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ABSTRACT

Recent developments in the area of information@mimunication technologies for people with special
needs led to significant changes in the way spetsaind educators face the daily impairments pbged
abnormal behaviors. Computer based educative metheek recently been considered as a key element
for educating people with autistic spectrum dismsd@&SDs). Latest literature reveals that persoits w
autism, especially children, enjoy interacting wéttimputers and consider them as a “safe” envirohmen
due to the lack of expectations and judgments thake social interaction problematic. Virtual
Environments (VESs), usually accompanied by 3D huwithrcharacters have been proven to play
essential role in special education and sociahmtgions. In addition, emotionally expressive avat
advance the quality of tutor-learner interactiorurtRermore, unobtrusive wireless sensors often
integrate autistic person’s feedback and reacfibis paper attempts to demonstrate specific atifec

a proof of concept fashion with a long term purpsénprove the educational process of people with
ASDs.

KEYWORDS: Computer-aided learning, affective computing, amtismotions, human-computer
interaction, avatars.

INTRODUCTION

During the last years there is considerable advantee research on innovative computer technotogie
for the education of people with special needs sscpatients suffering from ASD. The specialistd an
educators are aided by interactive environment§aaing the daily abnormal reactions by autistic



persons [1], which can generally be classified asblpmatic social interaction, communication
impairment dealing with verbal and non-verbal chaan Inflexibility in thinking, language and
behavior is the third main autism impairment [2]utistic persons realize both world and human
behavior uniquely since they react in an abnornayi te input stimuli while there is problematic huma
engagement and inability in the environmental galigation [3].

A particular patient group is that of autistic cnén. According to previous studies [4], educati®n
considered as the most effective therapeutic glyatMore specifically, early stage education has
proven helpful in coping with difficulties in undaganding the mental state of other people [2]. Trd&a
this direction, computer tools may be a benefiaiding instrument. Consequently, during the lastrye
the field of collaborative interactive environmenssich as virtual environments (VE), is of key
importance. Their advances are the control of tipmuti stimuli and the monitoring of the child’s
behavior. A recent effort led to the developmentaof interactive computer game aiming at the
enhancement of the collaboration between multipkrailike children with ASD, [Cospatial]. The game
makes have used puzzles for providing both audaod,/visual feedback.

Moreover, the human-computer interaction (HCl)egarded as a “safe” and enjoyable experience. This
can be explained by the fact that the interactiith womputers does not pose severe expectations and
judgment issues in contrast to the social intevactiSo, computer systems tend to be a controlled
environment with minimal distractions and therefene attractive one for the education of autistic
children [5]. This is further supported by severgborts which mention that this type of interaction
elicits positive feelings, whereas the communicatioth human is highly problematic [6]. Moreover,
this feeling is a generic and uncorrelated withtyipe of the software interfaces.

Furthermore, tutors often report that behavior@rations during the educational process are a @ymm
phenomenon among autistic persons [7]. The pertie say be described by specific educational
parameters such as the time and the processesdrteeciemplete a goal and the percentage of success.
Moreover, the behavior monitoring during a periadtime may reveal important factors for the
children’s progress. A large portion of the trawlitl educational tools employs real world
environments, hardening the task of autistic childf8], since it requires rapid and flexible thimdi
Moreover, real world environments cannot be fulbyirolled because of the lack to provide the same
set of conditions more than one times.

The aim of this paper is to review recent trend¢hia education of children with special needs and t
mention the work carried out in the Lab of Medidaformatics at the Aristotle University of
Thessaloniki regarding educational issues for acifiersons. Moreover, the further work is expedted
provide the specialists and educators with sigaificconclusions about how autistic persons behase i
virtual environment in contrast to the real world.

RELATED WOK
I nteractive Environments/ Softwar e Platfor ms

Various interactive environments have been develdpethe rehabilitation of children with autisnm |
most of the cases, these environments are intrddogeneans of software educating platforms [9,10].
In order to provide knowledge in an attractive wdlyese platforms use entertaining content in
educational settings (edutainment). Photos of obgcts (used in daily life) or sketches of thera ar
presented on the monitor of a computer so as toweage people with autism to distinguish objects
based on their size, color, type, etc. Moreoves kind of interactive learning platforms motivates
children to correlate the objects with sounds andda. For adding to the attractiveness, platforraken
use of animated pictures or videos. The comprebensi the task is supported by verbal and visual
(usually makaton symbols) guidance in order to miné the role of the monitoring teacher [11].



