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Abstract—!his study is a critical review of published scien-
tific literature on the use of Information and Communica-
tion Technologies (ICT), Virtual Reality, multimedia, music 
and their applications in children with special learning 
difficulties. Technology and music are two factors that are 
recognized as tools which ensure quality of life, success and 
access to knowledge and learning resources. In the following 
papers of the last decade (2006-2015) are proposed models 
of music therapy for students with special learning difficul-
ties in a psycho educational setting. There are also defined 
future research perspectives concerning the applications of 
technology in this particular research field.  

Index Terms—Special learning difficulties, Dyslexia, Atten-
tion Deficit Hyperactivity Disorder (ADHD), Autistic Spec-
trum Disorders 

I. INTRODUCTION 
Concerning learning disabilities, novel word learning is 

regarded as problematic for children with severe language 
impairments. Electronic storybooks when used to support 
vocabulary acquisition are quite effective [1]. E-learning 
and e-teaching are used in different educational contexts 
promoting the inclusion of students with special disabili-
ties in education [2]. There is also a description of a usa-
bility evaluation of a web portal so as to meet the needs of 
people with learning disabilities, especially around the 
period of “transition” [3]. Effectiveness of iPad computer-
ized writing instruction was evaluated for the 4th - 9th 
graders with diagnosed specific learning disabilities 
(SLD) affecting writing like dysgraphia, dyslexia, oral and 
written language learning disability [4]. This is a clinical 
case study of a three year old girl called Lily with child-
hood apraxia of speech (CAS) and the effects that music 
therapy has on her treatment [5]. Considering the learning 
difficulties that students with Special Educational Needs 
(SEN) face every day, the development of a multimedia 
Learning Environment (LE) is introduced in the next 
study [6]. 

As far as dyslexia is concerned, there is a critical review 
on the use of Virtual Reality (VR) and its applications in 
developmental dyslexia [7]. Furthermore the next study 
enhances learning via critical thinking, multimodal learn-
ing and motivational approaches [8]. Children with DD 
can be helped a lot, by music teachers, because of the 
temporal nature of cognitive issues in the disorder [9]. 
Afterwards there is an emphasis on IMLO (Interactive 
Multimedia Learning Object) [10]. 

Music therapy is ideal for students with emotional and 
behavioral disorders (EBD) [11]. Illustrating the reflection 
of a composer’s or performer’s emotions onto his/her 
music, it seems that there is also a relation between musi-
cal expression and psychopathology, which is shown in 
the work of great composers [12]. Another study investi-
gates leisure activities, particularly Internet activities, 

among boys and girls with ADHD and compares these 
with children from the general population [13]. 

A framework was developed for carers (teachers and 
parents) to help them create personalized social stories for 
children with autistic spectrum disorders (ASDs) [14]. 
The use of iPad2® for students with autism runs on a 10-
step task analysis, which examines the effects of systemat-
ic instruction [15]. Digital technology contributes with a 
multidimensional forum for the creation and implementa-
tion of social stories [16]. In order to test this hypothesis 
that individuals with autism are less responsive to the 
emotional content of music than typical ones, there was a 
comparison of a group of high-functioning autistic adults 
with a group of normal emotional responsiveness to music 
[17]. A multimedia platform analysis is developed using 
web standards which focuses on children’s individual 
interests [18]. New horizons have appeared with the ad-
vent of touch screen that allows a more natural interaction 
for children with cognitive and motor impairments [19]. 
The article emphasizes in music therapy and virtual envi-
ronments for assisting children with ASD socializing via 
music activities, using techniques of music therapy, which 
include free and structured musical improvisation [20]. 
The proceeding study provides an empirical evaluation of 
a music intervention for high functioning adolescents and 
young adults with ASD using a music program called 
‘SoundScape’ [21]. A set of videogames, called Pictogram 
Room Project for children and adults with autistic spec-
trum disorder (ASD) in Spain is implemented next [22]. 
Finally two projects are presented: the Virtual Reality 
applications Research Team (VIRART) and the 
COSPATIAL [23]. 

