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Abstract Multimedia content is growing at an increasing pace. Making this content
accessible to people with impairments is not only paramount but also a growing
challenge in itself. Access services for people with visual or hearing impairments
have been studied and refined over the last years, resulting in standards and laws
to ensure that minimum amounts of accessible content are produced. Professional
content producers have the knowledge and skills required to do so. However, individuals creating multimedia content to publish on the Internet usually lack both. In
this chapter, we review existing access services, comprised of subtitles, sign language and audio descriptions. We complement this with a summary of research
efforts that could assist both in the production and consumption of access services.
Finally, we discuss how emerging technologies and techniques, like machine learning or crowdsourcing, can help us tackle the sheer amount of access services that
need to be created to ensure all have equal access to produced content.

1 Introduction
Multimedia content has become available to large numbers of the world population
since the mass commercialisation of television (TV) begun. To ensure this content
is also accessible to people with disabilities a variety of access services have been
made available over the years. These include subtitling and sign language interpretation for people with hearing impairments and audio description for people with
visual impairments. The provision of these access services is the responsibility of
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the TV broadcasters or content providers and regulated by the laws of individual
countries.
Multimedia availability increased even further with the emergence of the Web.
Not only some of the content broadcasted on TV found a new medium for dissemination, but now every individual could become a producer of audio or visual content
that she or he could make publicly available on the Web. This evolution raised a new
set of challenges for producing and disseminating accessible multimedia. Some of
the existing access services for TV could not be readily reutilised for the Web. Many
multimedia players are not accessible. Individual producers are not aware of how to
produce accessible content.
Furthermore, content producers, professional or otherwise, are not able to know
in advance who will consume their content and under what circumstances. Thus, it
is a good practice always to make content accessible to everyone. They should not
consider only people with impairments (e.g. visual impairments, hearing impairments), but also other people consuming the content in conditions or contexts that
limit their options1 . For instance, users with a low bandwidth connection, in a noisy
environment (e.g. a crowded pub or bar), or in a place where they can not disturb
others (e.g. a library). People that are not able to hear a video will scroll past it if it
is not captioned, irrespectively of the reason they cannot hear it.
In this chapter, we start by covering existing access services and some of the
regulations they are subjected to. We follow with a discussion of existing multimedia
accessibility problems on the Web and present existing research that aims to tackle
those. Before concluding we present an overarching discussion of this topic, some
future avenues and our opinion of the field.

2 Access Services
Access to multimedia, or to any other type of content, should consider the ability to
perceive the content, to understand the content and to operate the mechanisms that
allow the content to be reproduced. Multimedia access services focus on offering
the possibility to perceive the content, and target two main user groups. People with
hearing impairments that can watch the content but not hear it, benefit from subtitling and sign language interpretation. People with visual impairments that can hear
the content but not see it, benefit from audio descriptions.
Another user group that can also benefit from access services are people with
cognitive impairments. Although access services target content perception, perceiving the same content from multiple channels can improve the ability of users with
some cognitive impairments to understand the content (Sloan et al. 2006, Khan
2010). The impact of multimedia on people with dyslexia is also under investigation although conclusive results have not been achieved yet (Wang et al. 2018,
Knoop-van Campen et al. 2018).
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Finally, in order for users to benefit from existing access services, the media
player itself must be accessible. In what concerns media player accessibility, a further group of users must also be considered: those with physical impairments. For
access services that are provided for broadcast content this usually means that the
TV set, including the remote control, must be accessible. For access services provided for Web-based content, the media player must take into account the needs of
different groups of users so that the interface is perceivable, understandable and operable. In section 3 we will further discuss the issues of media players’ accessibility.
In the following paragraphs we elaborate on the characteristics of access services.

