates the preci-

sion of a pass. Based on this information, it provides visual

feedback about the quality of the movement. The Feedball

can be used by individuals to train personal skills, or in a

group to stimulate competition and teamwork. Several

games were designed to be played with the Feedball, for

example the Five Pass Game (see Fig. 2). This game is

simple and can be played anywhere with a varying number

of players. Passing a ball around before scoring emphasizes

the importance of team play.

We carried out an informal user test with 12 children

and a football trainer to validate whether the children

understood and enjoyed the games. Besides a number of

issues concerning the implementation of the ball and the

games, we found that children were much more active in

sessions with the sensor-enhanced football than in the

traditional training sessions.

4.2.3 Lessons learned about motivating feedback

The two design cases, where the objects provide feedback

related to children’s actions, show that receiving feedback

can stimulate children to be physically active. The direct

link between their body movement and the movement of

the Battle Bots stimulates children to play and explore

different kinds of movements using their fantasy or imi-

tating other children. The more functional feedback of the

Feedball motivated children to actively practice various

skills. Finally, we found that onlookers also become

involved by providing ideas to the children playing with

the interactive objects.

4.3 Open-ended play

Our second design value is based on the idea that rather

than providing concepts with concrete game goals and

rules, providing local interaction opportunities with play

objects may lead to interesting global game goals. Thus,

the meaning of the objects and interactions only becomes

Fig. 1 A Battle Bot

Five Pass Game 

This game is played with two teams who need to 
score in the same goal. The Feedball counts the 
number of passes between players, by 
measuring the acceleration of the ball. After the 
first pass, the ball lights up a little bit; after five 
passes it is fully lit. Now both teams can use it to 
score a goal. The ball will stay lit for 10 seconds; 
if none of the players scored, the ball will turn off 
and five passes are needed to light it again. The 
team that scores the most goals is the winner. 

Fig. 2 The Feedball and a

description of a Feedball game
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defined in way they are used. We call this open-ended play.

This idea is inspired by theories about situated action [25,

29, 44] and about emergent behavior in decentralized

systems [35]. Instead of designing for goal-directed

behavior, as is assumed by, for example, Norman’s action

cycle [30], the situated actions model assumes that players

do not structure their activity beforehand, but that activity

grows as the interaction in the context of use occurs.

People are opportunistic as they interact with the world.

We assume that by providing local interaction opportuni-

ties as a support for situated actions global play patterns

will develop [14]. Resnick [35] provides various examples

from nature where local behavior leads to global patterns.

For example, individual birds in a flock use only simple

local rules related to nearby birds, which lead to organized

flock patterns. Programs in his parallel programing envi-

ronment StarLogo have shown that by giving objects or

agents local rules overall patterns can occur in simulated

environments (or microworlds). We translate this idea to

players interacting with multiple objects in the real world,

and assume that overall play patterns will emerge when

players use objects with local interaction opportunities. The

main difference with the work by Resnick is that in our

case the total system does not only include (virtual) agents

with predefined and fixed rules, but that it contains both

interactive play objects with embedded rules and players

that will determine their own behaviors which change over

time.

Another reason why we think open-ended play is a

promising design value is based on the analysis of how

children play games. Even when children play games with

official rules, they still create many rules specific to a

particular play context. There is a large difference between

the formal rules related to games and the real rules that are

applied when children play games [18]. Based on various

studies of how children play games, it is clear that they are

capable of creating and adapting game rules and that this is

an important aspect of their play behavior. We expect that

creating concepts without overall game goals will stimulate

players to use their creativity to develop their own game

goals. Furthermore, we expect that it will also stimulate

social interaction because players will have to negotiate

and discuss their ideas about rules and games.

We will describe three design cases in which we

developed our understanding of intelligent objects for

open-ended play. All three cases also incorporate the

assumption that play objects should provide motivating

feedback to players’ behavior (design value 1). The first

concept, which had fairly limited interaction possibilities,

was designed to explore whether players enjoy interacting

with open-ended play objects. In the two subsequent cases

we investigated our assumption that more complex games

can be created if there are more (input and output) inter-

action opportunities to which children can assign meaning.

4.3.1 Design case 3: LEDtube

Our first exploration of open-ended play resulted in an

interactive object that had very simple behavior, the

LEDtube (in the concept was originally called the LEDball,

e.g. in [6, 42]). This prototype served as a proof of concept

for open-ended play, rather than as a concept that would be

further developed into a concrete product. The LEDtube is

a cylinder emitting light at each end (see Fig. 3). Using

motion sensors, the LEDtube reacts to children’s behavior

by changing the color of light (red, blue or green). Two

variants of the LEDtube were created: one changes color

when it is rolled; another when it is shaken.

