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Abstract. Assistive robots are expected to become ubiquitous by trans-
forming everyday life and are expected to be widely used in healthcare
therapies. SARs (Socially Assistive Robots) are a class of robots that
are at an intersection between the class of assistive robots and that of
interactive social robots. SARs are being explored to assist in the diagno-
sis and treatment of children with ASD (Autism Spectrum Disorder). A
SAR called EVA has been used to assist non-pharmacological interven-
tions based on verbal, non-verbal communication and social interaction.
The EVA robot can currently speak, listen and express emotions through
looking. Towards offering immersive therapies for autistic children, this
work enhances EVA’s capabilities to recognize user emotions through
facial expression recognition and also to create light sensory effects in
order to make the therapy more attractive to users. A therapy session
was developed through a serious game where the child should recognize
the robot’s emotions. During the game, EVA recognizes the child’s facial
expression to check his/her learning progress. We invited a neurotypical
6-year-old child to play the game, with the consent of her parents, and
recorded videos of the game session. Those videos were evaluated by 48
expert physicians and psychologists in therapies for ASD using the Tech-
nology Acceptance Model (TAM). They considered our work useful and
agreed it would help them doing their job more effectively.

Keywords: Socially Assistive Robots (SAR) + Multimodal
interaction - Serious game - Emotion regulation - Autism Spectrum
Disorder (ASD)

1 Introduction

Robotic technologies are no longer used only in factories and have been increas-
ingly used to assist people perform activities of daily living. Assistive robots
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have been used to improve the quality of life in society and are becoming more
and more common [28]. Robots are used in our lives as assistive devices and
robotics is a method capable of enhancing the physical and cognitive abilities of
humans [7]. Robots can help with housework or assist people with some type of
physical disability. However, advances have emerged in a new field of robotics
where the objective is not only to provide assistance, but to provide stimuli to
humans through interaction with the robot [27]. Robots are expected to become
ubiquitous by transforming everyday life and are expected to be widely used in
healthcare therapies. SARs (Socially Assistive Robots) [7] are a class of robots
that are an intersection between the class of assistive robots (of the types that
provide user assistance) and that of interactive social robots (those that com-
municate with the user through social and not physical interaction). SARs have
been used in various types of healthcare therapies, such as non-pharmacological
interventions, which can improve the quality of life for patients and those around
them [18]. A Socially Assistive Robot called EVA [4,32] has been used to assist
non-pharmacological interventions based on verbal, non-verbal communication
and social interaction with patients with dementia and Alzheimer’s disease (AD).
A user study with five patients with (AD) was conducted and showed that EVA
was effective in engaging therapy participants. The EVA robot can currently
speak, listen and express emotions through looking.

The development and use of interactive technologies for individuals with ASD
(Autism Spectrum Disorder) has also been growing rapidly. Those technologies
can enrich interventions, facilitate communication, support data collection and
have the potential to improve the assessment and diagnosis process of individuals
with ASD [12]. In [26] there is a proposal for a robotic coaching platform for
social training, motor and cognitive capabilities. The robot used in this work
is the NAO robot, which has been widely used in social therapy with children
with ASD. As the NAO is a humanoid robot, it looks like a human without
being one, and it can provide audio and visual stimuli. All these characteristics
are favorable for interaction with ASD children, who tend to prefer simplified
stimuli to avoid focusing on details. The work [30] compares the results from
robot-based interventions with those from human-based applied to children with
ASD and intellectual disabilities. In [6], positive results of the interaction of
children with ASD with a robot are presented, indicating a greater incidence
of eye contact, proximity and interaction than the interactions between children
and a human. There is evidence supporting the claim that autistic children prefer
robots to humans [13,14,21]. The results of these studies indicate that robots
can generate several positive effects in this type of therapy and that human-
robot interaction can help to solve the problems that occur in human-human
interaction. Deficits in social and communication skills in patients with autism
encompass a number of other disabilities, such as difficulty in recognizing body
language or demonstrating eye contact with whom they talk to and problems in
expressing their own emotions and understanding those of others [6].

In order to enhance robot capabilities to interact with users, multimodal
interaction can be very useful. Besides voice interaction, which is frequently
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used by SARs such as EVA, video interaction could be provided to help capture
user emotion, for example. In addition, sensory effects could be used to create
immersive therapies and make them more attractive to users, specially children.

