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Abstract

Background: Collaboration is an interpersonal process which builds upon so-

cial skills and mutual understanding. Due to characteristic social challenges,

children with Autism Spectrum Disorders may benefit from structured collab-

orative virtual environments that offer adequate conditions to practice commu-

nication and social behaviors with other users. This paper provides an overview

of methods to structure collaboration in multi-user technologies for autism.

Methods: Outcomes are highlighted from two full-body interaction collabora-

tive systems which were tested to foster social behaviors in children with ASD

while playing with peers. The first system, which presented an enforced col-

laboration paradigm, was tested with 15 users, aged from 4 to 6, who played 4

sessions of 30 minutes each. The second system presented an encouraged col-

laboration paradigm tested with 10 users, aged from 10 to 14, who played 3

sessions of 15 minutes each.

Results: In both settings we observed a significant increase in social and collab-

orative behaviors. Controlled mechanisms may have contributed to differences

in game experiences between the two paradigms, including specialized game

mechanics, shared goals, narrative formation, user roles, and clear visibility of

others actions.

Conclusions: Our application of this classification framework is novel in the

field of interactive technologies for autism, as we identify the nature of various
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methods which are used to structure collaboration, and how those affect user

behavior. In formalizing these methodologies within the field of full-body inter-

action, we draw out knowledge that could be useful to designers of technologies

for autism based on observations of related projects and our work.

Keywords: Autism Spectrum Disorders, ASD, Full-body interaction,

Collaboration, Digital Technologies

Highlights:

• Structured collaborative settings can lead to positive differences in social

and collaborative behaviors for children with autism, while the nature of

structuring these approaches may define the user’s approach to playing

with others.

• Findings are reported from user studies with two embodied interaction-

based systems for children with autism, highlighting differences in user

behavior when user collaboration was encouraged (n=10), and when col-

laboration was enforced (n=15).

• A design analysis of current and previous work reveals that collaboration

may result from factors such as human mediation, specialized game me-

chanics, shared goals, narrative formation, user roles, free play, and clear

visibility of other players’ actions.
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1. Introduction

Collaboration occurs when two or more people coordinate related actions

to achieve a common goal. Social activities such as collaboration lead to the

development of cognitive skills based on active participation in the environment

and learning from the tools and conversations within the social context (Rogoff,

1990). Collaboration calls for a shared understanding on a common focus of

attention, which forms the grounds for communication. According to Vygotsky,

the human mind is inherently social, and the development of cognitive processes

is mediated by discourse and intersubjectivity (Weisner, 1987), using tools such

as verbal and non-verbal language (Forman, 1992).

Collaborative scenarios can be beneficial to practice social skills for individ-

uals with social difficulties, such as children with Autism Spectrum Disorders

(ASD). Mundy et al. observed that individuals with ASD showed significant

deficits in the use of joint-attention abilities, or ”coordinated attention between

interactive social partners with respect to objects or events in order to share

an awareness” (Mundy et al., 1986). As collaboration is agreed upon through

social communication, collocated mediated collaborative scenarios present an

ideal approach for individuals with ASD to scaffold the learning of social be-

haviors such as requesting help, turn-taking, and sharing knowledge through

social initiation and joint-attention.

Through collaborative settings, social behaviors are put into practice in a

scenario where participants of the task have a shared goal, such as a problem

solving situation. Thus, collaboration is built upon three processes: communica-

tion between group members, coordination of shared goals and responsibilities,

and problem solving of given tasks (Dillenbourg, 2002).

Designing scenarios which offer children with ASD the opportunity to scaf-

fold collaboration with a partner might be a useful way to aid in social inter-

ventions, by creating opportunities which allow for peer-to-peer communication

similar to real life situations. Designers must keep in mind the level of free-

dom offered to players experiencing these collaborative moments, and structure
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the system’s parameters accordingly. This paper offers an overview of various

methods and classifications to structure collaboration in technologies for autism

and their observed outcomes in our projects, which have been grounded in the

principles of embodied interaction. First, we will present the background to the

use and properties of digital technologies for scaffolding collaboration in children

with ASD. The article will then include a review of existing digital solutions for

scaffolding collaboration, categorizing projects based on their approach to col-

laboration. This categorization will be based on an already existing classification

proposed by Benford et al. (Benford et al., 2000). Next, we will describe col-

laboration methods employed in the design of two full-body interactive systems

which we have developed and evaluated to foster social behaviors in children

with ASD. Finally, we will describe the experimental results of both projects

and discuss the implications of using various methodologies of collaboration,

from which design for future collaborative projects could be informed.

2. Background

Children with ASD show a noticeable affinity towards digital technologies,

possibly due to the linear and discrete nature of computer systems (Brown &

Murray, 2001; Williams et al., 2002). This connection has strengthened the use

of digital technologies as tools for social learning interventions.

2.1. ASD and Collaborative Interventions

ASD are a collection of neurodevelopmental disorders which present symp-

toms in the domains of social communication and restricted or repetitive be-

haviors, interests and activities (Association, 2013). Although individuals with

ASD can learn to respond to the social bids of peers, they may still find it

difficult to initiate social conversations. Thus, due to challenges in social in-

teraction and communication, collaboration may be limited or compromised by

their condition.

Recent research on unstructured playground dynamics suggests that chil-

dren with ASD may show a higher frequency of engaging in solitary, nonsocial
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play than their typically developing counterparts (Kasari et al., 2012). More-

over, challenges in forming and maintaining relationships with peers may lead

to an increase in social fragmentation in school contexts (Anderson et al., 2016).

Therefore, it might be necessary to provide support during unstructured social

scenarios to counter social fragmentation. A study of school-based intervention

programs designed to improve social bonding found that children with ASD

prefer activity-based learning with peers rather than activities with direct in-

struction (Bottema-Beutel et al., 2016). These findings suggest the potential

of designing collaborative learning systems through activity based learning, to

learn skills such as perspective taking and social communication.

Game-based interventions designed for children with ASD have proven to

accelerate learning processes (Charlton et al., 2004), as children have shown

increased motivation to complete the required tasks (Hoque et al., 2009). More-

over, as the efficacy of treatments for improving social functioning is mainly

associated with their continuity and intensity in terms of weekly hours (Boyd

et al., 2014), professionals have explored the use of digital games to complement

traditional treatment methods.

