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https://commons.wikimedia.org/wiki/File:Blacksmith_working.jpg

Tools matter
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Share of adults who...

Have a negative opinion of government’s
economic policy
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US consumers are rapidly souring on Trump’s economic

Expect business conditions to worsen
over next year
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Some change is easier to
make happen than others
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[Flourish] Re: Accessibility feedback | Ticket#: 12779061 Inbox x

Flourish
##- Please type your reply above this line -## We've received your Flourish support request . To add additional comments, reply to this email. Please note we op

Georgie (Flourish)
Your Flourish support ticket has been updated. To add additional comments, reply to this email. Georgie (Flourish) May 20, 2025, 19:00 GMT+8 Hi Frank Firstly, t

Frank Elavsky

Thanks so much, Georgie! Looking forward to the discussion from this. Thanks also for being so responsive.

Luisa Bider
Hi Frank, Thanks so much for taking the time to share this thoughtful feedback on Flourish's accessibility features. We've been following your work for some tim

Frank Elavsky
Hi Luisa, (and hi Rachel and Becky) Apologies for not emailing sooner! I've been under a tight deadline. But | have a bit of breathing room right now. | love th

Luisa Bider
Hi Frank, Thanks so much for the reply and no worries at all :) Could you clarify the time zones of the meeting times you've proposed? | unfortunately won't be

Frank Elavsky
Oh yes, of course! I'm Eastern Time here in the US.

Luisa Bider
Hi Frank, Perfect! I've just sent across a calendar invite for Friday 10am your time / 3pm our time. Looking forward to chatting! Best, Luisa

Frank Elavsky
Howdy team, just sharing some good news: we've decided to add Flourish to our shortlist resources of libraries and tools. You're doing really good work, so plea

Luisa Bider <luisa@canva.com>
to Georgia, me, Becky, Rachel «

Hi Frank,

Oh my gosh this is amazing news! Thank you so much for adding Flourish to the shortlist! It's so encouraging to see our accessibility work recognized, especially by fo
fixes and features over the summer:
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People with disabilities deserve to:

Participate In politics

PRESIDENTIAL RESULTS

Joe Biden wins election to be the 46th US President

Pennsylvania’s 20 electoral votes put native son Joe Biden above the 270 needed to become the 46th President of the United
States. Born in Scranton, the former vice president and longtime Delaware senator defeated Donald Trump, the first President

to lose a reelection bid since George H.W. Bush in 1992.

,ﬁ, 306 BIDEN & 27010 Win TRUMP 232

v

51.3% 81,284,666

O What is this? 74,224,319 46.9%
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Updated 10:44 a.m. ET, May. 5
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https://www.cnn.com/election/2020/results/president

People with disabilities deserve to:

Participate In politics Make informed decisions

PRESIDENTIAL RESULTS

o | DO YOUR PART TO STOP CORONAVIRUS

Pennsylvania’s 20 electoral votes put native son Joe Biden above the 270 needed to become the 46th President of the United

States. Born in Scranton, the former vice president and longtime Delaware senator defeated Donald Trump, the first President

to lose a reelection bid since George H.W. Bush in 1992.
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Filters

FLATTEN THE CURVE
STAY THE HELL HOME!

Learn more about this from the CDC website at cdc.gov
Design by Larry West Productions, 2020
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https://www.cnn.com/election/2020/results/president

Participate In politics

PRESIDENTIAL RESULTS

Joe Biden wins election to be the 46th US President

Pennsylvania’s 20 electoral votes put native son Joe Biden above the 270 needed to become the 46th President of the United
States. Born in Scranton, the former vice president and longtime Delaware senator defeated Donald Trump, the first President

to lose a reelection bid since George H.W. Bush in 1992.

TRUMP 232

74,224,319 46.9%
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Credit: CNN

DO YOUR PART TO STOP CORONAVIRUS

NUMBER OF CASES

FLATTEN THE CURVE
STAY THE HELL HOME!

