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Abstract

Use of ICT in education brings new opportunities
for people with special needs. Web based learning and
adapted e-learning materials provide an alternative
way of learning comparing to traditional classroom
learning. In this study deaf and hard of hearing
persons were using an accessible and adapted
e-learning environment for improving computer
literacy which included also adapted streaming video
with interpreter and subtitles. The process of adapting
the materials required a new approach to properly
displaying the video with interpreter and minimizing
the time the users had to wait for the materials to load.
The results of the pedagogical and usability study,
based on the evaluation of the participants before
taking the e-learning course and after completing it,
have shown that deaf and hard of hearing persons can
successfully, efficiently, and effectively use the
advantages of e-learning. The work described
originates from the largest project earmarked for the
people with special needs in Slovenia.

1. Introduction

Link-up between the technology and humans
having different abilities, requirements and needs
opens new areas and trends that require use of
scientific approaches to searching for new methods
and solutions, as well as to stimulating the
development. Information and communication
technology (ICT) already penetrated deeply into the
education area supporting the needs of students at
different educational levels. This support is
particularly important for students with special needs.

Numerous studies have shown that learning could be
easier and more efficient, if it is supported by ICT and
above all if hypermedia systems and applications are
available [1]. In his research Kulik [2] among others
stated that in some cases the students needed even 70%
less time for such multimedia based learning when
compared with conventional one. Furthermore, Chou
and Lou [3] and Schulz et al. [4] have shown in their
studies that distance learning using web-based virtual
learning environment is applicable and efficient for use.
However, some authors reported also about critical
reactions regarding e-learning and e-learning materials.
In their work, ML.F. Theofanos and J. Redish [5] quoted
that in order to truly meet the needs of all users, it is
not enough to have guidelines that are based on
technology. It is also necessary to understand the users
and how they work with their tools. Design of e-
learning materials is not a simple process. These
materials should be well planned, designed and
evaluated in order to assure efficient and simple use.

The evidence of efficiency of the ICT-supported
learning leads us to raising the question if distance
learning using ICT could be successfully used also for
educating persons with special needs, for example for
deaf and hard of hearing persons. Unfortunately the
majority of deaf and hard of hearing persons today still
shows worse reading/writing and mathematical
abilities comparing to persons with normal hearing,
although their mental abilities are generally at the same
level [6].

One of the possible solutions to the problem related
to increasing the educational level of deaf and hard of
hearing persons can be providing additional education
using the multimedia-supported materials on the World
Wide Web. This kind of user interfaces can be found
in other projects such as SMILE [7], BITEMA [8],



DELFE [6] and ECDL Barrierefrei [9]. The results of
these projects have shown that multimedia systems
additionally increased the success of learning.

In our research we wanted to find an answer to the
question: How should e-learning materials be designed
to be user friendly and thereby best serve unemployed
deaf and hard of hearing persons when using ICT and
methods of distance learning in the education process?
There is also the problem of choosing the most
appropriate form of distance learning that should be
provided for unemployed deaf and hard of hearing
adults in order to successfully study and communicate
with the teacher and other colleagues. The paper
therefore focuses on the following points:

- Explanation of the design of e-learning material
and working principle of the system. As an
illustration of the education system, a short
description of an e-learning course to complete the
ECDL modules (European Computer Driving
Licence) will be presented.

- Explanation how we have considered the needs
and demands of persons with special needs (with
focus on the deaf and hard of hearing persons) and
hereby enabled them accessibility to these
e-materials.

- Description of adapted LMS system Moodle and
working principle using an adapted version of
ECDL materials.

2. ECDL modules and needs analysis

As mentioned before, the basis of the e-materials
used in our project DISNET for education of
unemployed adults was the curriculum that had been
defined by the ECDL Foundation [9]. The ECDL
Foundation is the global governing body of the world’s
leading end user computer skills certification programme.
The European Computer Driving Licence (ECDL) or
International Computer Driving Licence (ICDL), the
latter is known especially outside Europe, are the
global standards in end-user computer skills, offering
candidates an internationally recognised certificate that
is globally supported by governments, computer
societies, international organisations and commercial
corporations.

In the year 2006, in total 20.000 people were educated
within the frame of PHARE 2003 project; out of that
number in DISNET project 337 people — 22 of them were
deaf and hard of hearing persons.

