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Abstract—With the advent of technology, the use of Information and
Communication Technologies (ICTs) is essential for the improving of the quali-
ty of life of learners with Sensory and Motor disabilities. In this paper we pre-
sent an overview of the most representative studies of the last decade (2005-
2015), which deal with the two important issues in the field of ICT’s, music and
special education. The studies chosen will be classified according to the areas of
needs they serve.

Keywords—Sensory and Motor disabilities, Visually, Deaf and Hearing Im-
paired people

1 Introduction

In the following papers there are presentations of the ways the visually impaired
can satisfy their goals and needs on music [1]. One methodological approach for
teaching music to blind children in Brazil is based on the interaction with the
Musibraille software [2]. There is also a novel approach which explores on methods
of converting printed eastern music notations to readable and controllable digitized
output [3]. Another proposition is a music composition software named “Musical
Composition Assistant” designed specifically for the people with physical and visual
disabilities [4]. Next a user’s study on the benefits and drawbacks of simultaneous
spatial sounds in auditory interfaces for visually impaired and blind computer users is
examined thoroughly [5]. A model to design multimedia software and virtual envi-
ronment for blind learners is presented, using 3D auditory representations [6]. A de-
tailed structure is presented with an integrated tele-informing and tele-education sys-
tem (web portal) [7]. There is an analysis of the commonly used current technologies
with the basic priority in accessibility and educating applications (ProTools, Cubase,
Sibelius) [8]. A popular tabular format, which needs a certain algorithm to support it,
still poses huge problems for screen readers because of diversity and complexity of
the cells content [9]. The first humans to take advantage of autonomous mobile robots
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will be disabled ones and old-aged ones [Aylett, 2002]. Mobile robots will open radi-
cal revolutionary dimensions in the 21* century [10].

As far as acoustical impaired individuals are concerned there is a design and evalu-
ation of a system (Haptic Chair) they have developed to enhance the musical experi-
ence for the deaf [11]. A special emphasis is given in captioning and subtitling simul-
taneously with sign language [12]. A prototype system, supporting only the Portu-
guese sign language alphabet, was developed — the Kinect-Sign [13]. A computer-
assisted music-learning system (CAMLS) has been developed to help the hearing
impaired practice playing a musical melody [14]. The next review concerns the tech-
nological, biological and acoustical constraints that limit music perception in Cochle-
ar Implants (CI) users [15]. An investigation of music perception between deaf chil-
dren and normal hearing ones is examined [16]. An intelligent web based system of
four components: interaction, pedagogical, student and expert module aims to en-
hance concepts and skills of digital circuits for deaf students [17]. The last article of
acoustical category describes a development work whose focus examines whether
designing a game as an educational technology can contribute to education of deaf
children in learning a language [18].

Concerning physical disabilities, one of the primary goals of the articles is to ex-
plore what difficulties instrumental music directors face when attempting to integrate
students with physical disabilities into mainstream music education with the aid of
technology [19]. The results of a case study are illustrated, where disabled students
use the multimedia tool called PLAIME (Platform for the integration of handicapped
children in music education) [20]. Bearing in mind the expanding popularity of virtual
communities on massively multiplayer online games could be extensively effective
particularly for the disabled people, eg the novel ‘Snap Clutch’ software [21]. The
lack of physical skills of children with severe physical disabilities, so that they can
play musical instruments or even play with their toys, make us know that it is of ut-
termost importance the use of a device to help them (MTM system) [22]. A lot of
adapted interfaces are manufactured for typical users or disabled ones to play music
form digital audio (AE2M project) [23]. An outstanding technological revolution is an
ongoing process, particularly in robotics and Virtual Reality [24]. Playing a guitar or
other musical instruments requires flexible and functional hands. Here there is an
investigation of alternative interactions to enable or re-enable students with non-
functional hands or arms to play a guitar [25].