Make informed decisions

>
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WITHOUT
PROTECTIVE ~
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WITH
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TIME SINCE FIRST CASE

Learn more about this from the CDC website at cdc.gov
Design by Larry West Productions, 2020

Credit: Reddit

People with disabilities deserve to:

Analyze data quickly and
efficiently
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https://www.reddit.com/r/graphic_design/comments/fj2cb6/flatten_the_curve_stay_the_hell_home_covid19/
https://www.cnn.com/election/2020/results/president
https://dig.cmu.edu/cross-feelter/slider.html
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Creators Tools Things Future Things
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But how much of this Is -
Inaccessible? -

—>

___{}___

Creators Tools Things Future Things



97-99%

Source: World Wide Web Consortium. “The WebAIM Million
Report.” 2019-2025

Creators Tools Things Future Things
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The builders and the makers (that’s
us) are responsible for access.



Can better tools reduce -
inaccessibility?

v

Creators Tools Things Future Things




Section 1:
Helping practitioners consider
accessibility



PRESIDENTIAL RESULTS

Joe Biden wins election to be the 46th US President

Pennsylvania’s 20 electoral votes put native son Joe Biden above the 270 needed to become the 46th President of the United

States. Born in Scranton, the former vice president and longtime Delaware senator defeated Donald Trump, the first President

to lose a reelection bid since George H.W. Bush in 1992.
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=oterill Full Details
Updated 10:17 p.m. ET, Mar. 6
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@ What is this?

TRUMP 232

74,224,319 46.9%

CNN Projection M7 Biden W Trump

Win Flip Win Flip

Updated 10:44 a.m. ET, May. 5

STATE RESULTS

President: Alaska Trump &
3 Electoral Votes PROJECTED WINNER
Candidate % Votes

o Trump & 52.8% mm 189,951

Incumbent

® Biden 428% mm 153,778

e Full Details
Updated 09:51 a.m. ET, Dec. 2

CShow More States)

h

(AL

President: Arizona & Biden &
PROJECTED

BATTLEGROUND WINNER
11 Electoral Votes
Candidate % Votes

eBiden @ 494% m 1,672,143

® Trump 49.0% mm 1,661,686

Incumbent

=aterll Full Details
Updated 04:11 p.m. ET, Nov. 30

Research problem:

How do you find and
evaluate access
arriers In interactive
visualizations?

18



Prior work: Staff-level engineer making a visualization library

Customer growth global and regional trends O]

Compare the pace of worldwide customer growth to the top 5 fastest growing countries.
Displaying quarterly growth in active cardholders, relative to FY21 Q1.

Backlog summary Payment volume trends a- @
: Out of 220 requests submitted in the last quarter, 74% have been resolved. Monthly payment volume for this year compared to last year.
+28% +27.9% United States
+24% —O +24.1% Canada
l . Target 80% $6.3m
_ $9.8m $8.7m s42m  $8.4m $86m oo,  $95m $7.2m
+20% +19.4% Worldwide . - - 38.3m 4 4 $7.9m
HER o %
: $7.9m
+16% _® +15.9 Japan . . . $7.4m $9.2m
- - $5.4m $8.1m $9.9m
ﬁ T ; !
-——-—@ +12.8 India
EEE 74% S 5
’ : Requests resolved $3.5m $3.7m $4.0m
- T
1
+4% . . - Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

+0% e
Q1FY21 Q1FY22 Q1FY23 Q1 FY24
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Chartability is a workbook of tests, tools, and principles

PRESIDENTIAL RESULTS

Joe Biden wins election to be the 46th US President

Pennsylvania’s 20 electoral votes put native son Joe Biden above the 270 needed to become the 46th President of the United
States. Born in Scranton, the former vice president and longtime Delaware senator defeated Donald Trump, the first President

to lose a reelection bid since George H.W. Bush in 1992.

ﬁ 306 eioen @ 270 to Win TRUMP 232

51.3% 81,284,666 © What is this? 74,224,319 46.9%

CNN Projection Bl Biden WEZZ Trump

Win Flip Win Flip
Updated 10:44 a.m. ET, May. 5
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Flipﬁéd Seats
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Candidate % Votes Candidate % Votes )
Candidate % Votes

® Trum 62.0% mm 1,441,170 ® Trum| 52.8% m=m 189,951

Incumbgnt o Incumbgnt 0 ® Biden 0 49.4% - 11672'143
® Biden 366% m 849,624 ® Biden 428% mm 153,778 ® Trump 49.0% mm 1,661,686