Robotic Systems

Robotic systems are often included in the intevacinvironments [12]. Developed as interactive toys
for children, humanoid robots are used as resealatforms for studying how a human can teach a
robot, using imitation, speech and gestures. Isimgly, robotic platforms are developed as intévact
playmates for children. Recent literature reveh# tobots generate a high degree of motivation and
engagement in autistic persons, including those areounlikely or unwilling to interact socially it
human educators and therapists [13]. Additionadtyidies over a long period of time allowed the
children to explore the interaction space of robatran, as well as human—human interaction.
Repeated exposure to an interactive small humarodidt increased basic social interaction skills in
children with autism [12].

Virtual environments

VEs have proven to be another active area of resefar social interventions., Various successful
software platforms with virtual environment for @tic people have been developed since in the last
decade [14,15]. VEs are able to mimic specific @osituations in which the user can role-play. The
stable and predictable environment provides supksyof interaction that eliminate the anxiety [16].
Moreover, VEs offer safe, realistic-looking 3-D sa€os that can be built to depict everyday social
scenarios. Recent articles have demonstrated ility alp participants with ASDs to use and interpre
VEs successfully, and learn simple social skillmgishe technology [17]. Additionally, one of theost
important aspects of VEs used by participants wi8Ds in educational settings, is their level of
enjoyment. It has been realized that persons wiiDg}y especially children, are more interested in
interacting with computers more than other toyd.[Moreover, virtual peers [19], life-sized, langaa
enabled, computer-generated, animated charactdriotk like a child, are frequently a part of awal
environment. For example, a virtual peer accomgaaiehild with ASDs during a game or a storing
telling scenario.

Avatars

Playing in most cases essential role as instruetoigtionally expressive avatars are one of the most
interesting options of such an educating systence@tiliterature reveals that avatars, being hurngano
or not, advance the educational process [18]. Aaiditly, educators suggest that most of the times
persons with ASDs are able to recognize the awatmmental and emotional state provided by facial
expressions [18]. Avatars, as inhabitants of thiuai space, can enhance the interaction levelkn V
Their behavioral capabilities are envisaged withotgomal and facial expressions [20]. The use of
emotional expressive avatar is of crucial imporeairc the educational process, since their abibity t
show emotions and empathy enhances the qualitytof-tearner and learner-learner interaction [21].
Therefore, emotion-aware computers are regardedcassiderable and valuable educational technique
[3].A significant effort has been done in using ¢imally avatars due to the findings in psycholegy
neurology that suggests emotions as important fantalecision-making, problem solving, cognition
and intelligence in general. Results of surveysragneducators of autistic children in recent literat
illustrate that not only most of the children resizg the avatars emotion but also the avatar’s iemait
state advances the educational process [18]. Merethe findings are better in case of the avadargu
native voice [18]. Apart from the instructor forthe avatar is responsible for providing feedbacthto
user's action by means of the appropriate emoti@pgy for success and sad for failure). Training
studies in [22] have suggested that children wititisen show greater improvements in emotion
recognition when programs include cartoons rathen tphotographs of real faces. Moreover clinical
and parental reports also state that autistic hilégpend long periods of time looking at carto@23.



Additionally, parents and professionals often répbat “autistic children know more about cartoons
than about people” [22].

TEACCH Method

A widely used method for educating people with ASDEACCH (Treatment and Education of Autistic
and related Communication handicapped CHildreigstto provide a controlled environment to the
children during their normal educational processorder not to confuse the autistic children. The
approach of this method involves a structured tegchmethod and the use of visual materials [23]. In
addition, TEACCH principles involve changing thehbeiour and skill level of the person as well as
developing an environment that matches the persoitgie needs. A wide variety of the interactivd an
virtual environments espouse the principles of théithod by targeting to the person’s visual praogss
strengths by organizing the environment and progdi visual conduct to supply information about
activities. Moreover, visual structure is providada variety of levels such as organizing areathef
environment, providing a daily schedule using piesuor written words, as well as visual instrucsion
and visual organization signalling the beginningl amd of tasks. This technique is based upon the
observation that children with autism learn andneant information differently than other children.

Special Input Devices

While people with ASDs enjoy interacting with conbgng, more attractive forms of input are used.
Most of the recent research projects use as imaaiiack a touch screen instead of the common mouse
device [18]. a multi-user touchable interface ttettects multiple simultaneous touches by two ta fou
users was used in [24]. Each user sits or stands receiver (a thin pad) such that touching théetab
surface activates an array of antennas embeddid surface (capacitive touch detection) [24]. The
function of this screen was very easy to be obthibg people with ASDs. Moreover, big colored
buttons subserve user selection. Moreover, studiasing virtual reality for the rehabilitation p&ople
with ASDs include visual devices that represent 3k virtual world [25]. Alternative interaction
methods include remote controllers like the Wiimfiart of a commercial game console) like in [26].
This device is capable of monitoring not only reenbtittons’ selection but also movements (based on
internal accelerometer). Furthermore, external aesviare used in order to measure and monitor user’s
internal and emotional state, such as wearable unmagnt devices [27]. In [28] web camera, eye
tracker and data glove is used for this purposaidge that, scientists try to provide more attvacti
virtual worlds by using video projectors and depigtthe educational material in a wall of a roor][2