II. CATEGORIES OF SPECIAL LEARNING DIFFICULTIES 

A. Learners with Reading and Writing Difficulties  
Although it is difficult for children with severe lan-

guage impairments to learn fast, electronic storybooks 
when used to support vocabulary acquisition is quite ef-
fective [1]. A total of 23 kindergarten SLI children heard 8 
storybooks each four times: (a) two static stories without 
music or sounds, (b) two static stories with music or 
sounds, (c) two video stories without music or sounds, and 
(d) two video books with music or sounds. All the exper-
iments showed that story book reading is very effective 
language intervention for SLI children (Severe Language 
Impairments). There might be some limitations in word 
learning concerning the memory capacity to these chil-
dren. The more time one spends on the computer (listen-
ing to music), especially when reading e-books even with-
out adults support the more familiar with difficult words 
can become [1].  

E-learning and e-teaching are both applied by teachers 
at all levels of education [2]. Electronic teacher includes a 
system of learner and teacher activities. The educators 
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should have specific qualifications which are defined by 
the professional standards. This method covers people 
who suffer from specific learning disabilities like dyslex-
ia, dysgraphia and dyscalculia. Inclusive teaching meets 
the learning needs of all students acknowledging that their 
disabilities and individual learning needs demand special 
treatment including multimedia environments, multisenso-
ry teaching, music and role–play games [2]. 

Transition is when young people with disabilities move 
from school based support to life in the community [3]. 
The basic aim of the research was to test the usability and 
how the participants could navigate the site and under-
stand information. Music plays an important role as a 
method of improving learners’ abilities. Therefore it is 
quite extensively used. Thus, they use YouTube with 
bollywood dancing, pop music, videos and sports clips. In 
addition to these activities, participants use the software 
application Paint, play free games, listen to music, use 
email, watch DVDs and do simultaneously school work, 
free browsing of the portal. Moreover there are certain 
possibilities like scrolling, navigating back, recognizing 
the previous page and undertaking less directed web site 
activity. Above all, the most important conclusion is that 
people with mild learning difficulties can be adept with 
web technology and music [3].  

Students with a history of specific language impairment 
(SLI) experience more computer anxiety than typically 
developing peers, so they strongly need to get used to 
working with their computers [4]. The research aim was to 
determine whether students with SLDS who have persist-
ing writing problems beyond the third grade would show 
response to instruction on computer lessons. Musical 
rhythm is of great importance in achieving higher levels of 
progress among people with the former disorders. There 
are certain improvements. However one drawback is that 
the research was conducted after school when participants 
were obviously tired and thus we cannot have accurate 
results. Another one is that it happened in a rare basis. A 
most important question arises in the future about the 
added value of hybrid human and technology teachers [4].  

The music therapy treatment involved a mixture of be-
havioral, improvisational, and creative approaches in what 
has been termed a data-based music therapy approach [5]. 
There is an argument whether CAS is a disorder related to 
overall language development or a neurological disorder 
affecting the brain. The acquisition of language and/or 
speech for an apraxia of speech case needs extensive prac-
tice, instruction, time, and repetition. Music interventions 
can be effective in developing specific speech sounds, 
complementing the work of the speech language therapist. 
Conclusively, music therapy treatment appeared to be 
very beneficial for Lily in socialization, motor skills, 
movement, verbal communication, cognitive and emo-
tional. The data-based treatment approach outlined by 
Hanser (1999) allowed for changes in treatment tech-
niques based on Lily’s progress [5]. 

Usability tests of the system match with the needs of 
people with cognitive disabilities. The usability tests con-
sisted of graded activities drown from various special 
educational needs (SEN) sources [6]. The function is quite 
simple combining the intellectual level of tasks with the 
physical ease-of-use of the system. A wide variety of 
methods with music is presented dealing with problems 
and encouraging independent learning. Future improve-

ments are promising for professional educators, research-
ers and developers [6].  

