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Abstract. Emotion recognition is essential in human communication and social
interaction. Children with autism have been reported to exhibit deficits in
understanding and expressing emotions. Those deficits seem to be rather
permanent so intervention tools for improving those impairments are desirable.
Educational interventions for teaching emotion recognition should occur as early
as possible. It is argued that Serious Games can be very effective in the areas of
therapy and education for children with autism. However, those computer
interventions require considerable skills for interaction. Before the age of 6, most
children with autism do not have such basic motor skills in order to manipulate a
mouse or a keyboard. Our approach takes account of the specific characteristics of
preschoolers with autism and their physical inabilities. By creating an educational
computer game, which provides physical interaction with natural user interface
(NUI), we aim to support early intervention and to enhance emotion recognition
skills.

Keywords: autism, facial emotion recognition, gesture-based interaction, Kinect,
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1. Introduction

Autism, according to the Diagnostic and Statistical Manual (DSM-IV-TR) of Mental
Disorders [1], is a Pervasive Developmental Disorder (PDD) characterized by
impairments in social interaction, in communication and by restricted, repetitive and
stereotyped patterns of behavior, interests and activities. Children with the same
diagnosis of autism may exhibit different symptoms and may demonstrate markedly
different behaviors and skills. The spectrum of symptoms can range from mild to severe
and efficient diagnosis is difficult. Autism is also described as an Autistic Spectrum
Disorder (ASD) due to the variability with which the disorder is manifested. In this
article autism and ASD will be referred interchangeably.

Social interaction impairments, a core feature of ASD, involve difficulties in
understanding and expressing emotions [2]. Social interaction is the mutual influence
between individuals, during which people exchange verbal and nonverbal messages, in
order to provide and receive information for themselves and for the others. It is a
process of production and exchange of signs that usually affects the behavior of people
involved in it. Marked impairments in the use of nonverbal behaviors such as facial
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expressions, according to DSM-IV-TR, can be responsible for qualitative impaired
social interaction. Nonverbal communication is the expression of emotions, moods,
attitudes and the general inner world expressed through the body. It constitutes the
largest part of a communication process and facilitates clarification between
communicators to define the possible role that each of them has at each moment during
this transaction. Source of nonverbal signals is the human body and particularly the
face, the eyes, the postures, the body movements and the gestures.

Facial expressions give important clues about emotions and provide a key
mechanism for understanding, identifying and conveying them. Facial expressions
underline the feelings of emotions. Children with autism often fail to recognize the
qualitative differences and associations between various expressions of emotions [3].
Due to limited social and emotional understanding they do not know how to adequate
interact with other people which sometimes leads to inappropriate behaviors. Studies
have reported that young children with autism experience difficulties recognizing
expressions and adults with autism are not as good as typically developing adults at
emotion recognition [4]. It has also been recorded that individuals with autism are
significantly impaired and exhibit heterogeneity in their emotion processing [5], have
difficulties in recognizing emotions from the upper part of the face [6] and exhibit a
deficit in overall emotion recognition from facial expressions [7]. Toddlers with autism
focus their attention on a single facial feature and treat people as objects [8]. Visual
scanning of faces in autism revealed an increased visual fixation time on mouth region
and a significant less time on eyes region that was associated with impairment in daily
social interaction [9]. There is also evidence that individuals with autism and typically
developing individuals decode facial expressions through different mechanisms [10]. A
recent study was conducted to evaluate verbal and perceptual skills implicated in the
recognition of facial emotions. Individuals with ASD, 5-20 years old, were tested for
their perception and identification of facial emotions. Results indicated unimpaired
ability to label basic facial emotions and impaired ability to generalize them [11]. Other
studies support that individuals with ASDs do not show impaired emotion recognition
[12]and these results indicate the wide variation in the manner that individuals are
affected.

