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The research focuses on utilizing artificial intelligence (AI) and machine learning
(ML) algorithms to enhance accessibility for people with disabilities (PwD) in three ar-
eas: public buildings, homes, and medical devices. The overarching goal is to improve
the accuracy, reliability, and effectiveness of accessibility evaluation systems by lever-
aging smarter technologies. For public buildings, the challenge lies in developing an
accurate and reliable accessibility evaluation system. AI can play a crucial role by ana-
lyzing data, identifying potential barriers, and assessing the accessibility of various fea-
tures within buildings. By training ML algorithms on relevant data, the system can learn
to make accurate predictions about the accessibility of different spaces and help poli-
cymakers and architects design more inclusive environments. For private places such
as homes, it is essential to have a person-focused accessibility evaluation system. By
utilizing machine learning-based intelligent systems, it becomes possible to assess the
accessibility of individual homes based on specific needs and requirements. This per-
sonalized approach can help identify barriers and recommend modifications or assis-
tive technologies that can enhance accessibility and independence for PwD within their
own living spaces. The research also addresses the intelligent evaluation of healthcare
devices in the home. Many PwD rely on medical devices for their daily living, and en-
suring the accessibility and usability of these devices is crucial. AI can be employed to
evaluate the accessibility features of medical devices, provide recommendations for im-
provement, and even measure their effectiveness in supporting the needs of PwD. Over-
all, this research aims to enhance the accuracy and reliability of accessibility evaluation
systems by leveraging AI and ML technologies. By doing so, it seeks to improve the qual-
ity of life for individuals with disabilities by enabling increased independence, fostering
social inclusion, and promoting better accessibility in public buildings, private homes,
and medical devices.
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Chapter 1
Introduction

1.1 Problem Statement

Accessing community buildings can be challenging for individuals with disabilities

[1]. In the United States alone, an estimated 61 million people have some form of disabil-

ity [8]. Among them are 8.4 million individuals with mobility impairments, 6.5 million

with cognition disabilities, and 4.1 million with independent living disabilities. Addi-

tionally, 3.5 million individuals are deaf or have significant hearing difficulties, 2.8 mil-

lion have visual impairments, and 2.2 million have self-care disabilities. This accounts

for approximately 25 percent of U.S. adults experiencing some form of disability [9], [10].

The accessibility of public buildings and homes is crucial for PwD within the com-

munity [11], [12]. The Americans with Disabilities Act (ADA), established in 1990 and

updated in 2010 (ADA-ABA), has made previously inaccessible public structures acces-

sible for thousands of PwD [13]. However, despite these efforts at societal and com-

munity levels, inaccessible environments still hinder the full participation of PwD in

society. Assessing and analyzing accessibility barriers in buildings remains challeng-

ing and time-consuming, as finding relevant, reliable, and comprehensive assessments

is difficult [12]. Moreover, existing accessibility measurement tools primarily focus on

the physical aspect of accessibility in objective analysis, neglecting the subjective anal-

ysis that considers the needs of individuals with cognitive, visual, or hearing impair-

ments [14]. This lack of comprehensive information can lead to PwD staying home

rather than facing potential hardships, resulting in reduced community participation

and independence. Therefore, accurately identifying accessibility barriers beforehand

is crucial for independence and active engagement [11]. This is where technology can

play a significant role, enabling rehabilitation professionals to enhance current prac-

tices and promote the participation and independence of PwD [9], [1].
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Additionally, the lack of accessibility information and the inaccessibility of medi-

cal devices contribute to healthcare disparities and impede timely treatment for people

with disabilities (PwD) when making informed decisions about home medical devices.

While there are regulations and guidelines regarding accessibility, there is a dearth of

strategies to provide accessibility information specifically tailored to PwD [15]. Find-

ings from a national survey indicate that a significant proportion of PwD encounter

challenges in using their devices and express dissatisfaction with their purchases. How-

ever, they emphasize the need for greater accessibility of information to facilitate their

decision-making process when selecting medical devices. Previous research further un-

derscores the difficulties and disparities faced by PwD due to the inaccessibility of med-

ical devices [1], [14].

This article addresses the primary challenges associated with measuring accessibil-

ity, particularly in buildings, homes, and home medical devices. Also, proposed poten-

tial solutions to overcome these challenges. It highlights the importance of accurate ac-

cessibility measurements and their impact on community buildings, homes, and home

medical devices. Additionally, it presents three proposed solutions to establish valid,

reliable, and time-efficient assessments: Access Rating for Buildings (ARB) for build-

ing accessibility measurement, myHESTIA for individual home accessibility evaluation,

and MED-Audit for measuring accessibility of home medical devices. These systems

aim to provide comprehensive and personalized accessibility information (PAI) about

public buildings, homes, and medical devices to PwD. The project intends to optimize

the system using Artificial Intelligence (AI) techniques and evaluate its impact on PwD’s

decision-making process. The successful implementation of this project could con-

tribute to improved accessibility measurement and evaluation of building design and

medical device design and serve as a strategy for providing PAI in various product and

environmental contexts.
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1.2 Research Aims

The objective of this research is to develop system solutions for measuring the acces-

sibility of public buildings, homes, and home medical devices. The study also explores

how artificial intelligence (AI) can enhance existing systems to provide more reliable,

efficient, valid, comprehensive, and personalized measurements of public building ac-

cessibility. Additionally, the research aims to propose smart and automated reports for

home accessibility, as well as assist in the design and selection of the most suitable and

accessible medical devices.

The system solution that has been developed incorporates user feedback, expert

feedback, and feedback from PwD to accessibility measurement. The conventional ap-

proach of using subjective questionnaires to measure accessibility is challenging due to

potential participant bias and device hardware limitations. This research addresses this

significant issue by employing machine learning (ML) techniques and computational

analysis to optimize the accessibility measurement process. Additionally, the research

introduces various AI-based solutions based on hypothetical data and theoretical anal-

ysis, demonstrating how AI models can help overcome the existing challenges in acces-

sibility measurement. The research aims are

1) To Measure the Accessibility of Health care Devices Intelligently.

2) To Enhance the Validation of Accessibility Evaluations of Public Buildings Intelli-

gently.

3) To Evaluate Home Accessibility using a Machine Learning based Intelligent Sys-

tem.

1.3 Publications

• Sayeda Farzana Aktar, Mason Dennis Drake, Shiyu Tian, Dr. Roger O Smith, Dr.

Sheikh Iqbal Ahamed, (2023) A Machine Learning-Based Approach to Enhance

the Accuracy of Sound Measurements in iOS Devices for Accessibility Applica-



[4]

tions, Rehabilitation Engineering and Assistive Technology Society of North Amer-

ica (RESNA) Annual Conference, New Orleans, Louisiana

• Sayeda Farzana Aktar, Shiyu Tian, Kazi Shafiul Alam, Mason Dennis Drake, Laryn

Michele O’Donnell, Roger O Smith and Sheikh Iqbal Ahamed (2023) Mobile Ap-

pication Based Solution for Building Accessibility Assessment for Comprehensive

and Personalized Assessment, COMPSAC 2023 (IEEE Computer Society Signature

Conference on Computers, Software, and Applications) Annual Conference, Torino,

Italy.

• Rochelle J. Mendonca, Maysam M. Ardehali, Sayeda Farzana Aktar,Dr. Roger O

Smith, (2023) Interrater Reliability of the MED-AUDIT (Medical Equipment De-

vice – Accessibility and Universal Design Information Tool), Rehabilitation Engi-

neering and Assistive Technology Society of North America (RESNA) Annual Con-

ference, New Orleans, Louisiana.

• Mason Dennis Drake, Steven C. Sizer, Sayeda Farzana Aktar,Dr. Roger O Smith,

Dr. Sheikh Iqbal Ahamed (2023) myAccessTools: Validation of Impairment-Weighted

Scores, Rehabilitation Engineering and Assistive Technology Society of North Amer-

ica (RESNA) Annual Conference, New Orleans, Louisiana.
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Chapter 2
Literature Review

A few studies focus on the challenges and issues pertaining to accessibility measurement

of public buildings, homes, and home medical devices. This section will examine var-

ious studies that have delved into these concerns. Furthermore, the systematic review

presented here sheds light on the contributions made by other researchers and their

findings concerning different aspects of accessibility measurement. It also outlines the

role of AI in enhancing accessibility measurement more intelligently. The researchers

identified nine significant problem groups related to accessibility measurement, dis-

cussed in Chapter 4. These mappings served as the foundation for developing multiple

solutions and AI-based recommendations to improve accessibility measurement.

A study carried out in 2020 examined the growing importance of transit accessibility

in fields like transport planning, urban geography, and sustainable development. The

researchers emphasized the critical role of accurate measurements of transit accessi-

bility in the design of transit networks, evaluation of transit systems, and land use and

transport planning in urban areas. The review provided insights into both the practical

advantages and limitations of these accessibility measurement models, offering a com-

prehensive perspective on the topic [16].

In a research study conducted by Kane et al. [7], the focus was on investigating the

differences in gestures employed by blind and sighted individuals when using touch

screen devices. The primary objective of the study was to establish guidelines for design-

ing accessible touch-screen interfaces. The research involved 10 blind participants and

10 sighted participants who were instructed to create gestures to execute various com-

puting commands. By comparing the gestures used by both groups, the study aimed to

gain insights into the unique gesture preferences and requirements of blind individuals

for touch screen interactions [17].
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In recent years, there has been a focus on proposing mobile accessibility guidelines

to ensure the development of software solutions that are accessible to visually disabled

users. In a study conducted by Piccolo et al. [8], a set of guidelines was defined to cre-

ate an accessible software solution for individuals with visual disabilities. The research

examined how people with visual impairments interact with mobile devices, providing

valuable insights for designing accessible mobile applications. Additionally, Park et al.

conducted a study that proposed ten heuristics to guide the development of accessi-

ble mobile applications. The authors emphasized the importance of providing practical

heuristics to support developers and designers in creating mobile applications that are

accessible to all users, including those with visual disabilities. These studies contribute

to advancing mobile accessibility by offering specific guidelines and heuristics to im-

prove the accessibility of mobile software solutions, thus ensuring a more inclusive user

experience for individuals with visual impairments [18].

In a research study conducted by Ghidini et al. [19], the focus was on investigating in-

teraction strategies that would enhance the experience of visually-disabled users when

using mobile devices. The study employed a survey approach involving six participants,

gathering information on their usage of a native calendar app on the Android operating

system. Participants were also asked to provide suggestions for improvements. Addi-

tionally, the researchers developed a prototype of an accessible calendar app and con-

ducted usability tests with users [19], [3]. The study’s findings indicated that mobile de-

vices, particularly smartphones, should offer appropriate feedback to visually-disabled

users. The interface design should aim to keep interactions as simple as possible, and

there should be options to adjust the interface’s color. Additionally, it was essential to

ensure that users could quickly identify the features and options available within the

application. This research highlights the significance of providing accessible features

and user-friendly designs for visually-disabled individuals using mobile devices, par-

ticularly calendar applications. The results provide valuable insights for improving the
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accessibility and usability of such applications to serve the needs of visually-disabled

users better [19].

Kim et al. [20], [21], conducted a study to examine how visually-disabled users inter-

act with camera-based applications on smartphones and its implications for designing

assistive technologies. The research involved recruiting twenty participants and con-

ducting usability tests to gather insights. The results yielded significant implications for

design, including the importance of providing consistent and simply-structured user

interface (UI) layouts. Additionally, the study highlighted the need to increase config-

urable settings to enhance the accessibility of mobile applications for visually-disabled

users. This research sheds light on the interaction patterns and preferences of visually-

disabled individuals when using camera-based applications on smartphones. The find-

ings offer valuable guidance for the design and development of assistive technologies

that improve the accessibility and usability of these applications for visually-impaired

users [22], [23].

Damaceno et al. [24] conducted a study to identify and map accessibility issues en-

countered by people with visual disabilities on mobile devices. The research question

addressed was "What are the accessibility problems that people with visual disabili-

ties encounter on mobile devices?". The study mapped the encountered problems into

several categories, including lack of physical buttons, challenges related to data entry,

gesture-based interaction, screen reader functionality, screen size limitations, user feed-

back issues, and difficulties with voice commands. Each category presented unique

problems, and the authors provided corresponding recommendations for the identi-

fied issues. Overall, the study contributes valuable insights into the accessibility prob-

lems experienced by people with visual disabilities on mobile devices [25]. It presents

categorized issues and provides recommendations as a foundation for future research.

However, further investigation is needed to explore the differences between the acces-

sibility of native apps and websites and better understand the impact of these issues on
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disabled users [25].

To address the lack of comprehensive accessibility guidelines for mobile devices, a

study conducted by Siebra et al. [26] analyzed 247 scientific papers to establish require-

ments catering to individuals with diverse needs. The dataset identified 36 mandatory

and 18 desirable requirements, which were categorized into different groups and sub-

groups based on impairments like hearing, vision, and motor. The study emphasized

13 specific accessibility requirements relevant to visually-disabled individuals, such as

clear feedback, color-independent design, and proper labeling [26]. To delve further

into the accessibility issues experienced by visually-disabled and mainstream users on

websites and native applications, the researchers engaged 10 participants in the study,

including six blind users and four mainstream users. Usability tests were conducted

on a selection of 4 websites and their corresponding native applications from commer-

cial and governmental organizations. The evaluation revealed 514 problems, with blind

users encountering 409 problems and normal-vision users encountering 105 problems.

The study highlighted the most frequent and severe issues faced by blind users in mobile

applications and websites, comparing their impact to that experienced by mainstream

users. The findings presented initial evidence of critical problems requiring attention

in developing mobile applications and websites. This underscores the importance of

conducting further comprehensive investigations into the accessibility challenges faced

by individuals with visual disabilities. Additionally, the research underscored that blind

users are significantly more affected by these issues on mobile devices than users with

normal vision [26].

With the increasing prevalence of mobile technology, a study by Revilla [27] in Oc-

tober 2016 revealed that mobile devices surpassed desktops and laptops regarding web

page loads for the first time. This shift emphasizes the need for research studies on web

and application accessibility for desktop platforms and mobile websites and applica-

tions. Web accessibility guidelines, such as the internationally-recognized Web Content
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Accessibility Guidelines (WCAG) [28] developed by the Web Accessibility Initiative (WAI)

of the World Wide Web Consortium (W3C), have been established to assist developers

and designers in creating accessible web content. However, while web accessibility has

been extensively studied, mobile accessibility research initiatives are still comparatively

limited. The W3C [17] recently published the first public working draft on applying

WCAG 2.0 and other W3C/WAI guidelines to mobile devices in response to this gap. Ad-

ditionally, the BBC [29] has published standards and guidelines for mobile web content,

hybrid, and native apps based on their experiences, aiming to support developers in

achieving mobile accessibility. While both web and mobile accessibility guidelines con-

tribute to improving content accessibility for diverse needs, a study by Power et al. [30]

indicated that only 50.4 percent of the problems encountered by blind users on desk-

top websites were covered by WCAG 2.0, and a mere 8.4 percent of all problems were

addressed by websites implementing these guidelines. These findings suggest a lack of

empirical evidence regarding the nature of accessibility issues faced by visually disabled

users. In the context of mobile devices, there is an even more remarkable dearth of ev-

idence to understand the nature of problems encountered by users and how to address

them. This paper aims to collect and examine empirical evidence of problems encoun-

tered by visually disabled users on mobile platforms, characterize the frequency and

severity of critical issues, and compare the impact of these problems on visually dis-

abled users versus users with normal vision.

Moreover, many existing research publications highlight various accessibility chal-

lenges in public buildings. These challenges include the absence of ramps or elevators

and insufficient accessible parking spaces near the entrance pose challenges for indi-

viduals with mobility disabilities who rely on convenient access. Narrow doorways, hall-

ways, and corridors hinder the easy movement of wheelchair users and individuals with

mobility aids. Moreover, insufficient visual cues and signage within the building can be

problematic for individuals with visual impairments. The inaccessible restrooms with
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narrow doorways, lack of grab bars, or limited space for wheelchair maneuvering create

challenges for people with mobility impairments who require independent use of facili-

ties. Furthermore, service counters and reception desks that are too high create barriers

for wheelchair users or individuals with reaching difficulties. Additionally, inadequate

lighting and poor acoustics impact individuals with visual or hearing from engaging in

important tasks rquiring primary sense. Ideally, public buildings would incorporate as-

sistive technologies, such as hearing loop systems or closed captioning services, to ac-

commodate individuals with hearing impairments, but often don’t. Moreover, inacces-

sible emergency evacuation plans and exits compromise the safety of individuals with

disabilities during emergencies. Clear evacuation routes and accessible emergency ex-

its are crucial to ensure the well-being of all occupants . These challenges underscore

the importance of incorporating universal design principles and complying with acces-

sibility standards and guidelines to create inclusive public spaces. In addition, most

of the existing research focused on accessibility measurement tools mostly focus on the

physical component of accessibility in the objective analysis rather than considering the

needs of people with cognitive, visual, or hearing impairments in the subjective analysis

[7]. In contrast, this research paper focused on both subjective and objective analysis.
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Chapter 3
To Measure the Accessibility of Health care Devices Intelligently

Home medical devices are medical devices that are designed for use in a home setting

by individuals who require medical care or monitoring outside of a healthcare facility.

These devices are typically intended for self-use or use by a caregiver under the guidance

of a healthcare professional. Home medical devices can serve various purposes and

cater to different healthcare needs. Some common examples include:

i) Blood Glucose Monitors- These devices are used by individuals with diabetes to

monitor their blood glucose levels regularly. They typically involve a small lancet to

obtain a blood sample, which is then analyzed by the device to provide glucose read-

ings [31].

ii) Blood Pressure Monitors- These devices allow individuals to measure and track

their blood pressure levels at home. They often include an arm cuff or wrist strap that is

inflated to measure blood pressure [31], [32].

iii) Pulse Oximeters- Pulse oximeters measure the oxygen saturation level in a per-

son’s blood. They are commonly used by individuals with respiratory conditions or dur-

ing physical activity to monitor oxygen levels [31].

iv) Home Ventilators- Ventilators are used by individuals who require assistance with

breathing due to respiratory conditions. Home ventilators are designed for use outside

of a hospital setting to provide continuous or intermittent respiratory support [31].

v) Nebulizers- Nebulizers are devices that convert liquid medication into a fine mist

for inhalation. They are commonly used to deliver medication directly to the lungs

for individuals with respiratory conditions, such as asthma or chronic obstructive pul-

monary disease (COPD) [31], [32].

vi) Continuous Glucose Monitoring (CGM) Systems- CGM systems are used by indi-

viduals with diabetes to continuously monitor their glucose levels throughout the day.
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These systems typically consist of a small sensor inserted under the skin and a receiver

or smartphone app to display glucose readings [31].

vii) Home Dialysis Machines- Home dialysis machines are used by individuals with

kidney failure to perform dialysis treatment at home. These machines filter waste and

excess fluids from the blood, replicating the function of a dialysis center [31].

These are just a few examples of the wide range of home medical devices available.

Home medical devices provide individuals with greater independence and convenience

in managing their healthcare needs while staying in the comfort of their own homes [32].

3.1 Why accessibility information home medical devices is important?

Enabling individuals with disabilities (PwD) to lead independent lives is a crucial

obligation of contemporary society. One essential aspect of independence is the free-

dom to select and acquire consumer products, including medical supplies, for every-

day use. Unfortunately, there is a significant lack of accessibility information regarding

medical products, which hinders PwD from making well-informed decisions [31]. The

inaccessibility of medical products not only impedes timely access to necessary treat-

ments but also contributes to significant healthcare disparities among individuals with

disabilities [31], [33], [34]. Accessibility information for home medical devices is impor-

tant for several reasons-

Equal Access to Healthcare: Accessible information ensures that individuals with

disabilities or accessibility needs can access and use home medical devices effectively. It

promotes equal access to healthcare technologies, allowing individuals to manage their

health conditions and receive necessary medical care independently [33].

Empowerment and Independence: Accessible information enables individuals to

take control of their healthcare and make informed decisions about their treatment. It

empowers them to monitor their health, follow medical instructions, and engage in self-

care, promoting a sense of independence and autonomy [35].

Safety and Effective Use: Accessible information helps users understand how to prop-
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erly operate and maintain home medical devices, reducing the risk of accidents, errors,

or misuse. It ensures that individuals can use the devices safely and effectively, mini-

mizing potential harm or complications [36], [37].

User-Centered Design: Providing accessibility information encourages device man-

ufacturers to consider the diverse needs of users during the design and development

process. It promotes user-centered design principles, leading to the creation of more

inclusive and usable home medical devices that cater to a broader range of individu-

als [33], [38].

Compliance with Regulations and Standards: In many countries, accessibility stan-

dards and regulations exist to ensure that medical devices are accessible to all users.

Accessible information helps device manufacturers comply with these requirements,

promoting inclusivity and preventing discrimination against individuals with disabili-

ties [33].

Caregiver Support: Accessible information also benefits caregivers who assist indi-

viduals in using home medical devices. Clear instructions and user-friendly interfaces

enable caregivers to provide effective support, reducing the burden and improving the

quality of care [39].

Overall, accessibility information for home medical devices is crucial for promot-

ing equitable access to healthcare, enabling individuals to manage their health condi-

tions independently, ensuring safe and effective device use, encouraging inclusive de-

sign practices, and complying with accessibility regulations and standards.

