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About
VEDE

Mada - Assistive Technology Center Qatar, is a private
institution for public benefit, which was founded in 2010

as an initiative that aims at promoting digital inclusion and
building a technology-based community that meets the needs
of persons with disabilities (PWDs). Mada today is the world's
Center of Excellence in digital accessibility in Arabic.

The Center works through smart strategic partnerships to
enable the education sector to ensure inclusive education, the
community sector through ICTs to become more inclusive, and
the employment sector to enhance employment opportunities,
professional development and entrepreneurship for persons
with disabilities.

The Center achieves its goals by building partners’ capabilities
and supporting the development and accreditation of digital
platforms in accordance with international standards of digital
accessibility. Mada also raises awareness, provides consulting
services, and increases the number of assistive technology
solutions in Arabic through the Mada Innovation Program to
ensure equal opportunities for the participation of persons
with disabilities in the digital society.
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About
Nafath

Nafath aims to be a key
information resource for
disseminating the facts
about latest trends and
innovation in the field of ICT
Accessibility. It is published
in English and Arabic
languages on a quarterly
basis and intends to be a
window of information to
the world, highlighting the
pioneering work done in our
field to meet the growing
demands of ICT Accessibility
and Assistive Technology
products and services in
Qatar and the Arab region.
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mpg m=gm - Abstract - This paper presents an exploratory
ACCESS' blllty In H U_rna n study of accessibility in both Human Computer
co m p ute r I nte ra ct I o n a n d Interaction and Human Robot Interaction focusing

on its intersection with interrelated concepts such

H u m a n RO b Ot I n t e I'a Ct i O n : as usability and inclusive design. It underscores the

overreaching goal of these concepts in improving

A brief review on definition S, develo pers the user experience and provide equal access to all
g u |d e |.| nes laWS an d reg u la t | ons user interfaces, albeit with different targeted user
o

groups. Furthermore, the study presents a short
Malak Qbilat PL4 review on main accessibility laws and developers
INESC TEC

Malak m.irshed@inesctecpt guidelines for both Human Computer Interaction
/ﬂ 9
v
I ‘

Porto, Portugal and Human Robot Interaction. The review reveals a
remarkable gap in accessibility laws and guidelines
“ |

for Human Robot Interaction, hence, there is an
urgent need to broader initiatives and efforts from
authorities, researchers community, and industry
stakeholders to formulate and create accessibility
laws and developers guidelines pertaining to
Human Robot Interaction products, where no
such laws or guidelines were found in this study,
except an individual initiative by the author, which
includes a proposal dedicated to help developer
in creating accessible interfaces for Socially
Assistive Robots. This paper also discusses some
practical challenges in implementing accessibility
guidelines in HCl and HRl interfaces.

Keywords

Accessibility; Usability;
Inclusive Design; Human
Computer Interaction; Human
Robot Interaction; Guidelines;
Laws; User Experience;
Socially Assistive Robots.
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1. Introduction

The International Organization for Standards (ISO)
defines the accessibility term for the interactive
system as “the usability of a product, service,
environment, or facility by people with the
widest range of capabilities” [1], which means
all systems” users should have an equivalent
and less discriminatory experience during their
interaction with the systems. Accessibility,
Inclusive Design and Usability terms are terms
that are commonly and widely used regardless
of the differences between them and to indicate
the same purpose. The three terms vary mainly
in the targeted user types.

In Human Computer Interaction (HCI), the necessity
to ensure accessibility to all users with different
abilities and needs has emerged and thus many
countries have laws and regulations to guarantee
the accessibility issue. Additionally, accessibility
requirements in HCI have been extensively
investigated by researchers and industry, where
many guidelines and standards were introduced to
help designers and developers to create accessible
products [2]. In Human Robot Interaction (HRI),
mainly Socially Assistive Robots (SARs), it is
difficult to know the extent to which designers
and developers of the currently available SARs
have committed to implementing the needed
accessibility requirements in their designs. It is
difficult to give a confident answer comparing to
the situation in HCl discipline, due to the absence
of specific accessibility laws and guidelines for
HRI [3]. Furthermore, none of HCI accessibility
guidelines can be completely applied to robotics
designing due to the differences in physical
interaction components and context of use.

This paper presents a brief review of accessibility,
focusing on its definition and a comparison with
related concepts, that are usually used in the
same context, such as usability and inclusive
design. Understanding the distinctions and
intersections among these three concepts is vital
to enhance design practices among HCI and HRI
developers, which willimprove user experience
consequently. Moreover, such comparisons may
enrich the literature and inform policies and
standards that aim to enhance digital interfaces.
Additionally, this paper provides a succinct
overview of existing accessibility laws and
guidelines pertinent to HCl and HRI, to identify the
main ones and any potential lack or gaps in this
regard. The structure of this paper is as follows:
Section 2 provides definitions and comparisons
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of accessibility, usability, and inclusive design
concepts. Section 3 presents a short review of the
main accessibility guidelines and laws for HCI
and HRI. Section 4 discuss some practical
challenges in implementing accessibility
guidelines. Finally, Section 5 outlines
the conclusions of this study.

2. Accessibility, Usability,
and Inclusive Design

In this section, we define and compare the concepts
accessibility, usability, and inclusive design, which
are commonly used in same context, despite their
nuanced differences. The differences among
these concepts primarily lie in the targeted type
of users.

2.1 Accessibility vs. Inclusive Design
According to the International Organization for
Standardization (ISO) [4], accessibility refers to
the “Extent to which products, systems, services,
environments and facilities can be used by people
from a population with the widest range of user
needs”. Hence, accessibility focuses on users’
needs and abilities and how to guarantee equality
in access to all users during their experience.
Another concept that is usually used in the
same context of accessibility is Inclusive
Design. Microsoft [5] terms Inclusive Design
related to user centred design process
(UCD) as “A methodology, born out of
digital environments, that enables and
draws on the full range of human diversity.
Most importantly, this means including
and learning from people with a range of
perspectives”. John Clarkson & Coleman
[6] define Inclusive Design as “a general
approach to designing, in which designers
ensure that their products and services
address the needs of the widest possible

audience, irrespective of age or ability”. Inclusive
Design considers more issues than accessibility,
for instance, culture, economic situation, and
geographic location. Sometimes the terms
Universal Design and Design for All are used for
the same contextual meaning [7]. The concept of
Inclusive Design is more comprehensive than the
accessibility concept, (Figure 1). In the following
subsection the differences between accessibility
and usability are highlighted.

Inclusive Design

Accessibility

Figure 1.
Accessibility compared to inclusive design [8].

2.2 Accessibility vs. Usability

ISO defines Usability as the “extent to which
a system, product or service can be used by
specified users to achieve specific goals with
effectiveness, efficiency and satisfaction in a
specified context of use” [9]. Another definition
for usability was set by the Institute of Electrical
and Electronics Engineers (IEEE), which defines
usability as “The ease with which a user can
learn to operate, prepare inputs for, and interpret
outputs of a system or component” [10]. Bevan
& Petrie [11] have pointed out that there is
lack of consensus about accessibility, where
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Web Accessibility Initiative WAI [7] proposed
accessibility as a subset of usability, justifying
that accessibility is considered only for a subset
of users who are elderly or have disabilities.
ISO [9] proposed that usability as a subset of
accessibility, justifying that accessibility considers
issues for the largest possible range of users,
including older and disabled people [11]. Aizpurua
et al. [12] have explained that the scope and
extent of the relationship between accessibility
and usability is difficult to define, since usability
and accessibility are two qualities that interact
with each other. For websites, if accessibility and
usability are not incorporated, then web sites can
be either accessible but hardly usable, or usable
but hardly accessible. The association between
usability and accessibility has been presented
by Casare et al. [13] from two different points of
view. The first is the complementary concepts
which agrees with Aizpurua et al.'s perspective
[12], considering usability and accessibility as
integrated concepts. The second point of view is
to present accessibility as a sub-class of usability
which agrees with Web Accessibility Initiative WAI
perspective [7]; Figure 2 shows the association
between usability and accessibility according to
Casare et al. [13].

Usability Accessibility
domain domain

(@)

Usability domain

Accessibility
domain

(b)

Figure 2.

Accessibility compared to usability:
(a) as complementary concepts;

(b) accessibility as a sub-class [13].

The next two sections provide a short review on
main accessibility laws and developers guidelines
for both HCl and HRI.
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3. Accessibility Guidelines

and Laws

The scope of this short review is outlined to focus
on existing accessibility guidelines and laws
related to HCI and HRI, covering software and
hardware interaction component. The Google
search engine, as well as the databases IEEE
xplore, ACM Digital Library, and Google Scholar,
were utilised in this search. While numerous
accessibility guidelines and laws were found for
HCI, no such guidelines or laws were identified
for HRI.

3.1 Accessibility Laws and Regulations
for HCl and HRI

Information Technology has played a major role
in the daily activities of humans, therefore, the
necessity to ensure accessibility to all users
with different abilities and needs has emerged
and many countries and organizations issued
laws and decisions to guarantee the accessibility
issue. In this search, main accessibility laws,
regulations, and acts in different countries and
international or regional organizations were
reviewed. The search was limited to a maximum
of two accessibility laws, regulations or acts for
each country or organization. The search is also
limited to the laws, regulations and acts that
explicitly provide accessibility in HCI. Many laws
have articles that could be explained and used
implicitly for accessibility in HCI.

At countries level. For HCI, the United States of
American (USA) has the Section 508 law [14], which
is‘a regulation that expects all federal agencies
to guarantee access to all federal agencies’
information and communication technology (ICT)
such as computers, websites, copiers machines,
printers, etc. for people with disabilities [15].
Another accessibility law in the USA is Section

255 of the Telecommunications Act, which is
dedicated to the telecommunication industry,
such as all types of telephones including mobile
phones, faxes, computers with modemes, etc. [16].
Further, In United Kingdom (UK), the Equality
Act 2010 [17] requires website accessibility
for people with disabilities, while The Public
Sector Bodies (Websites and Mobile Applications)
(No. 2) Accessibility Regulations 2018 [18]
maintains mobile applications and websites
accessibility. Likewise, UNE 139803:2012 [19]
is a Spanish regulation that aims to guarantee
the accessibility of web content. Additionally, the
German Act on Equal Opportunities for Persons
with Disabilities (BGG) [20] and Barrier-Free
Information Technology (BITV) [21] are digital
accessibility laws in Germany. While China has the
Law on the Protection of Persons with Disabilities
1990 [22], which provides for the development
and implementation of equipment that eases the
difficulties facing people with disabilities.

In Portugal, Decree-Law No. 83/2018 [23] is a
national directive that requires web accessibility
and mobile applications for all users. As well,
the 2010/2012 Jodhan decision [24] and Policy
on Communications and Federal Identity [25] are
policies in Canada that require web accessibility.
Correspondingly, India has the National Policy
on Universal Electronic Accessibility [26], which
covers the accessibility issues of electronics and
ICT products. France has a law for accessibility
of all online public communication services in the
country which is Law N° 2005-102 Article 47 [27].
Atregional and international level. The European
Union (EVU) has the European Parliament approved
directive 2016/2102 [28], which is a directive
that mainly covers accessibility for websites and
mobile applications. Moreover, the United Nations
(UN) implemented The United Nations Convention
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on the Rights of Persons with Disabilities [29]. The convention is concerned with
protecting the rights of people with disabilities in several areas, including access
to information. Table 1 shows the main accessibility laws, regulations, and acts

for HCI found in this search.

Table 1.
Main accessibility laws, regulations, and acts for HCI.

Accessibility laws/

regulations/ acts

Section 508 law

ICT e.g. computers, websites,
copiers machines, printers.

2 Section 255 of the Telecommunication industry, e.g. USA
Telecommunications Act All types of telephones, faxes,
computers with modems.
3 Equality Act 2010 Websites accessibility.
4 The Public Sector Bodies Mobile applications and websites.
(Websites and Mobile UK
Applications) (No. 2) Accessibility
Regulations 2018
5 UNE 139803:2012 Web content. Spain
6 German Act on Equal Digital Accessibility Germany
Opportunities for Persons
with Disabilities (BGG)
7 Barrier-Free Information Digital Accessibility Germany
Technology (BITV)
8 Law on the Protection of Development and implementation China
Persons with Disabilities 1990, of equipment that eases the
as amended in China difficulties of people with
disabilities.
9 Decree-Law No. 83/2018 Web and mobile applications. Portugal
10 The 2010/2012 Jodhan decision Web accessibility. Canada
11 Policy on Communications
and Federal Identity
12 National Policy on Universal Electronics and ICTs products. India
Electronic Accessibility
13 Law N° 2005-102 Article 47 Online public communication France
services in the country.
14 European Parliament approved websites and mobile applications EU
directive 2016/2102
15 The United Nations Convention Access to information. UN

on the Rights of Persons with
Disabilities
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In this short review, no accessibility laws,
regulations or acts for HRI were found, neither
at the countries level nor at the international level.

3.2 Accessibility Guidelines and
Standards for HCI and HRI

In this section, the main accessibility guidelines
and standards for HCl and HRI were reviewed.
The focus was on well-known companies
and accessibility organizations’ guidelines or
standards, where it was noticed that many
countries have policies to comply with such
guidelines and standards. For example, in the UK
the BS 8878 [30] standards for web accessibility
were replaced with I1SO 30071-1 [31].

For instance, the World Wide Web Consortium
(W3C) developed accessibility guidelines, such as
the Web Content Accessibility Guideline (WCAG 2.2)
[32] for web, non-web content and ICT; the User
Agent Accessibility Guidelines (UAAG 2.0) [33] for
user agents which render the web content such
as browsers, media players, etc.; the Authoring
Tool Accessibility Guidelines (ATAG 2.0) [34];
and the Web Accessibility Initiative-Accessible
Rich Internet Applications (WAI-ARIA 1.2) [35].
These guidelines help authors specify the proper
semantic meaning of web content, hence, allowing
Assistive Technologies (AT) to provide user
interface behaviours and structural information
to the user. W3C accessibility guidelines are
comprehensive as they consider several web
components such as web content, user agents,
authoring tools and assistive technologies. These
guidelines are presented for those interested
among different types of supporting documents,
like success criteria which work as a quick
checklist, techniques, best practices and examples
that explain how to achieve accessibility. And
documents for more understanding and additional

guidance for both success criteria and techniques.
In addition, the guidelines have a conformance
level model which starts with “A” the basic
level for accessibility, “AA” the medium level
for accessibility and ends with “AAA” the higher
level for accessibility.

