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Abstract:

This paper explores recent studies in the field of Human Computer Interaction.
Specifically, papers that address the accessibility concerns that arise with the
ever expanding use of internet as a medium for exchange of information. We
will also explore several hardware/software solutions that have been developed
to make the web content more accessible. As per the statistics, one out four
American’s, suffer from some form of disability. So Accessibility is a major
concern for developers working on any software, as they need to be mindful of
the typical users while also accommodating for the needs of users with several
disabilities.

Introduction:

The following is a short list of the common accessibility issues, that developers
need to account for when working on an application.

• Blindness and low vision
• Deafness and hearing loss
• Limited movement
• Speech disabilities
• Neurological limitations
• Cognitive limitations
• Temporary or situational impairments

There are several solutions to each of them that try to solve the accessibility
needs of users. In this paper, we’ll go over a few of them.

Difficulties with designing for Accessibility:

Trewin et al. (2010), provides very interesting insight into what proficient web
developers, think about accessibility. For this survey, 49 IBM Web developers
were interviewed, these developers regularly work on web applications that fol-
low accessibility standards. They were asked about barriers to the developers’
designing accessible Web-based products. The following table, shows the ma-
jor concerns with developers associated with accessibility and the count of the
developers that shared the same opinion. Here’s a list of what the developer’s
faced difficulty with integrating accessibility into the software development:
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Difficult aspects of accessibility Cited by

Designing an accessible solution 10

Testing: using the test tools to diagnose problems 10

Finding workarounds to problems with toolkits, cross-
browser support and third party components

9

Understanding the requirements 4

Making enough time 4

Prioritizing accessibility relative to other requirements 3

Coordinating with different teams 1

Table 1: Most difficult aspect of producing an accessible product.

Time consuming aspects of accessibility Cited by

Testing 10

Technology workarounds 7

Retrofitting 6

Setup 4

False positives from test tools 4

Cross-browser support 3

Table 2: Most time consuming aspect of producing an accessible product.
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Even when developers are motivated to create accessible applications, they
are limited by limited skills, new standards, imperfect browser implementations,
and assistive technology discrepancies, according to this research. When com-
pared to the standards to be tested, tools that should assist developers are
frequently vague, cumbersome, and incomplete.

Accessibility for Visually impaired:

Solution to JavaScript accessibility problem

Today, JavaScript can be found on more than half of all websites [1], severely
limiting the ability of people with impairments to access digital information.
JavaScript is being used in an increasing number of web applications to repli-
cate desktop widgets such as menus, tree views, rich text fields, and tab panels.
There was no accessibility solution for these powerful online applications till
today. To address these issues, a variety of W3C activities are being brought
together into a unified roadmap known as the DHTML Web Content Task Force
Roadmap.

The introduction of a role attribute for document elements in XHTML 2 is
a significant step forward. This attribute allows the page creator to inform the
user agent and assistive technology about the role of an element. The Web
Accessibility Initiative (WAI) of the W3C is developing a taxonomy of roles
for common graphical user interface (GUI) components that will correspond to
standard responsibilities in platform accessibility architectures. Each role at-
tribute will be mapped to XML markup defined in Resource Descriptor Frame-
work (RDF) that defines how the user agent might map common attributes for
accessibility.

The formal role and state taxonomies for XHTML are currently being worked
on by the W3C WAI Protocols and Formats working group. The Web Con-
tent Accessibility Guidelines (WCAG) working group frequently refers to this
endeavor, known as the DHTML roadmap, while it works on WCAG 2.0. This
technique lays the framework for other markup, such as SVG, to become fully
accessible as well.

Automatic Description of Characters for Blind People:

The Audio/Video description service involves explaining the important visual
aspects in a visual context. A blind or visually impaired person can then access
information that would otherwise be unavailable to them. ”Audio Description
is commentary and narration that guides the listener through the presenta-
tion with concise, objective descriptions of new scenes, settings, costumes, body
language, and ”sight gags” all slipped in between portions of dialogue or songs”.
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In different vision-related environments, such as cinemas, courses, theaters, and
museums, the AD proportionates accessibility to visually impaired and blind
people. However, because of the price, effort, and time needed, this resource is
not commonly exploited. Describing a 2-hour feature film could take up to 60
person-hours. As a result, while AD is a fantastic technique to reduce exclusion,
it does have some inherent limits.