Incumbent

ot il Full Details e Full Details Eatle ol Full Details
Updated 10:17 p.m. ET, Mar. 6 Updated 09:51 a.m. ET, Dec. 2 Updated 04:11 p.m. ET, Nov. 30

Ghow More StatesD

F. Elavsky, C. Bennett, and D. Moritz, “How accessible is my visualization? Evaluating visualization accessibility with
Chartability,” Computer Graphics Forum, 2022.
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PRESIDENTIAL RESULTS

Joe Biden wins election to be the 46th US President

Pennsylvania’s 20 electoral votes put native son Joe Biden above the 270 needed to become the 46th President of the United
States. Born in Scranton, the former vice president and longtime Delaware senator defeated Donald Trump, the first President

to lose a reelection bid since George H.W. Bush in 1992.

D
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CShow More States)

Let’s evaluate this
map from CNN with
Chartability.
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Design with high contrast

Colorblindness Disproportionately Colorblindness Disproportionately
Overrepresented in A11y Resources Overrepresented in A11y Resources

Colorblindness: % of People Colorblindness: % of People

4% | 4%
Low Vision: % of People Low Vision: % of People
25% - 25%
Colorblindness: # of Resources Colorblindness: # of Resources
Low Vision: # of Resources Low Vision: # of Resources

5 .5
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Use High Contrast Text

Text needs at least
4.5:1 contrast
against Its
background.

Large text (bold and

16pt or larger) can
be 3:1 or higher.

Contrast Checker

Home > Resources > Contrast Checker

Foreground Color

Background Color

Contrast Ratio

#969696 | [ #FFFFFF
_ightness Lightness 2.95: 1
e — ———
e o .
permalink
Normal Text
WCAG AA:  Falil - | | . o
WCAG AAA: Fall The five bo XiNng WiZdl as jump quic l,
Large Text
WCAG AA:  Falil | | | | |
WCAG AAA:  Eail The five boxing wizards jump quickly.
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Use High Contrast Geometries

Chart elements need at Contrast Checker

IeaSt 31 COntraSt Home > Resources > Contrast Checker

agalnSt thelr Foreground Color Background Color |

background. #E4E4E4 #F3F3F3 contrast Ratio
Lightness Lightness 1 .1 4: 1

————————— ———————————
G aE—— .
permalink

Graphical Objects and User Interface Components

WCAG AA: Fail

Text Input

24



PRESIDENTIAL RESULTS

Joe Biden wins election to be the 46th US President

Pennsylvania’s 20 electoral votes put native son Joe Biden above the 270 needed to become the 46th President of the United

States. Born in Scranton, the former vice president and longtime Delaware senator defeated Donald Trump, the first Presideg

Contrast Checker

to lose a reelection bid since George H.W. Bush in 1992.

\
o Home > Resources > Contrast Checker
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62.0% mm 1,441,170 ® Trum 52.8% mm 189,951 Candidate * votes
¢ ;El;l:nrrll)gnt 0 ’ ' ' Incumbgnt 0 ' ' ® Biden 0 49.4% | 1,672,143
® Biden 36.6% m 849,624 ® Biden 42.8% mm 153,778 ® Trump 49.0% = 1,661,686
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Est. 99% In Full Details Est. 99% In Full Details Est. 99% In
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<Show More States>
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PRESIDENTIAL RESULTS

Joe Biden wins election to be the 46th US President

Pennsylvania’s 20 electoral votes put native son Joe Biden above the 270 needed to become the 46th President of the United

States. Born in Scranton, the former vice president and longtime Delaware senator defeated Donald Trump, the first President

to lose a reelection bid since George H.W. Bush in 1992.
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CShow More States)

6 Instances of low
ontrast
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How can we fix this?

300 BipEn ® 270 to Win TRUMP 232 @
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yscale
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The division here matters!

300 BipEn ® 27010 Win / TRUMP 232 @
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e ¥

51.3% 81,284,666

O What is this? 74,224,319 46.9%
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Maybe a small white divider, like the states?

:Q 300 eipen® 27“:”“‘”/ TRUMP 232
=4y I

51.3% 81,284,666 74,224,319 46.9%
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%\

©® What is this?
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Vv

| CNN Projection |
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Perhaps test a darker blue too?
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What if we fix the contrast failures at the same time?