Towards offering immersive therapies for autistic children, this work enhances
EVA'’s capabilities to recognize user emotions through facial expression recogni-
tion and also to create light sensory effects in order to make the therapy more
attractive to users. The idea is to use the interactive robot as the first stage of
an emotion recognition therapy for children with ASD.

We developed a therapy session through a serious game where the child should
recognize the robot’s emotions. During the game, EVA recognizes the child’s
facial expression to check his/her learning progress. We invited a neurotypical
6-year-old child to play the game, with the consent of her parents, and recorded
videos of the game session. Those videos were evaluated by expert physicians
and psychologists in therapies for ASD using the Technology Acceptance Model
(TAM). We made a statistical analysis to compare evaluation results between
expert and beginner ASD therapists.

The remainder of this paper is structured as follows. Section 2 discusses
related work. Section 3 presents EVA’s architecture and main functionalities.
Section 4 presents our extensions to EVA. Section 5 discusses the autism therapy
session that we have implemented. Section 6 presents an evaluation done by ASD
therapists. Section 7 concludes this paper and presents future work.

2 Related Work

SARs have become popular tools in interventions with patients with ASD.
Robots have been used in special education schools and care centers for autistic
people. In [11], a framework was developed to engage children with ASD in sen-
sory interactions. They used two robots, the first called Romo and the second
was a small humanoid robot. They were capable of producing visual and audio
stimuli. The Romo robot could express its emotions through three components:
movement, facial expressions and sound effects. The framework was used as a
tool for emotion regulation therapies and worked as follows. The patient inter-
acted with the robot through a game, which ran on a notebook. The game uses
three key states, which are the user’s emotion state, the penguin character’s
emotion state, and a fixed predetermined goal emotion state towards which the
penguin steers the user. To build a relationship with the user, the penguin first
dynamically allocates a temporary goal state that approximates the user’s state,
then it gradually moves that temporary goal state closer to the predetermined
goal to facilitate emotion regulation. Thus, based on the continuous interaction
with the penguin character, the algorithm tries to guide the user towards the
desired target state. The participant was then guided, progressively, through
the robot’s social behavior (movement/facial expression/sound effects) until the
final facial expression. The results of a user study confirmed the viability of the
framework as a tool for regulating emotion.

In [25], a mobile robot was developed and used to investigate its potential
in stimulating social interactions in children with autism. Those stimuli were



Towards Enhancing the Multimodal Interaction of a Social Robot 401

provided through games or therapeutic activities. During sessions with the robot,
specialists in autism observed some capabilities in patients who had never been
seen in other therapies, indicating that the robot could assist those specialists in
finding new capacities in children with autism, creating more effective therapies,
adapted to each patient.

A proposal to use a robot, which is capable of measuring the social behavior
of a child with ASD during an interaction, was made in [9]. That proposal uses
a wearable device to detect the child’s smile. Although the device allows a smile
to be detected even without the child facing the robot, the use of a wearable
device can be uncomfortable, especially for children with ASD who tend to have
tactile hypersensitivity.

The authors in [2] present an interactive robotic system that provides emo-
tional and social behaviors for multisensory therapy for children with ASD. The
system uses two robots, one of which is capable of expressing emotions through
facial expressions and the other demonstrates its emotions using body language
and gestures. The authors’ proposal is that the robots go through a maze-like
scenario and during the circuit find objects that stimulate the five senses, i.e.
sight, hearing, smell, taste and touch. The idea is that children can learn from
robots to deal with sensory overload.

A study using two robots was conducted in [8]. The aim was to examine the
robot’s behavior and whether or not it affected the behavior of children with
ASD. Evidence was found that the robot’s behavior does affect the child’s social
behavior, both in human-human interaction and in human-robot interaction.

The use of sensory effects has also been applied for autism therapies. In [19]
there is a proposal for an adaptive physical environment that allows children with
severe autism to successfully interact with multimodal stimuli. This environment
generates stimuli of various types (visual, aural, and vibrotactile) in real-time.
In [34] a system of sensory devices is presented to support therapists of children
with ASD. The Sensor Box could be handled by children and was capable of
generating a series of sensory stimuli, such as sounds and light effects.