B. Dyslexia 
This is a critical review on the use of Virtual Reality 

(VR) and its applications in developmental dyslexia [7]. 
The purpose of this research is to: (a) identify the potential 
contribution of Virtual Environments in the disorder’s 
screening, assessment, awareness process and interven-
tion, (b) present a synthesis of the available empirical 
evidence and (c) define future research perspectives. It 
focuses on visuospatial and nonverbal problem skills. 
Also it concentrates on memory and awareness for dyslex-
ia. The unique technological characteristics of VR in-
clude: interaction, immersion, presence, transduction and 
conceptual change. Conclusively VR technologies con-
tribute in a very positive way towards the dyslexics and 
their families [7].  

This paper emphasizes in the scientific usage of tech-
nologies in school applications [8]. This study specifies 
technology as hardware, software, high-tech and low-tech. 
The technologies are divided into 5 groups (Marshala, 
2000): (i) Written language technologies – for examples 
spell checkers, proofreading, speech synthesizers, speech 
recognition, outlining, brain storming/mind mapping, 
word prediction and alternative keyboards. (ii) Reading 
technologies – optical character recognition (read text 
back out loud), speech synthesis/screen review, tape re-
corders and variable speech control. (iii) Listening tech-
nologies – Personal FM listening. (iv) Organiza-
tion/Memory technologies – personal data managers & 
free-form databases. (v) Math technologies – talking cal-
culators & electronics math worksheets. Finally the com-
bination of music and technology education accelerates 
concentration and interest [8]. 

In the music classroom with the aid of multisensory 
teaching using rhythm and rhythmic dictation, music con-
cepts may be learned more easily [9]. Moreover the use of 
colors is quite effective in the learning process. The main 
aims of this article are to introduce a brief overview of 
Developmental Dyslexia (DD) and to provide teaching 
strategies for music educators to assist children with DD 
through music, melodic and rhythmic activities in the 
music classrooms [9].  

Analyzing this work there is an emphasis in the imple-
mentation of multimedia elements used for instructions on 
IMLO (Interactive Multimedia Learning Object), which is 
a multimedia software prototype about multiplication of 
two topics developed for dyslexic children in Malaysia 
[10]. A presentation of background study and research 
method is available. The approach for this research is 
qualitative, where the multimedia elements are interpreted 
using ARCS model. The main objective of this research is 
to present the functions of multimedia elements in 
IMLO’s learning and exercise activities. Available guide-
lines in this literature for implementing multimedia ele-
ments were based on learning theory and model [10].  

C. Attention Deficit Hyperactivity Disorder (ADHD) and 
Attention Deficit Disorder (ADD) Learners 

The objective of this work is the impact of music thera-
py to students with EBD and the proposal of a model of 
music therapy for them in a psychoeducational setting 
[11]. These mentally imbalanced students have short at-
tention spans, difficulties relating to people, low self-
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esteem and family problems. They are generally easily 
frustrated. Therefore music therapy contributes positively 
to communication, behavior and self-confidence. Music 
therapy programs are applied in schools and residential 
settings using reading comprehension, phonetics and 
meaning interpretation. Finally a combination of music 
and technology is a non-invasive medium that enhances 
self-expression, self-esteem, motor skills, coordination, 
socialization, creativity, inventiveness, independence and 
success. Music is a great reinforce and motivator for hu-
man beings [11]. 

The reflection of the emotions and psychology of fa-
mous composers is clearly illustrated in their work show-
ing possible psychopathological disorders [12].For exam-
ple, Max Graf was interested in Wagner, Eduard Hitsch-
mann wrote on Schumann and Brahms while Richard and 
Edith Sterba worked on Beethoven. Furthermore other 
phychoanalysts like Theodor Reik, one of Freud’s earliest 
students, demonstrated that musical structure can repre-
sent feelings. The main aim here is to explore the potential 
reflection of psychiatric semiology and symptomatology 
of a patient diagnosed with Obsessive Compulsory Disor-
der (OCD) onto her musical improvisation. There were 
three interactive music sessions with the MIROR, a ma-
chine learning based system. The results show that aspects 
of the patient’s pathology can be associated with musical 
attributes and structures. On the whole the influence, the 
impact and the reflection of music is very obvious in rela-
tion to human psychology and character. For example a 
patient’s logorrhea is translated into non-stop playing, 
impulsivity becomes intensive playing and fast tempo 
reflects anxiety [12]. 