2. Related Work

Treatment approaches aim to improve social interaction, conquest communication and
control inappropriate behavior. Children with autism are more likely to initiate positive
interaction after treatment [13]. Education is considered as the main solution for the
socio-emotional deficits and training is claimed to improve face processing abilities and
strategies in autism [14]. A variety of educational interventions have been proposed for
children with autism and many proponents have supported developmental improvement
and other benefits [15].
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2.1 Traditional Educational Interventions

Traditional therapy techniques and tools for teaching children with autism about
emotions are Social Stories™, Developmental Individualized and Relationship based
(DIR) / Floortime, Social Communication Emotional Regulation, Transactional Support
(SCERTS), Applied Behavioral Analysis (ABA), Early Intensive Behavioral
Intervention (EIBI), Picture Exchange Communication System (PECS) and Treatment
and Education of Autistic and Related Communication Handicapped CHildren
(TEACCH).

Social Stories™, developed by Carol Gray [16] are an approach for teaching
individuals with ASD social behaviors. They are short stories that describe and give
information about social situations or interaction which children may find difficult or
confusing. Their main goal is to provide accurate social information for improving
understanding of events that may lead to more effective responses and not for effecting
changes. DIR / Floortime parent intervention [17] can help children with autism to
connect emotionally and to build social and intellectual skills. This approach follows the
child’s emotional interests and provides one to one, intensive, play - based intervention.
SCERTS is a framework that incorporates practices from other approaches and
evidence-based practices [18]. It is a supporting multidisciplinary model for children
with autism to enhance socio-emotional and communication abilities. The ABA therapy
is often used as a treatment for children with autism. It is a widespread and recognized
method for increasing learning, communication and appropriate social behavior [19].
Positive reinforcement, reward for desired behaviors and ignorance for inappropriate
behaviors are the main characteristics. According to the ABA intervention method,
teaching children with autism about emotions can be achieved by providing examples of
appropriate emotional behavior and then rewarding when a child gives the correct
emotional response. Young children with ASDs usually receive a home-based program,
the EIBI, which is based on the principles and technologies of ABA [20]. Early
intervention appears to lessen the effects of autism and children with ASD appear most
able to benefit when intervention begins very early (2-4 years old) [21], [22]. Toddlers,
who attended an early intervention program, appear to benefit from this, since 31% of
those children were functioning in the typical developing range after the intervention
[23].

Children with ASD are reported to have strong visual processing capability and a
good performance on difficult visual search tasks [24], [25]. Augmentative and
Alternative Communication (AAC), such as PECS, is frequently used to increase
functional communication in children with ASD. PECS is an effective visually-based
system for communication via icons [26]. Visual supports are also suggested for social
skill development enhancement in young children with ASD [27]. Picture cards with
cartoon faces or illustrations of people faces or photos showing different facial
emotional expressions reinforce and support learning. Programs that emphasize visual
support strategies are commonly used in education classrooms. A well-known and
widely applied model, the TEACCH, is a teaching strategy which emphasizes in
structured and predictable learning environment. It utilizes visual cues to increase
independence and to teach new skills, such as facial emotions, to children with autism.
It involves daily schedules, visual materials, individualized treatment and parental
support [28].
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2.2. Computer Interventions

Computers are rich, stable, predictable, consistent teaching tools and they provide a
proper and more motivational learning environment for individuals with autism [29].
They are great educational tools since children with autism often experience discomfort
with unpredictable social environment and they prefer a controlled learning
environment [30]. Autistic individuals can enjoy learning and improve their skills with
computer-based intervention. Nowadays computers are the most adaptable assistive
technology devices available for children with autism and various computer games have
been developed to help them to manipulate their impairments. Some of those games
focus on their social interaction training and especially learning about emotions [31].
Although effects on social and emotional skills are mixed, computer intervention is a
promising practice. In a recent review, Wainer and Ingersoll [30] examined a number of
innovation computer programs as educational interventions for people with ASD. They
focused on studies describing programs to teach language, emotions or social skills.
Their analysis showed that those tools are promising strategies for delivering direct
intervention to individuals with ASD.

Currently, ample researches in Serious Games for children with autism have been
done. Serious Games are designed for a primary purpose other than pure entertainment,
fun or enjoyment [32] and in relations to autism they cover matters related to education,
therapy for communication, psychomotor treatment and social behavior enhancement
[33]. Serious Games for ASD education are designed to help teachers or student during
the teaching and/or learning process. Studies show that Serious Games are very
effective in the areas of therapy and education for such children.