Funka Nu guidelines [36] which are accessibility
guidelines for mobile interfaces by the Swedish
consultancy for accessibility and user experience.
The guidelines are presented in one document
with a brief description for each guideline. IBM
accessibility checklists [37] address accessibility
issues from software and hardware perspectives
such as web, non-web software, documentation
and designing accessible hardware like personal
computers, servers, printers, etc.

Further, Apple introduced their accessibility
guidelines [38] for designing and implementing
accessible applications that run on their platforms
too. Apple accessibility guidelines are supported
with resources and documentation which include
a description for each guideline with additional
learning sources, coding and graphical examples
too. Correspondingly, Android developers [39]
present their accessibility guidelines for android
applications. The guidelines are presented along
with coding and graphical examples, and additional
resources (links) to provide more explanations.

The European Telecommunications Standards
Institute (ETSI), European Committee for
Standardization (CEN) and European Committee
for Electrotechnical Standardization (CENELEC)
implemented EN 301 549 [40], which is a group
of accessibility guidelines for ICT products and
services. These guidelines are explained in a
document along with their test procedures and
evaluation methodology. Moreover, the latest
version of these guidelines adopted WCAG 2.1



Nafath

Issue 26

16

Accessibility in Human Computer Interaction
and Human Robot Interaction: A brief review on
definitions, developers guidelines, laws and regulations

[41]. A few graphical examples are attached to the guidelines,
besides referencing technical reports, ISO and WCAG 2.1 as support
documents that could help in implementing the accessibility
guidelines. Also, ISO implemented ISO/IEC 30071-1 [31] standards
for establishing organizational accessibility for ICT systems, such
as mobile interfaces, websites, social media, wearable applications,
etc. by adopting accessibility policies, and embedding accessibility
decisions in ICT systems’ lifetime starting from implementing,
procuring and installing processes and ending with maintenance
process. Table 2 shows main accessibility guidelines or standards
found in this search.

Table 2.
Main accessibility guidelines and standards for HCI.

10

Accessibility laws/

regulations/ acts

WCAG 2.2

UAAG 2.0

ATAG 2.0

WAI-ARIA 1.2
Funka Nu

IBM

Apple’s accessibility
guidelines for their
applications

Android developers
accessibility
guidelines

EN 301 549

ISO/IEC 30071-1:2019

Scope

Web content, non-web content and
ICT. E.g. desktops, tablets, laptops, and
mobiles.

User agents. E.g. web browsers, media
players, and readers.

Authoring tools for developers and
users. E.g. web page and multimedia
authoring tools.

Semantic meaning of web content.
Mobile interfaces and applications.

e Software. E.g. web, non-web
software, documentation.

* Hardware. E.g. personal computers,
servers, and printers.

For all apple’s applications (software)
which run on different apple’s
platforms.

Android applications (software).

ICT product and services. E.g. for web
and mobile applications, hardware,
etc.

ICT products and services

Country/ owner

W3C

Swedish consultancy
for accessibility and
user experience.

IBM

Apple

Android developer/
Google

ETSI, CEN and

CENELEC
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Researchers and industry have extensively
explored accessibility requirements in HCI.
Where many guidelines and standards were
presented to support designers and developers to
code and create accessible interfaces. However,
the applicability of these guidelines to robotic
interfaces design is limited due to the disparities
in physical components and context of use. In
this short review, no accessibility guidelines,
standards, or recommendations for HRI were
found, despite the work presented by the author
herself, where she proposed accessibility
guidelines for HRI, mainly focus on SARs [3].
The following section discusses several practical
challenges that may obstruct the implementation
of accessibility guidelines.

4. Practical Challenges in
Implementing Accessibility

Guidelines

Implementing existing accessibility guidelines
encompasses several challenges. Technically,
designers and developers may face difficulty
in understanding some long and extensive
accessibility guidelines documents. Moreover,
integrating accessibility features into existing
digital systems and devices that were initially
developed without considering accessibility
principals can be challenging. Besides, developing
accessible interfaces for users with diverse
abilities and needs can increase system complexity
and potentially slow down the performance.

In addition to the technical challenges, there is
the cost implications. Adopting accessibility in
HCI and HRI interfaces implementation requires
specialised persons and tools in any team to
design, develop and test these interfaces, which
can increase the required time and cost for
development. Accessibility evaluation tools might

be free and open sources weather it is automated
tool such as WAVE [42], or for example the use
of Large Language Models (LLM) as in [43].

A lack of awareness about the importance of
accessibility among developers, combined with
insufficient training are other challenges that can
affect accessible interfaces development process.
Furthermore, the absence or lack of laws and
legalisations in some countries creates barriers
to ensuring accessibility standards are met
during development process of digital products
[44], where developers or organisations may
deprioritise the implementation of accessibility
features.

5. Conclusion

The brief review presented in this
paper explore accessibility in HCI and
HRI regarding, comparative analysis
of related concepts, existing designers
and developers guidelines and laws.
Accessibility, usability, and inclusive
design are interrelated concepts, which
usually used to refer to the same context.
It is true that these concepts share the
overreaching goal of improving user
experience in general in addition to provide
equal access to user interfaces, however
the differences among these concepts
primarily lie in the targeted type of users.
Accessibility laws, regulations and acts
at countries level and international levels
were briefly reviewed in this study. Fifteen
accessibility laws, regulations and acts
were identified, in addition to the scope of
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each one. The laws varied in terms of the References

aspects they considered, both software
and hardware interaction component. No
accessibility laws, regulations or acts
pertaining to HRI were identified during
this brief review. Ten HCI accessibility
guidelines and standards were identified
along with the scope and owner of each
one. While No accessibility guidelines,
standards, or recommendations for HRI
were found, despite the work proposed
by the author.

This situation highlights the urgent need
to broader efforts and initiatives from
authorities, academia, and industry
to establish more comprehensive
accessibility laws and guidelines,
especially for HRI. Additionally, it is
crucial to raise awareness among all
stakeholders about the significant impact
of accessibility and provide training to
designers and developers and allocate
the needed resources to encourage
accessibility practices in any project.
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Abstract

While several studies have investigated how artificial
intelligence (Al) has shaped next-generation user
interfaces, most of the literature is Western-based and
scant information exists on the technological advancement
for people with disabilities. To address this research gap,
this study conducts an integrative review to show how Al

in China has facilitated the development of next-generation
interfaces, allowing more realistic and personalized
interactions based on the different needs of people with
disabilities. Specifically, it reports various cases adopted
and implemented in various Chinese real-scenarios,
beyond lab experiments or small tests. This study
contributes to the Sustainable Development Goals (SDGs)
by depicting different scenarios, techniques and interaction
levels that could be adopted in various contexts to facilitate
the life of people with disabilities in different fields.
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1. Introduction

The UNESCO Asia Pacific Education Bureau in 2019 and some of the World
Health Organization (WHO) data stated that there are more than 1 billion
people worldwide having a disability, of which 93 million are children under
the age of 14 [1]. China, particularly, has 85 million people with disabilities,
making it the country with the largest disabled population in the world,
accounting for 6.34% of the total population. It is expected that the total
number of people with disabilities in China will reach 65.3% by 2050, which
will be twice that of the current total number of people with disabilities in
China [2].

Meanwhile, with rapid evolution of technology, several research studies and
projects have started relying on assistive technology to help people with
disabilities achieve several tasks. Artificial Intelligence (Al) as a technology,
particularly, has allowed developing next-generation user interfaces where
various human-machine interactions are now made possible to cater to the
different needs of various disability features. Human-machine interfaces
are smart interfaces that provide more realistic interactions to achieve
personalized human-machine interaction according to users’ abilities and
pre-existing knowledge [3]. Wigdor [4] highlighted the need to investigate
how emerging technologies will develop next-generation user interfaces that
provide a high quality, easy to use interfaces for experts and novices alike.

The rapid technological advancement in China, especially in terms of
Artificial Intelligence (Al), has attracted international attention from different
fields, including economists [5], US-based political analysts [6] and security
experts [7]. In 2017, the Chinese government promulgated the “Development
Plan for the New Generation of Artificial Intelligence,” which proposed the
guiding ideology, strategic goals, key tasks, and guarantee measures for

the development of the new generation of artificial intelligence in China by
2030, deploying to build China’s leading advantage in artificial intelligence
development, accelerating the construction of an innovative country and

a world-leading technological power. This Al advancement has catalyzed
developing next-generation interfaces generally and for people with
disabilities specifically.

However, most of the literature is Western-based, and little is known on how
next-generation interfaces are developed for people with disabilities in non-
Western countries like China. Therefore, this study provides an integrative
review on the Chinese perspective of developing next-generation interfaces.
Specifically, it reports various cases adopted and implemented in various
real-scenarios, beyond lab experiments or small tests. This study contributes
to the Sustainable Development Goals (SDGs) by depicting different scenarios,
techniques and interaction levels that could be adopted in various contexts to
facilitate the life of people with disabilities in different fields.
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2. Chinese policies to
support people with
disabilities

According to the State Council Information
Office of the People’s Republic of China [2],
the Chinese government has taken several
major measures to champion the programs
of persons with disabilities and improve

their lives, including founding of the China
Foundation for Disabled Persons in 1984, the
first national sample survey on disability in
1987, founding of the China Disabled Persons’
Federation (CDPF) in 1988, and promulgation
of the Law of the People’s Republic of China on
the Protection of Persons with Disabilities and
the first five-year program for China’s cause
of these people in 1991.The State Council

has released seven five-year development
plans for persons with disabilities, making
overall arrangements for the protection

of their rights and interests. To further

define the tasks and responsibility list for

the protection of persons with disabilities,
China has issued “Instructions of the State
Council on Accelerating the Process Toward
Prosperity for Persons with Disabilities”,
“Outline for Accelerating the Process Toward
Prosperity for Persons with Disabilities in

the 13th Five-year Plan Period”, “Plan for
Promoting Equal Access to Basic Public
Services in the 13th Five-year Plan Period”,
“The National Disability Prevention Program
(2016-2020)", and two documents of “Special
Education Promotion Plan”, for 2014-2016 and
2017-2020 respectively. Launched in 2009,
the three documents of the “National Human
Rights Action Plan” for 2009-2010, 2011-
2015, and 2016-2020 specified the tasks and
goals of this mission. By April 2018, more than
80 laws and 50 administrative regulations
had been passed concerning the protection

of the rights and interests of persons with
disabilities. In terms of assistive technologies,
during the “13th Five-Year Plan” (2016-

2020) period, China formulated the vision
that “over 80 percent of the disabled adults
(with disability certificate) and children can
receive basic adaptive assistive technology
products and services by 2020.” Additionally,
the Ministry of Education and six other
ministries jointly issued the “14th Five-Year
Plan for the Development and Enhancement
of Special Education” in 2021. The document
states: “Strengthen the construction of digital
education resources. Actively promote the
digital and intelligent transformation and
development of special education, explore the
application of new technologies such as the
internet, cloud computing, big data, virtual
reality, and artificial intelligence.”

All those efforts and initiatives to support
people with disabilities in line with the rapid
technological advancements in China have
raised the attention of people about the latest
developed next-generation interfaces and how
they used to cater to the different needs of
disabilities, as discussed in this study.
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3. Method

This present study was framed through an
integrative literature review [8, 9]. Integrative
reviews are a type of non-systematic reviews
[10] aiming to cover “new or emerging
topics that would benefit from a holistic
conceptualization and synthesis.” While
systematic reviews might inadvertently
amplify knowledge inequalities by focusing
on specific databases or article types [11],
the integrative approach on the other hand
overcomes this issue by covering knowledge
in different types from different sources,
regions and languages [12, 13]. This is
important in this present study as the goal

is to exemplify case studies of implementing
Al to support people with disabilities in real
contexts beyond the lab experiment context,
which is usually the common practice
reported in research papers [14, 15].

Our approach distinctly adopts the
methodology proposed by Raffo et al. [16],
known as “conceptual synthesis,” which goes
beyond synthesizing substantive research
findings. Instead, it aims to identify the
conceptual foundations from which these
findings emerge. Particularly, this present
study focuses on how Al has shaped user
interfaces, referred to as “next-generation
interfaces”, and the different types of
interaction made possible for people with
disabilities and special needs to achieve
various objectives (education, information
access, etc.).

4. Al-based next-
generation interfaces and
interactions for people
with disabilities in China

This section provides several case studies
illustrating next-generation interfaces that
have been implemented in various contexts to
support people with disabilities.

4.1 Accessible information search and
retrieval

China’s leading search engine provider Baidu
has announced the Blind Search device (see
Figure 1), a tool to assist blind and vision
impaired people access “massive amounts

of information online through touch” using

a combination of tactile and voice-activated
commands. The Blind Search tool provides

a dedicated area for typing commands using
finger gestures, which are converted to Braille
output via a display at the top of the device
so that the users can check if there are any
typing errors. Once search terms have been
entered, a button at the back of the device
can be pressed to display a list of text-based
search results. These results are displayed in
Braille output to be read by users or they are

Figure 1.
Blind Search device [17]
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also converted to audio through text-to-speech
functionality. Voice input is also supported,
allowing users to press a button at the side of
the device to speak search terms aloud, which
are then converted into text or image-based
results via the tactile display.

Images can also be searched and displayed
using a “tangible image made from dot
positions arranged in rectangles” which the
user can interact with via touch, providing
audio description as users navigate across
different sections of the picture. As Baidu
states, the combination of providing tactile
imagery with audio description is intended to
“help blind people understand [the] search
results in a comprehensive stereoscopic way".