2.2. Collaborative Full-body interaction environments

Full-body interaction can be understood as ”using the movements and the

actions performed in the physical space by the body of the user as mediators of

the interactive experience” (Malinverni & Pares, 2014). In the field of embodied

interaction, few research projects have explored the use of full-body interaction

media for the development of experiences that promote collaboration. Unlike

traditional physical interfaces, this media can offer collocated experiences aimed

at promoting collaboration by including the use of non-verbal body language

and gestures, which have been shown to aid in thinking and in understanding

others (Rambusch & Ziemke, 2005). Also, collocating multiple users in the

same physical space allows for a fluidity of awareness of other’s actions (Yuill

& Rogers, 2012), creating a natural dynamic of collaboration and allowing for

implicit and immediate understanding between users.
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The full-body interaction paradigm has proved successful in fostering user’s

engagement (Bianchi-Berthouze et al., 2007). This media seems to be effective

on encouraging socialization behaviors (Lindley et al., 2008), making it suitable

for the development of collaborative activities where users can practice social

skills.

2.3. Structuring digital technologies for collaboration

The use of collaborative scenarios has been widely applied in research on dig-

ital technologies for fostering socialization between peers (Khaled et al., 2009).

Much research has focused on using collaborative interactive experiences for fos-

tering social behaviors in users with social impairments (Hendrix et al., 2009),

such as ASD (Battocchi et al., 2009; Holt & Yuill, 2014; Hourcade et al., 2012;

Millen et al., 2011; Mireya Silva et al., 2015; Piper et al., 2006; Tang et al., 2015;

Winoto et al., 2016). The use of technological devices specifically as mediators

for collaborative learning could be motivated by their ubiquity and engaging

nature, which can be a reward in itself for children with ASD (Hourcade et al.,

2012).

The use of technology in collaborative scenarios allows for unique user con-

figurations, including the physical distribution of the users when participating

in the collaboration activity. Systems can be designed to allow for collocated

configurations, where users are present in the same physical space, or non-

collocated configurations, where users work on the same digital task but from

different physical settings (e.g. accessing the same virtual environment from

different desktop computers through an Internet connection). In addition to

the users’ physical distribution, technological settings allow for designing expe-

riences with specific user work patterns. These patterns include working on a

task individually (on their own), cooperatively (in parallel with other users),

collectively (with the same contribution made by all users) or collaboratively

(actively working together towards a common goal).
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2.4. Gradients of structure

In addition to user configurations, the use of technology also offers a high

degree of customization with regard to structuring collaborative experiences.

Projects can range from free play scenarios to highly sophisticated scripts for

enforcing collaboration, with the intent of optimizing productivity, creativity or

desired skills.

One objective of structuring collaboration is to create an even balance of

user involvement, with the intention of optimizing efficiency and probability of

successful outcomes. This can be both achieved through game mechanics

which positively reinforce desired actions, or through human mediation by a

teacher, tutor, or psychologist (Boyle & Inmaculada Arnedillo-Sanchez, 2015).

Balance may also be achieved by allowing for joint actions, where both users

must complete the same action simultaneously, which may be implemented into

the game mechanics to bring children together.

In the case of interactive storytelling applications, some projects may lead

the user through narrative formation and offer users the choice between var-

ious plot options (Giusti et al., 2011; Cassell & Ryokai, 2001), such as creating

dialogue with characters or solving a problem, or towards a shared goal for

players to complete together.

Another common method of structuring collaborative systems is to assign

user roles. These roles may be symmetric or asymmetric, according to whether

users perform the same or different, complementary tasks (Shah et al., 2010).

These user roles can be assigned randomly, or based on criteria such as domains

of expertise (Dillenbourg, 2002) or needs (Hendrix et al., 2009). By creating pos-

itive interdependence among group members through assignation of user roles,

the users must cooperate in order to reap the full benefits of each user’s abilities

and knowledge (Hernandez-Leo et al., 2012). Similarly, limiting the resources

available to users may encourage users to practice social skills in negotiating the

use of existing materials.

In less structured systems, users may decide their own rules of play, forming

narratives and plotlines spontaneously while playing. In a controlled experiment
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with typically developing children, Bekker, et al. compared free play versus

pre-set game scenarios (Bekker et al., 2008). Children had more fun in the free

play scenario and had the opportunity to practice various social skills, such as

inviting others to play, while deciding their own gameplay procedures. However,

free play also carries with it the potential for disruptiveness. When typically

developing preschoolers were given Kidpad, a free play device for collaborative

drawing, researchers observed instances of children sabotaging the drawings of

their peers (Sylla, 2013). In addition, the lack of assigned user roles often leads

to the emergence of a natural leader, which can result in the over-dominance of

one player (Bachour et al., 2008; Bekker et al., 2008).

In full-body interactive systems, users working alongside one another may

benefit from clear visibility of the other’s actions, motivating engagement and

collaboration in each other’s activities. Along this line, Yuill and Rogers iden-

tified three mechanisms that underlie the interactions of successful multi-user

collaborative interfaces: mutual awareness of other users’ actions, the degree of

user control over the actions within the system, and availability of background

information (Yuill & Rogers, 2012). The sources for these mechanisms can be

the physical interface, the software design and the users’ cultural background.

According to Yuill and Rogers, by carefully arranging these properties of the

system, collocated experiences can be successful in promoting collaborative be-

haviors. Drawbacks for structured collaboration include less individual auton-

omy, restricted opportunities for user expression and creativity, and frustration

from being made to perform a forced activity.

3. Related Work

Research on scaffolding collaboration between users in the human-computer

interaction domain has traditionally focused on non-collocated paradigms be-

tween computing devices, such as desktop computers or handheld devices. More

recently, research has evaluated how collaboration paradigms could affect users’

behavior in the Autism domain.
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Figure 1: Collaborative systems may be classified based on the level of freedom or constraint
given to user actions, resulting in more structured or less structured options for collaboration.

For Benford et al. collaboration strategies can be classified along a “collabo-

ration continuum” (see Table 1) depending on the level of freedom or constraint

given to user activity (Benford et al., 2000). At one end lies “enforced collabo-

ration”, where collaboration is obligatory in order to progress in the interactive

experience. At the other end lies “enabled collaboration”, where users can in-

teract independently or collaboratively, resulting in the same degree of response

from the system. In between lies “encouraged collaboration”, where users are

not obligated to work together, but they are motivated to do so, typically by

the use of positive or enhanced feedback.