The current study provides new insight into several lei-
sure activities, including a variety of specific Internet 
activities, particularly online and video games that charac-
terize leisure among boys and girls with ADHD, com-
pared with adolescents from the general population [13]. 
Leisure activities can provide adolescents with an oppor-
tunity to develop skills and competencies, increased phys-
ical and psychological development, and a sense of be-
longing. Conclusively internet activities, especially social 
communities and downloading music, might provide ado-
lescents with ADHD with accessible means of social in-
teraction where individuals can interact with each other in 
physical and virtual spaces [13]. 

Learners with Autistic Spectrum Disorders 
In this paper a framework is introduced to help teachers 

create personalized social stories for children with autistic 
spectrum disorders (ASDs) [14]. It outlines an interven-
tion to reveal the hidden code that underpins social inter-
actions to them. Additionally it focuses on how technolo-
gy can facilitate the implementation of this intervention by 
utilizing multimedia-authoring tools. The tools which are 
used are social stories approach and technical enhance-
ments to teach social skills. There is a design of reach and 
teach framework, which is divided in three parts (tutorials, 
sample and template activities). After the implementation 
of the used procedure the findings revealed an individuali-
zation of social stories. Finally, the fact that children with 
ASDs are visual learners makes the social stories an ideal 
approach due to the use of visual information to empha-
size the meaning [14].  

The next concerns an introduction of iPad2® which in-
cludes constant time delay and a modified system of least 

prompts, paired with an iPad2® via shared stories for 
students with limited verbal ability [15]. The sessions 
occurred in two self-contained special education class-
rooms within a small suburban elementary school in the 
Southeast. Among the three authors, the third was a music 
therapist. This study measured the effects of the independ-
ent variable package like shared stories, delivered via the 
iPad2® and the dependent variables (independent correct 
responses of student and on listening comprehension ques-
tions). Conclusively, multimedia capabilities of the 
iPad2® emphasized on auditory and optical tasks, which 
increased accessibility for all students. There are limita-
tions of this study which cannot be generalized to other 
students with developmental disabilities. The increasing 
focus of academic proportions for students with develop-
mental disabilities can extend the research base with the 
help of technology [15]. 

Digital media, like photography is an efficient and flex-
ible method to create stories to teach social skills [16]. 
Peer tutoring and social stories are extensively used to-
gether with digital media. The use of digital media in-
volves visual supports and self-monitoring, which are 
effective strategies for young children (Odom et al., 
2003). These methods include identification of target 
behaviors, composition of digital stories scripts, obtaining 
and organizing pictures and finally the creation of stories 
on PowerPoint. Above all, it is essential to help children 
with disabilities to take ownership of learning as early as 
possible so that they do not feel helpless [16].  

Individuals with high-functioning autism are less re-
sponsive to the emotional content of music than typical 
ones. Here there is a comparison to test this hypothesis 
[17]. The definition of alexithymia is the lack of ability to 
verbalize the individuals’ emotions. According to the 
mediation analysis of this study there is a two stage model 
of musical emotions. The emotions are divided in three 
categories: happy, sad and scary. The results showed that 
students with autism had no reduced responsiveness to the 
musical stimuli compared to the control group. In conclu-
sion the question is what mechanism can explain the re-
sponsiveness of music at the second stage. It might be that 
there is something intrinsic to autism that makes it hard to 
verbally describe what causes the physiological arousal by 
music [17].  

A multimedia platform analysis is developed using web 
standards which focuses on children’s individual interests 
[18]. The proposed system which was developed is based 
in multimedia content (video, images, audio and stories). 
This application encourages socialization and facilitating 
interaction among children with ASD and allows tutors to 
easily customize the contents and look-and-feel of the 
tool. The framework was designed for both the end users 
and the tutors with a rich multimedia content with the help 
of web technologies. There are some challenges and limi-
tations that must be overcome like dependency to a tutor, 
the need to respect a daily routine, the difficulty in dealing 
with spontaneous or unexpected moments and different 
levels of severity. In conclusion we can assess if adapting 
this application will give a mean for children to interact 
with peers [18].  