2 Sensory and Motor Disabilities

2.1  Visually Impaired Learners

The next category concerns visually impaired individuals. The basic aims of the
first research are studying the performance of a musical score and distinguish auditory
symbols [1]. Audio format was approached as the most feasible and effective readable
format to read music notations for visually impaired. The researchers have developed
western music techniques. The Western music is more structural than the eastern,
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therefore is less confused than Eastern. “Adaptive Music Score Trainer” delivers a
non visual presentation of music notations of Eastern music. This means that visually
impaired will be easily attached to “it”. The basic aims are studying the performance
of a musical score and distinguish auditory symbols. As a result this study is very
important, because it has revealed the problem of visualizing music notations. Con-
cluding this adaptive music score trainer of visually impaired can be extended to-
wards a music score generator which assist user to create a visual script of music
notations from an audio input [1].

A good idea is to use Braille Music techniques as they are fully accessible to blind
students working together with non blind children [2]. There are two approaches. First
the blind musician uses sequence programs. In the second approach they use comput-
er music editors. Among the programs that can be used, are Dancing Dots, a Braille
Music Translator, which can convert files from MIDI and Music XML files than can
be exported from standard software like Finale and Sibelius into Braille. Another
interesting option is the Italian program Braille Music Editor (BME) that can edit
scores directly or imported from Finale. Nowadays access is available with Dosvox
and other tools like Jaws and NVDA. The main idea is that computers are applicable
to different audiences. That means that during the initial period of learning, blind and
sighted people can cooperate and learn together, as the accessibility of the software is
satisfactory. The future of this research involves the evaluation of this technology and
methodology to disseminate Braille music education in Portuguese language countries
in Africa [2].

Some novel systems for music score recognition are called OMR, and it is similar
to Optical Character Recognition (OCR) except that OMR is used to recognize musi-
cal symbols instead of letters [3]. Audio format has been identified as the most opti-
mal readable format among other possible non-visual output formats such as hepat-
ic/kinesthetic, gustatory and olfactory. Additionally the process is carried out in three
main phases: 1. Zoning and Segmentation of the image of sheet music, 2. Adaptive
OMR - Recognition of atomic symbols, 3. Converting into the readable format (audio
format). Referring to the limitations of the research prototype has been only designed
for visually impaired people, those who do not have multiple disabilities. Concluding
students were very enthusiastic about using the system to study music notations as it
helps to enhance the speed of learning [3].

Music composition software has a primary function allowing individuals unable to
operate a traditional keyboard and mouse to compose music via a single-switch or a
double-switch mode [4]. Specifically, it has a sounding component for the blinded or
visually disadvantaged users. The former individuals with the hearing disadvantages
must collaborate in order to navigate within the virtual environment. They do not
need to see the screen to compose the music. Moreover users with severe physical
disabilities can use an eye-tracking or blink-input device as an optional tool. The
interface of the software is based on a digital MIDI music composition which also
includes an autosave function and autoscan mode. Also, a scanning keyboard for
Chinese input has been developed. Unlike the traditional digital phonetic table, this
system provides more independence [4].
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Two different auditory interfaces in spatial and non-spatial condition were pro-
posed to represent the hierarchical menu structure of a simple word processing appli-
cation [5]. The two main goals of the present research are: a) an effective auditory
presentation of the hierarchical menu structures of a typical MS Windows application
and b) a comparison among similar auditory interfaces with and without spatial sound
in a controlled environment. The initial hypothesis that the spatial auditory interfaces
with multiple simultaneous sounds should prove to be faster and more efficient than
non spatial ones, was not confirmed. Multiple sounds can be perceived and under-
stood if originating from different spatial positions. This phenomenon is called
““Cocktail Party Effect’” and is referred to the human ability to filter several simulta-
neous sounds. For everyday computer tasks, a hybrid auditory interface might be
appropriate, in which the use of simultaneous spatial sounds can be turned on or off
[5].

