
ACCESSIBLE MULTIMODAL WEB PAGES WITH SIGN LANGUAGE 
TRANSLATIONS FOR DEAF AND HARD OF HEARING USERS 

 

Matjaz Debevc, Primoz Kosec, Milan Rotovnik 
Faculty of Electrical engineering and Computer science 

University of Maribor 
Maribor, Slovenia 

matjaz.debevc@uni-mb.si, pkosec@uni-mb.si, 
milan.rotovnik@uni-mb.si 

 

Andreas Holzinger 
Research Unit HCI4MED  
Medical University Graz  

Graz, Austria 
andreas.holzinger@meduni-graz.at

 
 

Abstract—In this paper, we introduce a Sign Language 
Interpreter Module (SLIM), which delivers transparent sign 
language videos to deaf and hard of hearing users. Since their 
first language is the sign language, they rely on the visual 
modality with some speech input. Therefore in addition to text 
and images, a video of sign language interpreter should be 
provided. The SLIM system uses layers for exposing videos 
over existing web pages, which preserves the layout structure. 
Our evaluation study has shown that such a system is highly 
acceptable by deaf and hard of hearing users. Therefore our 
proposal is to enhance the Web Content Accessibility 
Guidelines, by adding an additional multimodal aspect for 
presenting existing web information with transparent videos 
for deaf and hard of hearing users. 

Keywords-deaf and hard of hearing; sign language; 
accessibility 

I.  INTRODUCTION 
Information and communication technology (ICT) with 

its applications in systems such as the World Wide Web (the 
Web) has significantly contributed towards improving the 
possibilities for social interaction and activities, particularly 
for people with disabilities. For most deaf and hard of 
hearing users, their communication relies on sign language 
as a first language; text is usually the second language. The 
visual media offers them the advantage of using video 
technologies: (a) the material can be presented in sign 
language, (b) the video can be viewed repeatedly and (c) it 
can provide appropriate error correction and feedback. By 
this means, information on the Web is made more accessible 
and enhances users’ interest in the content, thereby helping 
users' construct from the video their own mental models of 
the information so that they will be better prepared to read 
another related text [2]. 

Based on the data collected by the World Federation of 
the Deaf (WFD), around 80% of the deaf people in the world 
have deficient education and/or literacy problems, low 
speech abilities and often disordered living conditions [3]. 
Other studies show that deaf people are often confronted 
with a problem when acquiring the meaning of new words 
and notions [4].        

According to [19], for any deaf or hard of hearing 
individual, language experience cannot be assumed, since the 
individuals have diverse knowledge and skills, such as sign 
language, speaking clearly, lip-reading and textual reading. 
This knowledge has implications for designers who seek to 
address the needs of deaf and hard of hearing users. 

Some of the key problems of using videos of sign 
language interpreters on web pages are apparent/easily 
recognized. The existing solutions, for example SMILE [5], 
ShowSounds [6], Signing Web [7], ATBG [8], SignOn [12], 
History of the Deaf [13] and Signing Savvy for American 
Sign Language [14] demand additionally placed space for 
the video, which reduces the area available for regular 
positioning of the website content with text and images. 
Further, it has been noted that, to date, natural video is more 
widely welcomed and accepted than signing avatars and 
synthetic gestures [9]. Due to this fact, a higher value has 
been set on the quality of the sign language interpreter. 

In Section 2, we analyze video requirements for deaf and 
hard of hearing users. We explain main features of our 
system and discuss the implementation process in Section 3. 
The prototypes were tested during the evaluation study and 
discussed in Section 4. Section 5 reveals results and findings 
from our experiments. Finally Section 6 concludes our paper 
and focuses on further research. 

II. NEEDS ANALYSIS: VIDEO USED BY PEOPLE WITH 
IMPAIRED HEARING 

It is a fact that deaf and hard of hearing users, whose first 
language is sign language; require translations of the textual 
information on web pages, which are written in their second 
language. One of the limitations of providing sign language 
videos, is a result of the high costs of processing, saving and 
exchanging videos suitable for textual parts, for single words 
or notions. Other obstacles are high demands and the 
requirements of using video by the deaf and hard of hearing 
users e.g. the Elderly [20]. 