3.1. Enabled collaboration

Enabled collaboration occurs when users are capable of collaborating on a

given task, although there are no added mechanisms, scripts or rewards when

users choose to collaborate. This strategy can be seen as the development of

scenarios for free collaboration, where users may decide to collaborate by their

own volition, without incentives from the system.

In the Telltable project, users were provided with an interactive storytelling

application and were asked to photograph everyday objects which served as in-

spirations for narrative formation (Cao et al., 2010). In this type of free

play systems, children form their own groups and draw upon their creativity to

develop the game. Author observations indicated that the system empowered
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children to create their own stories, and also point out that external adult in-

tervention was necessary for achieving proper collaborative outcomes. In 2009,

Farr et al., proposed an enabled collaboration scenario through programmable

tangibles that proved to reduce solitary play called Topobo (Farr et al., 2010).

The use of tangibles was intended to enable “computational offloading,” help-

ing children with ASD to understand other people’s actions and intentions,

increasing awareness of others’ behavior, and authors reported that limiting

of resources promoted interaction between participants.

In 2012, Hourcade et al. developed four simple multi-touch applications for

tablet devices (Hourcade et al., 2012), which included a drawing application, a

musical composition device, a puzzle game, and an application to distort images

which helped children with ASD explore facial expressions. All the applications

lacked specific internal constraints to control collaboration, but were rather led

through human mediation and session guidelines.
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Telltable x x x

Topobo x x x

Hourcade et al. (2012) x

Sylla et al. (2013) x x

StoryTable x x

Collaborative Puzzle Game x x

Block Party CVE x

Holt and Yuill (2014) x x x

Join-in Suite x x

StoryMat x

Playground Architect x x x

Pico’s Adventure x x x x x x

KidPad x x x

Klump x x

SIDES x x

Invasion of Wrong Planet x x x

Lands of Fog x x x x x x

Table 1: Collaborative mechanisms implemented in related projects. The first section includes
projects with enabled collaboration. The second section includes projects with enforced col-
laboration. The third section includes projects with encouraged collaboration.

Another enabled collaboration system was the tangible interface for collabo-

rative storytelling designed by Cristina Sylla (Sylla, 2013), where children could

11



practice narrative formation by arranging different blocks. A study with

typically developing preschoolers revealed that the accessibility of tangible ele-

ments and clear visibility between actions in other children’s stories made the

platform successful in promoting collaboration between users.

3.2. Enforced collaboration

As collaborative activities become more structured, guidelines are layered

which create enforced collaboration, which occurs when users are required to

complete the activity by working together. The motivation behind enforced

collaboration is that “by creating circumstances that inevitably demand collab-

oration in order to complete a desired goal, the child’s brain will be required

to generate and practice social skills” (Ben-Sasson et al., 2013). Research has

shown that in unguided scenarios, children with ASD tend to engage in parallel

play rather than collaborative play (Bauminger et al., 2008).

In 2009 Gal et al. created StoryTable, used to motivate collaboration and so-

cial behaviors in children with ASD (Gal et al., 2009). Children had to complete

joint actions such as simultaneously touching a ladybug in order to choose a

specific background or to listen to their taped voices. In the same year, Battochi

et al. presented a similar solution, the Collaborative Puzzle Game (CPG), a

tabletop system where collaboration was enforced through joint actions, as both

users were required to move puzzle pieces in unison (Battocchi et al., 2009). The

enforced collaboration condition was more effective than a free play condition

in eliciting simultaneous coordinated activity, but also increased the challenge

of completing the tasks. Both systems required fine motor skills, which may

increase the difficulty of the task for people with ASD who display patterns of

repetitive stereotypical movements.

Millen et al. also utilized joint actions in the COSPATIAL research project,

where they developed an enforced collaboration virtual environment called Block

Party CVE (Millen et al., 2011). In this project, users were required to move the

same blocks in unison to achieve system goals, which reinforced communication.

Holt and Yuill presented an enforced collaboration application based on a

12



separated control of a shared surface (SCoSS) where two users viewed a matrix

which was used to classify objects (Holt & Yuill, 2014). Both users had to do

the same classification of objects and agree by simultaneously pushing voting

buttons. The results showed that the system created more other-awareness

when collaborating with a peer than with an adult partner, due to the clear

visibility with regards to each other’s actions.

Narrative formation can be seen in the Join-in Suite system, where users

had to select between solutions to a social problem (Giusti et al., 2011). The

limited interaction space to implement an enforced collaboration approach led

to dominant behaviors, in some cases calling for human mediation. Another

storytelling application, called StoryMat, offered users the chance to create a

story revolving around specific characters (Cassell & Ryokai, 2001).

Hendrix et al. presented the Playground Architect multi-player game to

help shy children gain social confidence (Hendrix et al., 2009). Enforced col-

laboration was based on asymmetrical user roles, assigning shy users the role

of an architect and their peers as builders who followed instructions on a large

electronic game board. During trials, shy children talked as much as their peers

and enjoyed leadership. Although the asymmetric responsibility seems to prop-

erly address user limitations, it does also require screening of participants while

preparing the sessions.

3.3. Encouraged collaboration

Encouraged collaboration is the method of implementing incentives for col-

laboration, while allowing space for individual play. As opposed to enforced

collaboration, where users must collaborate in order to complete a task, encour-

aged collaboration allows users to adopt their own play style depending on how

they want to engage in the game at that moment. This configuration aims to

accommodate the varying dispositions towards collaboration shown by children

with ASD through allowing space for children to reflect and ready themselves for

socialization, and engage in collaboration when they feel comfortable to do so.

In 2002 Benford et al., presented the KidStory technologies based on a Single
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Display Groupware (SDG): the KidPad, a shared drawing tool for narrative

formation, and the Klump, a sculpting/modeling application to help children

generate ideas in early stages of story development (Benford et al., 2000). In

the KidPad application, benefits in the form of unique colors were added for

when children brought their digital crayons close to other players. Working

with joint actions in the Klump, when certain buttons were pressed together,

children could create novel combinations of materials.