A large-scale elastic multisensory surface that allows users to make music
when tapping and touching on top of the canvas was developed in [3]. On this
surface, users could play sounds of different musical instruments. BendableSound
is a system using a Kinect sensor, speakers, and an ultra-short throw projector
placed behind a spandex fabric.

Previous studies [17] point to a link between playing action games and cogni-
tive and perceptual improvement. However, that improvement is not only asso-
ciated with playing action games. Different types of games can improve different
cognitive aspects. In [20] an implementation of the Stroop game with light sen-
sory effects was made for the Brazilian digital TV system. A serious game (SG)
was developed to train the selective attention of the elderly through the Stroop
effect. The game displays on the screen the name of a color written with another
color, then, the user through the TV remote control buttons, selects the correct
color to answer. The light sensory effect is used for helping the elderly user with
the correct answer.
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Through the use of games it is possible to provide interactivity, increase
mental activity and promote social interaction between various users. The work
in [24] describes the development of an SG that can be used by children with
ASD in order to improve communication and social interaction. In [1] an SG
for children with ASD was proposed with the aim of investigating the effects
of a game as a play therapy. Through an empirical study, conventional games
(non-computer block-games) were compared with the proposed SG. Evidence
showed an improvement in the social interaction of children, in the process of
collaboration between them and a decrease in solitary games.

The emotional development of a child involves the ability to understand
his/her own feelings as well as those around him/her. For a child with ASD,
the process of understanding and expressing feelings is very difficult. An SG was
designed in [31] with the aim of helping children with ASD, through an imitation
process, to recognize different facial expressions.

Unlike the previously mentioned studies, our work extends the multimodal
interaction capabilities of a SAR, integrating sensory effects and facial expres-
sion recognition in a single robot-based platform. The authors of [2,8,9,11,25]
propose the use of robots for therapies with children with ASD, without offer-
ing the possibility of capturing the child’s facial expression through video. In
[3,19,34] sensory effects are used for ASD therapies, including light effects, but
they do not use a robot-based platform. The studies [1,17,20,24,31] deal with
SG, however, this work proposes an SG offered by the robot. These points are
summarized in Table 1.

Table 1. Related work comparison

Related work | Use a | Light Voice Use facial Serious | Facial

robot |sensory |recognition |expression |game expression

effects recognition
2] v - - v - -
[8,11] v - v v —
[9] v - - - - v
[25] v v - v v -
(19] - v v - _
3 - v - - - -
[34] - v v v - -
[1,17,24] - - - - v -
[20] - v - - v -
[31] - - - - v v
Our Work v v v v v v
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3 EVA: An Open-Source Social Robotics Platform

EVA (Embodied Voice Assistant) is an open-source robotics platform. EVA pro-
vides most of the resources to build a fully functional social robot at an affordable
cost, and design and create interactions for specific contexts and populations.
EVA’s repository provides all the elements to make your own social robot, such
as 3D models, software, and guidelines to assemble it using open-hardware solu-
tions such as the Raspberry Pi and Arduino-based card-boards. The basic version
of the EVA robot includes a voice interface (microphone array and speaker) and
a 5-inch touchscreen to display a set of basic facial expressions and manage the
robot’s basic features. Furthermore, EVA integrates a ring of LEDs in its chest
to display light animations. In addition to the above elements, the intermediate
version (see Fig. 1) includes two servo-motors to provide 2 degrees of freedom
(DOF) to the robot’s head and a depth camera (Intel RealSense) for tasks involv-
ing computer vision. The complete (mobile) version includes a mobile platform
based on TurtleBot to explore more complex body gestures and mobility fea-
tures. Although these three versions have been proposed by the creative and
development team, makers and research teams can create, combine, or add new
elements to create their new EVA-based solutions.