We carried out a study with the LEDtube (N = 23) in

which we explored the effects of simple open-ended,

interactive play on social interaction, creativity, and fun.

To this end, we compared a condition in which the LED-

tubes were used in a pre-defined game and a condition in

which they were used in an open-ended play session, in

which the children were encouraged to come up with new

games with their own goals and rules. Five groups of four

children and one group of three children participated in the

study. A within-subject design was used, and the order of

the conditions was counter-balanced. After each session,

they were asked to rate their opinion on several aspects,

Fig. 3 The LEDtube prototype

and children playing a game
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such as how much they had collaborated, whether they

talked a lot during play, whether they liked playing with

the object on a 5-point scale.

From this study we conclude that open-endedness is a

promising concept for interactive play objects. We found

that the children were able to create diverse games, with

varying levels of difficulty. The children devised their own

challenges, often in terms of physical challenges like run-

ning faster, rolling further, etc. The games that children

played were mainly very simple games, e.g. rolling the

LEDtubes to each other. Often the visual feedback was not

used explicitly in the games that were played. Although no

significant differences were found between open-ended

play and predefined play in perceived amount of collabo-

ration (Sign test, N = 10, k = 5, p [ 0.05) and talking

(Sign test, N = 10, k = 6, p [ 0.05), the content of the

communication was different in the two conditions. In the

free-play condition verbal communication was mostly

about which games the children would play, setting the

rules of the games, and whether the rules were applied

correctly or not, whereas in the game condition verbal

communication mostly had an encouraging/motivating

nature. The overall appreciation of playing with the pro-

totypes was quite high: a median score of 5 (on a 5-point

scale) for the free-play sessions and a median of 4 for the

pre-set game sessions. Children rated playing in the open-

ended play sessions significantly higher than in the game

sessions (Sign test, N = 7, k = 5, p \ 0.05).

4.3.2 Design case 4: ColorFlare

The LEDtube study provided the first proof-of-principle of

open-ended play. We then proceeded to design the Col-

orFlare, a concept based on the LEDtube, but providing

more interaction possibilities and using more colors of light

for feedback. In this way, we increased the number of

states to which the children can allocate meaning and thus

support more diverse games, which may increase the

chance that children enjoy playing with it over time. When

children roll the ColorFlare, it will change color and when

they shake it, it will start to flash. When the objects are in

flash mode, they can communicate with each other using

infrared communication: when one ColorFlare is within the

range of another one, it will transmit its color to the other

ColorFlare (see Fig. 4).

The interaction possibilities of the ColorFlare and its

open-ended nature provide ample opportunities for chil-

dren to use their creativity. Furthermore, the ColorFlares’

possibility to communicate with each other affords games

that are played together, in which competition, collabora-

tion, and communication play an important role.

A user study (N = 19) was carried out to explore player

behavior and experiences when playing with the ColorFl-

ares [9]. Six groups of children (5 groups of 3 and 1 of 4

children) were asked to play with the ColorFlares for about

30 min, during which they were free to play the way they

wanted. Video recordings were made to analyze play

behavior in terms of the number and types of games that

children created and the functionalities that were used in

the games. After the play sessions the children filled in a

(5-point) Likert-scale questionnaire [33] addressing aspects

of immersion, positive affect, challenge, social interaction,

creativity, and physical activity.

On average about six games were created per group,

with a range from 3 to 12. Many games made use of the

ColorFlare’s interaction opportunities: combining the roll-

ing and the shaking/sending functions. For example, a

game in which children had to roll the ColorFlare to a

specific color and then send their color to as many other

ColorFlares as possible. Only in two out of the total of 38

games identified in this study the functionality of the

ColorFlares was not used at all; in these games the children

were just rolling the prototypes to each other, like we often

observed with the LEDtube.

We categorized the games children played into six cat-

egories: assignment, tag, hide-and-seek, rolling, role-play,

guessing, and a rest category. Most groups played games

like tag, or hide-and-seek or made up small assignments for

the group that could be won. Comparing the type of games

played with the LEDtube and the ColorFlare, children

Fig. 4 ColorFlares and children

trying to send the color of their

ColorFlares
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came up with more diverse games using the ColorFlare.

Apparently, the extended functionality of the ColorFlare

provides more opportunities for games and rules. An

example of how the use of the ColorFlare extends tradi-

tional games is that during a game of tag children can be

tagged at a distance, and even by bouncing the ColorFlare

signal of a mirror.