3.2 Why accessible home medical device is important?

Accessible home medical devices are important for several reasons:

Independent Living: Accessible home medical devices empower individuals with

disabilities or accessibility needs to live independently and manage their healthcare at

home. They provide the tools and resources necessary for individuals to monitor their

health conditions, administer treatments, and carry out essential medical tasks without
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constant reliance on healthcare professionals.

Enhanced Quality of Life: Accessible home medical devices improve the quality of

life for individuals with disabilities or chronic conditions. By having access to devices

that are specifically designed to meet their needs, individuals can effectively manage

their health, reduce complications, and maintain a better overall well-being [40].

Timely Intervention and Monitoring: Home medical devices allow for regular mon-

itoring of health conditions and early intervention when necessary. Individuals can

track vital signs, measure blood glucose levels, monitor oxygen saturation, or adminis-

ter medication, which helps them identify any changes or abnormalities promptly. This

timely intervention can prevent health complications and improve health outcomes

[37].

Cost-Effectiveness: Home medical devices can contribute to cost savings for both

individuals and healthcare systems. By enabling individuals to manage their healthcare

at home, it reduces the need for frequent hospital visits, emergency room admissions,

or long-term care facilities. This can result in lower healthcare costs and more efficient

allocation of resources [35].

Convenience and Comfort: Accessible home medical devices provide convenience

and comfort to individuals by allowing them to receive necessary medical care in the

comfort of their own homes. This eliminates the need for frequent travel to healthcare

facilities, long waiting times, and disruptions to daily routines. It promotes a sense of

familiarity and control over one’s healthcare [14].

Caregiver Support: Accessible home medical devices not only benefit individuals but

also provide support to caregivers. These devices enable caregivers to assist individuals

more effectively, monitor their health remotely, and provide timely interventions when

needed. This support can reduce caregiver burden and enhance the overall caregiving

experience [41].

Inclusive Healthcare: Accessible home medical devices promote inclusivity in health-
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care by ensuring that individuals with disabilities or accessibility needs have equal ac-

cess to necessary medical technologies. It eliminates barriers and discrimination, al-

lowing individuals to actively participate in their healthcare and access the same level of

care as others [42].

The accessible home medical devices play a crucial role in enabling independent liv-

ing, improving quality of life, facilitating timely intervention, reducing healthcare costs,

providing convenience and comfort, supporting caregivers, and promoting inclusive

healthcare for individuals with disabilities or accessibility needs.

3.3 What are the accessibility challenges for home medical devices?

There are several accessibility challenges associated with home medical devices

3.3.1 Physical Accessibility

Physical accessibility refers to the design and usability of the device for individu-

als with mobility impairments. Some challenges include devices with small buttons or

touchscreens that are difficult to operate for individuals with limited dexterity or fine

motor control. Additionally, the placement of devices, such as height or reachability,

may pose challenges for individuals with mobility limitations [43].

3.3.2 Visual Accessibility

Visual accessibility relates to the design and display of information on the device

for individuals with visual impairments. Challenges can include devices with small or

poorly contrasted displays, lack of alternative text or audio output for visual informa-

tion, or complex interfaces that are difficult to navigate without visual cues [42], [44].

3.3.3 Auditory Accessibility

Auditory accessibility pertains to the provision of audio information or alerts for in-

dividuals with hearing impairments. Challenges may arise when devices heavily rely on

auditory cues, alarms, or instructions without alternative visual or tactile feedback [24].
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3.3.4 Cognitive Accessibility

Cognitive accessibility focuses on the ease of understanding and interacting with the

device for individuals with cognitive disabilities or limitations. Challenges can include

complex or ambiguous instructions, overwhelming or confusing interfaces, or lack of

clear feedback to indicate successful interactions or errors [24].

3.3.5 Language and Cultural Accessibility

Language and cultural accessibility involve ensuring that the device and its accom-

panying documentation are available in multiple languages and consider diverse cul-

tural perspectives. Challenges can arise when devices are only available in a limited set

of languages or when the content does not account for cultural variations in healthcare

practices [45].

3.3.6 User Interface Design

User interface design challenges can affect individuals with various accessibility needs.

These challenges can include poorly organized or cluttered interfaces, lack of logical

navigation, inconsistent labeling, or insufficient feedback to assist users in understand-

ing and interacting with the device [46], [47].

3.3.7 Training and Support

Adequate training and support are crucial for individuals to effectively use home

medical devices. Challenges can arise when the training materials or support resources

are not accessible to individuals with disabilities or when the training process does not

account for different learning styles or accessibility needs [40].

Addressing these accessibility challenges requires considering universal design prin-

ciples, conducting user testing with individuals with disabilities, adhering to accessibil-

ity guidelines and standards, providing alternative modes of interaction and informa-

tion presentation, and ensuring comprehensive training and support resources. By ad-
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dressing these challenges, home medical devices can become more inclusive and usable

for individuals with diverse accessibility needs.

3.4 How we can solve accessibility challenges of home medical devices?

To solve accessibility challenges associated with home medical devices, several strate-

gies can be implemented

3.4.1 User-Centered Design

Adopt a user-centered design approach that involves individuals with disabilities or

accessibility needs throughout the design and development process. Conduct user re-

search and usability testing with representative users to identify and address specific

accessibility challenges [46], [40], [48].

3.4.2 Accessibility Standards and Guidelines

Follow recognized accessibility standards and guidelines, such as the Web Content

Accessibility Guidelines (WCAG) or the International Organization for Standardization

(ISO) standards for medical devices. These standards provide best practices and require-

ments for making devices accessible [46], [48].

3.4.3 Physical Design Considerations

Ensure that the physical design of home medical devices considers accessibility needs.

This includes features such as larger buttons, tactile markings, adjustable height or reach-

ability, and ergonomic considerations to accommodate users with mobility impairments.

3.4.4 Visual and Auditory Accessibility

Provide alternative modes of information presentation for individuals with visual or

hearing impairments. This can include options for larger text sizes, high contrast dis-

plays, compatibility with screen readers or magnification software, and visual or vibrat-

ing alerts for auditory information [43], [42].
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3.4.5 Cognitive Accessibility

Simplify user interfaces, use clear and concise language, and provide visual cues

or step-by-step instructions to enhance cognitive accessibility. Avoid overwhelming or

complex interfaces and provide feedback that assists users in understanding their inter-

actions and any errors [49].

3.4.6 Multilingual and Culturally Sensitive Design

Consider the linguistic and cultural diversity of users by offering device interfaces

and documentation in multiple languages. Ensure that the content is culturally sensitive

and adaptable to diverse healthcare practices and beliefs [50].

3.4.7 Training and Support

Provide comprehensive training materials and support resources that are accessible

and inclusive. This can include written instructions in plain language, video tutorials

with captions and transcripts, and personalized assistance through helplines or online

chat.

3.4.8 Collaboration with Accessibility Experts

Collaborate with accessibility experts, disability organizations, and healthcare pro-

fessionals specializing in accessibility to gain insights and expertise in addressing acces-

sibility challenges specific to home medical devices [51].

3.4.9 Continuous Improvement and Feedback

Regularly gather feedback from users, including individuals with disabilities, to iden-

tify areas for improvement and address any ongoing accessibility challenges. Continu-

ously iterate and refine the design based on user feedback and evolving accessibility

standards [52], [40].

By implementing these strategies, home medical device manufacturers can effec-

tively address accessibility challenges, create more inclusive products, and ensure that
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individuals with disabilities or accessibility needs can independently and effectively use

these devices for their healthcare needs.

3.5 How artificial intelligence can help to solve accessibility issues of home medical

devices?

Artificial intelligence (AI) can play a significant role in solving accessibility issues

associated with home medical devices. Here are some ways AI can help

3.5.1 Image and Object Recognition

AI models can be trained to recognize and identify various accessibility features and

indicators on home medical devices. For example, AI can identify and label buttons,

switches, or display elements, making it easier for individuals with visual impairments

or cognitive disabilities to interact with the device [53], [54].

3.5.2 Natural Language Processing (NLP)

NLP techniques can be employed to improve the accessibility of text-based inter-

faces or documentation associated with home medical devices. AI models can analyze

and process text, providing alternative formats such as spoken output, summarized in-

formation, or simplified explanations to cater to individuals with reading difficulties or

language barriers [55], [56], [57].

3.5.3 Voice Control and Natural Language Interaction

AI-powered voice control systems can enable individuals with mobility or dexterity

impairments to interact with home medical devices through voice commands. AI mod-

els can interpret and understand spoken instructions, allowing users to control device

functions, retrieve information, or receive feedback using speech recognition and natu-

ral language understanding [58], [59].
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3.5.4 Personalization and Adaptive Interfaces

AI can enable home medical devices to adapt their interfaces based on individual

users’ preferences, accessibility needs, or cognitive abilities. AI algorithms can learn

from user interactions, adjust display settings, or customize user interfaces to optimize

accessibility and usability for each user [60], [61], [62], .

3.5.5 Remote Monitoring and Assistance

AI-powered remote monitoring systems can track device usage, detect errors or ab-

normal behavior, and alert users or caregivers when intervention is required. Addition-

ally, AI chatbots or virtual assistants can provide real-time assistance and support re-

motely, answering user queries, offering troubleshooting guidance, or providing step-

by-step instructions for device operation [63], [64], [65].

Now, I will delve into the motivation and background that led us to the solution of

MED-Audit, as well as outline my contributions to this research.

3.6 Background

3.6.1 OT FACT

OT FACT represents a groundbreaking software program capable of transforming

the manner in which assessment data is collected, compiled, and reported. It plays a

vital role in securing reimbursement from insurance companies for occupational ther-

apy services. It’s important to note that OT FACT doesn’t supplant occupational ther-

apy evaluation tools; rather, it streamlines the process by integrating data from exist-

ing instruments into a comprehensive functional performance profile for each individ-

ual [40], [66]. In addition, OT FACT simplifies the task of conveying the "big picture" to

others by automatically generating descriptive reports, charts, and graphs that illustrate

functional performance. Moreover, its report writing feature effortlessly adapts infor-

mation to suit clinic-specific or funding agency formats. OT FACT stems from exten-

sive development conducted at the Trace R and D Center, situated at the University of
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Wisconsin-Madison. Over the years, this software has undergone frequent reviews and

evaluations by occupational therapists nationwide, leading to constant refinement and

improvement [67], [68]. OT FACT respects and acknowledges the importance of your

professional judgment; instead, it streamlines the process of tracking and reporting the

information you’ve collected in a clear and comprehensive manner. Here’s a breakdown

of how it operates:

The software conducts an assessment using a vast inventory of over 950 questions.

These questions are structured hierarchically, ranging from role function to specific com-

ponents like neuromuscular functioning. Each question is presented individually to the

therapist, such as "Can the client put on clothing independently?" The therapist then

responds with one of three options: "total deficit," "partial deficit," or "no deficit."

To optimize efficiency, OT FACT employs a special branching decision tree struc-

ture. This means that you won’t be required to answer unnecessary questions if it’s evi-

dent that certain areas don’t need assessment. For instance, if you’ve already indicated

"no deficit" in the category of "self-administration of medication," the program won’t

prompt you for further details [69], [70], [69]. However, if you’ve chosen "partial deficit,"

it will present a series of related functions to evaluate, such as "uses correct schedule,"

"changes medication," and "stores medication properly."

Importance of OT FACT

To facilitate the process of obtaining reimbursement for your occupational therapy

services, OT FACT generates reports that highlight the functional outcomes achieved by

your clients.

For added convenience, OT FACT 2.0 is portable and can be used in the field. It is

compatible with the Apple Macintosh Operating System as well as Microsoft Windows

on IBM PCs and their equivalents, including laptops [71].

By using OT FACT, you can streamline and enhance comprehensive functional as-

sessments, making them more efficient and effective.
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Investing in OT FACT is a wise decision for your future. Not only is it reasonably

priced, but it also offers a comprehensive and customizable program tailored to meet

your specific needs.

3.6.2 XFACT

This website serves as a hub for information and resources related to the xFACT soft-

ware platform, including its original version known as OTFACT, and various assessment

applications developed to be compatible with the xFACT platform [1], [72].

The xFACT software suite is a comprehensive tool that operationalizes three key as-

pects: 1) the formulation, 2) the testing, and 3) the functioning of taxonomies based on

the TTSS (Trichotomous Tailored Sub-branching Scoring) system. Dr. Roger O. Smith’s

research at the Rehabilitation Research Design and Disability R2D2 Center has been

dedicated to creating assessments that measure individuals’ functional performance

and assess the accessibility of environments, computers, learning materials, and prod-

ucts [73], [5].

The xFACT software platform is designed to facilitate evaluators in conducting effi-

cient and convenient comprehensive assessments. It presents xFACT-based taxonomies

in a hierarchical format and allows users to score these taxonomies [73].

The xFACT software suite comprises three main components: the Validator, Releva-

tor, and Utility. Each of these components is conceptualized, if not fully operationalized,

Figure 3.1: OT FACT application [1]
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to function within the xFACT platform, utilizing the principles of Trichotomous Tailored

Sub-branching Scoring (TTSS) and the Taxonomy of Categories.

The roots of xFACT can be traced back to OTFACT, a software package that originated

in the field of occupational therapy and was developed during the 1980s and 1990s. The

initial support for OTFACT came from The American Occupational Therapy Foundation

and Apple Computer, Inc [1], [74].

Development of the xFACT Platform: In the early 1990s, the manual version of OT-

FACT underwent computerization, giving rise to the current xFACT software platform.

Recently, significant enhancements have been made to the xFACT software platform to

cater to the needs of the R2D2 Center and other entities involved in creating TTSS-based

taxonomies. These advancements aim to address the growing demand for more com-

prehensive and efficient assessments of individuals’ functional performance, assistive

technologies, and universal design initiatives aimed at improving accessibility and ac-

tive participation in the community for individuals with disabilities [1], .

Throughout more than two decades, the R2D2 Center has developed numerous tax-

onomies. The process of validating and ensuring the usability of these newly created

assessments has driven the evolution of the xFACT software platform. Presently, apart

from facilitating functional assessments, the xFACT software suite also includes the xFACT

Content Validator, the xFACT Relevator, and an xFACT Taxonomy Editor, which collec-

tively support the development of xFACT taxonomies.

The Bibliography section encompasses a comprehensive collection of all OTFACT

and xFACT-based taxonomies, along with theses, dissertations, projects, publications,

and presentations associated with OTFACT and xFACT-based initiatives. Additionally,

it contains references detailing the origin, development, and utilization of the xFACT

software platform [72], [73].

Trichotomous Tailored Sub-branching Scoring (TTSS): TTSS, utilized by xFACT-based

applications, employs a distinctive trichotomous scale to score items within the taxon-
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omy. This scale is characterized by three cardinal features: 1) trichotomous, 2) tailored,

and 3) sub-branching, rendering it an efficient and distinct approach for conducting

comprehensive assessments in a relatively shorter timeframe [71], [6]. Here are concise

explanations of these three features:

Trichotomous Scoring: Every item in the taxonomy is scored using a trichotomous

scale, represented by values 0, 1, and 2. A score of 0 is assigned when none of the crite-

ria for a specific question are met, while a score of 2 indicates that a client/subject ful-

fills all the criteria for that category. Of particular significance is the score of 1, which

is given when some criteria are met for an item, but others remain unaccomplished

(Smith, 1999). Further insight into the importance of these scores is detailed in sec-

tion 3. Tailored: Alongside the three responses, two additional options, "not-applicable"

and "not examined," are provided for irrelevant questions. This customization enables

the assessment to be relevant to individuals within their unique contexts. Any items

marked as not applicable or not examined are omitted from the total scores, result-

ing in a tailored assessment that aligns with an individual’s specific needs and circum-

stances [71], [1], [6]. Sub-branching: A distinctive aspect of TTSS-based taxonomies is

sub-branching, allowing for both detailed analysis and efficient scoring. If an item re-

ceives a score of 0 or 2, the TTSS process moves to the next branch of the same level in

the taxonomy. However, if a score of 1 is given, the taxonomy opens sub-branches, per-

mitting a more detailed analysis of the assessment [6], [71].

Figure 3.2: XFACT application [1]



[25]

MED-AUDIT: The Medical Equipment Device – Accessibility and Universal Design

Information Tool Numerous iterations of the MED-AUDIT have been created, and here

we present the initial implementation and testing of the MED-AUDIT, designed to serve

as a medical equipment and device evaluation and information system. Its primary ob-

jective is to ensure equitable access to healthcare for individuals, encompassing both

people with disabilities and older adults [75], [76].

The main purpose behind designing the MED-AUDIT was to assess and quantify

accessibility for people with disabilities, aiming to reduce healthcare disparities among

medical device users with disabilities. The five specific design objectives for the MED-

AUDIT:

To provide informative reports about the accessibility of medical devices to design-

ers and the general public, especially those who may not be familiar with the unique

needs of people with disabilities [1], [77]. To ensure efficiency in the questioning pro-

cess while evaluating the accessibility of a product, even though there might be numer-

ous questions that could be asked. To produce MED-AUDIT scores that offer both an

overall view of how universally designed a product is for all potential users and specific

insights for individuals with disabilities regarding the product’s accessibility tailored to

their unique needs [76], [78]. To generate quantitative output from the assessment to

enable comparison of device designs. To ensure that the MED-AUDIT scores are reli-

able and valid from a psychometric standpoint. The integrated MED-AUDIT scores rely

on two primary data sources. The first source comes from designers or other product

assessors who assess the tasks required and features included in a device. The second

source involves importing data from a knowledge base containing two matrices previ-

ously populated by experts. These matrices predict relationships between a) product

features and user impairments and b) product features and tasks [5], [6], [79]. An al-

gorithm combines these data sources and effectively weighs the assessor’s responses to

produce MED-AUDIT scores, indicating the level of accessibility of the evaluated med-
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ical device on a scale of 0-100percent. Question Domains: The MED-AUDIT was de-

signed with two primary question sections: (I) Procedures-Task Analysis and (II) Device

Features. The rationale behind this structure was to comprehensively assess the acces-

sibility of medical devices by considering both the tasks required for device use and the

accessibility features incorporated into the device design [77].

The first domain, Procedures-Task Analysis, focuses on identifying the tasks that a

device user must perform in order to use the device effectively. The relevance of certain

tasks is crucial in scoring the accessibility of a device. For instance, if a device doesn’t

require users to position themselves on it (e.g., an auditory alarm), tasks related to trans-

ferring onto the device become irrelevant. On the other hand, specific tasks may be

critical in measuring device accessibility. The inclusion of relevant tasks is essential to

accurately evaluate accessibility.

The second domain of questions revolves around the accessibility features present

in the device being assessed. The presence of accessible features significantly impacts

the generated accessibility scores. As a result, some tasks required for device use may

also necessitate accessible features. For example, in the case of an auditory alarm, an

essential task would be to recognize the sound. To receive the highest accessibility rat-

ing, the device would need to include visual and tactile alarm outputs as well.

The experts are from two central MED-AUDIT scoring domains, displaying the key

components. The current question taxonomy draft contains 1158 distinct questions,

consisting of 177 task requirements and 981 device features. These questions are thought-

fully organized in a hierarchical outline, encompassing 33 major categories: 10 for task

requirements and 23 for device features [1], [77]. PROCEDURES-TASK ANALYSIS Pre-

pare for device use Select appropriate device Familiarize self with device Familiarize

self with person Match device to situation Understand device use Understand general

procedure Understand component procedure Understand controls Understand display

info Receive training to use the device Position device-prep for use Locate device Detect
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orientation of the device Approach- move to device DEVICE FEATURES Overall Device

Features Parts that req. assembly and disassembly Easy assembly Infrequent assembly

Few steps required Easy disassembly Infrequent disassembly Displays Monitors/screen

displays Enhanced contrast Screen Size Brightness contrast Contrast adjustment Bright-

ness adjustment Brightness coding

Software and Question Branching: The MED-AUDIT question domains, procedures-

task analysis, and device features are integrated into the software using the trichoto-

mous tailored subbranching scoring structure (TTSS). This efficient question branching

method eliminates irrelevant questions from the assessment process. The TTSS em-

ploys a trichotomous response format for each question, where 2 indicates no issues, 0

signifies total problems, and 1 denotes partial problems [73], [6].

When a rater responds with a 2 or 0 to a MED-AUDIT question, the TTSS software

progresses to the next major category of questions, skipping the sub-level detailed ques-

tions in between. On the other hand, if a rater responds with a 1 to a question, the TTSS

breaks down the category into more detailed subcategories, prompting the rater for fur-

ther information. This trichotomous scoring approach offers several advantages:

It simplifies cognitive processing, leading to increased reliability and faster response

scoring. It enhances efficiency by only asking detailed questions when relevant, allow-

ing for potential inclusion of more detailed questions as irrelevant ones are omitted. It

provides flexibility in adjusting the verbal anchors accompanying the response sets as

needed, enabling intentional variations in constructs (e.g., requires tasks, somewhat re-

quires tasks, does not require tasks; includes feature, somewhat includes feature, does

not include feature) (Smith, 1993, 1994, 1995, 2002).

Impairment Categories: To establish the foundation for generating MED-AUDIT scores,

an extensive review of the literature (refer to: MED-AUDIT Impairment Categories: Work-

ing Towards Mapping AMI Usability) was conducted. This review involved identifying

the most suitable impairment-related categorization schemes. Several sources were
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consulted, including studies by Barbotte, Guillemin, Chau, and the Lorhandicap Group

(2001); the Center for Rehabilitation Technology (2001); Pizur-Barnekow, Lemke, Smith,

Winter, and Mendonca (2005); the United States Census Bureau (2004); the United States

Department of Health and Human Services (2004); Vanderheiden, and Vanderheiden

(1991); and the World Health Organization (2002).