)

Depth camera
b
5-inch
touchscreen

®
Speakers

Microphone
arr.ay

LED RGB Ring &

—

Fig. 1. Intermediate version of EVA

3.1 Software Architecture

The software architecture of EVA includes two main modules. The first one is a
graphical interface accessible using the touchscreen directly. The operator uses
it to configure and manage the basic features, such as Wi-Fi connection, deploy
pre-programmed interaction, network information, restart, and shutdown. The
second one, called Core Module, has all the logic and core features of EVA,
including back-end components: server, behavioral controller; and front-end com-
ponents: operator console, WoZ design, programming, and configuration. Figure
2 illustrates EVA’s main software components, which are detailed as follows.
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Fig. 2. EVA’s main software components [16]

Core Module. The back-end components of the Core Module are responsi-
ble for the logic and operation of EVA. These components are the core of the
EVA and implement tasks such as: running a server to establish communication
between the operator and robot; controllers to interact with the sensors and
actuators; and directly managing the database. The back-end components have
been developed with NodeJS, Python, and C++.

Server Controller. This component enables a web server that deploys a REST
API used by the front-end components to manage and configure EVA’s features
and behavior. The server controller manages the request and handles those which
are related to configuration and storage. Those requests related to EVA’s fea-
tures, operation, and behavior are sent to the behavioral controller.

Behavioral Controller. This is the main component of EVA. It enacts the
behavior (utterances, gestures, movements, facial expressions, light animations)
of the robot controlling the actuators (speaker, display, servo-motors, and ring of
LEDs). Furthermore, it manages and processes the inputs of the sensors (micro-
phone, camera) in order to enact the specific response or behavior of the robot.
The component uses third-party cognitive services from Watson (Text-to-Speech,
Vision) and Google (Speech, Dialogflow) to process inputs from sensors and
outputs to actuators. Moreover, open-source solutions can be integrated, such
as Vosk (speech recognition), Mimic (Text-to-Speech), and Padatious (Natural
Language Understanding).

The front-end components of the Core module deploy user interfaces to con-
figure and manage the behavior and features of the social robot. The frond-end
has been developed using the framework AngularJS. The description of each
front-end component is provided as follows.

Operator Console. The operator can manage the behavior of the robot directly
using this component. The operator console includes modules to send personal-
ized utterances, enact facial expressions, make personalized and pre-programmed
movements, and deploy light animations. Using this module, a user can operate
the robot in real-time.
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WoZ Design. Wizard of Oz (WoZ) is one of the most popular techniques to
conduct early interactions to design and define future autonomous interactions.
The EVA platform considers the importance of this approach and provides a
component to design and deploy this kind of interaction. The component allows
creating WoZ interactions using (pre)defined utterances, sounds, music tracks,
pre-programmed facial expressions, and gestures (movements). These interac-
tions are stored in the database for future uses.

Visual Programming. In addition to the WoZ module, the platform EVA
includes this component to design and deploy autonomous interactions. The
user can design the interaction scripts defining the flow (sequence, conditions,
loops) using a visual programming language (VPL). This includes the definition
of actions such as utterances, voice recognition, time to response, atom responses
(utterances, sounds, facial expressions, gestures, light animations), or composed
responses - a combination of atom responses. These autonomous interactions are
stored in the database for future applications.

Configuration. The configuration module is used to define the robot’s name
(wake-word), voice (language, gender), and voice recognition (language). Sup-
ported languages are based on Watson (TTS, STT) and Google Cloud Speech.
Moreover, we can include credentials to use third-party cognitive services.

4 Extending EVA’s Multimodal Interaction

As we mentioned previously, the EVA robot is able to conduct a personalized
session through interaction scripts. These scripts can be easily created using a
VPL designed exclusively for EVA [16]. VPL is not concerned with the syntactic
details of a conventional programming language, it was created to facilitate the
construction of interaction scripts allowing people who are not specialized in
programming to create their own scripts.

With the use of a graphical tool, building a script is done in a simple way,
simply dragging and dropping the control components into the application win-
dow. The language has several components, including those that control the
flow of script execution, counters, timers, conditional controls and the robot’s
speech and listening controls. Executing the interaction script, the robot can
interact with the user, obtaining information through listening and expressing
itself through speech, facial expressions, body gestures and light animations.

