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Abstract — In this paper we present the possibilities of using
multimedia application in education of children with hearing
impairment. We believe that this technology enables teaching
and hearing aids to be as unobtrusive as possible while allowing
the system to adopt itself to individual’s needs and
characteristics. The ultimate goal is to create a system that can
successfully integrate a child with hearing impairment into
regular education environment.
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I. INTRODUCTION

Schools specialized in education for the children with
hearing impairment face a number of difficulties. Generally,
the most important and difficult task is to achieve a degree of
interactivity in education process. A number of helping tools
like books, musical instruments, toys, picture books etc. are
used. All these aids are of non technological nature.
Specialized devices for filtering and transmitting sound to the
children are also used.

Children with hearing impairment usually do not differ
from the children with regular hearing in terms of learning
capabilities. Unfortunately, in the standard education system
majority of learning material is communicated to the pupil
using voice. This method is inapplicable to children with
hearing difficulties. To compensate for a loss of one sense
these children are usually visual types and have good
perception of space. This characteristic should be exploited in
the learning process by presenting information visually or as
an audio / visual combination. It is important to teach the
children to use the remains of their hearing system and to
learn how to pronounce words in order to be able to
communicate with other people with normal hearing
capabilities.

Usage of computer technology and multimedia applications
can eliminate or at least alleviate most of the problems
children with hearing difficulties today face in education
system[1]. With their successful education we can help them
integrate in society.

This paper represents an introduction to efforts we have
made to envision and design an audio enhancement system
aimed at children with mild and intermediate hearing
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impairment. The audio processing part, which is the basis, is
enriched with multimedia content. However, it is not just a
question of inserting audio or video clips. It needs to be done
within learning structure in order to achieve proper results.

The system’s target group are children ages 6 to 12. We can
freely say that this is the generation of the “digital age”. The
children are not intimidated by computer technology and can
utilize its advantages to its full extent.

Second section of this paper presents similar systems
commercially available and describes their characteristics in
short. Third part describes the system we propose,
“Multimedia System for Education of Children with Hearing
Impairment” or shortly MEDQOS. Fourth section proposes
types of multimedia applications that are planned to be
implemented in the first phase of this project. We give final
remarks in the fifth and final section.

Il. RELATED WORK

Teaching methodologies currently in use can be improved
both  conceptually and technologically. Irreplaceable
component of any teaching system aimed at children with
hearing impairment is some sort of audio processing and
amplification device. That component cannot be removed.
Different children have various characteristics of impairment.
Therefore the first step in any sort of education process is to
determine characteristics of the impairment across the audible
frequency spectrum. That task is performed by an array of
filter amplifiers. The result of this measurement process is a
graph that represent hearing loss for certain frequency ranges.
Structure of human language defines a set of standard
frequency ranges that can be grouped together forming
channels. Resulting graph consists of amplification amount
needed for each channel for a specific child. That is a sort of
“user profile” that can be stored and reused later in education
process. System that was the basis for our research is a
manual, analog filtering / amplification device. The process of
measuring a child’s hearing loss consisted of a teacher
repeating a sentence into the microphone and manually
adjusting parameters for frequency and amplification. At a
later time, when a teacher is working with that particular
child, he needs to manually enter the measured parameters
into the amplification system again and again. This manual
process is tedious and error prone. It is tedious not only for a
teacher but for a child too which loses concentration and
motivation very quickly.

Technical aids available today are mostly hardware devices
that mainly deal with transport and amplification of sound.[2]
Software tools are virtually non existent, let alone integrated
hardware / software solutions [3].
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Standard hearing aids are usually worn by the listener. They
are designed to work best in quiet, structured settings, where
the sound source is no more then a few meters away and
extraneous noise is minimized. These aids can be
supplemented with some sort of frequency modulated
amplification system. The FM transmission device functions
as a direct line between the teacher and the pupil. This
combination minimizes background noise and is widely
known as auditory trainer.

FM auditory trainers suffer from radio interference. Sound
transmission can be further improved with infrared systems.
Infrared systems transmit clean and clear sound invisibly to
the listeners. Their main drawback are problems with line-of-
sight and limited distance.

I1l. MEDOS sYSTEM

In cooperation with the specialized school for children with
hearing difficulties “Bubanj” CG&GIS Laboratory is trying to
solve problems previously noticed in education process
implemented at that school. MEDOS is conceived as
integrated hardware / software solution enriched with

deterioration. Therefore the teaching process can be modified
and adjusted “on the fly” perfectly fitting the child’s needs.

There are other advantages of multimedia which were
unavailable with the previously described method of
education. Children with special needs display a lack of
motivation and lose interest in lecture contents very quickly.
A number of papers describe this problem[4]. Multimedia
enables the lecturer to structure the presented information in a
dynamic and interactive way. A child is more involved in the
learning process and presented material is acquired and
retained more quickly this way.

Finally, the teaching system as we have envisioned it is
adoptable, being able to follow the child at child’s own pace,
and in the form that is the most appealing to that specific
individual. Generalized conceptual model of the interactive
multimedia system is given in the figure 1.

