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Preface

This book is a collection of notes, providing a concise introduction to the human factors that influence
human-computer interaction. It is designed for university students studying human-computer interaction,

user experience design and does not have the goal to address a full accurate discussion on the topic.

The content focuses on core concepts and fundamental topics that explain how human perception,
memory, thinking processes, and cognitive biases affect the way people interact with technology. By
understanding these human elements, designers can create interfaces that work with—rather than

against—human capabilities and limitations.

Each chapter presents essential principles with clear explanations and practical implications for interface
design. The concepts covered in this textbook are drawn from cognitive psychology, neuroscience, and

human factors research, applied specifically to the context of human-computer interaction.

This condensed edition emphasizes definitions, key concepts, and direct applications to interface design,

providing a solid foundation for further study in the field.

The updated version of this content can be downloaded

10
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CHAPTER 1.
Introduction to Accessibility in Human-Computer

Interaction

1.1. Definition of Accessibility

Accessibility in the context of human-computer interaction refers to the design of products, devices,
services, or environments that enables people with disabilities to access and use them effectively. The
World Wide Web Consortium (W3C) Web Accessibility Initiative (WAI) defines web accessibility simply as
"People with disabilities can use the Web" (W3C, 2023). This encompasses the ability to perceive,

understand, navigate, interact with, and contribute to the web.

The ltalian legislation, known as the "Legge Stanca" (Law 9 January 2004, n. 4, art. 2), provides a more

comprehensive definition of accessibility:

"The ability of computer systems, within the forms and limits allowed by technological knowledge, to
provide services and information that can be used without discrimination, even by those who, due to

disabilities, need assistive technologies or special configurations."

This definition emphasizes not only the technical aspects of accessibility but also the social dimension,

highlighting the importance of non-discrimination in access to digital services and information.

1.2. Accessibility as a Social Issue

Accessibility is fundamentally a social issue because it directly impacts the ability of individuals to
participate fully in society. In our increasingly digital world, access to information and services through
technology has become essential for education, employment, healthcare, civic participation, and social

connection.

According to ISTAT (the Italian National Institute of Statistics), approximately 3,150,000 people in Italy live
with disabilities, representing about 5.2% of the population. This includes approximately 360,000

11
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individuals who are blind or have low vision (ISTAT, 2019). Globally, the World Health Organization
estimates that over one billion people, or about 15% of the world's population, live with some form of

disability.

When digital technologies are not accessible, they create barriers that exclude these individuals from
essential services and opportunities. This exclusion constitutes a form of discrimination and contributes
to social inequality. As demonstrated during the COVID-19 pandemic, when many government services
moved online, including vaccine registration systems, accessibility directly impacts public health
outcomes and social equity. Countries with accessible registration systems saw significantly higher

vaccination rates among people with disabilities compared to those with inaccessible systems.

The information society, characterized by the rapid development and deployment of computer
technologies, has the potential to either reduce or exacerbate existing inequalities. When correctly
implemented, these technologies can be effective tools for knowledge acquisition and productivity
enhancement. However, this potential can only be realized if information is accessible to everybody,

regardless of their abilities or disabilities.

1.3. The Importance of Accessibility in Modern Computing

Accessibility in modern computing is not merely a legal obligation or a moral imperative—it is also a

practical necessity with tangible benefits for organizations and society as a whole.

First, accessible design often leads to improved usability for all users. Features originally designed for
people with disabilities, such as keyboard shortcuts, voice recognition, and high-contrast modes,
frequently benefit users in various situations. For example, captions on videos, initially intended for deaf

users, are valuable for anyone watching in noisy environments or when learning a new language.

Second, implementing accessibility expands the potential user base of digital products and services. As
illustrated by the case of a large e-commerce platform that redesigned its checkout process to be more
accessible, such changes can lead to significant business benefits. After implementing proper keyboard
navigation, clear error messages, and screen reader compatibility, the platform observed a 17% increase

in completed purchases from users with disabilities and an 8% overall increase in conversion rates.

Third, accessibility is increasingly becoming a legal requirement in many jurisdictions. The European
Accessibility Act, which comes into effect on June 28, 2025, will require companies with at least €2 million in
revenue and/or 10 employees to ensure their products and services are accessible. Non-compliance can result

in fines of up to 5% of revenue (European Commission, 2025). Similarly, in the United States, the Americans

12
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with Disabilities Act (ADA) has been interpreted to apply to websites, leading to numerous lawsuits against

organizations with inaccessible digital presence.

Finally, accessibility aligns with broader principles of corporate social responsibility and ethical computing.
By designing inclusive technologies, organizations contribute to a more equitable society where everyone

can participate and benefit from digital advancements.

1.4. Overview of Human Factors in Computing

Human factors in computing, also known as ergonomics, is the study of how humans interact with
computer systems and how these systems can be designed to match human capabilities and limitations.
This field is closely related to accessibility, as both are concerned with optimizing the human-computer

interface to accommodate diverse user needs.

Several key human factors are particularly relevant to accessibility:

1.4.1. Perceptual Factors

Humans perceive information through various sensory channels, primarily visual, auditory, and tactile.
Disabilities may affect one or more of these channels, requiring alternative means of information
presentation. For example, individuals with visual impairments may rely on auditory or tactile feedback,

while those with hearing impairments may depend on visual cues.
Understanding perceptual factors involves considering aspects such as:

- Visual acuity and field of view
- Color perception and contrast sensitivity
- Auditory range and speech recognition

- Tactile sensitivity and proprioception

1.4.2. Cognitive Factors

Cognitive factors relate to how humans process, store, and retrieve information. These include attention,
memory, problem-solving, and decision-making abilities. Cognitive disabilities may affect these

processes, necessitating interfaces that reduce cognitive load and provide clear, consistent navigation.
Key cognitive considerations include:

- Working memory capacity

13
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- Attention span and focus
- Information processing speed

- Language comprehension and literacy

1.4.3. Motor Factors

Motor factors concern physical interactions with devices, such as keyboard typing, mouse movement,
touchscreen gestures, or voice commands. Motor disabilities may limit a user's ability to perform certain

actions, requiring alternative input methods or adaptive technologies.
Important motor considerations include:

- Fine motor control and precision
- Range of motion and strength
- Fatigue and endurance

- Tremors or involuntary movements

1.4.4. Contextual Factors

Human-computer interaction does not occur in isolation but is influenced by environmental, social, and

cultural contexts. Accessibility solutions must consider these contextual factors to be effective.
Relevant contextual factors include:

- Environmental conditions (lighting, noise, etc.)

- Social settings and privacy concerns

- Cultural norms and language preferences

- Technological infrastructure and connectivity
By understanding these human factors and how they interact with disabilities, designers and developers
can create more accessible and inclusive computing experiences that accommodate the full spectrum of

human abilities and limitations.

1.5. The European Accessibility Act and Ilts Implications

The European Accessibility Act (EAA) represents a significant milestone in accessibility legislation within
the European Union. Approved in 2019, the EAA will come into full effect on June 28, 2025, and will have

far-reaching implications for businesses operating in the EU market.

14
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1.5.1.

V Radixia

Scope and Requirements

The EAA aims to improve the functioning of the internal market for accessible products and services by

removing barriers created by divergent rules across EU countries. It covers a wide range of products and

services, including:

Computers and operating systems

Self-service terminals (ATMs, ticket machines, check-in kiosks)
Smartphones and other communication devices

TV equipment related to digital television services

E-readers

E-commerce services

Banking services

E-books

Transport services

Under the EAA, organizations will need to:

1.5.2.

Follow the latest accessibility guidelines (WCAG)

Make self-hosted videos accessible, for example, by adding subtitles
Provide alternative text for non-decorative images

Ensure PDFs include text alternatives for images and graphics

Test website navigation with assistive technologies or use tools to identify issues

Implementation Timeline

The implementation of the EAA follows a phased approach:

1.5.3.

2019: Adoption of the directive
2022: Deadline for EU member states to transpose the directive into national law
June 28, 2025: Full application of the requirements to all new products and services

2030: End of the transition period for certain services already in use before 2025

Enforcement and Penalties

Each EU member state is responsible for establishing enforcement mechanisms and penalties for non-

compliance. Fines can reach up to 5% of annual revenue, making compliance a significant business

priority.

15
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1.5.4. Business Impact

The EAA will affect companies with at least €2 million in revenue and/or 10 employees operating in the EU
market. It's worth noting that Italian public administrations and companies with revenue exceeding €500
million per year are already subject to the Stanca law, which imposes similar accessibility requirements. For
businesses, the EAA represents both a challenge and an opportunity. While compliance may require significant
investment in redesigning products and services, it also opens up markets to the estimated 87 million

Europeans with disabilities, who represent a combined purchasing power of over €500 billion.

As demonstrated by organizations that have proactively implemented accessibility measures, such as the
mid-sized German e-commerce company mentioned in our examples, the benefits often extend beyond
compliance to include expanded customer bases, improved user experiences for all customers, and

enhanced brand reputation.
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CHAPTER 2.

Understanding Human Abilities and Limitations

2.1. Categories of Disabilities

Understanding the various categories of disabilities is essential for designing accessible human-computer
interfaces. Disabilities can affect how individuals perceive, process, and interact with digital content and
interfaces. By recognizing these diverse needs, designers and developers can create more inclusive

experiences that accommodate a wider range of human abilities.

2.1.1. Visual Impairments

Visual impairments encompass a spectrum of conditions that affect an individual's ability to see, ranging
from partial vision loss to complete blindness. According to the World Health Organization, approximately

2.2 billion people worldwide have a vision impairment, with 39 million being completely blind.
Visual impairments can be categorized into several types:

Blindness: Complete or near-complete loss of vision. Individuals who are blind typically rely on non-visual
means to access digital content, such as screen readers that convert text to speech or refreshable Braille

displays.

Low Vision: Significant vision impairment that cannot be corrected with standard glasses or contact
lenses. This may include conditions such as macular degeneration, diabetic retinopathy, or glaucoma.

People with low vision may use screen magnifiers, high-contrast modes, or customized display settings.

Color Blindness: Difficulty distinguishing between certain colors, most commonly red and green
(deuteranopia or protanopia) or blue and yellow (tritanopia). Color blindness affects approximately 8% of

men and 0.5% of women globally.

Visual impairments present unique challenges in human-computer interaction. For example, blind users
cannot perceive visual elements such as images, graphs, or spatial layouts without proper text
alternatives. Users with low vision may struggle with small text, poor contrast, or complex visual

presentations. Those with color blindness may miss information conveyed solely through color differences.
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In ltaly, ISTAT reports approximately 360,000 people who are blind or have low vision, representing a

significant portion of the population that requires accessible digital interfaces (ISTAT, 2019).

2.1.2. Hearing Impairments

Hearing impairments affect an individual's ability to detect or interpret sounds, including speech. These

impairments range from mild hearing loss to profound deafness.
The main categories of hearing impairments include:

Deafness: Profound hearing loss that prevents an individual from processing linguistic information
through hearing, with or without amplification. Many deaf individuals use sign language as their primary

means of communication.

Hard of Hearing: Mild to severe hearing loss that may be accommodated with hearing aids or other

assistive devices. Individuals who are hard of hearing may rely on visual cues, captions, or amplified audio.

In the context of human-computer interaction, hearing impairments primarily affect the perception of audio
content, including spoken dialogue, sound alerts, and multimedia presentations. Without proper
accommodations such as captions, transcripts, or visual alternatives for audio cues, deaf and hard of

hearing users may miss critical information or functionality.

2.1.3. Motor Impairments

Motor impairments affect an individual's ability to control physical movements, potentially limiting their
capacity to use standard input devices such as keyboards, mice, or touchscreens. These impairments can

result from congenital conditions, injuries, neurological disorders, or degenerative diseases.
Common types of motor impairments include:

Limited Fine Motor Control: Difficulty performing precise movements, such as clicking small targets or

pressing specific keys.

Reduced Range of Motion: Limited ability to reach or move in certain ways, affecting the use of standard

input devices.

Tremors or Involuntary Movements: Unintended movements that can make precise control of input

devices challenging.

Paralysis or Limb Loss: Complete inability to use certain body parts, requiring alternative input methods.
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Motor impairments can significantly impact how users interact with digital interfaces. For example,
someone with tremors may struggle with precise mouse movements, while a person with paralysis might
be unable to use a standard keyboard or mouse altogether. These users often rely on specialized input

devices, switch controls, voice recognition, or eye-tracking systems to access digital content.

2.1.4. Cognitive Impairments

Cognitive impairments affect mental processes involved in understanding, learning, and interacting with
information. These impairments can impact attention, memory, problem-solving, reading, linguistic

understanding, or visual comprehension.
Cognitive impairments include conditions such as:

Learning Disabilities: Conditions like dyslexia (difficulty with reading), dyscalculia (difficulty with

numbers), or ADHD (attention deficit hyperactivity disorder).

Intellectual Disabilities: Limitations in intellectual functioning and adaptive behavior, affecting

conceptual, social, and practical skills.

Memory Impairments: Difficulties with short-term or working memory, which can affect the ability to

remember steps in a process or retain information while completing tasks.

Autism Spectrum Disorders: Conditions that can affect social interaction, communication, and

sometimes include sensitivity to sensory stimuli or preference for routine.

For users with cognitive impairments, complex interfaces, inconsistent navigation, time constraints, or
dense information presentation can create significant barriers. Accessible design for these users often

involves clear language, consistent layouts, step-by-step instructions, and reduced cognitive load.

2.2. Temporary Disabilities and Situational Limitations

While permanent disabilities are a primary focus of accessibility efforts, it's important to recognize that
many people experience temporary disabilities or situational limitations that can similarly affect their

interaction with technology.