The observations about creativity are supported by data

from the questionnaire. Overall, children indicated that

they could use their imagination during play (average 3.8;

SD 1.5). Also, children indicated that they were able to

create various games using the ColorFlares (average 3.6;

SD 1.7). Our observation that children did not adapt the

rules during playing is supported by the fact that the

statement ‘I could create new rules while playing’ got a

lower score (average 2.8; SD 1.9).

4.3.3 Design case 5: MultiModalMixer

Design cases 1–4 all concern interactive play objects with

light feedback as the only modality. With the Multimodal

Mixer concept [17], we extended the ‘game space’ by

providing multiple output modalities. The Multimodal

Mixer is an extension to the ColorFlare (see Fig. 5). Its

interaction possibilities are the same (rolling, shaking and

sending), but instead of only providing light feedback, the

Multimodal Mixer provides feedback in three different

modalities. In addition to different colors of light, it pro-

vides sound (when it is shaken) and vibration (when it

receives a signal from another Multimodal Mixer).

Since each modality has its own specific characteristics

[26], we expect that the different types of output will

trigger particular behavior of the players and eventually

affect the type of games they create [17]. For example,

objects that provide tactile feedback may trigger more

secretive games than objects that emit light because of the

invisible and mysterious character of the feedback. Offer-

ing multiple modalities may therefore not only allow for

more but also for more diverse games.

A user test (N = 37) was carried out to explore the

effect of multiple feedback modalities on children’s crea-

tivity (in terms of the number and type of games) and their

experience [17]. Ten groups of 3–4 children played with

the Multimodal Mixers in a free play session of 30 min.

The user test had a between-subjects design: half of the

groups used the multimodal version of the Multimodal

Mixer, whereas the other groups used a unimodal version

of the Multimodal Mixer, which has light as the only

feedback modality. All sessions were recorded on video

and after the test all children filled in a questionnaire. The

data analysis was the same as in the ColorFlare study.

The children in the multimodal setting created only a

few more games than those who used the unimodal version

of the interactive prototype (43 vs. 39, respectively). Every

group was able to come up with multiple games (ranging

from 4 to 13 games per session), and the children played

nonstop for 30 min. The use of color and infrared com-

munication was used most frequently in both conditions.

The flashing of the light (shaking) was never used in the

unimodal setting, whereas sound (which has the same input

modality) was used in multiple game variations in the

multimodal condition. Sometimes the children made

combinations of several different modalities. Occasionally

children did not use any of the interaction possibilities in

their games, e.g. when they used the toy standing upright

on the floor. An interesting finding is that the children in

the multimodal condition used a wider range of input

modalities, such as using the shaking functionality and

combining multiple output modalities, in their games than

the players in the unimodal condition. Apparently, offering

various types of feedback made it easier to implement

different functionalities in the game.

The most popular type of game in the unimodal condi-

tion was the game of Tag (13 out of 39 games), while in the

multimodal condition games in the categories assignment

and hide and seek were played most often (16 and 10 out of

43 games, respectively). The differences can be explained

in terms of feedback modalities; for example, in the

Fig. 5 The Multimodal Mixer

and children playing with the

prototypes
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multimodal setting there are more diverse types of output

modalities that can serve as inspiration for an Assignment.

Tagging is much easier with a visible signal than an

invisible one: it is clear for every single player who is

tagged and who is not.

The findings about the children’s creativity from our

observations are supported by the results of the question-

naire. For example, children in both conditions were quite

positive about whether they could use their fantasy while

playing (unimodal average 4.05, SD 1.27; multimodal

average 3.94, SD 1.21). The children also indicated that

they had many ideas for new games (unimodal average

3.47, SD 1.35; multimodal average 3.29, SD 1.31) and that

they would be able to create new games when they would

have another opportunity to play with the multimodal

mixer (unimodal average 3.89, SD 1.49; multimodal

average 4.00, SD 0.97).

4.4 Lessons learned about open-ended play

Overall, players enjoy creating their own games. Players

allocate various meanings to the interaction opportunities,

such as the color of an object determining the player’s role

in a game, or using the sending functionality to play

searching games. They create multiple games during a

session and often add new rules as they play the game. In

terms of social interaction, players negotiate game goals

and rules during play sessions. Moreover, many children

played games in groups, ranging from rolling the objects to

each other to playing hide-and-seek. The social interaction

during play strongly depends on the interaction opportu-

nities that are offered and their characteristics: e.g. when

providing objects that can communicate, players are stim-

ulated to create games with more social components.