Visual description is an easy process, but it is time-consuming. When work-
ing with machines, on the other hand, we do not have to be concerned with
weariness. Still, the task may be more difficult because we’ll be dealing with
challenges like describing scenes, characters, actions, expressions, and audio
synthesizing, all of which require various computing ways. Furthermore, a man-
ual video description cannot be scaled to encompass all video content created,
necessitating the use of an automated system.

Figure 1: Video Descriptor Pipeline

Computational Glasses for Compensating CVD:

While modern prescription glasses provide a socially acceptable and effective
remedy to refractive defects such as myopia and presbyopia, unassisted visual
impairments such as peripheral and central vision loss, or night blindness, con-
tinue to impact individuals of our society. Color Vision Deficiency (CVD), more
generally known as color blindness, is one of these issues. CVD is a disorder
in which persons who suffer from it have an altered perception of color. This
disease affects hundreds of millions of people around the world.

The researchers directly modulating the perception of colours of those affected
by CVD, using computational glasses. This is accomplished by smoothly syn-
chronizing computer-generated overlays with the user’s view of the world, al-
lowing them to directly modulate the colors they see. This would aid in the
differentiation of colors that are otherwise seen as being identical.
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Accessibility for Hard of Hearing:

People with Hard of hearing have access to devices that can amplify the sounds
so that they can better perceive their surroundings. In quiet or one-on-one sit-
uations, hard of hearing people normally have no difficulty conversing. Instead,
they frequently face challenges in multi-speaker or noisy environments due to
poor audio signals, various information sources, and/or talkers with dialects or
accents.

Deaf people face the challenge of accessing and following spoken information and
in conveying information efficiently and quickly to others in group.Automatic
Speech Recognition(ASR) can help the deaf communicate with others very ef-
fectively, A lot of websites and services incorporate ASR. An example of this is
auto generated subtitles on youtube.

Automatic Speech Recognition:

Many personal devices (e.g., phones) have auditory interfaces that use Auto-
matic Speech Recognition (ASR) and Text-To-Speech technologies (TTS). Aural
interfaces are becoming increasingly popular as they have gotten more accurate
and simple to use. Speech recognition, machine learning, and context sensing
services have all seen substantial breakthroughs. As the population grows, IoT
(Internet of Things) gadgets, as well as voice-controlled devices, have sparked
interest. As a stand-alone service, personal assistants have grown in popularity.
computing equipment in the home and business, as they are inexpensive, prac-
tical, and reasonably accurate.

Because the ASR services utilized in these interfaces are poor at identifying
deaf people’s speech, which has variety and disfluencies, even for brief orders,
DHH users cannot successfully use these auditory interfaces. The acoustic and
linguistic aspects of speech in DHH people differ from non-DHH people, and they
usually vary drastically depending on the severity of hearing loss and when it
first occurs. As a result, Automatic Speech Recognition (ASR) systems trained
on non-DHH people’s speech perform badly when it comes to recognizing deaf
speech.

Visualizing Non-Speech Sounds for the Deaf :

We are continuously surrounded by sounds, which make us aware of our environ-
ment. People can understand serendipitous events (coworkers socializing in the
hallway, neighbors arriving home upstairs, children playing in the next room),
problematic things (faucet dripping, fire alarm low-battery indicator, cell phone
ringing at inconvenient times), and critical information (fire alarm, knocking on
the door) relevant to their current situation or location by listening to ambient
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sounds. Deaf persons, on the other hand, find it difficult to keep this awareness.

Though certain technologies exist to alert deaf persons to specific occurrences,
such as the phone, doorbell, or fire alarm, no technology exists to provide contin-
uous awareness of all sounds in an environment. Deaf people employ strategies
to keep their consciousness, such as relying on vision or ground vibrations, but
not every sound causes vibrations or leaves a visual imprint. It seems like some-
one is knocking on the door or coworkers are mingling in the office.

