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Abstract: The function of ICTs in the inclusion of kids with autism, ADHD, and dyslexia is
briefly described in the current work. As a result, many academics point out that ICTs are
crucial to inclusive education and aid in closing the digital divide. As a result, the study team
behind this report provides particular instances of how ICTs might help kids who have
learning challenges. By encouraging equal engagement from all students in the educational
process, ICTs help kids get ready for life after school. The inclusion of students with learning
disabilities and their ability to retain newly learned information as well as grow as individuals

will benefit from the usage of ICTs and assistive technologies in the educational process.
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1. Introduction

Assistive technology is used by students with learning disabilities to access common resources,
complete assignments, and engage equally with their peers in the learning environment. A variety of
learning difficulties can be managed with the use of assistive technology. For instance, a child who
has trouble writing can create a text by dictating it and using specific software to turn it into a written
report. When playing a game with a friend, a child who struggles with math can keep score using a
handheld calculator. A language synthesizer, for example, may be necessary for a youngster who
cannot talk in order for them to participate in the session. Information and communication
technologies (ICTs) can support the development of reading, writing, math, organization, memory,
and hearing in learners. (Adebisi, Liman & Longpoe, 2015).

ICTs contributed to the emergence of the "digital divide" as a result of technological
advancement. Some people are unable to respond to this development on an individual basis, but with
the right ICT use, they can overcome this obstacle, participate in the digital society more equally, and
have greater job chances. Additionally, developing and implementing support programs for those with
disabilities has economic benefits. The cost of long-term care exceeds that of supported independence
(Benda, Havlicek, Lohr & Havréanek, 2011).
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The ultimate goal of social inclusion, according to Njoki and Wabwoba (2015), is to give
people the ability to change their lives by grabbing opportunities. By enabling students and professors
to participate in a course while even being on separate continents, ICTs have closed the distance
education gap. Those who cannot physically attend school can nevertheless receive an education
thanks to e-education. To make learning easier, electronic libraries, virtual labs, and computer games
have also been developed. (Njoki & Wabwoba, 2015).

By fostering abilities like imagination, attention, and self-control, electronic games have been
shown to assist kids with learning disabilities in adopting healthy behaviors. Children with learning
disabilities can be motivated and engaged in an environment created by virtual and augmented reality,
which also helps them improve their motor and perceptual abilities. Additionally, mobile applications
support children with learning challenges in becoming independent and carrying out their daily
activities. (Papanastasiou, Drigas, Skianis, Lytras & Papanastasiou, 2018).

It is necessary to create a supportive school environment, which will promote the
development of each student. The teacher of the class has nowadays an ally in the learning process,
the ICTs, (Obradovi¢, Bjeki¢ & Zlati¢, 2015). ICTs help to create an individualized teaching program
for children with learning difficulties and an environment where the student comes into contact with
the educational material and can interact with it. Additionally, ICTs help students to communicate
with each other, but also with the class teacher through special devices. It is also pointed out that ICTs
can be used as an evaluation tool, as they save time and money (Williams, Jamali & Nicholas, 2006).

According to Della Volpe (2016), the incorporation of technology into the classroom results
in a flexible curriculum that improves both the involvement and readiness of children with learning
disabilities for life outside of the classroom. Without exception, every child has the right to receive
education, which is crucial for everyone's personal growth. Examples of ICTs' contributions to the

inclusion of students who have autism, ADHD, and dyslexia are included below.

