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ABSTRACT

Individuals with Autism Spectrum Disorders (ASD) often display difficulty in social interaction, verbal and
non-verbal communication skills. They often have problems with recognizing and interpreting gestures
and mental states of others, which restricts their capacity to understand implicit information essential to
the social awareness and, consequently, the performance of collaborative activities in face-to-face
situations (co-located collaboration). This study aims to identify, using a systematic literature review,
how co-located collaborative systems designed for individuals with ASD provide the users with colla
boration support mechanisms to encourage the performance of collaborative activities and interaction
with their partners. Twenty-six studies from six electronic databases between the years 2006 and 2018
were selected and analyzed. Results evidenced the inclusion of different strategies to enforce or
stimulate the collaboration among users, although there is a lack of resources for collaboration support
as well as of studies designed specifically for individuals with severe ASD.

1. Introduction
Collaborative systems are computer applications that support
the work of a group of individuals, interacting purposefully, to
achieve a common goal (Kolfschoten & De Vreede, 2009).
These systems provide collaboration support for improvement
of the quality and efficiency of collaborative work and for
participation and feedback of users (Nunamaker et al., 2015).
Collaboration support refers to a set of information and inter
face resources that offer support for awareness and facilitate the
collaborative performance in a shared workspace. Adequate
support for awareness allows users to align their activities
with other people’s activities (Belkadi et al., 2013) and properly
adjust their tasks to what their peers are doing in the workspace
(Schmidt, 2002), thus allowing a successful collaboration.
In co-located collaborative systems, typically-developing
individuals may be more aware of others’ actions, intentions,
and emotions; thus, the collaborative activity occurs naturally,
through verbal and gestural communication. A significant chal
lenge is to design collaborative systems for individuals that show
difficulty in understanding the basic concepts of a collaborative
activity, including in face-to-face situations (co-located colla
boration) (Li et al., 2014). This is often the case of individuals
with Autism Spectrum Disorder (ASD) who often show diffi
culty in perceiving and interpreting what others are doing or
feeling (Salle et al., 2005). According to their type of impairment
and severity of ASD, they have difficulty in recognizing body
expressions and identifying others’ mental states, limiting their
capacity for understanding signs and implicit information that

are essential for other-awareness and, hence, for social interac
tion and collaborative activities.
Studies in the literature involving co-located collaborative
systems for individuals with ASD show interesting results
regarding the benefits of these systems to encourage commu
nication and social interaction skills (Chen, 2012; Gillette
et al., 2007; Kientz et al., 2013; Millen et al., 2011; Noor
et al., 2012). However, it is not clear how these systems
provide collaboration support proportional to the level of
difficulty experienced by users with ASD. With a view of
identifying how researchers meet this challenge, we carried
out a systematic literature review which aims to identify how
to co-locate collaborative systems designed for individuals
with ASD to provide appropriate collaboration support for
these users.
It is worth noting that this review is part of a larger body of
research which aims to develop collaborative systems for users
who have serious difficulty in social awareness and perfor
mance of collaborative activities in face-to-face situations,
such as individuals with high impairment in ASD. Thus, this
review focuses on co-located collaborative systems that have
been designed for face-to-face interaction because of their
advantages in the natural interaction among users (human
collaborators). Face-to-face interaction allows users to have
a high awareness of others’ actions in the shared interface
(Sharma et al., 2016). Moreover, users can relate what they are
doing to what others are doing based on the gestures or
postures of the collaborators. Accordingly, our review does
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not include studies on remote collaborative systems, nor on
systems where collaboration happens among real users with
non-human characters or robots.
We examined what methods/strategies are employed in the
systems to support the collaborative work and thus, to stimu
late collaboration among ASD users with their peers; what the
collaboration support offered; and what the design recom
mendations are for co-located collaborative systems.
We verified from the results of a search carried out in six
scientific electronic databases that the systems assessed used
different strategies or restrictions to enforce or encourage
collaboration among users. These strategies have provided
positive results concerning the stimulation of communication
and social interaction skills among the participants. Even
though these systems were developed for individuals with
ASD, they do not explicitly mention offering collaboration
support. We also verified a lack of studies specifically
designed for individuals with severe ASD.
The rest of this paper is organized as follows: Section 2
describes the collaboration process followed by the Autism
Spectrum Disorder description; Section 3 presents the sys
tematic literature review process; Section 4 details the results
of the review; and finally, Section 5 presents the conclusions.

2. Background
2.1. Collaboration process
According to the 3 C Model (Fuks et al., 2008), the collaboration
process consists of the relation between three dimensions: coop
eration, communication, and coordination. Cooperation refers to
interventions made by the participants in the shared workspace
with the aim of achieving a common goal. Communication
entails a conversation by message exchange (spoken, textual, or
physical) between the participants. According to Santarosa and
Bicharra (2011), a fundamental requirement of communication is
establishing a protocol, which the language specific to a particular
domain or level of shared knowledge (common ground), for the
participants to understand each other. Santarosa and Bicharra
(2011) suggest that common ground ensures that all participants
comprehend the language in the same manner and that all of
them can understand each other. They highlight that comprehen
sion is usually richer in face-to-face interaction as compared to
computer-supported remote interaction (Santarosa & Bicharra,
2011). Coordination consists of the management of the partici
pants, activities, and resources (Fuks et al., 2008; Pimentel et al.,
2006). It certifies that group work is the sum of all individual
efforts and that the result of such collaboration is productive.
A fundamental factor contributing to the appropriate
execution of the collaboration process is awareness. Through
awareness, individuals obtain a response to their actions
(feedback), as well as a response to the actions taken by the
other participants in the shared space (feedthrough) (Fuks
et al., 2008; Pimentel et al., 2006). Awareness suggests users’
overall understanding about the state of a shared environ
ment, including knowledge about the people that share the
environment, their interactions, the state of the shared ele
ments, and collaborators’ tasks, ultimately aiming to complete
their own tasks satisfactorily (Belkadi et al., 2013). The

knowledge of such context ensures that individual actions
are relevant for the group’s activity and objective (Dourish
& Bellotti, 1992). Therefore, a collaborative system should
offer all the necessary support for the actions of users.
Hence, users should perceive who is interacting within the
system, which alterations were made and by whom, and
identify how these alterations were made and why.
2.2. Autism spectrum disorder (ASD)
The diagnostic criteria of ASD are in a perpetual process of
revision due to research being conducted continually in an
effort to better understand the spectrum. According to
a clinical approach in the recent Diagnostic and Statistical
Manual of Mental Disorders (DSM-V) (American Psychiatric
Association, 2013), ASD encompasses different conditions
characterized by atypical development, inflexibility of behavior
and deficits in verbal and nonverbal social communication
skills (American Psychiatric Association, 2013).
On the other hand, the Neurodiversity Approach advocates
that ASD be seen as an expression of human diversity and not
as a pathology. With this approach, neurodiversity highlights
the strengths that individuals with ASD have, such as creativ
ity, prodigious memory, visual-spatial skills, and exceptional
talents in specific areas (Benton et al., 2014).
While individuals with ASD have varied strengths, they
often display difficulties in initiating and response social
interactions because they usually are not able to perceive
others as partners in social interactions. This lack of aware
ness becomes obvious when individuals with ASD do not act
according to the actions of other people, or present disturbed
attention patterns when engaging in social activities (Holt &
Yuill, 2014). These aspects affect their capacity to interpret
and relate to the world around them and actively participate
in socio-collaborative activities. The resulting lack of sociocollaborative activity accounts for the fact that they show
impairment in the Theory of Mind (ToM), which is defined
as the capacity for attributing mental states to themselves and
others. ToM refers to individuals’ ability to establish precise
assumptions about other people’s thoughts and feelings,
which allows them to anticipate what others will say or how
they will act (Bennett et al., 2013).
Each individual has different impairment levels in the
affected areas and, therefore, different levels of ASD severity.
According to the DSM-V (American Psychiatric Association,
2013), ASD is classified in three levels of severity: Level 3
“requires very substantial support,” Level 2 “requires substan
tial support,” and Level 1 “requires support.” Level 3 is the
most severe form of ASD; individuals diagnosed at this level
display severe deficits in social communication skills, absence
of or impairments in language, and minimal ability to engage
in social interactions. Individuals diagnosed at Level 2 have
moderate symptoms, showing deficits in verbal and nonverbal
social communication skills, and limited ability to initiate
social interactions. Individuals at Level 1 show difficulty
with social communication skills and initiation of social inter
actions (American Psychiatric Association, 2013).
Individauls with varying levels of ASD have varying levels of
cognitive impairment and learning disabilities (Weitlauf et al.,
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2014). Some of them may exhibit moderate or severe cognitive
impairment (IQ < 70) or, on the contrary, exhibit cognitive abil
ities average or higher than average (IQ >70) (De Giambattista
et al., 2019). High-Functioning Autism (HFA) is a term used to
identify people with ASD that have language delays without addi
tional cognitive impairments (Montgomery et al., 2016). Another
term widely used to refer to a high-functioning form of ASD is
Asperger’s Syndrome (AS). Individuals with HFA/AS may have
high intelligence and language skills without any significant learn
ing disabilities (Mazzone et al., 2012); language is formally ade
quate but often monotonous and poorly communicative
(Vannucchi et al., 2014).
Some studies outlined in this review provide information
about the affected areas in the ASD users evaluated, but they
do not specify their level of ASD impairment. Other studies
involving people with ASD and cognitive impairment used
the terms Low-Functioning Autism (LFA) and ModerateFunctioning Autism (MFA), referring to people with severe
and moderate cognitive impairment, respectively.