2.2.1. Temporary Disabilities

Temporary disabilities are short-term conditions that limit a person's abilities for a finite period. These

might include:
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Injuries: A broken arm or wrist can prevent standard keyboard and mouse use, similar to permanent motor

impairments.

Medical Conditions: Eye infections or surgeries can temporarily impair vision, creating needs similar to

those with permanent visual impairments.

Medication Effects: Some medications can cause temporary cognitive effects, such as reduced

concentration or memory.

Pregnancy: Late-stage pregnancy can affect mobility and comfort, potentially limiting how someone can

position themselves to use devices.

2.2.2. Situational Limitations

Situational limitations occur when environmental factors or circumstances temporarily restrict a person's

abilities:

Environmental Constraints: Bright sunlight can make screens difficult to read, similar to the experience
of some users with visual impairments. Loud environments can make audio content inaccessible, similar

to hearing impairments.

Device Limitations: Using a small screen device or a device with limited processing power can create

constraints similar to those experienced by users with certain disabilities.

Attention Limitations: Driving, multitasking, or caring for children can divide attention, creating

experiences similar to some cognitive impairments.

Connectivity Issues: Limited bandwidth or intermittent connectivity can affect how users interact with
online content, potentially requiring similar accommodations as those needed by users with certain

disabilities.

The concept of temporary disabilities and situational limitations highlights an important principle:
accessibility benefits everyone, not just those with permanent disabilities. Features designed for users
with disabilities often prove valuable in a wide range of circumstances. For example, captions benefit both
deaf users and those watching videos in noisy environments; voice control helps both users with motor

impairments and those whose hands are occupied with other tasks.
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2.3. Aging and Progressive Limitations

Aging is associated with gradual changes in physical and cognitive abilities that can affect how older
adults interact with technology. As the global population ages—with the number of people aged 60 and
over expected to double by 2050—understanding and addressing age-related limitations becomes

increasingly important for inclusive design.

2.3.1. Age-Related Changes in Vision

Visual changes commonly associated with aging include:

Presbyopia: Reduced ability to focus on near objects, typically beginning around age 40.

Reduced Contrast Sensitivity: Difficulty distinguishing between similar colors or low-contrast elements.
Increased Sensitivity to Glare: Discomfort or reduced visibility when viewing bright or reflective screens.
Reduced Field of Vision: Narrowing of peripheral vision.

Slower Dark Adaptation: Taking longer to adjust to changes in lighting conditions.

These changes can make it difficult for older adults to read small text, distinguish interface elements with

low contrast, or adapt to screens with high brightness or glare.

2.3.2. Age-Related Changes in Hearing

Hearing changes with age often include:

Presbycusis: Age-related hearing loss, particularly affecting the ability to hear high-frequency sounds.
Reduced Speech Discrimination: Difficulty distinguishing speech from background noise.

Tinnitus: Ringing or buzzing in the ears that can interfere with audio perception.

These changes can affect how older adults perceive audio content, particularly in multimedia

presentations or video conferences with background noise or multiple speakers.

2.3.3. Age-Related Changes in Motor Function

Motor changes associated with aging may include:

Reduced Dexterity: Decreased fine motor control and precision.
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Slower Movement: Increased time needed to perform physical actions.
Tremors: Involuntary shaking that can affect precision movements.
Reduced Strength: Difficulty performing actions that require sustained pressure or force.

These changes can impact how older adults use input devices like mice, keyboards, or touchscreens,

potentially requiring larger targets, reduced double-click speeds, or alternative input methods.

2.3.4. Age-Related Changes in Cognition

Cognitive changes that may occur with aging include:
Slower Processing Speed: Taking longer to process new information or respond to stimuli.

Reduced Working Memory Capacity: Difficulty holding multiple pieces of information in mind

simultaneously.
Decreased Attention Switching: Challenges when multitasking or shifting focus between different tasks.

Reduced Spatial Cognition: Difficulty understanding complex spatial relationships or navigating

hierarchical structures.

These changes can affect how older adults learn new interfaces, remember steps in a process, or navigate

complex information architectures.

2.3.5. Progressive Conditions

Some disabilities are progressive, meaning they worsen over time. Examples include:

Age-Related Macular Degeneration: Progressive deterioration of the macula, leading to loss of central

vision.

Parkinson's Disease: Progressive disorder affecting movement, often causing tremors and reduced

motor control.

Multiple Sclerosis: Autoimmune disease that can progressively affect vision, motor control, and cognitive

function.

Dementia: Progressive decline in cognitive function, affecting memory, reasoning, and other cognitive

abilities.
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Progressive conditions present unique challenges for accessibility, as users' needs may change over time.

Interfaces that allow for customization and adaptation can help accommodate these changing needs.

2.4. Understanding the Impact on Human-Computer

Interaction

The various disabilities and limitations discussed above can significantly impact how individuals interact

with digital interfaces. Understanding these impacts is crucial for designing accessible experiences.

2.4.1. Impact on Information Perception

Disabilities can affect how users perceive information presented through digital interfaces:

Visual Impairments: Affect the ability to perceive visual elements such as text, images, colors, and spatial

layouts.

Hearing Impairments: Affect the perception of audio content, including spoken information, alerts, and

multimedia.

Cognitive Impairments: Can affect the ability to process and understand information, regardless of how

it's presented.

To address these perceptual barriers, accessible design often involves providing multiple modes of
presentation (e.g., text alternatives for images, captions for audio) and ensuring that information is

perceivable through different sensory channels.

2.4.2. Impact on Interface Operation

Disabilities can also affect how users operate and navigate interfaces:
Motor Impairments: Affect the ability to use standard input devices or perform precise movements.

Visual Impairments: Can make it difficult to locate interactive elements or understand spatial

relationships.

Cognitive Impairments: May affect the ability to understand navigation patterns or remember how to

perform tasks.
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Accessible interfaces accommodate these operational challenges through features like keyboard

accessibility, voice control, predictable navigation patterns, and clear, consistent interaction models.

2.4.3. Impact on Content Understanding

Beyond perception and operation, disabilities can affect how users understand and process content:

Cognitive Impairments: May affect reading comprehension, memory, or the ability to process complex

information.

Learning Disabilities: Can specifically impact text processing, numerical understanding, or other aspects

of content comprehension.

Hearing Impairments: For users who are deaf from birth, written language might be a second language

after sign language, potentially affecting text comprehension.

Addressing these understanding barriers involves using clear, simple language, providing supplementary

explanations, breaking complex processes into steps, and avoiding unnecessary complexity.

2.4.4. Real-World Impact Example

Maria, a university student who is blind, uses a screen reader to navigate her university's learning
management system. When her professor uploads scanned PDFs of reading materials without OCR
(Optical Character Recognition), the screen reader cannot interpret the content, effectively excluding Maria
from accessing the course materials. This demonstrates how understanding the needs of users with visual

impairments is crucial for educational equity.

This example illustrates how a lack of understanding about accessibility needs can create significant
barriers to education. By simply ensuring that PDFs are properly digitized with OCR, the professor could

make the materials accessible to Maria and other students who use screen readers.
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CHAPTER 3.

Assistive Technologies

3.1. Definition and Purpose of Assistive Technologies

Assistive technologies encompass a wide range of tools, devices, software, and systems designed to
maintain or improve the functional capabilities of individuals with disabilities. These technologies serve as

bridges that help overcome barriers in accessing and using digital content and services.

The ltalian legislation, known as the "Legge Stanca" (Law 9 January 2004, n. 4, art. 2), defines assistive

technologies as:

"The tools and technical solutions, hardware and software, that allow a disabled person, by overcoming
or reducing disadvantaged conditions, to access information and services provided by computer

systems."
A more comprehensive definition from the assistive technology field describes it as:

"Any item, piece of equipment, product or system, whether acquired commercially off the shelf, modified,
or customized, that is used to increase, maintain, or improve the functional capabilities of persons with

disabilities."
The primary purposes of assistive technologies include:

1. Enabling Independence: Allowing individuals with disabilities to perform tasks they might

otherwise be unable to do without assistance from others.

2. Providing Alternative Access Methods: Offering different ways to interact with digital content

when conventional methods are inaccessible.

3. Enhancing Functional Capabilities: Augmenting or substituting for abilities that may be limited

or absent due to disability.

4. Promoting Inclusion: Facilitating participation in education, employment, civic activities, and

social interactions.
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5. Improving Quality of Life: Enhancing overall well-being by reducing barriers to information,
communication, and daily activities.
Assistive technologies play a crucial role in creating an inclusive digital environment. They transform
potentially inaccessible content into formats that can be perceived, understood, and interacted with by
people with various disabilities. Without these technologies, many individuals would face significant

barriers to participating in our increasingly digital society.

3.2. Technologies for Visual Impairments

Visual impairments range from low vision to complete blindness and can significantly impact how
individuals access digital content. Various assistive technologies have been developed to address these

challenges.

3.2.1. Screen Readers

Screen readers are software applications that interpret and verbalize what is displayed on a computer
screen. They convert digital text, interface elements, and other visual information into synthesized speech

or Braille output.
Common screen readers include:

- NVDA (NonVisual Desktop Access): A free, open-source screen reader for Windows operating
systems. NVDA is developed by NV Access and has gained significant popularity due to its robust

features and zero cost.

-  JAWS (Job Access With Speech): A commercial screen reader for Windows that has been a
market leader for many years. JAWS offers advanced features but comes with a significant price

tag.

- VoiceOver: Built into Apple's macOS, iOS, and iPadOS operating systems, VoiceOver provides

comprehensive screen reading capabilities for Apple users.

- Narrator: Microsoft's built-in screen reader for Windows, which has seen significant

improvements in recent versions of the operating system.

- TalkBack: Google's screen reader for Android devices, providing spoken feedback for users with

visual impairments.
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Screen readers work by programmatically accessing the content and structure of digital interfaces. They
rely on proper semantic markup and accessibility attributes to correctly interpret and communicate
information to users. When websites or applications lack proper accessibility implementation, screen

readers may provide incomplete or confusing information.

For example, Sarah, a software developer who is blind, uses the NVDA screen reader to write code. Her
company implemented proper semantic HTML and ARIA attributes in their development environment,
allowing Sarah to navigate code structures efficiently. This real-world implementation of accessibility

standards enables Sarah to be one of the most productive developers on her team.

3.2.2. Braille Devices

Braille devices, also known as refreshable Braille displays, are tactile output devices that convert digital
text into Braille characters. These devices feature a row of cells, each containing small pins that raise and

lower to form Braille patterns. As the user reads the current line, they can advance to the next line of text.
Key characteristics of Braille devices include:

- Refreshable Display: Unlike static Braille printed on paper, these displays can change

dynamically to represent different text as the user navigates through content.

- Integration with Screen Readers: Most Braille devices work in conjunction with screen readers,

which process the digital content and send it to the Braille display.

- Portability: Modern Braille displays range from compact, single-line devices to larger multi-line

displays, offering options for different use cases and portability needs.

- Cost Considerations: Braille devices tend to be expensive, with prices ranging from several
hundred to several thousand dollars, depending on the number of cells and features.

Braille devices are particularly valuable for users who are both deaf and blind, as they cannot benefit from

the audio output of screen readers. They are also preferred by many blind users for tasks requiring precise

reading, such as programming, mathematical content, or language learning, where hearing the spelling or

pronunciation of words is insufficient.

3.2.3. Screen Magnifiers

Screen magnifiers are software tools that enlarge portions of the screen to make content more visible for
users with low vision. Unlike screen readers, which provide an alternative to visual perception, magnifiers

enhance visual content for those with partial sight.
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Screen magnification software typically offers features such as:

Variable Magnification Levels: Allowing users to adjust the degree of enlargement based on their

visual needs and the content being viewed.

Smooth Tracking: Following the mouse cursor, text insertion point, or keyboard focus to ensure

the magnified area remains relevant to the user's current activity.

Color and Contrast Adjustments: Options to invert colors, apply high-contrast color schemes,

or use color filters to improve visibility for users with specific visual conditions.

Focus Enhancement: Highlighting the cursor, text insertion point, or active interface element to

help users locate their position on screen.

Common screen magnification tools include:

ZoomText: A commercial magnification and screen reading software with advanced features for

low vision users.

Built-in OS Magnifiers: Modern operating systems include basic magnification tools, such as
Magnifier in Windows, Zoom in macOS, and accessibility zoom features in mobile operating

systems.

Browser Zoom: Web browsers allow users to zoom in on web content, though this approach may

have limitations compared to dedicated magnification software.

Screen magnifiers are essential for many users with age-related vision decline, macular degeneration,

diabetic retinopathy, and other conditions that reduce visual acuity but do not result in complete blindness.

3.3. Technologies for Motor Impairments

Motor impairments can affect an individual's ability to use standard input devices like keyboards and mice.

A range of assistive technologies has been developed to provide alternative input methods.

3.3.1. Alternative Input Devices

Alternative input devices replace or supplement standard keyboards and mice for users with motor

limitations. These devices are designed to accommodate different physical abilities and movement ranges.

Specialized Pointing Devices:
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Trackballs: Ball-based pointing devices that require less arm movement than traditional mice.

Users can rotate the ball with fingers, palm, or other body parts without moving the entire device.

- Joysticks: Lever-based controllers that can be operated with minimal force and range of motion.
These can be manipulated by hand, chin, mouth, or other body parts depending on the user's

abilities.

- Head Pointers: Devices that track head movements to control cursor position, allowing users with

limited or no hand mobility to navigate interfaces.

- Mouth Sticks and Head Wands: Physical pointers that users can hold in their mouth or attach to
their head to press keys or touch screens.

Switch Devices:

Switches are simple input devices that can be activated by whatever voluntary movement a user can

reliably control. They come in various forms:

Button Switches: Activated by pressing with any body part capable of exerting pressure.

