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What we will learn today?

— What is accessibility?
— Accessible design

— Assistive technologies
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What is accessibility?
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Definitions

Usability: The effectiveness, efficiency, and satistaction with which a specified
set of users can achieve a specified set of tasks in a particular environment. —

[SO 9241-11

Accessibility: The usability of a product, service, environment, or facility by
people with the widest range of capabilities. — ISO 9241-20
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From Accessibility to Disability

Accessibility is the extent to which an interactive product is accessible by as
many people as possible.

The primary focus of accessible design is making systems accessible to
individuals with disabilities.
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Disability*

Definition: A disability is any condition of the body or mind (impairment) that
makes it more difficult for the person with the condition to do certain
activities (activity limitation) and interact with the world around them
(participation restrictions).

Disability can change over time with age or recovery, and the severity of the
impact of disability can change over time. Fewer than 20% are born with a
disability, although 807% of people will have a disability once they reach 85.

'CDC
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Three Dimensions of Disability?

1. /Impairment in a person’s body structure or function, or mental
functioning (e.g., loss of a limb, loss of vision, or memory loss)

2. [ Limitation in activities (e.g., difficulty seeing, hearing, walking, or problem
solving)

3. [ Restrictions In participation in activities of daily living (e.g., working,
engaging in social and recreational activities, and obtaining health care)

2Source: World Health Organization
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Types of Impairment:
Anatomical®

1. Sensory impairment

2. Physical impairment

3. Cognitive impairment

Can't see Can't speak
Can't hear Can't touch

3 Image source: Microsoft Inclusive Design Toolkit

© Building User Interfaces | Professor Mutlu | Lecture 18: Designing for Accessibility


https://www.microsoft.com/design/inclusive/
Bilge Mutlu


Sensory Impairment

Involves impairment in one or more senses, such as loss of vision or hearing.
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Physical Impairment

Involves loss of function to one or more parts of the body, e.g., congenitally or
after stroke or spinal-cord injury.
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Cognitive Impairment

Includes cognitive deficits, such as learning impairment or loss of memory/
cognitive function due to aging or conditions such as Alzheimer's disease.
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Common Impairments

— Visual

— Motor/Mobility
— Auditory

— Seizures

— Learning
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Visual Disabilities

Definition: Impairments in vision, including long-sightedness, blindness, and
color blindness.
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Motor/Mobility

Definition: Muscular or skeletal impairments in the hands or arms that affect
user input as well as impairments that affect mobility, where users are in a
wheelchair or bedridden, and thus the context of use.
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Auditory

Definition: Deficits that affect hearing at different levels of severity, including
deafness.
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Seizures

Definition: Neurological impairments, such as photosensitive epilepsy, that

result in sensitivity to light, motion, and flickering on screen, which might
trigger seizures.
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Cognitive/Learning

Definition: Congenital, developmental, and traumatic (e.g., traumatic brain
injury) conditions that result in cognitive or learning challenges.
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Variability*

Impairments can vary in severity or structure
depending on the source and nature of the
Impairment.

Severity: Children with cerebral palsy can
have basic mobility or completely depend on
a caretaker.

Structure: Vision impairments can include
color blindness, peripheral-only vision, no
light perception

“*Image source
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GMFCS e>.panded and revised between 6 and 12* birthday: descriptors and illustrations

GMFCS level |

Chitdrenwalk athome, school, outdoors and in the
community. They can climb stairs without the use of a railing.
Children perform gross motor skills such as running and
jumping, but speed, balance and coordination are limited.

GMFCS level li

Children wallein most settings and climb stairs holding

onto a railing. They may experience difficulty walking long
distances and balancing on uneven terrain, inclines, in
crowded areas or confined spaces. Children may walk with
physical assistance, a hand-held mobility device or use
wheeled mobility over long distances. Children have only
minimal ability to perform gross motor skills such as running
and jumping.

GMECS level llI

Children walk using’a hand-held mobility device in most
indoor settings. They may climb stairs holding onto a

railing with supervision or assistance. Children use wheeled
mobility when travelling long distances and may self-propel
for shorter distances.

GMFCS level IV

Children use methods of mobility that require physical
assistance or powered mobility in most settings. They may
walk for short distances at home with physical assistance
or use powered mobility or a body support walker when
positioned. At school, outdoors and in the community
children are transported in a manual wheelchair or use
powered mobility.

GMFCS level V

Chitdrerrare transported in a manual wheelchair in all
settings. Children are limited in their ability to maintain
antigravity head and trunk postures and control leg and
arm movements.