2.1 Subtitles
Subtitles are text provided and synchronised with multimedia to provide the speech
in the media content2 . Another commonly used term for subtitles is captions. However, in some countries, captions refer to more than the dialogue transcription, including also sound effects and possibly the speaker’s identification. Depending on
the platform and service, subtitles can be visible continuously (open subtitles) or the
user can select to display them in the picture as desired (closed subtitles). When considering the TV platform, one common use for subtitles in countries that broadcast
foreign language programmes is to subtitle those programmes when they are not
dubbed in the national language. In these situations, the subtitles make the media
content accessible not only for those with hearing impairments but for the general
population.
Even though subtitles are the access service with higher availability, they are still
far from being universal. Figure 1, published in the European Commission’s “Study
on Assessing and Promoting e-Accessibility” (Kubitschke et al. 2013), shows that
about half of the broadcasted programmes in the EU around 2013 had subtitles (with
public broadcasters having a higher availability of subtitles than commercial ones).
Although the study focuses on the EU countries, it also includes data from four
non-EU countries for comparison: Australia, Canada, Norway and the USA. In all
of these countries, at least 85% of the programmes have subtitles, which is a number
aligned to the rate in some of the EU countries (like France, Holland, Slovenia and
the UK), but much better than the average of the EU. Unfortunately, we are not
aware of a more recent analysis as encompassing as this one is for TV-based media
or a similar one for Web-based media.
Producing subtitles for media content equates to creating a file with time codes
indicating the start and stop times for presenting the subtitle together with the subtitle’s text. There are several tools available to help in subtitling efforts3 . More recently, efforts have been made to create auto-captioning services. We will discuss
some of these in section 3.
2
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Fig. 1 Average share of programmes with subtitles in the overall programme across all countries
included in the study (adapted from Kubitschke et al. (2013))

Fig. 2 Average share of programmes with sign language in the overall programme across all countries included in the study (adapted from Kubitschke et al. (2013))

2.2 Sign Language
Sign language interpretation consists in the translation of spoken words into a language that conveys meaning through combinations of handshapes, facial expressions and movements of the hands, arms and body4 . Unlike subtitles, signing is
traditionally provided in an open implementation, i.e., it is overlaid on the media
content and users are not able to decide whether to enable its presentation or not.
However, recent research efforts are addressing this issue and enabling closed sign
language, as we will show later in the chapter.
Sign language provision is the least available of all access services. Figure 2,
adapted from the study on e-Accessibility mentioned above, shows that only around
5% of all programmes have sign language interpretation, without significant variations between public and commercial broadcasters. This low percentage of programmes with sign language is common across EU (Portugal being an exception
with an average of 12%) and non-EU countries.
The difficulties and costs associated with producing sign language access services are certainly not foreign to its low availability. Sign language interpretation
requires capturing video of a human sign language interpreter and then overlay that
video over the media content that is to be published or broadcast. Dissimilar to
subtitles, which can be created without any significant infrastructure on a voluntary basis, the production of sign language interpretation is a professional task. Due
to the required expressive richness in facial expressions and the movements of the
4
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Fig. 3 Average share of programmes with audio description in the overall programme across all
countries included in the study (adapted from Kubitschke et al. (2013))

hand, arms and body (Smith & Nolan 2016), solutions based on computer graphics,
making use of avatars, have been unsuccessful so far (Wolfe et al. 2016), albeit having the promise of reducing the production costs for signing (Kacorri et al. 2015).
Section 3 provides more details on this topic.

2.3 Audio Description
Audio description is a narration added to the soundtrack of media content to describe
important visual details that cannot be understood from the main soundtrack alone5 .
This narration takes place between pauses in the dialogue and usually describes
characters, their actions, scene changes or on-screen text.
The availability of audio description in EU based countries is barely better than
that of sign language. Figure 3, adapted from the same study, shows that only between 4% and 11% of the broadcast programmes have an audio description available. Remarkably, the North American countries represented in this study have
higher levels of audio description available, with Canada channels varying between
17% and 29% and the USA’s first public channel having 85%.
The production process of audio descriptions is similar to that of subtitles. The
outcome is also a file with time codes and text which means the same production
tools can be used. However, while subtitles are visually displayed together with the
video, audio descriptions are read aloud by a screen reader or the media player (as
long as it supports audio description).

