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1.What is Accessibility? (#ally)
a. The quality of being easy to obtain or use. (ability to access)

b. The quality of being easy to understand.
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2.Data Visualization Accessibility

Color Blindness Visual Impairment



2.Data Visualization Accessibility

Accessible color palette builder

White Color 2 Color 3 Color 4 Color 5
#FFFFFF #FEDC2A #5A3B5D #8B538F #C3A3C9

Color Blindness

Edit palette

Accessible color combinations

450, iy toxt, T

‘exparionce for all users.

White text Color 2 text Color 3 text Color 4 text Color 5 text
AFFFFFF WFEDC2A #5A385D #8B538F #CIA3CO
Aa Aa

Color § background
#C3A3C9

Color 4 background
#88538F

Color 3 background
#5A385D

Color 2 background
4FEDC2A Aa

White backaround

Accessible Color Palette Builder -
User Defined Color Palette



2.Data Visualization Accessibility

Color Oracle Usage | Manual | Design Tips Links

Color Blindness Color Oracle - Usage

The system-wide menu quickly converts your art into a palette that simulates what
colorblind people see. Color Oracle integrates smoothly in your workflow. Select the
type of color-blindness in the menu or press one of the keyboard shortcuts while
you are working with your preferred graphics software. Color Oracle immediately
filters your screen image and hides itself automatically when you press any key or
click the mouse button.

See the Manual for more details.

Normal Vision

 Deuteranopia (Common)
Protanopia (Rare)
Tritanopia (Very Rare)
Grayscale

Save Filtered Screen Image...
Preferences...
About...

Quit Color Oracle

Forms of Color Vision Impairment
Color Oracle simul; i ia and tritanopia. These are extreme

p

Color Oracle -
Colorblind Simulator



2.Data Visualization Accessibility

Colorable Demos Text Demo Matrix Demo npm GitHub

Color Blindness

Contrast

Contrast is the difference in luminance or color that makes an object (or its representation in an image or display) distinguishable. In visual
perception of the real world, contrast is determined by the difference in the color and brightness of the object and other objects within the same

field of view. Because the human visual system is more sensitive to contrast than absolute luminance, we can perceive the world similarly
regardless of the huge changes in illumination over the day or from place to place. The maximum contrast of an image is the contrast ratio or
dynamic range.

Foreground Background
#FEDC2A #5A3B5D
Hue 50° Saturation 99%. Lightness 58% Hue 295° Saturation 22%

Colorable -
Text/Background Contrast Ratio Checker



2.Data Visualization Accessibility

Visual Impairment
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3D Printed Tactile Translation Of A Time-series Chart By William Playfair



2.Data Visualization Accessibility

COVID-19 DATA SONIFICATION

Visual Impairment
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2.Data Visualization Accessibility

# Visual Accessibility



2.Data Visualization Accessibility

Data visualization is the graphical representation of
information and data. By using visual elements like charts, graphs,
and maps, data visualization tools provide an accessible way to
see and understand trends, outliers, and patterns in data.




3.Can People with IDD Use Visualization?




3.Can People with IDD Use Visualization?

Yes!
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What is IDD?

, Related to Thought Process

Intellectual Functioning (e.g., reasoning, learning, problem-solving)

Adaptive Behavior (e.g., social & practical skills)



What is IDD?

, Related to Thought Process

Intellectual Functioning (e.g., reasoning, learning, problem-solving)

Adaptive Behavior (e.g., social & practical skills)

People with IDD
'. .. Struggle with abstract thinking, spatial reasoning

Have limited exposure to mathematical & statistical training
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People with IDD been Excluded from
Data Visualization
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Data Visualization



COVID-19 Dashboard by the Center for Systems Science and Engineering (CSSE) at Joh...
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Total Deaths

118,459

20,465 deaths
Italy

17,489 deaths
Spain

14,967 deaths
France

11,329 deaths
United Kingdom

7,349 deaths
4 Deaths

Total Tested in the US

2,821,149

461,601 tested
New York US

190,328 tested
California US

184,926 tested
Florida US

126,735 tested
New Jersey US

124,890 tested
{ US Tested
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China
Iran Cumulative Confirmed Cases >
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SSE. Automation Support: Esri Li

Last Updated at (A YY)

4/13/2020, 3:11:18 i’M Confirmed Logarithmic Daily Cases

No Access to Public Information
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Spending ($) Per $1,000 Personal Income

Figure 4
FISCAL EFFORT FOR INTELLECTUAL AND DEVELOPMENTAL
DISABILITIES SERVICES IN THE UNITED STATES: FY 1977-2015
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Source: Braddock et al., Coleman Institute and Department of Psychiatry, University of Colorado, 2017.