Based on this thorough examination, a set of thirteen impairments, along with their

corresponding definitions, was formulated for the MED-AUDIT. These impairment cat-

egories are designed to be mutually exclusive and comprehensive, providing a compre-

hensive framework for assessing device accessibility. The set of thirteen impairments

includes the following: Hard of hearing Deaf Vision limitation Blind Expressive commu-

nication impairment Comprehension disorders Other cognitive disorders Mental and

behavioral impairment Sensitivity impairment Lower limb impairment Upper limb im-

pairment Head, neck, and trunk impairment Systemic body impairment These impair-

ments serve as the basis for generating scores related to device accessibility in the MED-

AUDIT evaluation process. Accessibility Expert Knowledge Matrices: The expert-mapped

matrices are an integral part of the MED-AUDIT software algorithm, providing prior like-

lihoods for the simple Bayes model (Birnbaum, 1999; Gustafson, Cats-Baril, and Alemi,

1992; Malakoff, 1999). These matrices play a crucial role in generating overall accessi-

bility scores for medical devices by assigning relative weightings to question categories.

There are two distinct matrices that correlate within the system:

The first matrix links the tasks involved in using the medical device with accessibility

features necessary to complete those tasks. The second matrix connects medical device

features that enhance accessibility for specific user impairment groups. The correlation

between device features and user impairments establishes the vital link for generating

comprehensive device accessibility scores.

The data contained in these expert knowledge matrices, along with the data provided

by the rater for a specific device, allows the MED-AUDIT to generate accessibility scores
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for various user impairment types. The algorithm employed for this process is detailed

in the subsequent section.

Excerpts from both matrices can be found in Tables 2 and 3 below, showcasing their

essential components.

MED-AUDIT Accessibility Scoring Algorithm: The MED-AUDIT scoring underwent

its initial development by conceptualizing the logic and scoring requirements for the

algorithm, as illustrated in Figure 2 below. The tool’s domains were established, encom-

passing sections for device features and task requirements. Conceptualization of expert

matrices occurred, involving features required for tasks and features needed for various

impairments. The basic operations of the scoring modality were also defined, determin-

ing how the overall score would increase or decrease based on the type of information

provided for each specific device. Figure 2 displays various scoring cases, including a

maximum mathematical relationship of +8, a minimum mathematical relationship of

-8, intermediate cases of +4, +2, -2, and -4, as well as a case of 0.

Equation 1, used during the pilot scoring algorithm in the initial implementation of

the MED-AUDIT (initially developed in Fortran), involves four product terms to generate

overall accessibility and usability scores:

Expert scored device feature requirement for a task [xe-dT] Expert scored device fea-

ture requirement for user impairment [xe-iD] Rater scored device feature presence on

the device [xr-d] Rater scored task requirement for device use [xr-T] When raters score

a device feature presence as 2, the scoring element is positive. In such cases, if the fea-

ture is needed, the score will be positive since the required feature is present. When

raters score device feature presence as 1, the scoring element is disregarded, resulting in

a zero score. This means that whether the feature is needed or not, the score will not be

affected positively or negatively because the required feature may or may not be present.

When raters score device feature presence as 0, the scoring element is negative. In such

cases, if the feature is needed, the score will be negative since the required feature is not



[30]

present.

Pilot testing of this approach was conducted using an improved MED-AUDIT inter-

face that employed case-specific logic to generate accessibility and usability scores for

different medical devices.

3.6.3 Methodology

To live independently is one of the major challenges for people with disabilities (PwD).

A critical object of independently living is the ability to choose and purchase consumer

products for daily life, including medical products. Moreover, there is limited to no in-

formation about the accessibility of medical products to assist PwD to make informed

decisions.

Research Challenges: Addressing the complexities of people with disabilities presents

significant variability.

Numerous medical devices serve diverse functions, leading to a wide range of re-

quirements.

Universal design is intricate, with some features being essential for accessibility while

others primarily focus on usability.

Obtaining reliability and validity in assessments could prove challenging due to the

complexities involved.

Inaccessible medical products prevent PwD from being treated in a timely manner,

leading to critical healthcare disparities. In addition, COVID-19 pandemic focuses on

this need like never before [4]. The U.S. Patient Protection and Affordable Care Act ad-

vanced a mandate the accessible medical devices (7) and the U.S. Access Board devel-

oped accessibility guidelines for specific diagnostic equipment (4) [2, 3]. However, there

are no strategies to provide accessibility information to PwD or care partners to help

them make informed product choices. A number of research highlight the significant

difficulties and disparities that PwD experience due to medical device inaccessibility (1-

14). One major problem is the inability to get accessibility information and the lack of
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personalization of information to allow PwD for matching their needs to available de-

vices. Moreover, accessibility information system has some major challenges in person-

alizing information, which is ripe for Artificial Intelligence (AI) solutions [20, 25]. This

research developed a prototype to prove the concept. The application is named MED-

AUDIT. The MED- AUDIT application provides PwD with personalized accessibility in-

formation (PAI) about medical devices, optimizing it using machine learning (ML), and

scoring devices based on a computational equation. Successful implementation of this

research project can impact not only enhanced accessibility in medical device design

but will also provide a standard strategy for PAI that can be applied to diverse products

and environments.

The MED-AUDIT has two major question sections: (I) Procedures-Task Analysis and

(II) Device Features [77]. To determine the accessibility of medical devices, it is essential

to know the tasks that a device user is required to perform in order to use the device as

well as the accessibility features present in the device design. Related tasks are impor-

tant to measure the accessibility of a device. Certain tasks are irrelevant for scoring ac-

cessibility and other tasks are critical for measuring device accessibility. The second do-

main of questions focuses on the accessibility features of the device being rated. These

two domains relate as some tasks required by a device. In the example of an auditory

alarm, an essential task would be to recognize the sound. The current question taxon-

omy draft includes 1158 distinct questions, with 177 task requirements and 981 device

features. The questions are arranged in a hierarchal outline that includes 33 major cate-

gories: 10 for the task.

3.7 What ethical considerations should be taken into account when using AI for home

Medical devices accessibility measurement, such as privacy, bias mitigation, and

transparency in decision-making processes?

When using AI for home medical device accessibility measurement, it is important

to consider and address several ethical considerations, including
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3.7.1 Privacy

Ensure that the data collected and processed by AI systems for home medical device

accessibility measurement is handled with strict privacy measures. Safeguard personal

health information and adhere to relevant privacy regulations. Minimize the collection

of personally identifiable information (PII) and implement robust security measures to

protect user data from unauthorized access or breaches.

Figure 3.3: Scoring Impairment Flow [1]

Figure 3.4: Different devices impairment scoring
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3.7.2 Informed Consent

Obtain informed consent from individuals before collecting and using their data for

accessibility measurement purposes. Clearly communicate the purpose, methods, and

potential risks associated with data collection, and provide options for individuals to

opt-in or opt-out of data sharing.

Figure 3.5: Chart view of medical device scoring based on 13 impairments group and
normalize algorithm
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3.7.3 Bias Mitigation

Address potential biases in AI systems used for home medical device accessibility

measurement. Biases can arise from biased training data, algorithmic biases, or inher-

ent limitations of the system. Regularly evaluate and mitigate biases to ensure fair and

accurate accessibility assessments for individuals with diverse disabilities or accessibil-

ity needs.

3.7.4 Transparency and Explainability

AI systems used for home medical device accessibility measurement should be trans-

parent and explainable. Users should have visibility into how the system makes deci-

sions and assessments regarding accessibility. Provide clear explanations of how data

is collected, processed, and used to generate accessibility measurements. This trans-

parency helps build trust and enables users to understand and verify the results.

3.7.5 Accountability

Establish clear lines of accountability for the AI system’s performance and outcomes.

Define roles and responsibilities for system developers, operators, and stakeholders to

ensure appropriate oversight, auditing, and addressing of any issues or concerns that

may arise.

3.7.6 User Autonomy and Control

Prioritize user autonomy and control over their own health data and accessibility

information. Allow individuals to have control over the data collected, its use, and the

ability to modify or delete their data. Respect user preferences and decisions regarding

data sharing and system usage.

3.7.7 Accessibility and Inclusivity

Ensure that the AI system itself is accessible and usable by individuals with disabil-

ities or accessibility needs. Consider accessibility standards and guidelines during the
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design and development process to make the AI system inclusive and usable for all users.

3.7.8 Ongoing Evaluation and Improvement

Continuously evaluate the performance, accuracy, and impact of the AI system for

home medical device accessibility measurement. Incorporate feedback from users, health-

care professionals, and stakeholders to identify and address any ethical concerns, bi-

ases, or limitations of the system. Strive for continuous improvement and iterative de-

velopment to enhance the ethical and inclusive use of AI for home medical device acces-

sibility measurement. By considering these ethical considerations, AI-based systems for

home medical device accessibility measurement can promote privacy, fairness, trans-

parency, user autonomy, and inclusivity while minimizing potential risks and biases as-

sociated with data privacy and decision-making processes.

These research questions can guide the development and exploration of AI-based

solutions that leverage machine learning, computer vision, natural language process-

ing, and data analytics to improve the accessibility assessment and evaluation of private

homes.

3.7.9 AI based improvement on Existing MED-AUDIT application

Case 1: No medical device accessibility information (NO MED-Audit App) + No user

information (NO MED-Audit scoring).

Case 2: No medical device accessibility information (NO MED-Audit App) + some

user information (MED-Audit scoring) or No medical device accessibility information

(NO MED-Audit App) + detail user information (person-based MED-Audit scoring).

Case 3:Some medical device accessibility information (MED-Audit App) + no user

information.

Case 4: Some medical device accessibility information (MED-Audit app) + some user

information (MED-Audit scoring) + detail user information (person-based MED-Audit

scoring).
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Case 5: Details medical device accessibility information + No user information (MED-

Audit scoring) or user profile.

Case 6: Detail medical device accessibility information + some user information

(MED-Audit scoring) + detail user information (person-based MED-Audit scoring).

In conclusion, the novel assessment tool for home medical device assessment and

rating, consisting of comprehensive questionnaires for disability-specific products, will

have a significant impact on the rehabilitation system by enhancing the existing system

and promoting improvement for independent living. The next scetion we will discuss

AccessRating for building based on this evaluation concept.

Figure 3.6: AI based analysis for decide best medical device

Figure 3.7: Improving AI models using model validation
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Chapter 4
Enhance the Accuracy of Accessibility Evaluations of Public Buildings

Ensuring inclusivity in public buildings is essential for the full participation of all indi-

viduals, especially those with disabilities. The Americans with Disabilities Act (ADA), en-

acted in 1990 and updated in 2010 (ADA-ABA), has made significant strides in granting

access to previously inaccessible public buildings for thousands of people with disabil-

ities [1]. However, despite these efforts, individuals with disabilities still encounter bar-

riers that prevent their complete community engagement due to inaccessible environ-

ments [33]. To empower individuals with disabilities and foster their active involvement

in society, it is crucial to conduct thorough assessments of the accessibility of public

buildings and address any obstacles that hinder their participation. Unfortunately, there

is currently limited availability of comprehensive, reliable, and valid assessment tools

for evaluating and analyzing accessibility barriers in public buildings. The existing tools

can be time-consuming to use [80]. Furthermore, while some accessibility assessment

tools have been developed, they primarily focus on the physical aspects of accessibility

and often overlook the specific needs and requirements of individuals with cognitive,

visual, or auditory impairments.

This chapter begins with a theoretical discussion on the fundamental concepts of

building accessibility, emphasizing the challenges associated with measuring accessi-

bility. Subsequently, we present our methodology designed to address these challenges

in accessibility measurement. Furthermore, we delve into an exploration of popular AI

models and their potential to enhance existing accessibility measurement methods.

4.1 What is building accessibility?

Building structure accessibility refers to the design and construction of buildings in

a way that allows people with disabilities or mobility limitations to access and use them
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comfortably and independently. It involves creating an inclusive environment that ac-

commodates individuals with diverse needs, ensuring equal access and participation

for everyone. Key aspects of building structure accessibility include:

Entrance and Exits: Designing accessible entrances and exit with features such as

ramps, elevators, and automatic doors to facilitate entry and exit for individuals with

mobility devices like wheelchairs or walkers.

Pathways and Circulation: Providing clear and accessible pathways throughout the

building, including hallways, corridors, and walkways, without obstacles or obstruc-

tions. Incorporating features like wide doorways, appropriate signage, and tactile in-

dicators for individuals with visual impairments.

Restrooms: Constructing restrooms that are accessible to people with disabilities,

including features like grab bars, properly positioned sinks, toilets with adequate space,

and clear floor space for maneuverability. Parking Facilities: Designating accessible

parking spaces close to the building entrance, providing sufficient width for wheelchair

access and appropriate signage.

Elevators and Lifts: Installing elevators or lifts to connect different levels of the build-

ing, ensuring they are spacious, equipped with braille buttons, and have audible an-

nouncements for people with visual or hearing impairments.

Communication and Signage: Incorporating clear signage and way finding systems

with visual, tactile, and audible elements to assist individuals with disabilities in navi-

gating the building.

Lighting and Acoustics: Ensuring appropriate lighting levels to assist people with

visual impairments and designing spaces to minimize reverberation and echo for indi-

viduals with hearing impairments.

Emergency Evacuation: Developing effective emergency evacuation plans that con-

sider the needs of individuals with disabilities, including accessible emergency exits,

evacuation chairs, and communication systems.
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Building structure accessibility is essential to promote inclusively, equal opportu-

nities, and independence for individuals with disabilities. By implementing accessible

design principles, architects, engineers, and builders can create spaces that accommo-

date the needs of all people, regardless of their abilities or limitations [81], [82].

4.2 What are the different types building accessibility?

Building accessibility encompasses several distinct types that address specific areas

and aspects of accessibility [83], [84]. Below are some widely recognized categories:

4.2.1 Physical Accessibility

Physical accessibility in the context of public buildings entails the implementation

of design elements and features that facilitate the independent and safe navigation and

utilization of the building by individuals with mobility impairments. The objective is to

establish an inclusive environment that caters to the needs of people with disabilities,

ensuring their unobstructed entry, exit, and movement throughout the premises. This

includes features such as ramps, elevators, wide doorways, accessible parking spaces,

and barrier-free pathways [85].

4.2.2 Visual Accessibility

Visual accessibility strives to offer inclusive provisions for individuals with visual im-

pairments or low vision. This entails the implementation of various features, such as

braille signage, tactile indicators incorporated into floors and walls, high contrast mark-

ings, and suitable lighting levels that enhance visibility [43], [42].

4.2.3 Auditory Accessibility

Auditory accessibility focuses on meeting the requirements of individuals with hear-

ing impairments or deafness. This encompasses the provision of assistive listening sys-

tems, visual alarms and notifications, and the establishment of suitable acoustics that

reduce background noise and reverberation [86].
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4.2.4 Cognitive Accessibility

Cognitive accessibility aims to establish an environment that is easily comprehen-

sible and navigable for individuals with cognitive disabilities, learning disabilities, or

neurodiverse conditions. This can be achieved through the implementation of clear sig-

nage, straightforward and consistent wayfinding systems, visual cues, and the provision

of accessible information presented in plain language [85].

4.2.5 Communication Accessibility

The objective of communication accessibility is to facilitate effective communica-

tion for individuals with speech disabilities, language barriers, or communication dis-

orders. This entails offering alternative communication methods, which may include

assistive devices, accessible communication boards, or sign language interpretation ser-

vices. The goal is to enable seamless and inclusive communication for individuals facing

such challenges [87], [88].

4.2.6 Technological Accessibility

Technological accessibility encompasses the integration of accessible technology and

digital systems within buildings. This entails incorporating features such as accessi-

ble websites and applications, touchless controls, captioning and transcription services,

and compatibility with assistive technology [89].

It is crucial to recognize that these various types of accessibility are interconnected,

and it is essential for buildings to incorporate multiple aspects to ensure comprehen-

sive accessibility for all individuals. By considering these different types of accessibility,

architects, designers, and building owners can create inclusive spaces that cater to the

diverse needs of people with disabilities [90], [91], [92], [93].

4.3 Different types building accessibility based on privacy

When contemplating the aspect of building accessibility concerning privacy, the em-

phasis lies on guaranteeing equal access to private spaces for individuals with disabili-
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ties while preserving their dignity and confidentiality. Below are several elements per-

taining to building accessibility that are associated with privacy considerations [83], [88].

Accessible Restrooms: Ensuring accessibility in restroom facilities is essential to meet

the needs of individuals with disabilities. This includes the provision of accessible stalls

with features such as grab bars, sufficient space for maneuvering, and privacy elements

like doors and partitions that guarantee confidentiality.

Changing Rooms and Fitting Areas: Incorporating accessibility features into chang-

ing rooms and fitting areas within stores, gyms, or healthcare facilities involves thought-

ful design considerations. These features encompass providing ample space to accom-

modate mobility devices, incorporating privacy curtains or partitions, and ensuring ac-

cessible seating options.

Private Offices and Workstations: Ensuring that private offices, cubicles, or worksta-

tions in a workplace are designed with accessibility in mind, providing adequate space

for maneuverability, adjustable desks or work surfaces, and privacy considerations for

individuals who may require assistive devices or accommodations.

Examination Rooms: Creating accessible examination rooms in healthcare facilities

that offer privacy features such as doors, curtains, or partitions, as well as sufficient

space for maneuverability and accessibility for medical equipment.

Confidentiality in Common Spaces: Implementing measures to maintain privacy

and confidentiality in shared spaces such as waiting areas, meeting rooms, or common

lounges. This may involve adequate spacing between seating, acoustic treatments to

minimize sound transmission, and visual barriers to ensure confidentiality during con-

versations or meetings.

Accessible Sleeping Quarters: In environments such as hotels, dormitories, or health-

care facilities, it is important to offer accessible sleeping quarters that cater to the needs

of individuals with disabilities. These quarters should include features such as accessi-

ble beds, sufficient turning space, accessible storage options, and appropriate measures
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to ensure privacy.

The objective of incorporating privacy considerations in building accessibility is to

establish an inclusive environment where individuals with disabilities can access private

spaces and services while maintaining their dignity and confidentiality. By integrating

features that address privacy concerns, buildings can ensure equal access and provide a

respectful experience for all individuals, regardless of their abilities or disabilities [91].

4.4 What is subjective and objective accessibility of public building?

4.4.1 Objective Accessibility (Public Building)

The objective accessibility of a public building pertains to the tangible and quan-

tifiable aspects of its design and characteristics that facilitate the entry and movement

of individuals with disabilities. It encompasses adhering to defined accessibility codes

or laws, as well as meeting specific standards and guidelines. Objective accessibility en-

compasses features like ramps, elevators, designated parking spaces, signage, restrooms,

door widths, and other physical attributes that guarantee compliance with accessibility

regulations. Evaluating objective accessibility involves appraising the building against

predetermined criteria to ascertain whether it satisfies the minimum requirements for

accessibility [94], [95].

4.4.2 Subjective Accessibility (Public Building)

The subjective accessibility of a public building takes into consideration the indi-

vidual experiences, perceptions, and comfort of people with disabilities as they interact

with and utilize the building. It recognizes the diverse needs, preferences, and over-

all user experience of each individual. Subjective accessibility entails evaluating factors

like usability, convenience, inclusivity, availability of assistance, and overall satisfaction

with the building’s accessibility features. This viewpoint acknowledges that accessibility

goes beyond meeting objective standards and regulations, emphasizing the importance

of creating a positive and inclusive experience for individuals with disabilities within the
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public building [48], [96], [95].

The objective accessibility of a public building focuses on meeting physical acces-

sibility standards and guidelines, while subjective accessibility considers the personal

experiences and satisfaction of individuals with disabilities. Both perspectives are es-

sential in evaluating and improving the accessibility of public buildings, ensuring com-

pliance with regulations and providing a positive and inclusive environment for all users

[48], [95], [94].

4.5 What is accessibility measurement?

The accessibility measurement in a public building involves assessing and quantify-

ing the degree of access and usability available to individuals with disabilities [97], [98].

This process entails evaluating different aspects of the building’s design, features, and

services to gauge how well it caters to the needs of people with disabilities. Accessi-

bility measurement encompasses both objective criteria, such as adherence to accessi-

bility codes, standards, and regulations, and subjective factors, including the user ex-

perience and satisfaction of individuals with disabilities. The purpose of this measure-

ment is to gain an accurate and comprehensive understanding of the building’s acces-

sibility, identifying areas that may require improvement and ensuring inclusivity for all

users [86], [99], [100], . Here are some key considerations in measuring accessibility:

4.5.1 Physical Accessibility

The focus lies in evaluating whether the building possesses attributes that empower

individuals with mobility impairments to enter, navigate, and utilize the facilities au-

tonomously. This assessment encompasses the evaluation of elements such as ramps,

elevators, spacious doorways, designated parking spaces, and accessible restrooms.

4.5.2 Navigation and Wayfinding

It involves evaluating the building’s signage, floor plans, clear paths, and visual cues

to ensure people with visual impairments or cognitive disabilities can easily find their
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way within the building. Tactile indicators, braille signage, and audible cues may be

necessary to assist individuals with visual impairments.