4.2 Easy communication and interaction

Special Education College of Beijing Union
University is the only college in Beijing that
focuses on higher education for persons with
disabilities. At present, 70% of the students
in the college are students with disabilities,
and 70% of the students with disabilities are
hearing-impaired. The school uses an Al-based
smart classroom, where teachers’ speeches
in classrooms are automatically translated
into subtitles and sign-languages and then
displayed on a large screen in classes (see
Figure 2).

Figure 2.
Art and Design Professional Teacher
is teaching to Disabled Students [18]

For blind people, the school has also
developed and equipped students with reading
pens which are used to scan the letters and
these letters are then read out loud (see
Figure 3). This tool allows self-studying

and avoids issues, including having only

four or five books for Braille, which is very
inconvenient to check; the second obstacle

is that the information they master through
touch is sometimes incomplete, and they need
to turn over the books to form a connection
with the things they touch. This pen can also
be used to read images which are converted
into 2D convex images.

h

yi2 P e

Figure 3.
Diagram of the Voice QR Code Reading
pen on the medicine cabinet [18]
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4.3 Cognitive Development in immersive
virtual reality (VR) environments

Shunde District Qizhi School is a
comprehensive boarding special education
school for children with moderate to severe
intellectual disabilities. There are VR labs

to develop students’ cognition, overcome
limitations and monotonous methods in safety
education, as well as issues related to the
difficulty and high cost of setting up training
scenarios (see Figure 4). For instance, abstract
concepts like ‘up-down’ and ‘left-right’ are
traditionally taught using a point of reference.
However, for children with intellectual
disabilities, they might struggle to understand
these concepts when the environment
changes, yet real-life teaching cannot provide
a variety of scenarios. VR can simulate
numerous scenarios for intensive student
training, enhancing their understanding

of abstract concepts through continuous
stimulation and fostering the ability

to generalize these concepts.

Figure 4.
Special education students learn through VR
[19]

Take safety education as another example,
real-life teaching cannot allow students to
touch fire or experience the pain of drowning
by jumping into water. VR simulates such
scenarios, and when students enter those
virtual environments, the system triggers
alarms or produces smoke signals to indicate
danger. Through repeated reinforcement,
students become aware of potential hazards,
achieving the goal of training their safety
awareness. Teachers can also monitor the
virtual scenarios experienced by students

in real-time on a pad device, providing timely
instructional guidance and intervention.
Students also receive feedback within the
VR environment; for instance, if they perform
well, the computer may emit an encouraging
sound saying, “You did great!”

4.4 Early diagnosis and intervention for
children with Autism

In March 2024, the “China Autism Education
and Rehabilitation Industry Development
Status Report” was officially released. The
report estimates that the prevalence of
autism among children aged 6-12 is 0.7%.
Conservatively estimated, there are about

2 million children with autism aged 0-14
nationwide, with an annual increase of
approximately 160,000. Professor Xu Peng
from the University of Electronic Science and
Technology of China has combined artificial
intelligence techniques such as deep learning,
transfer learning, and manifold learning to
establish an early diagnostic recognition
system for children with ASD (Autism
Spectrum Disorder), focusing on the abnormal
interaction information between brain
networks and other source signal networks
[20]. This system improves the accuracy of
diagnosis and helps patients with autism
receive early intervention, achieving better
outcomes in lifelong rehabilitation.

Currently, intervention technologies for autism
face issues such as a lack of personalized
intervention and insufficient levels of
intelligence. Over the past decade, Professor
Chen LiangYing's team at Central China
Normal University has been continuously
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tackling these challenges, focusing on refined
assessment and personalized intelligent
intervention for children with autism. Her
research has explored intelligent recognition
methods for children with autism that
integrate multimodal data. By analyzing
behavioral and cognitive data, significant
differences were found between children with
autism and typically developing children in
eye movements, facial expressions, cognitive
scores, and cognitive response time data.
Furthermore, feature selection was performed
using these data differences, and an autism
recognition model integrating multimodal data
was constructed. Figure 5 shows the data
from a child with autism are being collected
through a head-mounted device while he is
playing games.

Figure 5.
A child with autism is being assessed [21].

4.5 Intelligent sports equipment aids in
enhancing the physical fitness of special-
needs children

Since most children with disabilities are
unable to express their adverse physical
reactions normally using smart teaching
devices such as jump ropes and wristbands
to monitor their heart rate and other
physical indicators can effectively prevent
the occurrence of safety accidents. These
intelligent devices provide teachers with a
better understanding of students’ physical
conditions and offer precise exercise data to
physical education teachers, allowing them
to develop personalized teaching plans for
students with different physical disabilities.

Xiangyang Special Education School has a
total of 14 teaching classes with 180 students
enrolled. In 2022, the school launched a
smart physical education project, including

a smart physical education platform and
intelligent devices, which have now been fully
implemented in each class. The school also
conducted a comparative experiment on the
one-minute rope skipping event, showing that
the overall average score of students in the
experimental group (using the smart physical
system) improved by 20.3%. At the same time,
the teachers stated that “the smart physical
system has made the physical education
teaching process quantifiable and visual,
promoting classroom communication between
teachers and deaf students or students with
intellectual disabilities, effectively enhancing
the quality of physical education teaching.”
Figure 6 shows the data on a student’s
psychological baseline indicators, average
heart rate curve, and exercise intensity index
after exercising.

Since most children with disabilities are
unable to express their adverse physical
reactions normally using smart teaching
devices such as jump ropes and wristbands
to monitor their heart rate and other

physical indicators can effectively prevent
the occurrence of safety accidents. These
intelligent devices provide teachers with a
better understanding of students’ physical
conditions and offer precise exercise data to
physical education teachers, allowing them

to develop personalized teaching plans for
students with different physical disabilities.
Xiangyang Special Education School has a
total of 14 teaching classes with 180 students
enrolled. In 2022, the school launched a
smart physical education project, including

a smart physical education platform and
intelligent devices, which have now been fully
implemented in each class. The school also
conducted a comparative experiment on the
one-minute rope skipping event, showing that
the overall average score of students in the
experimental group (using the smart physical
system) improved by 20.3%. At the same time,
the teachers stated that “the smart physical



Nafath
Issue 26

Towards next-generation user interfaces
Chinese perspective of implementing Artificial Intelligence

(Al) to support people with disabilities

30

system has made the physical education
teaching process quantifiable and visual,
promoting classroom communication between
teachers and deaf students or students with
intellectual disabilities, effectively enhancing
the quality of physical education teaching.”
Figure 6 shows the data on a student’s
psychological baseline indicators, average
heart rate curve, and exercise intensity index
after exercising.

cerebral palsy. Classified by the degree of
impairment: one mild, two moderate, three
severe, and two profound. Please provide an
analysis of their learning situations when
teaching ‘Carmen Overture, focusing on three
aspects: musical perception ability, rhythmic

expression ability, and social adaptation skills.

The analysis should be presented in a tabular
form for each type of child.”
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Figure 6.

Student’s psychological data [22]

4.6 Empower special education teachers
through generative Al

On November 9, 2023, the Tianhe District
Education Bureau in Guangzhou held a
seminar on the exploration and practice of
Al+ Special Education Practice Community. A
teacher from Qihui School in Tianhe District
presented an open class demonstration
titled “Carmen Overture Music Appreciation
- Rhythm.” Before the class, the teacher
used generative artificial intelligence to
create personalized learning objectives and
strategies for eight children with varying
degrees of intellectual disabilities. Figure

7 shows the generative Al system, iFIlyTEK
Spark, responds to the following prompt:

“You are an esteemed professor specializing
in special education. | have eight children
with various disabilities, including three
with intellectual disabilities, two with Down
syndrome, two with autism, and one with

Figure 7.
Response of the generative Al tool

It should be noted that iFLYTEK Spark is a
general-purpose large language model and
is not specifically designed for the field of
special education. In China, there are also
GAls that specifically serve special education
teachers, such as the one shown in Figure 8,
namely QiWei special education Al partner.
It can provide teachers with functions

like lesson plan writing, rehabilitation
training activity design, special education
encyclopedias, and special education event
planning assistants and so on.
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Figure 8.
The webpage of QiWei special education
Al partner [23]

5. Conclusion and

future directions

This study conducted a review to highlight
how emerging technologies like Al in China
have sharpened next-generation interfaces.
The obtained results revealed that Internet

of Things (IoT) and immersive technologies
like AR have helped to provide more natural
interactions, where multimodal data are
collected and analyzed in immersiveness
environments stimulating real-world
scenarios. This reveals that such technologies
can provide new types of interaction beyond
the traditional ones which usually relies on
clicking (through mouse) and typing (through
keyboard). It is also seen that China has relied
on portable and open source technologies to
cater to the different needs of people with
disabilities. In this context, several studies
highlighted the importance of harnessing the
power of “openness” to promote accessibility
and inclusivity [24, 25].

Additionally, it is seen that several case
studies have relied on large language models
(LLM) and generative Al (Gen Al) to generate
different solutions (content, teaching
strategies, etc.) for people with disabilities
based on their needs. While Gen Al is a
great technology to support inclusivity and
accessibility, Tlili et al. [26] also pointed out
the need to keep a close eye on the ethical
issues of such technology as it might harm
users instead of helping them.

This study also revealed the close
relationship between research and
development (R&D) in China which facilitated
the rapid development of next-generation
interfaces for people with disabilities. This
was seen where various leading industries
and companies have closely worked with
special education schools to develop low-cost
and portable assistive technologies.
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Abstract

Individuals with visual impairments have
significant challenges in obtaining the essential
knowledge necessary for making dietary
choices in today's consumer market. Assistive
technology is a vital tool for enhancing the
daily lives of individuals with disabilities. An
important area of research related to expected
restrictions on diets, such as "kosher,” "gluten-
free,” "vegan’, etc., should be explored. Like
many grocery stores, Trader Joe's aims to
make their in-person experience accessible to
all customers, including those with disabilities.
Their efforts might include store layout designs
that are navigable for people with visual
impairments, training staff to aid, and possibly
incorporating technology or tools that enhance
shopping accessibility. Our study designed and
implemented an automated packaging system
for Braille users to assist them in the data
visualisation by using a set of pre-determined
parameters that are both definite and sensory
on a collection of macro-level products. Here,
we design a tool that generates the visual/label
for each item based on its input data.

The design will give an at-a-glance visual

or user journey of the entire collection,

which can be interactive and printed.

Keywords

Braille users; data visualisation; Assistive
Technology; disabilities; macro shopping
accessibility.
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1. Introduction

The World Health Organization (WHO) reports that over 2.2 billion
individuals experience vision issues, with approximately 1 billion
having correctable vision impairments. moreover, WHO estimates
that 36% of long-distance vision difficulties stem from refractive
errors, which occur when the eye's shape affects the proper
focusing of light on the retina [1].

An individual uses vision as a sensory mechanism to gather
information about the surrounding environment [2]. Food labels
commonly appear on food packaging to help customers choose
products that meet their diets or tastes. However, a significant
difference exists in the representation of those characters in
Braille, the writing system used by visually impaired people [3].
Organisations may develop their symbols for internal use in food
packaging. However, these mostly never include an inclusive
option such as a standard Braille code, and they would need to

be understood by the visually impaired users, who make up many
grocery store shoppers. Hence, for accessible packaging labelling,
sticking to the standard Braille alphabet to spell out essential
terms is the most accessible and universally understood approach
to cater towards visually impaired customers.

Trader Joe's also takes extensive measures to make its
web-shopping experience accessible to its customers, such

as ensuring its website meets WCAG compliance standards,
partnering with Manucode to aid neurodivergent customers, etc.

Yet, for a company that prides itself on its unique packaging
and design strategy, Trader Joe's currently does not have any
product in their stores with accessible packaging to its visually
impaired customers.
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1.1 Assistive Technology

According to the International Agency

for the Prevention of Blindness (IAPB),
children experiencing vision impairments
often achieve lower educational success than
their peers without visual impairments [1].
Assistive technologies are utilised during
rehabilitation to enhance the functionality of
limbs affected by disabilities, thus improving
the quality of life for those individuals [4].
Assistive technology for individuals with
visual impairments encompasses devices
designed to aid them in determining their
location and orientation and provide support
during indoor and outdoor activities [2].
Assistive smartphone technologies offer
feedback for various activities through
multiple mediums, such as voice, sonification,
and vibration. Researchers have suggested
diverse approaches to communicate
feedback messages to individuals with visual
impairments utilising these mediums [5].

Previous research has focused on assistive
technology for visually impaired individuals.
A survey has been conducted on various
assistive technologies for visually impaired
individuals [10]. This article discusses
technologies and approaches used in

the development of devices, including
sensors, image processing techniques,
app-based solutions and deep learning
models [10]. Innovations in mobile assistive
technologies are particularly significant,

as they help visually impaired people lead
more independent lives. These technologies
play a crucial role in compensating for lost
capabilities. [9]. Mobile phones and other
mobile technologies can provide portable
solutions that assist users in a discreet and
omnipresent manner. Their unobtrusive
nature and lack of stigma make them
particularly effective [9]. A survey article
indicates that assistive technology for
visually impaired individuals is expected

to grow rapidly, significantly impacting the
lives of both visually impaired individuals
and the elderly in unprecedented ways. [11].
Applications of Al in assistive technologies
were discussed in the article [12]. Various
devices like Speechnote and voice access are
discussed in the article. It has been observed
that research and innovation are still needed
for enabling direct and online shopping

of specialized items for visually impaired
individuals. This article primarily focuses

on the design of labels, packaging, and user
interfaces of web pages to assist visually
impaired individuals.

1.1.1.Braille

Blind and visually impaired individuals face
numerous obstacles while engaging in
many everyday activities that non-disabled
individuals perform effortlessly [6]. Prior
research has delved into novel technological
prospects by examining patents within the
realm of assistive technology for individuals
who are blind or visually impaired. Research
also offers invaluable insights to guide
researchers and developers in formulating
strategic R&D plans concerning emerging
technologies. Furthermore, this study is

a rich resource for decision-makers and
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policymakers to anticipate and plan for

new developments [7]. There is a scarcity

of research investigating the effects of visual
impairment (VI) on older adults within the
context of ageing complexities, resulting in
gaps in our comprehension of how to mitigate
the health ramifications of VI [8].