The particular method uses graphics, sounds and texts (multimedia) concerning
sighted learners, whereas nontraditional interaction modes such as haptic devices are
used for visually and sensory disabled people [6]. To represent geometric shapes, it is
necessary to build a two-dimensional sound space. AudioDoom allows blind children
to explore and interact with virtual worlds. Moreover, VirtualAurea is a set of spatial
sound editors. The research project called “Blind Interactive Guide System” is based
on radio frequency identification technology to provide information needed for navi-
gating inside rooms. Another project aims to enrich the lives of people who are blind
by developing visually perceptive wearable computers. Concluding scientists transfer
the real world into appropriate computer representations with software like Theo and
Seth, AudioChile and AudioVida, allowing users to make a precise mapping of the
virtual environment and thus improving the interaction [6].

In web portal which is an integrated tele-informing and tele-education system, par-
ticular emphasis was given to the special access methods to create a user-friendly
environment for users [7]. This portal, which is the first in Greece for disabled people,
has to comply with the principles of “Universal Accessibility”, “Assistive Technolo-
gy” and “Design for All”. In addition, this project aims at the development of a dis-
tance learning and tele-education system. The usage of multimedia applications is
upgraded. The access methods include audio navigation, the possibility of enlarging
the text and it is also addressed to normal citizens. Finally the visually impaired indi-
vidual is navigated through audio messages (Real Audio) to audio information only
[7].

Some programs like ProTools are particularly inaccessible environment for visual-
ly impaired (VI) users to work with. An alternative experience can be offered using
computers running popular software (Cubase, Sibelius, etc.) with perhaps a small
collection of ‘plug-in’ virtual instruments [8]. For visually impaired students, in par-
ticular, highly complex graphic environments simply do not let themselves to access
via screen-reading software such as JAWS, HAL, MIDI Creator, E-Scape and MIDI
Grid. Graphical notation of this type is difficult for visually impaired students to ac-
cess and presents challenges for individuals with dyslexia. What is more there are two
contemporary music performance technologies that also make use of gesture-based
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interaction: Soundbeam and the Benemin, methods of making music performance to
disabilities like cerebral palsy issues and profound mobility problems [8].

The goal of this study with tabular data was to examine human performance and an
accuracy of solving the most common tasks dealt with the virtual table composed of
100 cells [9]. There is still the question of access the numerical data in a quick way in
the absence of visual feedback. A certain algorithm is presented to support an explo-
ration of the tabular data in the absence of visual feedback. The majority of research
has been based on the cross modal data transformation, on the use of sonification and
musical techniques to convert musical information into auditory phonological repre-
sentations. Extended research has been undertaken to convert visual presentation into
another perceptual modality [9].

Blind children and visually impaired ones will be benefited by the emerging im-
provements of mobile robots in combination with computer interactions [10]. Specifi-
cally, Sony Aibo has produced a suitably modified robot named Miranda. Aibo stimu-
lates blind toddlers and then leads them to interaction and gradually into engagement.
Certainly there are a few questions and obstacles for blind toddlers using Miranda.
Therefore certain modifications are vital for an effective and easy operation and use.
Furthermore, toddlers strongly need to play, so meaningful play is learning with the
valuable help of Miranda. Even the use of musical instruments will stimulate and
motivate blind children or toddlers to interact and then learn. Above all there are open
horizons at the intersection of human-computer interaction and robotics [10].

2.2 Deaf and Hearing Impaired Learners

A system which combines tactile and visual information might be used to enhance
musical experience for the hearing impaired and improve the sense of hearing by
enhancing sensory input of information via channels other than in-air audio reception
by the ear, appropriate for acoustical disabled people [11]. It is of great importance
that some deaf people process vibrations sensed via touch in the part of the brain used
by other people for hearing. The emotional responses are stronger when different
parts of the musical signals are delivered through different vibration elements to dif-
ferent locations on the subjects’ back. Sign language and subtitles displays are very
useful for our purpose as well. Furthermore the use of Haptic Chair when training
deaf people to speak has a significant effect in enhancing the musical experience for
them. There has been significant progress of sophisticated devices which use vibra-
tions to stimulate parts of the body so as to create the perception of music for the deaf
[11].

