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Abstract. This paper studies and assesses how rehabilitation activities and supervised computer games incorporated into a 
system aimed at people diagnosed with Autism Spectrum Disorder (ASD) can be used to work on the areas affected by ASD 
at any time and in any place. This research specifically assesses the areas that affect communication and interaction between 
people with ASD and professionals. In order to do this, a group of 20 children diagnosed with ASD of between 3 and 8 years 
old (clinical group) was used, together with a group of 20 children of between 3 and 8 years old with a neurotypical 
development, which served as a control group. During the tests, response time and visual interaction with the session leader 
were evaluated. Despite the fact that the clinical group spent more time (M= 21.08 sec) than the control group (M= 4.52) to 
interact leader, eye contact predominated in the interaction. As a result of the pilot study, the system obtained could help in 
cognitive rehabilitation. 
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1. Introduction 

Some studies have been published which show that in recent years there has been an increase in 
Autism Spectrum Disorder (ASD) cases by 78% since 2002 [1, 2].This fact has been attributed by 
various authors to better awareness [3], easier recognition and better diagnosis of the disorder, the 
inclusion of cases of lower severity within the spectrum [4] and the comorbidity with other disorders 
such as Attention Deficit Hyperactivity Disorder [5], as well as to continuing changes in the definition 
of ASD [6] made in the Diagnostic and Statistical Manual of Mental Disorders. However, it must be 
noted that there is a lack of consensus regarding the prevalence of ASD. Recent studies published in 
March 2014 by the Center for Disease Control and Prevention (CDC) show that about 1 in 68 children 
has been identified with autism spectrum disorder (ASD) in the USA [7]. There are publications that 
show that 1 child out of every 150 or 110 out of every 10,000 children were affected in 2009 [8], and 
studies conducted on pre-school age children in Spain that show a prevalence of 8.1 % and 11.7%. The 
study presented by Mayada, et al. [9] confirms an average estimated prevalence of 62 per 10,000. 
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Given the increase in diagnosed ASD cases in recent decades, some hardware such as eye tracker [10] 
and software solutions have started to be developed which are aimed at people with autism. These 
applications may be grouped into three broad categories: 

(1) Mixed reality games: games incorporate virtual elements into a real world. Positive results have 
been obtained using this technology in certain fields, and they can be used for cognitive 
rehabilitation purposes by offering secure repetitive environments [11].Virtual reality makes it 
possible to create safe environments [12] where they can learn rules and repeat the tasks [13]. 
Furthermore, interacting with avatars where social situations are replicated enables patients to 
work on these situations and find more flexible solutions [14, 15]. This means that virtual 
environments may prove to be good instruments to work on social skills with ASD sufferers 
[16-18]. 

(2) Robots: robotized toys practiced and worked both on social skills and new skills. Besides, the 
collaborative games may be learned through these robots [19], and these types of system may 
help to improve fine motor skills such as those in which the use of the wrist is involved [20]. 
Robot toys can help special needs children to work on social skills, learn new skills and 
discover the different game modes-in other words, show them that collaborative games also 
exist [21]. Thus, social robots may become very useful tools in therapy with ASD children [22] 
[23, 24] Due to the inclusion of social robots in therapy, it has even observed how the children’s 
limited interests and repetitive behavior have improved [25]. However, although robots are an 
effective tool, we should not forget that collaboration from people is always needed in therapy 
or treatment [21, 26]. Not all robots achieve the same objective, and so it is interesting for 
therapy robots to be equipped with voice technology in order to foster social skills in people 
with autism [27]. 

(3) Dedicated Applications: technological tools designed to work in computers, tablets or mobiles, 
such as communicators [28]. Applications of this type have been used to work on areas affected 
by autism [29, 30] and conditions related to Autism Spectrum Disorder, mainly concentrating 
on creating applications that help people with autism to communicate through images and 
sounds [31-33]. These systems are widely accepted because they are simple to use and contain 
very intuitive tools, since they work with everyday items [34]. 