This work uses the EVA platform and extends its core and front-end capa-
bilities for user interaction with video capture and sensory effects. Particularly,
we used the basic version of EVA in our work. We extended VPL to include
light sensory effects into therapy scripts, so that EVA can communicate with
a smart bulb using a Wi-Fi interface to turn it on or off. We also extended
VPL to capture the user emotion through facial expression recognition, there-
fore, an integrated camera is used to take the user’s picture and analyze his/her
facial expression to identify if he/she is happy, sad, angry or neutral. Section4.1
presents our proposal for including light sensory effects and Sect. 4.2 discusses
our proposal for facial expression recognition.
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4.1 Light Sensory Effects

The first component added to the language was Light, which gives the robot the
ability to control lighting. With the addition of this component, EVA can turn
on the light, turn it off and select the desired color. The color selection can be
done with the help of an RGB color palette. At the moment a Light component
is inserted into a script, a configuration window appears and the script developer
can select the light color and bulb status, which can be turned on or off.

All lighting control is done through a TCP connection between the robot and
the smart bulb. A Xiaomi Yeelight smart bulb was used for our implementation.
The control commands use a JSON string that must contain the lamp identifier,
the type of command and its parameters. All command strings must end with
“\r\n”. These parameters are defined when the Light component is inserted into
the script. Figure 3 shows the connection scheme between EVA and a smart bulb
with identifier equal to 1 and IP address 192.168.1.105.

EYA Robot Smart Bulb

==

/
- ) JSONstring ISON string

Wifi Access Point

TCP Connection

o
[

Bulb id: 1
IP address: 192.168.1.105

L JSON string example: {*id":1, “method":"set_power", "params"(‘on’, "smooth’, 100])\r\n’

Fig. 3. EVA controlling a smart bulb

4.2 Facial Expression Recognition

Being able to identify the user’s emotion through the recognition of facial expres-
sions and using this information within the application is an important facility,
which expands the power of the robot’s interaction with the user [33]. For this
purpose, a second extension was added to VPL giving the robot the ability to
recognize facial expressions. A new component was created and added to the
visual programming language, named User Emotion. It uses the services of an
external module developed in Python. Both the Python module and the EVA
software run on the same device, a Raspberry PI 4.

Communication between the module and the robot takes over a TCP con-
nection. When started, the face recognition module creates a TCP server that
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keeps waiting for the connection with the robot. After establishing the connec-
tion, the facial recognition module activates the webcam, thus initiating the
image capture and facial expression inference processes. At the end of the pro-
cedure, the module returns to the TCP client (EVA), a string containing the
identified expression. The facial recognition module can return the following
expressions: “NEUTRAL”, “ANGRY”, “DISGUST”, “FEAR”, “SURPRISE”,
“HAPPY” and “SAD”. In order to obtain the user’s facial expression, the robot,
through the User Emotion component, sends a request to the Python facial
recognition module. The process works as illustrated in Figure 4.

VPL Script
(EVA)
Talk_3 TCP Connection _ | Python Expression Webcam
Recognition Module

Turn On

Y

User_Emotion_1
Detected

Y Expression

Image
Light 7 Analysis

Fig. 4. Communication between EVA and the Facial Expression Recognition module

We have done tests to evaluate the accuracy of the facial expression module
to recognize user’s emotion when “HAPPY”, “ANGRY” and “SAD”. We chose
those three facial expression types, because they are the ones that can currently
be expressed by EVA and will be used in the therapy session we implemented as
going to be discussed in the following section. We implemented a program with
EVA to recognize 30 facial expressions and two users have tested this program
with 5 expressions of each type “HAPPY”, “ANGRY” and “SAD”. Therefore,
considering 30 facial expression recognition events, EVA correctly recognized
24, obtaining an accuracy of 80%. Considering only the “HAPPY” expression,
EVA’s accuracy was 100%. The tests were performed by two adults. Thus, we
considered it as a satisfactory result that can be used in practice.

5 Serious Game for Autism Therapy

In order to serve as the object of evaluation of our proposal, we developed a
serious game [1] using the robot’s programming language. This game is aimed
at assisting in emotion regulation therapies for children with ASD.

During the game design phase, we talked to an ASD expert therapist to dis-
cuss our ideas. The therapist recommended us to only emphasize correct answers
given by a child. EVA should not say, for example, “your answer is wrong”
to the child. On the other hand, EVA should compliment the child when the
given answer is fine. This procedure is used in interventions in Applied Behav-
ior Analysis called Discrete Trial Training (DTT) [29]. DTT is a practice that
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uses instructions with repeated teaching attempts, where each shot presents an
answer and a reinforcement to that answer, if appropriate. It is a fully struc-
tured training, with a clearly defined beginning and end. This type of discrete
experimental intervention increases the likelihood of correct patient responses
based on error-free learning. The interaction between therapist and child must
be carried out in an environment without distractions, with clear, concise and
objective instructions and immediate reinforcement for each correct answer.