Sip-and-Puff Switches: Controlled by inhaling or exhaling through a tube.

Blink or Eye Movement Switches: Triggered by deliberate eye movements or blinks.

Proximity Switches: Activated when a body part comes near the sensor without requiring
physical contact.

Switches are often used with scanning software, which highlights options sequentially until the user
activates the switch to select the highlighted option. While this method can be slower than direct selection,

it makes digital access possible for users with severe motor limitations.

3.3.2. Special Keyboards

Special keyboards address various motor challenges by modifying the physical layout, key sensitivity, or

input method of standard keyboards.
Adaptive Keyboards:

- Expanded Keyboards: Feature larger keys with increased spacing to accommodate users with

reduced precision in their movements.

- Reduced Keyboards: Have fewer, larger keys for users with limited range of motion but good

precision.
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- Ergonomic Keyboards: Designed with alternative layouts to reduce strain and accommodate

different physical capabilities.

- Keyguards: Overlays with holes corresponding to each key, allowing users to rest their hands on
the keyboard without accidentally pressing keys and helping guide fingers to the intended key.

Customizable Keyboards:

These keyboards feature interchangeable panels that can be adapted to different needs and abilities. They

may offer:

- Different key layouts and sizes

- Custom symbols or pictures on keys
- Varied resistance levels

- Programmable functions

On-Screen Keyboards:

Software-based keyboards displayed on screen that can be used with various pointing devices or

switches. These often include features like:

- Word prediction to reduce the number of selections needed

- Customizable layouts and key sizes

- Dwell selection, where hovering over a key for a set period triggers selection

- Integration with other assistive technologies
Special keyboards are particularly valuable for users with conditions such as cerebral palsy, muscular
dystrophy, arthritis, or partial paralysis, who may have difficulty with the precision or force required for

standard keyboards.

3.3.3. Eye-tracking Systems

Eye-tracking systems use specialized hardware and software to detect and track eye movements, allowing
users to control computers using only their eyes. These systems are particularly valuable for individuals

with severe motor impairments who retain eye movement control.
Components of eye-tracking systems typically include:

- Infrared Cameras: Track the reflection of light on the cornea and pupil to determine where the

user is looking.

- Processing Software: Interprets eye movements and translates them into cursor control or

selection actions.
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- Calibration Tools: Customize the system to each user's specific eye movements and
characteristics.

Eye-tracking interfaces generally work through:

- Dwell Selection: The user focuses their gaze on an element for a predetermined time to select it,

similar to clicking.

- Blink Commands: Deliberate blinks can be interpreted as different commands, such as clicking

or scrolling.

- Gaze Patterns: Specific eye movement patterns can trigger predefined actions.
Modern eye-tracking systems have become more affordable and accurate, making them increasingly
viable options for users with conditions such as ALS (Amyotrophic Lateral Sclerosis), spinal cord injuries,

or locked-in syndrome.

Robert, who has ALS and cannot use his hands, relies on an eye-tracking system to control his computer.
He successfully runs his own online business, communicates with clients, and manages his finances
independently. The eye-tracking technology calibrates to his specific eye movements and allows him to

select items on screen by dwelling his gaze on them for a set period.

3.3.4. Voice Recognition

Voice recognition systems convert spoken language into text or commands, allowing users to control
computers and input text without physical interaction. These systems have advanced significantly in

recent years, becoming more accurate and responsive.
Key features of voice recognition systems include:

- Dictation: Converting spoken words into written text for document creation, email composition,

and other text entry tasks.

- Command and Control: Executing specific actions based on voice commands (e.g., "open

browser," "scroll down," "click submit").
- Application Control: Navigating and operating software applications through voice commands.

- Text Navigation and Editing: Moving through text and making edits using voice commands.

Modern voice recognition systems often incorporate:

- Machine Learning: Adapting to the user's voice, accent, and speaking patterns over time.
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- Specialized Vocabularies: Support for field-specific terminology in areas like medicine, law, or

technical disciplines.
- Noise Filtering: Ability to distinguish the user's voice from background noise.

- Natural Language Processing: Understanding context and intent rather than just recognizing
individual words.

Voice recognition is particularly valuable for users with conditions that limit hand and arm movement but

preserve speech capabilities. It's also beneficial for users with certain learning disabilities or those who

experience pain when typing.

Dr. Chen, a radiologist with repetitive strain injury, uses voice recognition software to dictate medical
reports. The specialized medical vocabulary recognition in the software allows her to continue her practice
despite her physical limitations. The hospital's investment in this technology prevented the loss of a

valuable specialist and improved report turnaround times.

3.4. Other Assistive Technologies

Beyond technologies specifically designed for visual or motor impairments, there are numerous other

assistive technologies addressing diverse needs.

3.4.1. Technologies for Hearing Impairments

For users who are deaf or hard of hearing, several technologies facilitate access to audio content:

Closed Captioning: Text versions of spoken content and audio cues in videos, allowing deaf

users to access the information.

- Sign Language Avatars: Digital characters that translate text into sign language for users who

prefer sign language over written text.

- Visual Alerts: Systems that convert audio alerts (like error messages or notifications) into visual

signals such as flashing lights or on-screen indicators.

- Text-to-Speech with Visual Feedback: For users who are hard of hearing but not completely

deaf, systems that provide both audio and synchronized visual text can improve comprehension.

- Real-time Transcription: Services that convert spoken language to text in real-time, useful for

meetings, lectures, or other live events.
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3.4.2.

Technologies for Cognitive Impairments

Users with cognitive impairments benefit from technologies that simplify interaction and reduce cognitive

load:

3.4.3.

Text Simplification Tools: Software that rewrites complex text using simpler vocabulary and

sentence structures.

Reading Assistants: Tools that highlight text as it's read aloud, helping users with reading

difficulties follow along.

Task Management Systems: Applications that break complex processes into simple, sequential

steps with reminders and progress tracking.

Predictive Text and Word Completion: Reduces the cognitive effort needed to spell words or

construct sentences.

Customizable Interfaces: Systems allowing users to simplify interfaces by removing non-

essential elements or adjusting the presentation to their preferences.

Augmentative and Alternative Communication (AAC)

AAC systems help users with speech or language impairments communicate:

3.4.4.

Speech-Generating Devices: Electronic devices that produce digitized or synthesized speech

based on user input.

Symbol-Based Communication Systems: Allow users to select symbols representing words or

phrases to construct messages.

Text-to-Speech Applications: Convert typed text into spoken words for users who can type but

cannot speak.

Eye-Gaze Communication Systems: Combine eye-tracking technology with communication

software for users with severe motor impairments.

Brain-Computer Interfaces: Emerging technology that interprets brain signals to control

computers or communication devices.

Adaptive Gaming Technologies

Gaming is an important recreational and social activity that can be made accessible through:

34



HCI Lessons Notes — The Human

3.5.

V Radixia
Adaptive Controllers: Modified game controllers that accommodate various physical abilities,

such as Microsoft's Xbox Adaptive Controller.

Switch-Compatible Games: Games designed to be played with simple switch inputs rather than

complex controller combinations.

Voice-Controlled Gaming: Games that can be played using voice commands instead of physical

controls.

One-Handed Controllers: Specialized controllers designed for users with the use of only one

hand.

Haptic Feedback Systems: Provide tactile information that can benefit users with visual or

auditory impairments.

Future Trends in Assistive Technologies

The field of assistive technology continues to evolve rapidly, with several promising trends emerging:

3.5.1.

Artificial Intelligence and Machine Learning

Al and machine learning are transforming assistive technologies in several ways:

3.5.2.

Improved Speech Recognition: More accurate understanding of diverse speech patterns,

accents, and speech impairments.

Computer Vision for Accessibility: Systems that can describe images, recognize objects, or

guide users through visual environments.
Predictive Assistance: Learning user patterns to anticipate needs and streamline interactions.

Personalized Adaptations: Automatically adjusting interfaces based on observed user behavior

and difficulties.

Natural Language Processing: Better understanding of context and intent in voice commands

and dictation.

Brain-Computer Interfaces

Brain-computer interfaces (BCls) represent a frontier in assistive technology:
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Direct Neural Control: Allowing users to control devices through thought alone, particularly

valuable for those with severe motor impairments.

Emotion Recognition: Detecting emotional states to adapt interfaces or provide appropriate

responses.

Cognitive Load Monitoring: Adjusting information presentation based on detected cognitive

capacity.

Rehabilitation Applications: Using BCls to help retrain neural pathways after injury or stroke.

While many BCI applications remain experimental, commercial products are beginning to emerge, and the

technology shows significant promise for the future of accessibility.

3.5.3.

Wearable Technologies

Wearable devices offer new possibilities for assistive technology:

3.5.4.

Smart Glasses: Providing visual augmentation, object recognition, or navigation assistance for

users with visual impairments.

Haptic Feedback Wearables: Conveying information through touch, useful for users with visual

or auditory impairments.

Motion-Sensing Wearables: Detecting subtle movements to control devices for users with

limited mobility.

Health Monitoring Integration: Combining assistive functions with health monitoring to provide

comprehensive support.

Mainstream Integration

Perhaps the most significant trend is the integration of accessibility features into mainstream products:

Built-in Accessibility: Major operating systems and applications increasingly include robust

accessibility features by default.

Universal Design Approach: Designing products from the ground up to be usable by people with

the widest possible range of abilities.

Cross-Platform Consistency: Standardizing accessibility features across platforms to reduce the

learning curve for users.
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Accessibility APIs: Making it easier for developers to create accessible applications through

standardized programming interfaces.

This mainstreaming of accessibility features reduces stigma, lowers costs, and increases the availability

of accessible technology for all users.

3.6.

3.6.1.

3.6.2.

Discussion Questions and Exercises

Discussion Questions

How might advances in artificial intelligence and machine learning transform assistive
technologies in the next decade? What new possibilities might emerge, and what ethical

considerations should be addressed?

Discuss the concept of "universal design" in relation to assistive technologies. Is it better to design
mainstream products to be inherently accessible, or to develop specialized assistive

technologies? What are the advantages and limitations of each approach?

Consider the cost barriers to accessing assistive technologies. What strategies might help make
these technologies more affordable and available to those who need them? What role should

governments, insurance providers, educational institutions, and technology companies play?

How might assistive technologies evolve to better address the needs of users with multiple
disabilities (e.g., those who are both blind and deaf, or have both cognitive and motor

impairments)?

Reflect on the psychological and social aspects of using assistive technologies. How might these

technologies be designed to minimize stigma and promote dignity and independence?

Exercises

Assistive Technology Evaluation: Select an assistive technology (e.g., screen reader, voice
recognition, eye-tracking) and evaluate its effectiveness for completing three common digital

tasks. Document the strengths, limitations, and potential improvements for the technology.

Design Challenge: Identify an everyday digital activity that remains challenging for users with a
specific disability. Sketch or describe a new assistive technology or feature that could address

this challenge, considering technical feasibility, usability, and cost.
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3.7.

Comparative Analysis: Compare two similar assistive technologies (e.g., two different screen
readers or voice recognition systems) based on features, performance, cost, and user reviews.
Present your findings in a structured format that would help a potential user make an informed

choice.

Accessibility Testing with Assistive Technology: Install and use a free assistive technology
(e.g., NVDA screen reader, Windows Speech Recognition) to evaluate the accessibility of a

website or application. Document your experience and any barriers encountered.

Future Scenario Development: Write a short scenario describing how assistive technologies
might be used in everyday life 10 years from now, based on current research and emerging trends.
Consider how these technologies might be integrated into homes, workplaces, educational

settings, or public spaces.

References

National Center for Biotechnology Information. (2023). Assistive Products and Technology to
Facilitate Activities and Participation. Retrieved from
https://pmc.ncbi.nim.nih.gov/articles/PMC9915405/

Taylor & Francis Online. (2022). Assistive technologies are central to the realization of the rights of
persons with disabilities. Retrieved from
https://www.tandfonline.com/doi/full/10.1080/17483107.2022.2099987

Springer Link. (2022). Assistive technology for the inclusion of students with disabilities. Retrieved

from https://link.springer.com/article/10.1007/s11423-022-10127-7

Science Direct. (2025). Experiences of individuals with severe disabilities using assistive devices.

Retrieved from https://www.sciencedirect.com/science/article/abs/pii/S1936657425000615

Frontiers in Political Science. (2022). The Role of Assistive Technology in Advancing Sustainable
Development Goals. Retrieved from https://www.frontiersin.org/journals/political-
science/articles/10.3389/fpos.2022.859272/full

38



HCI Lessons Notes — The Human \//\ Radixia

CHAPTER 4.

Web Accessibility Barriers and Solutions

4.1. Common Accessibility Barriers

Web accessibility barriers are obstacles that prevent people with disabilities from using websites and web
applications effectively. Understanding these barriers is the first step toward creating inclusive digital
experiences. This section explores the most common barriers encountered by users with different types

of disabilities.

4.1.1. Barriers for Users with Visual Impairments

Users with visual impairments, including blindness, low vision, and color blindness, face numerous barriers

when navigating the web:

Non-text Content Without Alternatives: Images, charts, infographics, and other visual elements that lack
proper text alternatives prevent screen reader users from accessing the information they contain. As noted
in the slides, "screen readers are unable to understand images and graphs (and controls and other

structural elements that do not have equivalent text alternatives)."

Poor Color Contrast: Text with insufficient contrast against its background can be difficult or impossible
to read for users with low vision or color vision deficiencies. This includes light gray text on white

backgrounds or text overlaid on busy images without proper contrast enhancement.

Reliance on Color Alone for Conveying Information: Using only color to indicate status, errors, or
distinctions between elements creates barriers for users with color blindness. For example, using only red

or green to indicate form validation status without additional textual or symbolic cues.