2.4 Standards and regulation
Media content is available across multiple platforms (TV, Web) and devices (TVs,
desktops and laptops, tablets and smartphones). Often the content produced for one
platform is also available in the other. This situation is especially true for contents
created for TV.
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National or international laws and directives regulate TV content producers and
TV broadcasters. One example is the EU’s Audiovisual Media Service Directive.
This directive coordinates at the EU level the multiple national legislation on audiovisual media, both for TV broadcasts and on-demand services. Existing regulations
ensure that, at least, part of the broadcast content meets accessibility guidelines.
However, content created by individuals to be published on the Web is not subject
to regulations. Individual creators also do not have access to the same grade of tools
that professional content producers have. This lack of resources makes it fundamental to provide easy ways to produce accessible media so that the ever-increasing
amount of media made available is also accessible to as much as possible of the
population.
Guidance on how to make accessible media is available to content creators.
The Web Content Accessibility Guidelines (WCAG) provide orientation on how to
make Web content accessible. They include guidelines applicable to media content,
like Guideline 1.2 Time-based Media that specifies properties for captions, audiodescription and sign language, for example. To provide access to this content, media
players also need to possess specific characteristics. A set of guidelines exists that
can be applied to create accessible media players. The User Agent Accessibility
Guidelines (UAAG) focus on the principles that should orient content reproducing
tools, including media players. Similarly to WCAG, the UAAG include guidelines
applicable to media playback, such as Guideline 2.10 Provide control of time-based
media.

3 Multimedia Accessibility Research
Most of the multimedia content published on the Web, in particular videos, are created by individuals who are not subject to regulations and do not have access to
the tools needed to make the content accessible. In this section, we present some
research works that could help individuals make their content more accessible for
hearing and visually impaired people.

3.1 Overcoming the Absence of Sound
3.1.1 Subtitles
Automatic Speech Recognition (ASR) software can convert speech into text, thus
overcoming the absence of sound. It has evolved over the years, promising accuracies very close to 99% when correctly trained, used for dictating purposes and
while using good quality microphones in a controlled acoustic environment. However, for conversations, video lessons, broadcast news, phone calls or other scenarios
where we are dealing with spontaneous speech that occurs in an acoustically, lin-
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guistically and structurally different environment, their accuracy worsens (Maybury
2007). However, and despite speech recognition being far from entirely satisfactory,
it has been improving over the years, making it the most affordable alternative to
manually creating captions for video material.
In 2009 YouTube introduced the automatic captions system, which uses Google’s
ASR technology6 to perform speech transcription. This was a significant step to
make videos accessible, considering YouTube is the biggest repository of videos on
the Internet and the most visited by all types of users. Combined with auto-caption,
Google added their translation mechanism to offer captions in different languages.
In 2017 they added a new functionality to the automatic captioning system allowing it to describe sound effects7 . More recently, in 2018, Google introduced their
live automatic speech recognition (LASR) technology8 , which can automatically
generate English captions for live videos, with error rates and latency approaching
industry standards.
However, subtitling a video stream is not just about applying ASR. Federico &
Furini (2012) presented an architecture that automatically creates captions for video
lessons, by combining an off-the-shelf ASR software with a novel caption alignment mechanism to produce a timecoded transcript. Their approach overcomes the
absence of timing information in the textual transcript produced by the off-the-shelf
ASR by smartly introducing unique audio markups into the audio stream before
giving it to the ASR software.
Shiver & Wolfe (2015) performed two studies focused on multimedia accessibility for Internet users who were deaf or became deaf at an early age. In the first study,
they identified priorities for improving accessibility for deaf people. The most identified topic was the lack of accessibility to online news. Users also mentioned that
they prefer captions over transcripts because the former is synced with the video.
In the second study, the authors asked participants to evaluate different types of
caption styles, including those generated using ASR. Results confirmed that users
prefer to have videos with captions, even when they are automatically generated and
consequently with some errors, than without captions.
Toledo et al. (2005) proposed a sensorial substitution system to help deaf people understand the location of sources of sound information. Their system presents
visual elements in see-through glasses and captures the environment’s acoustic information around the user. The sound sources are represented as Gaussian curves,
where their orientation conveys the angle of the sound source, their size the power
of the sound, and colour bands dividing the Gaussian depict the different frequency
components of the sound. Although this solution was devised to transmit acoustic
information in real time about the surrounding environment, the visual representation of the sound sources can be adapted to become another type of information that
can be used to make videos more accessible.