2. ICTs and Autism

More and more people are being affected by the illness known as autism. It is a
developmental disease that lasts a person their entire life and keeps them from fully comprehending
what they see, hear, and generally experience. As a result, they struggle greatly on a social,
intellectual, professional, and personal level. According to Block, Block, and Halliday (2006), autism
spectrum disorder is characterized by challenges with communication and social interaction as well as
a number of compulsive activities. The use of ICTs by students with autism benefits them since it
teaches them how to handle the pressure of societal integration, helps them improve their reading and

social skills, and aids in communication.
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Technology of various kinds has been applied to autism intervention. Mobile learning and the
use of social robots are both quite popular. A lot of study has also been done on serious games, virtual
reality, and augmented reality. It's also important to note that research have shown that artificial
intelligence improves the ability to diagnose autism. According to Anagnostopoulou,
Alexandropoulou, Lorentzou, Lykothanasi, Ntaountaki & Drigas (2020), mobile applications, fuzzy
logic methods, natural language processing, neural networks, and machine learning applications have
a lot to offer in the field of autism evaluation.

The Facial Expression Wonderland (FEW) application was designed to improve the ability of
students with autism to recognize expressions. FEW is a daily training tool consisting of different
levels. It requires students with autism to use the application daily to improve their skills in
recognizing facial expressions and developing the "Theory of Mind" (the ability to understand the
mental state of other people). The real impact of the FEW application has not yet been assessed and
must be assessed in the future (Drigas & loannidou, 2013). Tang et al. (as mentioned in Conde &
Fonseca, 2017) investigated the usefulness of applications for children with autism based on gestures
that aim at involving the children in the activity.

The research of Jaliawala and Khan (2018) presents some Computer Vision Assisted
Technologies (CVAT), which help the people who belong to the autism spectrum recognize and
produce facial expressions. One CVAT technology that helps people with autism improve their
nonverbal skills is FaceFlower, which uses a flower that grows with the user's expressions. The
purpose was to help individuals pronounce their feeling and exercise their facial muscles with a
specific expression so that they could see the plant grow (Jaliawala & Khan, 2018).

Also, virtual reality programs (VR) actively help people with autism. Virtual Interactive
Training Agent (VITA) aims to improve people's interviewing skills to find work more easily. The
research of Burke et al. (2018), states that the VITA program was designed to give users with autism
the opportunity to practice a professional interview by answering the questions of a VH interviewer.

The serious game SEMA-TIC aims to teach literacy skills to children with poor functional
language skills and autism. The game includes feedback and reinforcements that align with the
children’s interests, such as bright and moving objects. Each game is considered to train specific
literacy skills, such as word recognition, alphabet, syntax, and so on. Grossard et al. (2018) developed
an innovative electronic learning and communication game called JEMImE. The game aims to
educate the facial expressions of children with autism in social settings.

The Queball robot, which is spherical like a ball, helps children with autism develop their
social skills. Its software is simple but at the same time provides a variety of kinetic, visual, and audio

features that integrate the child more easily into the game. According to the results, the device can be
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easily used at school and the child's interaction with the robot was characterized as calm, entertaining,
and interesting (Ntaountaki, Lorentzou, Lykothanasi, Anagnostopoulou, Alexandropoulou & Drigas,
2019).

At the same time, robots can help children with autism improve their emotional recognition
skills (Ntaountaki, Lorentzou, Lykothanasi, Anagnostopoulou, Alexandropoulou & Drigas, 2019). For
example, the Probo robot was used to test whether children with autism can recognize emotions in
specific situations. According to the results, the performance of the participants improved
significantly. Therefore, it is demonstrated the important role that robots can play in autism
intervention. Some robots used to develop skills in children with autism were: Nao, Kaspar, Charlie,
QT Robot, IrobQ, CARO, and KiliRo (Grossard, Palestra, Xavier, Chetouani, Grynszpan & Cohen,
2018).

David Lima and Thais Castro (2012) introduced Music Spectrum, a virtual music
environment for children with autism, based on the theory that music therapy can promote positive
change. The aim was to awaken the person with autism to a more dynamic interaction from exploring
an organ to participating in a social group.