3. Systematic literature review
The systematic review of literature demands a rigorous inspec
tion for assessing a certain research topic (Kitchenham, 2004).
In this study, we follow three stages proposed by Kitchenham
(2004) for systematic reviews of software engineering research:
planning, revision development, and review report. Planning
includes the research questions and strategies, as well as inclu
sion and exclusion criteria. The development of the review
describes how we conducted the review, including the data
bases and studies selected. Finally, the review report details the
analysis of the selected studies to obtaining answers to the
research questions. This last stage, which encompasses the
results, will be presented in Section 4.
3.1. Review planning
In this stage, we identified the review’s scope, the research
questions, the strategy used for the systematic review, and the
criteria for establishing the inclusion and exclusion of the
papers found in the search.
In the context of collaborative systems intended for indi
viduals with ASD, the technologies used include collaborative
virtual environments (CVE) (Millen et al., 2011; Moore et al.,
2005), robots (Wainer et al., 2010), shared surfaces such as
multitouch tabletops (Chen, 2012; Millen et al., 2011), tablets
(Holt & Yuill, 2017), and tangible user interfaces (TUI)
(Villafuerte et al., 2012). Among these, we limited the scope
of this review to studies including computational collaborative
systems that allow a face-to-face interaction among real users
to perform the collaborative work (co-located collaborative
systems), facilitating other-awareness. This narrowed scope
aims to identify how those computational systems support
collaborative work among co-located users and encourage
their social interaction skills while solving a problem together
in the same virtual workspace. Thus, this review excludes both
studies in which users interact with virtual peers (CVE) or
robots and studies on collaborative systems that do not pro
vide a shared virtual workspace (e.g., (Farr et al., 2009)).
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According to the above criteria, the research questions to
achieve the proposed objective are:
Q1. What strategies in the literature utilized the co-located
collaborative systems to encourage the collaborative work of
individuals with ASD who have difficulties interacting with
others?
Q2. What collaboration support mechanisms (information
and resources in the interface) are offered by the co-located
collaborative systems intended for individuals with ASD?
Q3. What are the proposed/recommended requirements
described in the studies for the design of co-located collabora
tive systems for individuals with ASD?
For the selection of the studies, we chose six electronic
database sources: IEEE Xplore, ACM Digital Library, Science
Direct, SpringerLink, PubMed, and SAGE Journals. The rea
son for choosing these sources is that they store a substantial
amount of research in the area of computer science, together
with psychology, health, and education areas. The steps
employed in the research strategy are detailed in Table 1.
We defined the following inclusion and exclusion criteria
for the selection of studies:
Inclusion Criteria:
● Studies published in the last twelve years (from
January 2006 to December 2018).
● Studies on all co-located collaborative systems intended
for individuals with ASD.
● Studies on co-located collaborative systems that involve
different levels of ASD, including Asperger syndrome
and HFA.
● Studies that present an evaluation process of the system,
involving at least one ASD user interacting with another
user(s).
● Studies published in journals or conference proceedings.
● Studies available with full access.
Exclusion Criteria:
● Studies for which full article is not available (only the
title and the abstract).
● Studies on co-located collaborative systems exclusively
designed for typically developing individuals.
● Studies on remote collaborative systems.
● Studies on systems based on immersive virtual environ
ments or systems that require the interaction of one
ASD user with non-human collaborators (e.g., robots
or virtual characters).
● Studies on collaborative systems that do not provide
a shared workspace, e.g., some TUI applications.
● Duplicate studies found in more than one database.
Table 1. Research strategies.
1. Search
Search in the six databases to find the studies.
2. Initial
Selection of the studies found in step 1 based on reading the
Selection
titles and/or abstracts, according to the inclusion and
exclusion criteria defined in the research questions.
3. Final
Selection of the studies after fully reading the papers found
Selection
in step 2, and according to the defined criteria.
4. Data
Data Collection, tabulation, and analysis.
Analysis
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3.2. Revision development
For the review, we searched the entire electronic databases of
IEEE Xplore, ASC Digital Library, SAGE Journals, and
PubMed. As for Science Direct and Springer Link – as they
involve several areas – we narrowed the topic of the search to
“autism” and type of text to “article”.
In order to obtain answers to this study’s research ques
tions, we believed it necessary to examine in detail the colla
borative systems found in the literature. Therefore, the criteria
adopted for the keywords search does not include compound
nouns such as collaboration characteristics, support, or stra
tegies. We included only generic words, and hence, the key
words were: “collaboration” and “autism.”
To optimize the search, we built a search string from the
keywords and their synonyms, using the logical operators
“and” and “or,” according to the particular writing strategies
of the string in each database, without altering the search
meaning. As an example, the string used for the ACM
Digital Library is shown below:
(((“collaborative”) OR (“collaboration”) OR (“groupware”)
OR “cscw”) AND ((“autism”) OR (“autistic”) OR “Asperger”))
From the six electronic databases, were retrieved 6590
papers overall using the string (Table 2). The papers include
different types of studies about collaboration aspects (Figure 1),
though only one type covers co-located collaborative systems,
which is the focus of this study. We did not include studies that
understand collaboration just as a joint action between
researchers and end-users to design systems for individual use.
Papers retrieved as a result of this search were reviewed by
one of the researchers who, after reading the titles and/or
abstracts, selected 105 studies. Finally, after closely reading
each one of them, the same researcher identified 26 studies as
relevant according to the research questions raised by this
systematic review.
Figure 1 shows, in a gray background, the types of studies
selected from the total amount retrieved. We analyzed and
described these studies in the next section in detail.

4. Results and discussion
From the 6590 papers initially retrieved, we noticed, within
the time frame assessed (2006–2018), an increase in the num
ber of collaborative systems that were developed and designed
for individuals with ASD as the years progressed (Figure 2).
Among these studies, we selected 25 papers published from
2009 to 2018 and one (1) study from 2006. Most of the
Table 2. Studies retrieved and selected from each of the databases from 2006 to
2018.
ELECTRONIC
DATABASE
IEEE Xplore
ACM Digital
Library
Science Direct
SpringerLink
SAGE Journals
PubMed
Total

Retrieved
Studies

Selected from Title/
Abstract

Selected after fully
reading

433
94

24
34

4
12

141
3232
2455
235
6590

14
17
14
2
105

4
4
2
0
26

selected studies range from 2012 to 2014 (13 of the 26 selected
studies).
Notably, 5 of the 26 selected papers refer to co-located
collaborative systems for individuals with ASD that were
addressed in other papers, but we decided to include them
since they describe a different evaluation process with users or
a different research perspective.
Of the selected articles (see Appendix), the majority (16)
were published in conference proceedings and the others in
journals.
The selected papers present the design and assessment of
systems created for collaborative games, puzzle-style games,
or storytelling activities intended for individuals with different
levels of ASD and with ages between 5 and 22 years (Table 3).
Most of the studies assessed users without specified ASD
levels (Battocchi et al., 2009; Boyd et al., 2015; Holt & Yuill,
2017; Marco et al., 2013; Ribeiro et al., 2014; Roldan-Alvarez
et al., 2014; Villafuerte et al., 2012; Wadhwa & Jianxiong,
2013) (Table 4) or users with HFA (Bauminger-Zviely et al.,
2013; Ben-Sasson et al., 2013; Dillon & Underwood, 2012; Gal
et al., 2009; Giusti et al., 2011; Hourcade et al., 2012, 2013;
Marwecki et al., 2013; Piper et al., 2006; Weiss et al., 2011;
Winoto et al., 2016) (Table 5). Six studies describe games
(Table 6) specifically created for users with more severe levels
of ASD and cognitive impairment (Farr et al., 2010; Keskinen
et al., 2012; Silva et al., 2015, 2014; Silva-Calpa et al., 2018).
A single study assessed with both HFA and LFA users (Tang
et al., 2017).
The analyzed studies presented evaluations involving
groups of two to six users collaborating in the same work
space. Among these, some studies involved collaboration
among groups of children consisting of both those diagnosed
with ASD and typically developing children (Hourcade et al.,
2012), or between pairs of users where one single user is
diagnosed with ASD and his/her pair was a typically develop
ing child (Dillon & Underwood, 2012; Sharma et al., 2016),
a child with another kind of impairment (Keskinen et al.,
2012; Marco et al., 2013), or an adult or therapist (Holt &
Yuill, 2017; Villafuerte et al., 2012). In most other studies, the
collaborative interaction happened among two individuals
with ASD (Battocchi et al., 2009; Ben-Sasson et al., 2013;
Boyd et al., 2015; Gal et al., 2009; Giusti et al., 2011;
Hourcade et al., 2013; Ribeiro et al., 2014; Roldan-Alvarez
et al., 2014; Silva et al., 2015, 2014; Silva-Calpa et al., 2018;
Tang et al., 2017; Weiss et al., 2011; Winoto et al., 2016), three
(Bauminger-Zviely et al., 2013; Farr et al., 2010), or four
(Piper et al., 2006).
We observed that, among the systems found, the Reactable
(Villafuerte et al., 2012) and SymbolChat (Keskinen et al.,
2012) collaborative games were not specifically designed for
individuals with ASD, but they were evaluated with indivi
duals with this condition. For instance, Reactable (Villafuerte
et al., 2012) was first designed for and tested with typically
developing individuals, and only afterward tested in users
with ASD. It obtained favorable results, though it relied
greatly on the therapist’s supervision and personalized assis
tance. SymbolChat (Keskinen et al., 2012) was designed for
individuals with general cognitive impairments, but its eva
luation includes one (1) 22-year-old ASD user with
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Figure 1. Overview of types of studies retrieved using the search string. Our review includes studies involving co-located collaborative systems in shared workspaces
using different technologies (shaded gray).