Inaccessible PDF Documents: PDF files that are not properly tagged or that contain scanned text as
images rather than actual text are inaccessible to screen reader users. This is a common issue with

uploaded documents on many websites.

Lack of Keyboard Accessibility: Websites that require mouse interaction for essential functions prevent

users who rely on screen readers and keyboard navigation from accessing those features.
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Inconsistent Navigation: Unpredictable or inconsistent navigation structures make it difficult for screen

reader users to build a mental model of the website and navigate efficiently.

4.1.2. Barriers for Users with Hearing Impairments

Users who are deaf or hard of hearing encounter different types of barriers:

Uncaptioned Audio and Video: Multimedia content without captions or transcripts excludes users who
cannot hear the audio. This includes not only obvious content like videos but also audio cues for

notifications or errors.

Lack of Visual Alternatives for Audio Cues: When websites use sounds to indicate important events

(like errors or notifications) without visual equivalents, deaf users miss this information.

Complex Language Without Visual Support: For users whose primary language is sign language,
complex written language without supporting visuals or simplified alternatives can create comprehension

barriers.

Audio CAPTCHA Without Alternatives: Security measures that rely solely on audio recognition without

alternative verification methods exclude deaf users.

4.1.3. Barriers for Users with Motor Impairments

Users with motor impairments face barriers related to physical interaction with websites:

Small Click Targets: Buttons, links, and other interactive elements that are too small or too closely spaced
are difficult to activate precisely for users with tremors, limited dexterity, or those using alternative pointing

devices.

Time-Limited Responses: Features that require quick responses, such as disappearing notifications or
session timeouts without adequate warnings or extension options, create barriers for users who type or

navigate more slowly.

Complex Gestures or Actions: Interactions that require precise movements, such as drag-and-drop
operations or multi-finger gestures without keyboard alternatives, exclude users who cannot perform these

actions.

Excessive Scrolling or Clicking: Designs that require numerous clicks or extensive scrolling to access

content or complete tasks create unnecessary fatigue for users with motor limitations.
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4.1.4. Barriers for Users with Cognitive Impairments

Users with cognitive impairments, including learning disabilities, memory impairments, and attention

disorders, encounter barriers related to information processing:

Complex Navigation and Page Layouts: Cluttered interfaces with inconsistent navigation patterns and

unpredictable layouts increase cognitive load and create confusion.

Walls of Text: Large blocks of dense text without headings, bullet points, or visual breaks make content

difficult to process and understand.

Distracting Elements: Animations, auto-playing videos, or flashing content can distract users and

interfere with their ability to focus on the main content.

Inconsistent Terminology and Icons: Using different terms or symbols for the same function across a

website creates unnecessary confusion.

Lack of Error Recovery: Unclear error messages or difficult recovery paths when mistakes are made can

be particularly challenging for users with cognitive impairments.

Time Constraints: Features that time out or require information to be remembered across multiple steps

without visual reminders create barriers for users with memory impairments.

4.2. Solutions for Visual Accessibility

Creating visually accessible websites involves implementing solutions that ensure content can be

perceived and understood by users with various visual impairments.

4.2.1. Alternative Text for Images

Alternative text (alt text) provides a textual description of images for users who cannot see them. Screen

readers read this text aloud, allowing blind users to understand the content and purpose of images.
As noted in the slides, "Alternative text can be presented in two ways:

- Within the alt attribute of the img element (or the longdesc attribute)
- Within the context or surroundings of the image itself."

Best Practices for Alt Text:
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1. Be Concise but Descriptive: Describe the content and function of the image in as few words as
possible while conveying all essential information.

Example: <img src="/img/tbl.jpg" alt="Tim Berners Lee, the inventor of the

World Wide Web" />

2. Context Matters: Consider how the image functions in the context of the surrounding content.

The same image might need different alt text depending on its purpose and context.

3. Decorative Images: Images that are purely decorative and don't convey meaningful content
should have empty alt text (alt="") so screen readers will skip them.

Example: <img src="/media/decor.jpg" alt="">

4. Complex Images: For complex images like charts, graphs, or diagrams, provide a brief
description in the alt text and a more detailed explanation either in the surrounding content or
through a linked description.

Example:

<img src="/images/chart.png"

alt="Chart showing the trend of total OSU enroliment to new students at OSU from 2007 to 2011"
longdesc="chartdesc.html" />

5. Images of Text: When an image contains text (like a logo), the alt text should typically include
that text.
Example: <img src="/media/logo.png"” alt="WebAIM - Web Accessibility In

Mind">

The National Museum of Art implemented detailed alternative text descriptions for all artwork on their
website. A blind visitor reported that for the first time, he was able to appreciate the collection
independently before his physical visit, enhancing his museum experience. The museum found that these

descriptions also improved their SEO, bringing more visitors to their website.

4.2.2. Proper Document Structure

Proper document structure helps screen reader users navigate content efficiently and understand the

relationship between different parts of a page.

Key Elements of Proper Structure:
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Semantic HTML: Use HTML elements according to their intended purpose. For example, use
<h1> through <h6> for headings, <nav> for navigation, <main> for main content, and <button>

for interactive buttons.

Heading Hierarchy: Implement a logical heading structure that reflects the content organization.
Start with <h1> for the main page title and use subsequent levels (<h2>, <h3>, etc.) for

subsections.

Landmarks and Regions: Use ARIA landmarks or HTMLS semantic elements to define regions

of the page, such as <header>, <footer>, <nav>, <main>, and <aside>.

Skip Navigation Links: Provide a mechanism for users to skip repetitive navigation elements and
jump directly to the main content.

Example:

<a href="#content">Skip to main content</a>

<main id="content">...</main>

Descriptive Link Text: Ensure that link text makes sense out of context, avoiding generic phrases
like "click here" or "more."
Poor example: <a href="report.pdf">Click here</a> Better example: <a

href="report.pdf">Download the 2025 Annual Report (PDF, 2.3 MB)</a>

A news website restructured their content using proper semantic HTML. A blind user shared that he could

now efficiently navigate between sections and articles, significantly improving his news consumption

experience. The website also benefited from improved search engine rankings due to the better-structured

content.

4.2.3. Color and Contrast Considerations

Color and contrast are critical for users with low vision, color blindness, or certain cognitive disabilities.

Best Practices for Color and Contrast:

1.

Sufficient Contrast Ratio: Ensure text has adequate contrast against its background. WCAG 2.1

recommends a minimum contrast ratio of 4.5:1 for normal text and 3:1 for large text.
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2. Don't Rely on Color Alone: Always use additional indicators (text, patterns, or icons) alongside
color to convey information.
Poor example: Using only red or green colors to indicate form validation errors. Better example:

Using red color plus an error icon and descriptive text to indicate errors.

3. Customizable Display Options: When possible, provide options for users to adjust contrast, font

size, or color schemes to suit their needs.

4. Test with Color Blindness Simulators: Use tools that simulate different types of color blindness

to ensure your content remains understandable.

5. High Contrast Mode Compatibility: Ensure your website functions properly when users enable
high contrast modes in their operating systems.

A financial institution redesigned their mobile banking app with high contrast modes and customizable

color schemes. A customer with color blindness reported that he could now confidently distinguish

between different transaction types and account balances, reducing errors in his financial management.

The bank saw a 12% increase in mobile app usage among older customers who benefited from the

improved visibility.

4.3. Solutions for Motor Accessibility

Creating interfaces that are accessible to users with motor impairments involves ensuring that all

functionality can be accessed without requiring fine motor control or specific input devices.

4.3.1. Keyboard Navigation

Keyboard accessibility is fundamental for users who cannot use a mouse, including those with motor

impairments and many screen reader users.
Key Aspects of Keyboard Accessibility:

1. Keyboard Focus Indicators: Ensure that the current focus location is clearly visible when
navigating with a keyboard. This typically involves a visible outline or highlight around the focused

element.

2. Logical Tab Order: The tab sequence should follow a logical order that matches the visual layout

and the expected flow of interaction.
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3. Access to All Functionality: Every interactive element that can be accessed with a mouse should

also be accessible via keyboard, including dropdown menus, modal dialogs, and custom widgets.

4. No Keyboard Traps: Users should never get "trapped" in a component without being able to

navigate away using the keyboard.

5. Shortcut Keys: Consider implementing shortcut keys for frequently used functions, but ensure
they don't conflict with browser or screen reader shortcuts.

A popular streaming service redesigned their interface to ensure complete keyboard navigability. A user

with motor neuron disease shared that this change allowed him to independently browse and watch

content without assistance, significantly improving his quality of life during long hospital stays. The service

also noted reduced support tickets related to navigation issues from all users.

4.3.2. Target Size and Spacing

The size and spacing of interactive elements significantly impact usability for people with motor

impairments.
Best Practices for Target Size and Spacing:

1. Adequate Target Size: Make clickable elements large enough to be easily activated. WCAG 2.1

recommends a minimum target size of 44 by 44 pixels.

2. Sufficient Spacing: Ensure adequate space between interactive elements to prevent accidental

activation of adjacent controls.

3. Forgiving Interfaces: Implement designs that are forgiving of imprecise movements, such as

extending the clickable area beyond the visible button.

4. Touch-Friendly Design: Even for desktop interfaces, following touch-friendly design principles

benefits users with motor impairments.

5. Adjustable Timing: Allow users to adjust or disable time-based interactions, such as carousel
rotations or notification dismissals.

Carlos, who has cerebral palsy, uses a specialized joystick and switch system to control his computer.

When websites use small clickable elements or require precise mouse movements, Carlos struggles to

navigate them effectively. Websites that implement large click targets and keyboard navigation alternatives

allow Carlos to participate fully in online activities, from banking to social media.
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4.4. Solutions for Cognitive Accessibility

Cognitive accessibility focuses on making content understandable and usable for people with various

cognitive and learning disabilities.

4.4.1. Clear Language and Instructions

Using clear, straightforward language is essential for users with cognitive impairments, learning

disabilities, or those who are not fluent in the language of the content.
Best Practices for Clear Communication:

1. Plain Language: Use simple, direct language and avoid jargon, idioms, or complex sentence

structures when possible.

2. Chunking Information: Break content into manageable sections with clear headings and short

paragraphs.
3. Supportive Visuals: Use relevant images, icons, or diagrams to support text comprehension.

4. Clear Instructions: Provide step-by-step instructions for complex processes, with examples

where helpful.

5. Consistent Terminology: Use the same terms consistently throughout the interface rather than
synonyms for the same concept.

A government tax filing website was redesigned with cognitive accessibility in mind, breaking complex

processes into manageable steps, providing clear instructions, and allowing users to save their progress.

This redesign resulted in a 30% reduction in errors and a 25% increase in successful self-filing among

users with cognitive disabilities, reducing their dependence on paid tax preparation services.

4.4.2. Consistent Navigation

Predictable, consistent navigation helps users build mental models of websites and reduces cognitive

load.
Key Aspects of Consistent Navigation:

1. Consistent Layout: Maintain consistent placement of navigation elements, search functions, and

other common features across pages.
2. Predictable Behavior: Ensure that similar elements behave in similar ways throughout the site.

46



HCI Lessons Notes — The Human

V Radixia

3. Visual Cues: Use visual indicators to show the current location within the navigation hierarchy.

4. Breadcrumb Trails: Provide breadcrumb navigation for complex sites to help users understand

their current location and the path they took to get there.

5. Persistent Navigation: Keep main navigation accessible throughout the site rather than
it on certain pages.

A healthcare provider redesigned their patient portal following consistent navigation principles.

removing

A patient

with cognitive disabilities reported that she could now independently manage her appointments and

medication schedules, reducing her reliance on family members. The healthcare provider also noted fewer

missed appointments and improved medication adherence among all patients.

4.5. Testing and Validation Methods

Testing is crucial to identify and address accessibility barriers. A combination of automated and manual

testing methods provides the most comprehensive assessment.

4.5.1. Automated Testing Tools

Automated tools can quickly identify certain types of accessibility issues across large websites.

Common Automated Testing Approaches:

Accessibility Checkers: Tools like Lighthouse, axe, or WAVE that evaluate web pages against

accessibility guidelines and generate reports of potential issues.
Browser Extensions: Extensions that provide real-time feedback on accessibility as you browse.

Integrated Development Tools: Accessibility checkers built into development environments or

content management systems.

Color Contrast Analyzers: Specialized tools that evaluate color combinations for sufficient

contrast.

HTML Validation: Tools that check for valid, well-formed HTML, which is a foundation for

accessibility.

While automated tools are valuable, they can only detect about 30-40% of potential accessibility issues.

They excel at finding technical problems like missing alt text or insufficient color contrast but cannot

evaluate the quality or appropriateness of accessibility implementations.
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4.5.2. Manual Testing Techniques

Manual testing complements automated testing by addressing aspects that require human judgment.

Essential Manual Testing Approaches:

1.

Keyboard Navigation Testing: Attempting to use a website with only a keyboard to ensure all

functionality is accessible.

Screen Reader Testing: Using screen readers like NVDA, JAWS, or VoiceOver to experience the

site as blind users would.

Zoom Testing: Testing the site at different zoom levels (up to 400%) to ensure it remains usable

for low vision users.

Cognitive Walkthroughs: Systematically evaluating the steps required to complete tasks,

identifying potential points of confusion or excessive cognitive load.

Disabled CSS Testing: Viewing the site with CSS disabled to evaluate the underlying structure

and reading order.

As mentioned in the slides, "Disabling styles is a very simple way to check the accessibility of a page (at

least some aspects) when you don't have a screen reader."

4.5.3. User Testing with People with Disabilities

The most valuable form of accessibility testing involves actual users with disabilities.