The Emotion Trainer [34] is a multimedia computer program for improving school
age students’ ability to recognize and predict emotions in others. It has positive effects
on users’ understanding of emotion, particularly with repeated use. Mind Reading [35]
is an interactive systematic emotion guide for teaching individuals with Asperger
syndrome. Experiments show that Mind Reading is effective in teaching adults with
Asperger syndrome or high-functioning autism to recognize complex emotions. Another
computer training program for teenagers with autism is the “What to choose” game
[36]. It is software with human and cartoon facial expressions, 3D images, text and
audio for training individuals with autism in understanding dialogues that contain
pragmatic subtleties. Children with autism have failed to take into account the causal
link between facial expressions and the outcome of the dialogue. cMotion [37] is a
computer game that uses virtual characters to teach emotion recognition and the
programming concept to children with autism. The game is designed to teach the users
how to recognize facial expressions and manipulate an interactive virtual character by
using a visual drag-and-drop programming interface. A computer-based intervention for
face training is the Let’s Face It! (LFI!) program [38]. This program is comprised of
seven interactive computer games that target the specific face impairments associated
with autism. Those games are organized into a theoretical hierarchy of face processing
domains. The Let’s Face It! Program shows promise as an effective intervention tool
and treatment alternative. Emotion Mirror is a project that integrates Computer
Expression Recognition Toolbox (CERT) with the program Let’s Face it! [39]. It is a
computer assisted intervention system to enhance facial expression perception and
production in children with ASD. This game could be beneficial for children who
already have learned labeling and understanding of emotions. The LIFEisGAME is a
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facial emotion recognition learning system based on the interaction between humans
and 3D avatars [40]. It is a computer-based approach that uses real time facial synthesis
of 3D characters in order to teach autistic people to recognize emotions from facial
expressions.

Bernardini et al. [41] proposed ECHOES a Serious Game for children with ASD to
practice social communication skills. This project presents an intelligent virtual
character that acts both as a peer and as a tutor on a number of different learning
activities. These activities can be selected manually by a human operator (practitioner,
parent or other carer) through a graphical interface. The experimental results showed
encouraging tendencies by relating the effectiveness of the children’s interaction with
the virtual character acting as a social partner to them. Porayska-Pomsta et al. [42]
suggest SHARE-IT, an intelligent and authorable environment to assist children with
ASD in gaining social interaction skills. Their tool contains an intelligent agent and a
play environment that allows teachers and parents to become co-creators and tailor the
game according to the needs of the individual children in their care. Although the design
and creation of personalized games is crucial for children with ASD, as reported by the
authors, limitations in the agent’s intelligence (agent inability to deal with inappropriate
or unexpected behavior from the user) contradicts the structured, stable and predictable
learning environment that is also crucial.

Table 1. Computer and other interventions
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Mind Reading [35] Asperger Syndrome / High Functioning Autism | from 8 years old v 14 2D v T,AV
‘What to choose [36] High Functioning Autism teenagers \4 v 3D \4 \4 T,A
cMotion [37] Autism - - v 3D - -
Let's Face it! [38] Autistic Disorder / Asperger Syndrome / PDD-NOS school age v v 2D v -
Emotion Mirror [39] ASD - - v - - v \i
LIFEisGAME [40] ASD from 6 years old Vv 14 3D v A
ECHOES [41] Autism Spectrum Conditions young children vV other 2D/3D v TA
SHARE-IT [42] Autism - - other 3D v -
The Transporters [46] Autism / Asperger Syndrome 4-8 years old v other 3D 14 - A,V
Pix Talk [50] Autism 2-8 years old - other 2D - \4 T

2.3. Other Interventions

Nowadays, there is a research and development trend in using motion-based touchless
games for children with disabilities. An ongoing EU funded project called MAALL ' that
aims to develop a “professional” version of these games and a company called Kinems®

! http://www.m4allproject.eu
2 http://www kinems.com
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that develops learning games with natural interaction for children with multiple learning
disabilities, are examples of this tendency.

