
  

  

Abstract— We describe the co-design process of a digital 

platform based on exer-games for a novel multimodal 

intervention on the recognition of emotions by autistic children. 

Basic emotions of happiness, anger, fear, sadness are considered. 

Novel, rich feed-back through animations, music, colors and 

gestures has emerged from the co-design process and it is at the 

core of the platform. 

I. INTRODUCTION 

utism spectrum condition (ASC) is a neurological and 

developmental condition, with a prevalence of ASC 

diagnosis of 1 over 36 children in the United States in 

2020 [1]. According to the DSM-5 [2] ASC children lack a 

Theory of Mind-TOM [3] and have reduced ability in 

understanding other’s emotional and mental states. 

Consequently, they have difficulties in interacting with others 

in social contexts, and are at risk of isolation and depression 

[2],[4]. Rehabilitation aims at helping these children to 

develop social abilities by teaching them to recognize others’ 

emotions. In the last years, exergames have been explored in 

rehabilitation [5], in particular to train ASC children, as 

digital environments are less threatening to interact with 

(cf.[6], [7]). We describe here the process of co-designing a 

digital platform, based on exergames, for ASC children aimed 

at recognizing emotions.  

II. METHODS 

The platform was designed following the co-design process 

in [8], and has followed the steps shown in Fig. 1.  

 
Fig. 1. Co-design workflow 

We had a first pair of workshops to define the functional 

requirements, one in Dosso Verde and one in Sacra Famiglia 
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rehabilitation centers. We have then developed the first 

prototype, and we organized two other pairs of workshops to 

progressively refine the specifications and the 

implementation. In all workshops, computer scientists, 

psychologists and therapists were involved.  

III. RESULTS  

In the first pair of meetings, the existing ICT platforms for 

treating ASC children were illustrated. Starting from there we 

have first defined the visual supports that could be most 

effective: Picture Communication Symbols- PCS of faces [9]; 

photos and videos of faces expressing emotions [10], and 

animated stories that contextualize the emotions in daily life.  

We then defined a set of exergames with a progression of 

difficulty: (i) the child chooses the PCS of the emotion felt by 

him/herself in that moment. (ii) the child matches 

photographs of a given emotion to the corresponding PCS. 

(iii) the child chooses the photo of an actor’s face, in a set, 

corresponding to a given emotion shown by a PCS (Fig. 2). 

(iv) “Feature Unveil”, the child assembles the PCS pictogram 

of a chosen emotion selecting the correct three basic face 

components (left eye, right eye and mouth). (v) the child 

watches an animated story in which a virtual character 

experiences an emotion associated to the situation of real life 

portrayed by the story.  

A clear feed-back has been designed. Upon correct answer, 

a confetti animation is shown and a a piece of classical music, 

tuned to the emotion [11], is played. In (iii) a video, obtained 

morphing the neutral face of the actor with his/her face 

expressing an emotion, is shown, while in (iv) the animation 

of the PCS face from neutral to an emotion is shown.  

Moreover, to increase the strength of the reinforcement, a 

multi-modal-feedback has been introduced. A piece of 

classical music, tuned to the emotion [11], is played upon 

success answer. Moreover, in (v) animated stories, we further 

enrich the feed-back by changing the color of the avatar and 

of the elements in the scene (Fig. 3) according to the portrayed 

emotion [11].  

After a first prototype was realized, in the following 

workshops the application was analyzed and specifications 

were refined. A digital robot was chosen as avatar , since 

children feel more comfortable to play with robotic shaped 

entities than with human representations [12]. Avatar gestures 
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have been added and tuned to the current emotion (e.g., 

running away in a scattered manner in case of fear [4]). We 

have introduced face expressions also in the robot avatar 

using PCS coding, to maintain consistency thorough the 

different exergames.  

 
Fig. 2. The PCS portraying an emotion is shown on the top of the screen. 

The child chooses the right picture among different emotions 

    
Fig. 3. Shows a frame of an animated story: an ice cream falls on the 

floor and the 3D virtual character becomes angry. The music piece 

associated to anger is played while the character changes its color and it 

expresses the emotion with face, gestures and movements. 

Modifications of exer-games were also required. Exergame 

(i) was considered too difficult since the child may not 

understand the term “feeling” referred to him/herself. 

Therefore, the robot avatar, showing a given emotion through 

PECS on its face, is introduced and the child is asked to 

identify the emotion shown by the avatar. This exer-game was 

evaluated most difficult and is moved at the end of the 

sequence. (after animated stories). It is used to evaluate if the 

child has acquired emotions awareness through training. The 

animated stories could have different endings, e.g., when the 

ice cream falls on the floor the character could become either 

anger or sad (Fig. 3). We allow to choose the story ending 

dynamically among these two possible endings. We added 

also a button to disable color changes and another one to 

disable music, as these could cause sensory overload. 

IV. DISCUSSION 

From co-design, the key characteristic emerged is the 

integration of a coherent multimodal feedback to enhance the 

reinforcement to the child. This has been obtained changing 

colors according to the current emotion and  playing adequate 

music. Children, especially those with ASC, do appreciate 

listening to music and in particular, music without a singing 

voice. This has been shown to support effectively them to 

concentrate, improving emotion recognition abilities [13]. 

Colors, on their side, have been shown to enhance memory 

abilities and they too can deliver an emotional meaning [14]. 

Their introduction smoothly inside each exer-game has 

allowed to obtain an increased reinforcement. Preliminary 

testing has shown that children do appreciate this. As far as 

we know this study is the first to explore the potential of music 

and colors to enhance training in emotion perception.  

V. CONCLUSION 

We co-designed a platform to support therapists with 

emotional skills intervention for children with medium or 

high functioning autism. Rich multi-modality introduced here 

in the ASC domain, cab be of particular value also in other 

therapeutic domains in which emotions play a role.  
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