Approaches to User Testing:

1.

Diverse Participant Recruitment: Include users with various disabilities, assistive technology

experience levels, and demographic backgrounds.

Task-Based Testing: Ask participants to complete specific tasks rather than just providing

general feedback.

Think-Aloud Protocols: Encourage participants to verbalize their thoughts, challenges, and

strategies as they navigate the site.

Observation: Watch how users actually interact with the site, noting workarounds or difficulties

that might not be verbally reported.

Iterative Testing: Conduct testing throughout the development process, not just at the end.
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User testing often reveals unexpected issues that neither automated tools nor expert evaluations would

catch. It provides insights into real-world usage patterns and the effectiveness of accessibility solutions in

practice.

4.6.

4.6.1.

4.6.2.

Discussion Questions and Exercises

Discussion Questions

How might the principles of universal design and accessibility benefit users without disabilities?

Can you identify examples where accessibility features have become mainstream conveniences?

Discuss the potential tensions between visual design trends and accessibility requirements. How

can designers balance aesthetic considerations with the need for accessibility?

Consider the role of organizational culture in creating accessible websites. What factors might

encourage or discourage prioritizing accessibility in web development projects?

How might emerging technologies like virtual reality, augmented reality, or voice interfaces present

new accessibility challenges and opportunities?

Discuss the ethical implications of excluding users with disabilities from digital experiences.

Beyond legal compliance, what moral responsibilities do designers and developers have?

Exercises

Barrier Identification: Visit a popular website and identify at least one potential accessibility
barrier for each of the four main disability categories (visual, hearing, motor, cognitive). For each

barrier, propose a solution that would address the issue.

Alt Text Workshop: Select five different types of images (e.g., decorative, informational, complex
chart, logo with text, functional button) and write appropriate alt text for each. Explain your

reasoning for each description.

Keyboard Navigation Challenge: Attempt to complete a common task on a web application
using only keyboard navigation (no mouse). Document your experience, any barriers encountered,

and suggestions for improvement.
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4.7.

Color Contrast Evaluation: Use a color contrast analyzer to evaluate the text and background
color combinations on a website of your choice. Identify any combinations that fail to meet WCAG
2.1 AA standards and propose alternative color schemes that maintain the site's visual identity

while improving accessibility.

Accessibility Statement Analysis: Find and analyze the accessibility statements of three different
organizations. Compare their approaches, commitments, and transparency about known issues.

Draft an improved version of one statement based on best practices.
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CHAPTER 5.

Accessibility Laws and Standards

5.1. International Standards

International standards for web accessibility provide consistent guidelines for creating accessible digital
content across borders. These standards are developed by various organizations and serve as the

foundation for many national and regional accessibility laws.

5.1.1. Web Content Accessibility Guidelines (WCAG)

The Web Content Accessibility Guidelines (WCAG) are the most widely recognized international standards
for web accessibility. Developed by the Web Accessibility Initiative (WAI) of the World Wide Web
Consortium (W3C), these guidelines provide a comprehensive framework for making web content

accessible to people with disabilities.
Evolution of WCAG:

WCAG 1.0 (1999): The first version of WCAG established 14 guidelines with checkpoints at three priority

levels:

- Priority 1: Must be satisfied (otherwise it is impossible for some groups to access information)
- Priority 2: Should be satisfied (otherwise it is difficult for some groups to access information)
- Priority 3: May be satisfied (otherwise it is somewhat difficult for some groups to access
information)
WCAG 2.0 (2008): This major revision introduced a technology-agnostic approach based on four
principles (Perceivable, Operable, Understandable, Robust) and became an ISO standard (ISO/IEC
40500:2012) in October 2012.

WCAG 2.1 (2018): This update added 17 new success criteria to address mobile accessibility, low vision,

and cognitive disabilities.

WCAG 2.2 (2023): Released on October 5, 2023, this version added nine new success criteria focusing

on mobile accessibility, users with cognitive or learning disabilities, and users with low vision.
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WCAG 3.0 (in development): Currently in working draft status, WCAG 3.0 (formerly known as "Silver")
aims to provide a more flexible approach to accessibility evaluation and to address a wider range of

disabilities and technologies.
WCAG Conformance Levels:
WCAG 2.x defines three levels of conformance:

- Level A: The most basic level of accessibility, addressing the most critical barriers.
- Level AA: The commonly targeted standard for most websites, addressing significant barriers.
- Level AAA: The highest level of accessibility, addressing more nuanced barriers.

Most legislation and policies worldwide require at least WCAG 2.0 or 2.1 Level AA conformance.

5.1.2. WAI-ARIA

WAI-ARIA (Web Accessibility Initiative - Accessible Rich Internet Applications) is a technical specification
that provides a framework to improve the accessibility of dynamic web content and advanced user

interface controls.

As noted in the slides, "WAI-ARIA is a set of technical specifications helping developers enhance the
accessibility of dynamic and interactive web content. It is useful for making elements like menus, forms,
and advanced web apps accessible. Developed before HTMLS5, it should be avoided when HTML5

provides an out-of-the-box solution."

Key Components of WAI-ARIA:

Roles: Define what an element is or does. For example:

<div role="button">Click me</div>

Properties: Provide additional information about an element. For example:

<div id="notifications" aria-live="polite">Lorem ipsum</div>

States: Express the current condition of an element. For example:

<button aria-expanded="false">Show menu</button>

WAI-ARIA is particularly valuable for making dynamic content accessible, such as:

- Custom widgets and controls

- Live regions that update without page reloads
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- Error messages and notifications
- Modal dialogs
- Complex navigation menus

However, as emphasized in the slides, native HTML5 elements should be preferred when available:

ARIA HTML

<a role="button"> <button>

<div role="complementary"> <aside>

<nav aria-label="Main menu"> <nav aria-labelledby="1label-1"><h2
class="visually-hidden" id="label-
1">Main menu</h2></nav>

5.1.3. 5.1.3 ISO Standards

Several International Organization for Standardization (ISO) standards address accessibility:

ISO/IEC 40500:2012: The formal ISO adoption of WCAG 2.0, giving these guidelines additional recognition

and authority in international contexts.

ISO 9241-171:2008: "Ergonomics of human-system interaction — Part 171: Guidance on software

accessibility" provides guidance on designing accessible software.

ISO/IEC 30071-1:2019: "Information technology — Development of user interface accessibility — Part 1:
Code of practice for creating accessible ICT products and services" offers a process-based approach to

embedding accessibility in the development lifecycle.

These ISO standards are particularly important in procurement contexts and international business, where

ISO compliance may be a formal requirement.
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5.2. Regional Legislation

Different regions have developed their own accessibility laws and regulations, often based on international

standards but with specific requirements and enforcement mechanisms.

5.2.1. Section 508 (USA)

Section 508 of the Rehabilitation Act is a U.S. federal law that requires federal agencies to make their

electronic and information technology accessible to people with disabilities.
Key Aspects of Section 508:

History and Scope: Originally enacted in 1973, the Rehabilitation Act prohibits discrimination in the
federal workplace against people with disabilities. Section 508, added in 1998, specifically addresses

information technology accessibility.

2017 Refresh: In January 2017, the U.S. Access Board published a major update to the Section 508

standards, harmonizing them with WCAG 2.0 Level AA and expanding the types of technologies covered.

Applicability: Section 508 directly applies to federal agencies but also affects organizations that provide

technology to the federal government or receive federal funding.

Requirements: The current standards require conformance with WCAG 2.0 Level AA for web content,

along with specific requirements for non-web software, hardware, and documentation.

Enforcement: Federal agencies must evaluate the accessibility of technology before procurement and

provide accessible alternatives when necessary.

5.2.2. European Accessibility Act

The European Accessibility Act (EAA) is a directive aimed at improving the functioning of the internal
market for accessible products and services by removing barriers created by divergent rules across EU

countries.
Key Aspects of the EAA:

Timeline: Approved in 2019, with a deadline of June 28, 2022, for EU member states to transpose the

directive into national law. Full application of the requirements begins on June 28, 2025.

Scope: The EAA covers a wide range of products and services, including:
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- Computers and operating systems
- Self-service terminals (ATMs, ticket machines, check-in kiosks)
- Smartphones and other communication devices
- TV equipment related to digital television services
- E-readers
- E-commerce services
- Banking services
- E-books
- Transport services
Applicability: The EAA applies to companies with at least €2 million in revenue and/or 10 employees

operating in the EU market.

Requirements: Organizations must follow the latest accessibility guidelines (WCAG), make self-hosted
videos accessible (e.g., by adding subtitles), provide alternative text for non-decorative images, ensure
PDFs include text alternatives for images and graphics, and test website navigation with assistive

technologies.

Penalties: Non-compliance can result in fines of up to 5% of annual revenue, making compliance a

significant business priority.

A mid-sized e-commerce company based in Germany invested in making their website WCAG 2.2
compliant ahead of the European Accessibility Act deadline. Not only did they avoid potential fines, but
they also expanded their customer base by 15% by reaching users with disabilities. Their proactive

approach became a case study for industry compliance.

5.2.3. Iltalian Legislation (Legge Stanca)
The "Legge Stanca" (Law 9 January 2004, n. 4) is Italy's legislation on digital accessibility, named after the
minister who promoted it, Lucio Stanca.

Key Aspects of Legge Stanca:

Scope: The law applies to Italian public administrations and companies with revenue exceeding €500 million

per year.

Definition of Accessibility: According to the law, accessibility is defined as "the capacity of computer
systems, within the forms and limits allowed by technological knowledge, to provide services and
information that can be used without discrimination, even by those who, due to disabilities, need assistive

technologies or special configurations."
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Definition of Assistive Technologies: The law defines assistive technologies as "the tools and technical
solutions, hardware and software, that allow a disabled person, by overcoming or reducing disadvantaged

conditions, to access information and services provided by computer systems."

Requirements: The law mandates compliance with technical requirements that are periodically updated

to align with international standards.

Updates: The law has been updated several times, most recently to align with the European Web

Accessibility Directive (Directive 2016/2102).

A municipality in ltaly redesigned their citizen services portal to comply with Legge Stanca requirements.
An elderly resident with partial vision loss was able to independently complete his tax declaration online
for the first time. The municipality reported a 40% reduction in in-person visits for routine paperwork,

significantly reducing administrative costs.

5.3. Compliance and Certification

Ensuring compliance with accessibility laws and standards involves various processes, tools, and

certification options.

5.3.1. Conformance Evaluation

Conformance evaluation is the process of determining how well a website or application meets
accessibility standards. This typically involves a combination of automated testing, manual expert review,

and user testing.
Evaluation Methodologies:

WCAG-EM (Website Accessibility Conformance Evaluation Methodology): A structured approach to
evaluating websites for WCAG conformance, developed by the W3C.

Trusted Tester: A methodology developed by the U.S. Department of Homeland Security for Section 508

compliance evaluation.

Unified Web Evaluation Methodology (UWEM): A European methodology for evaluating websites

against accessibility standards.

Key Components of Thorough Evaluation:
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Define the Scope: Determine which pages, features, and user journeys to evaluate.
Use Automated Tools: Employ tools like Lighthouse, axe, or WAVE to identify technical issues.
Conduct Manual Testing: Perform keyboard navigation testing, screen reader testing, and other
manual checks.

4. Test with Assistive Technologies: Evaluate the site using common assistive technologies like
screen readers and magnifiers.

5. Include Users with Disabilities: Conduct usability testing with people who have various
disabilities.

6. Document Findings: Create detailed reports of issues found and recommended remediation

steps.

5.3.2. Accessibility Statements

An accessibility statement is a public declaration of an organization's commitment to accessibility, current

level of compliance, known issues, and contact information for reporting problems.
Components of an Effective Accessibility Statement:

Commitment Statement: A clear declaration of the organization's commitment to accessibility.
2. Compliance Status: The standards being followed (e.g., WCAG 2.1 Level AA) and the current
level of conformance.
Known Limitations: Transparency about areas of the site that may not be fully accessible.
Accommodations and Alternatives: Information about how users can request accessible
alternatives or assistance.
5. Contact Information: How users can report accessibility issues or request assistance.
6. Date of Last Review: When the statement and site were last evaluated for accessibility.
Accessibility statements are required by some legislation, such as the European Web Accessibility

Directive, and are considered a best practice even when not legally mandated.

5.3.3. Third-Party Certification

Some organizations seek third-party certification to validate their accessibility efforts and demonstrate

compliance.
Certification Options:

WebAIM Certification: Certification from the Web Accessibility In Mind (WebAIM) organization based at
Utah State University.
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Level Access Certification: A commercial certification program offered by the accessibility consulting

firm Level Access.
Trusted Tester Certification: Individual certification for evaluators using the Trusted Tester methodology.

Deque University Certification: Training and certification programs offered by the accessibility company

Deque Systems.

While certification can provide external validation, it's important to note that accessibility is an ongoing
process rather than a one-time achievement. Regular evaluation and improvement are necessary to

maintain accessibility as content and technologies change.

5.4. Future Developments in Accessibility Regulation

The landscape of accessibility regulation continues to evolve as technology advances and understanding

of accessibility needs deepens.

5.4.1. Emerging Trends in Legislation

Several trends are shaping the future of accessibility regulation:

Harmonization: Increasing alignment between different national and regional standards, often converging
around WCAG.

Expanded Scope: Newer regulations are covering a broader range of technologies, including mobile

applications, Internet of Things (IoT) devices, and emerging platforms like virtual and augmented reality.

Stronger Enforcement: Many jurisdictions are strengthening enforcement mechanisms and increasing

penalties for non-compliance.

Private Sector Requirements: While early accessibility laws focused primarily on public sector websites,

newer regulations increasingly apply to private businesses as well.