The education process took place in the form of
courses, following the method of blended learning [10].
At the beginning students met their tutors and had their
first training in a computer room. Further training
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consisted of individual work through web-based
learning material at their homes or special public ICT-
equipped centres. For motivational reasons we set up a
schedule defining the time-frame when a tutor was
available through the system for additional help and
possible questions. The web-based course was designed
in the way that knowledge-evaluation took place at the
beginning, during the learning process and at the end of
the course. Distance learning was provided with the
help of suitably adapted open-source Course
Management Systems (CMS) Moodle [11]. Moodle
was chosen for its user-friendliness, since it supports
setup on different platforms and particularly because it
implies the most vital pedagogical principles. At the
same time its developers are trying to consider the
recommendations for the accessibility and adaptability
of e-contents for deaf and hard of hearing persons.
2.1. Guidelines for designing and
implementing e-learning systems

The needs analysis of deaf and hard of hearing
users was made in order to define the design
guidelines. Here, the methodology adopted by the
European Union for analysis in ICT projects was used
[12]. This methodology includes personal interviews
with end-users, questionnaires, as well as discussion
panels using brainstorming and feedback.

As learned already from the past studies related to
the use of multimedia in different applications, such as
AIM »Adapted Interactive Media« [13], as well as
established on the basis of our own needs analysis, we
stated that in order to increase the availability of
learning software for deaf and hard of hearing persons,
one should consider at least the following ten
guidelines when designing and implementing an
e-learning system:

1. to present visually all audio information,

2. to assure the translation of spoken and written text
into sign language using quality video picture,

3. to present subtitles under the video picture,

4. to offer at least two difficulty levels of text and
graphics presentation (easy reading and more
demanding material),

5. to offer a dictionary and glossary of terms,

6. to assure additional hyperlinks for gathering
detailed information,
7. to assure a quick and understandable navigation

inside the learning material,
8. to assure that web based e-learning material is
structured in understandable and logical way,



9. to assure a simple and surveyable user interface in
a learning management system offering the tools
for user interface personification,

10. to assure that written language and explanations are
relatively easy readable; use of more easily
understandable terms regarding information/
computer science is preferred.

Video picture and subtitles should be especially
underlined in the above guidelines. Namely, video
picture of a translation of the spoken text into sign
language must be of appropriate quality, without any
additional information and present all the time.

2.2. Guidelines for video and subtitles for deaf
and hard of hearing persons

When developing video materials we considered the
main criteria for improved quality of video picture.
These criteria have been determined by measuring the
quality of video communication between deaf persons
as well as according to the standardization of video
picture for deaf persons, performed by Hellstrom [14].

The resolution of a video picture, which was used
in our study, was in the frame of CIF format
(352*288). The video was encoded for speeds at above
300 kbps. This quality of a video enabled us to capture
all the details related to movements of hands, eyes and
mouth, which was clear enough for recognition of a
deaf person, although there could be some blurred
movements.

The other request, set by the users, was immediate
loading of the video, which resulted in use of markers
in streaming video that enabled fast loading of
respective video records on each page.

There are also important guidelines for subtitles. All
text equivalents for spoken text, as well as other sound
information (for example, signals of the operation
system, phone ringing, etc.), must be presented. We
decide to include subtitles inside the video picture in
its lower part. During the needs analysis deaf and hard
of hearing persons find this approach useful while
following the spoken text and background sound (for
example, rumble of thunder, music, etc.).

Furthermore, these accessibility standards were
additionally considered when designing the user
interface of the system:

- ISO Technical Report 16071—Guidance for
Software Accessibility: »The usability of a
product, service, environment or facility by people
with the widest range of capabilities«

- ISO 9241-14: Ergonomic requirements for office
work with visual display terminals (VDTs): Menu
dialogues. Geneva, Switzerland
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- Section 508 of the Rehabilitation Act of USA
- Web Content Accessibility Guidelines (W3C).

3. Description of e-learning system

Moodle was used for e-contents management and
for supervising the activities and progress of the
participants. Moodle contains tools and functions that
represent the base support for e-learning, for example:
multimedia support contents, forums, questionnaires,
questioning, chat, e-mailing, news, etc. In our study we
have used almost all offered tools and functions since
they offer an alternative form of communication,
which can be in most cases estimated closer and
friendlier for deaf and hard of hearing persons. Having
in mind the guidelines for designing and implementing
e-learning systems for deaf and hard of hearing
persons listed in section 2.1 we decided to present the
e-contents in the form of simple web (HTML) pages.
We intentionally kept the design simple and avoid the
complex graphic elements in order to reduce the
influence of disturbing factors that could distract
attention form the content.