Figure 2. Selected articles according to publication year (total 26).

substantial impairment. Unfortunately, the study does
not describe the specific results for this particular user.
Tables 4-6 show the description of the systems found.
We analyzed in detail the selected papers to gather infor
mation to answer the research questions raised in this review.
As opposed to different surveys of systems developed for
individuals with ASD that show the contributions to social
and communication skills [5]-[9], [47], our survey is focused
on identifying the characteristics of collaborative systems not
only to motivate the users’ abilities but to support collabora
tive activities and teamwork.
We identify specific characteristics that the collaborative
systems (games and applications) proposed in the studies
possess both to encourage the collaborative work of indivi
duals with ASD interacting with others and to support the
task-awareness and other-awareness in the shared environ
ment. These characteristics are described in the following
subsections:

4.1. Strategies employed in the co-located collaborative
systems
We denominated “collaborative strategies” to the restric
tions, cooperative gestures, or actions required in the sys
tems to encourage the collaborative tasks among both users
with ASD and their partners. The collaborative strategies
were categorized as follows: (1) strategies that indirectly
enforce collaboration, (2) strategies that stimulate collabora
tion without enforcing, and (3) strategies that allow a free
collaboration (Table 7).
4.1.1. Strategies to “enforce” collaboration
Most of the studies found included collaborative systems using
rules or restrictions on the interface elements, offering implicit
suggestions on how to act, as a mechanism to indirectly foster
user collaboration. We categorized these types of restrictions
into six strategies that we named: Taking Turns, Simultaneous

Treasure Chase
Dragon Blast
Garden Maze
Talk it Over

Balloons (Sharma et al., 2016)
Augmented Knights Castle (AKC) (Farr et al., 2010)
PAR Game (Silva et al., 2015, Silva et al., 2014)
SymbolChat (Keskinen et al., 2012)
CoASD Game (Silva-Calpa et al., 2018)

Collaborative Puzzle Game (Ben-Sasson et al., 2013)
TabletopG v2 (Tang et al., 2017)

Invasion of the Wrong Planet (Marwecki et al., 2013)
Set of activities: Music Authoring, Drawing, and Untangle
(Hourcade et al., 2013)
TabletG and TabletopG (Winoto et al., 2016)
Bubble Dialogue (Dillon & Underwood, 2012)
Join-In Suite (Giusti et al., 2011)
Apple Orchard
Save de Alien
Bridge
Join-In Suite (Weiss et al., 2011)
StoryTable (Gal et al., 2009)
No-problem (Bauminger-Zviely et al., 2013)

Tablets for Two (Holt & Yuill, 2017)
ToM activity (Roldan-Alvarez et al., 2014)
I Can Tell (Wadhwa & Jianxiong, 2013)
Making a Cake (Marco et al., 2013)
ComFim (Ribeiro et al., 2014)
Collaborative Puzzle Game (Battocchi et al., 2009)
Set of activities: Music Authoring, Drawing, and Untangle
(Hourcade et al., 2012)
SIDES (Piper et al., 2006)

Reactable (Villafuerte et al., 2012)

Zody Game (Boyd et al., 2015)

Collaborative systems proposed in the studies

8 to 11
10
8
9
11.2 (mean age)
10 to 17
22
5 to 14

9 to 13
8 to 10
9.83(mean age)

HFA
HFA
HFA
HFA
HFA
HFA
HFA and hyperactivity disorder
ASD with severe cognitive impairment
ASD with moderate and severe cognitive impairment
Moderate to severe autism
Level 3 ASD
Level 3 ASD
Level 3 ASD (one user is also deaf and another has Hyperactivity disorder)

8 to 12
10 to 14

12.6 (mean age)
12.8(mean age)

5, 5, 7, and 9
8.96 (mean age)
9 to 12

syndrome
syndrome
syndrome and attention deficit
syndrome and HFA

8
5 and 11
13.53 (mean age)
13 and 14

5 to 12
9 to 19

5 to 11

8 to 11

8
6
14
8
12
1
1
1
10
12
5
1
7

4
10
8

3
2
1
No tests
8

6
3
8
8
No tests
1
4
16
2

8

Chronological age of the users with ASD (years) Amount of users with ASD

HFA
HFA
HFA

Asperger
Asperger
Asperger
Asperger
HFA

Non-verbal (Unspecified ASD level)
Different degree in language skills (Unspecified ASD level)
Severe learning disability (Unspecified ASD level)
Unspecified ASD level
Unspecified ASD level
Unspecified ASD level
Unspecified ASD level
Unspecified ASD level
Asperger syndrome

Moderate social skills deficits (Unspecified ASD level)

Severity level ASD of users assessed

Table 3. Co-located collaborative systems according to target-users’ level of ASD in selected studies.
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Table 4. Description of the collaborative systems aimed at users without specification of level ASD.
Zody Game (Boyd et al., 2015). This game contains four mini-games for two children using a single iPad. In the main scenario, a player’s character carries the
other player’s character, avoiding dangers cast by groundhogs, while the second character throws fruits at the groundhogs. 1) Treasure Chase: the users must
simultaneously press their fingerprints on the screen to excavate and find the buried treasure. 2) Dragon Blast: Two players, each on one side of the tablet,
throw ice balls to break the walls surrounding a dragon that spits fireballs. 3) Garden Maze: Each player controls a character in a labyrinth moving toward only
two directions: The collaboration between the players allows moving the character in the labyrinth’s four directions. 4) Talk it Over: The dragon has a thorn in its
foot. The players get to choose the characters and particular strategies (actions, reasoning, and empathy) to better persuade the dragon to remove the thorn.
Reactable (Villafuerte et al., 2012). This application is a musical TUI where one child and his therapist collaboratively create complex musical pieces when
interacting over TUI objects grouped into three categories: generators, sound effects (audio filters), controllers, and global objects.
Tablets for Two (Holt & Yuill, 2017). One child with an adult or with an ASD peer interacts simultaneously on identical tasks present in two tablets (each user
interact with their tablet). Five different pictures are randomly present. Users must put their picture on a sequencing strip. The pictures must be placed in
corresponding positions on each tablet. The game state is correct when pictures are in ‘matching’ positions on both tablets.
ToM activity (Roldan-Alvarez et al., 2014). This application consists of taking turns in pairs of children to perform individual activities on a multi-touch tabletop.
The activity entails choosing the correct answer among several options represented by images and texts, for questions on facial expression recognition or daily
life situations.
I Can Tell (Wadhwa & Jianxiong, 2013) is a story-telling app for iPad. It allows the collaboration among children and their parents or guardians to build a story
using everyday pictures available in sidebars on both sides of the screen. That distribution of the pictures allows children and their parents to interact on the
interface at the same time. The actions performed to build the story can be recorded (the parents can add audio to the story), saved and played back when
need. The authors (Wadhwa & Jianxiong, 2013) suggest that playback of the stories can contribute to developing children’ language skills. However, this study
does not report any evaluation with children.
Making a Cake (Marco et al., 2013). This game consists of two children (a boy on ASD and a boy with attention deficit) collaborating with real toys (animals) on
a Tangible User Interface (TUI) to help to a virtual tutor (a farmer) make a cake, giving the ingredients required (strawberries, eggs, and milk). The farmer asks for
each ingredient, giving instructions about how the action must be performed. Each action on an object results in a special effect which appears on the game.
ComFim (Ribeiro et al., 2014). Two children using two independent tablets, share elements to accomplish tasks on a farm. A virtual tutor acts as a mediator who
provides situations to users solve together. The tutor provides the instructions and the two users interact giving and receiving the necessary elements (images)
to solve the task.
Collaborative Puzzle Game (Battocchi et al., 2009), (Ben-Sasson et al., 2013). As in a puzzle game traditional, it consists of assembling a picture from pieces that
varied between 4 and 16. The pieces are digital objects available on a large horizontal screen. In the study of Battocchi et al. (Battocchi et al., 2009), two users
on ASD must move each puzzle piece together until the picture is assembled. The study of Ben-Sasson et al. (Ben-Sasson et al., 2013) evaluated two versions of
the game with users with HFA. In the first version, both users are free to move the pieces, and in the other version, users must touch and release together each
puzzle piece.