N

¥

\
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This text now passes!
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Sufficient contrast can help folks differentiate

\ ,: . 306 BIDEN & 270 to Win TRump 232 M 306 BIDEN & 270 to Win TRUMP 232 M

0,
51.3% 81,284,666 © What is this? 74,224,319 46.9% 51.3% 81,284,666 © What is this? 74,224,319 46.9%
CNN Projection W77 Bicen B2 Trump CNN Projection 77 Biden B Trump
Updated 10:44 am. ET, May.5 " P Win Fip Undated 10:44 am. €T May.5 " PP Win Flip

N
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TRUMP 232

% ¥
-
46.9%

(repeat for 49
other heuristics)
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Chartability is used in:

110+ Tech, news, and
non-profit companies/orgs

BE Microsoft
C)GitHub | A\ Azure

B HIGHCHARTS

European ’A’
e "‘ Ad O b € jupyter
e’

Che New Hork Cimes

15+ Policy orgs and
governments worldwide

20+ Undergraduate and
graduate courses

Carnegie Mellon University

H Bl Massachusetts
I I Institute of
Technology

W

UNIVERSITY of WASHINGTON

=% Northwestern
University

&2 COLUMBIA UNIVERSITY

IN THE CITY OF NEW YORK



What about this visualization might be a barrier?

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

L S 8

L/

@gclear

SHydro

NN\
‘Geothermal

Electricity & Heat

Rejected Energy

NN

Natural Gas Residential

Commercial

Coal

Industrial

y
v

\Biomass

(=]

Energy Services

Petroleum Transportation

Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes.

37



What about this visualization might be a barrier?

Font size too small

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory
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@gclear

SHydro

NN\
‘Geothermal

7

Electricity & Heat

Rejected Energy

/ atural Gas Residential

A Commercial

Coal

. Industrial

\Biomass

Energy Services

Petroleum Transportation

Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes.

38



What about this visualization might be a barrier?

Estimated US Energy Consumption in 2017 * Font size too small

Source: Lawrence Livermore National Laboratory

MNiclear :

"Evd': Black text on light
‘Hydr ctrici a n

s 77270770 background is hard
‘Geotherma

% Rejected Energy
/7

7

/ atural Gas Residential

A Commercial

Coal

- Industrial
\Biomass

Energy Services

Petroleum Transportation

Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes.
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What about this visualization might be a barrier?

Estimated US Energy Consumption in 2017 * Font size too small

Source: Lawrence Livermore National Laboratory

MNiclear :

e Black text on light
“Hydr ctrici a i

s 77270770 background is hard
‘Geotherma

% Rejected Energy
% Residential

?atural Gas ésiaentia

A Commercial

*

Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes.

Coal

- Industrial
\Biomass

Textures + colors are Energy Services
overwhelming

Petroleum Transportation
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What about this visualization might be a barrier?

Estimated US Energy Consumption in 2017 * Font size too small

Source: Lawrence Livermore National Laboratory

MNiclear :

e Black text on light
“Hydr ctrici a i

s 77270770 background is hard
‘Geotherma

% Rejected Energy
% Residential

?atural Gas ésiaentia

A Commercial

*

Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes. *

Coal

- Industrial
\Biomass

Textures + colors are Energy Services
overwhelming

Petroleum Transportation

Explanation doesn't have a
summary, it isn't enough
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Can we fix this?

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

L/

@gclear

SHydro

NN\
‘Geothermal

7

Electricity & Heat

/ atural Gas Residential

A Commercial

Coal

. Industrial

\Biomass

Petroleum Transportation

Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes.
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Maybe we can bump up the text size

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

Nuclear”/// S
~ ~ Electricity & Heat

WS

Rejected Energy

AN

MNatural Gas’/ """ wzzzResidential

N

Coal .
N SR Industrial

T TR Energy Services
Petroleum Transportation

Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes.
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We can reduce visual complexity too

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

INuclear

- Electricity & Heat

Rejected Energy
Eﬂatural Gas Residential
Coal
- Industrial

Energy Services
Petroleum Transportation

Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes.

v



We can add a more descriptive explanation

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

iﬂuclear .
- Electricity & Heat

Rejected Energy
Edatural Gas Residential
Coal
- Industrial

Energy Services
Petroleum Transportation

Sankey charts are used to visualize data flow and volume between nodes. Visually wider lines indicate larger volumes. This chart is showing energy
consumption and types. Interacting with this chart by selecting a node or flow (such as with a click) will update the stacked bar chart below.
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Is this the perfect, most accessible design?