A. Accessibility requirements 
Based on Web Content Accessibility Guidelines 

(WCAG), published by the Web Accessibility Initiative 
(WAI), web application design for deaf and hard of hearing 
users should contain a clear presentation of information and 
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data [1]. The designers of online portals for these users 
usually reserve a specific section of the page for the sign 
language video. The problem in designing websites is that 
informative web pages frequently contain text, images and 
photos expanding throughout the whole page, leaving no 
space for the video. One of the possible solutions is a popup 
window, which may however interrupt user’s visual contact 
with the content beneath. Also, as a matter of security, some 
browsers prevent popup windows by default. 

B. Video quality requirements 
The criteria for the quality of the video was decided upon 

using the research for measuring quality for video 
communication for the deaf and is based on work for 
standardizing video presentations [10]. The resolution for the 
video which Hellström proposes is CIF format (352*288) 
and 3:4 aspect ratios to frame the upper body and signing 
space. Moreover, ensuring the quality of service is also 
important. The quality for enabling videos requires 
evaluation of the message media (noise, delays, and jitter), 
clearness and comprehension (intelligibility) of the message. 
One of the crucial criteria for the quality of a sign language 
video is the minimal frame rate, which has to be higher than 
15 frames per second; otherwise there will be significant 
impact on transmission and comprehension of the sign 
language [9]. The compression ratio must be optimized such 
that it maintains good visual detection of hand movements 
and facial expressions. For the deaf and hard of hearing 
people, it is important that details in motion can be 
reproduced so that fingers, eyes and mouth are 
distinguishable even for signs consisting of both hands and 
arms moving with all fingers displayed. Blurry fingers in 
motion (e.g. Hellström) are acceptable, though clearly visibly 
fingers are preferred. And finally, acceptable delivery time of 
the video is another essential point when making the usage 
comfortable for the deaf and hard of hearing. According to 
Hellström, the picture delay should be less than 1.2 seconds, 
which is considered an acceptable delivery time. 

III. TRANSPARENT VIDEO 

A. SLIM overview 
Our solution for information retrieval is the sign 

language interpreter module, which uses a multimodal 
approach for combining media elements such as video, 
audio, subtitles and media navigation controls into a new 
layer. The authors in [15], have extended the definition of 
multimodality from [16], and define it as “the capacity of an 
author of the video document to express a predefined 
semantic idea, by combining a layout with a specific content, 
using at least two information channels”. Similarly, SLIM 
considers three channels/modalities, within a video 
document: 

• Visual modality - sign language interpreter. 
• Auditory modality - speech. 
• Textual modality - subtitles. 
 

 
Figure 1.  Modalities of sign language interpreter module 

In our case, these modalities manifest as transparent 
videos, which are exposed over the existing web pages 
instead of usual statically positioned videos. With this 
method, the structure of the website remains unaltered, and 
provides a simplified addition to deaf and hard of hearing 
end-users (Fig.1). 

During the development stage, the language barriers of 
deaf and hard of hearing users and the bilingualism, 
characteristics of the major part of this population, have been 
taken into account. Sign language can be given first place 
and the meaning of knowledge transfer, as well as providing 
information in this language, is emphasized. This offers deaf 
and hard of hearing users the translation of a certain word, 
text, image, photo, animation, video or any other element on 
the website. In a nutshell, the SLIM system offers: 

• Enabling transparent videos over existing web pages 
without altering their structure. 

• On demand activation by user. 
• Presentation of videos anywhere on web pages. 
• Synchronization of video, audio and subtitles. 
 

B. Enhanced WCAG 2.0 
The WCAG 2.0 recommendations [1] define the sign 

language video as an addition to the classical video stream, 
similar to the sign language interpreter on television. The 
SLIM system applies this idea in web pages, which enables 
the possibility of viewing, on demand, a video of a sign 
language interpreter who translates a word or phrase, a 
sentence or paragraph, or even the whole web page for deaf 
and hard of hearing users. The main differences between the 
SLIM system and the proposed WCAG 2.0 guidelines are 
the following: 
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• SLIM does not influence the original web page 
design layout, since it uses layers. 