Braille is a tactile writing system used by
visually impaired people. It consists of raised
dots arranged in cells of up to six dots in a 3x2
configuration, each configuration representing
a letter, numeral, or punctuation mark. Braille
enables people with visual impairments to
read and write through touch rather than sight.
Braille is read by moving one's fingers over the
raised dots. Skilled readers can read Braille
quickly and efficiently [3].

Braille is composed of raised dots arranged in
cells. Each cell contains up to six dots in a 3x2
grid.

e The Grid: The grid of dots in each Braille
cell is called a Braille cell. Each position in
the cell is numbered, with the top left dot
being position one and the bottom right dot
being position 6.

e Characters: Different combinations of these
raised dots represent different characters,
including letters, numbers, punctuation
marks, and even specific formatting
indications like capitalisation or italics.

Understanding Braille: To understand how to
use Braille, a deep dive is done into several
guides explaining the official English (Braille)
alphabets, numbers, signs, symbols and
even computer notations used as a standard
practice today (Figure1,2). Understanding
Braille and its usage nuances is essential to

ensure that my design choices comply with
visual impairment standards when integrating
it with the rest of the product packaging.

Figure 1.
3x2 Braille Grid.

A B C D E F G

L
@
N
—
Z.
Z

vV W X Y [Z

Figure 2.
Understanding Braille: Alphabets (English)
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Braille numbers are made using the first ten
letters of the alphabet, "a" through "}, and a
unigue number sign, # (represented by dots 3,
4,5, and 6) Figure 3). More significant numbers
only need one number sign (#). Commas are
used to separate the multiples of 10 and 100s.
The comma in Braille is dot 2, which is used in
numbers and words, too.

o
o o

oo

H# )

00 11 22

33 44 5 5

6 6 / 8 8

9 9

Understanding Braille: Numbers

® " 2 Problem
Statement &
Objectives

Although Braille is used to identify
letters and serves a basic purpose,
there is a growing need for special
category foods. Innovations in assistive
technology are necessary to support
visually impaired individuals in direct
and online shopping. Here, we propose
a technique in the design of labels,
packaging, and user interfaces to help
users recognize special category foods.

Trader Joe's, a distinguished grocery
store chain in the United States, is
renowned for its distinctive, laid-

back vibe and a significant selection

of private-label sweets and snacks.
Emphasising a unique branding
strategy, nearly 80% of its offerings
are Trader Joe 's-branded products
sourced from reputable manufacturers,
repackaged, and sold under the store's
name. This approach is complemented
using playful and engaging product
names, incorporating puns, cultural
references, and humorous twists to
enrich the shopping experience and
make the products memorable. The
packaging of these products features

a nostalgic and whimsical design
adorned with hand-drawn illustrations,
vintage fonts, and captivating stories
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about the product on the label,
ensuring they stand out on the shelves.

As they put it, the company's ethos
focuses on providing "a store full

of unique and interesting products,
along with everyday basics, in the
Trader Joe's label,” eschewing

many branded items to enhance the
customer experience. This experience
is crafted to be "rewarding, eventful,
and fun,” supported by the efforts of
helpful and friendly crew members
who ensure safe and inviting store
environments, create informative and
creative signage, and foster a sense of
adventure, humour, and community.

In the context of our study, Trader
Joe's serves as an ideal "candidate” or
“user persona” due to their meticulous
attention to customer experience and
innovative branding and packaging
strategies. However, it's crucial to note
that while Trader Joe's exemplifies the
focus of our testing, the insights and
strategies discussed can be universally
applied across the board to any
grocery store, food store, whole foods
supplier, or food packaging company,
underscoring the broader applicability
and potential impact of our project
beyond just one brand or retailer.

2.1. Objectives

1. To explore product packaging design that

caters explicitly towards visually impaired

customers; this entails explorations
of Integrating tactile Braille labels and
intuitive signs and symbols to enable
individuals with visual impairments to
shop independently but also makes it
easier to identify products that meet
various dietary restrictions.

2. Integrate this design system into a web-

shopping experience while exploring
accessibility for web products.

3. To create functional packaging for the

visually impaired that is aesthetically
pleasing and practical for all consumers,
thereby fostering an inclusive shopping

environment.
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® ¢ 3, Methodology

The main aim of the study is to develop
a novel approach to data visualisation
that uses Braille and other tactile
languages to show dietary limitations,
such as "Kosher," "Gluten Free,”

and "Vegan,” on food packaging.

It helps the visually impaired people
to enhance their grocery store
shopping experience. The proposed
approach can be divided into essential
phases: Developing tactic symbols,
Incorporating the Braille symbols with
the Packaging system and Developing
a website.

Costumer (User) opens
Trader Joes Website

The custom label is

packaging for the
customer

The customer receives
their product

Options for snacks
are available

This symbol must also translate into
a web interface for a web-shopping
experience by using understanding
coding for assistive technologies.
This includes incorporating a
CMS(content management system)
with specific data points (based on
the importance of data visualisation)
into the code.

This code can also help create a design
system for the generative packaging

to produce packaging for Trader Joe's
(or any grocery store) products from
their product database to prove that it
can be applied across all their product
packaging. Figure 4 shows how the
theoretical part of the proposed system
is converted to the implementation of
this case study.

Options are interactive
and read about by
assistive technologies

The costumer makes
applied to the product purchase

Options are determinated
by the data points in the
CMS and work as filters

to suggest products

Figure 4.
User Flow / Journey from Digital to Physical
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3.1 Characteristics of
the proposed BRAILLE
(the name of proposed) system

®9® 4. Results &
o :
Analysis

e Braille Inclusion: The most
significant feature is the
incorporation of Braille on

4.1 Designing a Website
for Braille Food Packaging
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e Developing a new Universal system

Main limitations/challenges when
designing the system:

* You cannot use any indicators
other than the initial
capitalisation of letters. Let's
say we were to use existing

e Main takeaways

e Use the full word, but capitalise
the first letter of the word
so that seasoned readers
can immediately identify the
symbol using the capital letter
(first letter). In contrast, newer

packaging. Braille allows people

who are blind or have severe visual

impairments to read information
through touch. This would include
essential details like the product

Initial Design Process
Font: When choosing the right font
to use for the coding aspect of
this project, | stumbled across the

alternatives for specific readers can read the entire word.

indicators, but they still would
have to be manually entered into
the system.

If there is a single universal
Capital Letter Abbreviation, use
that Capital letter as the symbol

name, expiration date, and

"Braille Collection” [3] created by Cal
instructions for use.

Henderson[4], CTO of Slack. Henderson
* Tactile Symbols: For those who do is interested in creating pixel fonts
not read Braille, raised symbols and has created a library of free fonts

could provide informat.ion about available for anyone to download and
the product type and dietary use

restrictions. For instance, a series of

raised dots in a specific shape could
indicate "gluten-free,” while another Indicators: There are several indicators

shape might denote "vegan.” in Braille, such as "shape indicator”,
“filled-in shape”, "shaded shape®,

with partial sight, using high- “interior shape modification indicator”,
contrast colours and large, bold and "termination indicator”, and some
fonts can make the visual elements  for font styles, all of which can be used
of packaging more discernible. to make further the Braille appropriate

e Shape Coding: The physical shape for Braille-readers.
of packaging could also help. For
example, the packaging of dairy
alternatives might have one corner
squared off, while dairy products
have rounded edges.

* QR Codes: Including QR codes
that can be scanned with a
smartphone to provide auditory
product descriptions and additional
information can further enhance
accessibility.

e High-Contrast Visuals: For those

e Cannot capitalise an entire word
correctly; the font seems to be
applying the capitalisation to
each letter individually--which is
not the right way.

"Kosher"

Style 1: "Kosher"
Capital K + osher

L |

First letter is
capital K

Style 1: "Kosher"
Capital K + osher

instead of the entire word.

If there are two, they can be
separated by hyphens, periods,
or commas. [Figure 5]

“Vegan”

Style 1: "Vegan”
Capital V + egan

Style 2: "V"
Capital vV

®
®
®

Figure 5.
Sample of new design
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e Designing the Label Format

.. 28g
28g
StitesTofios freteolo =240 Buiter Toffee Pretzels [$349
CALORIES 130 oIt laTeE o
Kosher = = === == = ==
CALORIES  © R eI a
Milk, Soy, Wheat Koshar - - -
Bread [\_/Idk.::SDy. Wheat
Label terations. Basic Structure Br‘ea& Sars =g
L abel terations" [ ong Form
B | [ e <]
- putlt | = = \ PPPPPPP ‘ l
Buiter Toffee Pretzels ié:s,aé i l o |
o e Dimtary Mastriction |
_ [Ratet |
CALORIES - : s A [Fgm-lvo!s-mr:k l
T 5 o :
. Label terations: Coded with Braidle (Weab)
m, s
Bread -~ F
Labeal Iterations: Short Form
Figure 6.

Sample of Label design

Keeping in mind that there is a spectrum of visual
impairments, the first step in choosing colours for
the label was to select combinations that have high
contrast to appeal to users who are colour-blind.

Using the Venngage Accessible Colours Generator[5],
here are some colours that follow WCAG (Web
Content Accessibility Guidelines) standards

[Figure 7]

#C44601 #EGTC2F #1A52B3
67C2 #90ACEC
#2975DF #D54588 E

#6DAO2F
#99CB3F

Figure 7.
Colors as per WCAG
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To incorporate the design of the
labels, there are some foundational
accessibility principles to be followed
when choosing fonts and colours for
visually impaired users/customers.

Font Size: The larger text is generally
more accessible for people with visual
impairments to read. The text should be
of a size that can be easily read from a
reasonable distance.

Font Style: Sans-serif fonts, with
straightforward letterforms, are
usually more legible than serif or
decorative fonts, especially for people
with specific visual impairments.

Font Weight: Bold text can stand out
better and be more accessible to read
for some visually impaired individuals,
provided the letters do not bleed into
each other.

Capitalisation: Unicase or all-

caps text can sometimes be more
challenging to read for those with visual
impairments because it may reduce

Dictary Restrictions

Allergens

the distinctiveness of word shapes.
Several iterations were created with
varying fonts, colours and layouts to
test out which label would be the most
effective in legibility. In order to make
my design decisions, | interviewed an
individual who identifies as a visually
impaired web user. This step helped me
eliminate several of my iterations for
technical and legibility reasons.

Label Iterations that did not work
Preferred fonts: Helvetica

Helvetica has a high degree of
uniformity in its character design.

This consistency can make it easier
for visually impaired users to recognise
words and letters, especially when
reading on digital screens. Helvetica

is designed with adequate spacing
between characters and words,

which helps in reducing visual clutter.
Helvetica has a relatively high x-height
(the height of lowercase letters),

which can improve readability.

A higher x-height makes the lowercase
letters more prominent and easier

to distinguish.

KOSHer
musovwess
Family of Snack Bredp
e L owme
Label Iteration 1: Label Iteration 2: Label Iteration 3:
¢ The text is not alwaus visisble » Suficient contrast but ¢ The White text is not legible
despite the contraste Unicase/mixed-capitalisation against the background color.
¢ The serif-font is difficult fonts are not encouraged * Unicase/mixed-capitalisation
to read fonts are not encouraged.
Figure 8.

Colors as per WCAG Label Iterations that did not work
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4.2 Web Design Process

To put these coded labels to use, the
experience must begin with the user
selecting the product they wish to
purchase, then proceeding to checkout
and having the label present on the
product they bought (physically).

Some of the existing challenges of this
journey that make it different for the
visually impaired:

We cannot shop digitally without
assistive technologies.

They cannot choose dietary
restrictions for products that they
wish to consume.

Assistive Technology

A screen reader is a technology that
helps people who have difficulties
seeing, accessing, and interacting
with digital content via audio or
touch, like websites or applications.
The primary users of screen
readers are blind or have minimal
vision.

Outside of people with disabilities,
screen readers are also used by
people with low literacy levels, non-
native speakers, and people who
prefer to listen to content instead

of reading (roughly 12% of screen

reader users don't have a disability).

Things to keep in mind when coding
for a Screen Reader:

e Provide alternate text for every
image: a descriptive alternate
text is necessary for visual
elements like images and videos.

e Use ARIA Attributes: Accessible
Rich Internet Applications (ARIA)
attributes give visually impaired
users more information about
specific elements on a web page.

e Declare a page's language in
HTML: This is important for
users who navigate in a different
language than yours.

e Keep your links short, but not too
short: If you use too many words,
since the link will get read out
loud, it may confuse the user. If
the link is too short, those users
who rely on screen readers but
still use their mice to navigate
websites might miss the link
altogether.

e Use semantic tags: They're
valuable "stage directions” on
how it should be read to enhance
the users’ understanding.

e Structure your web pages with
accessibility in mind: making
sure the hierarchy of content and
navigation from one web page
to the next is not confusing to
visually impaired users.
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* Non-Visual Labellingr:

/ Webpage / Application / Program \

\

Hierarchy in headings should be
structured not according to style
but in order of importance.

Alternative text for Links and
images must be particular to be
descriptive of their function, even
when taken out of context (say,
when navigated through a rotor/
combined menu)

Using the ARIA attribute in HTML
can help users differentiate
between input types (say, to
specify a toggle-down menu).

Do not try to change the
pronunciation of words using the
ARIA attribute unless necessary,
as most users have adjusted to
the nuances of voice-over screen
readers, and changing them may
cause more confusion.

Graphic User
Interface

Accessibility
Tree

Figure 9.
Structure of webpage

Assistive
Technology

Focus, Tab Order, Navigation,
Labelling, Alt-text:

Focus/ Tab-Index

When using a screen reader

on a browser, a "focus” bar will
highlight certain sections of the
webpage. Setting a tab index
will help control the order of this
focus even when using implicit
attributes. Using a tab index of
-1 and then calling it JS will help
manage focus onto elements
directly when navigating through
the page.