A mobile application which is called PARLE (Portable Affect Reference Learning
Environment) can be used to translate transfers into simpler forms (Vlachou & Drigas, 2017). Another
application, which is called “MOSOCO”, uses augmented reality and helps children practice their
social skills in real situations. This application provides children with autism with interactive features
to encourage them to have eye contact, maintain appropriate boundaries in space, and share their
interests (Escobedo, Nguyen, Boyd, Hirano, Rangel, Garcia-Rosas, Tentori & G. Hayes, 2012). The
iPad application "Go Talk Now Free”, has a similar format to the communication system PECS
(Picture Exchange Communication System), as it makes all the options visible on the touch screen
and the child can choose a picture freely (Muharib, Correa, Wood & Haughney, 2018).

Déz-Escudero et al. (2018) conducted research on the Taimun-Watch system, which uses a
smartwatch and a smartphone to help autistic individuals regulate their own behavior. The smartwatch
is worn by people with autism, and it tracks heart rate. The watch screen displays emotional self-
regulation techniques when the signal reaches a certain threshold. Therefore, asynchronous
interventions can help people with autism deal with circumstances that typically cause them to feel
frustrated, angry, or anxious. These interventions can be guided by family, teachers, and caregivers
for people with autism. Even non-experts can construct emotional self-regulation techniques thanks to
the interface's thoughtful design. According to Daz-Escudero, Torrado, Gomez, and Montoro (2018),
strategies are composed of steps or cards with multimedia information, such as pictograms,

photographs, text, or animation.
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Augmented reality glasses, which primarily support the acquisition of socioemotional
abilities, are another kind of intervention for people on the autism spectrum. While virtual objects and
audio assistance are provided through a visual overlay and speakers, respectively, augmented reality
(AR) enables the user to interact with the environment (Sahin, Abdus-Sabur, Keshav, Liu, Salisbury
& Vahabzadeh, 2018).

3. ICTsand ADHD

According to Gkeka, Gougoudi, Mertsioti, and Drigas (2018), Attention Deficit Hyperactivity
condition (ADHD) is a significant condition of psychological development marked by persistent
symptoms of inattention, hyperactivity, and impulsivity that present in two or more situations for
longer than six months.

Applications for people with attention deficit hyperactivity disorder (ADHD) have been
developed. Plan-It Commander is a serious game created by Bul et al. (2015). Its design was intended
to foster behavioral learning and practical life skills that children with ADHD frequently struggle
with, like time management, organization, and other social skills.

Social robots, such as Topobo and RUBI, can help educate children with social and cognitive
disorders and other disabilities. A research involving children with ADHD found that children with
limited attention skills worked with the robot throughout the intervention without the need for a break.
These results show the potential of robots as an educational tool in special education and their positive
effects on children with ADHD (Alexopoulou, Batsou & Drigas, 2019).

Also, as reported by Gkeka et al. (2018), the tangible user interface (TUI) was also found to
be important in the learning experience. The immediate operation makes the touch screen attractive to
users and significantly influences learning processes by stimulating motivation and increasing their
engagement. So TUI can be one of the primary factors that contribute to the enhanced involvement of
students with ADHD.

At the same time, the virtual reality video game industry (Microsoft Kinect, Nintendo Wii)
allows the person to monitor himself during the interaction and possibly reduce his excessive
movement. Also, computers in the classroom can present material in different ways. Computer
programs help in the design and mapping of the mind which improves the organization and flow of
writing that are necessary for students with ADHD (Gkeka, Gougoudi, Mertsioti & Drigas, 2018).

According to research, the use of a laptop by students with ADHD helps in the organization of
their daily program. The device compensates for their organizational and memory difficulties as
students emphasize their work and their notes (Drigas, loannidou, Kokkalia & Lytras, 2014). It has

also been shown that the movement and use of gestures improve the learning skills of people with
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ADHD. Therefore a system that promotes movement by allowing gestures, as well as hand-eye
coordination using a natural user interface (Natural User Interface), seems to be a very good solution
for improving attention (Garcia-Zapirain, Torre Diez & Lopez-Coronado, 2017).