We designed a game with three stages. The first stage is called game of colors,
in which the child is asked to match the colors that are presented by the robot
using light sensory effects. In the second stage, called game of emotions, the
robot presents several facial expressions, while the child tries to identify them.
In the third stage, called imitation game, the child needs to imitate the robot’s
emotions with his/her own facial expressions.

Each stage includes three questions. If the child gives an incorrect response,
he/she is provided with a new chance to try the correct answer. Stage 1 follows
the flowchart shown in Fig. 5.

»| EVA Asks: "what
color is it?"
"EVA
speaks the
EVA's P
Yes No |'> correct
greetings i Match? color”

X EVA speaks: No Yes
EyA asks: "good job, ral==1
your you're right!” ¢
name?"

No , Yes
| question == 3 Turn off
change EVA speaks: "it
! the color was good to EVA speaks:
play with you!" “let's try

Turn on + again!"
the bulb Turn off Y
the bulb ( End of stage )

{iH

Fig. 5. Flowchart of stage 1 of the game

Using the robot’s TTS (Text-to-Speech) feature, a greeting text is trans-
formed into speech and the game starts with the robot greeting the child. Then,
the robot listens, waiting for the child’s response and through the STT resource
(Speech-to-Text) the participant’s name is captured, transformed into a string
and stored in a variable. Then, the robot, using the Light component proposed in
this work, presents the first color, lighting the bulb and asking the child to name
its color. At this point, using the VPL’s conditional testing feature, the child’s
response, already transformed into a string, is compared with the string that
represents the correct answer. If the child gets it right, the robot congratulates
him /her and checks if it has reached the maximum number of questions, if not,
a new color is selected and the process of presenting is repeated by presenting
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_| EVAAsks: "can
you imitate me?"

EVA's

greetings l Yes Match? No
EVA asks: EVA speaks:
"what is "good job, you're
your right!” *
name?"
No ‘ Yes
l‘i question += 1 question == 3
EVA shows
a facial Choose another EVA speaks:"it
expression facial was good to
l expression play with you!"

Y

( End of stage j

Fig. 6. Flowchart of stage 3 of the game

Turn on
the bulb

Turn off the
bulb

a new color. If the child makes a mistake, the robot speaks the correct name of
the color and gives another opportunity for the child to try again. After three
questions, the robot gives a final greeting and the game ends.

Stage 2 follows the same logic as stage 1, but now the child has to recognize
the robot’s emotions. Therefore, instead of presenting the colors and turning on
the bulb, the robot presents emotions through its own gaze expressions. Three
emotions are represented: happy, anger and sadness.

In stage 3, the logic of the game changes as shown in Fig.6 . The robot
shows a facial expression and asks the child to imitate it. Unlike the previous
stages where the robot takes the child’s voice as input, in this stage, the robot
obtains the child’s response by recognizing his/her facial expression using the
User Emotion component proposed in this work. The robot captures the child’s
expression and checks if he/she provided the correct response. EVA congratulates
the child when his/her imitation is recognized correctly. Three facial expressions
are presented in a match.

6 Proposal Evaluation

In order to evaluate our proposal, we used the Technology Acceptance Model
(TAM) [15]. This instrument is widely used for evaluating technology applied
to healthcare [10]. TAM is based on a questionnaire that assesses Intention to
Use the technology by evaluating Perceived Usefulness (PU), “the degree to
which a person believes that using a particular system would enhance his or her
job performance”; and Perceived Ease-Of-Use (PEOU), “the degree to which a
person believes that using a particular system would be free from effort” [5].
As suggested by [22], the game was tested by a Brazilian neurotypical 6-year-
old child with the consent of her parents for participating in the experiment. The
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robot spoke Portuguese in the therapy session. As not all physical parts of the
robot were already available, we connected a TV to the Raspberry Pi to show
the robot’s eyes to the child. However, at the moment, we already have the robot
fully built with all the parts that make it up'. We recorded videos of the child
playing each game stage with EVA?:3:4, with the consent of her parents. Figure 7
shows the child playing game stage 3.