Nature Reviews | Disease l‘gmers


https://www.nature.com/articles/nrdp201582
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Types of Impairment: Temporal

1. Permanent impairment
2. Temporary impairment

3. Sttuational impairment
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Permanent Impairment®

Congenital or long-term conditions, such as
color blindness, missing body parts, etc.

’Image source: Microsoft Inclusive Design Toolkit
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Temporary Impairment®

Impairments that improve over time, such as
recovery after illness or accidents, e.g., a
broken arm.

% Image source: Microsoft Inclusive Design Toolkit
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Permanent  Temporary  Situational

Situational Impairment’

Touch

.

Impairments introduced by context, such as .
environments with low light or noise. One arm Arm injury New parent

See

@

+ Al

Blind Cataract Distracted driver
Hear
S
I 1 il
Deaf Ear infection Bartender

Speak

i i

Non-verbal Laryngitis Heavy aggent

’Image source: Microsoft Inclusive Design Toolkit
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Quiz1l

Complete the Canvas quiz.

© Building User Interfaces | Professor Mutlu | Lecture 18: Designing for Accessibility

AL
Y
\ PN 4

cdanvas

23


https://canvas.wisc.edu/courses/219500/quizzes/218798

How do we achieve accessibility?

Two ways to address accessibility problems:

1. Accessible design

2. Assistive technologies
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Accessible Design
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Context-dependent Model of Disability

Disability as personal attribute

In the context of health experience, a disability is any restriction or lack of
ability (resulting from an impairment) to perform an activity in the manner
or within the range considered normal for a human being.

Disability as context dependent

Disability 1s not just a health problem. It i1s a complex phenomenon,
reflecting the interaction between features of a person’s body and features of
the society in which he or she lives.

© Building User Interfaces | Professor Mutlu | Lecture 18: Designing for Accessibility 26


Bilge Mutlu

Bilge Mutlu

Bilge Mutlu

Bilge Mutlu

Bilge Mutlu

Bilge Mutlu


Mismatch between Abilities and
Environment®

Context-dependent disability results from a
mismatch between abilities and the
environment:

Ability + [Context\|= Disability

8 Image source: Microsoft Inclusive Design Toolkit
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Universal Design®

Definition: 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.

"Ron Mace, 1996
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The Main Premise of Universal
Design'©

Design solutions that benefit some
individuals may benefit the whole society.
E.g., in the US, only 26K people are suffer loss
of upper extremities. Designs that would
benefit these 26K would also benefit another
21M people with temporary or situational
disabilities.

9 Image source: Microsoft Inclusive Design Toolkit
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An Example: Closed Captioning™

Although closed captioning was originally
developed for individuals with hearing
impairments, they now also benefit reading

in noisy environments and learning to read.

Tmage source: Microsoft Inclusive Design Toolkit

© Building User Interfaces | Professor Mutlu | Lecture 18: Designing for Accessibility

Hard of hearing

O

Reading airport captions
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Teaching a child to read
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Principles of Universal Design

Equitable use

Flexibility in use

Simple and intuitive use
Perceptible information
Tolerance for error

Low physical effort

N o o s 0o

Size and space for approach and use
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12

Equitable Use

The design is useful and marketable to people
with diverse abilities.

The design of products and environments
to be usable by all people, to the greatest
extent  possible, withaut | the need
for adaptation lor specialized  design.

Flexibility in Use

The design accommadates a wide range of
Individual preferences and abilities.

[T T ———
AR ST i 1 B B
etvams i va . gty e e

Simple and Intuitive Use
Use of the design is easy to understand,
regardless of the user’s experlence,

knowledge, language skills, or education level.

Perceptible Information

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

Tolerance for Error

The design minimizes hazards and the

adverse consequences of accidental or
unintended actions.

I

Center for g
Universal Design
ak NC Statw

mt Lot
Sewgnrcwedukud | ceclimouedu

Low Physical Effort

The design can be used efficiently and comfortably and
with a minimum of fatigue.

Size and Space
for Approach and Use

Appropriate size and space Is provided for approach,

reach, manipulation, and use regardless of user’s body
slze, posture, or mobility.

M A T A
P ren o s
B T B e A 4 WS

2Image source: Interaction Design Foundation
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Principle 1: Equitable use

The design is useful and marketable to people with diverse abilities.

1. Provide the same means of use for all users: identical whenever possible;
equivalent when not.

Avoid segregating or stigmatizing any users.

Provisions for privacy, security, and safety should be equally available to
all users.