Current studies have also gone considerably beyond the simple use of computers.
Diverse technology-based interventions have been employed for empowerment and skill
acquisition. Recent reviews [43], [44] have shown that there is a growing number of
interventions and report a variety of technologies such as multimedia presentations and
virtual environments. Other kinds of interventions include interactive DVDs, wearable
devices and mobile applications.

MIT Media Lab proposes a wearable device [45] that perceives and reports on social-
emotional information in real-time human interaction. The system records and analyzes
the facial expressions and the head movements of the person with whom the wearer is
interacting. This wearable platform is suggested as an exploratory and monitoring tool
to assist individuals with ASD in perceiving communication in a natural environment.

The Transporters [46], a DVD for teaching emotion recognition, is an animation
series for children with ASD (preschoolers or with significant learning difficulties). It
involves toy vehicles and real life faces of actors that show emotional expressions in
social context. The aim of this program was to teach not just some basic emotions but
also some more complex ones. Evaluations of this project showed improvements in
emotion comprehension and recognition skills [47], [48] but limited efficiency in
teaching basic emotion recognition skills to young children with autism with lower
range of cognitive ability [49].

PixTalk [50] is a software application for Windows Mobile Smart-phones which can
be used as part of ongoing therapy. Teachers and caregivers can access a web site and
select from an online library the images to be downloaded on to the Smart-phone.
Children also can browse and select images to express their intentions, desires, and
emotions using PixTalk.

3. Our Approach

Difficulties in identifying and describing feelings are assumed to be an integral part of
autism. Educational interventions can be used as a tool to help individuals with autism
to cope with those deficits. As the number of children diagnosed with autism increased
[51], [52], new methods for educating this population become necessary. In several
studies, computer-based programs have been widely used with success to teach people
with ASD to recognize emotions. However, those computer interventions require
considerable skills for interaction as the users have to control a mouse or a keyboard.
Such abilities are beyond very young children with autism as they have major restriction
in their efficiency to interact with computers. Our aim is to design and develop a gesture
controlled Serious Game, as an early intervention, for preschoolers (2-6 years old) with
autism to teach them basic facial emotions. Our approach takes into account the specific
characteristics of preschoolers with autism and their physical abilities. By creating an
educational computer game which proposes physical interaction, we hope to make early
intervention more appealing and to foster learning of emotions. This software intends to
support individuals with autism, their families and their trainers and also to assist the
preschool teaching and learning process.



A Novel Educational Game for Teaching Emotion Recognition Skills to Preschoolers with Autism 729

Educating children with ASD and particularly teaching them to recognize and
identify emotions from facial expressions is a significant challenge and a complex task.
The use of educational software for teaching social and emotional skills could help
students with ASD to improve those abilities [53]. Learning tasks developed in digital
environments using information technology can motivate the desire to learn in ASD
students. As we have already mentioned in the Related Work, computer interventions
appear to be particularly appropriate for people with ASD for several reasons.
Traditional interventions previously mentioned can be transferred into a computerized
version. In our game, we will provide one to one intensive play-based intervention,
visual support, positive reinforcement and reward, structural and predictable learning
environment and we will incorporate practices from all traditional approaches already
mentioned in order to make intervention more efficient.

Many approaches to technology-enhanced intervention rely on educational methods
shown to result in good outcomes. Computer interventions such as Serious Games could
be a good approach as they also have positive effects on children with autism. Serious
Games have the potential to support the process of learning and to motivate individuals
to learn more. They usually run on a personal computer and they provide a different
style of learning. We will attempt to apply a Serious Game approach to teach children
with autism facial emotion recognition.