Fig. 7. Child playing the imitation game

We have adapted a TAM questionnaire for our evaluation and asked health-
care professionals and students to watch those videos and complete the ques-
tionnaire. The results are shown in Table 2. Questions for evaluating perceived
usefulness (PU) and easy-of-use (PEOU) used a likert scale varying from (1)
completely disagree to (5) completely agree.

A group of 48 adult users, aging from 19 to 61 years old, including health-
care professionals and students, such as physicians, psychiatrists, psychologists,
nurses, psychopedagogues, educators, speech therapists, and occupational ther-
apists, have evaluated our proposal. All of them have given their consent to
participate in the experiment, otherwise they would not be able to watch the
videos and answer the questionnaire. We considered professionals with two or
more years of experience in taking care of children with ASD as experts and
the ones with less than two years of experience, including students, as beginners
[23]. Four participants were excluded from the experiment because they had not
specified their graduation course. Therefore, our final group was divided into 24
experts in ASD and 20 beginners in ASD. Table 2 shows the average (AVG) and
standard deviation (SD) results for PU and PEOU questions, considering the
whole group of 44 participants (All) and also specific subgroup results (experts
and beginners). Average results greater than or equal to 4,0 indicate participants

! https://bit.ly/3kNt4u3.

2 https://bityli.com/0celRU.

3 https://bityli.com/ThTklc.

* https://youtu.be/PUSBLwTkGaw.
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Table 2. TAM questionnaire and results

Technology Acceptance Model - TAM ‘

‘ All 24 Experts | 20 Beginners | Mann-Whitney

Perceived Usefulness (PU) AVG|SD |AVG|SD | AVG | SD U p-exactly

PU1 The use of technology helps me to do my job 4,39 10,72 | 4,46 |0,72 (4,30 0,73 206,5 |0,217

PU2 The EVA interactive robot would be useful to assist me in therapies 4,23 11,16 [4,25 |1,11 (4,20 | 1,24 238,5 | 0,486
for autism spectrum disorder (ASD)

PU3 The EVA interactive robot would hinder my therapy sessions for 2,32 | 1,39 | 2,08 1,18 2,60 1,60 | 196 0,154
autism spectrum disorder (ASD)

PU4 The color recognition game would be useful to assist me in therapies 4,25 1,06 | 4,29 |1,08 (4,20 | 1,06 218 0,308
for autism spectrum disorder (ASD)

PU5 The game to recognize emotions would be useful to assist me in 4,39 10,97 4,54 |0,88 (4,20 | 1,06 186 0,105
therapies for autism spectrum disorder (ASD)

PUG The game to mimic the emotions of the robot would be useful to 4,39 10,97 | 4,46 |0,88 (4,30 | 1,08 227 0,385
assist me in therapies for autism spectrum disorder (ASD)

PUT The EVA interactive robot could help me increase the effectiveness of [4,25 1,10 | 4,33 | 1,13 |4,15 | 1,09 202 0,190
therapies for autism spectrum disorder (ASD) in recognizing emotions

PU8 The EVA interactive robot could be useful in other types of therapies [4,59 |0,90 |4,58 | 1,02 |4,60 | 0,75 222 0,341

Perceived Ease-Of-Use (PEOU)
PEOUL | A child with ASD would easily interact with the robot through voice |3,82 1,04 | 3,75 1,11 /3,90 10,97 223 0,350
PEOU2 | The light effect makes the therapy session with children with 257 [1,35 2,71 | 1,46 |2,40 |1,23 |207 | 0,224
ASD LESS attractive
PEOUS3 | Sound effects make the therapy session with children with 4,05 1,14 3,79 | 1,18 4,35 |1,04 |169,5 0,048
ASD MORE attractive

PEOU4 | I think it would be easy to use the robot in my therapy sessions 4,14 1,00 14,00 |1,10 [4,30 |0,86 |205 0,210
with children with ASD
PEOU5 | I would need a lot of effort to use the robot in my therapy sessions 2,30 [ 1,32 | 2,17 | 1,24 | 2,45 | 1,43 213,5 | 0,268

with children with ASD

completely /partially agree with the question, and results less than or equal to
3,0 indicate they completely/partially disagree with it.

