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Abstract

This paper proposes the design and applicatiom afinanersive virtual reality system to
improve and train the emotional skills of studewtth autism spectrum disorders. It has been
designed for primary school students between thes ag 7-12 and all participants have a
confirmed diagnosis of autism spectrum disordee iilmersive environment allows the student
to train and develop different social situationsistructured, visual and continuous manner. The
use of a computer vision system to automaticalliemheine the child’s emotional state is
proposed. This system has been created with twts goanind, the first to update the social
situations, with the student’'s emotional mood tak&on account, and the second to confirm,
automatically, if the child’s behavior is appropeian the represented social situation. The
results described in this paper show a signifidamirovement in the children’s emotional
competences, in comparison with the results obdaungil now using earlier virtual reality

systems.

Keywords: autism spectrum disorders, virtual tgalemotional skills, social skills,

computer vision
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1. Introduction

The use of Virtual Reality (VR) as an educatiomabltfor students with an Autism
Spectrum Disorder (ASD) is being addressed in wffe recognized studies with an aim to
provide a support tool for the implementation cfegies of activities that will help improve the
difficulties that the students with ASD have witheir social and emotional skills (Parsons,
Leonard, & Mitchell 2006; Josman, Ben-Chaim, Frieldr & Weiss, 2008; Wallace, et al. 2010;
Cheng, Chiang, Ye, & Cheng, 2010; Wainer, & Ingy2011; Kaland, Mortensen & Smith,
2011, DiGennaro, Hayman, Hirst, 2011). The ASD siisl that participate in this study have a
visual and extremely specific way of thinking, @ital but somewhat abstract reasoning and,
even though these students are known to be bahigeint and have an excellent memory, they
often experience great difficulties when planningautive functions and with their social skills,
most noticeably in their emotional incapacity toimtan empathic relationships and to identify
such emotions. (Ehrich & Miller, 2009; Volkmar, &a& Klin, 2009, Campatelli, Federico,
Apicella, Sicca & Muratori, 2013). All of these dgfs lead to a lower comprehension of the
rules of communication and to an anticipation ofatvbthers feel, do or say, and makes them
display an attitude of indifference.

Most current VR environments are visual experiergisplayed on a computer screen.
However, in Immersive Virtual Reality Systems (IVR&e user is completely immersed in a
computer-generated world, giving them the impressibat they have “stepped inside” a
synthetic world. These systems offer a controllad aafe three-dimensional representation of
real environments that can be used repeatedly.a®urin this paper consists in designing and
applying an IVRS to stimulate the notably visuacitive processing that characterizes students
with ASD for the purpose ofimproving the student’s emotional skills. A largeimber of
strategies used in educational intervention fodetts with ASD are based on transferring
information using visual aids and materials. Thereesearch to support that these students have
a tendency towards visual and structured thinklagsfer, 1992; Gray, 1998; Savner & Smith
Myles, 2000; Albrecht, et al 2014). Later worksGrandin (2009) state that visual supports can
have an indirect as well as a direct impact onadcssiills.

A number of authors (see e.g. Blascovich et alQ220Vallace, Coleman, & Bailey,
2008) indicated that IVRS can allow an improvemiarthe stimulation of students with ASD in

comparison to the VR-based systems. As indicatetthenrelated works section, several IVRS
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have been proposed to enhance the social skillaS@ children. In contrast with previous
approaches, the proposed IVRS has been designadsiad specifically for the development of
these student emotional response. Furthermore, a robot withraeta at the end-effector has
been incorporated in the above-mentioned IVRS terdene the child’s facial expressions at
every moment when carrying out the tasks in theugirenvironment. The information obtained
from the camera at the end of the robot will beduiseth to evaluate if the child’s behavior is
appropriate as well as to update the IVRS, as vleaxplain throughout the paper.

The importance of emotions in social relations leg element to establish an effective
communication between people. Children learn froryoang age to develop the capacity to
express emotions that allow them to regulate amdrabtheir social environment. Through the
human face and its emotional expressions we aeetaldee and interpret the emotional state of
another person while we also obtain a great amotimtformation (Balconi, 2008; Balconi &
Carrera, 2008). As mentioned earlier, the goal lo$ tstudy is to improve the emotional
competences in students with ASD. Based on oureeatudies (Lorenzo, Pomares & Lledo,
2013), the IVRS offer the possibility to represesttuctured and clear visual information,
characteristics that adjust well to the cognititsdesof students with ASD. Although these earlier
studies have not addressed the emotional skiksjrttmersive system allows students to train
and develop new situations and tasks. In the woekgnted in this paper, the previous IVRS has
been improved with an additional sensory systemelkas the integration of new properties to
train and improve the emotional competences ofesttgdwith ASD.

This paper will be arranged in the following wag: $ection 2 there is a description of
previous related works as well as of the specifiaracteristics that are meant to be stimulated
and improved in the students with ASD. In Sectiowe8will introduce the main features of the
IVRS and the sensory system used. The method angrtiocol of tasks will be described in
Section 4. Finally, the results and the conclusionié be described in Sections 5 and 6

respectively.