Another system that works on mobile phones and helps children with ADHD and their
families in establishing a healthy breakfast and bedtime routine by providing specific structures, as
well as rewards, is MOBERO. According to the results of the research of Sonne et al. (2016), the use
of MOBERO was associated with lower levels of parental confusion during breakfast and sleep and
increased independence of children.

In contrast, the Chillfish operating system does not provide help for specific routines but is a
relaxing biofeedback game. By breathing on a simple Lego fish the child controls a virtual fish in a
virtual underwater world. Chillfish's goal is to collect as many starfish as possible by performing a
relaxing breathing exercise. Another application is TimeTimer, which is a commercial product
available in a wristband and mobile application and helps people stay focused by visualizing the time
left for a job. CogoLand, on the other hand, is a game based on an avatar in the 3D world who must
complete a race as fast as possible. The speed of the avatar is controlled by the child's level of
concentration, which is measured using electroencephalography (EEG). Finally, the Cogmed
computer application trains the child's working memory (Sonne, Marshall, & Obel, 2016).

BlurtLine is designed to help the child avoid impulsive speech. He achieves this by using an
interactive chest strap that serves both as a sensor and as an intervention tool that provides the child
with tactile feedback. CASTT focuses on helping children regain and retain their attention during
lessons. CASTT is based on accelerometers that detect when a child loses attention and a mobile
application helps him to regain it (Smit & Bakker, 2015).

Sonne et al. (2016) introduced the ParentGuardian application, which provides behavioral
strategies for parents of children with ADHD to support them in managing stressful situations. The
ParentGuardian system uses changes in skin conductivity, measured by an electro-dermal activity
bracelet, to calculate a parent's stress level. When a high level is detected, the application sends a
reminder of the use of control strategies to the parent's mobile.

Also, another supportive technology for children with ADHD is SmartPen, which is designed
to detect the loss of concentration of children during reading and to help them regain it. Through a
built-in accelerometer and a machine learning algorithm, Smart Pen can recognize reading patterns.
Smart Pen discreetly reminds children to resume reading either by turning on a small light or with a
small vibration (Sonne, Marshall, Miiller, Obel & Grenbak, 2016).

Ahmad, Parhizkar, and Pillay (2019) developed a mobile phone game that includes functions

used to maintain the attention of the child with ADHD. They performed an experiment in which
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children with ADHD played the game voluntarily and their actions were recorded. Based on his
results, the children showed a high percentage of interest in the game. This suggests that mobile
games can help enhance the level of attention and concentration of students with ADHD.

Attention Exercise provides attention and memory enhancement exercises. Another
application is EpicWin, which turns daily tasks into games, while Home Routines gives rewards for
each task completed within a specific time. The Koi Pond application provides people with ADHD
with relaxation exercises when they feel confused (Lewandowski, Wood & Miller, 2016). Some
computer games that aim to improve attention, memory, cognitive skills, and general executive
functions are BrainTrain, Luminosity, and Play Attention (Lewandowski, Wood & Miller, 2016).

Avila-Pesantez et al. (2018) studied the effectiveness of an Augmented Reality Serious Game
(ARSG) called ATHYNOS. Users could play two games. The first was a Drag and Drop game and the
second was a shapes game. In the Drag and Drop activity, the children improved the coordination of
the eyes and hands.

Learning and communication electronic games (serious games) are considered a powerful
mechanism that can be used to prevent mental disorders in children with ADHD. They can be
described as "digital games and equipment with educational design beyond entertainment™ (Grossard,
Palestra, Xavier, Chetouani, Grynszpan & Cohen, 2018). The research findings of Avila-Pesantez et
al. (2018) showed that children after using ATHYNOS improved their attention. Voluntary
participation and ongoing interest in problem-solving contribute to academic success and learning.

Tavakoulnia et al. (2019) designed a study aimed at understanding the contribution of
applications and mobile devices in enhancing the executive functions of children with ADHD. A
smartwatch was used by 24 students aged 10 to 13 years. The device enables the recording of the
child's emotions and mood through the application "Keep Your Balance" so that the parent or
caregiver monitors his progress and provides the user with help to control and guide his behavior
through reminders with "The Coaching App". The smartwatch has proven to be an easy-to-use, useful,
and safe device for children with ADHD (Tavakoulnia, Guzman, Cibrian, Lakes, Hayes &. Schuck,
2019).