With new technologies, one is able to get a closer look at the lonely world of autism, prompting a 
better understanding of ASD sufferers’ mental state and helping them to develop skills [35, 36] which 
would not be possible without subject-technology interaction. ICTs work to penetrate the isolation of 
people with autism and bring them out of the “world apart” in which they live [37]. The use of these 
technologies has been so successful that research using ICTs has increased from one publication in 
1970 to more than 38 a year at the present time [38], appearing not only in impact journals targeting 
the social field [39], but also in the technical field [40, 41]. In addition to scientific research, there are 
a large number of blogs where family members post how their children interact with them. Specialist 
literature contains numerous reviews of studies including technology as support and help tools, 
proving the benefits of their use. Examples include the work by Ploog, et al. [37], Wang, et al. [42] or 
Scassellati, et al. [43]. 

Therefore, these types of solutions enable people with ASD to practice their strengths and work on 
their weaknesses, [44] helping them to increase their vocabulary and their communication, so that they 
can improve these skills [32, 45-48]. However, these studies present an important limitation: most of 
the researches involve people with autism working individually with the tool (interaction with virtual 
avatars) losing the interaction with other people. 

The main purpose of the pilot study is to assess the interaction between children with ASD and the 
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therapists objectively, using games and eyetracking technology. 
Three aims have been identified to achieve this main objective. They are: 
(1) To develop a game system which allows the rehabilitation of the affected areas of ASD (O1). 
(2) To assess the interaction with people with ASD in the course of the activities incorporated into 

the system through objective variables (O2). 
(3) To establish objective indicators which allow cognitive behavior between people with ASD and 

people with a neurotypical development to be compared (O3). 
The paper is organized as follows: first of all, the Methods section gives details of the participants 

and the experiment. The findings of the study are presented in the Results section, followed by a 
discussion and an outline of the various conclusions drawn. 

2. Methods 

The members who have participated in the experiment, materials, data analysis are shown in this 
section. 

2.1. Statistical methods  

Data was analyzed using SPSS (version 20) with a 5% significance level (p=0.05). The Mann-
Whithney-parametric test was used to establish significance between the clinical group and the control 
group. In so doing, one was able to determine whether the system could be used as a cognitive 
rehabilitation tool. Therefore, the Spearman statistic test was used to analyze the correlation between: 
1) response time looking into the eyes of the session leader and 2) the number of times that this 
interaction was performed. 

2.2. Informed consent-institutional review board (IRB) 

Research ethics committee standards were met when conducting this research study. The parents of 
the participants were informed of the study’s objective, the rights of the participants and the possible 
risks inherent in the tests. An informed consent form was required to be signed by family members in 
order for the children to participate in the study. It is important to stress that the risks attached to the 
system are minimal as it is a non-invasive system and it employs activities that the participants use on 
a regular basis. 

2.3. Materials  

A 21" touch screen was used for the tests in order to engage the attention of the children and to 
increase their motivation. Furthermore, a tactile pointer of 40 cm in length was manufactured in order 
to deal with the problem detected when using the mouse, as most of the participants had neither the 
knowledge nor sufficient skills required to handle it. Besides, participant eye gaze behavior was 
recorded using a Tobii X1Ligth eye tracker with infra-red cameras. Gaze and pupil information was 
sampled at a frequency of 32 Hz. 

2.4. Participants 
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20 children between 3 and 8 years old comprised the clinical group and participated in the 
supervised activities. These children had already been diagnosed only with ASD and covered the 
whole spectrum of autism, in accordance with the Diagnostic and Statistical Manual of Mental 
Disorders criteria, and they regularly attended treatment sessions with the professionals involved in the 
study. As well as the clinical group, 20 children with a neurotypical development, aged between 3 and 
8 years old, formed the control group. These children had no physical or mental impairment. The two 
groups were paired according to gender and age. Neither the gender of participants nor socioeconomic 
aspects were taken into account. A multidisciplinary group made up of psychologists, educationalists 
and engineers participated throughout the whole process of the study (specification, design, 
development and tests). 