Procurement Policies: More organizations are incorporating accessibility requirements into their

procurement processes, creating market pressure for accessible products and services.

5.4.2. WCAG 3.0 and Beyond

The W3C is developing WCAG 3.0 (formerly known as "Silver"), which represents a significant evolution in

accessibility guidelines.
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Key Changes in WCAG 3.0:

New Scoring System: Moving away from the binary pass/fail model to a more nuanced scoring approach

that better reflects the spectrum of accessibility.

Broader Scope: Addressing a wider range of disabilities, including cognitive disabilities, which have been

underrepresented in previous versions.

Flexible Methods: Providing multiple ways to test and validate accessibility, recognizing that different

contexts may require different approaches.

Plain Language: Making the guidelines themselves more accessible by using clearer language and

providing more examples.

Technology-Specific Guidance: Offering more detailed guidance for different types of technologies and

platforms.

While WCAG 3.0 is still in development, organizations should stay informed about its progress and begin

considering how its approach might influence future accessibility efforts.

5.4.3. Artificial Intelligence and Accessibility Regulation

Artificial intelligence (Al) presents both opportunities and challenges for accessibility regulation.
Al-Related Accessibility Considerations:

Automated Accessibility Remediation: Al tools that can automatically fix certain accessibility issues,

such as generating alternative text for images or identifying and correcting color contrast problems.

Bias and Fairness: Ensuring that Al systems do not discriminate against or disadvantage users with

disabilities.

Voice Interfaces: Regulations addressing the accessibility of voice-activated systems and ensuring they

work for users with speech impairments or accents.

Automated Decision Systems: Requirements for transparency and accessibility in Al systems that make

decisions affecting individuals.
Personalization: Al-driven personalization of interfaces based on individual user needs and preferences.

Future regulations will likely address these aspects of Al, balancing innovation with the need to ensure

that new technologies are accessible to all users.
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5.5.

5.5.1.

5.5.2.

Discussion Questions and Exercises

Discussion Questions

How do accessibility laws and standards balance the need for specific technical requirements
with the flexibility to accommodate evolving technologies? What are the advantages and

disadvantages of prescriptive versus performance-based approaches to regulation?

Compare the approaches to accessibility regulation in different regions (e.g., United States,
European Union, Australia). What cultural, political, or historical factors might explain the

differences in these approaches?

Discuss the role of litigation in advancing web accessibility, particularly in the United States. Has
the threat of lawsuits been effective in improving accessibility? What are the potential drawbacks

of a litigation-driven approach?

How might accessibility regulations need to evolve to address emerging technologies such as

virtual reality, augmented reality, or brain-computer interfaces?

Consider the economic implications of accessibility regulations for businesses of different sizes.
How can regulations be designed to promote accessibility without imposing undue burdens on

small businesses or startups?

Exercises

Compliance Evaluation: Select a website and evaluate its compliance with WCAG 2.1 Level AA
using both automated tools and manual testing. Document your findings and recommendations

for improvement.

Accessibility Statement Analysis: Compare the accessibility statements of three organizations
in different sectors (e.g., government, education, e-commerce). Analyze their approaches,
commitments, and transparency about known issues. Draft an improved version of one statement

based on best practices.

Case Study Research: Research a significant accessibility lawsuit or enforcement action. Analyze
the legal arguments, technical issues involved, and outcomes. What lessons can organizations

learn from this case?
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5.6.

Policy Comparison: Create a comparison chart of accessibility requirements under different
regulations (e.g., Section 508, European Accessibility Act, Legge Stanca). Identify similarities,

differences, and potential compliance challenges for multinational organizations.

Future Regulation Proposal: Draft a brief proposal for how accessibility regulations might
address an emerging technology not currently covered by existing standards (e.g., virtual reality,

smart home devices, wearable technology).
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CHAPTER 6.

Implementing Accessibility in Design and Development

6.1. Principles of Accessible Design

Accessible design is guided by fundamental principles that ensure digital content and interfaces can be
used by people with diverse abilities. These principles provide a framework for creating inclusive

experiences from the ground up.

6.1.1. POUR (Perceivable, Operable, Understandable, Robust)

The POUR principles form the foundation of the Web Content Accessibility Guidelines (WCAG) and provide

a comprehensive framework for accessibility implementation.

Perceivable: Information and user interface components must be presentable to users in ways they can

perceive.

As explained in the slides: "Information must be presented in a way that everyone can perceive it,
regardless of sensory abilities." For example, an e-commerce site provides alternative text for product

images, describing color, material, and features.
Key aspects of perceivability include:

- Text alternatives for non-text content

- Captions and alternatives for multimedia

- Content that can be presented in different ways

- Content that is distinguishable (e.g., sufficient contrast)

Operable: User interface components and navigation must be operable by all users.

The slides note: "Users must be able to interact with the site without barriers." For example, a blog allows

navigation via keyboard only, aiding users with motor disabilities.
Key aspects of operability include:

- Keyboard accessibility

-  Sufficient time to read and use content
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- Avoidance of content that could cause seizures or physical reactions
- Navigable content with multiple ways to find pages
- Input modalities beyond keyboard

Understandable: Information and the operation of the user interface must be understandable.

As stated in the slides: "Content must be clear and predictable." For example, a registration form clearly

reports errors, explaining what to fix.
Key aspects of understandability include:

- Readable and comprehensible text
- Predictable operation and appearance
- Input assistance to help users avoid and correct mistakes
Robust: Content must be robust enough to be interpreted reliably by a wide variety of user agents,

including assistive technologies.

The slides explain: "The site must be compatible with assistive technologies and future updates." For

example, HTML code is semantically correct, enabling screen readers to interpret the content properly.
Key aspects of robustness include:

- Compatibility with current and future user tools
- Well-formed code that follows standards

- Name, role, and value available for all user interface components

6.1.2. Universal Design

Universal Design is an approach that aims to create products and environments that are usable by all

people, to the greatest extent possible, without the need for adaptation or specialized design.
The Seven Principles of Universal Design:

Equitable Use: The design is useful and marketable to people with diverse abilities.
Flexibility in Use: The design accommodates a wide range of individual preferences and abilities.
Simple and Intuitive Use: Use of the design is easy to understand, regardless of the user's
experience, knowledge, language skills, or current concentration level.

4. Perceptible Information: The design communicates necessary information effectively to the user,
regardless of ambient conditions or the user's sensory abilities.

5. Tolerance for Error: The design minimizes hazards and the adverse consequences of accidental

or unintended actions.
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6. Low Physical Effort: The design can be used efficiently and comfortably with minimum fatigue.
7. Size and Space for Approach and Use: Appropriate size and space is provided for approach,
reach, manipulation, and use regardless of user's body size, posture, or mobility.
While originally developed for physical environments, these principles apply equally to digital interfaces

and experiences.

6.1.3. Inclusive Design
Inclusive Design extends Universal Design by recognizing and addressing the full range of human diversity,
including ability, language, culture, gender, age, and other forms of human difference.

Key Aspects of Inclusive Design:

Recognize Exclusion: Identify who might be excluded by current designs and why.
2. Learn from Diversity: Involve people with different perspectives and experiences in the design
process.
3. Solve for One, Extend to Many: Design for people with permanent disabilities, and the solutions
will often benefit people with temporary or situational limitations as well.
Inclusive Design emphasizes the involvement of diverse users throughout the design process, rather than

simply applying guidelines at the end.

6.2. Semantic HTML and Proper Markup

Proper use of HTML is fundamental to web accessibility, as it provides the structural foundation that

assistive technologies rely on to interpret content.

6.2.1. Semantic Elements

Semantic HTML elements clearly describe their meaning to both browsers and developers. Using these

elements appropriately is crucial for accessibility.

As noted in the slides: "Just use HTML properly" with "Use of semantic blocks" and "Proper use of heading

hierarchy."
Key Semantic Elements:

- Document Structure: <header>, <nav>, <main>, <section>, <article>, <aside>,

<footer>
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Headings: <h1> through <h6>, used in a hierarchical order

Lists: <ul>, <ol>, and <1i> for unordered and ordered lists

Tables: <table>, <thead>, <tbody>, <tr>, <th>, and <td> with appropriate attributes
Forms: <form>, <fieldset>, <legend>, <label>, <input> with appropriate types

Interactive Elements: <button>, <a>, <select>, <textarea>

Benefits of Semantic HTML.:

6.2.2.

Improved Accessibility: Screen readers and other assistive technologies can better understand
the content structure.

Enhanced SEO: Search engines better understand the content and its importance.

Easier Maintenance: Code is more readable and maintainable.

Future Compatibility: Semantic markup is more likely to remain compatible with future

technologies.

Heading Structure

Proper heading structure is particularly important for accessibility, as many screen reader users navigate

by headings.

Best Practices for Headings:

1

2
3.
4

6.2.3.

Hierarchical Order: Use headings in sequential order (h1, then h2, etc.) without skipping levels.
Single H1: Typically, use only one <h1> per page, representing the main page title.

Meaningful Text: Headings should accurately describe the content that follows.

No Styling-Based Selection: Choose heading levels based on document structure, not

appearance. Use CSS for styling.

Forms and Labels

Accessible forms ensure that all users can input information and complete tasks.

Key Form Accessibility Techniques:

1.

Explicit Labels: Use the <label> element with the for attribute matching the input's id:

<label for="name">Your Name:</label>

<input type="text" id="name" name="user_name">
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2. Fieldsets and Legends: Group related form controls with <fieldset> and provide a description
with <legend>:

<fieldset>

<legend>Contact Information</legend>
<!-- form controls here -->

</fieldset>

3. Error Identification: Clearly identify errors and provide suggestions for correction:

<label for="email">Email:</label>
<input type="email" id="email" aria-describedby="email-error">
<p id="email-error" class="error">Please enter a valid email address.</p>

4. Required Fields: Indicate required fields both visually and programmatically:

<label for="phone">Phone Number (required):</label>

<input type="tel" id="phone" name="phone" required aria-required="true">

6.3. Accessible Rich Internet Applications (ARIA)

WAI-ARIA (Web Accessibility Initiative - Accessible Rich Internet Applications) provides a way to make
dynamic web content and advanced user interfaces accessible when native HTML cannot fully address

accessibility needs.

6.3.1. ARIA Roles

ARIA roles define what an element is or does, helping assistive technologies understand the purpose of

elements, especially custom widgets.
Common ARIA Roles:

- Landmark Roles: banner, navigation, main, complementary, contentinfo, search,
form, region

- Widget Roles: button, checkbox, radiogroup, tab, tabpanel, menu, menuitem
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- Document Structure Roles: article, definition, directory, document, heading, 1list,
listitem
- Live Region Roles: alert, log, marquee, status, timer

Example of ARIA Role Usage:
<div role="button" tabindex="0" onclick="activateButton()">Submit</div>
However, as emphasized in the slides, native HTML elements should be preferred when available:

<button onclick="activateButton()">Submit</button>

6.3.2. ARIA States and Properties

ARIA states and properties provide additional information about elements and their relationships.
Common ARIA States and Properties:

- States: aria-checked, aria-disabled, aria-expanded, aria-hidden, aria-selected

- Properties: aria-label, aria-labelledby, aria-describedby, aria-controls, aria-
owns

- Live Region Attributes: aria-1live, aria-atomic, aria-relevant

Examples from the Slides:

<div id="notifications" aria-live="polite">Lorem ipsum</div>

This creates a live region that will announce updates to screen reader users without interrupting them.
<hr role="presentation" />

This indicates that the horizontal rule is purely decorative and should be ignored by assistive technologies.
<h2 id="label-1">How to bake pizza</h2>

<a href="#" id="link-1" aria-labelledby="link-1 label-1">Discover</a>

This associates the heading text with the link, so screen readers will announce "Discover How to bake

pizza" when focusing on the link.

6.3.3. ARIA Best Practices

While ARIA can enhance accessibility, it must be used carefully to avoid creating new barriers.
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Five Rules of ARIA Use:

Don't use ARIA if native HTML can provide the semantics and behavior you need.
Don't change native semantics unless absolutely necessary.

All interactive ARIA controls must be usable with the keyboard.

> wbh -~

Don't use role="presentation" or aria-hidden="true" on elements that are
focusable.

5. All interactive elements must have an accessible name.
As noted in the slides, ARIA should be avoided when HTML5 provides an out-of-the-box solution. The

comparison table from the slides illustrates this principle:

ARIA HTML

<a role="button"> <button>

<div role="complementary"> <aside>

<nav aria-label="Main menu"> <nav aria-labelledby="1label-1"><h2
class="visually-hidden" id="label-
1">Main menu</h2></nav>

6.4. Microformats and Structured Data

Structured data helps search engines and other automated systems better understand the content of web
pages, which can indirectly improve accessibility by enhancing discoverability and providing additional

context.

6.4.1. Schema.org

Schema.org is a collaborative project founded by Google, Microsoft, Yahoo, and Yandex, later adopted
by the W3C, as mentioned in the slides. It provides a collection of shared vocabularies that webmasters

can use to mark up their pages in ways that can be understood by major search engines.
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Implementation Methods:
Schema.org can be implemented using several formats:

1. Microdata: HTML attributes embedded directly in content:

<div itemscope itemtype="http://schema.org/Movie">
<h1 itemprop="name">Avatar</h1>

<span itemprop="director">James Cameron</span>
</div>

2. RDFa: Another HTML attribute-based format:

<div vocab="http://schema.org/" typeof="Movie">
<h1 property="name">Avatar</h1>

<span property="director">James Cameron</span>
</div>

3. JSON-LD: A JavaScript-based format that doesn't require modifying HTML markup:

<script type="application/Id+json">

"@context": "http://schema.org",
"@type": "Movie",
"name": "Avatar",

"director": "James Cameron"

</script>
Common Schema.org Types:

- Organization: Information about businesses and organizations
- Person: Information about individuals

- Product: Details about products, including reviews and offers

VA Radixia
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6.4.2.