2. Related Works
2.1. The emotional competencesin ASD students
This first subsection describes a review aboutetmetional skills of the ASD students

participants in this research. Children with ASbwhan emotional development that diverges
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from other children and this is interpreted as &k laf empathy to react emotionally to other
people’s states of mind. The difficulties in chéddrwith ASD to establish appropriate emphatic
and communicative social relations have been expthwith different theories: a) deficits in
planning and anticipating tasks and actions ana esnsequence, constant repetition (theory of
executive dysfunction) (Fisher & Happé, 2005); bhtinuous integration and perception of
details and a very weak global perspective (thedrgentral coherence) (Nader-Grobois & Day,
2011; Pellicano, 2010); c) lack of capacity to gpoae and interpret other people’s state of mind
(theory of mind) (Fisher & Happé, 2005; Nader-Grigh® Day, 2011); d) difficulties to express
emotionally appropriate behaviors to the preseetadtional states of mind (theory of empathy)
(Baron-Cohen, 2002; Nader-Grobois & Day, 2011).rAag amount of studies such as (Baron-
Cohen, 1995; 2000; 2002; 2008; Baron-Cohen et @BpP0Ondicate a series of aspects that
characterize the significant retardation in chitdveith ASD related to the empathic capacity to
react emotionally to other people’s state of mind:

* Minor joint attention frequency (they don’t look tite other person’s face and do not
even follow their eyes.)

* Less imaginary games and more activities with alekes.

* A notable reduction in intuitive comprehension thecomes more limited when an
explanation is needed.

* Impairment in the capacity to understand the mepmihthings and/or predict other
people’s behavior (incapacity to detect deceptlmrt)a high capacity to pay attention to
details.

» A significant retardation in the perception and poemension of emotions and as a
consequence, an inappropriate response to othplg@@emotions.

Baron-Cohen (2008) identifies the empathic capaagythe ability to put yourself in
someone else’s place, to imagine what the othéinging and feeling, as well as to understand
and to foresee the other person’s conduct. In otloeds, the skill to attribute others with a state
of mind and respond with an appropriate emotionp&imy is attributed with the skill to rapidly
and specifically decode the different facial exprass depending on the context, even to
identify the most complex states of mind (Sawyeillighson & Young, 2012). The lack of
empathic capacity is obvious in students with ASI2 do the difficulty to recognize the non-

verbal expressions and other people’s emotions.s&hehildren normally focus more on
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secondary elements in the face than on the tratezimitformation (Wallace et al, 2008; Nader-
Grobois & Day, 2011). All of these studies supdbeg necessity to continue with projects that
teach how to recognize emotions and how to devABP children’s empathic capacity. To do
so, we will use one of the great capacities ofl#fieS: the systematization, and the possibility of
repeating tasks in diverse contexts. Students A8D typically exhibit strengths in their visual
processing skills, therefore, the mainly visuariéag performed in the IVRS helps the student
to better understand his/her environment and toieedhe required skills. All these aspects are
taken into account in the defined virtual enviromtse

2.2. ASD and Virtual Reality

This section describes a review about the workisph@pose the use of VR or IVRS as a
tool to improve several deficits shown by childmeith ASD. Most of these works use VR to
check if the child’s face adapts to a specificaitan as well as to evaluate the child’s correct
behavior when facing different situations reprodlioa the computer. The represented scenes in
the VR system are commonly static images and/onateid characters. In this section, we will
review the mentioned works and indicate what weeheantributed to this study, not only to
detect emotional states of mind but also to traid @tervene in the development of emotional
competences by using the proposed IVRS and thsfénaof the learned skills into real contexts.

Considering the studies about VR and facial redagni there are previous works
applicable to ASD that try to identify emotions.rFexample, the information about facial
recognition of the user is also used to improvesthaal interaction in works like (Ben Ammar,
Neji, Alimi, & Gouardéres, 2010; Madsen, el Kaligliyoodwin, & Picard, 2008); while others
have presented the possibility to improve faciaogmnition through monitoring of the eyes,
facial expressions or the study of brain imagegsifi$a Martin, & Wallace, 2010). The works of
Tseng & Do, (2010) are also worth mentioning. Theseks, based on the movie Alice in
Wonderland, through the FEW program, intend to depmssible changes in the character
throughout the progress of the story. In the samg,vacava, Rankin, Mahlios, Cook, &
Simpson, (2010) propose the Mind Reading systemnhis a library of emotions. We also want
to mention another software, Face IT, with whick tiser can identify the changes in facial
expressions (Tanaka, et al. 2010). Within this esintve should highlight the software LIFE is
GAME, which can be employed to teach ASD peopletmgnize facial emotions (Abirached, et
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al. 2011). The works of Deriso, Susskind, KriegeBartlett (2012) use the facial recognition
CERT library and the emotion system, Mirror. Ondla problems with this kind of systems is
that the camera has to be placed in front of thiel ¢b be able to capture his/her emotions
(constraining the child’s motions). With the intemnt to avoid the limitations of always having to
place the child straight in front of the camerdéoable to detect facial expressions, in this paper
we propose the use of a robot with a camera anitls This will allow the child to move around
freely in the IVRS and the robot will do all thecessary movements to make sure that the face
is always within its field of view. As indicated foee, the computer vision system, described in
Section 3, is employed to automatically determihe thild’s expression. This system will
confirm if the child’s facial expressions in theR® are appropriate and this information will be
used, on the one hand, to evaluate the child’sldpaeent, and on the other, to update the scene
represented in the IVRS. One of the major problatnen using VR with children with ASD is
the lack of contextualization of the emotions atelimplementation. However, by using the
presented IVRS it is possible to create a contexitag to a real one to help the students to learn
certain emotions when facing different situatiomgich will help them learn and afterwards
transfer the knowledge into the real world). Itlvailso allow repetition and systematization, as
one of its strong assets, which will lead to a cidun of this emotional deficit.