In 2006, Piper et al. presented the SIDES DiamondTouch table game, de-

signed to help adolescents with ASD practice group work skills (Piper et al.,

2006). The game was an encouraged collaboration interface, but with system

mechanics to reinforce turn-taking and agreement, which prevented dominant

players from taking control of the game and distributed responsibility evenly

between users. Another system based on a multi-touch surface was the “Inva-

sion of the Wrong Planet” hybrid game from Marwecki et al. (Marwecki et al.,

2013), where the approach included rewarding multi-player actions more than

solitary actions, and penalizing dominant behaviors. Both systems relied on

interactive tabletops. This kind of small horizontal physical setting might limit

other awareness, as users have to focus on a limited interactive surface losing

vision of their peers with whom they are interacting.

A summary may be found in Table 1 of all reviewed articles and the different

strategies adopted for motivating collaboration between users.

4. Current Work

4.1. Pico’s Adventure

Pico’s Adventure was a full-body interaction collaborative system developed

for the European Commission research project “Motion-based adaptable play-

ful learning experiences for children with motor and intellectual disabilities”

(M4ALL). We designed the Kinect-based videogame to help young children

with ASD learn and put into practice social abilities used in collaboration such

as reciprocity (i.e. turn-taking), imitation, joint-attention and cooperation.
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Practicing collaborative skills in the game was varied so children could use

specific social skills in an incremental fashion over the course of four sessions.

During the first session children explored to understand the extent of their

control over the virtual environment while playing alone, thus avoiding a chaotic

introduction to a virtual environment filled with multiple users. In the second

session, children faced a problem they could not solve by themselves due to

physical limitations, which required them to ask a parent for help. In order to

complete the task, children were to ask parents to grab out-of-reach objects,

embracing user roles to solve the problem.

During the third session, young children with ASD continued playing with

their parent. Both were given a virtual laser “superpower” which extended in

the direction they pointed and could be combined with the lasers of other users

for extra power. The game mechanic was implemented to foster the use of

pointing, a joint-attention behavior to share focus. The clear visibility of the

other’s superpower was meant to increase awareness of other users’ actions and

serve as a visual cue for helping children with ASD to practice joint-attention

abilities. During the session, children employed joint actions to coordinate

laser directions with their parents to free trapped spaceships, requiring them to

practice socialization.

Over the three first sessions children were introduced to all the skills neces-

sary for the fourth session, in which they played with a peer with ASD. Users

were required to join their virtual lasers again, this time with the goal of ob-

taining presents (Figure 2). Game mechanics were configured such that both

children received a unique reward with each present, which they had to open

through joint selection. The rewards served as positive reinforcements for chil-

dren to solve each problem, and also as a measure of progress for the children

during the session.
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Figure 2: Two children with ASD playing the last level of Pico’s Adventure. Players pointed
in unison to a virtual presents to request action from the virtual agents.

Figure 3: In Pico’s Adventure, child with ASD and his mother collaborated by holding hands
and collecting falling stars on their arms.
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4.1.1. Methods

This study was approved by the Ethics and Research Committee of Hospital

Sant Joan de Du. Therefore, the study was performed in accordance with ethical

standards set forth in the 2004 Declaration of Helsinki. Parents and children

were given initial information about the study. Written informed consent was

obtained from parents in a manner coherent with the ethical standards of the

Hospital Sant Joan de Deu review boards.

Participants

A total of 15 boys with ASD were involved in the study (age: M = 5,69; SD

= 0,988; IQ : M = 94,40; SD =17,79). The inclusion criteria were the following:

• Diagnosis for Autism Spectrum Disorder according to the Autism Diagnos-

tic Observation Schedule (ADOS) (Lord et al., 2000) and Autism Diagnos-

tic Interview-Revised (ADI-R) (Lord et al., 1994), applying the Diagnostic

and Statistical Manual of Mental Disorders 4th Edition’s (DSM-IV-TR)

criteria

• Cognitive capacity above 70 as measured by the Wechsler Intelligence

Scale for Children-IV (WISC-IV)

Diagnosis of ASD was confirmed by the administration of the ADI-R (Lord

et al., 1994) and the ADOS Module 2 or 3 (Lord et al., 2000). All partici-

pants met cut off scores for social interaction, communication and restricted

and repetitive behaviors on the ADI-R. In order to estimate IQ, the WISC-

IV (Wechsler, 1949) was administered to children above 6 years old. Younger

participants were administered the Wechsler Preschool and Primary Scale of In-

telligence (WPPSI) (Luiselli et al., 2013) or the Kaufman Assessment Battery

for Children (Loomis et al., 2010).

Materials

To evaluate the differences in social behaviors between the game and a free

play condition, we recorded and video coded the sessions. The coding scheme
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(included in the appendix) observed social behaviors such as social initiations,

requesting for help and responding to requests. This also took into account

comments directed towards game characters, parents, the therapist, researchers,

and peers.

The same video coding observational instrument was used both for quantita-

tive behavioral observation of the child with ASD while playing with the game

Pico’s Adventure and also in the free play activity with toys. Two psychologists

and two researchers, trained for observation of child behavior, performed the

video analysis. To evaluate the reliability between the four coders an initial

training was performed until reaching an acceptable inter-rater reliability score

(>0.8) calculated through the Intra-class Correlation Coefficient (ICC).

Procedure

Each child played around 30 minutes during each of the four sessions. In

each session children played with different partners. The order was as follows:

• In the first session children played alone. Parents, a therapist and re-

searchers were to receive comments from the child but did not engage in

gameplay.

• In the second session children started playing alone, but had to ask for

help to their parents, who eventually joined in the game.

• During the third session children continued playing with their parents.

• In the last session children played with a partner with ASD, who they had

not previously met.

The children also played in a control condition, which was a free play setting

with different toys used by the psychologists during therapy sessions, such as

cars, shopping products, puzzles or balls. Two experimental conditions were

defined. In one condition, children did the free play session first and later played

Pico’s Adventure. In the other condition, children played in Pico’s Adventure

first and then did the free play session. Children were assigned to one condition

or the other in random order.
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4.1.2. Results

The sum of the quantity of behaviors related to requests and social commen-

taries were used to evaluate the overall number of social initiations. Specifically,

paired sample t-tests were conducted to compare the quantity of target behav-

iors in the Pico’s Adventure condition and in the free play condition for each

pair based on 4 game sessions. Only one paired samples t-test was applied for

the data set of each session. The significance threshold was set at .05.