Previews studies that used Serious Games with children with autism have taken for
granted the required skills and in particular the ability to use the mouse or the keyboard.
People with ASD demonstrate delay in fine motor skills which causes difficulties in
grasping and manipulating objects, such as a mouse [54]. The difficulties they encounter
include moving the computer mouse to designated area, corresponding to the location of
the cursor to the mouse movement, pressing down and lifting up fingers for the clicking
motion, and clicking the correct button on the mouse to make selection [55]. Those
difficulties are also found in typically developing individuals. Very young children
(autistic and non-autistic) are unable to functionally operate the computer mouse.
Experiments showed that four and five year old non-autistic children make more and
less accurate mouse sub-movements on approach to targets than young adults [56]. With
the increase of age, children in this study demonstrated significantly faster and more
accurate use of the mouse which gives evidence of a strong link between speed and
accuracy skills and developmental maturity. The same problems occur when players are
required to use other game controllers such as joysticks and gamepads. Various research
studies have been conducted to evaluate game controllers with the use of ISO 9241-9
[57] based on Fitts’ law tasks which is an effective and widely used predictor of
performance and comfort. For point and select task, evaluation showed that participants
prefer using a mouse and results indicated that remote pointing devices perform poorly
in terms of throughput, speed and error rate when compared to a mouse [58]. Touchpads
are consider to be a good solution for young children but evaluations have also shown
inferior performance, increased movement time, lower throughput and higher error rates
when compared with a joystick [59], a trackball [60] and a mouse [61]. Thus, we
propose an interaction based on gestures and a controller-free interface as a different
interaction technique. Our game will allow user to employ gestures for navigation and
interaction.
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4.  Design and Implementation

In this paper we present an educational computer-based single player game specially
designed for Greek preschoolers with autism. The primary objective of this game is to
assist young children with ASD to identify different emotions from facial expressions.
The main goal of our game is to provide recognition and understanding of facial
emotions through early intervention.

As a Serious Game, our development was based on the following principles: (a) it
should have an impact on the player in a real life context [62], (b) it is explicitly
designed to reach a specific purpose beyond the game itself and (c¢) it aims to teach
preschoolers with autism, facial emotion recognition in order to enhance their social
interaction.

Taking into account specific characteristics of autism, we designed the game in order
to meet the needs of students with ASD. A recent study conducted to analyze user needs
for Serious Games for teaching children with ASD emotions, revealed the
characteristics of the children’s game play behaviors [63]. The observation showed
repetition, matching instead of learning the features, lack of holistic face processing and
deliberately incorrect selection. According to those findings, our game was intentionally
designed to avoid such behaviors. For repetition, we decided not to give them the
opportunity to choose the same emotion again and again. For matching, instead of
learning the features, we describe the features of facial expressions in a separate level.
For lack of holistic face processing, we describe all the face features that reveal the
emotion and ask them to look at each feature separately. For deliberate incorrect
selection, nothing special happens when they give a wrong answer.

Our design also incorporates a theory-driven game design framework supported by
learning and developmental theories [64]. The framework is based on the integration of
Kolb’s experiential learning model and Piaget’s cognitive model. From this systematic
approach were extracted six essential elements for designing games to teach children
with ASD emotions. Those elements are: matching, recognition, observation,
understanding, generalizing and mimicking. We took those elements into consideration
during the design process.

4.1. Game Environment

The game environment is simple and less detailed in order to avoid children’s
distraction. Individuals with autism are reported to have enhanced perception of details
[65] which may causes distraction. For those reasons we select black context presented
on a white background and grayscale stimuli. Black and white contrast may also help to
increase and retain child’s attention and keep them focused on the screen.
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Fig. 1. Example of game instruction page

Game begins with an instruction page where the child is informed what is going to
happen, what she/he has to do and how she/he can do it. Apart from the text on the
screen, audio instructions are also provided. Audio cues are important as the
information presented is clear and age-appropriate. When the child feels ready, she/he
can choose to start the game. The game provides a structure learning environment which
consists of 3 different levels with increasing difficulty. Breaking the teaching
intervention into small learning steps makes the task easier to perform. In the first level
children should learn labeling emotions by correlating emotion terms with images. In
the second level they should learn to recognize emotions from their description and their
association with facial features. In the third level they should learn to identify the causes
of various feelings in different situations, obtained through the use of social stories.
Those three levels provide recognition, matching, observation, understanding and
generalization of facial emotions.