There are previous works such as (Matsentidou &lIBp2014; Wallace, et al. 2010)
related to the use of IVRS with people with autigvtatsentidou and Poullis (2014) employ an
IVRS (VR CAVE) that consists of four HD screensuifoprojectors and cameras. They
investigated whether a VR CAVE environment can §edun an effective way by children with
autism, and whether children can benefit from #drad apply the knowledge in their real life.
Although this system has not yet been tested wiiD Aeople, the system has been designed to
represent different unsafe situations where thil echust experience it, in order to learn how to
act (e.g. crossing the road). Wallace, et al. (2@kplored the responses of ASD adolescents in
an immersive “blue room”. This room is composedafr screens (three walls and a ceiling)
where different animations are projected (strektyground and school corridor scenes). This
paper suggests that IVRSs offer the potential toeege realistic-looking scenes that could form
the basis of important social role-play. The VR8s also applied for the social interaction
development (Beach & Wendt, 2014) and to improvaasaskills such as teaching pedestrian

crossing (Siano, Pellegrino, Casadio, Summa, GadaRossi, Dall’Agata & Sanguineti, 2015;
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Tzanavari, Charalambous, Herakleous & Poullis, 2008her works suggest that IVRS can be
used to improve the attentional skills of ASD peogZeng, Fu, Zhao, Swanson, Weitlauf,
Warren & Sarkar, 2015). In contrast with previoppr@aches, the IVRSs proposed in this paper
have been developed together with the school tescdma families seeking to improve ASD
students’ emotional skills. The designed scenabenlVRS are as close to reality as possible.

This reduces the adaptation time and improvesrémsfer of skills into the real world.

3. Immersive Virtual Reality System

In this section, the different components of thepmsed IVRS are described. This system
is used to provide the children with visual ancerattive learning with the aim to help them
acquire the social competences already mentionbd Jection shows a description of the
components of the IVRS (equipment, virtual enviremts and other developed software) that
recreates different social situations or storiethwie objective to train appropriate emotional
responses to improve the student’s emotional skills

The IVRS is made up of the elements describedearfdhlowing subsections: equipment,
virtual environments or immersive scenarios anthsoe components.
3.1. Equipment

The different scenes are shown in a system withdped screens called “semi cave” (see
Figure 1). One of the screens provides a fronalwf the environment and the other is placed
on a platform which allows it to project from belowhe components and avatars of the
represented virtual scenes can change their behdemending on the actions and behaviors of
the ASD student. For this reason, the face recimgndf the student is required in order to detect
the student’'s mood and accordingly update the scéfe do this, a robot with an eye-in-hand
camera system is employed as is shown in Figuf@é robot used is a 7 DoF Mitsubishi PA-10
robot arm. This robot has an eye-in-hand PHOTONFOCMV-D752-160-CL-8 camera
installed on its end-effector. The camera also rdetees the pose of the children. This
information is then used to update the point ofw&hown on the screens. Another important
piece of equipment worth of mentioning is the soapstem that helps the child to hear different

sounds as if they were in a real environment @s$® used to give instructions to the child).

Figure 1.System architecture
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3.2. Virtual Environments

A computer with the software Vizard has been usedldsign the scenes or virtual
environments. This software provides an interfdee allows the user to write scripts in Python
and disposes of a series of virtual reality likrarto adapt the environments. The avatars and
their moods were designed using 3ds Max. The toopleyed to design the avatars is
PeopleMaker. This tool has allowed the design pressive avatars and the integration of them
in the IVRS using Vizard. In Figure 2, two diffetammersive virtual scenes are represented (a
party and a classroom). Using these situationshiié can interact with the different avatars and
carry out a series of emotion recognition tasks @uagdtice the emotional responses as described

in Section 4.

Figure 2.Examples of immersive virtual environments. Alildy party (left) and a classroom (right)

3.3. Software Components
The different software components used in the I\da8 be divided into the following
groups:

» Interface. By using this module, the researcheevaluator can interact with the child and
the different components of the IVRS.

* Virtual reality generation module. This module @n$ the program Vizard where the
different immersive environments are designed.

» Data capture module. Provides information aboutcthifl’s position and orientation within
the virtual environment so that the child’s poifitview can be adjusted to offer a correct
display. Our earlier studies (Pomares, Chaumett&€pies, 2007) are used to calculate this
position. This module also determines the childmohand verifies if it is appropriate for the
presented situation. The software FaceDetect (Keekl & Ernest, 2006) and the camera at
the end of the robot are used to determine the mbbi@d software uses an algorithm that
generates a numerical value that is employed totifgeand quantify the user’s four basic
expressions: anger, happiness, sadness and surprise

* VR software application. This software applicatloas been developed with the objective to
compare the learning results in the IVRS with thguits from a classic VR system (the same

scenes can be represented in both systems). lcaeeof the VR software application, the



IVR in emotional skills of ASD 10

moods are captured with a webcam. This last agpicavill be used, as stated in Section 4,

with the so-called control group.