3. Experimental section  

With a view to meeting the objectives set out in this preliminary study, three major aspects were 
established so as to conduct the experiment properly: configuration of the games, selection of the 
environment in which the experiment is to be conducted and the optimum configuration of the 
eyetracker. 

3.1. Configuration of the games  

Professionals from the APNABI Association were asked to configure the game. Individuals with 
children with ASD also took part in different sessions, in the course of which the different exercises 
they carried out in order to work on the children’s strong and weak points were analyzed. Both the 
levels of difficulty and the mode of play were defined and established as a result of these sessions and 
the meetings with professionals. This system deals with the cognitive rehabilitation of people affected 
by ASD, in particular the interaction between the child and the session leader. Furthermore, to be able 
to assess the users’ evolution, a number of parameters and some variables related to the game were 
established in order to objectively define how the children show an interest in those guiding them 
during the game (see Table 1). 

 
Table 1 

Variables to be stored. The table shows the variables that are stored during the game, together with the goals and the objectives 
to which they refer 

Variables Goal Objective 
Position of the item selected with 
the pointer during the game (X, 
Y) 

Define areas of interest and interaction with the system. O1; O3 

Attempts Determine the number of clicks made at each level O1 
Errors Determine the number of errors O1 
Response time Determining the number of seconds that elapsed between when the game is 

stopped and interaction with the session leader 
O1; O3 

Interaction with visual contact The session leader determines whether the user looked at them when the 
game was stopped 

O1; O2 

Interaction without visual contact The session leader determines whether the user interacted without visual 
contact when the game was stopped 

O1; O2 

Gaze and pupil information 
during the game 

Determines participants areas of interest O1; O3 

N. Aresti-Bartolome and B. Garcia-Zapirain / Cognitive rehabilitation system for children with autism spectrum disorderS814



 

 
Fig. 1. Game levels. A illustrates the interface of the first level, B shows the appearance of the second level, and C shows the 
third level. 

 
Table 2 

Features of levels of difficulty 

Level Visual Element Support Area Stops owing to error Stops every 30 sec. 
Level 1 Red stars Yes Interaction No Yes 
Level 2 Yellow circles No Interaction, Memory Yes Yes 
Level 3 Sweets or cakes Yes Interaction, Memory 

Attention 
Yes Yes 

 
The system contains a set of games divided into 3 levels of difficulty-level 1, level 2 and level 3- 

and involved collecting elements which appeared on the screen (see Figure 1). 
The difficulty of the levels were defined by the degree of interaction required and the area that were 

worked on in each of them (see Table 2) 
The game has been designed to be configurable to suit the needs of each user. Therefore many 

options can be set, from the objects that appear on the screen to the duration of the game. But due to 
the fact that one of the objectives of the study is to establish indicators, the same settings for all users 
have been required. 

The duration of the test was about 12 minutes divided into 1 minute to explain the purpose of the 
game before starting each level, and 3 minutes for each exercise. During this time, the greatest number 
of elements had to be selected. At each level, users had to collect a different type of item. At the first 
level, participants had to collect red stars, at the second level, yellow circles and the last level, sweets 
or cakes, depending on the game instructions. To find out which element should be collected at this 
level, it was displayed on the right side of the screen. 

In addition to the purpose of the game itself, the aim is to work on and assess the interaction with 
the session leaders and the time taken for them to provide interaction. The game is designed to stop 
every  

30 seconds automatically or with the user’s errors at the second and third level to assess 
communication skills and force interaction with the session leader. When this happens, all the items on 
the screen disappear. This break in the game forces the child with ASD to ask for help in order to 
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resume the game, i.e. the child has to interact with the session leader if they wish to continue playing. 
The system records two types of interaction: 

(1) The child communicates with the session leader and looks into their eyes (interaction with eye 
contact) 

(2) The child communicates with the session leader without looking into their eyes, by using a 
gesture, words, etc. (interaction without eye contact). 

To save the two types of interaction mentioned above, the session leader marks on the keyboard that 
there was interaction with the child with ASD. Thus, pressing the ”space” bar indicates that interaction 
with eye contact has taken place, and pressing the ’0’ key indicates that the interaction without eye 
contact has occurred. 