A hypothesis is that the use of a computer stimulates 
curiosity, content customization and peer communication 
[19]. One touch screen for children with cognitive and 
motor impairments is a genuine idea. Most applications 
allow children to communicate through images, to create 
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storyboards, or to reproduce preferable content using 
sound. !yTroc@s.net focuses on promoting the acquisi-
tion of new competences at the communication level, by 
using content customized for the preferences of each 
child. The development of myTroc@s.net is an evolution 
of a previous solution. There is a framework which pro-
duces different types of log (applications, face detection, 
likes, activities and messages) through which we can audit 
the child’s behavior. All in all myTroc@s.net emerged 
from the real-world needs of special education teachers 
[19]. 

The use of music therapy can encourage active partici-
pation of autistic children, providing a motivating envi-
ronment for knowledge acquisition and socialization skills 
[20]. The Music therapist helps the patient to promote 
health, using musical experiences and relationships that 
develop through them. The use of virtual reality environ-
ment facilitates communication through the process of 
speech and musically stimulates the thought process. Mu-
sic activities in virtual environments require various cog-
nitive resources, such as visual processing and verbal 
memory, auditory and motor programming. The use of 
virtual reality environments can reject social abandonment 
and isolation, contributing to socio-emotional develop-
ment. Finally VR technology contributes a lot in the re-
covery of patients [20].  

The music program for young adults with ASD and for 
high functioning adolescents which is called ‘Sound-
Scape’, was an eight-week program consisting of 90-
minute weekly music sessions [21]. The program is fo-
cused on self-esteem, anxiety, attitudes and relationships 
with peers as these are pervasive challenges for those with 
ASD. The outcome showed a memorable increase in self-
esteem, reduced anxiety and better attitudes toward peers. 
Bearing in mind that this pilot study examines the impact 
to people with ASD through participation in a music pro-
gram, the challenge is to fight physical, psychological 
stress, low self-esteem, verbal disability and depression. 
Consequently music (video and music technology) is a 
very positive factor to facilitate multisensory integration 
for all children. Last but not least, a continuous improve-
ment of the efficacy of music participation for autistic 
children should be introduced emphasizing in a broader 
range of evaluation tools, empirical methods and a long-
term investigation of positive outcomes [21].  

Here it is introduced a set of videogames for children 
and adults with autistic spectrum disorder (ASD) in Spain 
[22]. The main aim of the Pictogram Room Project was to 
achieve a pedagogic pattern for entities with autism whose 
developmental abilities are most affected by the disorder. 
This particular program underlines the importance of 
playability criteria and self awareness for children with 
autism. Pedagogy proposes that music is an excellent 
auxiliary method to support visual techniques such as 
video games when addressing people with ASD. Since 
there is an exponential evolution of technology, impaired 
individuals can use their own bodies and gestures as a 
“natural interaction” procedure without the use of other 
tools. In the end the combination of new technologies and 
therapeutic intervention open treatment options that are 
highly promising [22]. 

The Virtual Reality applications Research Team 
(VIRART) have explored issues concerning development 
and evaluation of virtual reality environments (VR/VEs) 
for children with autism [23]. Another project was the AS 

Interactive which is developing virtual environments for 
social skill training in young people with Asperger Syn-
drome. There is also COSPATIAL, Collaborative Virtual 
Environments for Interaction and Learning in children on 
the Autism Spectrum. COSPATIAL seeks to utilize, col-
laborative virtual environments (CVEs) rather than the 
single user VE developed previously in the AS Interaction 
Project (Cobb, 2007). Sound including music is optional. 
However, there has been a lack of research into how tech-
nology can be designed inclusively with the input of the 
target user group. In the case of this work, we focus on the 
supervisory adult and the child with autism [23].  

III. CONCLUSIONS 
The aim of this study, given the multitude of manifesta-

tions of special educational needs was to examine the 
most representative studies over the last decade exploiting 
ICT and music and how the combination of those contrib-
utes to independent pupil learning and curriculum. Realiz-
ing the enormous development of technological devices, it 
is quite natural to be used to deal with people with various 
disabilities overcome their problems and communicate or 
interact with the surrounding world. Nevertheless there is 
extensive ongoing research about the great effects of tech-
nology in music therapy. 
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