4.5.3 Communication Accessibility

This measures entails assessing the building’s signage, floor plans, unobstructed path-

ways, and visual cues to guarantee that individuals with visual impairments or cognitive

disabilities can effortlessly navigate the premises. To assist individuals with visual im-

pairments, tactile indicators, braille signage, and audible cues may be required to pro-

vide necessary guidance and information..

4.5.4 Assistive Technology

Assistive technology, as it relates to measuring the accessibility of a public build-

ing, encompasses devices, tools, or systems specifically designed to aid individuals with

disabilities in accessing and utilizing the premises. These technologies are intended to

improve accessibility and promote independence for people with disabilities.

Within the context of accessibility measurement, examples of assistive technology

include: i)Wheelchair ramps and lifts: These assistive devices enable individuals us-

ing wheelchairs or mobility aids to access different levels of the building. ii) Elevators

and lifts: These technologies facilitate the movement of individuals with mobility im-

pairments between various floors within the building. iii) Tactile indicators and braille

signage: These features provide tactile and braille information respectively, aiding in-

dividuals with visual impairments in navigating the building and locating specific ar-

eas. iv) Audio and visual cues: These technologies utilize audible or visual signals to

provide guidance and information to individuals with hearing impairments or cogni-

tive disabilities. v) Automatic doors and switches: These assistive technologies sim-

plify access for individuals with mobility impairments by automatically opening doors

or activating switches with minimal physical effort [101]. vi) Assistive listening systems:

These systems transmit amplified sound directly to hearing aids or assistive listening
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devices, improving communication for individuals with hearing impairments. vii) Aug-

mented reality or mobile applications: These technologies offer real-time navigation,

visual and auditory assistance, and personalized support to individuals with diverse dis-

abilities [102], [103], [104], [7].

Assistive technology plays a critical role in evaluating and enhancing the accessibility

of public buildings, ensuring that individuals with disabilities can overcome barriers and

independently and comfortably access the building’s facilities.

4.5.5 Emergency Evacuation

The evaluation involves assessing the building’s emergency evacuation procedures

to guarantee their inclusivity towards individuals with disabilities. This assessment in-

cludes considering factors such as accessible evacuation routes, the availability of evac-

uation chairs, designated refuge areas, and ensuring that staff are adequately trained in

assisting people with disabilities during emergencies.

4.5.6 Universal Design

Considering whether the building’s design and features adhere to universal design

principles, which strive to create environments that are accessible and functional for

individuals with diverse abilities and disabilities [36], [8], [30].

The measurements of accessibility can differ depending on regional building codes,

accessibility guidelines (such as the ADA in the United States), and the specific require-

ments of the target population. Organizations frequently carry out accessibility audits

or assessments to identify barriers and implement enhancements that improve accessi-

bility in public buildings.

4.6 Why accessibility measure of a public building is important?

The accessibility of public buildings holds great significance for society as a whole,

particularly for individuals with disabilities [11]. Accessibility pertains to the opportu-

nity for an individual or a specific group to engage in particular activities at a given loca-
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tion. In 1990, the Americans with Disabilities Act (ADA) was established, and it was later

updated in 2010 (ADA-ABA), enabling numerous people with disabilities to access pub-

lic buildings that were previously inaccessible [11], [7]. However, despite societal and

community efforts, inaccessible environments continue to hinder the full participation

of individuals with disabilities in society. It is crucial for people with disabilities to have

the ability to interact with their communities and actively engage in society by assessing

the accessibility of public facilities. The followings are some vital point why accessibility

measurement of a public building is important:

4.6.1 Equal Access

Public buildings are designed to be inclusive spaces, providing equal access to in-

dividuals of all abilities and disabilities. By implementing accessibility measures, these

buildings ensure that everyone can freely utilize the services, facilities, and opportuni-

ties offered within them. Such measures promote inclusivity and help prevent any form

of discrimination based on disabilities.

4.6.2 Legal and Regulatory Compliance

Numerous nations have implemented laws and regulations to enforce accessibility

standards for public buildings. In the United States, for instance, the Americans with

Disabilities Act (ADA) establishes guidelines for accessibility in public buildings. Com-

plying with these laws and regulations is crucial to avoid legal repercussions and penal-

ties. It showcases a dedication to ensuring equitable access for individuals with disabil-

ities.

4.6.3 Social Responsibility

Public buildings play a vital role in serving the entire community. By implementing

accessibility measures within these buildings, a commitment to social responsibility is

demonstrated, ensuring that all members of the community can actively participate in
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society. This commitment fosters a more inclusive and compassionate society that val-

ues diversity and upholds the rights of individuals with disabilities.

4.6.4 Economic Impact

The accessibility in public buildings can generate positive economic outcomes. By

offering access to a wider customer base, accessible public buildings attract a larger

number of visitors, customers, and users. Consequently, this can lead to increased rev-

enue and expanded business prospects. Moreover, an environment that is accessible

fosters a favorable reputation and may encourage repeat visits or continued patronage.

4.6.5 Safety and Emergency Preparedness

Accessibility measures in public buildings also contribute to safety and emergency

preparedness. They ensure that individuals with disabilities can safely evacuate during

emergencies and have access to emergency services. This is crucial for the well-being

and protection of all occupants of a public building.

4.6.6 Universal Design Principles

Incorporating accessibility measures in public buildings frequently aligns with the

principles of universal design. Universal design aims to create environments that are

usable by individuals of various abilities and age groups. By integrating accessibility fea-

tures, public buildings can cater to a wide range of individuals, including older adults,

parents with strollers, and individuals with temporary disabilities. This approach en-

sures that the built environment is inclusive and accommodating to diverse users [105],

[106].

In summary, the accessibility measure of a public building is important because it

promotes equal access, ensures legal compliance, demonstrates social responsibility,

has economic benefits, enhances safety, and aligns with universal design principles. By

creating accessible public spaces, we foster a more inclusive and equitable society for

everyone. Finding relevant, trustworthy, and complete assessments for assessing and
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analyzing accessibility barriers in public buildings is still difficult and time-consuming

[107], [108], [109]. In addition, although many accessibility evaluation tools have been

created, they mostly focus on the physical component of accessibility rather than con-

sidering the needs of people with cognitive, visual, or hearing impairments [110], .

4.7 Challenges of accessibility measurement

For public buildings (e.g., hospitals, schools, museums, etc.), even though there is

substantial literature on accessibility measurements, it is far from clear what constitutes

the optimal measure of accessibility [99], [111], [112], [1]. The issue is that an acces-

sibility measure should only be used as a performance indicator if it corresponds to

how community members with disabilities see and value their environment. A major

challenge in defining and implementing building accessibility measurements is that the

complexity of the environment being measured depends on the quality of the user ex-

perience and the quality of the processes performed to deliver that experience [2], [4].

For example, the standard for accessibility measures is based on the ADA guidelines.

Often these questions are too general to capture individual needs [6], [113]. As such,

measuring accessibility can take a lot of time and effort and inevitably involves a degree

of subjectivity that must be carefully controlled for the measurements to be reliable and

meaningful [114], [115]. The followings are the list of accessibility measurement chal-

lenges and examples impacting the acquisition of accessibility information.

4.7.1 Importance of individual questions

Assessment question sets do not weigh the importance of individual questions. It is

unknown whether the measurement follows a question priority to determine its credi-

bility [7], [99], [70], [38]. For example, let’s say an assessment asks if the front door of the

building is accessible versus the sound levels of the building environment. For a per-

son with mobility difficulties, the weighting of the entrance will dwarf the importance of

sound levels. If the individual cannot enter the building, the sound levels are moot.
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4.7.2 Lack of comprehensive assessments

Lack of comprehensive assessments fail to work across all types of disabilities. For

example, one of the significant challenges of accessibility measurement is whether it will

work for individuals with physical, cognitive, or sensory disabilities. This challenge is of-

ten oversimplified. For example, even the category of sensory disabilities includes both

visual and auditory disabilities, which are radically different from each other. Further-

more, the accessibility for people with vision impairments significantly differs between

Figure 4.1: Current taxonomy based on TTSS [1]
, [38]

Figure 4.2: iPad
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a blind person and someone who is not blind but has low vision [4], [111], [113].

Figure 4.3: iPhone with red meter for sound data collection [2]

Figure 4.4: Bluetooth speaker

Figure 4.5: iPad with red meter for sound data collection [2], [3]
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Figure 4.6: Accesssound data collecting protocol [2], [3]

Figure 4.7: AccessSound application [1], [4], [2], [3]
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4.7.3 Individual’s combination of disabilities

Assessments ignore an individual’s combination of disabilities. Measurement must

work for a complex set of a person with a disability. For example, if someone has a vision

impairment and a dexterity impairment, this could be a unique combination. Most as-

sessments do not address combinations of disability impairments [4], [114].

4.7.4 Insufficient detailed

Accessibility outcomes assessments may not be sufficiently detailed. They may only

have a few general questions. They may miss the detailed features of a building and the

need for a specific accessibility design feature. Most assessments do not specify features

such as whether a doorway is wide enough [4], [112].

4.7.5 Quantitative global summary

Assessment fails to produce a quantitative global summary of accessibility. The mea-

surement may examine detailed building features but does not create a summary out-

come statistic for which buildings can be compared. For example, an assessment may

list specific remodeling or design needs but does not consolidate a score as an overall

rating, such as this place is 70 percent accessible for blind people [4], [113].

Figure 4.8: Using ML algorithm the improvement of sound data [2], [3]
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4.7.6 Not applicable for all building types

Assessments do not work for all building types. Measurement must account for all

types of buildings. For example, a restaurant has unique features different than a uni-

versity building or museum [4].

4.7.7 Quantitative and qualitative (personal experiences)

Integrating quantitative and qualitative data methodologies poses another signifi-

cant challenge in accessibility measurement [4], [116]. Objective data, such as measure-

ments of door widths, ramp incline, availability of handrails, and restroom accessibility,

are crucial for assessing accessibility. Additionally, considering user subjective experi-

ences, such as ratings and comments, is equally important. While qualitative data is

often included in website assessments, empirical data is sometimes overlooked. There-

fore, comprehensive and informative accessibility measurements should encompass

both quantitative and qualitative data simultaneously to capture the complexity of in-

formation and provide a more holistic understanding of accessibility [116], [117], [118].

4.7.8 Lengthy and lack efficiency

Comprehensive assessments tend to be lengthy and lack efficiency. To be compre-

hensive in the many dimensions of questions described above, complete assessments

are often complex and lengthy with many questions. These are impractical for the time

and resources available by personnel to complete the assessments [4], [119].

4.7.9 Lack psychometric validation

Assessments often lack psychometric validation. Current assessments have insuffi-

cient documented reliability and validity for appropriate decision-making. For assess-

ments to support evidenced based practice, key types of reliability and validity must

be published [4], [2]. The above accessibility measurement challenges pose difficulties

for PwD to fully participate in the community. A building accessibility evaluation and
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assessment must incorporate solutions to the proposed challenges to maximize PwD

community participation and independence [4], [7].

4.8 How we can solve accessibility measurement challenges?

To address the accessibility measurement challenges of public buildings, several strate-

gies can be employed.

4.8.1 Clear and Consistent Accessibility Standards

Establish clear and consistent accessibility standards and guidelines that apply to all

public buildings. These standards should be updated regularly to reflect advancements

in accessibility knowledge and technology. Ensuring consistency across jurisdictions

helps evaluators have a standardized framework for assessing accessibility [4].

4.8.2 Enhanced Accessibility Training and Education

Provide comprehensive accessibility training and education for architects, design-

ers, builders, and other professionals involved in public building design and construc-

tion. This includes raising awareness about accessibility requirements, best practices,

and the importance of inclusive design. Continuing education programs can help pro-

fessionals stay updated with evolving accessibility standards [4].

4.8.3 Improved Access to Information

Enhance access to accurate and comprehensive information about public buildings.

Maintain centralized databases or repositories that contain relevant architectural plans,

construction details, and accessibility features. This enables evaluators to access neces-

sary information for accurate assessments and eliminates the need for redundant eval-

uations [4].

4.8.4 Collaboration and Stakeholder Involvement

Foster collaboration among evaluators, architects, building owners, disability advo-

cacy groups, and government agencies. Engaging stakeholders in the accessibility mea-
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surement process allows for diverse perspectives and ensures that evaluations consider

a wide range of accessibility needs [116], [118].

4.8.5 Enhanced Enforcement and Compliance

Strengthen enforcement mechanisms to ensure compliance with accessibility stan-

dards. Regular inspections, audits, and certification processes can help identify non-

compliant buildings and encourage timely accessibility improvements. Providing re-

sources and support to building owners and authorities can facilitate compliance ef-

forts [4].

4.8.6 Technological Solutions

Technological solutions can play a significant role in tackling challenges related to

measuring accessibility. Here are several ways in which technology can be instrumental:

i) Automated Data Collection: Technology can automate the collection of objective ac-

cessibility data, such as measurements of doorways, ramps, and other physical features.

This streamlines the process, ensuring data accuracy and consistency. ii) Digital Sur-

veys and Feedback: Technology enables efficient collection of subjective data through

digital surveys and feedback mechanisms. This empowers individuals with disabilities

to share their experiences and provide valuable insights on accessibility. iii) Assistive

Technologies for Data Collection: Assistive technologies like screen readers or voice in-

put facilitate data collection from individuals with visual or physical impairments. This

ensures that accessibility assessments are inclusive and representative of diverse user

perspectives. iv) Augmented Reality and Virtual Reality: These technologies can cre-

ate immersive simulations of buildings and spaces, enabling virtual accessibility assess-

ments. By identifying potential barriers and evaluating design alternatives before phys-

ical construction, these solutions save time and resources. v) Data Visualization and

Analytics: Technology aids in visualizing and analyzing accessibility data, making it eas-

ier to identify patterns, trends, and areas for improvement. Interactive dashboards and
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visual representations enhance the comprehension of complex accessibility informa-

tion. vi) Mobile Applications: Mobile apps offer real-time navigation and accessibility

information, assisting individuals with disabilities in navigating public buildings more

effectively. These apps provide route guidance, highlight accessible features, and offer

personalized assistance [120], [4].

By leveraging technological solutions, challenges in measuring accessibility can be

addressed with greater efficiency and effectiveness. These solutions facilitate accurate

data collection, enhance user engagement, enable inclusive assessments, and provide

valuable insights for improving accessibility in public buildings [4], [113], [73].

4.8.7 User Engagement and Feedback

Involve individuals with disabilities and diverse user groups in the evaluation pro-

cess. Solicit their input, experiences, and feedback to gain insights into the real-world

accessibility challenges they face. Incorporate user perspectives to identify areas for im-

provement and prioritize accessibility features that have the most significant impact [4].

4.8.8 Public Awareness and Advocacy

Raise public awareness about the importance of accessibility in public buildings.

Promote inclusivity, equality, and the rights of individuals with disabilities. Advocacy

efforts can encourage community support and demand for accessible buildings, driv-

ing change and prioritizing accessibility in public spaces [121], [122]. By implementing

these strategies, it is possible to overcome accessibility measurement challenges in pub-

lic buildings and ensure that they are designed, constructed, and evaluated with acces-

sibility in mind.

4.9 What is the difference between accessibility measurement and accessibility eval-

uation of a public building?

Accessibility measurement and accessibility evaluation of a public building are closely

related but have distinct meanings and purposes:
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As discussed in section 3.7, the accessibility measurement in the context of a public

building involves quantifying or assessing the level of accessibility based on specific cri-

teria, metrics, or standards. It focuses on objectively measuring the physical, sensory,

or cognitive accessibility features and barriers in the building. This could include eval-

uating elements such as entrance accessibility, door widths, ramps, elevators, signage,

and restroom facilities. Accessibility measurement provides a quantitative or qualita-

tive understanding of the level of accessibility in the building, helping to identify areas

that may need improvement [123], [124], [125]. The accessibility evaluation goes be-

yond measurement and involves a comprehensive assessment of the accessibility of a

public building. It encompasses a broader scope, considering not only the physical fea-

tures but also the building’s usability, inclusiveness, and overall user experience. Acces-

sibility evaluation involves gathering user input, conducting observations, and consid-

ering subjective factors to assess how well the building meets the needs of individuals

with disabilities. It may involve analyzing factors such as wayfinding, lighting, acoustics,

seating arrangements, communication accessibility, emergency evacuation procedures,

and staff training [125], [126], [127].

In summary, accessibility measurement quantifies and assesses specific accessibil-

ity criteria in a public building. In contrast, accessibility evaluation takes a more com-

prehensive approach by considering user experiences, usability, and a broader range of

factors. Accessibility evaluation provides a holistic view of the building’s accessibility,

identifying strengths and weaknesses to guide improvements and ensure a more inclu-

sive and accommodating environment for individuals with disabilities [122].

4.10 what are the accessibility evaluation challenges of public building?

The accessibility evaluation of public buildings can present several challenges. Here

are some common challenges that evaluators may encounter:
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4.10.1 Complex and Diverse Building Types

Public buildings encompass various types of structures, including government of-

fices, schools, hospitals, museums, and transportation hubs. Each building type pos-

sesses distinct design elements, functions, and accessibility needs. It is crucial for eval-

uators to have a comprehensive understanding of the specific accessibility guidelines

and standards relevant to different building types. This knowledge ensures accurate as-

sessments of their accessibility levels [127], [128], [129].

4.10.2 Lack of Consistent Standards

Establishing a consistent framework for evaluation can be challenging due to vari-

ations in accessibility standards and guidelines across jurisdictions or building codes.

Evaluators face the task of navigating and interpreting these diverse standards to ensure

compliance and effectively identify areas for improvement [130].

4.10.3 Evolving Accessibility Standards

Evaluators face the challenge of keeping pace with the periodic updates of accessi-

bility standards and guidelines, which aim to incorporate advancements in knowledge

and technology. Staying well-informed about the latest standards and understanding

the implications of these updates can be demanding. It requires actively staying abreast

of new regulations and ensuring that evaluations align with the most up-to-date acces-

sibility requirements.

4.10.4 Limited Access to Information

Evaluators may face difficulties accessing complete and accurate information about

the building’s design, construction plans, and accessibility features. This lack of infor-

mation can hinder the evaluation process and lead to incomplete or inaccurate assess-

ments. Collaboration and communication with building owners, architects, and rele-

vant authorities can help address this challenge.
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4.10.5 User Experience Considerations

Accessibility evaluation should not solely focus on physical accessibility features but

also consider the usability and user experience within the building. Assessing factors

such as wayfinding, signage, lighting, acoustics, and communication accessibility re-

quires a comprehensive understanding of how these elements impact individuals with

disabilities. Evaluators may need to consult with accessibility experts, engage with user

groups, or gather feedback from individuals with disabilities to evaluate user experience

effectively [130], [128].

4.10.6 Time and Resource Constraints

Thorough accessibility evaluations of public buildings can be demanding in terms

of time and resources, especially for larger or more complex structures. Evaluators may

encounter limitations regarding available time, budget, and resources to conduct com-

prehensive assessments. To address these constraints, it is beneficial to prioritize areas

with the highest impact and consider collaborating with other professionals. By focus-

ing efforts on critical areas and leveraging collaboration, evaluators can ensure a com-

prehensive evaluation within the given limitations.

4.10.7 Ongoing Maintenance and Updates

Accessibility evaluation should be regarded as an ongoing endeavor rather than a

one-time task. Public buildings undergo modifications, renovations, and changes over

time, making it necessary to maintain accessibility and monitor compliance with evolv-

ing standards. Regular evaluations are essential to identify and address any accessibility

barriers that may arise due to building alterations. This process requires collaboration

with building owners to ensure continued accessibility.

Addressing these challenges, a combination of expertise, collaboration, ongoing ed-

ucation, and clear communication with stakeholders is crucial. By overcoming these

challenges, accessibility evaluators can contribute to the creation of more inclusive and
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accessible public buildings, fostering environments that cater to the needs of all indi-

viduals [127], [128], [129].

4.11 How to solve accessibility evaluation challenges of public buildings?

To address the accessibility evaluation challenges of public buildings, consider the

following strategies [127], [128], [129]:

4.11.1 Clear Accessibility Guidelines

Establish clear and comprehensive accessibility guidelines and standards for public

buildings. These guidelines should cover various aspects such as entrances, pathways,

signage, restrooms, parking, and communication accessibility. Having well-defined guide-

lines provides a consistent framework for evaluation and ensures that all aspects of ac-

cessibility are considered [4], [131].

4.11.2 Training and Education

Provide training and education programs for architects, designers, engineers, and

other professionals involved in public building design and construction. This train-

ing should focus on accessibility requirements, universal design principles, and best

practices for creating inclusive environments. Increasing the knowledge and aware-

ness of professionals can lead to better-designed buildings that meet accessibility stan-

dards [130], [129].

4.11.3 Accessibility Experts

Employ or consult with accessibility experts who have specialized knowledge and

experience in evaluating public buildings. These experts can provide guidance, conduct

evaluations, and offer recommendations for improving accessibility. Their expertise can

help overcome challenges and ensure accurate assessments [125], [124], [132].
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4.11.4 Collaboration and Stakeholder Engagement

Foster collaboration among stakeholders involved in public building projects, in-

cluding architects, building owners, accessibility advocates, and government agencies.

Engage stakeholders in the evaluation process to gather diverse perspectives, share in-

formation, and ensure that all accessibility concerns are addressed [129].