AYNH

Fig. 2. First level — labeling emotions (incorrect selection) [66]

Individuals with autism are usually visual learners, which mean that they understand
written words, photos and visual information better than spoken language. Information
is good to be presented through their strongest processing area. When teaching
individuals with autism about emotions, it is important to keep explanations as simple
and as concrete as possible. It is also recommended to describe each feeling pictorially
by using pictures with clear outline, minimal details and color [67]. For young children
it is advisable to keep to the basic emotions. In our approach, the basic emotions
selected include happy, sad, angry, scared and surprised. Those emotions were chosen
because typically developing children can recognize and understand them between 2
and 7 years of age. The face stimuli we used are 15 grayscale photographs of male and
female faces, taken from the CAlifornia Facial Expressions (CAFE) dataset [66]. This
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dataset was selected as the most appropriate with respect to the emotion recognition task
since all images meet FACS criteria [68] and all faces have been certified as “FACS-
correct” [69]. The stimuli are presented on each trial with different pairs of photos and
the goal is to choose the correct image.

4.2, System Development

Our game is implemented with the use of Microsoft Kinect, which is a motion sensing
input device able to track movement and voice, and even identify faces, without the
need for any additional devices. Kinect is a low cost and simple way for motion
capturing. In more detail, it offers simple, reliable skeleton tracking and a Software
Development Kit (SDK). The Microsoft Kinect SDK is used with C# as backend.
Among the advantages using C# is that we can integrate XNA Game Studio to develop
our game, as well as to utilize the XNA libraries (provided by Microsoft) for graphics
creation.

4.3. Interaction with the System

Interaction may be one of the areas that need to be developed with extreme care,
depending on the activities and skills to be worked on each of the games and target
group. The computer-based interventions that use a keyboard or a mouse for interaction
might cause problem with the younger children which may not be able to use a
computer. Our gesture-based interaction approach moves the control of computer from a
mouse and keyboard, to the motions of the body via new input devices.

Our game is designed to use non-touch based NUI and to be controlled by hand
gestures. The gestures are translated into control commands. The player has three
possible actions in all game states, to choose left or right image and move to the next
play area. These basic actions are implemented with efficient and easy to use gestures.
Moving to the next play area requires a two-hand gesture which is performed by moving
both hands above the head. Selecting the left image requires a one-hand gesture which
is performed by moving the left hand above head. Respectively, selecting the right
image requires a one-hand gesture which is performed by moving the right hand above
head.

During the game, if the player selects the correct or incorrect stimuli, the system will
inform player that he/she gave the correct or incorrect answer. Each answer provides an
audio and a visual feedback such as operation-related sounds and changing the images’
color. A voice telling “Bravo” rewards player for the correct answer and a voice telling
“Try again” encourages the player to try again when the user provides an incorrect
answer. There are no other sound effects because individuals with ASD may suffer from
auditory sensitivity [70], may demonstrate oversensitivity to certain sounds, even at low
volume and may feel discomfort when exposed to certain sounds [71]. Visual feedback
is also provided by changing the image’s color into light green for the correct answer
and into light red for incorrect answer. Light colors were selected because in ASD occur
a reduced chromatic discrimination that is due to general reduction in sensitivity [72].
Children with autism are less accurate at detecting the differences between colors and
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have less accurate color perception [73]. Individuals with ASD also experience
hypersensitivity which includes increased light sensitivity and harshness of colors.
Acute sensitivity to color is presented by their preference or avoidance of a particular
color [74].

5.  Research Focus, Methodology and Findings

The rationale for the present work summarizes in the cumulative effect that the above-
mentioned practices have on teaching children with ASD. In this context, new teaching
techniques and interaction methods have been exploited primarily as gaming tool for
improved child - learning relationship.