4. Method

As mentioned before, the aim of this study is te tise IVRS to train, develop, and
improve the deficits in emotional skills shown itudents with ASD. The strategic framework
proposed for the collection of information aboutdgints and their progress employs a mixed
methodology (due to the intervention of two disicipty fields, robotics and technology and
psychopedagogy). Therefore, from the technolodield a quasi-experimental methodology has
been employed and, from the psychopedagogy a gtinadit quantitative and experimental
methodology has been used. This method will noy albw us to implement and practice the
designed educational intervention but also to a®alyossible improvements in the emotional
competencies proposed as an object of study irrékearch through the use of the IVRS.

As background of the present research, the authorsed from 2006 to 2010 with 7-to-
12-year-old ASD children. During this initial phaseveral social situations where the students
had difficulties were identified, that is, they didt have shown an emotional response according
to the social situation. Having identified theseiabsituations, the authors proceeded to design
the IVRS and its application to improve the ematilorskills of these students in the
aforementioned situations during the next yearg désign and implementation was carried out
following the schedule set out in Section 4.3. Tiheestigation has been divided into the
following phases:

» Initial phase. The questions/problems were estaddisas a starting point:
RQL1. Is there a significant difference between V&8 Desktop VR for the development of
emotional competences in students with ASD?
RQ2. Is there a significant difference between IV&® Desktop VR with respect to the
transfer of the acquired knowledge into a schowlrenment?

* Planning and design phase. Designing of the immengrtual environments as well as the
data collection instrument. These environments lshoat only allow the identification and
recognition of emotions, but also the training alelelopment of appropriate emotional

behaviors in students with ASD.
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* Implementation phase. The children with ASD camy & series of previously planned tasks
in the IVRS. The IVRS will recreate situations tire form of social stories, which allows the
recognition of expression and emotions as well hes ttaining of appropriate emotional
behavior.

* Analysis phase. Study and analysis of the obtarasdlts and their educational implications.
Evaluation of the improvement that the IVRSs previd relation to the deficits in the
emotional competences of students with ASD, in canmspn to the traditional VR desktop

environments.

4.1. Participants

The participants have been chosen according torpopwe non-probability sampling
method and following the criteria for primary schatudents with a ASD diagnosis. The
participant sample consists of 40 students (29 logs11 girls) from primary schools, between
7 and 12 years old. The students were chosen afterviews with the school psycho-
pedagogical services and with the student’s tutbhese interviews allowed confirming the
family support to the research and verifying if stadents’ difficulties correspond with those
mentioned in Section 2.1. The experimental grou@g@thildren (14 boys and 6 girls), chosen
randomly, will carry out the tasks in the IVRS amdecond group, the control group (15 boys
and 5 girls), chosen randomly, will carry out thsks in the VR software application indicated in
Section 3.3. All participants have difficultiestime social situations that will be trained using th
IVRS or the VR software application and no sig@fit improvements have been noted using

traditional therapeutic approaches.

4.2. Instruments

As mentioned before, a structured social situaisorepresented in the IVRS in which a
set of aspects can be controlled: irrelevant infdiom is eliminated, instructions are clearly and
explicitly presented, and finally, a visual leamirs developed (furthermore, this learning is
interactive and close to reality). These aspedis take advantage of the special systematization
capacity of this group of students, for which wevénalesigned the following data collection

instruments.
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4.2.1 Emotional script (ES)

We have established an Emotional Script (ES) azcelsscript or behavior guideline in
which we introduce 10 social situations. As in @y social stories (Carol Gray, 1998, 2004) a
social situation is presented and the adequatevimebaare presented. However, in the approach
proposed in this paper, the user must interachenlVRS with the individual and continuous
support of the evaluator. This allows studentsern the appropriate behavior and apply it in
different sessions in the IVRS. These social ditnat are designed based on real situations

where the students have shown difficulties:

=

The student goes to a birthday party.

The student wants to play with some childrethapark.

The student, as every day, stands in line mgith enter the classroom.
The student is listening to a story told by téscher in class.

The student approaches some children playiogeso

The student is going on a field trip with hisssmates.

The student has the annual medical check-aphatol.

The student plays hide-and-seek with friends.

© © N o 0k~ DN

The student will sit down next to some childtieat are talking in the patio.

10. The student is working in class and he neeskdor help.

In the designed social scenarios, situations iichvbtudents use the emotional behaviors
of joy, sadness, anger, fear, surprise, etc. watent into account. The 20 participants in the
experimental group will carry out these situatiomghe IVRS, following the session planning
explained in Section 4.3. The control group wilatarry out each and every one of these social
situations in the VR software application indicatedSection 3.3. Once the social situation has
been introduced to the child (in the IVRS or the $tware), an evaluator will explain the task
instructions and the possible behavior guidelireshe child. The guideline is the emotional
script and it will be the same for both the childmeorking with the IVRS as for the control
group. Having a common emotional script for botbugrs and following the same structure for
all the social situations allows an easier learrforgthese students (characterized by a visual,
mechanical and structured learning), as well asmparison of the obtained results from both

groups. In addition, by using this script, the ed&br can provide the student with models,
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explanations and alternatives to solve the mendiosieuations. The evaluator will also be
responsible for registering the children’s behawiarboth groups.

The objective of this instrument is to collect infation about:

* The identification of the implicit emotions in tkéferent social stories.

* The training of appropriate emotional responsesnMaeing the introduced social

situations.