4.11.5 Accessible Documentation and Information

Improve access to accurate and comprehensive documentation for public buildings.

This includes architectural plans, construction details, and information about accessi-

bility features. By making this information readily available, evaluators can have a better

understanding of the building’s design and identify potential barriers [30], [130], [127].

4.11.6 User Feedback and Input

Seek feedback from individuals with disabilities and diverse user groups who have

experience navigating public buildings. Their insights and firsthand experiences can

provide valuable information about the actual accessibility of the building. Engaging

users in the evaluation process can help identify specific challenges and prioritize im-

provements.

4.11.7 Regular Audits and Inspections

Implement regular audits and inspections of public buildings to ensure ongoing

compliance with accessibility standards. Conducting periodic evaluations can help iden-

tify barriers that may have arisen due to changes or modifications in the building. Reg-

ular inspections promote accountability and prompt action to address accessibility is-

sues.

4.11.8 Public Awareness and Reporting

Raise public awareness about the importance of accessibility in public buildings.

Encourage individuals to report accessibility barriers they encounter, whether through
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dedicated reporting systems or public feedback channels. Public awareness can gener-

ate momentum for change and drive the prioritization of accessibility in building design

and evaluation [123], [123], [125].

4.11.9 Enforcement and Compliance

Strengthen enforcement mechanisms to ensure compliance with accessibility stan-

dards. This can involve regular monitoring, penalties for non-compliance, and a clear

process for addressing accessibility complaints. Ensuring accountability for accessibil-

ity can lead to greater adherence to standards. These strategies can help overcome the

challenges of accessibility evaluation in public buildings and foster the creation of inclu-

sive environments that cater to the needs of all individuals. In response to these issues,

our research has developed a solution with the goal of establishing a reliable, valid, and

relevant assessment system for public buildings. We have created several prototypes to

validate our concept, including five unique applications. These applications enable the

collection of data from both individuals with disabilities and accessibility experts. They

empower people to identify establishments that best meet their needs, plan alternative

routes, arrange assistance, or avoid specific barriers [127], [132].

The project, named Access Rating for Buildings (ARB), comprises a set of user-friendly

and portable evaluation and reporting tools. These tools allow building assessors to

share detailed information about the accessibility of any building. The designed so-

lution will be further elaborated at the end of this chapter.

4.12 How Artificial Intelligence can help to solve accessibility measurement and eval-

uation challenges of public building challenges?

4.12.1 Artificial Intelligence

Artificial Intelligence (AI) is the field of computer science that focuses on creating

intelligent machines capable of performing tasks that typically require human intelli-

gence. It involves developing computer systems that can learn, reason, solve problems,
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and make decisions. The goal of AI is to replicate human cognitive abilities, such as

understanding natural language, recognizing images, processing data, and adapting to

new situations [133], [119].

AI encompasses several subfields, including machine learning, natural language pro-

cessing, computer vision, and robotics. Machine learning is a crucial aspect of AI, where

algorithms enable computers to learn from large datasets and improve their perfor-

mance without explicit programming. Natural language processing involves interpret-

ing and generating human language, allowing computers to understand and commu-

nicate in a manner similar to humans [134], [135], [136]. Computer vision involves

teaching machines to interpret and comprehend visual data, such as images and videos.

Robotics focuses on creating physical machines that can interact with the physical world.

AI finds applications across diverse industries, including healthcare, finance, trans-

portation, manufacturing, and entertainment. Examples of AI applications include vir-

tual assistants, autonomous vehicles, image recognition systems, recommendation al-

gorithms, and fraud detection systems [137], [138].

The AI models can contribute to solving accessibility measurement challenges in

public buildings in several ways:

4.12.2 Automated Data Analysis

AI models can analyze large volumes of data related to public buildings, such as ar-

chitectural plans, blueprints, images, and sensor data. They can automatically extract

relevant information and identify accessibility features, potential barriers, and compli-

ance with accessibility standards. This automated analysis can assist evaluators by pro-

viding quick and objective measurements [133], [138].

4.12.3 Image Recognition and Object Detection

AI models trained on image recognition and object detection can identify specific

accessibility features in photographs or floor plans of public buildings. For example,
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they can detect wheelchair ramps, accessible parking spaces, or signage. This enables

evaluators to assess the presence and quality of these features more efficiently [139],

[140], [141], [142].

4.12.4 Natural Language Processing (NLP)

NLP techniques can be employed to analyze and extract information from textual

documents, such as accessibility guidelines, building codes, or regulations. AI models

can interpret and understand the requirements and recommendations for accessibility,

aiding evaluators in understanding and applying the relevant standards [55], [56], [56].

4.12.5 Virtual Simulations and User Experience Testing

AI models can generate virtual simulations of public buildings, allowing evaluators

to virtually navigate and experience the accessibility features. These simulations can

simulate different user scenarios, such as wheelchair users or individuals with visual

impairments, to identify potential accessibility issues and evaluate the effectiveness of

existing features [137], [135].

4.12.6 Predictive Analytics for Accessibility Planning

AI models can utilize historical data on accessibility evaluations, user feedback, and

building characteristics to make predictions about the accessibility of new or modified

public buildings. This can help architects and designers anticipate potential accessibil-

ity challenges during the planning and design phase, facilitating proactive accessibility

improvements [58], [59], [57].

4.12.7 Intelligent Assistants and Chatbots

AI-powered intelligent assistants or chatbots can provide information and guidance

on accessibility features in public buildings. They can assist users in finding accessi-

ble entrances, accessible facilities, or navigating through complex buildings. These AI-

powered assistants can be accessible through various platforms, such as websites or mo-

bile applications.
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4.12.8 Real-time Monitoring and Alerts

AI models can continuously monitor sensor data from public buildings to detect

accessibility-related issues in real-time. For instance, they can identify crowded areas,

detect malfunctioning elevators, or monitor environmental factors affecting accessibil-

ity, such as lighting or temperature. Real-time alerts can be generated to prompt timely

intervention and maintenance [60], [61], . It is important to note that AI models should

be developed and trained using diverse and representative data to ensure their accuracy

and effectiveness. Human expertise and evaluation are still crucial in interpreting the

results generated by AI models and making informed decisions regarding accessibility

improvements in public buildings [7].

4.13 Some Popular Artificial Intelligence models for solving accessibility measure-

ment and evaluation challenges

4.13.1 Decision Tree

The decision tree is a well-known machine learning model utilized in artificial intel-

ligence for classification and regression tasks. It represents a graphical depiction of a se-

quence of decisions and their possible outcomes, intending to mimic human decision-

making processes by learning from existing data [103], [20], [20], [143]. The fundamen-

tal structure of a decision tree encompasses nodes, branches, and leaves. Nodes cor-

respond to decisions or tests based on specific features or attributes, while branches

indicate potential outcomes or paths, and leaves represent the final decisions or predic-

tions [144], [145], [146]. Followings are the steps how the decision tree model operates:

Data Preparation: The decision tree model necessitates labeled training data, where

each instance is associated with a known outcome or class label. The data is prepro-

cessed to ensure it is in a suitable format for analysis. i) Feature Selection: The model

identifies the most informative features from the available dataset. It determines which

features are most valuable for making predictions or decisions based on their capacity

to divide the data into distinct classes or categories. ii) Building the Tree: The decision



[66]

tree model employs an algorithm to iteratively split the data based on the selected fea-

tures. At each node, the algorithm chooses the most suitable feature to divide the data

into subsets that are as pure as possible in terms of the target class labels. This pro-

cess continues until a stopping criterion is met, such as reaching a maximum depth or a

minimum number of instances in a leaf node. iii) Making Predictions: Once the decision

tree is constructed, it can be employed to make predictions or decisions for new, unseen

instances. The model follows the branches and tests the features to classify or predict

the outcome of the instance. It traverses the tree from the root node to a leaf node,

where the final class label or value is determined. iv) Handling Uncertainty: Decision

trees can accommodate uncertainty by incorporating probabilistic measures. Instead

of assigning a single class label to a leaf node, the model can assign a probability dis-

tribution over the possible class labels based on the frequencies of different classes in

the training data. v)Evaluation and Pruning: The decision tree model is evaluated based

on its performance on a separate validation or test dataset. Pruning techniques may be

applied to simplify the tree and prevent overfitting, which occurs when the model be-

comes excessively complex and performs well on the training data but inadequately on

new data [144], [4], [2].

The decision tree model is widely recognized for its interpretability, as the decision

rules can be easily comprehended and visualized. Nonetheless, it may suffer from over-

fitting if the tree becomes overly intricate and may struggle to generalize well to unseen

data. To address these limitations, various variations and ensemble techniques, such as

random forests and gradient boosting, have been developed to enhance decision tree

performance [145], [73].

4.13.2 Random Forests

The Random Forests model is a widely used algorithm in artificial intelligence for

classification and regression tasks. It belongs to the category of ensemble learning meth-

ods, which combine multiple decision trees to make predictions or decisions.
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following are the steps how the Random Forests model operates:

i) Data Preparation: Like other machine learning models, the Random Forests model

requires labeled training data, where each instance is associated with a known outcome

or class label. The data is preprocessed to ensure it is in a suitable format for analy-

sis [147]. Random Sampling: The Random Forests model employs random sampling

with replacement, known as bootstrapping, to create different subsets of the training

data for each decision tree in the ensemble. This helps introduce diversity and reduce

the risk of overfitting [148]. ii) Feature Selection: For each decision tree, a random sub-

set of features is chosen from the available dataset. This process ensures that different

trees consider different sets of features, preventing any single feature from dominating

the model’s predictions. iii) Building Decision Trees: Each decision tree in the Random

Forests model is constructed using a similar process to the basic decision tree model.

The data is recursively split based on the selected features, aiming to create subsets that

are as pure as possible with respect to the target class labels. However, unlike a single

decision tree, the Random Forests model typically limits the tree’s depth or the number

of instances at each leaf to avoid overfitting [149]. iv)Prediction Aggregation: After all

the decision trees are built, predictions are made for new, unseen instances. For classi-

fication tasks, each tree independently predicts the class label of the instance, and the

final prediction is determined by majority voting. For regression tasks, the individual

tree predictions are averaged to produce the final prediction. v)Evaluation and Tuning:

The Random Forests model’s performance is evaluated using validation or test data, em-

ploying various evaluation metrics such as accuracy, precision, recall, or mean squared

error. If necessary, the model’s hyperparameters, such as the number of trees, maxi-

mum depth, or the number of features considered at each split, can be adjusted to op-

timize performance. The Random Forests model is known for its robustness and ability

to handle complex datasets. By combining multiple decision trees, it reduces the risk of

overfitting and provides reliable predictions. It can effectively handle missing data and
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noisy features, making it suitable for a wide range of applications in finance, healthcare,

image recognition, and other domains where accurate and interpretable predictions are

crucial [150], [151], [148], [147], [149].

4.13.3 Linear Regression

Linear regression is an essential machine learning model employed in artificial intel-

ligence for predictive analysis and regression tasks. It is a straightforward yet powerful

algorithm that establishes a linear connection between input variables (features) and

the target variable to facilitate predictions.

Here’s a summary of how the linear regression model operates:

i) Data Preparation: The linear regression model necessitates a dataset comprising

labeled training examples, where each instance contains input features and their corre-

sponding target variable. The data is preprocessed to ensure it is in a suitable format for

analysis.

ii) Feature Selection: The model identifies the most pertinent features from the dataset

by assessing their correlation with the target variable. It determines which features ex-

hibit the strongest linear relationship with the target variable and are most informative

for making accurate predictions.

iii) Model Representation: In linear regression, the connection between input fea-

tures and the target variable is represented by a linear equation of the form: y = w1x1

+ w2x2 + ... + wn*xn + b Here, y represents the predicted target variable, x1, x2, ..., xn

denote the input features, w1, w2, ..., wn indicate the corresponding weights or coeffi-

cients assigned to each feature, and b represents the bias or intercept term.

iv) Training the Model: The objective of training the linear regression model is to

identify the optimal values for the weights (w1, w2, ..., wn) and the bias term (b) that

minimize the discrepancy between the predicted values and the actual target values in

the training data. This is typically achieved using optimization techniques such as gra-

dient descent or normal equations.
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v) Making Predictions: Once the model is trained, it can be leveraged to make pre-

dictions for new, unseen instances. The input features are multiplied by their respective

weights, and the bias term is added to generate the predicted target variable.

vi) Evaluation: The performance of the linear regression model is assessed using

metrics like mean squared error (MSE), root mean squared error (RMSE), or coefficient

of determination (R-squared). These metrics gauge the accuracy and quality of the

model’s predictions.

Linear regression is widely adopted as it is an interpretable model capable of han-

dling both single-variable and multiple-variable regression problems [152], [153], [92],

[154], [155], [156], [157]. It assumes a linear relationship between input features and

the target variable, making it suitable for scenarios where the relationship is reasonably

linear. However, it may not perform well when the relationship is highly nonlinear or

involves complex feature interactions. In such cases, more advanced regression models

such as polynomial regression or nonlinear regression may be more suitable.

4.14 Methodology

To address challenges related to accessibility measurement and evaluation, this re-

search proposes a solution called Access Ratings for Buildings (ARB). ARB is a compre-

hensive and portable evaluation and reporting tool that utilizes mobile applications in-

tegrated with machine learning algorithms to rate the accessibility of building features.

The objective of ARB is to enhance the accuracy of accessibility measurement by es-

tablishing a reliable and trustworthy assessment system for public building accessibil-

ity [4], [2], [38], [6].

For individuals with disabilities (PwD), their families, friends, and building owners,

ARB has developed multiple prototypes to validate the concept. The implementation of

mobile applications provides up-to-date accessibility information on public structures.

Through the ARB system, users can access both ADA information and user experience

ratings conveniently on a single platform [38], [38], [73].
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Additionally, ARB comprises five unique applications that quantify accessibility mea-

surement information: AccessTools, AccessLight, AccessSound, AccessSlope, and Ac-

cessRuler. These applications facilitate the assessment of different accessibility aspects

and contribute to a comprehensive evaluation of building accessibility.

Overall, the ARB solution aims to address accessibility challenges, provide accurate

measurement and evaluation, and offer accessible information to users through inno-

vative mobile applications.

4.14.1 Purpose of ARB

The purpose of ARB is to identify, document, and objectively measure the complete

accessibility of different building elements. AccessTools and myAccessTools are unique,

comprehensive, and efficient accessibility assessment tools that has been recently de-

veloped to be used by trained assessors. This tool aims to provide a comprehensive

assessment of public buildings and objectively identify accessibility barriers hindering

PWD from using these buildings. The primary goal is to design, develop, and deploy

software applications that provide value and meet the requirements of users or organi-

zations. The purpose of ARB summarized as follows:

i) Solve Problems: To address the challenges associated with accessibility measure-

ment and evaluation, the Access Ratings for Buildings (ARB) system has been devel-

oped with the aim of improving the accuracy and reliability of accessibility assessments

[19,20]. ARB provides a comprehensive solution for individuals with disabilities (PwD),

their families, friends, and building owners by offering a range of prototypes and mobile

applications that deliver real-time accessibility information for public structures. The

following points outline how ARB effectively resolves accessibility measurement chal-

lenges: a) Solution 1: Deals with the importance (weighting) of questions from the ques-

tion set asking - ARB follows a hierarchical approach in determining the importance of

questions. It starts with essential aspects such as parking and front doors, progress-

ing through a structured sequence. Matrices are employed in ARB, assigning weights
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to questions based on different disability types. These matrices encompass a list of dis-

ability types and associate weights with the questions. With a coverage of 16 impairment

types, ARB ensures that questions are appropriately weighted for each specific disability.

To enhance user experience, ARB begins with users creating a personalized profile

using system data. This profile enables the ARB application to display building informa-

tion tailored to the individual’s specific accessibility needs [4], [2], [7]. This personalized

display offers a significant advantage by minimizing the time users spend sifting through

irrelevant and unnecessary data. Users can choose to view building evaluation sum-

maries or delve into details provided by other individuals with disabilities and build-

ing visitors who have shared personal accessibility testimonials and ratings for specific

buildings provides an illustrative depiction of the taxonomy employed within the pro-

posed ARB system. The personalized choice in ARB can be enhanced and made more

efficient and reliable through the utilization of machine learning (ML) algorithms such

as decision trees, random forests, linear regression, and other decision-making algo-

rithms [4], [7], [6]. In this research, particular emphasis is placed on the analysis using

decision trees. Decision trees are popular ML algorithms known for their simplicity and

ability to streamline the decision-making process. They serve as a tool for identifying

different options and their corresponding outcomes through predictive modeling [4].

The structure of a decision tree consists of a root node, which serves as the start-

ing point, and leaf nodes, which represent the endpoints or decisions. In the proposed

solution, the root node is based on user profile-specific data. For example, if the user in-

tends to assess the accessibility of a restaurant, the root node in the decision tree would

be "restaurant." The leaf nodes are the final outputs obtained through a series of deci-

sions, represented by the end questions from the taxonomy [4], [2], [30].

The accuracy of the personalized question choice set, derived from the decision tree

model, is reported to be 97 percent. This indicates the high precision and effectiveness

of the decision tree algorithm in tailoring question selection to individual profiles.
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The ARB system encompasses a comprehensive question set comprising more than

2600 questions, with plans for further expansion in the future. This solution aims to ad-

dress all 16 different impairment types and covers various types of buildings and their

respective features. However, a significant challenge within the question set lies in the

presence of numerous similar and duplicate questions assigned to different building el-

ements. For instance, questions regarding the accessibility measurement of bedrooms

may exhibit considerable overlap with those pertaining to dining rooms, as the features

involved are often similar. To mitigate this redundancy, the application of machine

learning (ML) algorithms such as semantic text matching, long short-term memory net-

works (LSTM), and convolutional neural networks (CNN) can be employed. These al-

gorithms effectively identify and remove duplications, enhancing the efficiency and ac-

curacy of the accessibility measurement process. By employing these ML techniques,

the aforementioned accessibility measurement challenges discussed in section II can

be successfully addressed.

Solution 2: The proposed solution aims to be comprehensive, encompassing all dis-

abilities and levels of disability. To address the presence of redundant data, including

similar question sets and duplicate questions, an ensemble model is utilized in this

study. Specifically, long short-term memory networks (LSTM) are employed to elimi-

Figure 4.9: Choice of building evaluation based on Decision Tree
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nate duplicate questions. LSTM is chosen based on previous studies that indicate its

effectiveness in handling duplicity [158], [159], [160], [92], [161], [162], [163].

In addition, semantic text matching is implemented to address the issue of similar

question sets. This model is currently in the implementation phase, and future results

will be incorporated once testing is completed. By combining these approaches, the

study tackles the challenges associated with accessibility measurements outlined in Sec-

tion II, offering an effective solution for optimizing the evaluation process.

Solution 3: The ARB system efficiently caters to individuals with disabilities by offer-

ing an extensive question set that covers various building types, disabilities, and build-

ing features. To further enhance its efficiency, ARB utilizes a smart filtering approach

to personalize the selection of choice-based questions. By tailoring the question set to

the specific needs of each individual, ARB ensures an efficient and effective evaluation

process. This aspect of ARB directly addresses challenge III, as outlined in Section II.

Solution 4: ARB employs a comprehensive question set for accessibility measure-

ment, and then applies smart filtering using a decision tree based on personalized choice-

based questions. This process ensures that the application effectively addresses the

specific needs of individuals with disabilities. Consequently, ARB successfully resolves

the fourth challenge related to accessibility measurement, as discussed in Section II. By

identifying the specific features that require attention, ARB facilitates the identification

of areas that need to be addressed and improved for enhanced accessibility [4].

Solution 5: After completing the rating of building features, ARB collects data and

generates summary numbers to provide a global overview. For instance, when a user

rates the main entrance, the app calculates an accessibility score between 0 and 100.

Additionally, the assessment indicates whether the main entrance is accessible or not.

For example, if the door is sufficiently wide and scores 80, it is considered accessible.

This approach effectively tackles the fifth challenge pertaining to accessibility measure-

ment, as discussed in Section II. By providing summary numbers and clearly indicating
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the accessibility status of each feature, ARB enables users to easily understand the over-

all accessibility of a building [2].

Figure 4.10: AccessTools UI - Welcome page [1], [4], [5], [6], [7]

Figure 4.11: AccessTools UI - Existing Evaluation List [1], [4], [5], [6], [7]
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Solutions 6 and 7: The ARB taxonomy encompasses a wide range of building types

and their specific features. It is designed to be applicable to various types of buildings,

Figure 4.12: AccessTools UI - Question Branching [1], [4], [5], [6], [7]

Figure 4.13: AccessTools UI - Question Subbranching [1], [4], [5], [6], [7]
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taking into account the specific characteristics and features associated with each build-

ing type. The decision tree, as depicted is utilized to determine the appropriate build-

ing type based on user input and guide the assessment process accordingly. This en-

sures that ARB functions effectively for all types of buildings, while also considering the

unique attributes and requirements of each specific building [4].

Solution 8: The ARB system captures both qualitative and quantitative aspects of

building accessibility. Users can select the type of building, such as a restaurant or hos-

pital, and choose relevant questions based on their selection. This approach allows for

qualitative assessment, considering personal experiences and subjective factors. Addi-

tionally, ARB incorporates quantitative measurement by providing accessibility results

displayed as percentages, reflecting the level of accessibility achieved through scoring

algorithms. By offering a combination of qualitative and quantitative measurements,

the ARB system effectively addresses the eighth challenge related to accessibility mea-

surement [4].