No Access to Personal Important Data
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in Intellectual and
Developmental Disabilities

e
4

s SMONTANA NoRTH =2

i

o SMONTANA DOOTA B3 wors.  NEW, Nationwide Fiscal & Programmatic Trends
OREGO s A SOUTH 2= o o< YORK
ID‘HOI‘;‘;#“-}# DAKOTA =7, :
Taw WD N;u;.sulo‘-U\. o=
AH‘-F [~‘q_,r,r‘Nll~FbM ovas

;‘é E; UTAH‘r' (‘r‘v.r(\K'“NSAS

MAINE

>

N0 CARDLINA
Z 3= \r'rq'r(.l,.k.emi“ns  JANNESSIE  South
s ':SONE =2 KLUKD -
VEES EXICO E 5 Lo
=& fwuiyg TEXASTEXAS 2

& . WTEXAS
W Financial Self-Advocacy & Determination
11 EDITION 2017




Tableau / Power

Office36Shan

@ € [m] - - - 2 - & | EntireView ~  f- TT ShowMe.
My Workspace
At Data  Analytics Fiters i Colurmns
Average Avalabilty Average Request Time Number of Outages Average Outage Duration Average Request Time Summarize Rous
® Cashboards +  ConsanLine Cr—
- Segrant Frocastindatr
9 ! AverageLine Sales Forecast =
& VedanwihQurties || yone e e o
= e o crsumer Estimate
it Reports = 927 9 T 1 e . W Cormorae, Al
‘ . Corporate,Estimate
= i & @
Model Color Size Label
> Catasets
Total Outage Seconds. Number of Outages and Average Outage Duration S Mverage with 95% CI &) 3
x = Modanwitn35%C1 vt || ot || run
& TendLine ¢
[O— R . s e a1 Mo sl 6 Stir— & NSO L q e

Cluster B Forecastinaicator & o

Custom Sales
o R Consumer, July 2018
w 4 Reference Line e

@b Reference Band
9 Distriution Band. 0
= BoxPlot

560,000

Number of Outages. Average Request Time and Number of Requests
B Resouceht @ 1w . o S P
2013 201 2015 2016 2017 2018 2019 2020

Order Date

ODstaSource  Forecast & o

166 e 2rowsby Lol SUM(SHIE) $3.691.013




Paper-based Sketch

S

7

-
3
K100 coa

\)
=
N
%uﬂ.
g
N £b
Y S =
oAI..A/\

L




How do People with
Intellectual and Developmental Disabilities
Interpret Data Differently?
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Literature Review Informal Interview



Three Hypotheses



Three Hypotheses

H1: The best chart type for a given task will differ
between people with and without IDDs.

H2: Discrete data representations will lead to more
accurate performance for people with IDDs

H3: Semantically meaningful chart embellishments will
enhance data interpretation for people with IDDs



Three Hypotheses
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Recruitment

ACCESSIBLE

VISUALISATION

We are looking for participants to join our research to
design visualizations for people with
Intellectval Developmental Disabilities

WEB-BASED EXPERIMENT
35 - 45 MIN | 21 - 60 YEARS OLD

$10 GIFT CARD

Questione? Contact:
Keke.Wu@colorado.edu

STATE OF Tk TES

STA q
DEVELOMIENTAL DISARILITIES 'VV|SU alLab

. Designing Accessible
v Visualization ll

Do you have a intellectual or mental disability? We want your help!

We are doing a study to learn what kinds of data visualizations (charts, graphs,
etc.) help people with an intellectual or mental disability analyze financial data best
and what kinds of visualizations they prefer. We are doing this in order to design
more accessible visualizations that are customized for people with cognitive
impairments.

What do | need to know about the study?

® We are looking for participants ages 21-60, with or without cognitive
impairments.

@ The study will take place over a Zoom video call with a researcher. You will sign
up for a date and time and we will send you a link to the meeting.

@ You will look at different visualizations online, answer questions, and give your
opinions.

@ The study can be expected to last ab?eu}tﬂ.&éo minutes.

® As a thank you for your time and effort, you will recieve a $10 giftcard after the
study.

$10 GIFTCARD FOR PARTICIPATION!

Questions? Contact: keke.wu@colorado.edu
or emma.petersen@colorado.edu

How to Join a Zoom Meeting

This document will show you step by step how to join a zoom meeting using the link in your email
invite and then how to begin the study. You can also watch Zoom's video on how to join a meeting here:
oom.us/h ticles/201362193-Joini i

How to Join a Zoom Meeting With an Email Invite:
1. Click on the link in the email we sent you. It will be below the text “Join Zoom Meeting”, as in

the image below.