Table 5. Description of the collaborative systems aimed at users with HFA and/or Asperger syndrome.
Set of activities (Hourcade et al., 2012, Hourcade et al., 2013). The authors proposed three collaborative applications named: Music Authoring, Drawing, and
Untangle for interaction among groups of 2 to 6 children. In Music Authoring, children sit around a multi-touch table to create musical notes collaboratively
by taking turns so they can create together a musical composition. Drawing is a storytelling activity where children stand around a multi-touch table to create
and tell stories using a tablet to draw them. One child draws the beginning of a story and then passes the tablet to the next child to draw his/her part of the
story and so forth. Untangle is a type of puzzle game in which the children interact together using a multi-touch shared tablet to move circles that are
connected by lines. The aim is to move the circles in a way that no line gets overlapped when solving the puzzle. Hourcade et al. (2012) assessed the games
with groups of children both typically developing and diagnosed with Asperger syndrome. Hourcade et al. (2013) assessed the three games with pairs of
children with HFA.
SIDES (Piper et al., 2006). A puzzle game that requires four users with Asperger syndrome collaborating to build a path to allow a frog journey along the path and
achieve insects. Each user has square tiles with different arrows (e.g., pointing right, around-the-corner, etc.) to build the path by taking turns. No user has all
arrow types which encourages them to work together building an optimal path to win more insects and thus more points. Users must agree on the path that
collects more insects.
Invasion of the Wrong Planet (Marwecki et al., 2013). This game consists of free collaboration among users (children with HFA or Asperger syndrome) on
a multi-touch tabletop to eliminate alien ships together. One single user can eliminate an alien ship, but users get a higher score as they collaborate. The
authors do not present an evaluation of this collaborative game.
TabletG and TabletopG (Winoto et al., 2016). The authors proposed the design and test pilot of a collaborative puzzle game in two versions: a tablet (TabletG)
and a tabletop version (TabletopG) for interaction between two co-located children with HFA. This game uses the Active Sharing Pattern proposed by (Silva
et al., 2015), which requires two users to share resources, each user receives, sends, and receive help from the other about how to collaborative while working
on their workspace. The authors proposed in (Tang et al., 2017) a new version of the game for tabletop (TabletopG v2). This version has the same characteristics
as the previous version, but it includes a module to assess the reciprocity of players. The authors evaluated this version with both HFA and LFA children.
Bubble Dialogue (Dillon & Underwood, 2012). This application consists of two users (one child with HFA and one typically developing child) building stories
through a single iBook laptop computer. Provided to users is two-story scenarios (one reality-based story and another fantasy-based story) in which each user is
represented by a different character to identify the creation of the dialogue among them. Users write parts of the narrative indicating by specific bubbles either
a speech or a thought.
Join-In Suite (Giusti et al., 2011), (Weiss et al., 2011). It has three games for two children with HFA interacting on a DiamondTouch Tabletop: 1) Apple orchard:
Two users must move a basket together to grab the falling apples, encouraging joint performance between users. 2) Save the alien: the children must collect
stars to refuel an alien starship; one child makes the stars fall down, while the other moves a boat to catch them. 3) Bridge: the children must repair a broken
bridge by interacting, each at one side of a table. They collaborate as they assemble the bridge with their pieces or asking for their partner’s pieces when
needed.
StoryTable (Gal et al., 2009). This game consists of a storytelling activity. Two users with HFA must create a story in common by interacting together on ladybugs
objects crawling around the interface of a tabletop surface. Interaction with one of these ladybugs gives access to its contents. Users select the background on
which the story will be set through collaborative interaction (the background is carried on the largest ladybug). Other ladybugs carry the elements that can be
dragged into the selected background.
No-problem (Bauminger-Zviely et al., 2013). Through a desktop computer with multiple mice, three children with HFA create social conversations related to
solving an interpersonal problem occurring in one of the three social environments – school, after school activities, and at home -. Users compose thought
vignettes on the computer screen, which are possible solutions to a given problem. Users can create and videotape the conversations at each conversation
stage (start a conversation, maintain it, and end it).
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Table 6. Description of the collaborative systems aimed at users with Level 3 ASD and cognitive impairment.
Balloons (Sharma et al., 2016). This game requires two users to select together a virtual balloon out of the three possible options to win a rainbow, encouraging
joint attention between users with Moderate to severe cognitive impairment and typically developed children. The Balloons application uses a Microsoft Kinect
connected to a computer and a display.
AKC (Farr et al., 2010). This TUI application is composed of three base units (a castle, a dragon tower, and a magic pond area) that identify the location of
individual objects (toys) by using radio frequency identification (RFID). In one version of AKC, each user from a group of 3 users (children with moderate and
severe autism) places specific objects into one of the three bases, and according to the object’s position, prerecorded sounds are played. The second version is
configurable; here, users also could put the object in a “magic box” to speak and program each object’s speech. Users can play freely on AKC, putting objects
and recording sounds in a period of twenty minutes.
PAR Game (Silva et al., 2015, Silva et al., 2014). This game has three levels of collaboration difficulty, in which two users with Level 3 ASD around a multi-touch
tabletop gradually share resources, information, and simultaneously interact to obtain items of soccer players’ uniforms (shirt, shorts, and sneakers) in order the
dress eleven characters of a team. Each user has a different role. One of the users sends the items, and his/her partner receives them. The two users take the role
of dress each character of the team.
SymbolChat (Keskinen et al., 2012). This application consists of a chat that uses the Picture Exchange Communication System (PECS) (simple images specifically
designed for individuals with language impairments) instead of text to convey messages. Two or three users are sharing information through a touchscreen
tablet computer. The authors tested SymbolChat with individuals with different disabilities, among them, only one individual with ASD.
CoASD Game (Silva-Calpa et al., 2018). This game requires two users around a multi-touch tabletop to drive a car down a road overcoming together different
obstacles. Each user has a different role. One of the users takes the car-driver role and his partner is the driver’s assistant. Similar to PAR Game, CoASD Game has
three levels of collaboration difficulty to overcome the obstacles. In the first phase, when one of the users reaches an obstacle with the car, his partner must
send him the help respective. In the second phase, the user in the role of a car driver must ask for help; then his partner sends it. The third phase includes
additionally some tasks that require simultaneous interaction of both users. The CoASD Game provides to users with different interface elements to gradually
provide collaboration support.

Table 7. Strategies used in collaborative systems to encourage collaboration among users.
Collaboration Strategy
Strategies to “enforce”
collaboration

Taking Turns
Simultaneous Interaction
Different Role
Exchange of Information
Negotiation

Symmetrical Actions
(Morris et al., 2006)
Stimulating Collaboration
Free Collaboration

Description
Requires participants taking turns to accomplish tasks and achieve a common goal.
It consists of enforcing the simultaneous interaction of two or more users on the same or different
elements on the shared interface. Users should interact together to touch or move the element(s) in the
interface, achieving a common goal.
It consists of designate different roles to users sharing resources and achieve a common goal.
It consists of active sharing to exchange information among users. This exchange may take place through
several interface elements or using images to exchange messages.
It consists of designate different elements that are owned by each user. Users should coordinate the
actions to share their elements and achieve a common goal.
It consists of designate the same action by all users in the game, but each using a different controller (Boyd
et al., 2015).
It consists of giving rewards when all users perform the activity collaboratively. The collaboration is not
mandatory, a single user can perform a task, but the more multiple users collaborate, the more they will
see special effects appear on the game and obtain a higher score.
It consists of allowing free interaction with the elements in the shared space to achieve a common goal.

Interaction, Symmetrical Actions, Different Role, Exchange of
Information, and Negotiation, as shown in Table 7.
Some studies mention the inclusion of specific strategies – for
example, the Simultaneous Interaction, Different Role, and
Negotiation strategies were used in (Giusti et al., 2011), (Weiss
et al., 2011), (Silva et al., 2015, 2014), where they are called
Collaboration Patterns. The Simultaneous Interaction strategy
adopted the definition of “Enforced Collaboration Paradigm”
used in (Battocchi et al., 2009; Ben-Sasson et al., 2013; Gal et al.,
2009). The Symmetrical Actions and Stimulating Collaboration
strategies adopted the description of cooperative gestures set
proposed by (Morris et al., 2006), where they are called
“Symmetry” and “Additivity” gestures, respectively.
Table 8 shows the strategies used in each collaborative
system. The contributions of these strategies reported by
some of the studies are described below.
4.1.1.1. Taking turns. This strategy consists of two or more
participants taking turns to accomplish specific tasks on a shared
interface. It is used in eight studies intended for users with
unspecified ASD severity, HFA, and Asperger’s Syndrome
(Table 8). The authors reported that Taking Turns helped users
to be more aware of the partners’ actions throughout the test
sessions (Roldan-Alvarez et al., 2014; Villafuerte et al., 2012),

resulting in positive social behaviors such as encouraging the
other user to share emotions, show interest, and propose actions
during the games (Gal et al., 2009). Piper et al. (2006) highlighted
that this strategy encouraged children with Asperger’s Syndrome
to communicate with their peers and pay attention when it is their
turn to participate in the game.
Studies by Hourcade et al. (2012) and Dillon and
Underwood (2012) reported that the Taking Turns strategy
helped users to comprehend their own interests as well as
their partners’ interests, thereby allowing them to contribute
to the collaborative activity. Hourcade et al. (2012) reported
that users enjoyed the activity and gave feedback about their
interaction in the games, but the users also proposed to add
colors to and more musical instruments to the Drawing and
Music Authoring applications, respectively.
The studies above suggest that the Taking Turns strategy
showed great potential for improving social behavior, acquiring
certain language abilities, and even minimizing repetitive beha
viors which are typical for individuals with ASD. However,
Villafuerte et al. (2012) suggest that for the exchange by turntaking to happen, it is necessary that participants infer intentions
and anticipate others’ behavior patterns. Thus, this strategy
could be not suitable for individuals with more severe impair
ments in social-awareness.