Tab Order

Visual users can spot differences
in the visual appearance of
interactive elements on a screen.
However, visually impaired users
who use screen readers cannot
tell the difference in order unless
specified in the code by changing
the tab order of the DOM.
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Navigation

Using a rotor and native
attributes such as header,
footer, navigation, etc., will help
a user who uses a screen reader

navigate through the page faster.

Labelling

Semantically, a screen
reader would classify a div
as a "group”; therefore, it
is essential to specify your
buttons and elements.

Alt-text

Although one can use either

(or both) aria-labels and alt-text
for images, most screen readers

prioritise alt-text over aria-label.

The aria-label is generally more
helpful for interactive elements
like buttons or links.

¢ . 5. Conclusion

The grocery shopping experience

for visually impaired individuals

can be revolutionized through the
development of a new system of

data visualization. This system has
integrated the tactile languages of
Braille and universally recognized
symbols for dietary restrictions and
provides vital information directly

on food packaging. This promising
application of assistive technology

in the web interface guarantees the
accessibility of the digital sphere

for visually impaired shoppers.

The adaptability and scalability of

the system are improved through

the cooperation of a content
management system and ensure the
diverse needs of users. Moreover,

the prospect of a generative design
system for packaging opens avenues
for widespread implementation
across various products and brands,
exemplified by its application to Trader
Joe's extensive product database.
Ultimately, this innovative approach
addresses the immediate challenges
faced by visually impaired consumers
and sets a precedent for inclusive
design practices in the retail industry.
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Abstract - User interfaces of the next generation
are a significant step forward in technological
development. They bring potential that have
never been seen before for boosting accessibility
and inclusivity, particularly for people who have
disabilities. These interfaces, driven by state-
of-the-art technology like Al, NLP, and gesture
detection, enable users to overcome limitations in
their physical abilities. These interfaces provide
individualized solutions to several requirements.
They empower those with visual impairments by
providing them with superior screen readers,
and they empower individuals with motor
disabilities by providing them with intuitive gesture-
based interactions. This can be accomplished
by democratising access to information and
communication. The principles of inclusive
design that are included into these interfaces
give accessibility the highest priority from the
very beginning, thereby creating environments in
which dignity and autonomy are prioritised. The
influence extends beyond the realm of convenience,
permeating social inclusion and empowerment
through the provision of tools for communication,
cooperation, and engagement. The revolutionary
potential of next-generation user interfaces
promises a future in which disability is associated
with infinite potential. This is because innovation
is continuing to meet unmet requirements, such
as brain-computer interfaces and devices that use
augmented reality. The purpose of this abstract
is to investigate the substantial consequences of
next-generation user interfaces in the process
of making society more accessible and inclusive.
This will ensure that everyone, regardless of their
ability, has the opportunity to flourish and make
meaningful contributions.

Keywords

Disabilities, Generation,
Interface, Environments
and Empowerment.
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1. Introduction

In the ever-evolving landscape of technology, the advent of next-generation
user interfaces heralds a transformative era, promising not only heightened
user experiences but also revolutionary opportunities for inclusivity and
accessibility. Amidst this progression, the pivotal question arises: How can these
advancements empower and support individuals grappling with disabilities?
This introduction delves into the profound impact of next-generation user
interfaces on enhancing the lives of people with disabilities, elucidating how
technology can serve as a beacon of hope and change. Living with a disability
presents multifaceted challenges, ranging from physical limitations to barriers
in communication and access. On the other hand, cutting-edge user interfaces
have opened up a world of possibilities by connecting people's abilities with their
limitations. By leveraging cutting-edge technologies such as artificial intelligence,
natural language processing, and gesture recognition, next-generation user
interfaces offer tailored solutions that cater to the diverse needs of individuals
with disabilities. One of the most compelling aspects of these advancements
lies in their ability to democratize access to information and communication.
For individuals with visual impairments, screen readers powered by advanced
algorithms now render digital content into speech or Braille, unlocking a wealth
of knowledge and opportunities that were previously inaccessible. Those with
motor impairments find newfound independence through intuitive gesture-based
interfaces, enabling seamless interaction with digital devices and the virtual
world. the significance of inclusive design cannot be overstated in the realm of
next-generation user interfaces[1].

User-Interface Paradigms of Computing

e —>
gl <«—
s ; UL
Paradigm 1 Paradigm 2 Paradigm 3
Batch Processing Command-Based Intent-Based
Interaction Outcome Specification

Figure 1.
Ul Paradigms of computing
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By prioritizing accessibility from the
inception of product development,
designers and engineers can create
solutions that cater to a diverse range
of abilities, fostering an environment
where no one is left behind. Whether it's
through customizable interfaces, voice
commands, or haptic feedback, these
inclusive designs empower individuals to
navigate the digital landscape with dignity
and autonomy. Beyond mere convenience,
the impact of next-generation user
interfaces transcends into the realm of
social inclusion and empowerment[2]-[6].
By providing individuals with disabilities
the tools to communicate, collaborate,
and engage with their surroundings,
technology becomes a catalyst for
breaking down societal barriers and
fostering a more inclusive society. From
facilitating employment opportunities
to enabling active participation in
social activities, these interfaces pave
the way for a future where disability
is not synonymous with limitation but
rather with endless potential, the roles
of next-generation user interfaces in
supporting people with disabilities are
multifaceted and profound. Through
innovation, inclusivity, and empowerment,
technology has the power to make a
tangible difference in the lives of millions
worldwide. As we embark on this journey
towards a more accessible future, let us
harness the transformative potential of
next-generation user interfaces to create
a world where everyone, regardless of
ability, can thrive and contribute to society.
In the ever-evolving realm of technology,
the emergence of next-generation user
interfaces stands as a beacon of hope
and change, particularly for individuals
navigating life with disabilities. By
democratizing access to information and
communication, they bridge the chasm
between ability and limitation, offering

tailored solutions to cater to diverse
needs. For those with visual impairments,
advanced screen readers transform
digital content into speech or Braille,
unlocking previously inaccessible realms
of knowledge and opportunity. Similarly,
individuals with motor impairments find
newfound independence through intuitive
gesture-based interfaces, enabling
seamless interaction with digital devices
and the virtual world. Moreover, inclusive
design principles embedded within these
interfaces ensure that accessibility is
prioritized from inception, fostering
environments where dignity and autonomy
reign supreme. Customizable interfaces,
voice commands, and haptic feedback
mechanisms empower individuals to
navigate the digital landscape with ease
and confidence. Yet, the impact extends far
beyond convenience, permeating the fabric
of social inclusion and empowerment. By
equipping individuals with disabilities
with tools to communicate, collaborate,
and engage, technology becomes a
powerful catalyst for dismantling societal
barriers and fostering a more inclusive
society. From enhancing employment
opportunities to facilitating active
participation in social activities, these
interfaces pave the way for a future
where disability is synonymous not with
limitation, but with boundless potential.
Moreover, the relentless march of
innovation continues to address previously
unmet needs, with advancements such
as brain-computer interfaces offering
unprecedented control over digital devices
through neural signals. Technologies
like virtual reality (VR) and augmented
reality (AR) help people with sensory
impairments navigate more effectively
and have a better sense of space [é]. As
we journey towards a more accessible
future, the transformative potential of
next-generation user interfaces holds
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the key to unlocking a world where
everyone, regardless of ability, can thrive
and contribute meaningfully to society,
ensuring that no one is left behind in the
march of progress [7]-[13].

2. Literature Review

Vanpuymbrouck 2024 et al. This
study aimed to qualitatively examine
healthcare access barriers’ impact
on Persons With Mobility Disabilities
(PWMD), focusing on self-advocacy
experiences and accommodation request
decision-making factors. Qualitative
semistructured interviews were
conducted with 6 purposively sampled
PWMD. Interpretative phenomenological
analysis revealed a shared process of
recognizing and combating disability
discrimination normalization, fostering
self-advocacy agency. Results underscore
the importance of supporting individual
advocacy and combating disability
discrimination in healthcare systems[14].

Xie 2023 et al. This retrospective study
evaluated the clinical utility of metagenomic
next-generation sequencing (MNGS) in
bronchoalveolar lavage fluid (BALF) for
HIV-infected patients with suspected
multi-pathogenic pneumonia. Among 57
patients who underwent bronchoscopy,
mNGS demonstrated higher accuracy in
fungal detection compared to conventional
microbiological tests (CMTs). Sensitivity
of mNGS for pneumonia diagnosis was
significantly higher than CMTs (79.6% vs.
61.1%). Patients with mixed infections
had lower CD4 T-cell counts and longer
symptom duration. mNGS detected more
co-pathogens, with fungi-virus being the
most common mixed infection pattern.
Early bronchoscopy and mNGS are
recommended for HIV-infected patients
with low CD4 T-cell counts and prolonged
symptoms [15].

Namoun 2023 et al. Integrating diverse
technologies for new functionalities
is highly researched, yet overlooked
for individuals with special needs. This
study reviews recent advancements in
service-oriented composition techniques
for disabled individuals, identifying key
challenges. A systematic literature review
identified 38 relevant articles from
major databases. Findings reveal gaps
in datasets, accessibility specifications,
design practices, testing with disabled
users, and techniques. The study
concludes with guidelines to enhance
assistive service composition, highlighting
Al/ML utilization and addressing research
gaps [1].

Li 2023 et al. Uterine adenosarcoma
(UA) is a rare tumor characterized by
benign epithelial and sarcoma-like
stromal components, often low-grade. Its
etiology remains unclear. Next-generation
sequencing (NGS) analysis was conducted
to explore gene mutations in UA. Two low-
grade UAs with heterologous components
exhibited ATRX gene frameshift mutations,
one had a MED12 missense mutation. Copy
number amplifications were observed
on chromosome 12q13-15. PIK3/AKT/
PTEN pathway mutations were common,
alongside a rare BCORL1-PRR14L fusion
mutation. These findings shed light on UA
molecular changes for future targeted
therapy research [16].

Park 2022 et al. This study investigates the
impact of parental stress on depression
among 164 mothers of children with
disabilities in Gwangju and Jeollanamdo,
South Korea. Parental stress predicts
depression, with social support buffering
this relationship. High social support
levels correlate with lower depression
likelihood. Findings underscore the
critical role of social support in mitigating
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depression risk among mothers facing
parental stress. Implementing supportive
techniques, such as counseling and
support groups, could enhance mental
well-being in this demographic [17].

Aqgle 2022 et al. Experiment conducted to
explore whether search result summaries
can enhance web search efficiency and
experiences for visually impaired (VI)
users. Their research introduces an
interactive search engine interface called
InteractSE, which utilizes unsupervised
machine learning to organize search
results into a hierarchical tree structure.

This approach aims to improve the
efficiency and interaction experience
of VI users by enabling easier navigation
through clustered concepts summarizing
relevant information. The evaluation,
involving 16 legally blind users comparing
InteractSE with traditional Google search
methods, indicates that providing search
result summaries significantly enhances
search efficiency and user experience
by reducing cognitive load, suggesting
potential improvements for search engine
interfaces to better support VI users
[45, 46].

Authors/ Methodology Advantages Future intentions

year

(18] 2023 Conducted research Gaining understanding Improve assistance
on the experiences of of the requirements programmers by
unpaid careers, using of careers to develop incorporating insights
phenomenological impactful assistance and expectations from
investigation, and initiatives for individuals  careers.
presented significant with dementia.
findings.

[9] 2021 Implemented Device- Enhanced spectrum Further refine D2D
to-Device (D2D) efficiency, improved integration for enhanced
communication into the resource allocation, WLAN spectrum
IEEE 802.11ax standard, = minimized interference,  efficiency.
enhancing resource and optimized
allocation for improved performance.
efficiency.

[10] 2021 Introduced efficient Improved hardware Enhance LDPC decoding
decoding algorithm efficiency, reduced efficiency and error
for LDPC codes in loT complexity, and enhanced correction for loT
networks. error-correction networks.

performance for LDPC.

[19] 2020 Compilation of Nano fluid Compilation elucidates Address concerns,
research: preparation, Nano fluid advantages, resolve inconsistencies,
performance, limitations, aiding transformer and advance high heat
for transformer insulation development.  dissipation insulation.
insulation.

[20] 2019 Reviewed clinical Highlighted limitations Improve ECLS efficacy
trials to assess ECLS prompt cautious through high-quality
effectiveness in ARDS consideration of ECLS in  evidence and focused
management. ARDS. studies.

Table 1.

Summary of Research Studies with Methodologies, Advantages, and Future Intentions
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3. Research Methodology

This research undertakes a comprehensive
review of the roles of next-generation user
interfaces (Uls) in supporting individuals
with disabilities. Through systematic
searches of databases including PubMed,
IEEE Xplore, ACM Digital Library, Scopus,
and Google Scholar, employing keywords
such as "next generation user interface,”
"disabilities,” "accessibility,” and "usability,"
peer-reviewed articles, conference
papers, and relevant reports published in
English from 2010 onwards were selected
based on strict inclusion criteria. Thematic
analysis of the selected literature was
conducted to identify recurring themes
related to Ul technologies, disability
types, usability challenges, technological
innovations, and user experiences. Critical
appraisal of the literature ensured the
reliability and validity of findings. The
synthesis of results provides insights into
the implications of next-generation Uls for
individuals with disabilities, addressing
both opportunities and challenges,
thereby contributing to the academic
discourse and guiding future research
and development efforts in this field[19],
[21]-[24].

3.1 Database on Next-Generation
User Interfaces for Disability
Support

This review on the roles of next-
generation user interfaces (Uls) in
supporting individuals with disabilities
encompasses a systematic examination
of literature sourced from databases
including PubMed, IEEE Xplore, ACM
Digital Library, Scopus, and Google
Scholar. Utilizing keywords such as "next
generation user interface,” "disabilities,”
"accessibility,” and "usability,” the search
was restricted to peer-reviewed articles,
conference papers, and relevant reports

published in English from 2010 onwards.
A stringent inclusion criteria ensured
selection of studies primarily focusing
on Ul technologies and their implications
for disability support. Thematic analysis
of the literature enabled the identification
of recurring themes, encompassing Ul
technologies, disability types, usability
challenges, technological innovations,
and user experiences. Through critical
appraisal, the reliability and validity of
findings were ensured. The synthesis of
results provides comprehensive insights
into the impact of next-generation Uls on
individuals with disabilities, addressing
both opportunities and challenges.
This database serves as a valuable
resource for researchers, developers,
and practitioners in the field, facilitating
informed decision-making and guiding
future endeavors aimed at enhancing
accessibility and usability for people
with disabilities through innovative Ul
solutions[25]-[29].