4. Make the design appealing to all users.
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13 Example source: Interaction Design Foundation; Image source: Johannes Ahlmann
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Principle 2: Flexibility in Use

The design accommodates a wide range of individual preferences and

abilities.

1. Provide choice in methods of use.

2. Accommodate right- or left-handed access and use.
3. Facilitate the user's accuracy and precision.

4. Provide adaptability to the user's pace.
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“Image source
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Principle 3: 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.

Eliminate unnecessary complexity.
Be consistent with user expectations and intuition.
Accommodate a wide range of literacy and language skills.

Arrange information consistent with its importance.

Sv s o

Provide effective prompting and feedback during and after task
completion.
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15

Features Pricing Support

Blog

Log "

Find a plan that's right for you.

15,440 Subsgribers

Starting Up

Create beautiful, professional
campaigns for free. It's so easy, you can
start sending today.

¥ Example source: Interaction Design Foundation
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Growing Business

Level up with marketing automation,
targeting and segmentation, A/B testing,
and team collaboration features.

Pro Marketer

Monitor and improve your performance

with enterprise-level features like
multivariate testing, comparative
campaign reporting, and more.

Q
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Principle 4: Perceptible Information

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

1. Use different modes (pictorial, verbal, tactile) for redundant presentation
of essential information.

Provide adequate contrast between essential information & surroundings.
Maximize "legibility” of essential information

4. Differentiate elements in ways that can be described (i.e., make it easy to
give instructions or directions).

5. ) Provide compatibility with a variety of techniques or devices used by
people with sensory limitations.
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TEDxHouston - Eillmed June 2010 - 20:19

Subtitles and
Transcript

Select language

English v

' Image source: Interaction Design Foundation
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: The power of vulnerability

Watch next

So, I'll start with this: a couple years ago, an event planner called me because | was going to do a
speaking event. And she called, and she said, "I'm really struggling with how to write about you on the
little flyer." And | thought, "Well, what's the struggle?" And she said, "Well, | saw you speak, and I'm
going to call you a researcher. | think, but I'm afraid if | call you a researcher, no one will come, because
they'll think you're boring and irrelevant.”

(Laughter)

And | was like, "Okay." And she said, "But the thing | liked about your talk is you're a storyteller. So | think
what I'll do is just call you a storyteller." And of course, the academic, insecure part of me was like,
"You're going to call me a what?" And she said, "I'm going to call you a storyteller." And | was like, "Why
not 'magic pixie'?"

(Laughter)

| was like, "Let me think about this for a second." | tried to call deep on my courage. And | thought, you
know, | am a storyteller. I'm a qualitative researcher. | collect stories; that's what | do. And maybe stories
are just data with a soul. And maybe I'm just a storyteller. And so | said, "You know what? Why don't you
just say I'm a researcher-storyteller." And she went, "Ha ha. There's no such thing."

(Laughter)

So I'm a researcher-storyteller, and I'm going to talk to you today -- we're talking about expanding
perception -- and so | want to talk to you and tell some stories about a piece of my research that

filndamantally a¥ynandad mv narcantinn and raallv artiiallv channad tha wav that | live and lave and wark

Barry Schwartz: Our loss of wisdom
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Principle 5: Tolerance for Error

The design minimizes hazards and the adverse consequences of accidental
or unintended actions.

1. ;, Arrange elements to minimize hazards and errors: most used elements,
most accessible; hazardous elements eliminated, 1solated, or shielded.

Provide warnings of hazards and errors.

Provide fail sate features.

4. Discourage unconscious action in tasks that require vigilance.
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17

Join Twitter today.

(_ Full name
( abc@

Language: English + Have an account? Log in~

X What's your name?

X Please enter a valid email.

C

’ ¥ Your password must be at least 6 characters.

Tailor Twitter based on my recent website visits. Learn more.

By signing up, you agree to the Terms of Service and Privacy Policy,
including Cookie Use. Others will be able to find you by email or phone
number when provided.

Advanced options

7Image source: Interaction Design Foundation
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Principle 6: Low Physical Effort

The design can be used efliciently and comfortably and with a minimum of
fatigue.

Allow user to maintain a neutral body position.
Use reasonable operating forces.

Minimize repetitive actions.