ToM activity (Roldan-Alvarez et al.,
2014)
Making a Cake (Marco et al., 2013)

Tablets for Two (Holt & Yuill, 2017)

Collaborative systems proposed in
the studies
Zody Game (Boyd et al., Treasure
2015)
Chase
Dragon
Blast
Garden
Maze
Talk it
Over
Reactable (Villafuerte et al., 2012)
✓

✓

Simultaneous
Taking interaction on the
Turns
same object

One ASD child with his therapist ✓
interacting in a TUI and circular
tabletop
One user with ASD Single
with an adult or an tablet
ASD peer
Dual
tablets

Users interacting together and
device(s) used
Two ASD children interacting
with a single iPad

Two children with ASD around ✓
a multitouch Tabletop
One ASD child with the child
with deficit attention interacting
on a NikVision Tabletop (TUI
multi-device: table surface and
a monitor)
ComFim (Ribeiro et al., 2014)
Two children with ASD
interacting on tablets. They
observe their interaction in
a shared TV
Collaborative Puzzle Game (Battocchi Two children with ASD
et al., 2009)
interacting around
a DiamondTouch Tabletop
Asperger
Set of activities
Music
Groups of 2 to 6 children both ✓
syndrome (Hourcade et al., 2012,
authoring typically developing and
Hourcade et al., 2013)
diagnosed with ASD interacting
on a Dell XT2 multitouch Tablet
(12ʹ1’)
Drawing
✓
Untangle
SIDES (Piper et al., 2006)
Four children with ASD
interacting on a DiamondTouch
Tabletop
✓
Asperger and Invasion of the Wrong Planet
It proposes using a Samsung
HFA
(Marwecki et al., 2013)
SUR40 with Microsoft PixelSense
(no tests)

Severity level
ASD of users
assessed
Unspecified
ASD level

Table 8. Strategies used by each collaborative system in the selected studies.

✓

Simultaneous
interaction on
different objects
✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

✓

(Continued )

Exchange
of
Different
Symmetrical Stimulating
Free
Information
Role
Negotiation
Actions
Collaboration Collaboration
✓

Strategies used
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Two children with ASD
interacting in a large-screen
tabletop (Lenovo Horizon 27”)
but each child has an individual
workspace.
One child with ASD and one
✓
typically developing child using
an Apple Macintosh iBook
laptop computer
Two children with ASD and
a therapist acting as
a moderator interacting around
a DiamondTouch Tabletop

Users interacting together and
device(s) used

✓

Simultaneous
Taking interaction on the
Turns
same object

Augmented Knights Castle (AKC)

✓

Two children with ASD
✓
✓
interacting around
a DiamondTouch Tabletop
Collaborative Puzzle Game (BenTwo children with ASD
✓
Sasson et al., 2013)
interacting around
a DiamondTouch Tabletop
impairment
Ballons (Sharma et al., 2016)
One child with
moderate to severe
cognitive
impairment and
one typically
developed using
a Microsoft Kinect
connected to
a computer and
a shared display

Save de
Alien
Bridge
StoryTable (Gal et al., 2009)

Join-In Suite (Giusti et al., Apple
2011)
Orchard

Bubble Dialogue (Dillon &
Underwood, 2012)

TabletG and TabletopG (Winoto et al.,
2016)
TabletopG v2 (for HFA and LFA
children) (Tang et al., 2017)

Collaborative systems proposed in
the studies

Groups of three children
interacting on a TUI with
augmenting toys
PAR Game (Silva et al., 2014), (Silva Two children with ASD
et al., 2015)
interacting around a multitouch
Tabletop
SymbolChat (Keskinen et al., 2012)
Two or three users (one single
user with ASD) interacting on
a touchscreen tablet computer
CoASD Game (Silva-Calpa et al., 2018)
Two children with ASD
interacting around a multitouch
Tabletop

ASD and
cognitive

HFA

Severity level
ASD of users
assessed

Table 8. (Continued).

✓

✓

Simultaneous
interaction on
different objects

Strategies used

✓

✓

✓

✓

✓

✓
✓

✓

✓

✓

✓

✓

Exchange
of
Different
Symmetrical Stimulating
Free
Information
Role
Negotiation
Actions
Collaboration Collaboration
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4.1.1.2. Simultaneous interaction. This strategy requires two
or more users interacting simultaneously to accomplish spe
cific tasks on the same or different elements of the shared
interface. Three of the retrieved studies reported the contri
bution of this strategy for users, as follows.
Battocchi et al. (2009) revealed that the Simultaneous
Interaction strategy improves behavioral therapies that involve
interaction with other people and social contact, and reinforces
the need for collaboration. Hourcade et al. (2012) stressed that
Simultaneous Interaction encourages communication, coopera
tion, and coordination, motivating children to make sugges
tions about movements and facilitating interactions with their
game partners. Hourcade et al. (2012) mentioned that users of
the Untangle application enjoyed collaborating with their part
ners to solve the game. However, Battocchi et al. (2009) men
tioned that, while playing the Collaborative Puzzle Game, users
showed difficulty in performing coordination activities during
collaboration. Hence, they suggest that users with more severe
levels of ASD require help from therapists to get involved in the
game (Battocchi et al., 2009).
Ben-Sasson et al. (2013) also tested two versions of the
Collaborative Puzzle Game with dyads of users with HFA.
One version includes the Simultaneous Interaction strategy,
and a second version includes an unforced collaboration
strategy (Free Collaboration). The authors identified that the
enforced strategy promoted more positive social behaviors
among users than in the tests that did not force their joint
interaction, although users with a more severe lack of socialcommunication skills presented less positive behaviors. The
authors (Ben-Sasson et al., 2013) highlighted that the
Simultaneous Interaction strategy requires the practice of
social skills and collaboration, but also mentioned that being
“force[d]” to practice these skills can increase the frustration
in the users. They mentioned that some children interacting
with the game in the enforced strategy felt overwhelmed
because they could not intuitively win.
It is worth noting that enforced simultaneous interaction
on a same interface element also depends on the kind of
devices used. For example, systems implemented for
DiamondTouch Tabletop (Dietz & Leigh, 2001) can enforce
more interaction and collaboration from users because this
device has recognizes the parts of its surface that are being
touched. Thus, the system recognizes the actions of each user
on the tabletop surface. In contrast, systems that utilize smal
ler form factors, such as iPads or other tablets, require an
external mediator (i.e., a therapist) to prevent users from
interfering with each other’s tasks. In addition, these types
of systems do not support touch identification of multiple
users. This means that one user could perform all the tasks
by themselves, detracting from the collaboration. However,
Boyd et al. (2015), suggest that these small devices have the
advantage of closer proximity with the collaborators, which in
itself can be a great contribution to the development of social
skills in individuals with ASD.
4.1.1.3. Symmetrical actions. Using this strategy, each colla
borator should perform the same actions but using a different
controller. Symmentrical Actions Strategy was used in a recent
study by Holt and Yuill (2017). The authors present two
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versions of the Tablets for Two application, one version using
two tablets and a second version using one single tablet. For the
first version, the authors used the Separate Control of Shared
Space (SCoSS) framework. This framework supports collabora
tion in joint activities through “separate control over an iden
tical version of the task for each child, within their own private
screen space, that is visible to both participants” (Kerawalla
et al., 2008). Thus, each user has control over their own tablet,
but the two tablets are arranged side-by-side on stands creating
a shareable environment and allowing the other’s task aware
ness (Holt & Yuill, 2017). The single tablet version allowed free
collaboration, through which users freely moved pictures on
the sequencing strip. The study suggests that the dual tablets
version was more effective at facilitating active other-awareness
behaviors of the user with ASD than the single tablet version.
Pairs of users with ASD interacting with two tablets showed
more approach to the task and greater awareness of the other’s
task than using a single tablet. However, users with ASD had
more other-awareness when interacting with an adult partner.
4.1.1.4. Exchange of information. This strategy requires par
ticipants’ exchanging of information through interface ele
ments. The Exchange of Information strategy is used in four
of the retrieved studies. In SymbolChat (Keskinen et al., 2012)
and ComFim (Ribeiro et al., 2014), users exchange messages
with images. In the TabletG, TabletopG (Winoto et al., 2016),
and TabletopG v2 (Tang et al., 2017) applications, two users
solve a collaborative puzzle game by exchanging messages.
The authors of SymbolChat (Keskinen et al., 2012) revealed
that a user with high cognitive impairment expressed, through
a graphics scale with a system of emoticons called
Smileyometer, that the communication was extremely difficult
even though it was fast and fun. The average user sent only
three PEC figures per message. The authors argued that some
users who ignored their partner’s message may need therapist
support. Ribeiro et al. (2014) point out that the ComFim game
generated communicative actions among users, and that they
gradually started to learn the roles involved in the game.
The authors of the TabletG and TabletopG applications
(Winoto et al., 2016) revealed that users showed great enthusiasm
in the games, especially TabletopG. However, the study did not
show specific results regarding the collaboration strategy used or
skills encouraged in the users through the games. The authors
mentioned that in TabletopG v2, the boy with high cognitive
impairment offered assistance less proactively in the game than
the HFA children. Although both children were able to initialize
bids for his/her partner’s joint attention, that action was merely
to request something and not to actively share (Tang et al., 2017).
4.1.1.5. Different role to share resources and negotiation. In
the Different Role Strategy, each user has a different role in the
game to achieve a common goal. In the Negotiation Strategy,
each user has control over several elements to negotiate with
their partners and achieve a common goal. In the retrieved
studies, the Different Role and Negotiation strategies were used
together with other strategies.
As shown in Table 8, the Zody Game (Boyd et al., 2015),
the Join-In Suite (Giusti et al., 2011), (Weiss et al., 2011), the
PAR Game (Silva et al., 2015, 2014), and the CoASD Game
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(Silva-Calpa et al., 2018) contain three or more collaborative
strategies together. The Join-In Suite is designed for users with
HFA, the PAR Game, and the CoASD Game for users with
Level 3 ASD. In both cases, the results obtained from using
multiple strategies were promising. However, these studies do
not report the contribution from each strategy individually,
but from all strategies together.
The mini-games from Zody Game (Boyd et al., 2015)
include tasks that assign a Different Role to each user and
require turn-taking, negotiation, and simultaneous interac
tion of pairs of users (unspecified ASD level) to perform
Symmetrical Actions in the same iPad device. The authors
evidenced that when users became engaged in an interaction
with another, they demonstrated feelings of being part of
a group and exhibited empathy during others’ winnings and
losings. The authors mentioned that on some occasions, the
size of the iPad led to a single user playing both their role and
the partner’s role, causing difficulty in coordinating their
actions. Thus, they note that even though users can collabo
rate with one another, it is important to include ways of
imposing roles for each player, and teaching them the impor
tance of dynamically negotiating roles with game partners.
The Join-In Suite (Giusti et al., 2011; Weiss et al., 2011) used
one or two strategies for each one of their three games: In Save
the Alie,n users have different roles to collect, start, and refuel
an alien starship. In Bridge, users negotiate to assemble
a bridge with their own pieces and pieces that belong to the
other user. In the Apple Orchard game, the Simultaneous
Interaction strategy is utilized when users must move a basket
together to receive falling apples. The authors (Giusti et al.,
2011) highlight that users were interested in performing the
tasks in all three games, also noting therapists’ feedback that the
Join-In Suite is intuitive and easy to use. They concluded that
the users learned the importance of collaboration as they
advanced in the game (Giusti et al., 2011) by properly applying
collaboration strategies (Weiss et al., 2011). They highlighted
regulations for user collaboration that contributed to the chil
dren learning through performance of the activity according to
collaboration strategies, and encouraged their pairs to interact
and complete the games.
Studies including the PAR Game (Silva et al., 2014, 2015)
and the CoASD Game (Silva-Calpa et al., 2018) used strategies
gradually in the three phases of the games. The first phase of
each game includes the Different Role strategy, the second
phase includes the Exchange of Information strategy, and the
third phase includes the Simultaneous Interaction strategy in
addition to the previous strategies. The authors (Silva et al.,
2014, 2015; Silva-Calpa et al., 2018) suggest that each one of
the restrictive strategies increased the collaboration difficulty
and, thus, contribute to gradual encouragement of collabora
tion among users. Each subsequent phase of the game gener
ated a greater need for collaboration in the two games. This
increased user motivation to perform the tasks, facilitating
their verbal and non-verbal expressions to interact with their
partners and to coordinate actions in the shared workspace.
4.1.2. Strategy to stimulate collaboration
Contrary to the above strategies, two of the retrieved studies
utilized one strategy that incentivized collaboration without