In the session where children played alone, a significant difference was re-

ported in overall social initiations between the Pico’s Adventure condition and

the free play condition (see Table 2). A significant difference was also found be-

tween Pico’s Adventure and free play conditions when two children with ASD

were playing together (see Table 2). Nonetheless, the sum of social actions did

not significantly increase during the second and third sessions of Pico’s Adven-

ture when compared to the free play setting. In both of these sessions, children

played with their parents.

# Pico’s
Adventure

Free Play Comparison Play Condition

1 M = 9.33; SD
= 9.61

M = 4.08; SD
= 3.82

t (11) = 2.43; p
< .05*;
d = 0.70

Alone

2 M = 8.77;
SD = 5.54

M = 9.69;
SD = 4.83

t (12) = -0.46;
p = 0.64;
d = -0.13

With a parent

3 M = 11.15;
SD = 7.40

M = 9.69;
SD = 4.83

t (12) = 0.881;
p = 0.39;
d = 0.24

With a parent

4 M = 10.93;
SD= 5.54

M = 6.50; SD
= 5.11

t (13) = 3.60;
p < .05*;
d = 0.96

With another
ASD child

Table 2: Overall Social Initiation over 4 Sessions: Picoś Adventure vs. Free Play

When analyzing more specific social behaviors, we found a statistically sig-

nificant difference on integrated requests when children were playing with their

parents at the beginning of the second session. In this part of Pico’s Adventure

children showed a higher amount of integrated requests in Pico’s Adventure (M

19



= 2.33, SD = 2.09) than in free play (M = 0.46 , SD = 0.51); t (12) = 2.83, p <

.05. Cohen’s effect size value (d = 0.80) suggested a high practical significance.

It is also relevant to note that in the design of the second session of Pico’s

Adventure there was an enforced collaboration scenario that was not successful

in increasing the number of social behaviors. At the end of the second session,

children were asked to grab hands with their parents to collect magic stars

(see Figure 3). As children were physically in contact with their parents, they

substituted social behaviors for instrumentalization, or physically placing their

parent into the correct position with scarce or no communication. Thus, they

skipped social communication for physical use of their partner.

4.2. Lands of Fog

Lands of Fog was a full-body interactive system created to foster social and

collaborative behaviors in children with ASD. The game was designed through

participatory design sessions to motivate children with ASD to play sponta-

neously in a shared setting with a partner (Mora-Guiard et al., 2016).

The game setup consisted of a 6-meter in diameter floor projected digital

world, where the contents were obscured by a dense virtual fog. Users explored

with the use of butterfly nets to find insects and interactive objects hidden in

the digital scenario. Exploration was promoted as the fog would only part where

the butterfly nets were placed (see Figure 4). The interactive elements of the

game could be activated through either solo or collaborative actions, depending

on the nature of the element. For example, users began the game by collecting

fireflies individually, which encouraged users to use the first minutes of the game

exploring the scenario on their own to become familiar with the interaction

dynamics of the virtual environment. Game mechanics and goals were never

introduced to users, adopting an approach similar to free play scenarios.

Later, players acquired unique creatures which could interact and merge into

two novel creatures when the players used joint actions to bring their crea-

tures close to each other. Moreover, the players could decide to explore the
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Figure 4: While playing Lands of Fog, two children bring their creatures together to ma-
nipulate an interactive object from the virtual environment. Once activated, the object will
display a unique animation and both creatures will celebrate the discovery.

digital environment together and interact with hidden virtual elements, whose

animations could only be activated by both creatures working together. Dis-

covering all different elements and creatures that populated the magical world

would become a shared goal between users.

The use of individual and collaborative gestures in this game was meant to

construct a hierarchy of activity, with collaborative actions building upon the

interaction mechanics learned during individual play. The lack of structured

guidance given to players was meant to encourage sharing of information and

narrative formation between the children while playing. This created a com-

munity of practice through social sharing, teaching and imitation as the partners

learned the game in unison.

Moreover, revealing extra game features through the use of collaborative ac-

tions was a game mechanic meant to encourage repetition of desired actions

through immediate rewards, so that the children could see the benefits of work-

ing collaboratively and open themselves to continue playing with their partner.

All visual feedback, from the color of the butterfly nets, matched by their collec-

tion of fireflies, to the fog holes and creatures that would follow users’ butterfly
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nets, was not only meant to help children understand their own actions but also

to have a clear visibility of others’ actions during play.

One guiding principle in implementing encouraged collaboration in our sys-

tem was the desire to create a comfortable environment for the children with

ASD if they did not immediately feel able to open up to a partner within the

exploratory format. This drew back to the goals of the game, which was to

create a natural, spontaneous play experience where children with ASD could

practice social initiation.

4.2.1. Methods

The research methodology and protocol was validated by the Ethics Com-

mittees from Universitat Pompeu Fabra in Barcelona and Goldsmiths University

in London. Parents were asked to sign informed consents, previously approved

also by the university ethics committee, to certify they had received sufficient

information and that they agreed with their child’s participation in the study.

Moreover, children were informed of the activities they were going to perform

and that they were free to leave if and when they desired.

Participants

In a set of controlled laboratory trials, the system was tested with a total

of 10 children with ASD between the ages of 10-14. The inclusion criteria were

the following:

• Diagnostic for Autism Spectrum Disorder according to ADOS (Lord et al.,

2000) module 3 with a severity of 4

• Cognitive capacity above 70 as measured by the WISC-IV

The diagnosis of Autism was determined by the ADOS module 3, which

is designed for young people with verbal fluency, with a minimum diagnosed

severity of 4. It was decided that verbal fluency would be essential to achieve

the level of collaboration required to play the game, so the child with ASD could

play without the help of a psychologist or parent. As a measure to prevent
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problems playing or comprehending the game, the children with ASD and the

typically developed partners were screened for epilepsy and also were required

to have an IQ of minimum 70 according to the WISC.

Materials

The video coding scheme (included in the appendix) used for the experi-

ments was developed in unison with psychologists from Hospital Sant Joan de

Du and the lead psychologist of the research project. The coding scheme was

developed for observing social initiations, requests, responses, shared behaviors

and gestures. It was based on the video coding scheme from Pico’s Adventure,

which proved to be consistent for coding these social initiation behaviors. As in

the previous project, we also evaluated the reliability between the coders. An

initial training was performed until three coders reached an acceptable inter-

rater reliability (>0.8). As in the Pico’s Adventure study, the reliability was

again calculated through the ICC.