6
7
8
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Multimedia solutions can also be used to improve the accessibility of interactions between people with different characteristics. Peng at al. recently proposed
SpeechBubbles (Peng et al. 2018), a real-time speech recognition interface prototype on an augmented reality head-mounted display, to help deaf people comprehend speech from hearing users in face-to-face group conversations. Experimental
results demonstrated that SpeechBubbles was suitable for group conversations between deaf and not deaf people.

3.1.2 Sign Language
Kim et al. (2004) proposed a solution for communication among deaf people in real
time, which uses an intelligent avatar communication system. It supports Korean,
Chinese and Japanese sign languages to overcome the linguistic barrier between different languages. Sign language translation between the languages is incorporated,
as well as CG animation techniques and emotional expression methods to produce
more realistic gesture images. Experimental results show that the methods could
be used for sign language communications between Korean, Japanese and Chinese
deaf people on the Internet.
In (de Araújo et al. 2014), the authors presented a solution for automatic generation and insertion of sign language video tracks into captioned digital multimedia
content. Their approach can convert subtitles into sign language, in real-time, embedding it in the multimedia content as an extra layer of accessible content. A 3D
avatar reproduces the sign language.
Even if a video or movie has a supporting video with an interpreter performing
sign language, some information is still lost due to the inability to look at both the
video and the interpreter simultaneously. To alleviate this issue, Kushalnagar et al.
(2017) proposed a tool called closed interpreter, which can be toggled on and off by
the user. Additionally, the interpreter size and its transparency and location can also
be adjusted by the user. A study with deaf and hard of hearing users to find what
they like about videos that come with interpreters and to identify the benefits of the
offered adjustability showed that users preferred customisable interpreters over the
static because they could adjust the location and transparency of the interpreter and
see both the video and the interpreter.
These results are supported by a more recent study by Terrill Thompson (2018),
who conducted interviews and focus groups to develop a better understanding of
how persons with impairments interact with video players. The author found that
for a synchronised sign language window to be effective, users should be able to
control its size, position, and opacity so they can place it in the perfect position
relative to the video.
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3.2 Overcoming the Absence of Image
Rich and multimedia content brings severe problems to screen reader users because
when the audio starts playing they have to deal with two audio streams at the same
time: one delivering the original audio from the video, and the other delivering the
audio from the screen reader. Moreover, there is only one physical volume control,
and it is not possible to control each sound separately. A possible solution is to use
two concurrent speech channels placed in a 3D space simultaneously, along the lines
of Guerreiro’s work (Guerreiro & Gonçalves 2016), which takes advantage of the
Cocktail Party Effect to present several contents at the same time. For our context,
one channel could be used for the main audio of the video and the other for the
screen reader audio.
Flash applications (videos or interactive games) are still available on the Internet. When we think of them, accessibility is not one of the characteristics that we
associate with them. In (Krüger 2008), the author demonstrated that it is possible
to create accessible Flash applications for both blind and sighted users. The author
adapted an existing e-learning application to make it accessible, without the need
of changing its user interface. According to the author, no separated versions of the
original applications were needed. Consequently, already existing Flash applications
could be made accessible to blind users, without rebuilding the overall application.
Another multimedia content that poses challenges concerning accessibility are
video games. In (Allman et al. 2009), the authors presented a modified version
of the Rock Band R computer game, to allow people with no or limited vision to
enjoy the game. Their solution represents visual information through haptic and
audio feedback. In particular, they convey the original drumming activity of Rock
Band R through vibrations on the upper and lower arm (for drumhead clues) and the
ankle (for kick drum clue). Auditory information is used to provide feedback about
the correctness of the hit. Evaluation with subjects with various levels of visual
impairment revealed that they were able to master the system almost immediately.
This shows that it is possible to convey visual information to users through other
modalities, making multimedia content more accessible.