Phase 1. Identification of the situation and theogans

In this first phase, the social situation is intodd to the child and the evaluator
constantly interacts with the children. The evaduaxplains the social situation and asks the
child about the components of the situation anduabite different characters’ emotions (where
they are, which situation is being represented,revtiee children are and how they are feeling
(happy, angry, sad, surprised etc.)). During thisraction, students receive permanent support
from the evaluator to become familiar with the watt environment. They do not know that the
evaluator carries out a first evaluation of thelctlduring this first phase. Additionally, the
information obtained by the evaluators has beenl@yed during the research to create more
expressive avatars for ASD children. The evaluatidrgrade the child’s answers, both in the
VR application and in the IVRS, with a number frdmo 6. 1: Does not identify any of the
requested situations; 2: ldentifies what they aveng 3: Identifies what they are doing and
where they are; 4: Identifies what they are doiwgere they are and the implicit emotion in
some of the situations; 5: Identifies what they @oeg, where they are and the emotions in a

regular way; 6: Does not show any difficulties éea@gnize and identify the introduced situation.

Phase 2. Implementation of the emotional script

Keeping in mind that the goal of this study is ooty to identify, but also to develop and
train appropriate emotional behaviors that imprtwe emotional competences of this group of
students, we have established a behavior guidahdepossible alternatives in the social stories.
In the experimental and in the control group ithis evaluator that both gives the directions and
registers the behavior. As mentioned earlier, tieen established common emotional script for
all the social stories. This script is used inta# sessions in such way that it forms a fixed and
mechanical framework that helps the student’s legriThe script is as follows:

1. The evaluator describes the situation in a cledrpmacise manner.
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2. Behavior proposals: The evaluator shows the studenich behavior would be
appropriate.
3. If the behavior performed by the student is appeter
a. The evaluator shows the other avatars’ reactionsrder to highlight this correct
behavior.
b. The evaluator shows the student what would havedrad if the behavior had not
been appropriate.
4. If the behavior performed by the student is notrappate:
a. The evaluator indicates this by showing the othetas’ reactions.
b. The evaluator reminds the student which is the@pyate behavior and goes back to
step 2.
5. The session ends with one frase to sumarize wleastident should learn from this
session.
In Table 1, an example of the use of this scripsitnation 2 is described (“The student
wants to play with some children in the park”).drder to show the children interaction in the
IVRS, Figure 3 represents a child in the IVRS ddimg social story 2.

Table 1. Script for the situation of social stomot

Figure 3. Child interacting with the IVRS

The students’ behaviors, while the different sosiflations take place, will be registered
by the evaluator in the categories shown in TaBle8 and 4. In these tables we specify the
relevant conduct to be observed dividing them itiicee sub-categories or dimensions: a)
behavior during the presentation and descriptiorihef social stories; b) emotional response
when carrying out the social stories; ¢) compliandd the behavior guideline. The evaluator
determines the number of times (or frequency agcateld in the results section) where the
adequate behaviors indicated in Tables 2, 3 ame 4laserved. This record has been carried out

throughout the 4 planned sessions for each ofdbialsstories, as indicated in Section 4.3.

Table 2.The evaluator’s record of the categories correspogdo:
a) Behavior during the presentation and descriptdithe social stories.
Table 3.The evaluator’s record of the categories correspogdo:

b) Emotional response when carrying out the scstiaties.
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Table 4.The evaluator’s record of the categories correspog to:

¢) Compliance with the behavior guidelin

4.2.2. Data collection using computer vision.

As mentioned in Section 3, the proposed IVRS usasmguter vision system, capable of
automatically determining the child’s expressionile/the social stories take place. In the case
of the control group we have used a fixed cameradathe child’s face and in the case of the
IVRS we have used a camera placed on the roboffseffactor. This computer vision system is
used so that the avatars that appear in the vidgahes react according to the child’s
expressions. However, this system is used simuitasig to register the number of times that the
child’s behavior or facial expressions do not cgpand with the social situation. Therefore, the
computer vision system is employed to automatiaatyister the number of times when students
perform inadequate behaviors or the facial expoessioes not correspond with the social
situation. This number of inadequate behaviorsaleed here as a score. This value is also used
as an evaluation criterion. The following scoreegaties are used: Category 0: null score (all
behaviors were appropriate); Category 1: scores fioto 3; Category 2: scores from 4 to 6;
Category 3: scores from 7 to 9; Category 4: sctyes 10 to 12; Category 5: scores from 13 to
15; Category 6: scores over 15.

4.2.3. Initial interview and throughout the inter vention process of the social stories.

In order to determine if the proposed IVRS allowsgpioving the deficits in emotional
skills of these students, it is necessary to evaeltlae generalization and application of the
knowledge acquired in the virtual environments theo real contexts, such as a school
environment. For this purpose it is necessary ® aiglata collection instrument in the real
classroom. For this, we have interviewed the sttglentoring teachers. These interviews were
held on a monthly basis with the intention of doaglose follow-up of the emotional responses
given in the social situations represented in in®al environment. The tutoring teacher writes a
monthly evaluation of each child with a number friarto 6, with 1 being: the child still does not
identify what the other children are doing and hthey feel and they do not follow any
behavioral guideline; 2: the child starts to idgnéind understand what the others are doing and

how they feel even though they still do not foll@my of the guidelines; 3: identifies the
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emotions and follows a few of the guidelines; 4ntifies the emotions and follows several of
the guidelines; 5: identifies the emotions andofel the guidelines regularly; 6: Does not show

any difficulty to identify the emotions and to foW the guidelines in the presented situation.