3.2. Selecting the environment 

Once the levels and variables to be analyzed have been defined, it is then necessary to define and 
select the best environment in which to play the games. The games were conducted during each 
child’s session, with the presence of the educationalist leading the session and the participant. Since 
the objective was to develop interaction skills, either a professional or family member had to 
participate in the game. Owing to the fact that people with ASD find it difficult to react to changes, it 
is necessary at the start of each session with the professional to have previously informed the child that 
they are going to spend 10 minutes on the session in order to do tests on the computer, and also to 
introduce the person who is going to be the observer throughout the tests. The tests were conducted in 
a classroom that the participating children already knew. The classroom was equipped with desks and 
chairs adapted to the children, which contributed to a more comfortable environment while the tests 
were being carried out. Moreover, a classroom without windows was selected so as to maintain 
artificial lighting with as few variables as possible between tests, so as not to affect data being 
captured by the eyetracker. During the game, the participant sits opposite the tactile screen and 
indicates to the educationalist to their right, using the tactile pointer, which element, they wish to 
select. Meanwhile, the observer sits behind both, without interfering in the data being captured by the 
eyetracker. 

3.3. Configuration and analysis of the eyetracker 

The participants sit in front of a computer with the eyetracker system installed. During the tests, the 
eyetracker was positioned on the lower part of the touch screen and fastened using the devices own 
support to obtain the most reliable possible data. The child sat on a chair aligned with the center of the 
screen at a distance of 56 centimeters from the latter. Once the child was properly seated, a check was 
made to ensure that the user’s eyes were aligned with the center of the screen. To calibrate the 
eyetracker and make sure that it was capturing reliable data, the devices own software was used 
whereby the user had to focus their gaze on 9 points for a period of some seconds. Likewise and as 
stated in the Materials section, a 40 cm tactile pointer was used so as to interfere as little as possible 
with capturing of the gaze and pupil using the eyetracker. To obtain data using the eyetracker, an 
attempt was made to cover different factors that might affect variation in the pupils [49], such as 
maintaining the same intensity of light in the classroom using artificial light, the same 270 cd/m2 
screen brightness during all the tests, and the removal of visual stimuli that might distract the 
participant. For the eyetracker to be able to carry out data analysis, the data captured was cleaned by 
disregarding blinking and also any also zero positions owing to loss of data that there may have been 
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when interacting with the educationalists. 

4. Results 

This section shows the objective results obtained after comparing the two groups: the clinical group 
and the control group. This study analyses the cognitive skills, in particular, where the participants 
with ASD, and the participants in the control group had a tendency to interact with the system and the 
session leader. To this end, this section is divided into three parts: First, the results obtained by the 
interaction between users and session leader (O2). Second, the game outcome showing those 
parameters generated via the game (O1, O3), and lastly, the eyetracker results (O3). This last section 
describes the results obtained with the sensor. 

4.1. Interaction with leader session results 

The Mann-Whithney test showed that response time for the clinical group (M = 21.008, SD = 25.24) 
and control group evidenced significant differences, due to the fact that the reaction time of the first 
group was greater than the second group (M = 4.52 sec, SD = 3.40), (z = -7.55, p < 0.05) (see Figure 
2); either there were stops caused by user error (Clinical group : M = 11.50, SD = 24.81; Control 
group: M= 1.88, SD = 1.70), (z = -3.47, p < 0.05) or the stops occured every 30 seconds automatically 
to force the interaction. (Clinical group: M = 17.66, SD = 21.08; Control group: M = 4.39, SD = 3.16), 
(z = -5.801, p < 0.05) (see Figure 3). 