enforcing it. This strategy consists of non-mandatory
mechanisms that motivate users to work collaboratively in
the workspace, such as those used in the Invasion of the
Wrong Planet (Marwecki et al., 2013) and Balloons (Sharma
et al., 2016) applications.
In Invasion of the Wrong Planet (Marwecki et al., 2013),
users get higher scores when eliminating alien ships together
with their partners. Although this application was not evalu
ating the users, the authors express the importance of
encouraging collaboration little by little, without enforcing
it. The authors suggest that this approach can be successful
because the difficulty of the game does not result from the
cognitive resolution of a task, but from achieving social inter
action and communication every time the players decide to
collaborate.
In the Balloons application (Sharma et al., 2016), if two
users select the same balloon on a screen within three seconds,
a rainbow will grow as their reward. The authors observed
that Simultaneous Interaction promoted joint attention
between users, but did not present information about the
provided rewards. However, the time allowed (three seconds)
was too quick for some users, causing disinterest. A therapist
in the study mentioned, “a system like Balloons allows more
students to be engaged while viewing the activity on the screen
together.” (Sharma et al., 2016).

4.1.3. Strategies to free collaboration
Some of the collaborative systems in the studies offer an
environment that allows free interaction among users, without
any restriction or incentive. Some studies included strategies
to free collaboration together with restrictive strategies.
Piper et al. (2006) tested two versions of the SIDES applica
tion with children with Asperger’s Syndrome. One version
includes restrictive strategies, and another version allows free
collaboration. The authors reported that the users mentioned
the version with free collaboration was easiest to play, and
allowed them to work together better than in the version with
restrictions. Moreover, some users mentioned the version with
out rules (using Free Collaboration strategy) allowed a more
relaxed interaction than the version that enforced collaboration.
Similarly, in the study by Ben-Sasson et al. (2013), the authors
identified that the free collaboration mode of the Collaborative
Puzzle Game is less challenging than using the enforced strat
egy because users can complete the puzzle without restrictions,
although some users tend to complete the task individually.
The PAR Game proposed by Silva et al. (2014, 2015)
includes a section in the game for users to accomplish some
tasks without restrictions (Free Collaboration). The authors
(Silva et al., 2014) observed that collaborative learning was
evident when users dress soccer players in the game. They
highlighted that in this non-mandatory part of the game,
users gradually learn to collaborate, using new ways to per
form the task together, such as taking turns to dress the soccer
player in the game, or helping when required while one
partner dresses the soccer player.
Two of the analyzed studies proposed TUI games and used
the Free Collaboration strategy as a single strategy to encourage
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collaboration (Farr et al., 2010; Marco et al., 2013). In these
games, the users can play freely, manipulating TUI objects.
In the Making a Cake application, Marco et al. (2013)
observed that each child explored the shared environment,
interacting with the toys while waiting for their partner to
perform the task required by a virtual tutor. However, they
mentioned that tested children needed the support of their
teachers to begin playing and to keep up interaction required
to continue the game. It should be noted that these results
refer to all children tested who had different special needs,
though the study does not specifically mention the results
obtained from the single ASD user tested.
In the AKC version game that allows children to put freely
toys in a shared “magic box” to speak and program each toy’s
speech, the authors (Farr et al., 2010) report that there was
more collaborative and parallel play than in the nonconfigurable version. Toys’ individual content increased the
interest of users with regards to both the system and the
recordings made for others. However, that feature also led
the users to want to switch all of the digital aspects of toys.
The study does not report specific results about collaborative
work performed by users; however, the authors note the
benefits of configurable tangibles for children with ASD,
which enables more opportunitiy for interaction among them.
4.1.4. Summary of findings
Most of the analyzed studies used strategies in the collabora
tive systems to “enforce” collaboration among users and stra
tegies to free collaboration. Two studies used strategies to
stimulate collaboration; however, they did not present results
about the contributions of these strategies for users.
Meanwhile, we also identified two studies (Bauminger-Zviely
et al., 2013; Wadhwa & Jianxiong, 2013) that do not mention
using any strategy to encourage collaboration.
The analyzed studies reported that the collaborative sys
tems assessed contributed to promoting different collaborative
skills such as cooperation, communication, coordination, joint
attention, empathy, compromise, negotiation, social interac
tion, sharing, and creativity. Although promising results were
shown, most of these studies were designed and tested for
users with less severe levels of ASD or without specification of
their ASD level of impairment. We highlighted the following
points:
● When a computational application gradually encourages
collaboration through different levels of collaborative dif
ficulty; i.e., using gradually different strategies such as in
the studies by Ribeiro et al. (2014), Silva et al. (2015), and
Silva-Calpa et al. (2018), contribute positively for users
understand the collaborative tasks. This approach can be
favorable for users with more severe ASD who have diffi
culties interacting under the Simultaneous Interaction and
the Exchange of Information strategies.
● Collaborative systems using both free collaborative and
restrictive strategies present positive and negative
results. Systems using the Free Collaboration strategy
can be easiest to play, but users tend to perform the
tasks individually. Systems using restrictive strategies
can contribute to positive social behavior and encourage
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coordination and negotiation, but can become over
whelming for some users.
● There should be provision of diverse activities using
different strategies, as each can contribute to learning
the importance of collaboration (Boyd et al., 2015;
Giusti et al., 2011). However, it is important to use an
appropriately sized device to collaborate successfully.
● Both the contribution of the Taking Turns and Simultaneous
Interaction strategies incentivize individuals with ASD the
awareness of others and their actions in the shared space.
The contribution of Simultaneous Interaction strategy is to
encourage the social behavioral and language skills of the
users.