Also, as mentioned above, ICTs help children with ADHD control themselves and their
behavior. Specifically, as reported by Bashiri, Ghazisaeedi, and Shahmoradi (2017), virtual
environments provide motivation, reduce the stimuli that disorganize children with ADHD, and thus
maintain their attention and concentration. Interventions based on virtual environments help to
improve the perceptual skills of children with ADHD, such as attention, working memory, and
executive functions. It seems that children with ADHD prefer interventions that contain technology to

traditional techniques, as they feel more secure in such an environment (Bashiri, Ghazisaeedi &
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Shahmoradi, 2017).

The "iSelfControl" application was created to support the control of children with ADHD in
the classroom, and Schuck et al. (2016) published a pilot study that attempts to investigate its
effectiveness. In order to receive points, students had to assess their behavior every 30 minutes and
report the results in the application. The focus was on compliance, adhering to policies and
procedures, and fostering social connections. The children's behavior was also watched by the class
teacher, who assigned the relevant points. The software might provide feedback to the kids.
According to Schuck, Emmerson, Ziv, Collins, Arastoo, Warschauer, Crinella & Lakes (2016), the
application "iSelfControl" is a crucial tool for the construction of tailored instruction that will address

the requirements and skills of the student with ADHD.

4. ICTs and Dyslexia

Four key categories of technology are utilized to support dyslexic children's learning. These
include games, virtual learning environments, text-to-speech, and eye tracking (Jing & Chen, 2017).
Readers can record their voices while reading interactive e-books. In order to enhance phonological
awareness, word recognition, and memory skills, they also give readers the chance to listen to and
practice word segments.

Children with dyslexia can improve their reading habits by using Read-Aid, a supportive
reading aid. This tool's intervention improves reading comprehension, reading speed, and error
reduction. Sprint is yet another program that helps reading. Sprint gives a computer speech so that the
program can read the text that is being presented on the screen. As it can read texts written by
children, the software mentioned above is very helpful in identifying errors (Jing & Chen, 2017).

Al-Edaily et al. (2013) designed a system for dyslexia using the "Dyslexia Explorer" eye-
tracking system. Initially, Dyslexia Explorer captures eye movement when a student reads texts. An
algorithm is then used to filter where the gaze “sticks”. Finally, the system analyzes the duration of
these "glues™ and their spatial distribution. As a result, eye-tracking technology allows specialists to
detect reading problems and phonological difficulties in order to design effective programs for
students with dyslexia.

The DysEggxia game was designed to improve the spelling skills of children with dyslexia. It
includes 5000 exercises with different levels of difficulty. MathLexic is an interactive application that
aims to improve the math skills of children with dyslexia. Specifically, it provides exercises for
recognizing numbers, sequences, mathematical symbols, and mathematical functions (Ahmad, Jinon
& Rosmani, 2013).

A Kkindergarten child cannot be diagnosed with dyslexia. If, however, he presents some
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language difficulties that could potentially lead to dyslexia then early intervention is needed. For
example, e-books can be used to encourage children's language skills through fun activities. The
GraphoGame game was also designed to help kindergarten children with early signs of dyslexia
recognize and distinguish vocal sounds. The game is simple, accessible and gives instant feedback,
and rewards (Richardson & Lyytinen, 2014).

Cidrim & Madeiro (2017) introduced the EasyLexia mobile phone software, which consists of
spelling, memory, and math problems activities for children with dyslexia. Abracadabra (ABRA) and
e-Pearl software also benefit from letter-sound recognition, phonological awareness, and reading
comprehension. Children who used these programs, showed learning benefits in the written language
and had a better performance in their metacognitive reading skills.