Moreover, each participant’s playing data was recorded in log files during

sessions through the use of a player tracking system. This data included infor-

mation such as player position and game events.

Procedure

Each child played for a duration of 15 minutes at a time with a different

partner during three experimental sessions. Experiments were arranged through

randomly controlled trials by changing the playing partner for each session in

Barcelona.

The procedure was as follows:

• Children were introduced to their partner for the day and had a few min-

utes to exchange greetings. It was assured that none of the children had

a previously established friendship.

• The children were given minimal directions (such as how to hold the but-

terfly net for a proper tracking) so that it was their challenge to work out

how to play in the experience.
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• Children would play for 15 minutes per session.

• Each session concluded with the completion of interview questionnaires

regarding the child’s behavior and play experience.

4.2.2. Results

The system was tested in an experimental setting for efficacy in fostering

social and collaborative behaviors in children with ASD. A full explanation of

the results of these trials may be found in (Mora-Guiard et al., 2017). For

the purpose of orienting the reader, we have included key results from these

experimental trails below. We applied a repeated measures ANOVA, rather

than t-tests as in the previous experiment, as we wanted to observe a change

between different sessions done by the same subjects. The significance threshold

was set at .05.

In the laboratory trials, children with ASD demonstrated a significant in-

crease in the number of social initiations through the course of the 3 sessions

(see Table 3). We saw a significant increase of the amount of social acts from

the first session to the third session and from the second session to the third

session (see Table 4). We also observed a significant increase in the number of

responses made towards their typically developing partners (ANOVA: F (2,9) =

8.05, p < .05).

Source Z Sig.

Session 1-2 -1.57 p = .12
Session 1-3 -2.81 p < .05*
Session 2-3 -1.9 p = .058

Table 3: Number of Social Initiations

Children showed an increase an increase in activity levels reported by parents

(ANOVA: F (2,9) = 9.56, p < .05) through the course of the sessions. Also, we

observed a significant increase in the number of successful collaborative actions

(jointly manipulating virtual elements) (ANOVA: F (2,9)= 22.9, p < .05).
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Source Z Sig.

Session 1-1 -1.84 p = .06
Session 1-3 -2.81 p < .05*
Session 2-3 -2.04 p < .05*

Table 4: Total Amount of Social Acts

5. Discussion

In this section we will discuss the results and observations obtained in both

studies related to the use of enforced and encouraged collaboration.

5.1. Enforced collaboration observations

By enforcing collaboration in Pico’s Adventure, children with ASD engaged

in social behaviors to solve a common problem rather than doing it in a solitary

fashion or through parallel play. This follows with the proposal of Ben-Sasson et

al., that if users must collaborate, they will have to put into practice cognitive

processes related to socialization (Ben-Sasson et al., 2013).

When designing collaborative scenarios where users are enforced to cooper-

ate, designers have the chance to specify the different actions users will have to

undergo to achieve their goal. As previously mentioned, one way of controlling

collaboration is through user roles. In the second session of Pico’s Adventure,

children with ASD had to search for tools to help the stranded alien. Nonethe-

less, the control granted to the children with ASD was constrained, thus obli-

gating them to ask their parents for help. Yuill and Rogers proposed that one

mechanism for constraint in multi-user collaborative interfaces is the degree of

user control over the actions within the system (Yuill & Rogers, 2012). Our

constrained control design led users to naturally cooperate with their parents,

which motivated them to explicitly ask for help, therefore putting into practice

social skills.

Moreover, with Pico’s Adventure we could see that enforced collaboration

scenarios where users have the same roles and control might allow for lowering

individualistic behaviors. In the fourth session, when two children with ASD
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had to play together, we did not observe dominant behaviors. Our observations

are similar to those of Battochi et al. with the Collaborative Puzzle Game

(Battocchi et al., 2009), where individual decision making was reduced through

enforced collaboration. We only observed dominant behaviors when children

chose to play through instrumentalizing their peer. In this case, as the game

mechanic was based on the physical action of holding hands and moving in

unison, children found a way to do without talking. Thus, it is important to

reflect on ways in which children can avoid the desired behaviors, and the effect

this might have towards achieving system goals.

Nonetheless, we observed that enforced collaboration scenarios give few

chances for users to explore and learn how to interact with the system. As en-

forced collaboration revolves around precise paths of interaction, children have

little chance to creatively explore how to approach the game in their own way.

This can lead to a high level of mediation from the psychologist during the

experimental sessions. In previous research, some authors advocate for the in-

tervention of psychologists, parents or caregivers during the use of collaborative

interactive systems (Boyle & Inmaculada Arnedillo-Sanchez, 2015; Hourcade

et al., 2012). Although one of the advantages of digital solutions is lowering

the high time demand of human therapy for children with ASD, designers must

reflect upon how to leverage the autonomy of the task so that it balances human

intervention with technological intuitiveness.

From literature we have seen that the use of joint actions might increase

the challenge of a task (Battocchi et al., 2009; Ben-Sasson et al., 2013), which

can lead to frustration by the users. In our case the potential frustration was

mitigated through intervention of the psychologist and the control given to

users. In Pico’s Adventure, the interaction scenarios were based on digitally

augmenting the capacities of the users, making the task easier because high

precision was not required. The visual feedback also contributed in augmenting

awareness of other users’ actions, which we believed helped children with ASD

to better understand and coordinate with their peer’s actions.
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5.2. Encouraged collaboration observations

Several notable patterns of behaviors emerged as a result of the encouraged

collaboration format of the game. We saw the children with ASD becoming

more open to collaborating with their partner in the later stages of play, as

noted by the increase in collaborative actions such as activating virtual elements

together. We believe that the coordinating visual and auditory effects served as

a successful reinforcement to encourage children to explore these collaborative

actions. That said, we also observed an increase in individual actions, so the

increase in actions could be attributed to the children’s process of learning how

to play the game with fluidity.