4.2. Collaboration support mechanisms offered by
co-located collaborative systems
The second question raised by this systematic literature review
requires searching for collaboration support mechanisms
offered to users through collaborative systems found in the
literature. Collaboration support mechanisms involve both the
strategies mentioned in the previous subsection and the ele
ments available in the shared workspace to be successful.
Among the different revised studies, some described the
distinguishable elements offered for users, but only eight of
them report some contribution of the collaboration support
mechanisms used. These studies were assessed with pairs of
users, in some of them a single user was an ASD child (Dillon
& Underwood, 2012; Holt & Yuill, 2017; Marco et al., 2013;
Sharma et al., 2016; Villafuerte et al., 2012) and in others, the
collaborative interaction happens among two users with ASD
(Battocchi et al., 2009; Roldan-Alvarez et al., 2014; Silva-Calpa
et al., 2018). Among these studies, only two of them (Holt &
Yuill, 2017; Silva-Calpa et al., 2018) specifically mention the
importance of including aspects to provide awareness support.
In the eight studies, support is provided by visual and audi
tory stimuli, visual and auditory feedback, virtual tutors, 3D
animations, characters, or instructions on the screen.
The Make a Cake game (Marco et al., 2013) provides
support through a virtual tutor, images, sounds, and 3D
animations which indicate to users how to perform the tasks
and when it is finished. The authors point to the need for
providing appropriate feedback in the game as a way to
encourage users to continue performing the activities and
awarding them when the task is finished. They concluded
that the virtual tutor offered fundamental support for task
completion but had a negative impact on co-located gaming
rates.
In the Balloons application (Sharma et al., 2016) varied
visual and auditory feedback is included because of the differ
ent sensitivity and capability levels of the individual with ASD.
The authors include colored balloons with smooth movements
to draw the attention of the participants, as well as rewards
such as applause or music to encourage their simultaneous
interaction in the application. They note that, though the
users generally were more attentive to visual stimuli than
auditory stimuli, auditory feedback used to show a victory
(applause) encouraged the performance of users.
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The musical characteristics of taking turns in the Reactable
game (Villafuerte et al., 2012) allowed each sound created by
the therapist to call the attention of the user to that action,
thus allowing awareness of the other’s actions in the shared
space that is reflected in their (user) own workspace.
Reactable also provides pleasant sounds to support the users
whose attention is lacking, but the study does not provide
findings indicating the the contribution of sounds to the task’s
completion.
We highlight the BubbleDialogue application (Dillon &
Underwood, 2012) which presents mechanisms to assist the
partners’ awareness support. In the BubbleDialogue, users iden
tify the participants of the activity through the characters that
appear on the screen with their names and the task they must
perform through written instruction on the screen. The authors
mentioned that users with ASD in their pairs created coherent
narratives according to the story. They made some errors using
thought bubbles in the dialogue, but they also demonstrated
their imaginative capacity. The authors highlighted a particular
situation: “the child with autism makes reference to their char
acter possessing psychic powers which enables them to read other
people’s minds” (Dillon & Underwood, 2012).
We found a single study (Holt & Yuill, 2017) that aims to
facilitate the other-awareness between one user with ASD and
his therapist. The authors recommend the use of Tablets for
Two application and show how both elements in the interface
and devices are used to support the collaborative task. This is
due to the affordance of “imitation” used by the identical task
in the dual tablets for the two users, as specified in the
previous subsection. In the application, users can see their
partner’s ongoing task state. When pictures of the users are
put in matching positions on both tablets, the borders around
both users’ pictures turn green. This means that the action is
correct. In the opposite case, the borders around pictures
remain uncolored and the application will not generate
a new picture to continue the activity. A ‘We agree’ icon
flashes red informing users that they are incorrect (Holt &
Yuill, 2017), encouraging them to try again together.
Studies involving pairs of users with ASD also provided
support with elements easily recognized by users. A single
study (Silva-Calpa et al., 2018) explicitly mentions providing
collaboration support through interface elements. SilvaCalpa et al. (2018) explains that “support is offered on differ
ent levels to slowly bring users closer to the knowledge of
collaboration.” The first level provided support through
a virtual tutor giving short and simple instructions and
flashing lights around the current task. Support is increased
in the next level, and users are guided through their tasks by
parallel visual instructions and highlighted elements. The
user is also called by their name and their photograph is
shown in the interface. In the next level, support is decreased,
with only audio instructions and a visual arrow to indicate
the current task. The last level provides the same support that
would be offered for typically developing individuals: visual
and auditory instructions and feedback. The authors report
that these features positively supported users in the perfor
mance of required tasks, raising their interest in collabora
tion and helping them to better understand the necessity of
collaboration with others.

In the application by Roldan-Alvarez et al., (2014), visual
feedback with sounds indicating the result of each activity is
provided; the sounds also indicate the change of turn between
users. The study reports that the sounds contributed to both
the identification of the person who had the turn and the
results of the activity. Battocchi et al. (2009), included anima
tions, and visual and auditory feedback to both make the
users’ interaction more understandable, and to indicate
when they must work together on a puzzle piece in the
Collaborative Puzzle Game. When a piece is touched by
a single user, the piece oscillates, a vibration sound is played,
and the movement of the piece is not permitted until another
user touches it. The piece can be moved and released only
when both users touch it. The authors suggest that the game’s
feedback contributes to consistent responses to the users’
interaction on the interface. They indicated that users with
ASD did not show discomfort in response to the sounds
provided.
Although in the rest of the studies it is not clear which
available mechanisms contributed or not to the collaborative
work of users, the following describes the mechanisms
identified.
In the Zody Game (Boyd et al., 2015) the users can, for
example, find out what their tasks are from the controls available –
each one of them displaying different colors. At the end of the
game, a display of the message “We did it” indicates that they were
able to work in a group, providing visual and auditory praises.
ComFim game (Ribeiro et al., 2014) and SymbolChat
(Keskinen et al., 2012) use the Picture Exchange
Communication System (PECS) as the primary support tool
for the task performance. PECS is a set of simple object
representations designed to promote communication of indi
viduals who are language impaired. Among the PECS images
included in ComFim were eggs, flowers, a stair, and a water
pitcher, which aided in the sharing of images and completion
of the tasks on a virtual farm. Likewise, in SymbolChat
(Keskinen et al., 2012) the PECS images are used to both
build the messages and provide information about who sent
each message. SymbolChat (Keskinen et al., 2012) shows
photos with the names of the participants and the chat his
tory; next to each chat message is a photo of the participant
that sent the message and a PECS image which reads: “he/she
said.” The authors describe, in general, the benefits of PECS
but did not mention whether the use of PECS contributed to
the users’ collaborative tasks. The authors of SymbolChat
mentioned that some users ignored the received messages.
Piper and colleagues (Piper et al., 2006) show that the
distribution of puzzle pieces in the tabletop surface of the
SIDES game works as a collaboration support mechanism.
The center area of the surface is the group space, and the
areas directly in front of each user are for their personal items.
Each user has a control panel close to their area with voting
buttons to vote on the path being built. All users must unan
imously touch these buttons to test the path. This mechanism
ensures that no one user has more control over decisions in
the game. The personal area also includes a turn-taking but
ton that indicates whether or not it is that user’s turn. SIDES
also did not have a timer or any time limits to prevent users
from forgetting to collaborate because they felt rushed.
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In Tablet G, TabletopG, and TabletopG v2 (Tang et al.,
2017), both the workspace and each puzzle piece have
colored borders indicating ownership. Additionally available
is a blue button that can be pressed to ask for help. In
TabletopG v2, the help button includes the symbol “?” for
ASD children that cannot recognize words. In the StoryTable
application (Gal et al., 2009), ladybugs are different colors
and sizes according to their function. Ladybugs that record
audio snippets display a different colored aura according to
their child. Each child can record audio snippets in
a ladybug, making that ladybug their own. The intention in
the StoryTable is that each child can modify his own audio,
but both children may agree to interact together on the
ladybug to release ownership.
Similarly, in Join-In Suite (Giusti et al., 2011), despite
potential for encouraging collaboration and engagement of
users with HFA, the authors report that they are remedying
some features of the system that teachers and users note as
lacking. For example: “The feedback could have been more
interesting, and dynamic. Possibly to have some moving
animation at the end”, “ … we [teachers] didn’t have
enough feedback from the screen like someone cheering
them [children]” (Giusti et al., 2011). In the invasion of
the Wrong Planet (Marwecki et al., 2013) the visual and
auditory feedback is provided only when the users reach
a high score as a result of their collaboration. The authors
suggest that feedback encourages the collaborative behavior
among users; however, that fact does not evidence lack of
rigorous assessment.
4.3. Requirements found in the literature for the design
of co-located collaborative systems
In some of the papers selected for review, we identified
different requirements of co-located collaborative systems
for individuals in ASD, either related to what the authors
used to develop the systems, or what they recommend after
the empirical assessment of such systems.
In the studies assessed with users on the different ASD
levels (HFA, Asperger Syndrome, Level 3 ASD, ASD and
cognitive impairment, and unspecified ASD level), the authors
suggest requirements that we categorized as: customizable,
simple, visual, and human-mediated.
4.3.1. Customizable
Applications must offer possibilities to customize the inter
face, allowing customized text, audio, and animation (Ribeiro
et al., 2014) to meet different needs of users with ASD
(Wadhwa & Jianxiong, 2013), (Keskinen et al., 2012) due to
their hypersensitivity.
4.3.2. Simple
Applications should be easy and intuitive (Chen, 2012; Giusti
et al., 2011; Weiss et al., 2011), avoid complex movements
(Marwecki et al., 2013) and incorporate socially acceptable
gestures (Sharma et al., 2016), thus promoting concentration,
comprehension and learning (Ribeiro et al., 2014).
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4.3.3. Visual
Applications must offer ample visual content, without inter
fering with user attention (Hourcade et al., 2012), taking care
to exclude distracting interface elements (Roldan-Alvarez
et al., 2014). Content should be adapted to the user’s char
acteristics, including real images to help in the identification
of real situations (Roldan-Alvarez et al., 2014). If texts are
included, they must be easy to read and appear in combina
tion with visual information to promote a user’s thorough
understanding of the information (Roldan-Alvarez et al.,
2014). Using colorful graphics with smooth visual movements
captivate the attention of the users for longer periods (Sharma
et al., 2016).
4.3.4. Human-mediated
The authors highlight the importance of the children’s tea
chers, parents and/or guardians participation to support the
interaction process, as they play a crucial role in guiding and
motivating the users. Therefore, a virtual character should not
be used as a substitute for these people (Marco et al., 2013).
Holt and Yuill (2017) propose “when using computer technol
ogy to support joint activities and collaboration in LDA (learn
ing-disable autism) children, such an intervention needs to
consider and take advantage of the different strengths of adult
and peer partnerships”.
In the studies developed for users with ASD without
a specified severity level, the authors forward the following
requirements:
4.3.5. Visual and auditory feedback
Providing an appropriate visual and auditory feedback to
encourage users to perform the subsequent actions (Marco
et al., 2013; Silva et al., 2015), promote reciprocated commu
nication (Keskinen et al., 2012), and support the easy under
standing of the interaction (Battocchi et al., 2009). When
a task is finished positive reinforcements such as cheers,
laughter, dance should be used in addition to spoken words
(Marco et al., 2013) presenting success, error or help messages
(Silva et al., 2015). Regarding the use of virtual characters for
feedback, the characters must be emotive, conveying happi
ness to indicate positive effects, and sadness to indicate nega
tive effects (Marco et al., 2013).
We recommend applying different types of sounds to give
feedback on how users should interact on the interface indi
cating the effects of actions performed, and presenting suc
cess, error, and help messages.
4.3.6. Difficulty levels
Ways of imposing roles on players, besides teaching the
importance of dynamically negotiating roles with the partner
(Boyd et al., 2015), should be included in the game. The level
of difficulty in performing coordinated movements must be
suitable to keep users motivated (Boyd et al., 2015).
4.3.7. Awareness support
Holt and Yuill (2017) mention that providing other-awareness
support in systems for learning-disabled children facilitates
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joint attention, as well as communicative behavior. The
authors highlight that “technology alone is not sufficient to
facilitate collaborative activity in learning-disabled children
with autism: it is the design of the affordances offered by the
technology that is critical”. (Holt & Yuill, 2017).
Beyond these requirements, Boyd and collaborators (Boyd
et al., 2015) point to a characteristic at the hardware level,
suggesting that the size of a system device should be large
enough to hinder children from reaching their partner’s side
of the screen, so as to stop them from performing their
partner’s task. This aspect could teach the user other colla
borative values.
The studies intended for users with Asperger syndrome
and HFA mention requirements that we categorized as
follows:
4.3.8. Application with the freedom to make mistakes
Applications that do not show any wrong answers or error
messages (Hourcade et al., 2012) prevent users from becom
ing frustrated, or motivated to make the necessary attempts.
4.3.9. Difficulty levels
Having simple interface elements is mandatory since the
objective is to help users deal with the complexity of interac
tion in the real world. If the users initially manage to feel
comfortable with the interaction taking place on the applica
tion, they can afterward be motivated with more challenging
tasks (Hourcade et al., 2012). In order to keep users moti
vated, the difficulties in the game must change, and the overall
time of the game must not exceed ten minutes (Marwecki
et al., 2013). Enforcement strategies that allow variations
should be included, allowing adjustable and determinate
rules and tuning with the appropriate level of support for
each group of users (Piper et al., 2006).
Finally, the studies including collaborative systems for
users with severe levels on ASD recommend the following
requirements:
● Include tasks about decision making to encourage the
interaction (Sharma et al., 2016). However, Silva et al.
(2015), highlight that specialists in ASD in recommend
taking care of the amount of information, restrictions,
and support provided to avoid ‘excesses’.
● Gradually encourage coordination tasks, mainly for
individuals with severe ASD (Silva et al., 2015). SilvaCalpa et al. (2018) suggest including tasks to gradually
stimulate every dimension of collaboration: cooperation,
communication, coordination.
● Silva-Calpa et al. (2018) suggest offering different levels
of support to approximate users to the knowledge of
collaboration.
● Sharma et al. (2016) suggest offering a well-defined start and
end of a session game to support the understanding of tasks.
● Actively promote communication, for example, through
visual and audio notifications that highlight the mes
sages received, but without distracting from the main
activity (Keskinen et al., 2012). There are also tasks that
require join-attention (Sharma et al., 2016).