Providing different and more interaction opportunities

leads to more diverse and more complex games in which

the interaction modalities play an actual role. Since inter-

action opportunities have specific characteristics, such as

being persistent or not, they influence the kind of games

that are created. However, providing too many options can

be overwhelming at the start. Furthermore, it is important

to find a balance between offering an abstract shape and at

the same time providing clear interaction possibilities.

4.5 Social player interaction patterns

Our third design value is related to the idea that object

characteristics may influence the way players interact when

playing the games and thus affect social interaction. The

theories that have inspired us most regarding social inter-

action are theories about social play by Parten [31] and

Broadhead [11]. Parten [31] defined the degree of play

participation in six sequential social participation catego-

ries: unoccupied behavior, solitary play, onlooker behavior,

parallel play, associative play, and cooperative play. The

theory developed by Broadhead describes the various

social play behaviors in more detail. She created a meth-

odology called the Social Play Continuum [11], in which

social play behavior is measured by the level of reciprocity

in language and action. The Continuum describes four

social domains: associative play, social play, highly social

play, and cooperative play.

Social interaction can be provoked by a game, which is

played by multiple players. The type of relation between

the players can influence the type of social interaction that

will occur. The structure of interaction between a player,

the game (objects) and other players is a so-called player

interaction pattern [16]. Figure 6 shows various player

interaction patterns in the case of one central game system

or object. The figure shows that the patterns are related

to—among other things—the number of players, whether

the game is collaborative or competitive and whether the

players play against other players or against the game

system.

Choosing various object characteristics—such as inter-

action opportunities, shape, and intended use—can influ-

ence the affordances of an object for a particular player

interaction pattern. The shape of an object can influence

Fig. 6 Player interaction

patterns (after [16])
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whether players are likely to keep the object to themselves

or share it with others. Some shapes, such as a ball are

more easily shared, while others, such as bracelets, are

more likely to be kept to oneself. Another way to influence

social interaction can be when play objects respond to each

other, and thus trigger players to discover or use this

communication in their games.

Three design cases are described in terms of how design

characteristics of play objects influence social interaction

patterns. Design case 6 compares personal with shared

objects. This design case also incorporates design value 1

of providing motivating feedback, but does not include

open-ended play (design value 2). A further discussion of

design cases 4 and 5, which incorporate all three design

values, examines how communicating objects influence

social interaction between players.

4.5.1 Design case 6: Swinxsbee

The Swinxsbee case is an illustration of how players’

interaction patterns were used as an inspiration source to

design for more social interaction [22]. Swinxs is a com-

mercially available game console for children aged 4–12

[43]. It facilitates active games that can be played indoor or

outdoor. Swinxs comes with colored bracelets containing

an RFID-tag, which Swinxs uses to recognize players. An

analysis of Swinxs’ games has shown that current Swinxs

games do not include player interaction patterns stimulat-

ing collaborative or team play. Therefore, our aim was to

design an object that supports collaborative or team play,

which can lead to a high degree of social interaction.

The Swinxsbee is a Frisbee that contains an RFID-tag

(Fig. 7) that can be detected by the RFID reader embedded

in the game console [22]. The fundamental difference

between Swinxsbee and the existing bracelets is that the

bracelets are personal objects and Swinxsbee is a shared

object.

A study was carried out (N = 16), with children playing

in groups of four to examine our hypothesis that playing

with a shared object enhances social interaction as

compared to playing with a personal object [22]. The

within-subject test was carried out with two conditions; one

with the Swinxsbee used in team competition games and

one with the original bracelets used in multilateral com-

petition games (see Fig. 6). In each of the two conditions

two games were played. We analyzed player experience

with a questionnaire addressing topics like positive affect,

physical activity, and social interaction. Moreover, we

made a detailed analysis of players’ social behavior on the

basis of video material of the play sessions. Because ade-

quate coding schemes for our purpose were lacking, we

created an observation scheme ourselves, based on the

Social Play Continuum, the Play Observation Scale and the

Outdoor Play Observation Scheme [3, 11, 38]. The scheme

describes four levels of social interaction: low, medium,

high, and rich, ranging from solitary play to cooperative

play. For a more detailed description of the categories, see

[22]. The coder scored the play behavior of a specific child

every 10 s. This was done for each child in a group. An

overall social interaction score was then calculated based

on an average of the scores for social interaction levels 1

(low) to 4 (high).