Matthews et al. (2005) propose a set of visual design preferences and functional
requirements for non-speech audio peripheral visualizations that will aid future
applications. Instead of more extensive information or a single sort of warn-
ing, visual design preferences include simplicity of interpretation, glance-ability,
and reasonable distractions given information relevance (e.g., only minimal dis-
tractions). The capacity to recognize what sound occurred, evaluate a history
of exhibited sounds, personalize the information displayed, and determine the
correctness of the information are all functional needs. They also implemented
two fully functional prototypes that exemplify these preferences and criteria.
They are reviewed, providing as examples for future designers and boosting
work toward knowing how to effectively provide peripheral audio awareness for
the deaf.

Sound Detector App Design:

Important events occurring outside of the line of sight can be signaled by audi-
tory cues. A person shouting or firing a rifle, for example, may be heard but not
seen. Furthermore, certain information is communicated solely through sound
in today’s society. Cars, for example, honk to notify other vehicles, and alarm
clocks ring to signal critical times.

Visual inspection and other non-technical sound awareness methods can be dis-
tracting and inconvenient, and technical solutions are generally tailored to in-
dividual sounds. Commercially available alarm clocks, for example, ring loudly,
flash brilliant lights, and vibrate. Many deaf people additionally connect their
doorbell to their home lights, so that when the doorbell rings, the lights flash.
However, these solutions are tailored to certain noises, and purchasing a sep-
arate gadget for each sound can be costly and inconvenient. Even with many
devices, some sounds are unavoidable because each person’s life, and the sounds
that accompany it, is distinct.

Bragg et al. (2016) describes the concept of a customizable mobile phone app
for detecting sounds that are relevant to deaf and hard-of-hearing people. Users
train the software to identify the sounds they want to learn about by giving
recorded examples of those sounds, guided by visual feedback. The user divides
recordings into groupings that represent various noises. The program is flexible
and allows the user control because it learns sound models from training exam-
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ples. The user can download and learn a single software instead of buying a
separate sound detector for each key sound. The detector is also portable be-
cause it is a smartphone app. It follows the user throughout the day, detecting
sounds in any setting – at work, at home, or in public transportation.

Accessibility for People with Motor Impairments:

Specialized equipment such as eye-trackers, brain-computer interfaces, and me-
chanical devices (e.g., joysticks, trackballs) can be beneficial, they are frequently
clumsy, obtrusive, expensive, or limited in the functions they enable. Smart-
phones, on the other hand, being a general-purpose gadget with a wealth of
on-board sensors, can aid those with motor disabilities. Motion sensors and a
touch screen, for example, have been utilized to recognize and measure users’
physical activity and motor abilities. Speech can be used to enter text or issue
commands using a microphone. For those with motor limitations, a camera
allows them to enter text and execute gesture commands using their eyes.

Eyelid gestures:

Fan et al. (2021) proposes utilizing eyelid state. Eyelid state refers to the state
of two eyelids, here are all the possibilities: both eyelids open, both eyelids close,
only the right eyelid close, and only the left eyelid close. A half-closed eyelid is
also technically possible (e.g., squinting). Maintaining eyelids in a half-closed
position, on the other hand, might cause them to twitch or spasm. Furthermore,
our research revealed that existing technology makes it difficult to reliably dis-
tinguish half-closed situations. As a result, when making eyelid motions, we
concentrate on the four states. Future research could look into the possibilities
of ”half-closed” eyelid states.

Humans can control the duration of an eyelid state in addition to the four
eyelid states. Because it’s difficult to remember the exact duration of a state,
we divide it into two categories: short and long. The time it takes to close an
eyelid consciously (e.g., longer than a spontaneous blink (50–145 ms)20) and
then open it quickly afterward is referred to as short duration. Long duration
is defined as closing an eyelid, holding it closed for a period of time, and then
opening it. Because users may have varying preferences for holding their eyelids
in a closed position, it’s best to let them choose their preferred holding duration
as long as they stick to it. Users are instructed to count a specific number of
items in this work for the sake of simplicity.

Cursor measures for motion-impaired computer users:

Access to, and autonomous operation of, a computer can be a crucial compo-
nent of daily life for those with functional disabilities. People whose limitations
prevent them from writing and/or speaking, for example, can use appropriate
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technology to complete these tasks with computer aid. People with disabilities
have also been demonstrated to benefit from improved computer access in terms
of educational attainment and employment chances. Computer systems, on the
other hand, must be accessible in order to be useful. Using a computer usu-
ally entails interacting with a graphical user interface (GUI), which is normally
done using a keyboard, mouse, and display. People with motion limitations, on
the other hand, frequently struggle with accurate control of ordinary pointing
devices.