5. Conclusion
In this article, we presented a systematic review of literature
aimed at identifying the aspects of collaboration support and
collaborative strategies included in co-located collaborative
systems, in order to contribute to the treatment of impair
ments in individuals with ASD. We identified three main
answers related to the three proposed research questions:
1. Initially, we reviewed how co-located collaborative sys
tems in the literature encourage the collaborative work of
individuals with ASD. We found in the studies that collabora
tive work is encouraged by different characteristics in the
collaborative systems, mainly through the use of specific
methods of interaction in the systems that we called colla
borative strategies.
We verified that most of the studies utilize strategies that
somehow “enforce” user collaboration. Only three studies do
not “enforce” collaboration, as they include strategies to guide
and support users in collaborative activities (Stimulating
Collaboration strategy). Some studies present collaborative
applications that allow free interaction among users to colla
borate (Free Collaboration strategy).
The studies using only the Stimulating Collaboration and
Free Collaboration strategies do not present results about their
contribution to collaborative work. On the other hand, all the
studies using restrictive strategies show promising results on
the effects of collaborative systems in users assessed.
According to the results observed in the studies, we highlight
the benefits of including different strategies (restrictive and/or
free strategies) in the same application to encourage the
collaborative work (Boyd et al., 2015; Giusti et al., 2011;
Ribeiro et al., 2014; Silva et al., 2015, 2014; Silva-Calpa et al.,
2018). We highlight also the contribution of the Taking Turns
and Simultaneous Interaction strategies to encourage social,
language and collaboration skills of users with different levels
of ASD. It is important to note the contribution of strategies
that “enforce” activities, as well as support the collaborative
process to encourage the performance of collaborative activ
ities, especially for ASD users with more severe impairments,
as pointed out in (Battocchi et al., 2009): “If collaboration
wasn’t enforced, would more likely work independently and
perhaps ignore each other.”
We emphasize the need for carrying out in-depth studies
on the design and evaluation of collaborative systems using
the Stimulating Collaboration strategy to clearly identify their
contribution in users with ASD. We encourage studies on the
design of collaborative systems intended for users with ASD
that have high difficulty in identifying and getting involved
with collaborative activities. The aim is to identify how to
provide suitable collaboration support to suit the users’ needs
so they can easily perform the activities required and stay
motivated.
The second question reviewed in the studies consists of
identifying collaboration support mechanisms provided by colocated collaborative systems. We found a single study that
specifically aims at providing other-awareness support (Holt
& Yuill, 2017) showing interesting results, and another study
that reports positive contributions of support mechanisms to
the other’s actions awareness (Villafuerte et al., 2012). We also
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highlighted a single study (Silva-Calpa et al., 2018) that expli
citly mentions providing collaboration support through inter
face elements, intended for individuals with severe ASD.
We identified that some studies show different interface ele
ments that support collaboration, such as visual and auditory
feedback, simple visual representations, virtual tutor, different
colors, and photos with names of the participants. Some of these
studies report that the visual and auditory feedback provided
helped to guide the interaction of users (Silva-Calpa et al., 2018),
encourage their performance (Battocchi et al., 2009) (Sharma
et al., 2016), and identify the user’s turn to be taken (RoldanAlvarez et al., 2014). One study reports the benefits of the virtual
tutor guidance during tasks (Marco et al., 2013). However, most
of the studies do not explain how the mechanisms used sup
ported the proposed collaborative process; there are no indica
tions that these elements were evaluated to identify meaningful
contributions to interactive and collaborative improvement
among users. The lack of implementation and assessment of
collaboration support mechanisms indicates the need for indepth research to develop such systems. It must be taken into
consideration that unlike systems designed for typically devel
oping individuals, users with ASD, regarding their ToM condi
tion, need awareness support to perform collaborative activities.
In this sense, several questions are raised and dealt with in
research that contribute to the development of better colocated collaborative systems, especially the ones designed
for individuals with severe impairment related to ASD. For
example, which characteristics must the interface have to
attract the user’s attention and motivate them to perform
the activities? How should these characteristics be designed
to meet the needs of ASD users with different levels of
impairment? How can collaborative systems support users
with ASD in the identification of the tasks, their partner’s
actions, and the necessary interaction in the workspace? How
can users be encouraged to collaborate?
It is worth mentioning that in addition to the support
provided by the collaborative system, the therapist’s support
is essential in studies involving individuals with ASD. The
studies analyzed stressed the importance of the therapist’s
intervention to provide physical and behavioral support and
facilitate activity comprehension.
3. Finally, we found that the analyzed studies offer some
recommendations for the design of co-located collaborative
systems. The authors from these studies brought forth these
recommendations after carrying out empirical assessment
studies on users with ASD. We believe that these are very
important for the development of collaborative systems
intended for ASD individuals, as they can improve the devel
opment of collaboration support mechanisms; they should be
thoroughly studied so that updated requirements may be
issued.
Besides these three aspects related to this study’s research
questions, our review verified that only a few studies were
developed specifically for ASD users with severe impairment,
who needed substantial support to perform collaborative
activities. Therefore, we have identified the need for carrying
out in-depth studies on the development of co-located colla
borative systems with distinguishing features to encourage users
with severe impairment to collaborate.
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The findings of this review foster new avenues of research
on the design of collaborative systems, which include support
collaboration and proper features so that users can perform
activities by reacting to certain input, as well as identifying
their own actions and their pattern’s actions as well.
Utlimately, we believe that the development of these systems
should take into consideration that not all users possess the
intrinsic characteristics needed to collaborate.
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