The lack of structure and guidelines let children discover the system on their

own, overlaying meaning and narrative creation into their actions. Through the

sharing of narrations and expectations, children had an implicit path towards

collaboration and a common ground for socialization. This resulted in a dialogue

of propositions between the children as they discovered the hidden features of

the game, creating unique emerging narratives as they played. For example,

one child saw that his creature was changing color as he caught fireflies, and

commented that his creature was eating the insects. Another child said that

his creature was killing the fireflies, and yet another thought that his creature

was leveling up with boosts from the insects. These emerging narratives were

breeding grounds for reciprocal conversation as children debated the intricacies

of the game. Therefore, encouraged collaboration might be especially useful for

open-ended or free play settings where the designer’s goal is for children to have

the opportunity to express themselves, as opposed to following a set procedure

of actions.

One possible pitfall of an unstructured game was seen when a single player

became dominant or individualistic during play. To prevent this, space must

be left for expert mediation in the form of monitoring by a tutor or researcher.

In intervention scenarios, it might also be beneficial to screen and match users

with compatible personalities and levels of activity.

Instead of requiring the children to work together, we wanted to entice them
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to socialize by providing ample opportunities for engagement while playing.

These opportunities came in the form of surprising and exciting elements hidden

in the game that the children could share with their companion upon discovery.

In this sense, just as wearing a colorful necklace can serve as a conversation

starter, the game sparked initiation between players through attention catching

features such as amusing creatures and object animations. For example, when

creatures successfully activated a part of the scenario, they would do a lively

victory dance. One inspiration for this technique came from the ECHOES

virtual environment, where it was found that unexpected responses from the

system were successful in sparking reactions from the children with ASD (Alcorn

et al., 2013).

To fully take advantage of the system’s affordances in play construction,

children might benefit from exploring the range of interactions in an incremen-

tal and introductory manner. For a simple object like a ball, the affordances

might be readily understood: bounce, toss, roll, etc. However, in more com-

plex systems, users might benefit from an exploratory period where they are led

through the various possibilities of the system and understand how simple me-

chanics can be combined into more complex ones. Correspondingly, in Lands of

Fog, the users first learned that butterfly nets indicate their path of movement

in the game through openings in the virtual fog, and users later used this path

to capture and incorporate virtual fireflies into their personal zone of activity.

In this way, structured mechanics can give information to help orient players

without obligating them to follow a strict procedure.

Consistent with other systems which offer the option of solitary actions, we

noticed that some children became more absorbed in individual play instead

of working together with their partner. In an extreme case, one boy evaded

contact with his partner in order to avoid a form change in his own creature,

which was implemented as a collaborative action. This interesting feedback

of changing textures, which was meant to spark the curiosity of the children,

worked against the goal of collaboration in that particular case because the child

had become attached to his creature. This same mechanic was seen as a positive
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feature for other children who were interested in exploring the range of possible

creatures in the game, thereby collaborating to change their creature with the

help of their peer.

One way to dissuade isolated play might be to utilize the game space charac-

teristics. In Lands of Fog, we designed a circular arena to create a natural flow

of movement towards the center, eliminating the possibility of hiding in corners.

This structure allowed for serendipitous encounters between the children as they

navigated through the virtual scenario.

To respect the varying dispositions towards collaboration shown by children

with ASD, encouraged collaboration takes into account the variability of atti-

tudes and moods of players by allowing the space needed to set the pace for

their own style of learning. Therefore, players are able to take the steps towards

socialization when they feel comfortable to do so, which might help contribute

towards a positive experience for players. Still, more research must be done to

identify the emotional and biological response that arises when children with

ASD interact with others during playful experiences.

6. Implications

In this article, we have discussed methods for structuring collaboration

through digital environments, using relevant examples of our past work on col-

laborative systems for children with ASD. As children with ASD show tendencies

towards solitary play, designers must consider ways to make collaborative play

appeal to this user group. The ideal system would present these collaborative

moments as positive experiences for the children with ASD so they might be

more willing to try working with others in classroom or playground scenarios.

Given the information discussed in this paper, we have presented a list of

preliminary observations for the efficacy of these methods in interactive systems.

From the reviewed articles and the analysis of our own systems, the following

guidelines might be useful when designing collocated collaborative interactive

systems for children with ASD:
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• Human mediation can be implemented as a way of balancing input and

unexpected behaviors from users. Care must be taken to leverage the

amount of human mediation and system autonomy which is necessary.

This can be based on the setting in which the interactive system is going

to be used, and the designer’s will with regard to increasing structure of

the system.

• Testing the experience can be valuable in properly understanding when

designed game mechanics are interpreted by users differently from the

designer’s intentions, and how these unexpected interpretations can open

or jeopardize opportunities for socialization. Designers might choose to

embrace the physical affordances of the system to promote mechanics such

as joint actions and shared negotiation. Also, designers may choose to

take into consideration the skills and limitations of the user group when

designing joint actions, in order to avoid frustration.

• Having specific feedback that helps users to understand not only their own

actions, but also the actions of others, will help build a common knowledge

of joint activity and their consequences, also helping users understand

which collaborative actions they must do together to achieve their shared

goals.

• Giving users basic content which is flexible to changes may be useful to

build a common understanding of the system, which can lead to greater

social communication as both users form a narrative from their shared

experience.

• Assigning user roles can be done by reflecting upon the capacities and

limitations of each user, thus allowing for a more natural emergence of the

participants’ special characteristics in the experience. Also, configuring

the amount of limited resources provided can increase player interde-

pendency, leading to moments such as asking for help or negotiation of

tasks.
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• Designing for a play space that embraces different game flows and learning

styles may contribute to a more natural user experience. Moments of free

play can be used to give users space for reflection allow interactive freedom

for them to adopt individual playing styles.

It must be noted that, although studies have compared free play versus

enforced collaboration settings using different systems, more research must be

done in the form of controlled studies of the same system varying along the gra-

dients of collaboration presented in this paper, in order to truly understand the

behavioral tendencies, comfort level and complexities of socialization fostered

by both conditions.