4.3. Design and Procedure

This section describes the procedure carried otmglthis research. The study begins in
the academic year 2006/2007 with a group of childselected from schools in the province of
Alicante (Spain). These schools had students wiBiD A&and special education teachers. During
that year we established a list of situations tuettg a set of social skills, with which the
students with ASD have shown difficulties (thig lister became the Emotional Script). During
that year we also created several questionnairegetermine the student’s development
throughout the year in a quantitative way. Thesestijonnaires measure the student’s
development while they perform the above-mentiol&dof tasks (see Section 4.2.3). These
evaluations were used with other students with Afsibing the following two academic years.
The number of participating students during thésed years varied between 17 and 24. The
information collected during these three years Wes starting point to create the virtual
environments and the emotional script. The impldaat@n process of the instruments
mentioned in Section 4.2 took place during the 28Q12 school year. The students became
familiar on an individual basis with the virtual@monment in September 2011 and the sessions
with data collection instruments started in Octob@tl. The timeline is presented in Table 5.
The individual sessions lasted 35 minutes. Thereewieur monthly sessions, held in the
morning and in the afternoon, outside the regu@drosl schedule. At the beginning of the
research, the interviews with the tutoring teachezse scheduled on the last day of each month
and a member of the research team went to the stthtgarn more about the student’s learning

development and about possible changes or adapgatio

Table 5. Timeline. Tasks implemented during eachtimo

5.-Results
This section presents the results obtained duhiegapplication of the method described

in the previous section. In this section, the téstndy group” is employed when referring to the
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children that have used the IVRS and the term ‘fobigroup” when referring to the children that
have used the VR software applicatidhe statistical significance is evaluated withtagt (p-value),
considering as statistically significant the estisseof the parameters with p-value < 0.05 (in $eistion,
p-value = 0 is considered when lower thaiT)10

Figure 4 presents the results obtained during tteegss of identifying the virtual
environment (first phase of the emotional scrifuij,both the control group and the study group.
To work out this figure we have calculated the ager grade (see Section 4.2.1, Phase 1)
obtained by all the children over the 40 sessi@ssstated earlier, each social story has been
carried out 4 times). This figure represents therage and standard deviation of the grades
obtained for each session. In this last figure ae see that the average grades obtained by the
study group become higher as the number of sessimmmease. Furthermore, analyzing the
average, standard deviation and confidence intdorahe parameters represented in Figure 4,
the values obtained by the study group are: 5&,&hd [4.6, 5.4]; and the values obtained by the
control group are: 4.5, 0.14, [4.43, 4.7]. The lfiagerage grades for the study group (5.4) and
for the control group (4.7) are significantly diéat from each other (p-value = 0.03).
Additionally, at the end of the study, the averggades of the study group and the control group
showed a very statistical significant differend& tmean scores in the study group increased by
0.9 points (p-value = 0.00001) compared to onlygaihts in the control group (p-value = 0.37).
All these data reveal that the training helps thégdcto adapt to the virtual environment and
improves the identification in the IVRS more than the traditional VR desktop software

application.
Figure 4. Identification process for both participey groups during the presentation of the sociatiss.

Figure 5.a presents the average frequency of betsaobtained by all the children in the
study group during the second phase of the emdtsamgot (execution of the emotional script)
classified in the three subcategories or dimensiodisated in Section 4.2.1: a) Behavior during
the presentation and description of the socialietpb) Emotional response when carrying out
the social stories; ¢) Compliance with the behagigadeline. To obtain this “average frequency”
we have calculated the number of adequate behaifiecpiency) indicated in Tables 4, 5 and 6
that have been registered by the evaluator whdesttial story is presented in the IVRS. Tables
4, 5 and 6 represent a set of appropriate behathatswould be desirable for the children to
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exhibit. While the emotional script is carried autthe IVRS, the evaluator registers the number
of these adequate behaviors (frequency). The agdraguency (and corresponding standard
deviations) obtained by all the children is theueaindicated in Figure 5.a. We have divided this
figure in such way that the reader can see theageeirequency from the first, the second, the
third and the fourth time the children carry out #ie social stories. The information
corresponding to the control group is indicatedFigure 5.b. Analyzing the average frequencies
represented in Figure 5 for session 1, an averalge Yor the frequencies and standard deviation
of 8.5 and 4.1 respectively is obtained for thelgtgroup. The corresponding values in session 4
are 14 and 2.9 respectively. Additionally, an ageraalue for the frequencies and standard
deviation of 7.6 and 4.5 respectively is obtained the control group in session 1. The
corresponding values in session 4 are 10.5 ang&cévely. From the results we can observe
that, even though the number of adequate behagiimilar in the first session, as the training
moves forward, the average frequencies increasefisantly in the immersive environment. In
order to answer the RQ1, in the next paragraplstdtestical significance is evaluated depending
on the three categories represented in Figure 5.

Firstly, the results obtained for the category @havior during the presentation and
description of the social stories, are studiedth&t end of the research, the average frequencies
of the study group increased by 2.4 points (p-val®e00002) compared to only 0.2 points in the
control group (p-value = 0.47). A statistical vesignificant difference is obtained between both
groups (p-value = 0). With respect emotional resporwhen carrying out the social stories
(category b) the average frequencies of the studypgincreased by 4.4 points compared to 2.3
points for the control group. However, the sigrafice of both values is very different. A p-value
of O is obtained for the study group and a p-vati®.031 for the control group. A statistical
significant difference is obtained between bothugso(p-value = 0.002). Finally, the results for
category c), compliance with the behavior guidelime considered. In this case, at the end of
the study, the average frequencies of the studypgiocreased by 9.4 points (p-value = 0)
compared to 6.4 points in the control group (p-gakl 0.00033). A statistical significant
difference is obtained between both groups (p-val0ed11).