5.1. Context

Our game exhibits several novel characteristics, which differentiate it from other forms
of educational computer games and platforms. It introduces novel interaction techniques
which allow the “player” to focus on the learning process without distraction from the
use of “complex” interaction devices that need skills. Consequently, its primary focus is
to enable preschoolers, with the use of NUI devices to perform learning tasks and
provide an effective and engaging learning experience. To achieve this, we build on
technologies such as, game engines and advanced human-computer interaction. To
illustrate some of the concepts described so far and to provide insight into the features
of our game, we present an indicative scenario emphasizing on structured and NUI
based game execution for educating preschoolers with ASD. Our game begins with an
instruction page where the child is informed on what is going to happen, what it has to
be done and how it is done. A two-hand gesture which is performed by moving both
hands above the head is required to start the game. In the first level, children should
learn labeling emotions by correlating emotion terms with images. The stimuli are
presented on each trial with different pair of photos and the goal is to choose the correct
image among the two. Selecting the left image requires a one-hand gesture which is
performed by moving the left hand above the head. Image's color changes into light red
for incorrect answer. Selecting the right image requires a one-hand gesture which is
performed by moving the right hand above the head. Image's color changes into light
green for the correct answer. Moving to the next play area requires a two-hand gesture
which is performed by moving both hands above the head. In the second level they
should learn to recognize emotions from their description and their association with
facial features. In the third level they should learn to identify the causes of various
feelings in different situations, obtained through the use of social stories. At the end of
the game, there is a congratulation message.

5.2. Research question and methods

Having outlined relevant general issues, we will attempt to briefly elaborate on some
key research questions. These can be broadly grouped into three constituents, namely:
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e NUI devises related questions such as what are the advantages of NUI devices
when preschoolers are involved; which is the impact of them to the player
involved, and how they are enhancing the learning process.

e Emotional state questions as to how player’s emotional state is affecting its
learning abilities and how such games help to overcome these obstacles.

e Play area settings related questions aiming to unfold player's cooperation matters
in conjunction with surroundings while in learning process with the use of such
games.

To address the above questions, research methods were used to collect data and
envision new capabilities for improved learning processes. Specifically, an experimental
descriptive survey was conducted during game execution sessions, which included,
videos and text notes in order to provide the insights required.

As our intention was to unfold hidden or implicit elements of educational games with
the use of NUI devices for preschoolers with ASD diagnosis, game sessions were
tailored so as to feed envisioning of new (improved) learning practices. The focus of the
findings is put on player’s emotional state, usage of NUI devices and play area settings.

5.3. Findings

Our survey was directed to preschoolers with ASD and was complemented by
documented materials. The findings can be analyzed into emotional state versus game
performance, emotional state versus surroundings, concentration and game
performance, and NUI device and game acknowledgement.

Figure 3 summarize data collected during the learning sessions performed.
Specifically, the survey identified 5 areas of importance namely the emotional state, the
surroundings, the pre session start game acknowledgement, the instructor pre session
start recognition and game interaction during playing. Areas 1, 2, and 5 were expected
to be identified. Areas 3 and 4 were unexpected and strengthened our assumptions for
NUI devices.
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Figure 4 refers to our first group of research questions namely: (a) what are the
advantages of NUI devices when preschoolers are involved, (b) which is the impact of
them to the player involved and (c) how they are enhancing the learning process. As
shown, regardless of the emotional state of the participant (happy, unhappy etc.) and
regardless of minor changes of the surroundings, participant were acknowledging the
use of NUI devices and especially the device avatar which was demanded even before
the session start. Thus we can safely deduct that the use of NUI devices enhance game
acceptance, game recognition and player involvement & participation, i.e. the learning
process.

Emotions & Surroundings vs Kinect usage & Game Acknowledgement

= mood  room settings # Kinect avatar acks = Game

1 =unhappy 0=N/A 1=No 1=No
2 =tired 1=same 2 = indifferent 2 =indifferent
3 = indiffere nt 2 =minor changes 3=yes 3=yes

4= happy 3 = major changes 4= good 4= good

5 =very happy 4 =tatally new 5= demanding 5 =demanding

sesssionl  sesssion2  sesssiond  sesssiond  sesssiond  sesssionG  sesssion/  sesssion8  sesssiond  sesssionld  sesssionll  sesssion12

Fig. 4. NUI devices and Game Acknowledgement

Figure 5 refers to the second group of research questions i.e. (a) how player’s
emotional state is affecting its learning abilities and (b) how such games help to
overcome these obstacles. We can see that player’s emotional state is affecting its
learning abilities in such a way that sometimes it makes the learning process impossible.
Even so we can see that game was accepted and an effort was made by the player, not
always with success.