Keates et al. (2002) covers research into the nature of computer interaction
tasks for people with motion disabilities and how they differ from those for
people who are able-bodied. Cursor movements are used to obtain a grasp of
”point and click” interactions. The primary factors of interest in these studies
have tended to be movement time and mistake rate. These ”gross metrics,”
on the other hand, are essentially constrained in their ability to explain be-
havior throughout a task. Cursor control analysis that takes into account the
path of movement can collect more information about cursor control that would
otherwise be lost.

Conclusion:

As we can see, developing applications with accounting for accessibility is really
difficult, but there are several hardware and software solutions. Although there’s
no universal solution to solve all the accessibility needs, there is active research
being done in this field to create new design patterns that make software more
accessible.

8



Bibliography

Bragg, D., Huynh, N., and Ladner, R. E. (2016). A personalizable mobile
sound detector app design for deaf and hard-of-hearing users. In Proceedings
of the 18th International ACM SIGACCESS Conference on Computers and
Accessibility, pages 3–13.

Di Gregorio, M. (2021). Accessible applications-study and design of user inter-
faces to support users with disabilities. In Proceedings of the 2021 Interna-
tional Conference on Multimodal Interaction, pages 832–834.

Fan, M., Li, Z., and Li, F. M. (2021). Eyelid gestures for people with motor
impairments. Communications of the ACM, 65(1):108–115.

Filho, I. R., Honorato, F., Lucena, J. W., Teixeira, J. P., and Maritan, T.
(2021). An approach for automatic description of characters for blind people.
In Proceedings of the Brazilian Symposium on Multimedia and the Web, pages
53–56.

Gibson, B. and Schwerdtfeger, R. (2005). Dhtml accessibility: solving the
javascript accessibility problem. In Proceedings of the 7th international ACM
SIGACCESS conference on Computers and accessibility, pages 202–203.

Keates, S., Clarkson, J., and Robinson, P. (2000). Investigating the applica-
bility of user models for motion-impaired users. In Proceedings of the fourth
international ACM conference on Assistive technologies, pages 129–136.

Keates, S., Hwang, F., Langdon, P., Clarkson, P. J., and Robinson, P. (2002).
Cursor measures for motion-impaired computer users. In Proceedings of the
fifth international ACM conference on Assistive technologies, pages 135–142.

Lima, M., Lemos, G., and Kulesza, R. (2021). A proposal for an accessible video-
conferencing interface for people with hearing impairments. In Proceedings of
the Brazilian Symposium on Multimedia and the Web, pages 29–36.

Matthews, T., Fong, J., and Mankoff, J. (2005). Visualizing non-speech sounds
for the deaf. In Proceedings of the 7th international ACM SIGACCESS con-
ference on Computers and accessibility, pages 52–59.

9



Namatame, M. and Kitajima, M. (2006). Improving web usability for the hard-
of-hearing. In Proceedings of the 2006 symposium on Eye tracking research &
applications, pages 39–39.

Sutton, J., Langlotz, T., and Plopski, A. (2022). Seeing colours: Address-
ing colour vision deficiency with vision augmentations using computational
glasses. ACM Transactions on Computer-Human Interaction, 29(3):1–53.

Thevin, L., Rodier, N., Oriola, B., Hachet, M., Jouffrais, C., and Brock, A. M.
(2021). Inclusive adaptation of existing board games for gamers with and
without visual impairments using a spatial augmented reality framework for
touch detection and audio feedback. Proceedings of the ACM on Human-
Computer Interaction, 5(ISS):1–33.

Trewin, S., Cragun, B., Swart, C., Brezin, J., and Richards, J. (2010). Ac-
cessibility challenges and tool features: an ibm web developer perspective.
In Proceedings of the 2010 international cross disciplinary conference on web
accessibility (W4A), pages 1–10.

Yan, S. and Ramachandran, P. (2019). The current status of accessibility in mo-
bile apps. ACM Transactions on Accessible Computing (TACCESS), 12(1):1–
31.

10