To summarize and to confirm the obtained resuliguré 6 shows the evolution of the
registered adequate behaviors (frequency) througiheu40 sessions. The results confirm that

even though the students in the desktop environrobtdin higher frequencies of adequate
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behaviors in the initial sessions, the students ¢hay out the social stories in the immersive
environment, with training and practice, show digant improvements related to the emotional
behaviors and the compliance with the guidelindshA last session, the average frequencies of
the study group increased by 9 points and onlyifitpan the control group with respect to the
first session. A statistical very significant diéace is obtained between the last average

frequency for both groups (p-value = 0.0001).

Figure 5.Analysis of the frequency record of adequate bigla\a) In the immersive environment b) In the
desktop environment.
Figure 6. Analysis of the evolution of the adequate behavior the emotional script throughout the

student’s 40 sessions, both in the immersive as#tdp environment.

In Figure 7, the average scores obtained by aldem in both groups, using the
computer vision system are presented (this figuse ahows the standard deviations). The
computer vision system is employed to automaticaedlgister inadequate behaviors and the
scores have been calculated with the criteria atdit in Section 4.2.2. All the children (study
group and control group) show some difficultiesdentify the emotions in the first sessions and
a great number of inadequate behaviors (scorejletexted by the computer vision system (in
the first session an average score of 30 and 28kdained in the study group and control group
respectively). However, the scores clearly decresise the number of sessions (in the last
session an average score of 7 and 14 is obtainettheinstudy group and control group
respectively). The final average scores are sicgmfily different from each other (p-value = 0).
Analyzing the average, standard deviation and denfie interval for the parameters represented
in Figure 7, the values obtained by the study gamep 16.3, 6.5, and [13.1, 19.5]; and the values
obtained by the control group are: 22.2, 4.1, [2@B5]. Regarding the RQ1, the emotional
competences in the IVRS related to the represesteihl situations seem to be improved
according to the information provided by the congpwision system. All these data indicate that
both groups reduce their inadequate behaviors enl#RS. However, the training helps the
children to adapt to the virtual environment angbriaves their behavior in the IVRS more than

in the traditional desktop application.

Figure 7. Analysis of the average scores obtairgdgithe computer vision system.



IVR in emotional skills of ASD 20

In Figure 8, the results obtained from the evabratianswered by the tutoring teachers at
the schools during this research are presented3seton 4.2.3). As mentioned before, this
evaluation is carried out by the tutoring teactwer& monthly basis and allows us to confirm the
transfer of behaviors from the virtual environmemtb the real world (RQ2). Analyzing the
average, standard deviation and confidence inteo¥/ahe values represented in Figure 8, the
values obtained by the study group are: 4, 1, @8, [5.1]; and the values obtained by the
control group are: 3.4, 0.4, [2.9, 3.9]. The grddage shown more significant values in the study
group, related to the knowledge of emotional situet and their existence in the school
environment. In Figure 8, the empirical resultseavan increase of the average scores from the
beginning to the end of the implementation proad#sthe emotional scripts (10 months) when
the IVRS is employed. At the beginning, the studyug obtains an average grade of 3, while the
control group obtains a value of 3.1 (these avekadges are obtained during the first month).
The statistical significance of the average graddbe interviews are different for both groups.
For the control group, an average grade of 4 (pevat 0.02) is obtained at the end of the
implementation of the emotional scripts (improvet&i0.4 units). However, in the study group
an average grade of 4.9 (p-value = 0) is obtainékdeaend (improvement of 1.9 units). The final
average grades for both groups are significantigmint from each other (p-value = 0.00187).
As indicated in Section 4.3, we carried out intews during the three academic years 2006-
2009, with the goal to learn more about the ASDdett’'s development in the school
environment, carrying out the social situationstlod Emotional Script. These students had
special education support (the IVRS is not applaa) showed an improvement from 0.1 to 0.7.
This means that the emotional skills in the rediost environment have been improved.
Therefore, the skills trained in the IVRS are cotise transferred to the real world and the

students have shown a better progress than inqueyears when the IVRS was not used.

Figure 8. Evaluations answered by the tutoring teas at the schools during this research.

6.-Conclusions
The results of this study show a significant presenf more appropriate emotional

behaviors in the immersive environments in comparigith the use of desktop VR applications.
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The immersive environments offer a high degreentdractivity with the user and consequently
the possibility of further developing the imagimetiand learning through various roles that
occur in the represented social situations. Anaitfteresting aspect is the fact that the emotional
behaviors in the real school environment have iwmgadoduring the study in the children that

participated in the IVRS. This aspect indicated thés possible to transfer and generalize the
acquired skills from the virtual environment to Irsgtuations. In the same way, one of the
aspects that we also consider interesting in tbhdysts that the results confirm the general
evolution in the students throughout all the sewssioNe have verified higher grades in the
resolution of emotional responses in the immersam/ironment than in the desktop

environment, even though the grades in both enmisoris did not show any significant

differences at the beginning of the study.