Adebisi, Liman, and Longpoe (2015) mentioned assistive technologies for improving the
written language, reading, and math. Speech recognition systems allow the child to speak to the
computer through the microphone and the spoken words are displayed as texts on the computer
screen. The Optical Character Recognition (OCR) allows the child to type text on the computer, while
the speech composer reads the text back and forth loudly for the child to hear and see the text at the
same time. Also, electronic math worksheets help children with arithmetic problems to organize basic
math sets using a computer.

SEVERI is an e-learning environment for students with reading, writing, and comprehension
difficulties. It includes tools such as instruction messages, a learning diary, a library, and discussion
material. Also, "The Number Race" was developed as a computer game to intervene in dyscalculia.
This software aims to educate children in a fun way, introducing problems tailored to the level of
performance of each individual (Drigas & loannidou, 2013).

Ebner et al. (2017) presented an educational platform for German-speaking users aged 8 to 12
with special educational needs. The aim was to provide elementary school students with a tool to
improve their writing and spelling skills. With this tool, students can write and publish texts that are
automatically evaluated. The system provides students with feedback on their mistakes, which helps
to improve their writing and spelling skills. Besides, the exercises are presented according to the
errors and the level of the user (Conde & Fonseca, 2017).

Also, lately, it is very common to use games in education (Gamification in Education). One of
the main opportunities for using gamification is the field of educational technology. Motivation is an
important part of education, strongly influencing the extent to which students use effective learning
strategies. Gooch, Vasalou, Benton and Khaled (2016) used classDojo (https://www.classdojo.com) as
a gamification platform. This platform is quite popular as it has 2.4 million registered teachers and 53

million students in 180 countries.
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5. Conclusion

We came to the conclusion that using ICTs has a lot of benefits. As they facilitate access to
information and knowledge, the learning process, and the interaction between students and teachers,
ICTs can develop into a substitute and dependable tool for inclusive education.

The engagement of children with learning disabilities with ICTs is beneficial. Initially, the
intervention process's duration has been cut down, and processing and classifying huge amounts of
data is now feasible. Additionally, ICTs provide children who feel more secure and engaged in the
intervention process with a more predictable and appealing environment. Additionally, ICTs help
students develop learning strategies and activate their various senses with the aid of images, graphs,
and videos. As a result, the research's findings demonstrate increased success rates and accuracy, and
the therapist gains a better understanding of the child's skills and requirements.

However, it is important that the intervention is individualized and emphasis is placed on the
needs and abilities of each child. Assistive technologies must be user-friendly, environmentally
friendly, low cost, and easy to find and use. In conclusion, based on the literature, ICTs help in better
understanding, assimilating, and consolidating the cognitive materials such as mathematics and
language by all students. Regarding students with special needs, in many cases, ICTs are the only
solution for their access to knowledge, information, and learning.

In conclusion, ICTs contribute to the equal involvement of persons with learning disabilities
in social activities and provide them with greater employment prospects, bridging the digital divide
and promoting digital inclusion. Future studies should concentrate on how ICTs might help
youngsters with learning difficulties with their vocational rehabilitation. Additionally, finding ways to
lower application costs so that families can access them is a very intriguing area for future research.
The ultimate objective is to integrate children with learning disabilities into society so that they can
feel equal and valuable contributors.

Concluding, we emphasize the significance of all digital technologies in the field of education
and in learning disabilities domain, which is highly effective and productive and facilitates and
improves assessment, intervention, and educational procedures via mobile devices that bring
educational activities everywhere [47-56], various ICTs applications that are the main supporters of
education [57-93], and Al, STEM, and ROBOTICS that raise educational procedures to new
performance levers [94-114] and friendly Games environments [115-118]. Additionally, the
development and integration of ICTs with theories and models of metacognition, mindfulness,
meditation, and the cultivation of emotional intelligence [119-165], as well as with environmental
factors and nutrition [43-46], accelerates and improves more than educational practices and results,

especially in learning disabilities domain.
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