3.3 Multimedia Players
When choosing how to deliver multimedia content, it is important to consider options that are fully accessible. Thus, a player should at least: i) support closed captions; ii) support audio description and enable users to toggle the narration on and
off; iii) have buttons and controls that can be operated without a mouse; iv) have buttons and controls labeled adequately so they can be operated using a screen reader;
v) be fully functional across platforms and in all major browsers.
This list is complemented by a set of requirements presented by González et al.
(2011) that should be included in a media player to make it accessible. In particular, a media player should: i) provide different alternatives together with the video,
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such as captions, audio description, sign language, transcription or extended audio
description; ii) provide access to all its features via mouse, keyboard, or assistive
technologies (e.g. screen readers); iii) provide help and access to documentation to
inform about its accessible features and how to use them.
In the last years several media players have been developed to satisfy these requirements (or at least most of them). Among those, we have Mediasite9 , Video.js10 ,
iTunesU11 , YouTube12 and Able Player13 .
Able Player is a free open-source HTML5 media player, and one of the most
accessible media players available. It is WCAG 2.0 Level AAA compliant and accommodates Sign Language tracks. Able Player has fully accessible player controls
and, where necessary, uses ARIA14 to expose interface elements to screen readers. It
is the only media player that fully supports the HTML5 <track> element, including
all five kinds of text tracks (Thompson 2015).

4 Discussion
The overall coverage of media that is made accessible is still too low as could be
seen in section 2. This is true for TV broadcast, where legislation seems to be the
primary driver for ensuring that broadcast media is accessible, and for the media
made available online on the Web. Unfortunately, enforcing legislation on the Internet is harder. With the know-how for creating accessible media available, the initial
challenge facing the accessibility community is to find ways to support the creation
of accessible media in a way that requires a low amount of resources (human and
material) and effort. Only with this kind of support, the quantity of access services
will increase and approximate the needs of the population.
The following challenge facing the accessibility community is to ensure the quality of access services. While it is paramount that we have means to produce accessible content, the quality of this content must be enough to make it useful. The efforts
mentioned above of Google’s YouTube to provide auto-captions are a perfect illustration of the tension that arises between quantity and quality. While YouTube’s
auto-caption service is excellent from the perspective of quantity (delivering an access service for all videos in the supported languages) it still does not deliver a
quality access service when the audio track in the video does not possess the needed
characteristics. Consequently, it is important that the accessibility community in collaboration with each country’s regulatory agencies be able to provide measures of
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the quantity of access services provided (this is what has been done so far) but also
of the quality of those access services.
A further challenge that impacts the accessible media production process is the
source of the media. With the advance and democratisation of technology, ever more
people are media content producers. The initial impact of this situation is that there
are more media to make accessible by more people that do not have the expertise to
do it. Further analysing this issue reveals that the amount of live media being broadcast or distributed on the Internet is also increasing. Ensuring the accessibility of
live media is much more challenging than recorded media. For sign language interpretation and audio description current solutions are based on human intervention,
with sign language interpreters ensuring translation of live events and trained audio
describers verbally depicting events as they unfold. Automated procedures that can
increase the amount of subtitles can also be used to provide subtitles for live content
and thus are the more promising avenue for production of accessible live media.
In addition to the challenges faced for creating access services, a different set
of challenges needs to be addressed for multimedia players, i.e., for using the created access services to ensure an accessible playback of the content. As presented
in section 3.3, a variety of media players is already available capable of implementing access services. The challenges often lie in making sure that the media players
themselves are accessible in addition to the content they playback. Kushalnagar
et al. (2017) present one example of how that can be achieved. With their solution,
a media player could use eye tracking to automatically pause a sign language interpreter when viewers are not looking at it, and resume it when they gaze again on the
interpreter and speed up the replay speed of the interpreter to catch up to the current
point in the video.