3.1. The structure and functionalities of the
system

The contents within individual topics were divided
according to two defined levels: basic and advanced.
The basic levels were designed for users having only
basic computer skills or even complete beginners. It
was logical to provide them in the very beginning only
the most essential knowledge in order to avoid too
much new information. The advanced level was
designated for users, experienced in basic work with
the computer with a goal to upgrade their knowledge
with new information. In order to avoid the
discrimination of different kind of users, we decided to
offer all of them both basic and advanced level. The
advanced level was clearly marked.

Revision of the learned knowledge can be stated as
a key factor for successful and effective learning.
Therefore, at the end of each lesson we put short
questions. The answers were not registered and the
user could answer the questions several times. After
answering, the system responded whether the answer
was correct or not. Simple and usable navigation inside
of e-learning material is of significant importance for
deaf and hard of hearing persons. Moodle enables a
simple navigation between individual system levels
and activities. Navigation is enabled by hyperlinks in
the form of: list of modules, list of chapters, list of
tools inside the modules, and path/locator, which



changes dynamically according to the chosen link in
the hierarchy. The interpreter is not present at this level
since a great part of the programming code of the
Moodle system would have to be changed for this
functionality; also the main window would be
overfilled. Introduction to Moodle, its functions and
usage was therefore made by tutors/mentors at first
personal meetings with participants/users. Inside a
certain lesson, the user can navigate using the buttons
on the right side of the window. Unfortunately, in
materials with interpreter it was not possible to include
the list of all sub-chapters, which was realised in
materials without the interpreter. Free space for
presentation of contents was namely limited with
Moodle navigation, video player window, size of the
screen and resolution of the computer monitor.
Therefore, a compromise was needed.

We designed the materials in such a way that
particular web page (sub-chapter) involved at the most
two screens (Figure 1). Because of this compromise,
the navigation was enabled by three buttons: previous
topic, list of contents and next topic. The user can
consecutively browse the topics forwards and
backwards. Enabled is also to use a button for list of
contents, which returns the user to the first page of a
certain chapter with a list of all the sub-chapters or
topics, respectively.
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Figure 1. ECDL for deaf and hard of hearing persons

Another advantage is the loading speed of web
pages. It was very important to avoid any unnecessary
processing of web pages because the movie with the
interpreter had to be loaded as fast as possible. Video
with interpreter was encoded as streaming media and
put on dedicated server to speed up streaming time.
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However, the same video can be put on CD-ROM
or DVD-ROM and run from it without problem.
Special marker tags were inserted into video with
interpreter. With inserted markers video was
segmented in smaller sections that correspond to the
units the material was divided into. Markers enabled
even faster loading of video with interpreter for loaded
unit of material in Internet Explorer, however they
introduced some problems with viewing the video with
interpreter in other web browsers.

4. Pedagogical and usability tests - results

Twenty-two hard of hearing trainees were included
in learning course. They used adapted ECDL e-
learning materials that included video with an
interpreter as discussed above. We tested the
pedagogical efficiency of learning and the trainees’
usability satisfaction with e-learning materials and
platform.

4.1. Efficiency of learning

In order to evaluate the efficiency of e-learning, the
following steps had to be taken:
1. Pre-exam: before e-learning of each module a

trainee was tested for his/hers prior knowledge.
2. E-learning of one module.
3. Post-exam: after the trainee finished the course.

Each trainee had one week for learning each
module. The pre-exam results were compared to post-
exam results in order to establish how much did the
trainees learn in one week. The results showed that
heard of hearing trainees demonstrated very good
response to using e-learning materials. On the average
all 22 deaf and hard of hearing participants improved
their knowledge for 25,5 % through all four modules.
The best results were obtained in practical modules
(Word processing and Windows) where the average
result on final exam was almost 80%. The trainees
experienced some difficulties in theoretical module
(concepts of information technology) since the
interpretation of many basic notions in sign language
were very difficult. Therefore the average result was
almost 70%. In all modules the gain of knowledge was
significant.

4.2. Usability evaluation of e-learning
materials and e-learning environment

The usability of the system was tested by 10 hard of
hearing trainees who were willing to take part in
Software Usability Measurement Inventory (SUMI)



evaluation [15]. According to SUMI guidelines, a
sample of 10 or more users per system being evaluated
satisfies the requirements, respectively, is required to
get stable statistical results. Four participants were
males and six of the participants were females. All
participants had no basic computer and web browser
experience before joining the e-course.