In the following text we will present models for integrated
multimedia systems designed for usage in both individual and
group education for children with varying degree of hearing
impairment. MEDOS can be used within multimedia
classroom as a group device or individually. As an individual
device it is used by children independently or together with
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Fig. 1. Conceptual model for interactive multimedia system

multimedia content.

We can notice a couple of areas in the method currently in
use that can be improved. Firstly, we can substitute the analog
filter / amplification device with a computer with the audio
processing capability. All sound data can be stored digitally.
As we stated previously, the analysis and teaching process
consists of numerous repetitions of a small number of
sentences. When these sample sounds are stored digitally they
can be repeated identically regardless of the number of
repetitions. This is increasing the accuracy of measurement
and at the same time removing some workload from the
teacher. The measured data (hearing impairment graph) is
stored centrally in a database. This approach increases
accessibility of the user profiles and enables comparative
analysis of the data over time. This analysis can give the
teacher an assessment of the child’s improvement or

their parents within their home environment. Parents can also
use the system as a source of information on methodologies
used in school.

Wireless transmission of the sound from the teacher to the
listeners is the most important improvement our proposed
system offers. Children are not tied anymore to their assigned
workplaces and are free to move around the classroom,
interact with other children and participate in lecture
presentation.

Video subsystem’s role is to present lecture material in a
manner that will focus children’s attention and keep them
involved. Audio subsystem contains database of audio data,
certain important and characteristic sentences and terms
children should learn how to pronounce and understand.
Before transmission, audio data is filtered and specifically
suited to the characteristics of the child’s impairment.
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Therefore every child in the classroom hears the same
sentence or word but with certain frequency ranges separately
amplified. As we previously explained relating frequency
ranges are grouped together forming channels. Needed
amount of amplification per channel is set up separately for
each child fitting the child’s impairment characteristic. This is
making MEDQOS system flexible and adoptable.

Wireless microphone is a part of child’s unit. It is enabling
loopback in the system. Loopback is very important in
education process. Regardless of its position in the classroom
or activity the child can react to the presented lecture material
and give feedback to the teacher. Further, and more
importantly, the sound loopback allows the child to hear its
own pronunciation and adjust it accordingly. This proved to
be the most effective method for a child to learn or correct its

different multimedia sets. Education staff can choose
appropriate one and thus make the lesson unpredictable and
more interesting. Presentation form of multimedia content is
controlled by multimedia applications. As education
progresses the staff can notice possible problems with lecture
structure and correct or modify it’s structure. This is making
the system open. It represents a sort of framework that is
helping but not limiting the teacher. Being so flexible it adopts
not only to the children’s needs but also to individual
teacher’s style of work.

The part of the system that integrates all described software
subsystems is user profiles database. Information about all
potential users of the system is stored locally and centrally.
Simply by linking correct profile with selected headphone /
microphone set the teacher can set up the classroom for work
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Fig. 2. Multimedia classroom based on MEDQOS system

speaking skills.
Software components of the MEDOS system are:

e Multimedia device support software
e Multimedia tools and applications

Device support software is indispensable part of the system
but is almost invisible to the end user. Its role is to
synchronize operation of the whole system through
implemented functions. Another task support software
performs is to enable execution of included multimedia
content.

MEDOS offers to the educator a container for multimedia
content. Multimedia files can be created and prepared using
multimedia tools. Each lesson can reference a number of

with the group of children without regard of the set children
choose or their location in the room.

Other type of medical information for each patient is also
stored centrally like name, degree of impairment per different
channels etc. Information of medical importance can be
updated regularly. This way, a sort of medical history for each
patient can be recalled at any time and analyzed.

More detailed schematic of the classroom equipped with
MEDQOS system is given in figure 2.

First phase of the project plans for development of core
sound filtering and amplification system and definition and
creation of multimedia content. Created content is supposed to
support learning process for the children of pre elementary
school age. All methodology steps involved in standard,
previously used, education process will be covered with new
material. Sections that will benefit mostly out of this new
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approach are reconstruction of speaking capabilities and
improvement of pronunciation. A sample screenshot taken
from one of multimedia applications supporting hearing
exercises is shown in figure 3.

e Centralized management of user profiles allow constant
monitoring of children’s improvement and medical
status.

e Audio loopback allows self correcting procedure.

Fig. 3. Sample screenshot from one of multimedia applicatiopns

Multimedia additions will be available for:

Breathing exercises

Listening exercises

Onomatopoeias

Vocals pronunciation

Knowledge retention through games and fun

I\V. CONCLUDING REMARKS

With the lack of similar systems we believe MEDOS will
bring considerable improvement in quality of education for
children with hearing impairment. We expect an increase in
children’s interest and involvement in learning speech and
gestures. Today, children with hearing difficulties are usually
educated to perform simple manual jobs (bakers, tailors etc.).
This is unfortunate because these children can demonstrate
above average intelligence [5].

Characteristics of the proposed system can be summarized:

e  Wireless transmission of
additional freedom.

sound gives children

e Less tedious process of impairment measurement.
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