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

iﬂuclear .
- Electricity & Heat

Rejected Energy
Edatural Gas Residential
Coal
- Industrial

Energy Services
Petroleum Transportation

Sankey charts are used to visualize data flow and volume between nodes. Visually wider lines indicate larger volumes. This chart is showing energy
consumption and types. Interacting with this chart by selecting a node or flow (such as with a click) will update the stacked bar chart below.
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Bad news...

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

ﬁluclear .
- Electricity & Heat

Rejected Energy
ﬁlatural Gas Residential
Coal
— Industrial

Energy Services
Petroleum Transportation

Sankey charts are used to visualize data flow and volume between nodes. Visually wider lines indicate larger volumes. This chart is showing energy
consumption and types. Interacting with this chart by selecting a node or flow (such as with a click) will update the stacked bar chart below.
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This design has
Bad neWS... accessibility issues too

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

Nuclear . o
Electricity & Heat
- Rejected Energy
Natural Gas Residential
Coal :
= Industrial
Energy Services
Petroleum Transportation

Sankey charts are used to visualize data flow and volume between nodes. Visually wider lines indicate larger volumes. This chart is showing energy
consumption and types. Interacting with this chart by selecting a node or flow (such as with a click) will update the stacked bar chart below.
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There Is no such thing as a single, perfect design

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

L S 8
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@gclear

SHydro

NN\
‘Geothermal

Electricity & Heat

Rejected Energy

NN

Natural Gas Residential

Commercial

Coal

Industrial

y
v

\Biomass

(=]

Energy Services

Petroleum Transportation

Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes.
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One design cannot fit all

7

.
,,r}tllclear

SHydro
NN\
‘Geothermal

7
ﬁ\l//gtural Gas
7

Z

Coal

™

\Biomass

Petroleum

Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes.

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory
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Residential
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Industrial

Transportation
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sNuclear
/7

SHydro
A\N
‘Geothermal

%

;Nétural Gas
/

7

Petroleum

Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes.

Research problem: How do we

resolve this “access friction”?

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

Electricity & Heat

Residential

Commercial

Industrial

Transportation

Nuclear

Rejected Energy

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

Electricity & Heat

Natural Gas

Coal

Petroleum

Residential

Industrial

Transportation

Rejected Energy

Energy Services

Sankey charts are used to visualize data flow and volume between nodes. Visually wider lines indicate larger volumes. This chart is showing energy
consumption and types. Interacting with this chart by selecting a node or flow (such as with a click) will update the stacked bar chart below.
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Why should our designs be one-size-fits-all?




What if we let users personalize?

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

ﬁﬂ:tjclear _

‘Hydro Electricity & Heat 'N UCIear 11

N ) - Electricity & Heat

7 A Rejected Energy
,Nétural Gas Residential . o

7

7 mpm— E‘latural Gas Residential

il Industrial Coal =

\Biomass a IndUStrlaI

Energy Services Energy Services

Retroleum Transportation PEthleu m

Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes. Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes.

Estimated US Energy Consumption in 2017 = Estimated US Energy Consumption in 2017
Source: Lawrence Livermore National Laboratory Source: Lawrence Livermore National Laboratory
Nuclear Z4 N
&L M uclear

N Electricity & Heat - Electricity & Heat

% . . Rejected Energy Rejected Energy
o Gas Residential Natural Gas Residential

Coal : Coal
N Industrial - Industrial

il Energy Services Energy Services

etroleum Transportation Petroleum Transportation
Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes. Sankey charts are used to visualize data flow and volume between nodes. Visually wider lines indicate larger volumes. This chart is showing energy

consumption and types. Interacting with this chart by selecting a node or flow (such as with a click) will update the stacked bar chart below.
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We have been enabling personalization for years

Video games Devices and operating systems

CCCCCCCCCCCCC

Home Screen & Multitasking

Wallpaper Motion

nnnnnnnnnnnnn

Apple Pencil Audio Descriptions

ttttttt

Privacy & Security

Stealth kill clickers with your
switchblade. Sneak up and press ®

Voice Control

to grab them.