Besides, the test indicated that there were differences in relation to the type of user interaction, i.e. 
the clinical group (M = 36, SD = 38.18) looked less into the session leader’s eyes than the control 
group (M= 101, SD = 60), (z = -6.627, p < 0.05). Moreover, the clinical groups (M = 14.13, SD = 
18.24) needed more time to interact when looking into the eyes than the control group (M = 3.67, 

 
Fig. 2. Average response time. This figure shows the average response time used by users after an event occurred in the 
sytem. 
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Fig. 3. Type of average response time. A shows the average response time when the users provided an interaction looking 
into eyes. B shows the average response time when the users did not provide an interaction looking into eyes. 

 

 
Fig. 4. Type of average response time. A shows the average response time of participants after the automatic stops every 30 
seconds. B shows the average response time of participants after a stop caused by an error (at the first level, stops caused by 
errors were not recorded). 

 
SD = 2.16), (z = -6.305, p < 0.05). As can be observed in Figure 4, the response time decreased as the 
users moved forward in the game when the clinical group provided interaction with eye contact. 
However, for the control group, the reaction time decreased regardless of the type of interaction. 

Nevertheless, the descriptive analysis showed the clinical group interacted for a longer period 
looking into the session leaders eyes than via gestures or words (M = 22.54, SD = 23.31). Additionally, 
the correlation between the response time and the number of times of interaction with eye contact was 
analyzed. Thus, the trend of both groups in this aspect was able to be checked. As a result, regarding 
the clinical group, a moderate correlation r=-0.481, which was both negative and significant, was 
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Table 3 

Percentage of people who did not overcome the levels 

Group Level Avg. number of interactions Threshold % overcoming 
Clinical Group Level 1 47.86 10 90% 

Level 2 35.08 7 86% 
Level 3 29.08 6 85% 

Control Group Level 1 123.47 25 100% 
Level 2 86.35 17 100% 

 Level 3 78.82 16 95% 

 
Table 4 

Rights and wrongs 

Group Events       Mean Standard Deviation 
Clinical Group Rights      24.66 22.35 

Wrongs     7.03 7.34 
Control Group Rights       79.41 31.48 

Wrongs    14.15 13.43 

 
obtained (p<0.05). Regarding the control group, a moderate correlation r=-0.403, both negative and 
significant, was also obtained (p<0.05). 

4.2. Interaction with the game results 

Three aspects were analyzed in order to assess the interaction with the game: 1) the percentage of 
people who did not overcome any levels, 2) the rights and wrongs during the game and 3) pointer 
position. To determine the percentage of people who completed the levels, it was established that the 
user had to exceed a 20% threshold in terms of the average number of interactions provided by their 
group at each level (see Table 3). Moreover, 66% of people in the clinical group who did not exceed 
level 3 provided two or fewer interactions during the level. 

As Table 4 shows, the Mann-Whithney test indicated that the only significant difference was 
between the rights and wrongs of the clinical group and control group (errors: Z= -4.37, p=.000; 
rights: Z=-7.902). Differences between pointer positions (p = .147) were not deemed to be significant. 

4.3. Eye Tracker results 

The results obtained from the eyetracker are shown in this section. To carry out an analysis of the 
data captured by the eyetracker, an initial data cleaning phase was conducted in the course of which 
any zero positions recorded and produced by the last pointer used were disregarded. There were no 
significant differences between the average gaze positions when the users were playing z(Px,Py)= (-
0.255,- 0.300), p>0.05), although there were differences between the pupil diameter, as it can be seen 
in Figure 5, these being greater the size of the control group ( z=-3.84; p<0.05) (see Tables 5 and 6). 

Nevertheless, as can be observed in Table 6, differences were found between two groups when 
analyzing the eye movement when there were stops (z(Px,Py)= (-2.439,-5.029), p<0.05)). This data 
indicates the participants state when the game was stopped and that there were no distracting elements 
on the screen. The control group kept their eyes focused on the upper right of the screen, although the 
clinical group performed an average exploration on the bottom right of the screen. 
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Table 5 

Gaze position: Gaming 

Group Position                  Mean Standard 
Deviation 

Clinical Group Gaze X position     −5.48 67.89 
 Gaze Y position     57.49 63.98 
 Pupil Diameter      3.61 0.70 
Control Group Gaze X position      −3.45 40.73 
 Gaze Y position       158 46.44 
 Pupil Diameter       3.81 1.02 