Captioning is one of the accessibility tools for persons who are hard of hearing and
captions are the visual (text) representation of the sound track of a video, film, televi-
sion program, or commercial [12]. In addition to dialog, captions include sound ef-
fects, speaker identification information, music notations, lyrics, and other key aural
information. Accessibility is not to be confused with usability that is used to describe
the extent to which a product (e.g., device, service, and environment) can be used by
specified users to achieve specified goals with effectiveness, efficiency, and satisfac-
tion in a specified context of use. The deaf persons are able to develop this innate
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visual literacy skill (sign language). In conclusion accessibility format in advertise-
ment as a UD (Universal Design) is possible only in digital television [12].

The Kinect-Sign was tested in a Portuguese Sign-Language school and resulted in
a joyful acceptance of the approach [13]. A serious game aims to teach sign-language
and stands in a multi-dimensional area. The related work has to do with Natural User
Interface, Serious Games - Sign Language Games (reproduction of sounds and music
is involved) and Sign Language Recognition Algorithms. The latter is extensively
studied and with the development of the Kinect sensor, it regained importance. Alt-
hough most algorithms are not validated for a lexicon, there are already interesting
solutions. Above all this paper proposes a system of a serious game in two modes:
school and competition mode, not only for the deaf people but also for their friends,
family members and colleagues [13].

The results indicated that the system called CAMLS could enhance hearing- im-
paired students’ learning performance in a music course [14]. The aims are to imple-
ment it to support hearing-impaired students’ music learning and to evaluate the usa-
bility of the system. The functions of CAMLS include: (i) the student tone differentia-
tion measurement module, (ii) the tone tuning module and (iii) the song-learning
module. The main purpose of musical tone-tuning module is to help hearing impaired
students understand if a single played tone is correct or not. The students were trained
with the main goal of being able to play a song with a flute in their music classes.
Finally CAMLS improved students’ interest, willingness to devote more time to mu-
sic and improve one’s music self-cognition [14].

These constraints of effective music perception are further compounded by the
complexity of the acoustical features of music itself that require the perceptual inte-
gration of varying rhythmic, melodic, harmonic and timbral elements of sound [15]. It
should be emphasized that music is approached here as arguably the most complex
auditory stimulus in existence. The limitations of CI devices become evident when
applied to music, particularly to inadequate spectral, fine-temporal, and dynamic
range representation. Concluding we may say that it emphasizes to the deficits and
inadequacies of Cls, as music is a very demanding challenge compared to speech.
Further improvements and technological innovations of CI would offer a new dimen-
sion in auditory perception [15].

To our knowledge, there are no published data on rhythm perception in children
with CI (Cochlear Implants) [16]. In the present study, a statistical difference was
observed in rhythm discrimination between the CI and NH (normal hearing) groups of
children. Basically the MuSIC (Musical Sounds in Cochlear Implants) test was devel-
oped to assess the music listening abilities of CI users. We should bear in mind that
congenital deafness is different than acquired one. The CI users succeeded in identify-
ing the original and instrumental versions of familiar recorded songs, but they could
not identify the melody versions that were available in the original recordings [16].

An intelligent web based system overviews illustrates how learners and instructors
interact with the system through online interactive environment [17]. Users can com-
municate synchronously through chat-rooms or asynchronously through e-mail and
forums. Learners can access content areas which provide links for educational materi-
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als and can access utility areas that provide sets of services. All in all it presents the
architecture of an intelligent web based learning system for digital circuits [17].

The learning game for the Deaf children was guided by the Multi-Tracks, subject
of this investigation, which is a game to help the acquisition of a second language by
deaf children [18]. The multimedia object is a game that consists of an outing in the
city of Rio de Janeiro, initially starting at the three sets of three scenarios, each based
on the actual objects and even musical sounds. The design related issues about Teach-
ing-Learning include Selection, Comprehension, Transformation, Representation,
Selection, Adaptation, Adjustment of Students’ Characteristics, Teaching, Evaluation,
Reflection and new ways to comprehend. Concluding, this project has elaborately
investigated design activity and participation in teaching-learning processes [18].