ooooooooo

eeeeeeeeeeeee

The Last of Us 2 has more than 60 settings "Make it yours" is the motto for
Apple's accessibility personalization
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https://www.playstation.com/en-us/games/the-last-of-us-part-ii/accessibility/
https://www.apple.com/accessibility/

We built a preferences menu!

e N

Estimated US Energy Consumption in 2017 =

Preferences Source: Lawrence Livermore National Laboratory

This menu provides a way to customize charts and graphs. The menu is

organized into categories, and adjusting the settings at the category lNUCIear —
level will adjust all of the settings within that category. Some settings - — Elect ricity & Heat
within categories also have sub-settings which will also inherit higher -
level settings that they belong to. If wording for a category's setting is H
hard to understand, try changing that setting and then navigating into . . RejeCted Energy
the menu to see which children settings it affected. Natural Gas ReS|dent|a|
Hide unavailable options
: Coal ,
Comprehension = | :
ndustrial
default  moderate  robust - .
® O O Energy Services
Petroleum Transportation

» Show more comprehension options...

Text visuals

default minimalist moderate maximalist

® O O O Energy Sources = Monthly Energy Consumption =

¥ Show more text visuals options... G e Oth erm al 4
Font Size Solar 10.77 —e . e —
2.76

default small medium  large Wlnd 2 \\‘\’\*\//
Biomass

O O O @ Hydro

» Show more font size options... N U% ea'i : 8. 421 3 96 0 i i i i i $ * - o o
ont Wei Oa .

Fdeftax gl;:)o Natural Gas ) Jan Mar May Jul Sep Nov

400 700 36.2
®© O O O Petroleum |

Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes.

-e- Solar -+ Nuclear = Hydro -+ Wind
O 5 10 ’| 5 20 25 30 35 -+ Geothermal -e- Natural Gas Coal = Biomass
» Show more font weight options... -+ Petroleum

Total Quads
Color and contrast rts |

L o Chart showing stacked columns for comparing quantities. Stacked charts are often used  Line chart for comparing change in data across categories. Line charts are often used to
default ~ minimalist ~ maximalist to visualize data that accumulates to a sum. visualize change in data over time, showing important trends. Sonification will play all

@ Q Q values selected in legend.

Play chart sonification ]

V¥ Show more color and contrast options...
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What do people with disabilities want to personalize with
visualizations?

And how does personalization change how we design
visualization libraries, systems, and tools?



We gave 9 BLV users and 4 developers some levers to pull

Estimated US Energy Consumption in 2017

Preferences Source: Lawrence Livermore National Laboratory

This menu provides a way to customize charts and graphs. The menu is

organized into categories, and adjusting the settings at the category lNUCIear —
level will adjust all of the settings within that category. Some settings - — Elect ricity & Heat
within categories also have sub-settings which will also inherit higher -
level settings that they belong to. If wording for a category's setting is H
hard to understand, try changing that setting and then navigating into . . RejeCted Energy
the menu to see which children settings it affected. Natural Gas ReS|dent|a|
Hide unavailable options
: Coal ,
Comprehension = | :
ndustrial
default  moderate  robust - .
® O O Energy Services
Petroleum Transportation

» Show more comprehension options...

Text visuals

default minimalist moderate maximalist

® O O O Energy Sources = Monthly Energy Consumption =

Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes.

V¥V Show more text visuals options...

A
Geothermal
Font Size Solar 0.77 — _ . N , __—*
default small medium large Wind ) w
O O O W Hydro |_12.76 |

Biomass

» Show more font size options... N uclear : 8. 42 O i i i i i : ¢ * * + o

ont Wei Coal 13.96
Fdeftax gl;:)o Natural Gas ) Jan Mar May Jul Sep Nov

400 700 36.2
®© O O O Petroleum |

-e- Solar -+ Nuclear = Hydro -+ Wind
O 5 10 ’| 5 20 25 30 35 -+ Geothermal -e- Natural Gas Coal = Biomass
» Show more font weight options... -+ Petroleum

Total Quads
Color and contrast rts |

L o Chart showing stacked columns for comparing quantities. Stacked charts are often used  Line chart for comparing change in data across categories. Line charts are often used to
default ~ minimalist ~ maximalist to visualize data that accumulates to a sum. visualize change in data over time, showing important trends. Sonification will play all

@ Q Q values selected in legend.