Solution 9: To enhance measurement efficiency, ARB implements question branch-

ing using the Trichotomous Tailored Sub-Branching Scoring (TTSS) methodology. This

approach enables users to gather detailed accessibility information specific to various

building features. The question branching process for ARB is illustrated. If a user se-

lects "Accessible" (score 2) or "Not Accessible" (score 0), the subsequent questions will

skip the detailed question set and proceed to the next level. This streamlined process

allows for efficient and faster accessibility measurement by focusing on key aspects [4],

[2], [164], [148].

Conversely, if the user chooses "Somewhat Accessible" (score 1), all the detailed

questions will be presented (sub-branching), providing a comprehensive evaluation to

determine the true accessibility of a feature. This approach aids in identifying potential

limitations and enables accurate data collection. By adapting the level of detail based

on user responses, ARB promotes efficient and accurate assessment of accessibility fea-
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tures, optimizing the data collection process [4].

Solution 10: Reliability - One of the major challenges and issues of accessibility mea-

surement is reliability on the accessibility measurement. ARB is reliable with the results

it produces. In ARB, if the user chooses “Somewhat Accessible” 1, the question branches

to follow-up questions that inquire more about the feature. This, along with the de-

scriptions for each item, assists users with all types of accessibility knowledge and effec-

tively scores items and rate-building features. Furthermore, data reliability is enhanced

through the implementation of two machine-learning algorithm-based solutions [4].

Data reliability- Data reliability is a significant concern in the field of accessibility

measurement [2]. To collect and assess accessibility data, users such as building asses-

sors, owners, managers, and policymakers utilize their smartphones. These individu-

als rate various features of buildings, including parking, doorways, elevators, floors and

ground surfaces, handrails, ramps, restaurants, restrooms, routes, seating, signage, and

Figure 4.14: Types of validation

Figure 4.15: The list of result how ARB address the accessibility measurement challenges
[4]
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stairs [4]. Users record specific details pertaining to each area either while on-site or af-

terwards.

However, a critical issue impacting data reliability arises from the use of different

devices. The variation in devices can lead to inconsistent results, compromising the re-

liability of the collected data. This issue of variability across devices presents a challenge

that needs to be addressed to ensure the reliability and consistency of accessibility mea-

surement data [2], [4], [90], [91], [165], [93], [166].

Different models of iPhones and Android phones exhibit variations in hardware com-

ponents, including microphones, camera quality, and resolution. However, to address

this issue, the research proposes multiple solutions. One of the proposed solutions in-

volves leveraging machine learning (ML) algorithms to analyze the inconsistencies in

hardware-related data and determine suitable resolutions.By applying ML algorithms,

the research aims to identify patterns and correlations between the hardware variations

and the resulting data discrepancies. This analysis can help establish a framework for

adjusting and aligning the collected data to ensure greater consistency and reliability

across different device models. This solution contributes to mitigating the impact of

hardware-related variations on accessibility measurement, enabling more accurate and

reliable data collection [2].

The initial challenge revolves around the inconsistency in sound data caused by

variations in microphone configurations across different phone models. This disparity

results in discrepancies between the collected sound data and the reference test data,

leading to partially inaccurate evaluations of accessibility. To address this critical issue,

the research implemented the pwlf package, which employs continuous piecewise lin-

ear functions specific to each device, ensuring precise evaluations and resolution of the

problem [5], [73], [4], [2].The pwlf package utilizes two optimization techniques to de-

termine the best piecewise model. The outer optimization, known as differential evolu-

tion, is employed to locate the breakpoints in the data series. These breakpoints are then



[79]

used in the inner optimization process, called the least squares fit, to determine the most

suitable continuous piecewise linear function. The research primarily focuses on sound

data recorded from iPhones (while considering all possible phone models in future stud-

ies) and uses A-weighted decibels (dBA) as the output. A-weighting is specifically ap-

plied to instrument-measured sound levels to account for the ear’s relative loudness

perception, as it is less sensitive to low frequencies. Due to limitations in the phone’s

speaker and microphone sensitivity, the measurement for low and high frequencies is

not possible. Therefore, the research utilizes a frequency range of 400 Hz to 6400 Hz

to develop the algorithm. The model’s output provides a threshold value for each mi-

crophone type, which is then applied to the sound data of iOS devices. This seamless

integration of the solution is accomplished through the AccessSound application, en-

suring accurate evaluations of accessibility through precise sound data analysis [2].

The AccessSound application acts as a valuable tool for measuring decibel levels (dB)

in enclosed areas and provides accessibility information based on the recorded sound

measurements. Its main purpose is to report sound measurements and offer access to

audio levels. By utilizing this application, users can accurately measure sound levels in

enclosed spaces, overcoming concerns related to hardware-related inaccuracies [4], [2].

This solution presents a significant advantage by reducing reliance on device-specific

measurements and enhancing the reliability and accuracy of the evaluation process.

The data collection process is depicted in Figure 4, showcasing how sound measure-

ments are collected using the AccessSound application. Figure 5 illustrates the organi-

zation and structure of the collected data, ensuring efficient management and analysis.

Furthermore, Figure 6 visually represents the data collection process in a laboratory set-

ting, highlighting the validation of the solution through the AccessSound application [2].

Overall, the AccessSound application plays a pivotal role in providing reliable and

accurate sound measurements for assessing accessibility, offering users a robust and

efficient tool to evaluate sound levels in various enclosed spaces.
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The second challenge revolves around the inconsistency in light data due to varia-

tions in camera configurations and quality among different mobile devices. These varia-

tions can result in differing accessibility evaluations for light data, such as assessing suf-

ficient brightness, low light conditions, or excessive brightness, even when evaluating

the same light source [4], [2], [6], [7]. To address these issues related to hardware-related

data disparities, the research conducted data collection for all possible iPhone camera

configurations, with a primary focus on iPhones while considering all types of mobile

devices for future research. The collected iOS devices were grouped based on their cam-

era configurations, specifically the front and back cameras. Predictive analytics tech-

niques were subsequently applied to mitigate these challenges. Predictive analytics en-

compasses a range of statistical techniques employed in this research. The model uti-

lized lab-collected light data as input and generated a threshold value as output. This

threshold value was then applied to the collected iOS data from the lab. As a result, re-

gardless of the camera configuration, consistent light-level data was obtained from all

iOS devices. Figure 7 illustrates the light data collection process for two different models

of iPads using the same light source. It is evident that the data differs between the two

models based on the camera used, despite the identical light source. For this research,

thirteen different models of iPads were initially considered. Two types of light meters,

namely the orange light meter and black light meter, were utilized, with the average data

serving as the standard. The threshold value was applied to the collected light data, re-

sulting in consistent data across all device models. This research significantly enhances

the reliability of accessibility evaluation data, reduces device dependency, and increases

the accuracy of the resulting data. In initial testing, the model achieved an accuracy of

92 percent for iOS devices (iPhone, iPad). Figure 8 showcases the AccessLight applica-

tion, which is integrated with the light algorithm. Together with the AccessSound appli-

cation, AccessLight, and two other applications, namely AccessSlope and AccessRuler,

it is integrated into the AccessTools application, which facilitates building accessibility
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evaluations. Through the integration of the AccessSound, AccessLight, and other rele-

vant applications, this research offers an innovative approach to address the challenges

associated with measuring light data and ensure reliable and accurate accessibility eval-

uations in building assessments [1], [8], [2], [4].

By leveraging machine learning algorithms, this research effectively tackles the lim-

itations imposed by device hardware and sensors, paving the way for significant ad-

vancements in rehabilitation systems, particularly in the field of building accessibility

measurement. Through the utilization of sensors available in iPhones and iPads, the

proposed solution empowers users to efficiently assess slopes, sound levels in decibels,

inclines, brightness, and distances. This eliminates the need for separate tools such as

tape measures, levels, and clipboards. Additionally, these measuring applications offer

the capability to capture photos and videos of specific building elements, providing a

comprehensive representation of identified accessibility barriers. Future endeavors will

prioritize the refinement of sound and light algorithms to further enhance their perfor-

mance. While the current focus centers on analyzing hardware data from iOS devices

for light and sound algorithms, forthcoming research will encompass the potential in-

tegration of various other types of devices. This inclusive approach aims to expand the

applicability and impact of the proposed solution to a broader range of devices and ac-

cessibility evaluation scenarios [2], [4], [30].

Solution 11: Validity - Validation has lots of different kinds. The types of validations

are- i) Content validation: Content adequacy measures how well a test covers all relevant

parts of the construct it is designed to measure. For the building measurement, ARB

covers all the parts of accessibility testing, for example, from parking to the front door to

light intensity, and also the question set is validated by accessibility experts, so this solu-

tion meets content validation [107], [4], [2]. ii) Construct validation: Construct validity

is how well a test measures the evaluated concept. It is important to establish the overall

validity of the method. For example-does, does this measure the accessibility of a build-
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ing? If “Yes,” is the relevant questions there? Or it measures the accessibility of roads?

ARB measures the accessibility of a building that it is designed for. So, this measure-

ment passes the construct validity testing [40], [7]. iii) Consequential validation: The

term "consequential validation" relates to whether a test has favorable or unfavorable

societal repercussions. For instance, the consequence validity of standardized exami-

nations includes several advantageous features, such as better student motivation and

learning and assuring that all students have access to the same curriculum. Although it

may conceivably be used in other domains, this form of validity almost often refers to

something that contributes to society. So, the question is, does this scale help people

with disabilities? ARB has the consequence of having the measure. Because if users use

the ARB application AccessTools for rating a public building, for example, a classroom.

That information will be helpful for students with some kind of physical or cognitive dis-

ability. The school management can also take necessary steps to make their classroom

accessible for all students [4]. iv) Concurrent validity: The degree of agreement between

two measurements or assessments made simultaneously is displayed by concurrent va-

lidity. It contrasts a brand-new test with one that has already undergone testing and

been shown to be reliable. Here the question is, does ARB have all the required ques-

tions for measuring buildings accessibility, which is required by ADT measure accessi-

bility buildings policy? Another question is whether ARB measurement accessibility and

ADT measurement accessibility are the same. For the first question, ARB covers all ques-

tions of ADT for measuring building accessibility, and Arb is not the same as ADT. It is

a more comprehensive, expert-based intelligent system for measuring building accessi-

bility. So, ARB passes the concurrent validity [2], [4].

Through the conducted literature review, this study delves into numerous challenges

and issues associated with measuring the accessibility of buildings. To address these

challenges, the research proposes a range of solutions based on machine learning algo-

rithms, with a particular emphasis on ensemble approaches. Prominent machine learn-
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ing algorithms like semantic text matching, long short-term memory networks (LSTM),

and convolutional neural networks (CNN) are employed to mitigate redundancy in tex-

tual questions. By incorporating intelligent system-based questions, the decision-making

process for measuring building accessibility is enhanced, resulting in a significantly im-

proved user experience. Furthermore, the proposed solution includes a comprehensive

set of weighted questions that are tailored to address both individual and general acces-

sibility concerns. This research also focuses on achieving accessibility measurements

that encompass all types of buildings and cater to specific types of accessibility needs.

The proposed accessibility measurement system solution is not only efficient and re-

liable but also validated. This validation is exemplified through the integration of five

accessibility measurement mobile applications within the ARB framework. A concise

summary of how the proposed solutions effectively tackle the challenges of accessibility

measurement is provided in Table 1. The researchers have strong confidence in the effi-

ciency and reliability of their proposed system solution.

4.14.2 Architecture of ARB

Provide Value: To cater to the needs of individuals with disabilities (PwD), their fam-

ilies, friends, and building owners, the ARB system is being developed as a mobile and

web-based platform. This system offers real-time accessibility information regarding

Figure 4.16: ARB software life cycle
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Figure 4.17: Iterative model followed by ARB

Figure 4.18: Different components of ARB

Figure 4.19: Scoring of main entrance of a building using myAccessTools
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public buildings. Within the ARB system, users can access both ADA information and

user experience ratings on a unified platform [4].The software bring several benefits,

such as increased accuracy of existing measurement system , time and cost savings, im-

proved decision-making and enhanced communication of PWD. The goal is to improve

accessibility of public buildings.

Enable Innovation: ARB represents a pioneering advancement in data collection

tools designed specifically for individuals with disabilities (PwD). It introduces a new

dimension to the measurement of accessibility in public buildings. By leveraging ARB,

there is a significant potential to enhance the accuracy of existing accessibility evalu-

ations conducted for public buildings. This solution opens up new opportunities for

improving the assessment and understanding of accessibility in these spaces [4], [2].

Enhance User Experiences: ARB boasts intuitive interfaces, smooth interactions, and

seamless workflows, ensuring a user-friendly and enjoyable experience. The application

incorporates all the accessibility features supported by iOS APIs, guaranteeing accessi-

bility and inclusivity for all users. The developers of ARB have placed great emphasis on

prioritizing user experiences, aiming to maximize user adoption and overall satisfaction

Figure 4.20: ARB existing works and the dissertation work contributions
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with the application [4], [2].

Adapt and Evolve: The development of ARB adheres to iterative development pro-

cesses, which promote flexibility and responsiveness to changes. The application un-

dergoes rigorous reviews conducted by a dedicated testing team to ensure its quality

and functionality. Additionally, a dedicated research team is responsible for planning

future features and enhancements to continuously improve the existing app [4], [2].

Ensure Reliability and Quality: ARB is a highly reliable, high-quality, and robust ap-

plication. Its primary goal is to create software that operates accurately, delivers ex-

cellent performance, and meets the desired standards. To achieve this, rigorous test-

ing, thorough code reviews, and comprehensive quality assurance practices are imple-

mented to guarantee the software’s stability, security, and reliability [4], [2].

In summary, the development of the ARB application aims to create efficient and

customizable software solutions to address existing challenges in accessibility measure-

ment and evaluation. It seeks to provide value to people with disabilities, foster inno-

vation, enhance user experiences, adapt to evolving needs, and ensure reliability and

quality. By fulfilling these purposes, the development of ARB empowers individuals with

disabilities and rehabilitation experts to leverage technology for improved accessibility

and inclusivity [4].

4.14.3 Functionality

The first step for ARB users is to create a personalized profile, enabling the system

to tailor the display of building information based on the individual’s specific accessi-

bility requirements. Users have the option to view summary reports or delve into the

details, leveraging insights shared by other individuals with disabilities and building

visitors who have provided personal accessibility testimonials and ratings for specific

buildings. The assessment data on building accessibility is contributed by both visitors

with accessibility needs and trained evaluators, ensuring a comprehensive evaluation of

the public areas of the buildings [1], [66], [7].
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The ARB incorporates a preliminary taxonomy [167], [167], [6]. This taxonomy en-

compasses various components such as user demographics, building types, general build-

ing elements, ADAAG requirements, additional functional accessibility elements, sub-

jective experience rating domains, and individual subjective building element prior-

itization. These question sets are thoughtfully organized and structurally integrated

to facilitate data collection and reporting interfaces. The ARB caters to three primary

user groups: building users (including individuals with disabilities, friends, or relatives),

building evaluators (encompassing advocates and building assessors), and building over-

seers (such as owners, managers, and policymakers).

This research endeavors to address significant challenges in the field, namely the

development of an individual question set for assessment, reliable data collection, and

accurate accessibility scoring. Currently, the process of filtering data from a vast ques-

tion set is performed manually. However, this manual approach will be replaced by a

decision tree, which is one of the most popular machine learning algorithms used for

decision-making purposes [80], [168], [169], [170], [171]. The ARB system incorporates

a preliminary taxonomy based on the Trichotomous Tailored Sub-Branching Scoring

(TTSS) system [2]. TTSS is a powerful computer-based measurement scaling system

used for observational self-ratings, known for its efficiency and methodological under-

standing. It quantifies responses using a trichotomous scale (0, 1, 2), where 0 signifies

that no criteria are met, 2 indicates that all criteria are met, and 1 is assigned when some

criteria are met or if the user is uncertain. The system also includes "not applicable" and

"not examined" options as unscored responses to customize the assessment for each in-

dividual and their specific contexts [167], [52], [6].

The TTSS-based assessment tailors the evaluation to meet the individual’s unique

needs and contexts, as it includes items specific to the individual. The sub-branching

feature allows for detailed analysis by leading users to more items, providing additional

accessibility information, and optimizing efficiency. It also enhances reliability by en-
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abling users to focus on specific details when necessary. In TTSS, only the endpoint

questions are tallied, producing quantified scales for comparison between administra-

tions [6], [52], [167], [172], [11], [168].

The taxonomy covers general building elements with accompanying descriptions

that explain what to examine for each item. It incorporates a Help Text feature to as-

sist individuals in accurately answering taxonomy items. Additionally, the taxonomy

includes numeric requirements from the Americans with Disabilities Act Accessibility

Guidelines (ADAAG) and a subjective experience rating domain, as well as individual

subjective building element prioritization. These question sets are organized and inte-

grated to create interfaces for data collection and reporting [168], [169], [172], [11], [171].

The ARB system serves three main user groups: building users (people with disabil-

ities, friends, or relatives), building evaluators (advocates and assessors), and building

overseers (owners, managers, policymakers). Users can personalize their profiles, en-

abling the system to display building information tailored to their specific accessibility

needs. They can access summary reports or explore detailed information provided by

other individuals with disabilities and building visitors who have shared personal ac-

cessibility testimonials and ratings for specific buildings.

Building accessibility evaluation data is populated by visitors with accessibility needs

and trained accessibility evaluators. Trained evaluators comprehensively assess the pub-

lic areas of buildings, collecting objective measurements and providing a comprehen-

sive evaluation. The proposed ARB system, with its five different measurement appli-

cations, effectively addresses various accessibility measurement challenges outlined in

section 2, employing machine learning algorithms to optimize efficiency [6].

4.14.4 Integration and Dependencies

ARB use some thirdparty libraries (chart master, etc.), and iOS APIs for server com-

munication, data sync, data save on local device. ARB use AWS server, which is secure

and user password protected [6].
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4.14.5 Performance and Scalability

The ARB application demonstrates exceptional performance and scalability. It ef-

ficiently manages data by seamlessly transitioning between offline and online modes.

Users need not worry about saving their data offline as it is automatically handled, elim-

inating the risk of data loss. In the absence of network connectivity, the data is securely

stored locally and synchronized automatically once the connection is restored. Further-

more, the ARB taxonomy is dynamic, allowing the application to maintain consistent

performance even as the dataset expands. This scalability feature ensures that the ap-

plication performs reliably regardless of the size of the data, offering users a seamless

and efficient experience [2].

4.14.6 Security

The ARB application prioritizes security and ensures the protection of user data.

User data is safeguarded through user passwords, providing an additional layer of se-

curity. The server data is meticulously maintained by the trusted R2D2 research team,

minimizing the risk of unauthorized access, data breaches, or any other security con-

cerns. The ARB system is designed to uphold stringent security measures, ensuring the

confidentiality and integrity of user information throughout the application’s usage [4].

4.14.7 Deployment and Maintenance

This application is designed specifically for the iOS platform, ensuring compatibil-

ity with devices such as iPhones and iPads. The deployment of the solution is focused

on iOS devices, guaranteeing a streamlined user experience. The application follows

a systematic version release process using TestFlight, enabling controlled and iterative

updates. To ensure effective maintenance and quality assurance, dedicated teams are

assigned to testing and development tasks. Furthermore, there is a separate team re-

sponsible for managing the backend infrastructure and facilitating seamless communi-

cation with the server. This collaborative approach ensures the efficient operation and
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ongoing enhancement of the application [1], [4].

4.14.8 Explainable AI

Explainable AI, also known as XAI, refers to the capacity of artificial intelligence sys-

tems to offer understandable and interpretable explanations for their decisions and ac-

tions. While traditional machine learning models like deep neural networks often oper-

ate as "black boxes," generating accurate results without clear insights into their decision-

making process, Explainable AI seeks to address this limitation. By providing insights

into the reasoning behind AI predictions, it aims to make the decision-making process

more transparent and comprehensible to humans.

Explainable AI plays a pivotal role in generating smart reporting through various

means:

Enhanced Trust and Adoption: When AI-generated insights are accompanied by

clear and coherent explanations, people are more likely to trust and embrace AI tech-

nologies. This holds particular significance in critical domains such as healthcare, fi-

nance, and autonomous vehicles, where AI decisions carry significant consequences.

Identification of Biases and Errors: Explanations enable users to better comprehend any

underlying biases or potential errors within AI models. This empowers them to identify

and rectify issues, leading to fairer and more accurate reporting. Understanding Com-

plex Models: Modern AI models are often highly complex and challenging to interpret.

Explainable AI techniques help break down these models’ behavior, facilitating stake-

holders’ understanding of the factors driving the AI’s conclusions [173], [174], [175].

Compliance and Regulations: In regulated industries like finance and healthcare, ex-

plainable AI is indispensable for complying with laws and regulations. Smart reporting

backed by clear explanations provides auditors and regulators with the necessary in-

sights into the decision-making process. User Interaction and Collaboration: Explain-

able AI enables meaningful interaction between users and AI systems. Users can seek

clarifications, provide feedback, and collaborate with AI tools to refine and improve the
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reporting process. Learning from AI Insights: By understanding how AI arrives at its con-

clusions, humans can learn from the AI-generated insights and use that knowledge to

enhance their decision-making processes [176], [86], [177]. Adapting to Changing Data:

Smart reporting generated by explainable AI can adapt to new data and changes in the

environment more effectively. Users can assess the relevance and reliability of AI rec-

ommendations in dynamic scenarios. Explainable AI empowers users to make informed

decisions, facilitates the integration of AI into various industries, and enhances the over-

all value and trustworthiness of AI-generated smart reporting [173], [174], [176], [175].