Analyzing the obtained PU results, we can conclude that most experts agree
that Eva would be useful to help them during therapy sessions (PU1, PU2,
PU3 and PUS8). Notice that PU3 is a negative question where the opposite
answer (disagree) is desired and obtained. Experts also agree that the extensions
proposed in our work are useful and would help them doing their job more
effectively (PU4, PU5, PU6 and PUT).

Considering PEOU results, most experts agree it would be easy to use EVA
in their ASD therapy sessions (PEOU4) without much effort (PEOUS5). On the
other hand, some experts indicated that patients may have difficulty to interact
with EVA using voice (PEOU1), depending on the level of social communication
compromising they have. Most experts disagree that light effects makes the ther-
apy less attractive (PEOU2), which is a promising result. On the other hand,
considering sound effects, experts also have few concerns about it (PEOU3).

We did a statistical analysis using the Mann-Whitney nonparametric test to
compare TAM responses between the groups of experts and beginners for each
question. Table 2 shows U and p-exactly one tail results in the last column. A
one-tailed test is appropriate if we want to determine if there is a difference
between groups. We only found a statistical difference in PEOU3 (U = 169,5;
p < 0,05), where beginners found sound effects make the therapy session more
attractive than experts. In all other questions beginners and experts agree on
their answers. Analyzing TAM results, we conclude that EVA is useful and easy
to use according to healthcare professionals.
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Participants have also given suggestions to improve our work, such as: asking
the child’s age before starting the therapy, including a test phase before the
game starts, increasing the time the smart bulb stays turned on, implementing a
tablet or smartphone version for EVA | implementing EVA as an avatar, including
activities with music, improving the robot’s expressions including its mouth
besides its eyes, providing games to recognize vowels, consonants and numbers,
providing simple math and Portuguese questions, and personalizing the therapy
session according to the child. Those suggestions are considered future work.

6.1 Limitations

The accuracy of the robot’s facial recognition module depends mainly on two
factors: the correct positioning of the child in front of the camera and the lighting
conditions in the room. It is necessary for the child to be positioned properly so
that his/her face can be captured from the front. It is also very important that
the room is well lit.

Another limitation that we noticed, when using the EVA platform, is that
there is a delay in the audio capture process in the step that precedes the
STT (Speech-to-Text) step. The robot system cannot capture the child’s speech
instantly after executing the Listen component. Thus, it is necessary to wait, up
to two seconds, for the system to be ready to capture the child’s voice.

A limitation of our study is that we have used a TV set and not the robot
itself to interact with the child in the experiment. We are currently requesting
the Ethics Research Committee Approval to conduct future tests with children
with ASD. We hope to run those tests in a near future.

7 Conclusion

This work presented an extension of the EVA robot designed for Autism Spec-
trum Disorder (ASD) therapies. Our proposal enhanced EVA’s capabilities for
multimodal interaction using light sensory effects with a smart bulb and facial
expression recognition with a webcam to recognize children’s emotions.

We developed a serious game with three stages that can help emotion regu-
lation therapies for children with ASD. The first stage is a game where the child
has to match light colors. The second stage is a game where the child has to
match the robot’s emotions. And the third stage asks the child to imitate the
robot’s emotions with his/her own facial expressions. The game was evaluated by
44 healthcare professionals using the TAM model. Results were very promising
indicating that they considered our proposal useful and easy to use in therapy
sessions for ASD children.

As future work, we intend to show video or images on the screen of the
robot. It could be useful for showing people’s emotions as part of the game.
We are also going to extend EVA’s script language to include our extensions
for light effects and user emotion recognition to facilitate creating and editing
therapy sessions. During the game scripting process, we missed a component
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in the VPL that could generate random numbers. It is our goal to extend the
language by adding this type of component. For some types of scripts, the use of
a graphical programming interface does not seem to be the best option. It would
be interesting if therapy session scripts could also be written in pseudocode or in
XML and could be imported into the robot system. Another idea is to integrate
the robot into other mulsemedia applications. In this case, the robot would work
as an avatar and could interact with the player using voice, giving tips and
motivating the participant, promoting more engagement.

Acknowledgment. This work was partially supported by CNPq, FAPERJ, CAPES,
CAPES Print and INCT-MACC.
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