• SLIM additionally explains the meaning of the text 
with a video on demand, which means that the users 
can choose their own modality options for 
information retrieval. 

 

C. Assuring video quality 
The quality of transparent video for deaf and hard of 

hearing users can be developed only by the supposition that 
we posses high quality, pure, basic DV video; since these 
users require clean video in order to focus on the details, 
such as finger movements for the sign language and the lip 
movements for lip-reading. Video is recorded with a person 
standing in front of a green background, also called Chroma 
Key background. It is clear that the person standing should 
not be wearing anything of the same color as the 
background. This provides the contrast between the person 
standing and the background, and enables the removal of the 
background with video modeling software. The result 
appears as video with a so-called transparent (non-opaque) 
background. 

The video recorded on the computer must be 
uncompressed and in original size. For multimedia container 
format in our project, we have used the uncompressed Audio 
Video Interleave (AVI), with a resolution of 750 x 567, 25 
frames per second, with 48 kHz audio and 32 bit sampling. 
The video was then imported into the software, where the 
Color Key effect was used to remove the green background 
and soften the edges between the object and the background. 
This procedure and the use of the Shockwave Flash (SWF) 
format has resulted in the high quality of the video, 
presenting the moves of the interpreter clearly enough for the 
users to see the facial mimicry and to focus on the fingers 
without the blurry image. 

D. Browser plug-in 
From a developer’s point of view, the integration process 

of one SLIM module consists of an icon button, flash video 
and video linkage. We have chosen the Flash format because 
of its flexible implementation of ActionScript, which serves 
for triggering events. These three elements are handled with 
JavaScript code. One of the obstacles of integrating this code 
into existing web pages is the access to the source code, 
which is not available permanently to developers. A 
convenient solution is the implementation of a browser plug-
in.  

Since Mozilla Firefox Web Browser is free and has 
become our very favorite browser [17], the implementation 
of a Firefox extension, for enhancing the browser’s 
functionality, is a possible solution for integration. This 
enables the syntactic analysis and the video layers generation 
to be done dynamically, so that developers no longer need 
access to the source code of web pages. In addition, the plug-
in can interact with other accessibility applications. On the 
other hand, the plug-in requires a manual installation by the 
users; however this is a one-time procedure. 

IV. EVALUATION STUDY 

A. Experimental settings 
Fourteen participants, aged between 18 and 72 years, 

whose first language is sign language, participated in our two 
experiments.  

    In the first experiment, by clicking the icon the sign 
language interpreter explained the meaning of the word and 
then disappeared automatically. The video on this page 
contained only the sign language interpreter without any of 
media controls or a cancel icon. 

    In the second experiment, the video had an additional 
feature, i.e. standard control bar with buttons for play, stop 
and pause. There was also a cancel icon in the top left corner 
for canceling the video while playing. This icon was 
positioned on the same place as the icon for triggering the 
video. In contrast to the first website, the image of the 
interpreter remained on the display after the presentation. To 
hide/cancel the video, user had to click the  “X” sign. 

B. Methodology 
The data in both experiments have been collected 

through the Gestural Talk Aloud Protocol [15] with 
simultaneous translation of speech and sign language, 
recording of the data and the short questionnaire consisting 
of three questions. 

C. Procedure 
The entire procedure lasted approximately 20 minutes per 

each participant and was conducted in the following order: 
• Introduction of the evaluation study. 
• Experiment 1: 

“Try to read the text and find the interactive icons”. 
“Try to activate all interactive icons”. 

• Experiment 2: 
“Try to read the text and find the interactive icons”.  
“Try to activate all interactive icons”. 

• “Which prototype do you prefer and why?” 
• “Fill out the questionnaire”. 
First the user was instructed to read the text and find the 

interactive icons for activating transparent videos of sign 
language interpreter. In the meantime, the evaluator observed 
the user. If the user was unable to find the icons, the 
evaluator provided assistance in order to watch the 
explanatory sign language video of the chosen word. At the 
end of both experiments, the user was asked to choose 
preferable layout. After that a simplified questionnaire with 
three closed-ended questions followed.  