Figure 4.21: AI model based solution

Figure 4.22: ARB software life cycle
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4.14.9 User Interface

4.14.10 Architecture

Case 1: No building accessibility information (NO ARB App) + No user information

(NO Access-Place or User Profile or Scoring)

Case 2: No building accessibility information (NO ARB App) + some user information

(Scoring) or Access-Place + detail user information (Access-Place) and Scoring

Case 3:Some building accessibility information (ARB short form App) + NO user in-

formation (No Access-Place/ Scoring)

Case 4: Some building accessibility information (ARB short form App) + some user

information (Access-Place) or Scoring

Case 5: Some building accessibility information (ARB short form App) + some user

information (Access-Place) or Scoring

Case 6: Some building accessibility information (ARB short form App) + Details user

information (Access-Place) and Scoring

Case 7: Details building accessibility information (ARB- LONG form) + No user in-

formation (No Access-Place or Scoring)

Case 8: Details building accessibility information (ARB- LONG form) + Some user

information (Access-Place or Scoring) or Details user information (Access-Place) and

Scoring

In summary, this study presents a robust, efficient, and valid accessibility measure-

Figure 4.23: AI based solution
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ment system solution utilizing mobile applications. By leveraging AI algorithm-based

intelligent systems, the overall accessibility measurement system for buildings is signif-

icantly improved, offering benefits to the broader community and promoting indepen-

dence for PwD. The proposed solution ensures increased consistency across mobile de-

vices, enabling accurate interpretation and measurement of the built environment. The

ultimate goal of this research is to enhance the engagement of PwD with the commu-

nity by augmenting the accessibility of public buildings. The proposed system solution

is verified in a specific group of people and the system solution is works only on iOS

platform (iPhone, iPad).
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Chapter 5
To Evaluate Home Accessibility using a Machine Learning based

Intelligent System

5.1 Accessibility of a Home

The accessibility of a home refers to its design and features that allow individuals

with disabilities or mobility limitations to live comfortably and independently. An ac-

cessible home eliminates barriers and provides accommodations to ensure that people

of all abilities can navigate, use, and enjoy their living space. Here are some key consid-

erations for home accessibility [178], [179], [180], [181], [182] .

Entrance: The home should have an accessible entrance, which may include features

like ramps or zero-step entrances, wide doorways to accommodate mobility devices,

and appropriate lighting [183].

Doorways and Hallways: Doorways and hallways should be wide enough to allow

easy passage for individuals using wheelchairs or walkers. The recommended width is

generally at least 32 inches for doorways and 36 inches for hallways [184].

Flooring and Surfaces: The home should have slip-resistant flooring to prevent falls,

especially in areas prone to moisture like bathrooms and kitchens. Smooth and even

surfaces are important for easy maneuverability.

Bathrooms: Bathrooms should be designed with accessibility in mind, including fea-

tures like roll-in showers or walk-in tubs, grab bars, adjustable showerheads, raised toi-

lets, and adequate space for maneuverability.

Kitchen: The kitchen should have counters and sinks at accessible heights, with knee

space beneath the sink for individuals using wheelchairs. Lowered countertops or ad-

justable work surfaces can provide greater accessibility.

Lighting: Adequate lighting throughout the home is crucial for individuals with vi-
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sual impairments. Bright and evenly distributed lighting, with switches placed at acces-

sible heights, can enhance visibility and safety.

Staircases and Ramps: If there are multiple levels in the home, staircases should have

handrails on both sides, consistent tread height, and contrasting nosings. Alternatively,

ramps can be installed to provide accessible movement between levels.

Bedroom and Living Spaces: The layout of bedrooms and living spaces should allow

for easy navigation and provide adequate space for maneuverability. This may involve

ensuring clear pathways and appropriate furniture placement. Electrical and Environ-

mental Controls: Accessibility can be improved by installing accessible switches, outlets,

and controls at accessible heights. Lever-style door handles and faucets can also be eas-

ier to operate for individuals with limited dexterity.

Emergency Preparedness: Home accessibility should include provisions for emer-

gency situations, such as accessible exits, clear signage, and alerting systems that ac-

commodate individuals with hearing or visual impairments.

These are just a few examples of home accessibility considerations. The specific fea-

tures required will depend on the needs of the individuals living in the home. Consulting

with accessibility professionals, architects, or occupational therapists can provide valu-

able insights and guidance for creating an accessible home environment.

5.2 What is subjective and objective accessibility of home?

Subjective and objective accessibility of a private home follow the same principles as

described earlier, but in the context of a residential setting. Let’s define subjective and

objective accessibility of a private home.

5.2.1 Objective Accessibility (Private Home)

Objective accessibility of a private home refers to the physical and measurable as-

pects of the home’s design and features that facilitate access for individuals with dis-

abilities. It involves meeting specific accessibility standards, guidelines, and building



[96]

codes. Objective accessibility considerations in a private home may include features

such as accessible entrances, door widths, accessible pathways, grab bars, ramps, acces-

sible bathrooms, and other physical elements that ensure compliance with accessibil-

ity requirements. Evaluating objective accessibility involves assessing the home based

on established criteria to determine if it meets the minimum standards for accessibil-

ity [48], [96], [95].

5.2.2 Subjective Accessibility (Private Home)

Subjective accessibility of a private home considers the personal experiences, pref-

erences, and comfort of individuals with disabilities when living in and using the home.

It takes into account the individual’s unique needs, daily activities, and overall satisfac-

tion with the accessibility features of their living environment. Subjective accessibil-

ity involves assessing factors such as ease of use, convenience, adaptability, usability

of the home’s layout and features, and overall satisfaction with the accessibility accom-

modations provided. This perspective acknowledges that accessibility is not solely de-

termined by meeting objective criteria but also by ensuring that the home provides a

comfortable and inclusive living environment tailored to the specific needs of the resi-

dents [94], [90], [18].

In summary, objective accessibility of a private home focuses on meeting physical

accessibility standards and guidelines, while subjective accessibility considers the per-

sonal experiences and satisfaction of individuals with disabilities in their day-to-day liv-

ing. Both perspectives are crucial in evaluating and improving the accessibility of private

homes, ensuring compliance with regulations and creating an accessible and inclusive

living space for all residents.

5.3 Why accessibility measure of a private home is important ?

The accessibility measure of a private home is important for several reasons:
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5.3.1 Independent Living

Accessibility measures in a private home enable individuals with disabilities or mo-

bility limitations to live independently and comfortably. By incorporating accessibility

features, such as ramps, widened doorways, and accessible bathrooms, individuals can

navigate their homes with ease and perform daily activities without relying heavily on

assistance [18].

5.3.2 Quality of Life

An accessible home greatly enhances the quality of life for individuals with disabil-

ities and their families. It promotes inclusion, freedom of movement, and a sense of

empowerment. Accessible homes allow individuals to fully participate in family life, en-

gage in hobbies, and maintain a sense of autonomy and dignity [185].

5.3.3 Aging in Place

As individuals age, their mobility and physical abilities may change. An accessible

home allows older adults to age in place, meaning they can continue living indepen-

dently and comfortably in their own homes rather than moving to assisted living facili-

ties. Accessibility features, such as grab bars, non-slip flooring, and step-free entrances,

can help prevent accidents and support aging in place [18], [185], [15].

5.3.4 Health and Well-being

An accessible home can contribute to the physical and mental well-being of its oc-

cupants. It reduces the risk of accidents and injuries, promotes ease of movement, and

eliminates barriers that may cause stress or frustration. An accessible home can also

accommodate the specific needs of individuals with medical equipment or assistive de-

vices, facilitating their care and treatment [17], [18], [186].
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5.3.5 Inclusive Environment

Creating an accessible home promotes inclusivity within the family and among vis-

itors. It ensures that all family members and guests, regardless of their abilities, can

comfortably and freely navigate and enjoy the home environment. An inclusive home

fosters a sense of belonging and supports positive relationships among family mem-

bers [178], [187].

5.3.6 Future-Proofing

Incorporating accessibility measures in a private home can be seen as future-proofing.

It prepares the home for potential changes in the occupants’ needs, such as if someone

acquires a disability or develops mobility limitations over time. By considering accessi-

bility during the design or modification of a home, it can be made adaptable and easily

modified to accommodate changing circumstances [188], [189].

In summary, the accessibility measure of a private home is crucial for promoting in-

dependent living, improving quality of life, enabling aging in place, supporting health

and well-being, fostering inclusivity, and future-proofing the home. It allows individu-

als with disabilities or mobility limitations to live with autonomy, dignity, and comfort

within their own living environment.

5.4 Accessibility measurement challenges of private homes

When it comes to measuring accessibility in private homes, there are several chal-

lenges that can arise. Here are some common challenges:

5.4.1 Diverse Needs and Preferences

Private homes cater to the unique needs and preferences of individual homeowners

or occupants. Each person may have different accessibility requirements based on their

disabilities, mobility limitations, or personal circumstances. Designing and measuring

accessibility in private homes must consider this diversity and provide customized so-

lutions [187] [9].
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5.4.2 Limited Regulatory Requirements

Unlike public buildings that are subject to specific accessibility laws and regulations,

private homes often have fewer legal requirements regarding accessibility. This can re-

sult in inconsistent implementation of accessibility features, as homeowners may not

be aware of or prioritize accessibility unless it directly impacts their own needs or the

needs of their family members [190].

5.4.3 Cost and Affordability

Implementing accessibility measures in private homes can be financially challeng-

ing. Retrofitting or modifying existing homes to meet accessibility standards can involve

significant costs. Homeowners may face financial constraints or lack access to funding

or assistance programs, making it difficult to afford necessary accessibility modifica-

tions [191].

5.4.4 Age and Existing Infrastructure

Many private homes are older or have architectural features that may not easily ac-

commodate accessibility modifications. Retrofitting such homes to incorporate acces-

sibility features can be complex and costly. Structural limitations, narrow doorways, or

multilevel designs can pose challenges to achieving comprehensive accessibility [9].

5.4.5 Lack of Professional Guidance

Accessibility expertise may not always be readily available or accessible to home-

owners. Without proper guidance from architects, designers, or accessibility profession-

als, homeowners may find it challenging to navigate the process of assessing, planning,

and implementing accessibility modifications in their homes. This lack of guidance can

hinder the successful measurement and implementation of accessibility [9].
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5.4.6 Personalization and Aesthetics

Homeowners often want to ensure that accessibility modifications align with the

overall design and aesthetics of their homes. Finding the right balance between accessi-

bility and maintaining the desired look and feel of the living space can be a challenge. It

requires creative solutions and an understanding of accessible design principles to inte-

grate modifications seamlessly [190].

5.4.7 Limited Awareness and Education

Many homeowners may lack awareness of accessible design principles and the bene-

fits of incorporating accessibility features in their homes. Limited education and aware-

ness campaigns can make it difficult for homeowners to understand the value and im-

portance of accessible homes, resulting in a lower demand for accessibility improve-

ments [191].

Overcoming these challenges requires a combination of education, awareness, fi-

nancial support, and access to professional guidance. Providing resources, financial in-

centives, and promoting the benefits of accessible design can encourage homeowners

to consider and implement accessibility measures in their private homes. Collabora-

tive efforts between accessibility professionals, designers, policymakers, and advocacy

groups can help address these challenges and promote accessible living environments

for all individuals.

5.5 How we can solve accessibility measurement challenges of private home?

To address the accessibility measurement challenges of private homes, here are some

potential solutions

5.5.1 Education and Awareness

Increase awareness among homeowners about the importance of accessibility in

homes. Provide educational resources, guidelines, and best practices for incorporat-
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ing accessibility features. Promote the benefits of accessible design, such as improved

usability, safety, and future-proofing [192].

5.5.2 Accessibility Consultations

Offer accessibility consultations or assessments for homeowners. Provide access to

professionals who can evaluate the home’s accessibility and provide tailored recommen-

dations based on the occupants’ specific needs and preferences [193].

5.5.3 Financial Assistance and Incentives

Establish financial assistance programs or incentives to support homeowners in mak-

ing accessibility modifications. This can include grants, tax credits, or low-interest loans

to alleviate the financial burden associated with accessibility improvements [193], [194].

5.5.4 Accessible Design Guidelines

Develop and promote accessible design guidelines specifically tailored for private

homes. These guidelines can provide homeowners with practical recommendations

for incorporating accessibility features during construction or retrofitting projects [194],

[36], [1].

5.5.5 Collaboration with Building Industry

Foster collaboration between accessibility experts, architects, designers, and builders

to integrate accessibility features into private home designs. Encourage the building in-

dustry to prioritize accessibility during the planning and construction phases [195], [8],

[1].

5.5.6 Accessible Technology and Innovations

Explore the use of assistive technologies and smart home solutions to enhance ac-

cessibility in private homes. This can include features like voice-controlled systems,

home automation, or accessible applications that promote independent living [73].
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5.5.7 Homeowner Engagement

Engage homeowners in the accessibility evaluation process. Encourage them to pro-

vide feedback, share their experiences, and participate in the evaluation of their homes’

accessibility. This involvement can contribute to a more accurate assessment and help

identify specific needs and challenges [9].

5.5.8 Collaboration with Disability Organizations

Partner with disability organizations and advocacy groups to provide resources, guid-

ance, and support to homeowners. These organizations can offer expertise, access to

user feedback, and practical insights on accessibility requirements [1], [9].

5.5.9 Design Professional Training

Incorporate accessibility training into the curriculum of design professionals such

as architects, interior designers, and contractors. This ensures that future professionals

are equipped with the knowledge and skills necessary to create accessible homes.

5.5.10 Building Code and Regulation Updates

Regularly review and update building codes and regulations to include more com-

prehensive accessibility requirements for private homes. Ensure that accessibility is

considered not only for new constructions but also for renovation and retrofitting projects.

By implementing these strategies, it is possible to overcome accessibility measure-

ment challenges in private homes and promote the creation of more accessible living

environments for homeowners. It requires a collaborative effort involving homeowners,

professionals, government agencies, and advocacy groups to prioritize and implement

accessible design principles in residential settings.
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5.6 What is the difference between accessibility measurement and accessibility eval-

uation of home?

The difference between accessibility measurement and accessibility evaluation of a

private home is similar to that of a public building but adapted to the residential context:

5.6.1 Accessibility Measurement (Private Home)

Accessibility measurement in the context of a private home involves quantifying or

assessing the level of accessibility based on specific criteria, metrics, or standards. It fo-

cuses on objectively evaluating the physical, sensory, or cognitive accessibility features

and barriers present in the home. This could include elements such as entrance accessi-

bility, door widths, interior layout, bathroom accessibility, and other physical aspects of

the home that impact accessibility. Accessibility measurement provides a quantitative

or qualitative understanding of the level of accessibility in the home, helping to identify

areas that may need improvement [99], [111], [112], [196].

5.6.2 Accessibility Evaluation (Private Home)

Accessibility evaluation of a private home goes beyond measurement and involves a

comprehensive assessment of the home’s accessibility and its suitability for the specific

needs of its occupants. It considers not only the physical features but also the usabil-

ity, inclusiveness, and overall user experience within the home. Accessibility evaluation

takes into account factors such as the functionality of the layout, ease of movement,

adaptability of features, personalization of spaces, and the overall satisfaction and com-

fort of the occupants. It may also involve gathering input from the residents to under-

stand their unique needs, challenges, and preferences related to accessibility.

The accessibility measurement focuses on objectively assessing the physical acces-

sibility features of a private home, while accessibility evaluation takes a more compre-

hensive approach by considering usability, user experience, and the specific needs and

preferences of the occupants. Accessibility evaluation provides a holistic understanding
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of the home’s accessibility, identifying areas for improvement and ensuring that it meets

the individual needs of its residents.

5.7 Accessibility evaluation challenges of home

Accessibility evaluation of private homes can present unique challenges. Here are

some common challenges that evaluators may encounter

5.7.1 Privacy and Access Limitations

Conducting accessibility evaluations in private homes can be challenging due to pri-

vacy concerns and limitations on access. Unlike public buildings, private homes are per-

sonal spaces, and gaining access for evaluation purposes may require the cooperation

and consent of the homeowners. Some homeowners may be hesitant to allow evalu-

ators to assess their homes, which can impact the ability to conduct thorough evalua-

tions [197].

5.7.2 Diverse Home Designs and Architectural Features

Private homes come in various designs, sizes, and architectural styles. Evaluators

need to be adaptable and knowledgeable about different housing types to effectively

evaluate their accessibility. The diverse nature of private homes can make it challenging

to apply standardized evaluation criteria across all properties [132], [142], [112].

5.7.3 Limited Availability of Documentation

Unlike public buildings, private homes may not have readily available documenta-

tion or blueprints that provide detailed information about the home’s design and con-

struction. This lack of documentation can make it more challenging for evaluators to

accurately assess the accessibility features and identify potential barriers [1].

5.7.4 Customization and Personalization

Private homes often reflect the preferences and needs of their owners, which can

result in customized features or modifications. These customizations may impact the
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accessibility of the home, requiring evaluators to consider the specific adaptations made

and their implications on overall accessibility.

5.7.5 Financial Constraints

Accessibility improvements in private homes are often the responsibility of the home-

owners. Financial constraints may limit the extent to which accessibility modifications

can be made, impacting the overall accessibility of the home. Evaluators need to be

mindful of these limitations and provide practical recommendations that consider the

homeowners’ budgetary constraints.

5.7.6 User Perspectives and Input

Private homes are occupied by individuals or families, and their perspectives and in-

put are crucial in evaluating accessibility. Gathering user feedback and understanding

the specific needs and challenges of the occupants is essential but may present chal-

lenges in terms of engagement and communication.

5.7.7 Limited Accessibility Knowledge and Awareness

Homeowners may have limited knowledge about accessibility standards, guidelines,

and best practices. This lack of awareness can influence their understanding of acces-

sibility evaluations and their willingness to invest in accessibility improvements. Edu-

cating homeowners and raising awareness about the benefits of accessible design can

help overcome this challenge. Addressing these challenges requires effective commu-

nication with homeowners, flexibility in evaluation methods, collaboration with acces-

sibility experts, and an understanding of the unique aspects of each private home. By

working closely with homeowners, evaluators can provide practical recommendations

to improve accessibility and enhance the overall living experience for individuals with

disabilities or mobility limitations .
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5.8 How we can solve accessibility evaluation challenges of private home?

To address the accessibility evaluation challenges of private homes, consider the fol-

lowing strategies

5.8.1 Education and Awareness

Raise awareness among homeowners about the importance of accessibility evalua-

tion in private homes. Educate them about the benefits of a comprehensive evaluation

and how it can improve the overall accessibility and usability of their homes.

5.8.2 Accessibility Evaluation Guidelines

Develop guidelines or checklists specifically tailored for evaluating the accessibility

of private homes. These guidelines can provide evaluators with a structured approach to

assessing different aspects of accessibility, such as entrance accessibility, interior layout,

bathroom accessibility, and other relevant features.

5.8.3 Qualified Accessibility Evaluators

Train and certify accessibility evaluators who specialize in private home assessments.

Ensure that evaluators have the knowledge, skills, and experience necessary to evaluate

accessibility in residential settings. This can involve providing training programs, certi-

fication processes, and ongoing professional development opportunities.

5.8.4 Collaboration with Homeowners

Foster collaboration and communication with homeowners during the evaluation

process. Engage homeowners in discussions about their specific accessibility needs,

challenges, and preferences. This collaboration can help evaluators gain valuable in-

sights and ensure that the evaluation is tailored to the homeowner’s unique circum-

stances.
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5.8.5 User Feedback and Experiences

Seek input from individuals with disabilities and those who have experience living

in accessible homes. Gather feedback on the usability, functionality, and overall acces-

sibility of the home. This feedback can provide valuable insights and perspectives that

enhance the accuracy and effectiveness of the evaluation.

5.8.6 Consideration of Universal Design Principles

Incorporate universal design principles into the evaluation process. Universal de-

sign aims to create environments that are accessible and usable by individuals of all

abilities. Evaluators should consider how well the home adheres to these principles,

such as flexibility, simplicity, and inclusiveness.

5.8.7 Technological Solutions

Utilize technology to support accessibility evaluations. Digital tools and software

can assist evaluators in documenting and analyzing accessibility features, conducting

virtual assessments, and simulating user experiences. These technological solutions can

streamline the evaluation process and enhance accuracy.

5.8.8 Collaboration with Accessibility Experts

Collaborate with accessibility experts, occupational therapists, or other profession-

als specializing in home accessibility. These experts can provide valuable insights, guid-

ance, and recommendations during the evaluation process, ensuring a comprehensive

assessment of the home’s accessibility.

5.8.9 Public Awareness and Advocacy

Increase public awareness about the importance of accessibility evaluations in pri-

vate homes. Advocate for accessible design and encourage homeowners to prioritize

accessibility in their homes. Promote the benefits of inclusive and accessible living en-

vironments.
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By implementing these strategies, it is possible to overcome accessibility evaluation

challenges in private homes and ensure that homeowners have access to comprehensive

evaluations that address their specific accessibility needs.

5.9 How Artificial Intelligence models can help to solve accessibility measurement

of private home challenges?