As discussed, measuring collaboration is typically done by assessing comple-

tion of a certain task. However, as Regh, et al. noted social interactions might

not be measured best by the performance of a particular task, but should rather

be defined by the degree of the reciprocity between engaging participants (Rehg

et al., 2013). Therefore, when evaluating collaboration in children with ASD, we

must take into account the nature of social interactions that take place during

the task and whether these contribute to a positive experience.
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PICO’S ADVENTURE - DEFINITION OF THE ITEMS TO BE OBSERVED: 

INTERLOCUTOR: 

Pico Recipient of social initiation is an element of the virtual 
environment (Pico, bird, etc.), communicates with Pico only, or 
explicitly says his name or refers to something that only Pico can 
do  

Adult The recipient of the social initiation or response is the 
accompanying adult 

Therapist The recipient of the social initiation or response is the therapist. In 
the case it is not possible to clearly distinguish who the recipient 
is, it is considered as a therapist 

Child The recipient of the social initiation or response is the other child 

COMMUNICATION AND SOCIAL INTERACTION: 

OPENINGS AND SOCIAL RESPONSES 

Integrated demands Ask for help, ask for information or get the other to 

perform an action integrating speech and look or speech and 

gestures. 

Non-integrated demands Request help, ask for information or get the other to 

perform some action without integrating look.  

social initiation Integration of speech and look or speech and gestures in order 

to draw attention to something, share experience, offer 

information and make social comments. ("Look at this", 

"How cool!") 

Non-integrated social 

initiation 

Call attention to something, share an experience, offer 

information and make social comments without integration. 

Integrated response Verbal responses to the interlocutor's social initiations that 

integrate speech and look or speech and gestures. 

Non-integrated response response Verbal responses to the interlocutor's social initiations 

that do not integrate speech and look or speech and gestures. 

Non-verbal response Responses to social initiations, requests or views of the 

interlocutor, which do not integrate speech, look and/or 

gestures. 

No response No response to the requests or questions of the interlocutor. 

SHARED 

Instrumentalization Use of the other (eg, grasp the other's hand to do something). 

Shared Pleasure Indicate pleasure or enjoyment in the interaction, not in their 

own activities. 

Facial expressions directed 

to others 

Facial expressions directed to another person with the 

intention of communicating emotions. 
Look Directs the gaze to others in a clear, flexible, and socially 

modulated way ( to initiate, finish or regulate a social 

interaction).  
Imitation When you copy an action from the other without a purpose. 

Learning a specific action When repeating an action that the other has done with a 

purpose in the game, the other having previously shown 

willingness to teach the action. 

SPONTANEOUS GESTURES 

Descriptive Gestures to represent an object or event. 

Conventional Culturally established gestures, which have social significance 

(Applauding for "Well done"). 

Instrumental Gestures that are used for a specific purpose (Pointing, raising 

shoulders) 



Emphasics Gestures to emphasize communication (Shaking hands to 

indicate "a lot") 

Emotional Use of the body to accompany emotions (surprise, pleasure, 

disgust). Smiling is not considered. 

Greeting to the character Gesture to greet the character. 

HELPS: 

TYPE OF HELP 

Non-verbal Non-verbal elp from the therapist, the adult or the child's 

partner, such as pointing.  

Verbal Verbal support from the therapist, the adult or the child’s 

partner. 

Model Help modeled from the therapist, the adult or the child’s 

partner. In the event that it is accompanied by verbal help, it is 

considered implicit. 

Physical Physical help from the therapist, the adult or the child’s partner. 

In the event that it is accompanied by verbal help, it is 

considered implicit. 

BEHAVIOR AND INTERESTS: 

REPETITIVE BEHAVIOR 

Repetitive actions or 

interests 

Highly repetitive behavior or interests. 

Immediate and / or 

delayed echolalia  

Immediate repetitions of another person's speech and/or highly 

repetitive vocalizations. 

Rigidity Difficulty changing context or adapting to a game change. 

Motivational and/or verbal 

rituals 

Activities or verbal routines that must be completed or said a 

specific way. 



LANDS OF FOG - DEFINITION OF ITEMS TO BE OBSERVED: 

INTERLOCUTOR: 

P (CHARACTER) When the recipient of the social initiation or response is an 

element of the virtual environment (character, fireflies ...). 

When you receive assistance from the virtual environment (eg, 

the character detect little activity and encouraged to follow). 

A (ADULT) When the recipient of the social initiation or response is the 

accompanying adult. 

When you receive a help from the accompanying adult. 

T (THERAPIST) When the recipient of the social initiation or response is the 

therapist. 

When you receive assistance from the therapist. 

C (PARTNER) When the recipient of the social initiation or response is the 

playmate. 

When you receive a help from another child. 

COMMUNICATION AND SOCIAL INTERACTION: 

SOCIAL INITIATIONS AND RESPONSES 

Integrated request Ask for help, ask for information or to make the other do an 

action integrating speech and look or speech and gestures. 

Non-integrated requests Ask for help, ask for information or to make the other do an 

action without integrating speech and look or speech and 

gestures. 

Integrated social initiation Integrating speech and look or speech and gestures in order to 

draw attention to something, share an experience, or provide 

information and social commentary. ("Look at this", "How cool!) 

Non-integrated social 

initiation 

Draw attention to something, share an experience, provide 

information and social commentary without integration. 

Integrated response Verbal responses to interlocutor’s social initiations which 

integrate speech and look or speech and gestures. 

Non-integrated response Verbal responses to interlocutor’s social initiations which do not 

integrate speech and look or speech and gestures. 

Non verbal response Nonverbal responses to social initiations, requests or looks from 

the interlocutor. 

No response No response to the requests and questions of the interlocutor. 

SHARED 

Instrumentation Instrumental use of the other (eg, taking the hand of the other 

to demonstrate will do something). 

Shared pleasure Indicate pleasure or enjoyment in the interaction, not in their 

own activities. 

Facial expressions directed 

at otherS 

Facial expressions directed at another person with the intention 

of communicating emotions. 

Look Directing gaze to others in a clear, flexible and socially 

modulated way (to initiate, terminate or regulate social 

interaction). 

Imitation 

Copying an action of another without any purpose. 

Learning of a specific 

action 

When an action is repeated that another has done with a 

purpose in the game, having shown a volition to teach that 

specific action. 

SPONTANEOUS GESTURES 

Descriptive Gestures to represent an object or activity. 

Conventional Culturally established gestures, that have a meaning in a social 

purpose (clap for “well done”). 



Instrumental Gestures that are used for achieving an objective (to point, 

raise shoulders). 

Emphatic Gestures to give emphasis to communication (shake hands to 

indicate “a lot”). 

Emotional use of the body to accompany emotions (surprise, pleasure, 

disgust). Smile not considered. 

Greeting a character Gesture of greeting a game character. 
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