3.2 Analysis Methods

Analysis methods encompassed thematic
analysis to identify recurring themes,
critical appraisal to assess study quality,
comparative analysis to evaluate Ul
technologies, quantitative synthesis for
statistical aggregation, user experience
evaluation for subjective feedback,
and emergent theme identification for
comprehensive exploration. These
methods ensured rigorous examination
of next-generation Ul roles in disability
support[20], [30], [31].

1. Thematic Analysis: Thematic
analysis was employed to identify
recurring themes across the selected
literature, including Ul technologies,
disability types, usability challenges,
technological innovations, and user
experiences. This method involved
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systematically coding and categorizing
data to extract meaningful patterns
and insights related to the roles of
next-generation Uls in supporting
people with disabilities.

. Critical Appraisal: A critical appraisal

of the literature was conducted to
evaluate the quality of evidence
and potential biases. This involved
assessing the methodological rigor of
included studies, considering factors
such as sample size, study design,
and data analysis techniques. By
critically appraising the literature, the
reliability and validity of the review
findings were ensured, enhancing the
credibility of the synthesized results.

. Comparative Analysis: Comparative

analysis was utilized to examine the
similarities and differences between
various Ul technologies in terms of
their effectiveness in supporting
individuals with disabilities. This
involved comparing features,
functionalities, and performance
metrics across different Ul platforms
to identify strengths, weaknesses,
and areas for improvement.

. Quantitative Synthesis: Quantitative

synthesis methods, such as meta-
analysis or statistical aggregation,
were employed where applicable to
guantitatively summarize findings
from multiple studies. This involved
pooling data from individual studies
to calculate effect sizes, confidence
intervals, or other statistical
measures, providing a more robust
and precise estimate of the overall
impact of next-generation Uls on
disability support.

. User Experience Evaluation: User

experience evaluation methods,
including surveys, interviews, or
usability testing, were utilized to

gather insights into the subjective
experiences and preferences of
individuals with disabilities using next-
generation Uls. This involved collecting
qualitative feedback on factors such as
ease of use, satisfaction, and perceived
accessibility barriers, informing
recommendations for improving Ul
design and implementation.

6. Emergent Theme Identification:
In addition to predefined themes,
emergent themes were identified
through iterative analysis of the
literature. This involved remaining
open to new ideas and concepts that
may not have been initially anticipated,
allowing for a more comprehensive
exploration of the roles of next-
generation Uls in supporting people
with disabilities.

4. Empowering
Accessibility:
Next Gen Ul Impact

In the realm of technology, the emergence
of next-generation user interfaces (Uls)
stands as a beacon of hope and change,
particularly for individuals navigating life
with disabilities. This article delves into
the profound impact of next-generation
Uls on enhancing accessibility and
empowering individuals with disabilities,
elucidating how technology can serve
as a transformative force in their lives.
Traditional user interfaces often posed
significant challenges for individuals
with disabilities, ranging from physical
barriers to limitations in communication
and access. However, the advent of
nextgeneration Uls heralds a new
era of possibilities, offering tailored
solutions that cater to diverse needs.
Utilising state-ofthe-art technology like
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Al, NLP, and gesture recognition, these
interfaces bridge the gap between ability
and limitation, empowering users to
interact with digital devices and the
virtual world with greater ease and
independence. One of the key advantages
of next-generation Uls lies in their ability
to enhance interaction for individuals
with disabilities. Intuitive gesture-based
interfaces allow people with motor
impairments to easily browse digital
devices by simply moving their hands.
This eliminates the need for traditional
input techniques. Similarly, voice
recognition technology enables hands-
free interaction, allowing individuals
with mobility issues to control devices
and access information effortlessly.
These advancements not only promote
independence but also foster a sense of
empowerment and inclusion in the digital
realm. Communication barriers are often
a significant challenge for individuals
with disabilities, but next-generation Uls
are changing the landscape by providing
innovative solutions. Speech-to-text
and text-to-speech technologies enable
seamless communication for individuals
with hearing or speech impairments,
allowing them to engage in conversations,
access information, and participate in
social interactions with greater ease.
Real-time translation features break
down language barriers, facilitating
communication across diverse linguistic
backgrounds and promoting inclusivity on
aglobal scale. Inclusive design principles
are at the core of next-generation Uls,
ensuring that accessibility is prioritized
from the inception of product development.
Customizable interfaces allow users to
adapt settings and features to suit their
specific needs, whether it's adjusting font
sizes for better readability or configuring
input methods for enhanced usability.
Moreover, built-in accessibility features

such as screen readers, magnifiers, and
alternative input methods cater to a wide
range of disabilities, empowering users
to personalize their digital experience
and navigate the digital landscape with
dignity and autonomy. For individuals
with disabilities, independence is not
merely a goal but a fundamental aspect
of quality of life. Next-generation Uls play
acrucial role in promoting independence
by providing tools and resources that
empower users to perform daily tasks,
access information, and engage with
their surroundings autonomously. From
smart home devices that enable remote
control of appliances to navigation apps
that provide step-bystep directions with
audio cues, technology offers a lifeline
of support for individuals striving to
live independently despite physical
or cognitive challenges. Despite the
remarkable advancements in next-
generation Uls, challenges remain in
ensuring equitable access and usability for
individuals with disabilities. Issues such as
compatibility with assistive technologies,
consistency in design standards, and
affordability of accessible devices pose
significant barriers to adoption and
inclusion. Moreover, digital accessibility
regulations and standards vary across
regions, creating inconsistencies in the
implementation of accessibility features
and hindering progress towards universal
design. Looking ahead, the future of
nextgeneration Uls holds immense
promise for advancing accessibility and
inclusion for individuals with disabilities.
Continued innovation in areas such as
artificial intelligence, augmented reality,
and wearable technology will further
enhance the capabilities of Uls to cater
to diverse needs. Moreover, collaboration
between technology developers,
disability advocates, and policymakers
is essential to ensure that accessibility
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remains a priority in the design and
implementation of digital solutions. By
harnessing the transformative potential
of next-generation Uls, The roles of
next-generation Uls in supporting people
with disabilities are multifaceted and
profound. From enhancing interaction
and communication to promoting
independence and addressing challenges,
technology has the power to make a
tangible difference in the lives of millions
worldwide. As we continue to innovate
and advance accessibility, let us strive to
create a future where technology serves
as a tool for empowerment, inclusion,
and equality for all [32]-[35].

5. Transforming
Disability Support:
Next generation of Ul

The advent of next-generation technology,
especially in the domain of user interfaces
(Uls), is causing a revolutionary change
in the disability support scene. This
article explores the technical aspects
and implications of next-generation
Uls in revolutionizing disability support,
examining their potential to enhance
accessibility, promote independence,
and foster inclusion for individuals
with disabilities. Next-generation
Uls encompass a diverse range of
technologies and innovations aimed at
improving user interaction and experience
across digital platforms. Interfaces like
this are made possible by cutting-edge
tech like Al, NLP, gesture detection, and
AR to make them user-friendly, flexible,
and accessible to everyone. By prioritizing
accessibility and usability, next-gen
Uls aim to break down barriers and
empower individuals with disabilities to
fully participate in the digital world. One
of the primary objectives of next-gen Uls

is to enhance accessibility for individuals
with disabilities. Through customizable
interfaces, adaptive features, and
assistive technologies, these Uls cater
to diverse needs and preferences. Users
with mobility disabilities can benefit
from speech recognition technology's
hands-free interaction, while those
with visual impairments can access
digital information with the help of
screen readers and magnifiers. By
providing multiple input modalities and
personalization options, next-gen Uls
ensure that users can interact with digital
devices and services in @ manner that
best suits their abilities and preferences.
Nextgen Uls play a crucial role in
promoting independence for individuals
with disabilities by providing tools and
resources that empower self-reliance and
autonomy. Smart home devices, wearable
technologies, and mobile applications
equipped with accessibility features
enable users to perform daily tasks,
access information, and navigate their
environments with greater ease and
confidence. By harnessing the power
of Al and loT, nextgen Uls can anticipate
user needs, provide contextually relevant
assistance, and adapt to changing
preferences, thereby enhancing users'
sense of control and agency over their
lives. Figure 2 Social model of disability To
make sure that digital goods and services
are available to everyone, regardless of
their ability or disability, next-gen user
interfaces are built around inclusive
design principles. In order to foster
inclusivity and diversity in the digital
realm, next-gen user interfaces take
varied user demands and views into
account from the very beginning of the
design process. For example, alternative
input methods, such as gesture-based
interaction or switch control, enable
users with physical disabilities to navigate
digital interfaces effectively. Similarly,
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captioning, audio descriptions, and
language translation features ensure
that digital content is accessible to users
with sensory impairments or language
barriers. Despite their potential benefits,
next-gen Uls also present challenges
and considerations in their design,
development, and implementation.
Ensuring compatibility with assistive
technologies, addressing privacy and
security concerns, and complying with
accessibility standards and regulations
are critical aspects that require careful
attention. Moreover, the digital divide and
disparities in access to technology among
individuals with disabilities must be
addressed to ensure equitable access and
participation for all. Looking ahead, the
future of next-gen Uls in disability support
holds immense promise for advancing
accessibility, independence, and inclusion.
Continued innovation in Al, loT, and
humancomputer interaction will drive the
development of more intuitive, adaptive,
and inclusive interfaces. Moreover,
collaboration between technology
developers, disability advocates, and
policymakers is essential to ensure that
next-gen Uls meet the diverse needs of
individuals with disabilities and promote
equal access and opportunity for all.
Next-generation Uls have the potential to
transform disability support by enhancing
accessibility, promoting independence,
and fostering inclusion for individuals
with disabilities. By leveraging advanced
technologies and inclusive design
principles, nextgen Uls can empower
users to fully participate in the digital
world and lead more independent and
fulfilling lives. As we continue to innovate
and advance next-gen Uls, let us strive to
create a future where technology serves
as a powerful tool for empowerment,
equality, and inclusion for all individuals,
regardless of their abilities or limitations
[36]-[40].

6. Next Generation
User Interface:
Architecture,
Advantages, and
Disadvantages

The Next Generation User Interface (Ul)
represents a significant evolution in the
way users interact with digital devices
and services. This article explores the
architecture of Next Generation Ul, its
advantages, and disadvantages, shedding
light on its impact on user experience
and technology advancement [41]-[43].

6.1 Architecture of

Next Generation Ul

The architecture of Next Generation Ul is
characterized by several key components
and principles:

1. Advanced Technologies: Next
Generation Ul represents a culmination
of cutting-edge technological
advancements, incorporating
sophisticated tools like artificial
intelligence (Al), natural language
processing (NLP), gesture recognition,
and augmented reality (AR). These
technologies work in tandem to
revolutionize user experiences,
providing an intuitive, adaptive, and
immersive interface that transcends
traditional boundaries. By harnessing
the power of Al, Next Generation Uls
can learn from user interactions,
predict preferences, and tailor
experiences accordingly. NLP enables
seamless communication, allowing
users to interact with devices using
natural language commands. Gesture
recognition and AR further enhance
user engagement by enabling intuitive
and interactive interactions, blurring
the lines between the physical and
digital worlds.

Nafath
Issue 26

61

A Review on Roles of Next Generation User
Interface to Support People with Disabilities

2. Adaptive Interface: At the core of
Next Generation Ul is its adaptability
to the user’s preferences, behavior,
and context. By dynamically adjusting
to user inputs, past interactions,
and environmental factors, Next
Generation Uls offer a highly
personalized and tailored experience.
Through continuous learning
algorithms, these interfaces evolve
over time, finetuning themselves to
better serve the user's needs and
preferences. Whether it's customizing
layout, content, or functionality, Next
Generation Uls prioritize user-centric
design, ensuring that each interaction
is optimized for maximum efficiency
and satisfaction.

3. Multi-Modal Interaction: Next
Generation Uls embrace a multi-
modal approach to interaction,
accommodating a diverse range
of user inputs and preferences. By
supporting voice, touch, gesture, and
gaze inputs, these interfaces cater
to users with varying abilities and
limitations, fostering natural and
intuitive interactions. Voice commands
enable hands-free operation, while
touch and gesture inputs provide
tactile feedback and precise control.
Additionally, gaze-based interaction
offers a novel way for users to navigate
interfaces, particularly beneficial for
individuals with mobility impairments
or visual impairments. By offering
multiple interaction modalities, Next
Generation Uls promote inclusivity
and accessibility, ensuring that all
users can engage with digital devices
and services effectively.

4. Context Awareness: Next Generation
Uls are imbued with context-
aware capabilities, enabling
them to understand the user's

surroundings, location, and activities.
By leveraging sensors, geolocation
data, and environmental cues, these
interfaces can adapt their behavior
and presentation to suit the user's
current context. For example, a Next
Generation Ul on a smartphone may
adjust its display brightness based
on ambient lighting conditions or
suggest relevant information based
on the user's location. This contextual
awareness enhances the relevance
and usefulness of the Ul, providing
users with timely and pertinent
information and services tailored
to their specific circumstances.

. Seamless Integration: Next

Generation Uls excel in their ability
to seamlessly integrate with a wide
range of devices, services, and
platforms. Through standardized
protocols and APIs, these interfaces
facilitate interoperability and
continuity across different contexts
and environments. For example, a
Next Generation Ul on a smart home
device may seamlessly communicate
with other connected devices in the
home, allowing users to control
various aspects of their environment
through a single interface. Similarly,
Next Generation Uls on mobile devices
may integrate with third-party apps
and services, enabling users to access
a wide range of functionalities without
switching between multiple apps.
This seamless integration enhances
the user experience by providing a
cohesive and unified interface across
diverse digital ecosystems.
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6.2 Advantages of Next
Generation Ul

1.