5 Future Directions
Machine learning based solutions are becoming pervasive across a range of domains. Multimedia accessibility is not an exception. We have presented above current research efforts and globally available services that already make use of it.
The first inroads happened for subtitle generation that took advantage of evolving
speech recognition systems to automate the generation workflow. These solutions
are evolving to automate also the creation of audio descriptions by recognising other
sounds in addition to speech (Ichiki et al. 2018). The challenges for automated sign
language generation are very different. Current limitations of avatar-based signing
result for the difficulty in conveying all the richness that sign language requires to
transmit information. Nevertheless, some advances are underway, beginning with
signing in specific domains like weather news presentation (Azuma et al. 2018, Oh
et al. 2014).
Another future direction in the field of multimedia accessibility that can benefit from the increasing reach of the Web is the crowdsourcing of access services.
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Crowdsourcing can also be used in combination with machine learning approaches.
This is already being explored for subtitle generation (Huang et al. 2017).
Emotions that people convey while talking are valuable to produce a more engaging conversation. This is also true for dialogues that take place in multimedia
content. While people usually express themselves with different tones to convey
their moods, deaf individuals are not able to capture it. They rely on visuals cues
which may not be enough for them to infer the emotions conveyed. Individuals with
cognitive impairments also have difficulties in interpreting emotions (McCade et al.
2011). Therefore, future research on how to identify the emotions being conveyed
and how to represent them in an effective way for deaf individuals or cognitively
impaired individuals is an additional avenue for exploration.

6 Author’s Opinion of the Field
As we already mentioned, the amount of multimedia content on the Web is increasing exponentially. Multimedia consumption is increasing, with about one third of
online activity being spent watching video15 . Correspondingly, multimedia content
production is also increasing, with the latest estimates indicating that 72 hours of
video are uploaded to YouTube every 60 seconds15 , for instance.
We, obviously, believe that ensuring accessibility to multimedia content is a very
relevant topic. Primarily, we all have a social responsibility in ensuring that everyone
has access to publicly available content, including multimedia content. Furthermore,
the World Health Organization (WHO 2011) estimates that the disability prevalence
on the word population is around 15% (representing approximately 1 billion individuals). This means that from a business perspective there is a huge market for
accessible services, including everything that can be promoted or take advantage of
multimedia delivery.
With access services becoming standardised, our opinion is that the greatest challenge for the near future is in devising ways to assist in the generation of access
services for the content that individuals are now able to create and share online.
Ideally, access services would be generated automatically, but that is still out of
our reach. However, if we are able to provide content producers or communities of
content consumers with tools that reduce the effort required for the production of
access services, we should be able to see an increase in the accessibility of available
multimedia content.
Another trend that must not be overlooked is the platform of choice for consumption of the content. Mobile devices are already responsible for half of the video
content watched15 . Therefore, it is essential that mobile applications that offer multimedia content are made accessible, following trends in Web media players.

15

37 Staggering Video Marketing Statistics for 2018 | Wordstream

Multimedia Accessibility

13

7 Conclusions
The amount of available multimedia content keeps increasing at a great pace. To
make this multimedia accessible to all population is a massive trial that must be
addressed at all points in the production to the consumption chain. First, access
services must be created to ensure that people with visual or hearing impairments
can access the content. Then, playback mechanisms, which themselves must also be
accessible, need to be compatible with these access services so that consumers can,
in fact, access the content.
In this chapter we tried to provide an overview of the status of multimedia accessibility, describing what access services exist, their purpose and presenting a
panorama of their usage, with a greater focus on broadcast multimedia. We complemented this with a summary of existing research efforts that have the potential
to lessen the required resources for the production of access services or to improve
the accessibility of playback tools. Finally, we discussed how machine learning,
possibly supported by crowdsourcing, has the potential to improve the quantity and
quality of access services.
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