The results show that children playing with the Swin-

xsbee have a significantly higher social interaction level

(average = 2.9, SD = 0.01) than children playing with

the bracelets (average = 2.2, SD = 0.03) (n = 16, p \
0.001). The average scores for social interaction for the two

bracelet games are very similar. Thus, we found that the

ability to share the use of the Swinxsbee leads to a high

level of social behavior. The players carefully looked at

each other to defend the attackers, or to make sure the

defenders do not intercept the Swinxsbee. The children

watched each other carefully and communicated both

verbally and non-verbally. The fact that one of the Swin-

xsbee games required a large amount of physical exercise

had a big influence on the social interaction; in the end, the

children were too exhausted to communicate and keep

focus on each other and the game. One of the Swinxs

bracelet games also stimulated social interaction. The silly

music played during the game provoked funny dance

Fig. 7 The Swinxsbee

prototype and children playing

a game with the Swinxsbee
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moves. This creativity and humor in the game regularly led

to a high level of social interaction. The questionnaire

results showed that the children perceived more social

interaction during Swinxsbee games than during bracelet

games (Wilcoxon signed ranks test, p \ 0.05). We con-

clude that collaboration within teams positively influences

the level of social interaction in a game. A shared object

like Swinxsbee is able to provoke cooperation, but should

be supported by the right game objectives and rules.

4.5.2 Design cases 4 (ColorFlare) and 5 (MultiModal

Mixer) revisited

We will now describe some of the findings of children

playing with the ColorFlare and the MultiModal Mixer in

relation to the design value of social interaction patterns.

In all three open-ended play concepts children mostly

played games in groups with different social interaction

patterns: they create player versus player tournament like

games, team competition games with for example one team

of cops and another team of robbers, and role playing

games that include cooperative play. In the ColorFlare and

MultimodalMixer case, the fact that the play objects can

send and receive information stimulated the children to

explore games that use this functionality leading to games

with a social interaction component.

Furthermore, the open-ended play concepts stimulate

social interaction patterns in the sense that children jointly

create game goals and rules, sometime explicitly and some-

times more implicitly. They often respond to and copy

behavior of other children in their group. For example, when

one child blocked the infrared receiver to block being ‘hit’

another child also started using this strategy during a game.

Furthermore, during the play session they often change or add

game rules, which might be adopted, adjusted or ignored.

4.5.3 Lessons learned about social interaction patterns

In the Swinxs design case we found that the use of shared

objects in collaborative games stimulates social interaction

in comparison with playing with a personal object. The

goals and the rules of a game can stimulate social inter-

action, e.g. in games where players have to collaborate to

reach the game goal. However, social interaction may be

hindered when the intensity of the games in terms of

physical activity is too high. In the same way, open-end-

edness also provides opportunities for social interaction

during play, because it requires players to negotiate about

game goals and rules. Finally, the specific properties of an

open-ended play concept (e.g. the possibility to send and

receive information) can elicit game goals and rules that

require children to play together, instead of playing more in

parallel.

5 Conclusion

In various projects we have created interactive play objects

that stimulate social interaction and physical play. We have

described three design values and illustrated how they can

be applied in various contexts of use. While most concepts

have only been evaluated in a fairly informal manner, this

has been compensated by verification of general design

assumptions in multiple contexts of use. The contribution

of our work lies in the application of the design values in

multiple design projects, by exploring the influence of

design variations and especially in the ideas behind

designing open-ended play solutions.

Some cases were designed focusing on only one design

value, while others have included all three. If combined in

a coherent manner the three values can be integrated into

one concept, although in some instances they might lead to

unintended consequences, such as the example where the

amount of physical activity required was so high that it had

a negative effect on social interaction. As always in design,

proper combinations of design considerations have to be

checked and adjusted in an iterative process.

Furthermore, the design cases have strengthened our

view that interactive play objects can extend traditional

play opportunities by providing opportunities for children

to allocate meaning to diverse interaction properties, such

as input actions, and output properties of the play objects.

For example, sending tactile output to another player’s

objects can extend the sense of secrecy and surprise in

playing hide and seek.

We still have a number of research issues to address. For

example, most studies to date, both our own and those by

others, have focused on initial use. It is unclear how players

will interact with open-ended play objects over a longer a

period of time. Will the interactive play concepts stand the

test of time? Some of our future plans are to verify how

players interact with the open-ended objects during pro-

longed use. Furthermore, we intend to further develop the

coding scheme to describe social play. This will allow us to

examine in more detail how design variations influence

social interaction between players.

In summary, we have shown that providing feedback to

the players’ physical activity and allowing them to create

their own games may lead to concepts that are fun to use

and stimulate both social interaction and physical activity.

We have already explored various implementations of the

overall design values and will continue to investigate fur-

ther variations to expand our knowledge.
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