Artificial intelligence (AI) models can contribute to solving accessibility measure-

ment challenges in private homes in the following ways

5.9.1 Image Analysis and Object Detection

AI models can analyze images or floor plans of private homes to detect and identify

accessibility features. For example, they can identify grab bars in bathrooms, wheelchair

ramps, or widened doorways. This can assist in evaluating the presence and quality of

accessibility features in private homes.

5.9.2 Virtual Simulations and User Experience Testing

AI models can generate virtual simulations of private homes, allowing evaluators to

virtually navigate and experience the accessibility features. These simulations can sim-

ulate different user scenarios, such as individuals with mobility impairments or sensory

disabilities, to identify potential accessibility barriers and evaluate the effectiveness of

existing features.

5.9.3 Personalized Accessibility Recommendations

AI models can provide personalized accessibility recommendations based on indi-

vidual needs and preferences. By considering user profiles, such as specific mobility

limitations or sensory impairments, models can suggest specific modifications or adap-

tations that would enhance the accessibility and usability of private homes for different

individuals.
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5.9.4 Natural Language Processing (NLP)

NLP techniques can be employed to analyze and extract information from textual

documents, such as accessibility guidelines or best practices for private homes. AI mod-

els can interpret and understand the requirements and recommendations for accessible

home design, providing evaluators with valuable guidance and insights.

5.9.5 Intelligent Assistants and Chatbots

AI-powered intelligent assistants or chatbots can provide information and guidance

on accessibility features in private homes. They can assist homeowners in understand-

ing accessibility requirements, suggesting modifications, and providing resources for

creating more accessible living environments.

5.9.6 Data Analysis and Pattern Recognition

AI models can analyze data related to private homes, such as home characteristics,

accessibility modifications, and user feedback. By training models on this data, they can

recognize patterns and identify potential accessibility challenges or areas for improve-

ment. This can aid evaluators in identifying common issues and prioritizing accessibil-

ity enhancements.

5.9.7 Collaboration with Accessibility Experts

AI models can facilitate collaboration with accessibility experts, allowing for their ex-

pertise to be incorporated into the evaluation process. By integrating expert knowledge

into the models, they can provide more accurate and reliable accessibility assessments

of private homes.

It is important to note that while AI models can assist in accessibility measurement,

they should not replace human evaluators or user input. These models should be de-

veloped and trained using diverse and representative data to ensure their accuracy and

effectiveness. Human expertise and evaluation remain crucial in interpreting the results
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generated by AI models and making informed decisions regarding accessibility improve-

ments in private homes.

5.10 Background

Our research focuses on increasing the safety and independence of older adults at

home by modifying their home environment. Rehabilitation can be provided in a va-

riety of settings, including hospitals, private clinics, and communities such as homes.

Helping people with disabilities live at home is a basic responsibility of modern soci-

ety [37], [9]. Although, people with disabilities continue to be moved or institutionalized

because of inaccessible housing. One strategy for solving this issue is to create more

effective interventions to allow people with disabilities to live successfully at home, es-

pecially in their old age. Home modifications are generally used to help people with

disabilities stay in the community [188]. The foundation of a home modification is the

home evaluation [186]. The accessibility evaluation of the home begins with a compre-

hensive examination of the physical structure of the home, the homeowner’s capacities,

and the desired level of performance in recommendations aimed to increase the home-

owner’s safety when engaged in daily activities [175]. It takes time in order to collect

data, schedule the client and other team members, integrate, write reports, informa-

tion and communicate results. Home evaluations require in-depth and interactive ex-

perience [177], [176]. The process requires a strong knowledge base in disability, types

of rehabilitation interventions, assistive technology in-depth knowledge, task adaptive

strategies, interviewing skills, safety assessment, home building and remodeling meth-

ods. Technology-driven assessments have the capacity to improve efficiency and as-

sist in guiding the practitioner by the data collection and decision-making processes.

Smartphones and tablets, allow evaluators to take measurements directly with devices.

Computer- assisted evaluations can potentially speed up the whole assessment process

by guiding practitioners through the process[10, 12]. It ensures that important questions

are asked, and irrelevant questions are skipped. Moreover, mobile technology is becom-



[111]

ing increasingly important in health care research with a range of tools to support the

practitioner.

Technology-driven assessment through mobile applications (apps) improves home

builders’ decision-making and client outcomes [9]. Our research builds a prototype

to prove the research concept. The prototype is a mobile application named myHES-

TIA, the Home Evaluation with a Strategic Triangulating Integrative Approach app. This

application is a home safety assessment tool designed to facilitate aging-in-place and

home integration outcomes. The aim is to meet the needs of the public and practition-

ers for a comprehensive and efficient assessment tool to guide the practitioner through

the process of a home safety evaluation. The app is developed with an iterative approach

integrating the preferences and needs of personal home evaluation providers.

The major issues of home evaluations are- time-consuming, data reliability, and

standard scoring of accessibility. To solve all these issues, we propose to use a machine

learning algorithm to do the home evaluation in a smarter way.

5.11 Methodology

The fundamental goal of our prototype is to enhance the reach of home modification

solutions by providing a simplified and guided home safety assessment with individu-

alized and prioritized recommendations. In our proposed solution the user first creates

a profile. Based on the user profile personalizing information is displayed, that is most

matched to the individual’s specific accessibility needs. Users may choose to view sum-

mary reports with the information provided by other people with disabilities (who have

shared personal accessibility assessments). The filtering data from a large set of ques-

tions will use the decision tree one of the most popular machine learning algorithms for

decision making. This application gives a set of recommendations based on the evalua-

tion. The recommendation has the videos to give suggestions to the users.

The machine learning models will be integrated to make the decision efficiently [20-

26]. Now we don’t have any defined scoring process for the accessibility assessment of
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(a) myHESTIA UI - Questions [1]

(b) myHESTIA UI - Screening summary [1]
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Figure 5.1: myHESTIA- AI based smarter reporting system [1]

the home. Establishing a reliable and standard scoring of a home evaluation is one of

the main focuses for the future.

5.12 How Artificial Intelligence can help to generate automated reporting?

Data Analysis and Insights: AI algorithms can analyze large volumes of data quickly

and efficiently. Techniques such as machine learning and statistical analysis can iden-

tify patterns, correlations, and anomalies within the data. By applying AI algorithms,

reporting systems can automatically derive insights and summarize key findings from

the data [137].

5.12.1 Visualization and Presentation

AI-powered reporting systems can generate visualizations and dashboards to present

data in a clear and concise manner. This includes charts, graphs, and interactive visu-

alizations that allow users to explore and understand the data better. AI can also assist

in selecting appropriate visual representations based on the nature of the data and the

target audience [151].

5.12.2 Report Personalization

AI can enable automated reporting systems to personalize reports based on individ-

ual user preferences. By leveraging user data, historical patterns, and machine learning
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algorithms, reports can be tailored to specific users or user groups. This customization

can enhance the relevance and usefulness of the reports [174], [175], [177].

5.12.3 Contextual Understanding

AI can utilize natural language processing (NLP) to extract context and meaning

from textual data. By understanding the context, AI algorithms can generate reports

that are more accurate and relevant. For example, sentiment analysis can be employed

to gauge customer sentiment from social media data and generate reports on customer

satisfaction [56], [57], [58], [59].

5.12.4 Automated Report Scheduling and Delivery

AI-powered reporting systems can automate the scheduling and delivery of reports

based on predefined frequencies or triggers. This ensures that reports are generated

and distributed at the right time to the intended recipients. AI can also optimize the

delivery format based on user preferences, such as email, web-based portals, or mobile

apps [173], [174], [86], [176], [177].

5.12.5 Continuous Improvement and Learning

AI algorithms can learn from user interactions, feedback, and usage patterns to im-

prove the quality and relevance of the automated reporting system over time. By con-

tinuously analyzing user behavior and preferences, AI can refine the reporting process

and provide more valuable insights to users [133], [134], [135].

5.12.6 Predictive Analytics

AI can leverage predictive modeling techniques to forecast future outcomes based

on historical data. By applying machine learning algorithms, AI can generate reports

that provide predictions, forecasts, or recommendations. These reports empower decision-

makers with insights into potential future scenarios and assist in proactive decision-

making [144], [143].
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5.12.7 Personalized Reporting

AI can enable the generation of personalized reports tailored to the needs and pref-

erences of individual users. By analyzing user behavior, historical patterns, and pref-

erences, AI algorithms can generate reports that are relevant and specific to each user.

Personalized reporting enhances user engagement and increases the value of the re-

ports [173], [176].

5.12.8 Real-time Reporting

AI can enable real-time or near-real-time reporting by continuously analyzing and

processing streaming data. This allows for timely reporting and monitoring of dynamic

systems or situations. Real-time reporting empowers decision-makers to respond promptly

to emerging trends or issues.

By leveraging AI technologies, smart reporting can provide actionable insights, pre-

dictive capabilities, and personalized information to stakeholders. It enhances decision-

making processes, facilitates data-driven strategies, and improves overall organizational

performance.

5.13 The AI algorithms for smart reporting?

Smart reporting can benefit from various AI models depending on the specific re-

quirements and data characteristics. Here are some AI models commonly used for smart

reporting [144], [173].

5.13.1 Natural Language Processing (NLP) Models

NLP models are crucial for smart reporting, enabling understanding and processing

of textual data. Techniques such as text classification, named entity recognition, sen-

timent analysis, and topic modeling can be employed to extract valuable insights from

textual sources. Pretrained models like BERT, GPT, or ELMO can be fine-tuned for spe-

cific NLP tasks in smart reporting [134], [135] .
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5.13.2 Machine Learning Models

Machine learning algorithms can be applied to analyze and predict patterns in data.

Models like decision trees, random forests, support vector machines (SVM), or gradient

boosting algorithms (e.g., XGBoost, LightGBM) can be used for classification, regression,

or anomaly detection tasks. These models help identify trends, make predictions, and

generate actionable insights in smart reporting [147], [157], [156], [198].

5.13.3 Deep Learning Models

Deep learning models, particularly deep neural networks, excel at capturing com-

plex patterns and relationships in data. Convolutional Neural Networks (CNNs) are ef-

fective for image data, while Recurrent Neural Networks (RNNs) and Transformers are

well-suited for sequential and text data. Deep learning models can provide advanced

capabilities in image recognition, sentiment analysis, text generation, and other tasks

relevant to smart reporting [92], [160].

5.13.4 Generative Models

Generative models such as Generative Adversarial Networks (GANs) or Variational

Autoencoders (VAEs) can be employed for tasks like data augmentation or generating

synthetic data. These models can help address data scarcity issues and enhance the

quality and diversity of available data for smart reporting [144], [147].

5.13.5 Time Series Models

Time series forecasting is essential in smart reporting, particularly for analyzing trends,

making predictions, and identifying anomalies in time-dependent data. Models like Au-

toregressive Integrated Moving Average (ARIMA), Seasonal Decomposition of Time Se-

ries (STL), or recurrent neural networks (RNNs) with Long Short-Term Memory (LSTM)

cells are commonly used for time series analysis and forecasting.
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5.13.6 Reinforcement Learning Models

Reinforcement learning (RL) models can assist in decision-making processes and

optimize actions based on rewards or penalties. In smart reporting, RL can be used

for dynamic reporting scenarios, where the AI agent learns and adapts reporting strate-

gies based on user feedback, interaction, or changing conditions [147], [58], [149], [151],

[150].

5.13.7 Ensemble Models

Ensemble models combine multiple individual models to generate more accurate

and robust predictions. Techniques like bagging, boosting, or stacking can be employed

to create powerful ensemble models for smart reporting, improving overall performance

and reliability [150].

It’s important to consider the specific requirements, data characteristics, and the

problem domain when selecting AI models for smart reporting. It may involve a com-

bination of different models and techniques tailored to the specific reporting needs and

objectives.

5.14 What ethical considerations should be taken into account when using AI for

private home accessibility measurement, such as privacy, bias mitigation, and

transparency in decision-making processes?

When using AI for private home accessibility measurement, it is important to con-

sider and address various ethical considerations, including.

5.14.1 Privacy

Ensure that the data collected and processed by AI systems for home accessibility

measurement is handled with utmost care for privacy. Minimize the collection of per-

sonally identifiable information (PII) and implement robust security measures to pro-

tect user data from unauthorized access or breaches [136].
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5.14.2 Informed Consent

Obtain informed consent from homeowners or occupants before collecting and us-

ing their data for accessibility measurement purposes. Clearly communicate the pur-

pose, methods, and potential risks associated with data collection, and provide options

for individuals to opt-in or opt-out of data sharing [133].

5.14.3 Bias Mitigation

Address potential biases in AI systems used for home accessibility measurement. Bi-

ases can arise from biased training data, algorithmic biases, or inherent limitations of

the system. Regularly evaluate and mitigate biases to ensure fair and equitable accessi-

bility assessments for individuals with diverse disabilities or accessibility needs [134].

5.14.4 Transparency and Explainability

AI systems used for home accessibility measurement should be transparent and ex-

plainable. Users should have visibility into how the system makes decisions and assess-

ments regarding accessibility. Provide clear explanations of how data is collected, pro-

cessed, and used to generate accessibility measurements. This transparency helps build

trust and enables homeowners or occupants to understand and verify the results [181].

5.14.5 Accountability

Establish clear lines of accountability for the AI system’s performance and outcomes.

Define roles and responsibilities for system developers, operators, and stakeholders to

ensure appropriate oversight, auditing, and addressing of any issues or concerns that

may arise [178].

5.14.6 User Autonomy and Control

Prioritize user autonomy and control over their own home accessibility data. Allow

homeowners or occupants to have control over the data collected, its use, and the ability
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to modify or delete their data. Respect user preferences and decisions regarding data

sharing and system usage [197].

5.14.7 Accessibility and Inclusivity

Ensure that the AI system itself is accessible and usable by individuals with disabili-

ties or accessibility needs. Consider accessibility standards and guidelines during the

design and development process to make the AI system inclusive and usable for all

users [2].

5.14.8 Ongoing Evaluation and Improvement

Continuously evaluate the performance, accuracy, and impact of the AI system for

home accessibility measurement. Incorporate feedback from homeowners, occupants,

and stakeholders to identify and address any ethical concerns, biases, or limitations of

the system. Strive for continuous improvement and iterative development to enhance

the ethical and inclusive use of AI for private home accessibility measurement [199],

[200], [201], [202].

By considering these ethical considerations, AI-based systems for private home ac-

cessibility measurement can promote privacy, fairness, transparency, user autonomy,

and inclusivity while minimizing potential risks and biases associated with data privacy

and decision-making processes [203], [204].

Case 1: No user info+ No home info Case 2: No user info+ Some home info Case 3: No

user info+ Details home info Case 4:Some user info+ No home info Case 5: Some user

info+ Some home info Case 6: Some user info+ Details home info Case 7:Detail user

info+ No home info Case 8:Detail user info+ Some home info Case 9:Detail user info+

Details home info Explainable AI, also known as interpretable AI or transparent AI, refers

to the development of artificial intelligence systems that can provide understandable

explanations for their actions and decision-making processes.
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Figure 5.2: myHESTIA- comparison between current reporting and AI based smarter
reporting system

Figure 5.3: myHESTIA- AI based choice for generating smarter report [1]
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Chapter 6
Conclusion

6.1 Summary

The research conducted focuses on harnessing the power of artificial intelligence

(AI) and machine learning (ML) algorithms to enhance accessibility for individuals with

disabilities (PwD) in three key areas: public buildings, homes, and medical devices. The

primary objective is to improve the accuracy, reliability, and effectiveness of accessibility

evaluation systems by utilizing advanced technologies.

In public buildings, the challenge lies in developing an accessibility evaluation sys-

tem that is accurate, comprehensive, and reliable. AI can play a pivotal role by analyzing

data, identifying potential barriers, and assessing the accessibility of various features

within buildings. The developed application for data collection is reliable and efficient

by integrating both PwD and expert information. By training AI algorithms on relevant

data, the system can acquire the ability to make more accurate predictions about the

accessibility of different spaces. This knowledge can then assist policymakers and ar-

chitects in designing more inclusive environments. For private spaces such as homes,

it is crucial to have an accessibility evaluation system that focuses on individual needs.

The developed data collection tool myHESTIA and by the implementation of machine

learning-based intelligent systems could make it feasible to evaluate the accessibility

of individual homes and generate intelligent reporting based on specific requirements

and preferences. This personalized approach allows for the identification of barriers

and the provision of recommendations for modifications or assistive technologies that

can enhance accessibility and independence for PwD within their own living spaces.

The research also addresses the intelligent evaluation of healthcare devices within the

home environment. Many PwD rely on medical devices for their daily activities, mak-

ing it essential to ensure the accessibility and usability of these devices. The developed
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MED-Audit application and using data from MED-Audit, AI can be utilized to evaluate

the accessibility features of medical devices, offer the best medical devices for an indi-

vidual, give recommendations for improvement, and even measure their effectiveness

in meeting the needs of PwD.

Overall, the objective of this research is to improve the accuracy and reliability of

accessibility evaluation systems by leveraging AI and ML technologies. By doing so, it

seeks to enhance the quality of life for individuals with disabilities by enabling greater

independence, promoting social inclusion, and facilitating better accessibility in public

buildings, private homes, and medical devices.

6.2 Contributions

This research contributes to improving medical device accessibility measurement

and making a better choice to purchase medical devices for people with disabilities.

The developed MED-Audit application (evaluation questions are for device use, a to-

tal of 177 questions, and accessibility features a total of 981 questions and user ratings

for the 100 medical devices based on user answers) with future integration of ML models

will contribute to establishing a reliable and valid evaluation. The users do not have to

answer unnecessary questions or skip the questions. It will save user time significantly

and improve the accuracy of device scoring. The scoring system includes -impairment

categories, expert-knowledge matrices – correlated device features, and the scoring al-

gorithm. The ML model logistic regression will be used; it will work based on statistical

rating data analysis [173], [158], [159], [160], [92], [198]. We believe this research will sig-

nificantly improve the existing scoring algorithm’s accuracy.

For improving public building accessibility evaluation and measurement, this study

introduces ARB, a mobile application-based solution that offers a robust, efficient, and

valid approach to measuring accessibility. The proposed solution includes various com-

ponents such as AccessSound, AccessLight, AccessRuler, AccessSlope, and AccessTools,

collectively enhancing existing accessibility measurement methods. By leveraging intel-
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ligent systems powered by AI algorithms, ARB significantly improves the overall accessi-

bility measurement system for buildings, benefiting the wider community and promot-

ing independence for people with disabilities (PwD). One key aspect ARB addresses is

consistency across different mobile devices, ensuring accurate interpretation and mea-

surement of the built environment. Rehabilitation researchers and application devel-

opers must utilize mobile device sensors to recognize the inherent variability among

measurements collected by different device models and versions.

Moreover, The myHESTIA solution is designed to cater to the needs of individuals

who require assistive technology to support independent living in their homes, particu-

larly those with new or worsening disabilities. This accessible solution can be utilized by

a wide range of stakeholders, including people with disabilities, caregivers, handymen,

neighbors, nursing aids, and community health workers, all of whom are interested in

promoting improved independent living outcomes.

The development of myHESTIA involves an iterative refinement process to ensure

that the app is innovative, user-friendly, and scalable. It is designed to be accessible to

individuals without extensive knowledge of health conditions, assistive technology, or

independent living. The solution leverages a comprehensive taxonomy and matrix that

have been carefully developed and tested. These tools allow for the prediction of prob-

lem areas based on factors such as health conditions, everyday tasks, and environmental

factors. The solution aims to expand the reach of home modification solutions by offer-

ing a simplified and guided home safety assessment. It provides personalized and prior-

itized suggestions for potential interventions based on the identified wants and needs of

individuals with disabilities. The solution’s smarter reporting system delivers simplified

guidance on basic home modification interventions and generates an interactive report

for users. The myHESTIA solution contributes to the accessibility and effectiveness of

home modification solutions by providing a user-friendly platform that facilitates per-

sonalized home safety assessments and interventions. It aims to empower individuals
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with disabilities to make informed decisions about their living environments and en-

hance their overall independent living experience.

This research focuses on developing assessment tools to measure the accessibility

of public buildings, homes, and products for individuals with disabilities. These assess-

ment tools include software-based solutions designed to evaluate the accessibility of

public buildings and home environments, and medical devices. Additionally, the re-

search evaluates the impact of providing accessibility information and labeling tailored

explicitly for PwD. The outcomes of this research highlight the significance of public

building accessibility, accessible homes, and medical technology, as well as the impor-

tance of providing relevant accessibility information to individuals with disabilities. The

results demonstrate the positive impact that accessible environments and products can

have on the lives of people with disabilities, emphasizing the need for increased acces-

sibility in these areas.

6.3 Future Works

In the realm of medical device accessibility, the integration of an AI-based analysis

model will facilitate the selection of the most suitable medical devices. This integration

will incorporate user profile information to enhance evaluation and provide more accu-

rate recommendations for the best medical devices.

Integrating an AI algorithm model in the ARB application aims to enhance the pub-

lic building evaluation system. This solution will be compatible with various types of

devices and will incorporate user profiles, making the evaluation process more person-

alized and effective.

Integrating an AI-based, more innovative reporting system will further improve home

accessibility. This system will enhance personalized questionnaires by leveraging user

profile data, ensuring the evaluation process is tailored to individual needs and prefer-

ences.
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