Enhanced User Experience: Next
Generation Ul elevates the user
experience to new heights, surpassing
traditional interfaces through its
seamless blend of intuitiveness,
adaptability, and personalization.
By intuitively anticipating user needs,
adapting to individual preferences, and
delivering personalized interactions,
Next Generation Uls foster a deeper
and more satisfying user experience
that resonates with users on a
personal level.

Improved Accessibility: Next
Generation Ul takes significant strides
in enhancing accessibility, particularly
for users with disabilities or
limitations. By embracing multi-modal
interaction and context-awareness,
these interfaces break down barriers
and empower users of all abilities
to engage with digital content and
services. Whether it's through
voice commands, touch gestures,
or context-sensitive prompts, Next
Generation Uls prioritize inclusivity
and accessibility, ensuring that every
user can participate fully in the digital
experience.

Increased Efficiency: Next Generation
Ul revolutionizes efficiency by
optimizing tasks and workflows,
streamlining processes, and reducing
cognitive load. Through intelligent
automation, proactive assistance,
and seamless integration with user
workflows, these interfaces empower
users to accomplish tasks more
efficiently and effectively across
various domains, from productivity
and education to entertainment
and leisure. By minimizing friction
and maximizing productivity, Next

Generation Uls enhance user efficiency
and effectiveness in accomplishing
their goals.

Better Engagement: Next Generation
Ul captivates users with immersive
and interactive experiences that go
beyond mere functionality to evoke
genuine engagement and emotional
connection. Through rich multimedia
content, dynamic visualizations, and
interactive elements, these interfaces
create captivating and memorable
experiences that hold users’ attention
and foster deeper engagement. By
stimulating curiosity, creativity, and
exploration, Next Generation Uls
transform passive users into active
participants, driving higher levels of
engagement and interaction.

Future-Proofing: Next Generation Ul
ensures the longevity and relevance
of digital products and services by
embracing advanced technologies and
design principles that are adaptable,
scalable, and resilient to change. By
leveraging cutting-edge technologies
such as Al, machine learning, and
adaptive algorithms, these interfaces
anticipate and adapt to evolving user
needs and preferences, ensuring that
they remain relevant and effective
in a rapidly changing technological
landscape. By future-proofing
digital products and services, Next
Generation Uls empower organizations
to stay ahead of the curve and deliver
value to users over the long term.

6.3 Disadvantages of
Next Generation Ul

1.

Complexity: Implementing Next
Generation Uls can introduce
complexity in various aspects,
including design, development, and
implementation. These interfaces
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often require specialized skills and
expertise to create and maintain, as
they may involve intricate algorithms,
advanced technologies, and novel
interaction paradigms. Designing
intuitive and user-friendly interfaces
amidst this complexity requires
careful consideration of user needs,
preferences, and usability principles,
adding another layer of complexity
to the development process.

. Privacy Concerns: Next Generation

Uls raise significant privacy concerns
due to their capability to collect,
analyze, and potentially exploit vast
amounts of user data. With features
like personalized recommendations,
context-aware assistance, and
behavioral analysis, these interfaces
may inadvertently compromise user
privacy and security by accessing
sensitive information without explicit
consent. Furthermore, the aggregation
and analysis of user data for targeted
advertising or profiling purposes
can raise ethical and legal questions
regarding user privacy and data
protection.

. Accessibility Challenges: While Next

Generation Uls aim to enhance user
experience and inclusivity, they may
inadvertently introduce accessibility
challenges for users with disabilities
or limitations. Interfaces heavily
reliant on specific input modalities
or sensory cues, such as voice
commands or gesture recognition,
may pose barriers for individuals with
certain disabilities, such as motor
impairments or visual impairments.
Ensuring that Next Generation Uls
are accessible to all users requires
careful consideration of accessibility
standards, guidelines, and best
practices throughout the design and
development process.

4. Dependency on Technology: Next

Generation Uls are inherently
dependent on advanced technologies
such as artificial intelligence (Al),
natural language processing (NLP),
and augmented reality (AR). While
these technologies enable innovative
and immersive user experiences,
they may not be accessible or
affordable for all users, leading to
disparities in access and adoption.
Additionally, reliance on proprietary
or closed-source technologies may
limit interoperability and hinder the
development of open and inclusive
digital ecosystems.

. Resistance to Change: Next Generation

Uls may encounter resistance from
users accustomed to traditional
interfaces, who may find the transition
to new interaction paradigms
challenging or disruptive. Users
may be hesitant to adopt unfamiliar
technologies or change ingrained
habits and workflows, particularly if
they perceive the learning curve as
steep or the benefits as uncertain.
Overcoming resistance to change
requires effective communication,
user education, and support
mechanisms to help users navigate
the transition and realize the potential
benefits of Next Generation Uls.
Among the many advantages offered
by Next Generation Ul— a giant leap
forward in user interface design—
are an improved user experience,
accessibility, efficiency, engagement,
and future-proofing. But there are
other obstacles, such as complexity,
privacy worries, accessibility issues,
reliance on technology, and aversion
to change. Designers, developers,
and stakeholders may make better
judgements and build interfaces
that satisfy users’' requirements and
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expectations in the digital age if they
grasp the architecture, pros, and cons
of Next Generation Ul.

7. Conclusion

In conclusion, the review illuminates
the profound impact of Next
Generation User Interfaces (Uls)
in revolutionizing disability support
through advanced technologies.
Through the utilisation of state-
of-the-art advancements such as
Al, NLP, and gesture recognition,
Next Generation Uls deliver
personalized, adaptive, and
immersive experiences tailored to
the unique needs of individuals with
disabilities. These interfaces not only
facilitate seamless interaction and
communication but also empower
users to navigate digital devices
and services with newfound ease
and autonomy. The architectural
framework of Next Generation Uls,
characterized by its integration of
advanced technologies, adaptive
interfaces, multi-modal interaction,
context awareness, and seamless
integration, lays a solid foundation
for a more inclusive and accessible
digital ecosystem. There are many

D)

benefits to Next Generation Uls, such
as an improved user experience,
accessibility, efficiency, engagement,
and future-proofing. However,
there are also many drawbacks,
such as complexity, privacy issues,
accessibility barriers, technological
dependencies, and opposition to
change. The review underscores the
imperative of continued innovation
and collaboration in designing,
developing, and implementing
Next Generation Uls to ensure they
authentically address the needs
and expectations of individuals
with disabilities. By confronting
challenges head-on and seizing
opportunities, Next Generation Uls
possess the potential to redefine
disability support, empowering
individuals to fully embrace digital
participation and lead lives marked
by independence and fulfillment.
As we press forward in advancing
technology and accessibility, let us
remain committed to forging a future
where Next Generation Uls serve
as catalysts for empowerment,
equality, and inclusion, transcending
barriers and embracing the diversity
of all individuals, regardless of their
abilities or limitations.
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Abstract - This paper addresses the pressing need

Th e Cu rre nt to evaluate the maturity and performance metrics of
generative Al tools dedicated to accessibility in product
St a t e of development. The problem lies in the lack of standardized
methods for assessing the maturity of generative Al
tools tailored to accessibility needs and the absence of

False G e n e ra t ive universally accepted performance metrics to measure

False e N their efficacy. This deficiency hampers the advancement
True Art Ifl c I a l of inclusive design practices and limits the potential
impact of Al-driven accessibility solutions. This paper
proposes a comprehensive framework for evaluating the

I n t e l l i g e n c e maturity of Al tools specifically designed for accessibility

in product development. We elucidate the critical criteria
integral to this evaluation, encompassing aspects such
'5‘3(? ' Too ls fo r as usability, reliability, scalability, and adaptability to
1T diverse user needs and contexts. The proposed solution

AcceSSi bi lity aims to contribute valuable knowledge to the evolving

landscape of generative Al tools dedicated to enhancing
- P d t accessibility in product development. By establishing a
I n ro u c structured approach to assessing maturity and advocating
for standardized performance metrics, our research

Deve lo me nt Keywords o\ deavors to empower developers, designers, and
ChatGPT; Copilot; Digital

accessibility: Al: Code stakeholders to make informed decisions regarding

generation; Accessible the adoption and refinement of Al-driven accessibility
product development. solutions.

lyad Abu Doush

College of Engineering and Applied Sciences
American University of Kuwait
idoush@auk.edu.kw -——

Salmiya, Kuwait
L X B

F




Nafath
Issue 26

72

The Current State of Generative Artificial Intelligence
Tools for Accessibility in Product Development

Introduction

Numerous research endeavors have focused on enhancing developer productivity
through various approaches such as code synthesis, code search, and other forms
of code recommender systems [1]. Many of these initiatives harness the capabilities
of Artificial Intelligence, particularly employing deep learning techniques [2].
A significant development in this domain occurred in June 2021 when GitHub
and OpenAl introduced GitHub Copilot—a revolutionary "Al pair programmer"
compatible with several IDEs. Fueled by the expansive OpenAl Codex model,
trained on a vast corpus of open-source GitHub code. Copilot excels in proposing
code snippets across various programming languages . Additionally, ChatGPT,
another powerful tool in this realm, offers a conversational interface that can be
leveraged for code generation and product development [3]. These tools leverage
vast datasets to create generative models, with the aim of producing code that
facilitates the development of accessible products. However, the maturity of these
tools remains a critical consideration.

Copilot provides users with three primary functionalities: converting comments
to code, suggesting tests that match implementation code, and auto-filling for
repetitive code. The conversion of comments to code, which is initiated when a
user writes a comment describing the logic they intend to implement. Although a
Copilot suggestion can be triggered by a natural language comment alone, optimal
results are achieved when users supplement their input with meaningful names
for function parameters and descriptive comments [2].

ChatGPT can be used to generate code by engaging in a conversational interaction
with the model. The user needs to clearly express the intent for code generation.
Then furnish relevant context and details about the code to generate. Finally,
interact with ChatGPT through a series of prompts and responses to refine the
code [3].

The use of Large Language Models (LLM), like ChatGPT, to automatically improve
web accessibility explored in the work [4] . The paper compares ChatGPT's
effectiveness in detecting and fixing accessibility issues to manual testing on
two non-compliant websites. Results show promise for ChatGPT in enhancing
web accessibility, vital for meeting WCAG 2.1 guidelines and creating more
inclusive online platforms. The burgeoning field of Artificial Intelligence (Al) has
witnessed a substantial integration of tools aimed at fostering accessibility in
product development.
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In light of this inquiry, this research addresses several key questions. Firstly,
it explores effective methods for assessing the maturity of generative Al tools
dedicated to accessibility in product development and elucidates the criteria
integral to this evaluation. Secondly, the paper delves into the diverse performance
metrics employed to gauge the effectiveness and efficiency of these tools and
proposes potential standardization measures. This exploration aims to contribute
valuable knowledge to the evolving landscape of generative Al tools dedicated to
enhancing accessibility in product development.

Various metrics serve as benchmarks to evaluate the effectiveness and inclusivity
of generative Al tools' code outcomes. Measures encompassing code functionality,
visual structure, complexity, consideration of multiple input devices, and the
severity level of accessibility issues within the generated code are pivotal for
comprehensive assessment. By incorporating these multifaceted measures into
the evaluation process, stakeholders can make informed decisions regarding the
selection and optimization of Al tools for accessibility in product development.
This holistic approach ensures the delivery of inclusive digital experiences that
cater to the diverse needs of users across different abilities.

Generative Al to Improve
Code Accessibility

In recent years, the integration
of artificial intelligence (Al)
within software development
has heralded significant
advancements in accessibility.
Among these innovations,
generative Al stands out
as a transformative force,
particularly in the realm of
code accessibility. This section
explores the burgeoning
landscape of Generative Al
and its profound implications
for enhancing accessibility

in product development. By
automating the creation and
modification of code structures,
Generative Al not only expedites
the development process but
also fosters inclusivity by
empowering developers of all
skill levels to create accessible
software. Within this context,
we delve into four distinct
cases where Generative Al
demonstrates its efficacy [5].
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B. Accessibility Feedback: When evaluating accessibility issues within code, the reliability of
feedback from Al tools is still a concern. For instance, these tools may struggle to determine
if the values assigned to attributes accurately describe the content. This uncertainty poses
challenges for developers relying on Al-generated feedback to ensure accessibility compliance.

The Current State of Generative Artificial Intelligence
Tools for Accessibility in Product Development

A. Code Generation for Accessibility: Al tools utilize extensive datasets to generate code that
fosters accessibility in product development. However, the maturity of these tools is still
evolving. One key challenge lies in their ability to accurately describe content through code.
While tools can suggest accessibility attributes, integrating them with precise values based
on content remains a hurdle. The following is an example use case of a prompt to generate

accessible code using Copilot: Prompt: Act as accessibility coach subject matter expert to identify accessibility issues and

how to fix them in the following HTML table. This is to ensure that the code conform with WCAG
2.1 A and AA success criteria. When possible, check the use of semantic HTML to ensure it
is operable using the keyboard. Also, ensure it follows ARIA Authoring Practices guide and
related design patterns. The following is the HTML table code:

Prompt: Act as accessibility coach subject matter expert to create accessible HTML table that
conform with WCAG 2.1 A and AA success criteria. The table has 5 rows and 3 columns with
the headers Name, Email, and Date of birth. When possible, use semantic HTML to ensure it is

operable using the keyboard. Also, follow ARIA Authoring Practices guide and related design <table>
patterns. <tr>
<td>Row 1, Column I1</td>
, . . e <td>Row 1, Column 2</td>
Generated Code: Here’'s an example of an accessible table with the specified headers and </tr>
content: <tr>
<td>Row 2, Column 1</td>
<!DOCTYPE html> <td>Row 2, Column 2</td>
<html lang="en”> </tr>
<head> <tr>
<meta charset="UTF-8"> <td>Row 3, Column 1</td>
<meta name="viewport” content="width=device-width, initial-scale=1.0"> <td>Row 3, Column 2</td>
<title>Accessible Table Example</title> </tr>
</head> </table>
<body> . L . . .
Ztable role="grid” aria-label="User Information”> Response: The .followmg is the Recornmendahons section of the reseonse. )
<thead> « Add a <caption> element to describe the purpose of the table (e.g., “Sales Data for Q1 2024").
<tr> » If the table has headers, use <th> elements for them.
<th scope="col”>Name</th> » Provide alternative text for any non-text content (if applicable).