Join Zoom Meeting
click here =——p  httos:/: oom.us/j/4518530831

Meeting ID: 451-853-0831

2.This will open a new tab and your web browser will prompt you to open Zoom. Press “Open
Zoom”. The example below is in Google Chrome, some web browsers will say something
slightly different (ex. in Safari you will hit “Allow” to open Zoom).

Zoom Web Conferencing

click here ——p - =n




Mixed-Methods Experiment
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4.Is the spending going up or down over time?

O Going up O Going Down

34 Participants
with and without IDD



Mixed-Methods Experiment

® ® 3 DD Experiment X +
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Spending on Family Supports from 1996 - 2015
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10.Is the spending going up or down over time?

O Going Up O Going Down

34 Participants
with and without IDD



Mixed-Methods Experiment

Ssening n oy suppats rom 550 3018 34 Participants
. with and without IDD
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5.Is the spending going up or down over time?

O Going up O Going Down




Mixed-Methods Experiment

& 1DD Experiment XN +

A Not Secure | cu-visualab.org

Spending on Home & Community-Based Services from 1998 - 2015

Time Series &
I I I I Proportion Data
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Mixed-Methods Experiment
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Cognitive Disabilities by Categories in the US

@ 1Intellectual Disability
(@ Severe and Persistent Mental Tiiness
Brain Injury
@ Stroke
\ ‘ @Alzheimers

1.What per of the p I

have a/an Intellectual Disability?

O Lessthan 33% O 33%to 66% () 66% and Over

Time Series &
Proportion Data



Mixed-Methods Experiment
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@ Intellectual Disability

© severe and Persistent Mental Tliness
Brain Injury

© stroke

@ Alzheimers

10.Which of the following groups has a larger population? TaSk PerfO rmance &
O severe and Persistent Mental Iilness () Alzheimers () Intellectual Disability Chart Preference




Mixed-Methods Experiment

® ® 3 DD Experiment X +

& > C A NotSecure | cu-visualab.org

© Intellectual Disability

© Severe and Persistent Mental Iliness
Brain Injury

o Stroke

© Alzheimers

15.What per of the

population have a/an Alzheimers?

O Lessthan 33% O 33%to 66% (O 66% and Over

Task Performance &
Chart Preference



Mixed-Methods Experiment

Which one would you like better to

find the biggest number?

j: "l

Task Performance &
Chart Preference




Mixed-Methods Experiment

Which one do you like better and why?

i
¥ %
alllllaw L

Task Performance &
Chart Preference



Mixed-Methods Experiment
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Task Performance &
Chart Preference



Mixed-Methods Experiment

Task Performance &
Chart Preference



Mixed-Methods Experiment

Task Performance &
Chart Preference



Four Design Guidelines



Design Guidelines

Avoid pie charts
Use familiar metaphors
Manage visual complexity

Use discrete encodings for axis-aligned representations



Design Guidelines

Avoid Pie Chart

Accessible Not Accessible




Design Guidelines

Avoid pie charts
Use familiar metaphors
Manage visual complexity

Use discrete encodings for axis-aligned representations



Design Guidelines

Use Familiar Metaphors




Design Guidelines

Use Familiar Metaphors




Design Guidelines

Avoid pie charts
Use familiar metaphors
Manage visual complexity

Use discrete encodings for axis-aligned representations



Design Guidelines

Manage Visual Complexity
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Design Guidelines

Avoid pie charts
Use familiar metaphors
Manage visual complexity

Use discrete encodings for axis-aligned representations



Design Guidelines

Use Discrete Encodings for Axis-aligned Representations
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http://cu-visualab.org/IDD/demo/

Variation is the Norm.




Creativity is a Spectrum!




What’s Next?
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Participatory Design Workshop
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Participatory Design Workshop

w4

Data-Pal Role-Playing



Participatory Design Workshop

Aliens

from

xe VisualLand

The Circle Story

Participatory Design Workshop 2021




Participatory Design Workshop

Y -
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fe O =2 (e &) Who's your favorite alien?

Foodie Alien
Gamer Alien
Artist Alien
Athlete Alien




Participatory Design Workshop



How do individuals with IDD

approach data & build visualizations?

,
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How can we encourage creativity &

selt-expression through data visualization?







THANKS!

Project Page: https://cu-visualab.org/IDD/idd/

Contact Me: keke.wu@colorado.edu



mailto:eke.wu@colorado.edu