V. RESULTS AND DISCUSSION 
Results from the experiment revealed that 71% (10/14) of 

the users noticed the icon on the first website. 57% (8/14) 
activated the video by clicking on the icon. The remaining 
15% of the users stated that the icon of the interpreter was 
not clearly marked as something one can click on. The lower 
percentage of users that activated the video showed the 
problem of clearness of recognizing the image as the icon. 
The word, which linked to the video, was written in bold and 
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underlined font and it was interesting that 14% (2/14) of the 
users clicked on the word rather than on the icon to activate 
the transparent video. This led to the conclusion that the icon 
was sufficiently noticeable. Therefore, the use of a 
contrasting background to the icon might be a solution but it 
should still remain its current size in order not to interfere 
with the text. Another interesting aspect has been the delay 
between noticing the icon and the actual click. Most of the 
users noticing the icon, nevertheless hesitated for a period of 
time before clicking on the icon. On the second website, 
where the video remained opened, 57% (8/14) of the users 
successfully closed the video. Activating the video by 
clicking on the icon has not been a problem to users as they 
learned the procedure in the first experiment. 

Feedback given by the users emphasized their preference 
for the video that automatically closes. In our case 78% 
(11/14) of the users chose this as preferred action. One of the 
reasons for the remaining 22% percent of the users’ stated 
preference for canceling the video manually, was the 
disturbingly quick disappearance of the video. A possible 
solution would be to extend the length of the video for 
several seconds before and after the play and to use some 
animation effect to slow down the disappearance of the 
video. The users that preferred the manual closing of the 
video used the replay button on the video navigation bar. 

Based on the results from the questionnaire, all the users 
in the evaluation study showed a high interest and were 
satisfied with the transparent sign language video. 92% 
(13/14) of the users saw it as useful, while 8% (1/14) 
remained undecided. 85% (12/14) of the users had no 
problems using the video, while 15% (2/14) were undecided. 

These results and experiences gathered through the 
evaluation have provided further suggestions for the 
development of the transparent video in the future: 

• Providing a clearer and more easily recognizable 
icon for the sign language video. 

• Providing an additional button for closing the video. 
• Displaying the video appearance and disappearance 

in a slow rather than in sudden action. 
• Providing basic navigational controls (play, pause 

and stop) for longer videos (more than 3 seconds). 

VI. CONCLUSION AND FURTHER RESEARCH 
In this paper, we presented a system that offers the option 

of prioritizing the sign language and emphasizing the 
assimilation of knowledge by providing information in their 
primary language. This provides the translation of a specific 
word, text, image, photo, animation and any other video on 
the Web. The SLIM system combines multimodal elements, 
such as video, audio, subtitles and interactive icons, which 
are manifested as layers (transparent videos) over existing 
web pages on the user’s demand. We also introduce a 
solution for presenting information dynamically instead of 
statically. 

The evaluation findings revealed that deaf and hard of 
hearing users were highly satisfied with our prototype and 
would definitely want to use it in the future. We have to 
stress that the goal of our study was primarily to obtain 

valuable information about our prototypes from the 
perspective of deaf and hard of hearing users, and not to test 
the common task-oriented parameters when testing browsers 
[18], such as effectiveness and efficiency. 

Based on the research by [15], which has shown better 
results when deaf students were given the video of sign 
language interpretation as opposed to the classical teaching 
techniques, the demand for introducing such a system in 
education is clear. Using the material in the sign language 
increases the daily exposure to the sign language and enables 
the use of the material at home, allowing the repetition of the 
harder parts of the lesson and independent study. It is 
expected that higher numbers of the material providing sign 
language video support would increase the literacy of deaf 
and hard of hearing people in their second language. This 
would enable them to integrate more easily into the social 
majority, but at the same time preserving their identity, 
improving their self image and developing their own culture 
and language. In future it will also be important to consider 
such issues in metrics [21]. 
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