Mood vs Game Performance

u mood H Game Play = One Hand commands W Two Hands commands
1= unhappy 0=N/A 0=N/A 0=N/A
2 =tired 1=no effort 1= no effort 1=no effort
3 = indifferent 2 = limited effort 2 = limited effort 2 = limited effort
4= happy 3= bad 2= bad 3 -bad
5= very happy 4 -average 4 - average 4 =average
5= good 5 = good 5= good

6= excellent 6 = excellent 6 = excellent

sesssion1  sesssion?  sesssion3  sesssiond  sesssionh  sesssionk  sesssion7  sesssion8 sesssiond sesssion10  sesssion1l  sesssion12

Fig. 5. Emotional state versus Game performance
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Figure 6 refers to the third group of research questions, i.e. Play area settings related
questions aiming to unfold player's cooperation matters in conjunction with
surroundings while in learning process with the use of such games. As shown even
minor changes in the surroundings (play spot, room, outdoor etc.) affect dramatically
the game acknowledgement, game acceptance, and game interaction but have a small or
no effect on the NUI device avatar acknowledgement. Thus we can also here safely
deduct that the use of NUI devices enhance the game acceptance i.e. the learning
process.

Surrondings Settings vs Game Performance

Wroom seltings W Game Play One Hand commands:  Two Hands commands
0=N/A 0=N/A 0=NfA 0=N/A
1=same 1=no etfort 1= no effort = no effort
2 =minor changes 2 =limited effort 2 =limited eflort
3-majorchanges 3 =bad 3=had
4 =totally new 4 =average 4=average
5= good 5= good
6= excellent 6= excellent

= limited effort
- bad

- average

- good

- excellent

S B w N

sesssion]  SessSiON?  sesssiond  sesssiond  sesssion  Sesssionf  sesssionZ  sesssiong  sesssiond  sesssion10  sesssionll  sesssion12

Fig. 6. Play Area surroundings versus Game performance

Summarizing our findings analysis we are lead to the following conclusions: (a) NUI
devices enhance the game acceptance i.e. the learning process, (b) Player’s emotional
state is affecting its learning abilities and NUI devices can help to overcome, up to a
degree these obstacles, and (c) Play area settings affect the player’s attention which in
turn affects the learning process. The use of NUI devices and especially recognizable
avatars help to minimize the phenomenon.

6. Discussion and Future Work

Increased interest in the potential of technology for users with autism is motivated by
the rapidly growing needs for providing intervention. Research shows that early
intervention can greatly improve the lives of children with autism. Computer-based
tools have been widely used with success to teach individuals with autism. However,
early intervention cannot be achieved with computers due to lack of skills. Gesture-
based interaction aims to contribute to overcoming this restriction [75].

NUI devices have been used in learning environments successfully [76]. Therefore,
Serious games with NUI interaction could be a promising intervention strategy because
they are appealing, motivating for young children to use and convenient to access.
When control is achieved through natural gestures, the user does not have to learn how
to perform actions or how to operate games. Gesture-based interventions in order to
help children with autism to improve their skills must be carefully designed in
accordance with their abilities and needs.
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Kinect offers an unlimited number of opportunities for new applications such as
gesture-based interventions for individuals with autism. As Kinect can support gesture
and speech recognition and offer motion-sensing and interaction, children with autism
can benefit to improve a broader range of skills.

Our experimental results are twofold, (a) technology interventions provide a positive
reaction to alternative interaction techniques (i.e. NUI I/O) to individuals with ASD and
(b) technology acceptance is highly connected with individual’s emotional state and
game surroundings settings.

Future work could include further involvement of multimodal NUI devices so that
the roles, between player and machine, are reversed and the player performs gestures,
sounds, grimaces etc. and the machine responds. Such a design, of Serious Games that
will enable children to perform and the system to respond will support a “learn by
doing” methodology. Furthermore, special gestures could be designed to improve
interaction between children and machine
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