B W T

Minimize sustained physical effort.
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Keyboard Shortcuts

Tab+BKSP

Bed

Tab+M
Tab+H
Tab+Y
Tab+U

Tab+L

ESC
Tab

+/4

#+Shift+t / #+Shift+¥

'8 Image source: Interaction Design Foundation
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APPLICATION

Quick Add Task

Quick Add Conversation

Search for a project, tag, person, or task
Show Keyboard Shortcuts

TASK LIST
Create New Task

Create a section by adding a colon at the end of a task
name

Delete Selected Task(s)
(or: backspace when task name is empty)

Complete Selected Task(s)

Assign to Me

¥ Selected Task
Mark as Today
Mark as Upcoming
Mark as Later

Close Task Pane
Open Task Pane

Change Selection
Jump Up/Down to the next section
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Principle 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.

1. Provide a clear line of sight to important elements for any seated or
standing user.

Make reach to all components comfortable for any seated or standing user.
Accommodate variations in hand and grip size.

4. Provide adequate space for the use of assistive devices or personal
assistance."

¥Image source on next slide
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iPhone;;\\\\\\\\
375 x 667 pixel W

Average finger

width about
0.67"(17mm)>
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touch target size range

.6 B n
16 - 20 mm
S

In Sketch pixels: 45 - 57
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Quiz 2

Complete the Canvas quiz.
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Assistive Technologies

© Building User Interfaces | Professor Mutlu | Lecture 18: Designing for Accessibility

48


Bilge Mutlu

Bilge Mutlu


What are assistive technologies?

Definition: Specialized tools that close accessibility gaps.

© Building User Interfaces | Professor Mutlu | Lecture 18: Designing for Accessibility
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Screen Readers?°

Definition: Software used by individuals with
vision impairments to read screen content.

A N/ \/
. iPad iPhone MuSic Support
— JAWS for Windows
Discover Calendar My Reservations

— VoiceOver for MacOS, i0OS

— NVDA Apple

eators. Pick up a new skill. ¢
84 creative project.

20 Image source
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Screen Magnification*

Definition: Enlarges text or graphics on

screens to improve visibility of content for
individuals with limited vision.

?'Tmage source
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Text Readers??

Definition: Tools that read out loud text on

screens to support vision and learning
disabilities.

LaTmYR FauLARE ST

?2Image source

AT AT, A A, T T A

© Building User Interfaces | Professor Mutlu | Lecture 18: Designing for Accessibility e



https://www.dyslexic.com/blog/latest-assistive-technology-top-5-june-2016/
Bilge Mutlu


Braille for the Web?3

Definition: A mechanical device that

translates textual content on the screen into
Braille.

3 Image source
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Alternative Input Devices

Definition: Specialized tools that help individuals with motor impairments
who cannot use a mouse or keyboard with pointing.

— Head/mouth wands/pointers

— Motion/eye tracking

— Single-switch (e.g., sip-and-pufl)
— Speech input
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Head/mouth wands/pointers®*

PHilipg

2 Image source
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Motion/eye tracking?®

xfinity xa

=:© Windows Control X

Active calibration:

— |
o0 4 a—

MINIMIZE

CONTROLLER SERes

PAUSE (F4) TRACK STATUS

) 7 B e

SV 28/03/2017

> Image source: left, right
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Single-switch (e.g., sip-and-
puff)%©

26 Image source
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Speech inpu

2 Image source
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http://voicepower.co.nz/

Alternative & Augmentative
Communication®®

@—@/-%2 @

Proloquo2Ge/ is awesome. It gives me voice!

Definition: Tools that help individuals who

are unable to use verbal speech to
communicate.

check this out come on cool }
19

| agree | don't like it | like it

no

07

right on tell me more

K-

~ wait a minute whatever

8 Image source
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Accessibility Testing Tools

— WAVE—evaluates the overall level of accessibility for any given website.

— Color Oracle— displays your site’s colors in a manner similar to how a user
with color blindness would see the page.

— Image Analyzer— examines website images and tests their compliance
with accessibility standards.
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Quiz 3

Complete the Canvas quiz.
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https://canvas.wisc.edu/courses/219500/quizzes/218801

Quiz 4

Complete the Canvas quiz.

Try out an assistive technology: \[\Ot @ O\ Y/

W
40N
@ Task 1: Purchase a new iPhene on the \ d\\\é/)@ Okdk/ '

¢
Apple site.

v/ .
Task 2: Send a new email to Apple ‘ ‘ '

support.

Report on an observation. C a n V a S
P o :
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29

How to

X

ppEnh B aweep=l ™

Navigate with |-

i-L-.".. i I e e e e e LD

T Nl o T I Pl il [ N
epsins 0 b e Dot o tha cod e b

VoiceOver

i

i
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https://www.youtube.com/watch?v=qDm7GiKra28

What did we learn today?

— What is accessibility?
— Accessible design

— Assistive technologies
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