Looking at the results, the IVRS is a useful toothie acquisition and development of the
emotional competences in students with ASD. The SViRelp to develop and improve the
emotional competences of students with ASD not diyjyidentifying more or less complex
facial expressions, but also by interacting inetiéht situations and understanding the emotions
implied in these social situations. To do so, ihésessary to design school and social situations
that are as real as possible (with elements knowthé students), with behavior guidelines to
systematize the responses and the support of thputer vision system to interact and to collect
information. A possible improvement for future seglis to continue widening the range of

emotions and tasks so that they become more corbplixin the IVRS as in the school context.
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Figure Captions

Figure 1. System architecture.

Figure 2. Examples of immersive virtual environnsert birthday party (left) and a classroom
(right).

Figure 3. Child interacting with the IVRS

Figure 4. Identification process for both partidipg groups during the presentation of the social
stories.

Figure 5. Analysis of the frequency record of addgubehaviors a) In the immersive
environment b) In the desktop environment.

Figure 6. Analysis of the evolution of the adequagbaviors in the emotional script throughout
the student’s 40 sessions, both in the immersidedasktop environment.

Figure 7. Analysis of the average scores obtairsatg the computer vision system.

Figure 8. Evaluations answered by the tutoringhteexat the schools during this research.

Table 1. Script for the situation of social stompt

Table 2. The evaluator's record of the categoriesesponding to the behavior during the
presentation and description of the social stories.

Table 3. The evaluator’s record of the categor@sesponding to the emotional response when
carrying out the social stories.

Table 4. The evaluator's record of the categoriesesponding to the compliance with the
behavior guideline.

Table 5. Timeline. Tasks implemented during eachtmo



Observations and guidelines for the Directions and reinforcements for the students
evaluator

1. The evaluator describes thelhe evaluator indicates that the child should apghno
situation indicating where thethe other children and show an interest in playiith
children are. them.

2. If the child goes away The other avatars try tawagthe child’s attention.

The evaluator indicates the appropriate behavior.

3. If the child approaches theThe other avatars also change their expression.
others  but with  and The evaluator indicates which the proper expression
inappropriate expression. by showing an example.

4. If the child approaches theThe evaluator reinforces this behavior by showing t
other with an appropriateother children’s expressions and offers him/hegslé&y in
expression. the IVRS.

5. The evaluator ends the session
by reminding the learnt
information.

Table 1. Script for the situation of social sttwp.



Categories Session 1 Session 2 Session 3 Session 4

They show interest for wha

is being presented to them

They understand what is

being presented to them.

They pay attention to the
things that are being

described.

They show interest in doing
what is being explained to

them.

Table 2. The evaluator’s record of the categor@sesponding to the behavior during
the presentation and description of the socialestor



Categories Session 1 Session 2 Session 3 Session 4

They identify where the
social story or situation

occurs.

They look at the people th

appear in the story.

They know what the peopl

that appear are doing.

They ask questions abou

what they are seeing.

Their expression shows
what is happening in the

story.

They answer the questior

that are being made.

They follow the indicated

guidelines.

They show implicit
emotional expressions in
the social story through

their answers.

They don't follow the

indications literally.

They realize that the
children are pleased and

happy.
They realize that the

children are angry.

They are surprised by the

stories that they see.

They realize that there ar
children that are surprise

by something.

At some point of the task,
they ask what is going or
with the children.

Table 3. The evaluator’s record of the categor@sesponding to the emotional response when caryin

out the social stories.



Categories Session 1 Session 2 Session 3 Session 4

The student followed the

teacher’s guidelines.

The behaviours are
reinforced with the help of

the other avatars.

The student applies the
alternatives given by the

evaluator.

The student explains how

he/she should act.

Table 4. The evaluator’s record of the categori@sesponding to the compliance with the behavior
guideline



IVRS Group

Control Group. Desktop

environment
Month Social situations Month Social situations
October 1234 October 1234
November 56,78 November 56,78
December 9,10,11,12 December 9,10,11,12
January 34,5,6 January 3.4,5,6
February 7,8,9,10 February 7,8,9,10
March 12,34 March 1,234
April 56,7,8 April 5,6,7,8
May 9,10,1,2 May 9,10,1,2
June 34,56 June 3,4,5,6
July 7,8,9,10 July 7,8,9,10

Table 5. Timeline. Tasks implemented during each month.



Figure 1. System architecture
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Figure 2. Examples of immersive virtual environments. A birthday party (left) and a classroom

(right)



Figure 3. Child interacting with the IVRS



The student’'s evolution in the identification process

Grades
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Figure 4. Identification process for both participating groups during the presentation of the social

stories.



Presence of behaviors in the study group
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Figure 5. Analysis of the frequency record of adequate behaviors a) In the immersive environment

b) In the VR desktop software application.



Evolution of the student’'s behaviors
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Figure 6. Analysis of the evolution of the adequzhaviors in the emotional script throughout tiuelent’s
40 sessions, both in the immersive and desktop@mwent.



Evolution of the behaviors detected by the robot
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Figure 7. Analysis of the average scores obtained using the computer vision system.



Follow-up interview with the tutoring teacher
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Figure 8. Evaluations answered by the tutoring teachers at the schools during this research.



HIGHLIGHTS

Virtual reality to improve the emotional skills &SD students.

Immersive virtual reality system to create socigliagions where the students can
practice their emotional responses.

Design and implementation of protocols to evaltlagestudents’ emotional response.
Identify, develop and train appropriate emotiorgthdwviors of ASD students.

Immersive virtual reality system to create socitlaions to improve their emotional
skills