 
Table 6 

Gaze position: Game stop 

Group Position                  Mean Standard 
Deviation 

Clinical Group Gaze X position     6.86 14.33 
 Gaze Y position     22.52 627.55 
 Pupil Diameter      3.29 1.10 
Control Group Gaze X position     21.15 41.88 
 Gaze Y position     64.29 45.58 
 Pupil Diameter      3.79 0.77 

5. Discussion and conclusions 

Both professionals and family members of children with ASD work and seek alternatives so that 
people with ASD may improve on their weaknesses day by day, thus ensuring that they can lead an 
independent life [10, 19]. The purpose of this pilot study was to assess how a system designed for 
people with ASD can help them achieve this objective, incorporating this system as a tool into their 
cognitive rehabilitation.  

 

 
Fig. 5. Pupil diameter size. A shows the average pupil diameter when the game is running. B shows the average pupil size 
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when the game is stopped. 
The literature contains studies where several technologies are used to help people with ASD 

obtaining positive results [49, 50]. Nevertheless, these studies present as limitations they are not 
collaborative. This means, the user only works with the application, missing the interaction with 
someone else. This interaction allows to work social skills [19]. 

The results obtained from this preliminary study confirm the second objective, in which a desire was 
expressed to assess interaction with people during play. It was observed that there had been an 
improvement by reducing the reaction time throughout levels (see Figure 4) when the interaction 
involved looking into the eyes, this being an indicator that the system could help in cognitive 
rehabilitation. Furthermore, both groups evidenced the same behavior when they interacted with the 
session leader through eye contact, that is to say, as users provided a greater number of interactions 
looking into the eyes the less time it took them to interact with the session leader. This could be 
because the participants understood that the quicker they ask for help or interact with the session 
leader looking into their eyes, the faster they can play again. 

As for objective 3, this might be determined as an objective variable to analyze the reaction time of 
participants with ASD. There was a high average reaction time - 21.08 seconds after an interruption 
occurred in the system. Rights and wrongs may be considered as a further indicator because, as Table 
4 shows, there are significant differences in relation to the rights and wrongs recorded in the system. 
The high number of errors (wrongs) made by the control group are thought to be because users 
provided more interactions with the game and session leaders than the clinical group. 

Another major indicator is the visual contact, as eye contact predominates when children ask for 
help and when interacting with the session leader. Interaction time might also be deemed to be a 
further indicator to be taken into account. Looking at Figure 3B, it was ascertained that interaction 
time increased when the clinical group interacted with the session leader via gestures or words at 
Level 3. This could be the case since users who were more affected spent more time answering, which 
might be because they could not finish the level or because they provided no interaction (see Table 3). 

As regards screen exploration, there were no significant differences between the clinical and control 
group when the game was running (see Table 5). Nevertheless, there were differences when the game 
was stopped (see Table 6), since the clinical group fixed their gaze on the bottom of the screen, as 
shown in several research cases. This indicator can help professionals ascertain how to display new 
elements or concepts to them [51, 52]. 

These results are in line with other studies, which have analyzed how children with autism scan 
static pictures from the bottom to up, as the authors indicate J. Warnet, et al. [53], particular faces. The 
mayor concentration of children with ASD’ gaze is located in the mouth region and the control group 
in the eyes region. After analyzing the results obtained in this study, a longitudinal study will then be 
carried out. This first study phase has helped to obtain preliminary results for the indicators assessed 
both for the control group and the clinical group. A longitudinal study will be able to help ascertain 
how these parameters evolve and whether the clinical group approaches the results obtained by the 
control group. This might entail an improvement in the areas worked on and also help to ascertain the 
effectiveness of the system itself as a rehabilitation tool. In short, this system could help in cognitive 
rehabilitation and the working interaction area affected by ASD. Therefore, the authors conclude that 
new technologies make it possible not only to create environments adapted to each people needs, but 
also to use them as a cognitive rehabilitation tool. 
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