SUMI is a questionnaire to assess the usability of
software systems. Results from any individual SUMI
questionnaire are scored against a standardization
database [15]. The SUMI questionnaire includes 50
items and results are separated on the following five
usability subscales (Efficiency, Affect, Helpfulness,
Control and Learnability). Once questionnaires were
completed, a dedicated software program named
SUMISCO scores results and compares them to the
standardization database. A system that achieves a score
in the 40-60 range is comparable in usability to most of
successful commercial products (the standardization
database does include scores below and above that
range).

4.3. SUMI questionnaire results

The results shown in Figure 2 are presented in
terms of the mean, the 95% upper and lower
confidence levels (UCL and LCL). These descriptive
statistics are given for the global usability scale and
each of the five usability sub-scales.
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Figure 2. Comparison of global and subscale
usability scores (SUMI — evaluation)

The global scale, the most reliable of all the SUMI
scales, indicated that the usability of our user interface
is comparable to successful commercial systems. In
terms of the usability, sub-scales show that results are
in general consistent, and nearly all fall within the
desired range. The exception is a learnability sub-scale
which falls under the desired range as can be seem
from Figure 2. That shows that the participants are of
the opinion that it is not so easy to learn how to
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manage the system and to be in control of its features
in the first place.

Participants did not share the same opinion about
application’s efficiency, and had some problems with
control of the application. Lower efficiency level
shows that users may not always know what to do next
or the software may sometimes work in a strange,
inconsistent way. High helpfulness level on the other
side shows that this application communicates clearly,
users can understand the way it works and it gives
them helpful hints and instructions.

An outcome of SUMI questionnaire confirms our
statement, that the system is usable for integration into
educational process. Detailed analysis of answers to
questions leads to conclusion, that once the users
overcame the initial difficulties with the system, they
found the experience of working with it a relatively
pleasant, with helpful support and reasonable
performance. In order to improve the score, particularly
with regard to initial learnability, control and efficiency,
the system should be evaluated by participants that
already possess some basic computer skills and web-
browser experience since they really need that
experience for e-learning.

In general, not only results but also behaviour of
participants of the survey showed users’ interest in the
application and use of it as a part of educational
process could be a challenge for many students. There
are many areas where e-learning courses with
interpreter could make learning easier and challenging
for heard of hearing people, without the presence of a
live interpreter or additional training.

5. Conclusions

In this work an adapted e-learning environment was
presented for people with special needs especially for
deaf and hard of hearing persons. We incorporated ICT
and multimedia materials in a web-based virtual
learning environment making it simple but powerful
enough for this special group of users. One of the aims
was to increase computer literacy among unemployed
deaf and hard of hearing persons by using
ECDL/ICDL e-learning materials. Results of the tests
participants took before and after the courses show that
participants were able to successfully use the e-learning
environment with adapted materials and learn from them.

The adapted e-learning environment is platform
independent, because it is based on Moodle that can be
installed on different platforms. In our case the basic
requirements for effectively using the adapted
materials with this e-learning environment were
broadband internet connection, Microsoft Windows



operating system with appropriate version of Internet
Explorer and Media player installed to display
materials. The main advantages of this tools in
comparison to other systems using interactive
animation or fully scripted pages was that the web
browser and media player are already included in the
basic configuration of the operating system. Another
advantage in ECDL e-learning materials was the
loading speed of video picture inside of the web pages.
For faster loading of video with sign language
interpreter the video was encoded as streaming media
together with marker tags. When compared with other
related work, it must be underlined that described e-
learning material is the most comprehensive one
designed especially for deaf and hard of hearing
people. It resulted from an innovative project in the
form of interactive video sign language with subtitles
for each and every learning unit. Innovative solution
using special marker tags inserted into video with
interpreter enables almost immediate loading in Internet
Explorer. Contrary to some other webcasting systems,
such as Goodmood, Virage, Noterik, that use Powerpoint
slides, our system uses concrete multimedia supported
texts and additional animations.

There is still some work that needs to be done. We
are working on a general solution to display streaming
video of interpreter with markers regardless of the web
browser used. Some further improvements can be done
in Moodle, for example a special plug-in that would
enable to display video with interpreter anywhere in
the Moodle framework. The next step could be an
adaptive user-interface that would guide users with
special needs and suggest them the most appropriate
way to go through the materials. For the time being, e-
learning materials only exist in Slovenian language, which
can be stated as limitation of the system. However, plans
exist for translation to English within forthcoming
international projects. SUMI evaluation showed that more
attention should be given to exclusive help tutorials, also
supported by sign language video.
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