Event: Information about events, including location and time
Article: Details about news articles or blog posts
BreadcrumblList: Navigation path information

WebPage: Information about the web page itself

Accessibility Benefits of Structured Data

While structured data primarily targets search engines and other automated systems, it can indirectly

benefit accessibility in several ways:

6.5.

Enhanced Discoverability: Helps users find relevant content more easily through improved
search results.

Rich Snippets: Provides additional context in search results, helping users determine if a page
meets their needs before visiting.

Complementary Information: Offers an additional layer of semantics that can complement ARIA
and HTML semantics.

Content Relationships: Clarifies relationships between content elements, potentially making

complex information more understandable.

Accessible Content Creation

Beyond technical implementation, the content itself must be created with accessibility in mind.

6.5.1.

Writing for Accessibility

Accessible writing ensures that content is understandable by the widest possible audience, including

people with cognitive disabilities and those using assistive technologies.

Best Practices for Accessible Writing:

Clear, Simple Language: Use plain language and avoid jargon, idioms, and complex sentence
structures when possible.

Descriptive Headings: Use headings that clearly describe the content that follows.
Front-Loading: Place the most important information at the beginning of paragraphs, sections,
and pages.

Chunking Content: Break long content into manageable sections with appropriate headings.
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5. Meaningful Link Text: Ensure that link text makes sense out of context, avoiding generic phrases
like "click here" or "more."
6. Acronyms and Abbreviations: Expand acronyms and abbreviations on first use, and consider
using the <abbr> element with a title attribute.
7. Consistent Terminology: Use the same terms consistently throughout the content rather than
synonyms for the same concept.
As noted in the slides, "Even if the markup is accessible, the app might not be due to content." The slides
specifically mention issues like color contrast, font size, and using characters that may "break" screen

readers.

6.5.2. Creating Accessible Documents

Many websites include downloadable documents such as PDFs, Word documents, or presentations.

These documents should also be accessible.
PDF Accessibility:

Document Structure: Use proper headings, lists, and table structures.
Alternative Text: Provide text alternatives for all non-decorative images.
Tagged PDF: Ensure the PDF is properly tagged to define the reading order and document
structure.
4. Accessible Forms: If the PDF contains forms, ensure all form fields are properly labeled.
5. Document Properties: Include title, language, and other metadata.

Word Document Accessibility:

Styles: Use built-in heading styles for document structure.
Alternative Text: Add alternative text to all non-decorative images.
Tables: Use simple table structures with headers properly identified.

Hyperlinks: Use descriptive link text rather than URLs or generic phrases.

ok~ wbd -~

Color and Contrast: Ensure sufficient contrast and don't rely solely on color to convey
information.

Presentation Accessibility:

Slide Layout: Use built-in slide layouts that ensure proper reading order.
Alternative Text: Add alternative text to all non-decorative images and graphics.
Simple Animations: Avoid complex animations that might cause issues for some users.

Sufficient Contrast: Ensure text has sufficient contrast against background colors.

o kw0 bd -~

Descriptive Hyperlinks: Use meaningful text for hyperlinks rather than URLs.
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6.5.3. Multimedia Accessibility

Audio and video content requires specific accessibility considerations to ensure it's available to all users.

Video Accessibility:

Captions: Provide synchronized captions for all audio content in videos.

Transcripts: Offer text transcripts of video content.

Audio Descriptions: For videos with important visual information, provide audio descriptions that
explain what is happening visually.

Accessible Player: Use a video player with accessible controls that can be operated by keyboard

and assistive technologies.

Audio Accessibility:

b=

6.6.

Transcripts: Provide text transcripts for all audio content.
Clear Audio Quality: Ensure audio is clear and free from background noise when possible.
Adjustable Volume: Allow users to control the volume independently from system volume.

Visual Indicators: For important audio cues, provide visual alternatives.

Testing Tools and Methodologies

Testing is essential to ensure that accessibility implementations are effective and meet the needs of users

with disabilities.

6.6.1.

Automated Testing Tools

Automated tools can quickly identify certain types of accessibility issues across large websites.

Popular Automated Testing Tools:

Lighthouse: Built into Chrome DevTools, provides accessibility audits along with performance,
SEO, and best practices.

axe: Available as a browser extension or API, offers detailed accessibility testing.

WAVE (Web Accessibility Evaluation Tool): Provides visual feedback about accessibility issues
directly on the page.

Pai1y: Command-line tool for automated accessibility testing in continuous integration
workflows.

ARC Toolkit: Chrome extension that provides detailed accessibility evaluations.
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As mentioned in the slides, "Lighthouse" is listed as a minimum standard for testing tools.
Limitations of Automated Testing:

Automated tools can only detect about 30-40% of potential accessibility issues. They excel at finding
technical problems like missing alt text or insufficient color contrast but cannot evaluate the quality or

appropriateness of accessibility implementations.

6.6.2. Manual Testing Techniques

Manual testing complements automated testing by addressing aspects that require human judgment.
Essential Manual Testing Approaches:

1. Keyboard Navigation Testing: Attempting to use a website with only a keyboard to ensure all
functionality is accessible.

2. Screen Reader Testing: Using screen readers like NVDA, JAWS, or VoiceOver to experience the
site as blind users would.

3. Zoom Testing: Testing the site at different zoom levels (up to 400%) to ensure it remains usable
for low vision users.

4. Cognitive Walkthroughs: Systematically evaluating the steps required to complete tasks,
identifying potential points of confusion or excessive cognitive load.

5. Disabled CSS Testing: Viewing the site with CSS disabled to evaluate the underlying structure
and reading order.

The slides specifically mention screen readers as part of the minimum standard for testing, noting popular

options like "NVDA (nvda.it - free), Jaws, VoiceOver (apple), VoiceView (android)."

6.6.3. User Testing with People with Disabilities

The most valuable form of accessibility testing involves actual users with disabilities.
Approaches to User Testing:

1. Diverse Participant Recruitment: Include users with various disabilities, assistive technology
experience levels, and demographic backgrounds.

2. Task-Based Testing: Ask participants to complete specific tasks rather than just providing
general feedback.

3. Think-Aloud Protocols: Encourage participants to verbalize their thoughts, challenges, and

strategies as they navigate the site.
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4. Observation: Watch how users actually interact with the site, noting workarounds or difficulties
that might not be verbally reported.
5. Iterative Testing: Conduct testing throughout the development process, not just at the end.
User testing often reveals unexpected issues that neither automated tools nor expert evaluations would
catch. It provides insights into real-world usage patterns and the effectiveness of accessibility solutions in

practice.

6.7. Discussion Questions and Exercises

6.7.1. Discussion Questions

1. How might the principles of universal design and accessibility benefit users without disabilities?

Can you identify examples where accessibility features have become mainstream conveniences?

2. Discuss the potential tensions between visual design trends and accessibility requirements. How

can designers balance aesthetic considerations with the need for accessibility?

3. Consider the role of organizational culture in implementing accessibility. What factors might

encourage or discourage prioritizing accessibility in development projects?

4. How might emerging technologies like virtual reality, augmented reality, or voice interfaces present

new accessibility challenges and opportunities?

5. Discuss the ethical implications of excluding users with disabilities from digital experiences.

Beyond legal compliance, what moral responsibilities do designers and developers have?

6.7.2. Exercises

1. Semantic HTML Refactoring: Take a sample of non-semantic HTML code and refactor it to use
proper semantic elements. Compare the before and after versions, explaining how the changes

improve accessibility.

2. ARIA Implementation: Identify a complex interactive component (e.g., a tabbed interface,
dropdown menu, or modal dialog) and implement it using both HTML and appropriate ARIA

attributes. Test it with a screen reader and document your findings.
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6.8.

Accessible Form Creation: Create an accessible form with various input types, proper labels,
error handling, and validation. Test it with keyboard-only navigation and a screen reader, and

document the experience.

Color Contrast Evaluation: Use a color contrast analyzer to evaluate the text and background
color combinations on a website of your choice. Identify any combinations that fail to meet WCAG
2.1 AA standards and propose alternative color schemes that maintain the site's visual identity

while improving accessibility.

Accessibility Testing Report: Conduct a comprehensive accessibility evaluation of a website
using automated tools, manual testing, and if possible, testing with assistive technologies. Create
a detailed report of findings, including screenshots, specific issues, references to relevant

guidelines, and recommended solutions.
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CHAPTER 7.

Benefits and Impact of Accessibility

7.1. Business Case for Accessibility

Implementing accessibility is not only a legal and ethical obligation but also offers significant business
advantages. Organizations that prioritize accessibility often find that it leads to improved outcomes across

multiple dimensions.

7.1.1. Expanded Market Reach

Accessible digital products and services can reach a larger audience, including the substantial population

of people with disabilities.
Market Size and Purchasing Power:

- Approximately 15% of the world's population lives with some form of disability, representing over
one billion potential customers.
- In the European Union alone, there are an estimated 87 million people with disabilities, with a
combined purchasing power exceeding €500 billion.
- Inthe United States, people with disabilities control over $645 billion in disposable income.
By making digital products and services accessible, organizations can tap into this significant market

segment that might otherwise be excluded.
Real-World Impact Example:

An airline company invested in making their booking system fully accessible. They not only captured a
previously untapped market of travelers with disabilities but also saw a 23% reduction in customer service
calls from all users due to the improved usability of their system. The return on investment was realized

within 18 months through increased bookings and reduced support costs.

7.1.2. Improved Brand Reputation and Customer Loyalty

Organizations that demonstrate a commitment to accessibility often enjoy enhanced brand perception

and customer loyalty.
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Reputation Benefits:

- Accessibility initiatives signal corporate social responsibility and inclusivity.
- Positive experiences by users with disabilities often lead to strong brand advocacy.
- Media coverage of accessibility efforts can generate positive publicity.

Customer Loyalty Factors:

- Users who find a website or application that meets their accessibility needs are likely to return
rather than searching for alternatives.

- Word-of-mouth recommendations within disability communities can drive significant traffic and
loyalty.

- Inclusive design demonstrates respect for all users, fostering emotional connections to the brand.

7.1.3. Reduced Legal Risk and Compliance Costs

Proactive accessibility implementation can significantly reduce legal risks and associated costs.
Legal Risk Reduction:

- Web accessibility lawsuits have increased dramatically in recent years, particularly in the United
States.

- In 2024 alone, thousands of businesses faced legal action related to inaccessible websites and
applications.

- Settlements and legal fees for accessibility lawsuits can range from tens of thousands to millions
of dollars.

Compliance Efficiency:

- Implementing accessibility from the beginning of a project is significantly more cost-effective than
retrofitting existing systems.

- Integrated accessibility processes reduce the need for expensive remediation projects.

- Consistent accessibility practices across an organization create economies of scale in training,

testing, and implementation.

7.1.4. Innovation and Improved User Experience

Accessibility considerations often drive innovation and lead to improved experiences for all users.

Innovation Through Constraints:

77



HCI Lessons Notes — The Human \//\ Radixia

- Designing for extreme users (those with significant disabilities) often leads to creative solutions
that benefit everyone.

- Accessibility challenges push designers and developers to think beyond conventional
approaches.

- Many mainstream technologies originated as accessibility solutions, including voice recognition,
text-to-speech, and predictive text.

Universal Usability Benefits:

- Features designed for users with disabilities frequently improve usability for everyone:
- Captions benefit users in noisy environments or those learning a language.
- Voice control helps users whose hands are occupied or who prefer speaking to typing.
- Clear navigation and structure help all users find information more efficiently.

- High contrast options improve readability in bright sunlight or for users with aging eyes.

7.2. Universal Design and Inclusive Design

Universal Design and Inclusive Design are complementary approaches that aim to create products and

environments usable by the widest possible range of people.

7.2.1. Principles of Universal Design

Universal Design, developed by architect Ronald Mace and colleagues at North Carolina State University,

is based on seven principles that guide the design of environments, products, and communications.
The Seven Principles:

Equitable Use: The design is useful and marketable to people with diverse abilities.
Flexibility in Use: The design accommodates a wide range of individual preferences and abilities.
Simple and Intuitive Use: Use of the design is easy to understand, regardless of the user's
experience, knowledge, language skills, or current concentration level.

4. Perceptible Information: The design communicates necessary information effectively to the user,
regardless of ambient conditions or the user's sensory abilities.

5. Tolerance for Error: The design minimizes hazards and the adverse consequences of accidental
or unintended actions.

6. Low Physical Effort: The design can be used efficiently and comfortably with minimum fatigue.
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7. Size and Space for Approach and Use: Appropriate size and space is provided for approach,
reach, manipulation, and use regardless of user's body size, posture, or mobility.

Digital Application of Universal Design:
In digital contexts, Universal Design principles translate to interfaces that:

- Work across different devices, browsers, and assistive technologies

- Offer multiple ways to access and interact with content

- Provide clear, consistent navigation and instructions

- Communicate information through multiple channels (text, color, shape, etc.)
- Forgive user errors and provide clear recovery paths

- Minimize cognitive and physical effort required

- Accommodate different input methods and user preferences

7.2.2. Inclusive Design Methodology

Inclusive Design, championed by organizations like Microsoft and the Inclusive Design Research Centre,

focuses on designing for diversity and addressing exclusion throughout the design process.
Key Aspects of Inclusive Design:

Recognize Exclusion: Identify who might be excluded by current designs and why.

2. Learn from Diversity: Involve people with different perspectives and experiences in the design
process.

3. Solve for One, Extend to Many: Design for people with permanent disabilities, and the solutions
will often benefit people with temporary or situational limitations as well.