2.3  Learners with Motor Impairments or Physical disabilities

Although the integration of students with and without disabilities in band would
provide benefits for all, students who had experienced physical disabilities (eg. one
hand player) could adapt themselves with little modification to play a different in-
strument that they used to [19]. Many musical instruments have been physically al-
tered to serve players with disabilities. On the contrary a few adapted saxophones for
amputees used technology and relied on electronic solenoids to depress the keys of
the missing hand. Data from this study support and supplement the scant research
previously reviewed regarding the obstacles band directors face when attempting to
integrate students with physical disabilities into mainstream instrumental music study
[19].

Concerning the presentation of PLAIME, there are three aims: 1. to explore the ca-
pability of the disabled students to acquire musical knowledge using PLAIME, 2. to
measure the improvement in their ICT skills and 3. to observe their behavior along the
study [20]. A wide variety of software tools for music learning is offered classified
into five categories (Pellone 1992) like tutorials, drill and practice, game, simulation
and problem solving. There is a detailed description of PLAIME referring to the goals
of the platform, its structure, and the design of lectures, activities, and games. At the
end of the program there was a great improvement in behavioral development and
significant advance of music knowledge among the students [20].

There is an examination of gaze-based interaction methods, in which the novel
‘Snap Clutch’ software activates gaze control [21]. There was a test of the tool indi-
cating that effective gaze control is possible. The basic method of interaction in (Mas-
sively Multiplayer Online Social Game) MMOSG of Second Life, MMOG environ-
ments is via a combination of mouse and keyboard with avatar movement normally
being performed using cursor keys. Concluding it can be said that this work illustrates
that gaze driven movement can potentially achieve parity with mouse and keyboard
driven locomotion and it addresses as a viable modality to able-bodied and disabled
users [21].

The movement-to-music (MTM) system is a radical computer system ideal for
children with limited movements to play and even create music [22]. Having the
MTM system at home is a beneficial experience for both parents and children. This
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system is quite affordable and effective because of its qualitative methodology. As a
result, the MTM gives children the opportunity to expand their horizons. Nevertheless
a much larger sample of children is required for better assumptions and conclusions
on the issue [22].

Few of the adapted interfaces allow the music practice on acoustic instruments
[23]. Playing acoustic music is a wonderful action but the disabled people with a lack
of normal motor skills must adapt to with existing systems, using technical aids.
Therefore a project called AE2M aims to solve this problem providing access to in-
strumental music for disabled children with the same autonomy level as non-disabled.
The specific study illustrates the construction of a device which transforms any user
environment object to a personalized interface, to play musical instruments [23].

Neuro-rehabilitation is not an exception to scientific revolution [24]. Rehabilitation
specialists are working on designing and testing a great variety of rehabilitation sys-
tems and devices. Since traditional rehabilitation techniques are not enough for com-
plete restore of patients with neurological disorders, virtual reality environments (VR)
associated with mechatronic devices (robotics) offer a radical solution. The outcome
will be an increased functional ability and increased participation in the community.
In conclusion, the combination of VR and robotics opens new dimensions in rehabili-
tation which also means that augmented feedback can now be provided on a multitude
of kinematic and dynamic parameters [24].

There is a classification of the right hand techniques into three areas strumming,
string picking/skipping and string muting [25]. This study deals with the first area of
strumming. The Actuated Guitar that utilizes a normal electrical guitar sensor to cap-
ture the rhythmic motion of alternative fully functioning limbs also becomes an effec-
tive device. Drawing on a range of inspiration it is obvious that disabilities do not
obstruct people to experience usual instruments designed for non disabled people
[25].

3 Conclusions

Realizing the enormous development of technological devices, it is quite natural to
be used to deal with people with sensory and motor disabilities overcome their prob-
lems and communicate or interact with the surrounding world. Nevertheless there is
extensive ongoing research about the great effects of technology in music therapy.
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