<th scope="col”>Email</th>

<th scope="col”sDate of Birth</th> » Test keyboard navigation within the table.

</th </3£> C. Repair Recommendations and Guidance: An essential aspect of Al tools in product development
<tbo?i?/> is their capacity to provide repair recommendations. While tools can identify accessibility

<tr> issues, the ability to guide developers on fixing these issues is crucial.
<td>John Doe</td> ) ) ) o
<td><a href="mailto:john@example.com”>john@example.com</ D. Creation of Test Cases: Al tools are expected not only to identify accessibility issues but also
a></td> to actively contribute to the creation of accessible code and test cases. The maturity of these

< ><td>1985‘07‘15</td> tools is reflected in their ability to not only point out problems but also propose solutions.
r

<tr>

<td>Jane Smith</td>
<td><a href="mailto:janelexample.com”>janelfexample.com</

a></td>
<td>1990-03-22</td>
</tr>
<!—Add more rows as needed
</tbody>
</table>
</body>
</html>

One of the main challenges of utilizing Al tools to these attributes based on the content and

for software development of accessible products
is to integrate content and code generation in
a way that ensures semantic and structural
coherence. For example, an Al tool may be able
to suggest accessibility attributes for HTML
elements, such as alt, aria-label, or role, but it
may not be able to assign appropriate values

context of the web page. Moreover, an Al tool
may not be able to verify if the values provided
by the developer are accurate and descriptive
enough for assistive technologies to help users
with disabilities. Therefore, an Al tool should not
only generate code, but also provide feedback
and repair recommendations to help developers
fix accessibility issues and improve code quality.
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Performance Indicators for Code Accessibility

Assessing the efficacy of Al tools in ensuring code accessibility presents a multifaceted
challenge. Currently, there exists a lack of standardized methodologies for evaluating
code accessibility, necessitating the identification of suitable performance indicators.
These indicators encompass various aspects, such as the quantity and severity of
accessibility errors detected by the tool, the comprehensiveness and precision of
the generated code, the satisfaction and usability of individuals with disabilities
interacting with the product, and the adherence to pertinent accessibility standards
and guidelines. However, it's imperative to recognize that these indicators can
be influenced by factors like the nature, purpose, and complexity of the product,
as well as the characteristics of its target audience and user scenarios. Thus,
an effective Al tool must demonstrate adaptability across diverse contexts and
deliver actionable insights to both developers and stakeholders.

In evaluating the performance of Al tools for enhancing accessibility in product
development, a holistic approach is necessary. This approach involves considering
various metrics to gauge the tool's effectiveness. Metrics may include precision
in identifying accessibility issues, accuracy in suggesting relevant accessibility
attributes, and the integration of context-based values to ensure the accuracy of
content. Additionally, the tool's effectiveness in providing actionable recommendations
for repairs, its capability to generate accessible code and test cases, and its
ability to provide insightful feedback on the overall accessibility level of the code
are crucial factors to assess. By comprehensively evaluating these aspects,
stakeholders can gain a deeper understanding of the tool's impact on enhancing
code accessibility and ensure that it meets the diverse needs of users across
different contexts and scenarios.

Previous work in the area of measuring Al generated code includes [é] presenting
measure for evaluating quality of generated code to be compilation and runtime
errors, wrong outputs, code style, maintainability, and efficiency. Another work
[7] proposes to use validity, correctness, efficiency in terms of time and space
complexity.
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In this work we propose a set of measures to evaluate the accessibility of the
generated code. These measures are not presented previously in the literature.
Firstly, the visual order of the code plays a crucial role in enhancing readability
and comprehension, particularly for developers and individuals utilizing screen
readers. Tools should prioritize generating code with a clear and logical structure,
facilitating easier navigation and comprehension. Secondly, the consideration of
multiple input devices broadens the accessibility scope, accommodating users
with varying abilities. Al tools should generate code that supports diverse input
modalities, including keyboard navigation, voice commands, and gesture controls,
fostering an inclusive user experience. Lastly, evaluating the severity level of
accessibility issues within the generated code aids in prioritizing and addressing
critical barriers to access. The code generated by the tools needs to be evaluated
in terms of the severity of accessibility shortcomings, empowering developers to
allocate resources effectively and prioritize remediation efforts.

Conclusion & Future works

In conclusion, while generative Al tools for accessibility in
product development exhibit considerable promise, their current
stage of development raises concerns regarding their reliability
and effectiveness. Overcoming technical and methodological
challenges, such as integrating content and code generation,
providing robust feedback and repair recommendations, creating
suitable test cases and metrics, and adapting to diverse contexts
and requirements, remains paramount for their advancement.
Achieving this goal necessitates further research and collaboration
among researchers, developers, users, and accessibility experts.
Moving forward, it is imperative to focus on enhancing the reliability
of feedback mechanisms, refining repair recommendations, and
ensuring the accurate integration of attribute values within Al tools
for accessibility. The proposed performance indicators can serve
as a valuable benchmark for evaluating and advancing the maturity
of these tools in facilitating accessibility in product development.
Furthermore, the proposed standardization measures require
validation through expert review and real-world case studies to
ensure their practical relevance and applicability. One promising
avenue for advancing the field of Artificial Intelligence Tools for
Accessibility in Product Development is the establishment of a
comprehensive "golden dataset” comprised of accessible code
samples. This dataset would serve as a benchmark for evaluating
the efficacy of generative Al tools in producing accessible code
and identifying areas for improvement. Additionally, testing the
ability of current generative Al tools to generate code that meets
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accessibility standards and comparing the results against this
golden dataset presents an exciting opportunity for future research.
Performance measures outlined in the present study can be utilized
to quantify any shortcomings observed in the code generated by Al
tools. By systematically analyzing the generated code against the
golden dataset, researchers can identify patterns of deficiencies
and assess the extent to which current generative Al tools fall
short in producing accessible code. This analysis can provide
valuable insights into areas requiring further development and
refinement.

Through ongoing research and collaboration, we can drive forward
the evolution of Al tools for accessibility, ultimately fostering a

more inclusive and equitable digital landscape for all users.

References

1. S.Luan, D.Yang, C. Barnaby, K. Sen, and S. Chandra, ‘Aroma:
Code recommendation via structural code search’, Proc.
ACM Program. Lang., vol. 3, no. OOPSLA, pp. 1-28, 2019.

2. N.Nguyen and S. Nadi, ‘An empirical evaluation of GitHub
copilot's code suggestions’, in Proceedings of the 19th
International Conference on Mining Software Repositories,
2022, pp. 1-5.

3. [3] N. M. S. Surameery and M. Y. Shakor, ‘Use chat gpt to
solve programming bugs’, Int. J. Inf. Technol. Comput. Eng.,
no. 31, pp. 17-22, 2023.

4. A.Othman, A. Dhouib, and A. Nasser Al Jabor, ‘Fostering
websites accessibility: A case study on the use of the Large
Language Models ChatGPT for automatic remediation’,
in Proceedings of the 16th International Conference on
PErvasive Technologies Related to Assistive Environments,
2023, pp. 707-713.

5. J.Liu, C.S. Xia, Y. Wang, and L. Zhang, ‘Is your code
generated by chatgpt really correct? rigorous evaluation of

large language models for code generation’, Adv. Neural Inf.
Process. Syst., vol. 36, 2024.

6. Y.Liu et al, ‘Refining ChatGPT-generated code:
Characterizing and mitigating code quality issues’, ACM
Trans. Softw. Eng. Methodol., 2023.

7. B.Yetistiren, . Ozsoy, and E. Tuzun, ‘Assessing the quality of
GitHub copilot’'s code generation’, in Proceedings of the 18th
international conference on predictive models and data
analytics in software engineering, 2022, pp. 62-71.

Nafath
Issue 26

79

Virtual Reality Glasses for

Pain Management in Children
with Cerebral Palsy: Current
Knowledge and Future Directions

Abdullah Al Shami

Hamad Medical Corporation
aalshami@hamad.qa

Doha, Qatar




Nafath
Issue 26

80

Abstract

Cerebral palsy (CP) is a
prevalent neurological
condition that causes
secondary musculoskeletal
pain, impacting children’s
functional status, quality of
life (QoL), and sleep patterns.
Addressing pain management
within rehabilitation programs
for children with CP is crucial.
Virtual reality (VR) glasses
have emerged as a promising
tool for managing pain and
distress during medical
procedures. This paper
reviews current knowledge
on the use of VR glasses for
pain management in children
with CP and discusses

future research and clinical
implementation directions.
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Virtual Reality Glasses for Pain Management in Children
with Cerebral Palsy: Current Knowledge and Future Directions

1. Introduction

Cerebral palsy (CP) is a prevalent neurological condition and

a leading cause of physical disabilities in children globally

(1). It affects movement and causes secondary issues like
musculoskeletal pain, impacting daily life, functionality, quality
of life (QoL), and sleep (2). Several studies highlight the
significant impact of pain on the well-being of children with
CP, increasing the focus on pain management in rehabilitation
programs (3).

Virtual reality (VR) technology is being used as a new method to
help children undergoing medical procedures manage pain and
distress (4). Specifically, VR glasses show potential in reducing
pain and discomfort in children with CP, providing

an innovative solution to the difficulties of pain management

in this population.

This paper aims to explore the emerging practice of using

VR glasses to manage pain among children with CP. By
reviewing the current state of knowledge and discussing
potential future directions, this study seeks to contribute to
the ongoing discourse surrounding effective pain management
strategies for individuals living with CP.

Figure 1.
Virtual reality technology
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2. Exploring Virtual Reality
as a Tool for Pain
Management in Children
with Cerebral Palsy

In this section, we delve deeper into the
utilization of virtual reality [VR] glasses for pain
management among children with cerebral
palsy [CP]. We explore key concepts, provide
evidence and examples, and explain their
significance within the broader context of
pediatric healthcare.

Introduction to Virtual Reality (VR)

Virtual reality [VR] is a computer technology
that generates a simulated three-dimensional
environment. In recent years, virtual reality
[VR] technology has become increasingly
popular as a non-pharmacological method

for managing pain in different medical
environments, VR glasses offer an immersive
experience that distracts patients from painful
stimuli, thereby reducing perceived pain
intensity and distress [5].

VR Applications in Healthcare:

VR technology has been used in diverse
healthcare applications, from training medical
professionals to managing pain and anxiety
during medical procedures [4]. Studies

show the potential of using virtual reality for
people with disabilities, demonstrating its
diverse benefits in enhancing accessibility
and improving quality of life through various
research projects and successful assistive
applications [11].

VR for Pain Management in CP

Children with CP often suffer from chronic
musculoskeletal pain caused by their
neurological condition. VR glasses show
potential in providing pain relief by immersing
children in engaging virtual environments (2).

Pain in cerebral palsy [CP] refers to any
discomfort or unpleasant sensation
experienced by individuals with CP that
may result from musculoskeletal issues,
neurological abnormalities, or associated
medical conditions.

Figure 2.

Associated conditions and
evidence- based treatment
Findings from a systematic
review by Novak et al. 2012 [6]
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Evidence and Examples of VR Efficacy

Numerous studies have demonstrated the
effectiveness of VR-based interventions in
mitigating pain among pediatric populations
undergoing medical procedures such as
venipuncture, wound care, and physical
therapy [7]. Virtual reality glasses improve
the healthcare experience for both patients
and caregivers by immersing children in
captivating virtual environments, reducing
pain and increasing engagement [8]. The
“gate theory” of attention is the most widely

accepted model in explaining the impact of VR

on pain [9].

Customizable VR Interventions for CP

Additionally, the adaptable features of VR

technology enable healthcare providers to
create customized interventions that cater
to the distinct requirements and desires of

each patient with CP. Using interactive games,

guided imagery, or relaxation exercises,
VR headsets provide a flexible means of
administering personalized pain relief
treatments both in medical facilities and at
home [10].

" |

3. Conclusion

In conclusion, the utilization of virtual reality
[VR] glasses for pain management among
children with cerebral palsy [CP] holds
significant promise as a non-pharmacological
intervention. Through immersive experiences
and distraction techniques, VR glasses have
demonstrated effectiveness in alleviating pain
and distress associated with various medical
procedures and chronic musculoskeletal
issues in pediatric populations with CP.

As evidenced by the literature, VR technology
offers a platform for delivering personalized
pain management interventions that cater

to the unique needs and preferences of
individual patients.

Furthermore, the customizable nature

of VR interventions allows for adaptation

to different clinical settings and home
environments, expanding access to effective
pain relief for children with CP across diverse
healthcare contexts.

Moving forward, continued research and
clinical implementation of VR-based pain
management interventions are essential

to further elucidate their efficacy, optimize
intervention protocols, and enhance
healthcare outcomes for children with CP. By
harnessing the potential of VR technology,
healthcare providers can contribute to
improving the quality of life and overall well-
being of children living with CP, ultimately
fostering a more compassionate and effective
approach to pediatric pain management.
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In summary, VR glasses represent a
promising tool in the multidisciplinary
management of pain among children with CP,
offering innovative solutions to address the
complex challenges associated with pediatric
pain in this population.

Moving forward, future research should focus
on conducting large-scale studies to validate
VR's efficacy, explore long-term effects, and
establish optimal usage protocols. Clinical
implementation efforts should prioritize the
development of standardized guidelines,
healthcare provider training, and ethical
considerations related to VR use in pediatric
populations. Additionally, technological
advancements are needed to enhance VR
hardware and software for improved user
experience and accessibility. Patient-centered
customization is crucial, emphasizing tailored
VR interventions to meet individual patient
needs and preferences, ensuring adaptability
across various healthcare settings, including
home use. These future directions aim to
further elucidate VR's role in pediatric pain
management, ultimately enhancing the quality
of life for children with CP.
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