The Persona Spectrum:
Inclusive Design often uses a "persona spectrum" that considers three dimensions of ability:

- Permanent: Long-term or lifelong disabilities
- Temporary: Short-term injuries or conditions
- Situational: Contextual limitations

For example:

- A person with one arm (permanent)
- A person with an arm injury (temporary)

- A parent holding a baby (situational)
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All three might benefit from one-handed operation of a device, illustrating how designing for permanent

disabilities can create solutions with broader applications.

7.2.3. Case Studies in Universal and Inclusive Design

Case Study 1: OXO Good Grips

While not a digital example, OXO Good Grips kitchen tools exemplify Universal Design principles.
Originally designed for people with arthritis, their comfortable, high-friction handles benefit all users. This
physical product demonstrates how designing for extreme users can create superior products for

everyone.
Case Study 2: Microsoft Xbox Adaptive Controller

Microsoft's Xbox Adaptive Controller was designed specifically for gamers with limited mobility. The
controller features large programmable buttons and connects to external switches, buttons, mounts, and
joysticks to create a custom controller experience. While designed for users with disabilities, its

customizability has applications for many gaming scenarios.
Case Study 3: City Information Kiosks

A city implemented digital information kiosks with multiple interaction methods: touch screen, voice
commands, and keyboard controls. A survey revealed that 97% of users, regardless of ability, found the
kiosks easy to use, and tourism information requests increased by 35%. This universal design approach

benefited everyone, from tourists with language barriers to residents with disabilities.

7.3. Social Impact and Digital Inclusion

Accessibility and inclusive design have profound social implications, contributing to greater equality,

independence, and participation for people with disabilities.

7.3.1. Education and Employment Opportunities

Accessible technology plays a crucial role in education and employment, two areas fundamental to social

and economic patrticipation.

Educational Impact:
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Accessible learning management systems and educational materials allow students with
disabilities to participate fully in educational programs.

Digital textbooks with proper accessibility features enable students to learn at their own pace and
in their preferred format.

Accessible remote learning tools became particularly critical during the COVID-19 pandemic,

highlighting the importance of digital inclusion in education.

Employment Opportunities:

Accessible job application platforms and recruitment processes help reduce unemployment rates
among people with disabilities.

Workplace technologies that accommodate diverse needs enable people with disabilities to
demonstrate their skills and contribute effectively.

Remote work opportunities, when built on accessible platforms, can eliminate physical barriers

and transportation challenges.

A government employment service made their job application platform fully accessible. Within one year,

employment rates among people with disabilities in the region increased by 12%, demonstrating the direct

economic and social impact of digital inclusion. The accessible design also reduced application errors and

processing times for all job seekers.

7.3.2. Civic Participation and Government Services

Digital accessibility is essential for full participation in civic life and access to government services.

Civic Engagement:

Accessible voting information and registration systems ensure that people with disabilities can
exercise their right to vote.
Accessible public meeting platforms allow participation in community decision-making.

Accessible social media and communication tools enable advocacy and community organization.

Government Services:

Online tax filing, benefit applications, and other government services must be accessible to ensure
equal access for all citizens.

During emergencies, accessible communication channels are critical for public safety information.
Digital identity systems and authentication methods need accessibility considerations to avoid

creating new barriers.
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7.3.3. Social Connection and Cultural Participation

Digital accessibility affects social relationships and cultural engagement, areas that significantly impact

quality of life.
Social Connection:

- Accessible social media platforms enable people with disabilities to maintain relationships and
build communities.

- Accessible communication tools facilitate personal connections across distances.

- Accessible dating apps and social networking sites provide opportunities for relationship building.

Cultural Participation:

- Accessible streaming services, with features like captions and audio descriptions, make
entertainment content available to diverse audiences.

- Virtual museum tours and cultural experiences with accessibility features allow people with
mobility impairments to explore cultural institutions.

- Accessible gaming platforms provide recreational opportunities and social connections through

shared experiences.

7.4. Future Trends in Accessibility

The field of accessibility continues to evolve, with emerging technologies and approaches promising to

further enhance digital inclusion.

7.4.1. Artificial Intelligence and Machine Learning

Al and machine learning are transforming accessibility in several ways:
Automated Accessibility Remediation:

- Al tools that can automatically generate alternative text for images
- Machine learning systems that can identify and fix common accessibility issues
- Automated captioning and transcription services with increasing accuracy

Personalized Experiences:

- Al-driven interfaces that adapt to individual user needs and preferences

- Systems that learn from user behavior to provide customized accommodations
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- Content simplification algorithms that adjust complexity based on user comprehension

Enhanced Assistive Technologies:

- More natural and responsive voice recognition systems
- Computer vision applications that can describe environments for blind users

- Predictive text and word completion that better understands context and user intent

7.4.2. Immersive Technologies and Accessibility

Virtual reality (VR), augmented reality (AR), and mixed reality (MR) present both challenges and

opportunities for accessibility.
Accessibility Challenges in Immersive Technologies:

- Physical requirements for VR can exclude users with certain mobility impairments
- Visual nature of AR applications may create barriers for blind users

- Spatial audio cues may be inaccessible to deaf users

- Motion sickness and disorientation can affect users with vestibular disorders

Accessibility Opportunities in Immersive Technologies:

- Virtual environments that eliminate physical barriers for people with mobility impairments
- Augmented reality that can provide real-time accessibility information about physical spaces
- Haptic feedback systems that can translate visual or auditory information into tactile experiences

- Customizable sensory experiences that can be adjusted to individual needs and preferences

7.4.3. Standards and Policy Evolution

Accessibility standards and policies continue to evolve to address new technologies and better meet

diverse needs.
Emerging Standards Areas:

- Standards for virtual and augmented reality accessibility

- Guidelines for voice interface accessibility

- Requirements for Internet of Things (IoT) device accessibility
- Standards for artificial intelligence fairness and accessibility

Policy Trends:

- Increasing harmonization of accessibility requirements across jurisdictions

- Greater emphasis on procurement policies that require accessibility
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- More robust enforcement mechanisms for existing accessibility laws

- Expansion of accessibility requirements to smaller organizations and additional sectors

7.5. Case Studies of Successful Implementation

Examining successful accessibility implementations provides valuable insights into effective approaches

and tangible benefits.

7.5.1. BBC Accessibility Initiative

The British Broadcasting Corporation (BBC) has made accessibility a core part of its digital strategy, with

impressive results.
Key Elements of the BBC Approach:

- Comprehensive accessibility guidelines that go beyond minimum standards

- Integrated accessibility testing throughout the development process

- Regular user testing with people with disabilities

- Accessible media player with captions, audio description, and sign language options
- Mobile apps designed with accessibility as a priority

Outcomes:

- Increased audience reach and engagement

- Reduced support costs and complaints

- Recognition as an industry leader in digital inclusion
- Improved user experience for all audiences

- Innovative solutions that have influenced industry practices

7.5.2. Financial Services Accessibility Transformation

A major international bank undertook a comprehensive accessibility transformation of its digital banking

services.
Implementation Strategy:

- Executive-level commitment and accountability
- Dedicated accessibility team with specialized expertise

- Accessibility requirements integrated into procurement processes
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Comprehensive training program for all digital teams
Regular accessibility audits and remediation cycles

User testing with customers with disabilities

Results:

7.5.3.

35% increase in mobile banking usage among customers over 65

28% reduction in call center volume for routine transactions

Significant improvement in customer satisfaction scores

Competitive advantage in marketing to older customers and those with disabilities
Avoidance of potential litigation costs

Recognition through industry awards for inclusive design

Government Digital Service Transformation

A national government digital services department implemented accessibility as a core requirement for all

citizen-facing services.

Implementation Approach:

7.6.

"Accessibility by default" policy for all new digital services
Comprehensive design system with built-in accessibility features
Mandatory accessibility training for all digital team members
Regular testing with assistive technology users

Public accessibility statements with clear feedback mechanisms

Transparent reporting on accessibility compliance

40% increase in online completion rates for government forms

Estimated annual savings of $15 million from reduced paper processing
Significant improvement in citizen satisfaction with government services
Increased digital participation among elderly citizens and those with disabilities

Model for other government agencies and private sector organizations
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CHAPTER 8.

Glossary of Terms

Accessibility: The design of products, devices, services, or environments for people with disabilities,

ensuring they can perceive, understand, navigate, interact with, and contribute to digital content.

Alternative Text (Alt Text): Text descriptions of images and non-text content that screen readers can

read aloud to users who are blind or have visual impairments.

ARIA (Accessible Rich Internet Applications): A set of attributes that define ways to make web content

and web applications more accessible to people with disabilities.

Assistive Technology: Any item, piece of equipment, software program, or product system used to

increase, maintain, or improve the functional capabilities of persons with disabilities.

Audio Description: Narration added to video to describe important visual details that cannot be

understood from the main soundtrack alone.
Braille Display: A tactile device that allows blind users to read text output in Braille characters.

CAPTCHA: A program or system intended to distinguish human from machine input, often by asking users

to identify distorted text or images.

Captions: Text versions of the spoken content and non-speech sounds in videos, synchronized with the

visual content.

Color Contrast: The difference in light between foreground content (such as text) and its background;

sufficient contrast is necessary for people with low vision or color blindness.

Cognitive Disability: Conditions that affect cognitive processes such as thinking, reading, learning,

memory, attention, or problem-solving.

Digital Accessibility: The practice of making digital content and services accessible to all users, including

those with disabilities.

European Accessibility Act (EAA): A European Union directive aimed at improving the functioning of the

internal market for accessible products and services.
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Hearing Impairment: Partial or total inability to hear, ranging from mild to profound deafness.

Inclusive Design: A methodology that considers human diversity and designs for as many people as

possible without the need for special adaptation.

Keyboard Accessibility: The ability to navigate and interact with a website using only a keyboard, without

requiring a mouse.

Legge Stanca: ltalian legislation (Law 9 January 2004, n. 4) that mandates accessibility for public

administration websites and services.

Motor Disability: Conditions that affect a person's ability to move or control their movements, potentially

limiting their ability to use standard input devices.

POUR Principles: The four main principles of WCAG: Perceivable, Operable, Understandable, and
Robust.

Screen Magnifier: Software that increases the size of screen content for users with low vision.

Screen Reader: Software that reads aloud the content of a screen, including text, buttons, and other

interface elements, for users who are blind or have visual impairments.

Section 508: An amendment to the United States Rehabilitation Act requiring federal agencies to make

their electronic and information technology accessible to people with disabilities.

Semantic HTML: Using HTML elements according to their intended meaning rather than for their visual

presentation.

Situational Limitations: Temporary constraints that affect a person's abilities in specific contexts, such

as using a device in bright sunlight or in a noisy environment.

Transcripts: Text versions of audio content, providing an alternative for users who cannot access the

audio.

Universal Design: The design of products and environments to be usable by all people, to the greatest

extent possible, without the need for adaptation or specialized design.
Visual Impairment: Partial or complete loss of vision, including blindness, low vision, and color blindness.

WAI-ARIA: Web Accessibility Initiative - Accessible Rich Internet Applications, a technical specification

for increasing the accessibility of web pages.
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WCAG (Web Content Accessibility Guidelines): A set of recommendations for making web content more

accessible, primarily for people with disabilities but also for all user agents, including highly limited devices.
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CHAPTER 9.

Resources for Further Learning

9.1. Official Guidelines and Standards

1. Web Content Accessibility Guidelines (WCAG)

-  WCAG 2.2 Documentation
-  WCAG Quick Reference
- Understanding WCAG 2.2

2. WAI-ARIA Specifications

- WAI-ARIA Overview
- WAI-ARIA Authoring Practices
- ARIA in HTML

3. Legislation and Compliance

- European Accessibility Act Information

- Section 508 Guidelines
- ADA and Web Accessibility

9.2. Educational Resources

1. Free Online Courses

- Introduction to Web Accessibility (W3C/edX)
- Digital Accessibility Foundations (WebAlM)

-  Google Web Accessibility Course

2. Books

"Inclusive Design Patterns" by Heydon Pickering
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"Accessibility for Everyone" by Laura Kalbag
"A Web for Everyone" by Sarah Horton and Whitney Quesenbery
"Design for Real Life" by Eric Meyer and Sara Wachter-Boettcher

9.3.

9.4.

Blogs and Websites

- The A11Y Project

- WebAIM Blog

- Accessibility Developer Guide

- Deque Blog

Testing Tools

Automated Testing Tools

- WAVE Web Accessibility Evaluation Tool

- axe DevTools

- Lighthouse
-  Pailly

Screen Readers

- NVDA (Free)
- JAWS (Commercial)

- VoiceOver (Built into macOS and iOS)

- Narrator (Built into Windows)

Color and Contrast Tools

- WebAIM Contrast Checker

- Colour Contrast Analyser

- Stark Contrast Checker

Community and Support

Forums and Communities
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2.

3.

9.5.

- WebAIM Mailing List

- Accessibility Slack Workspace

- Stack Overflow Accessibility Questions

Conferences and Events

- Accessibility Days

- CSUN Assistive Technology Conference

- AccessU

- A11yTO
Organizations

- WB3C Web Accessibility Initiative (WAI)

- International Association of Accessibility Professionals (IAAP)

- Knowbility
- WebAIM

Development Resources

Component Libraries and Frameworks

- Bootstrap Italia (As mentioned in the slides)

- Accessible React Components

- Inclusive Components

Code Examples and Patterns

- WAI-ARIA Authoring Practices Examples

- Accessible JavaScript Patterns

- Accessibility Patterns

Development Tools

- eslint-plugin-jsx-a11y (for React)

- axe-core (for integration into development workflows)

- Storybook ally addon

VA Radixia
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