As it is mentioned above, TEACCH principles involekanging the behavior and skill level of the
person based on his personal unique needs. In érder platform to achieve this goal it has to be
capable of recording the user’s interaction/edoogprocess. By using all the records in the progsy,

a longitudinal record may be achieved indicatinde@arning curve” for each autistic person sepayatel
thereby enhancing and normalising the educationacgulures toward each person’'s needs.
Consequently, the educators are enabled with trackrd of the users’ progress and modify the
difficulty levels accordingly.

OUR APPROACH

Carried out in the Lab of Medical Informatics at tiristotle University of Thessaloniki, Greece
(LOMI-AUTH), our approach is based on a platformattis intended to enhance or mediate the teacher-
child educational process [9]. Including a variefyinteraction procedures according to the disgbili
level of autistic, the platform consists of severaldules. There are modules where the child ischke
identify the correct image between two or more iesmafig. 1), to put images in the correct sequence
(according to time), identify emotions by visualpeassions etc. Furthermore, the more complex



modules are in the form of semi-virtual environnsefthe theme of the modules varies from objects in
the normal surroundings, daily objects and acésiticolors, words, etc, which are integrated isieas.

An avatar with synthesized speech in autistic pessmative language was chosen as the main
instructor. Other communication forms that acconypidue instructor include text written in the screen
the corresponding makaton symbol and related soasidptions (based on special needs of the person
with ASDs). Recent research results about emotien aglopted by our avatar which can express
emotions depending on the situations, e.g. happiwbgen the correct image is selected, sadness.if no
Moreover, the user’s input/feedback is being reedrdy the supporting database system which
integrates the platform. Due to this, the instauttand the difficulty level can be personalizeddach
user.
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Fig. 1 Educator can interact with current logged in users

Furthermore, our current interest is towards aerattive semi-controlled real world environment][30
Such an environment consists not only by an inteewirtual environment but also from objects and
data of the real life that can be tracked by medngireless sensors. The major difference betwhien t
and VEs is that in the semi controlled one theesystannot initialize the environment with the &iliti
set of conditions although it can monitor all thexfprmed activities. So, a semi-controlled real laior
environment is hypothesized to be beneficial fog #ducation of autistic children. Furthermore,
according to the related research it may be udefll for the specialists helping them to understand
better the abnormal reactions.

CONCLUSION
Successful autism “treatments” using education@rientions have been reported even a decade ago

[31]. As we have seen in the paper, recent years hitnessed ICT-based approaches and methods for
therapy and education of autistic children. Theentrresearch focus has been on innovative infeeact



and virtual software or hardware platforms that ly@vatars and can simulate real world situations
but in rather safe and controlled manner.

Individuals with autism have lately been includadhie main focus in the area of Affective Computing
(AC) or “computing that relates to, arises from, or delitedyainfluences emotions” [32].
Technologies, algorithms, interfaces and sensaitscdn sense emotions or express and thereby
influence users’ (autistic persons’) emotions héeen continuously developedmong the
pioneers in this field of research are the Affeeti@omputing Group (ACG) at MIT and the Autism
Research Centre (ACR) at Cambridge. Working closétly autistic persons has lead to development of
various significant methods, applications and tetdgies for emotion recognition and expression.
Innovative wearable sensors along with algorithorseffficient recognition of human affective states
have been developed by the ACG, applicable forsaatindividuals [33]. Additionally, the Affective
Social Quotient project has helped autistic chitdiesarn emotions using physical objects such as dol
[34]. A DVD with educational software for emotioreglled the Trasporters, has been created at ACR,
which is one of the most extensively used commeagiplications for this purpose [35].

However, much has yet to be improved in order telasignificant success in treating individualghwi
autism. This depends on two aspects: theoreticdl @mactical. The first signifies the theoretical
knowledge on autism, the triad of impairments, anel individual difference in coping with such
disabilities in the modern complex world. From theactical perspective, many of the existing
technologies have limited capabilities in theirfpanance and thus, limit the success in the edocati
autistic persons. This is especially significant icearable hardware sensors that can provide fekdba
from the autistic individuals in the educationabgess. Much has to be done in order to have alelia
emotional, attentional, behavioural or any typdegfdback that can be essential in the alteraticihef
educational method to better suit the people wittisen. Nevertheless, the realisation of autism as a
significant health topic in the modern world is miag but promising fact for the future trends of
improvement in the usage of educational ICT to hbbkp autistic people in coping with the everyday
surroundings.
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