Play chart sonification ]

V¥ Show more color and contrast options...
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(What is accessible for one...)

“If anything has dark mode? That’s great. |
wish everything used dark mode.”

Participant #4



(...might be a barrier for another.)
“Oh, | can’t use dark mode at all. | hate when

websites have [dark mode] because it can
be virtually impossible to use.”

Participant #7



A\ Malleable interfaces need guardrails

* |tis possible to design harmful visualizations, so system designers
should anticipate ways to help users personalize safely.

Results

F. Elavsky, M. Vindedal, T. Gies, P. Carrington, D. Moritz, and @. Mousing, “Towards Softerware: Enabling personalization
of interactive data representations for users with disabilities,” Computer Graphics and Applications, 2025.
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A\ Malleable interfaces need guardrails

* |tis possible to design harmful visualizations, so system designers
should anticipate ways to help users personalize safely.

@ Our ethical responsibility: Accessible defaults first

 Some users won't want to personalize or manipulate interfaces at all,
so they will still rely on smart, effective defaults.

Results

F. Elavsky, M. Vindedal, T. Gies, P. Carrington, D. Moritz, and @. Mousing, “Towards Softerware: Enabling personalization
of interactive data representations for users with disabilities,” Computer Graphics and Applications, 2025.
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A\ Malleable interfaces need guardrails

* |tis possible to design harmful visualizations, so system designers
should anticipate ways to help users personalize safely.

@ Our ethical responsibility: Accessible defaults first

 Some users won't want to personalize or manipulate interfaces at all,
so they will still rely on smart, effective defaults.

ReSUItS gPersistence, profiles, and "effort-to-usage" ratio

* Everything about malleable interfaces should save users time and
energy. Let them save, reuse, and share their personalization.

F. Elavsky, M. Vindedal, T. Gies, P. Carrington, D. Moritz, and @. Mousing, “Towards Softerware: Enabling personalization
of interactive data representations for users with disabilities,” Computer Graphics and Applications, 2025.
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A\ Malleable interfaces need guardrails

* |tis possible to design harmful visualizations, so system designers
should anticipate ways to help users personalize safely.

@ Our ethical responsibility: Accessible defaults first

 Some users won't want to personalize or manipulate interfaces at all,
so they will still rely on smart, effective defaults.

ReSUItS gPersistence, profiles, and "effort-to-usage" ratio

* Everything about malleable interfaces should save users time and
energy. Let them save, reuse, and share their personalization.

Interoperability: everyone's job
* One visualization library isn't enough: the way users personalize a
chart in one place should carry over to other platforms and tools.

F. Elavsky, M. Vindedal, T. Gies, P. Carrington, D. Moritz, and @. Mousing, “Towards Softerware: Enabling personalization
of interactive data representations for users with disabilities,” Computer Graphics and Applications, 2025.
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Deployment in Highcharts, >6m downloads/month

& Preference panel

Apperance
J System default
%+ Light
© Dark

Chart preferences
Chart overview
Point labels
Point description
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Text size
aA aA
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Contrast

Increase contrast
Add border
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View as
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Sonification

> Play chart

> Play chart speech

D> Describe the chart

Playback 12

Playback
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Performance Trends Over Time
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= Benchmark (Morningstar US LM Brd Growth TR USD)
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FSPGX $13,065.02 =
Category (Large Growth) $12 450.44 =
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Zoom

May 2024
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t2 View in full screen
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&
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Download / Print chart

Export data

View data table

Settings and tools
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F. Elavsky, M. Vindedal, T. Gies, P. Carrington, D. Moritz, and @. Mousing, “Towards Softerware: Enabling personalization
of interactive data representations for users with disabilities,” Computer Graphics and Applications, 2025.



Section 2:
Low-level building blocks



Research problem: How can we
enable people to build
accessible visualizations?




A default button
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A default button }}
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A default button
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A default button

X A default button, button
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A default button

/1

A default button }}

X A default button, button

A default button




April May June July
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The mouse rules all

>



A keyboard should be able to do everything a mouse can

0000000
0000000
D0oC__100

April May

WAI. “Understanding success criterion 2.1.1: keyboard.” WCAG standard, W3C, 2017.
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Discrete and direct nav

12
ale -~
¥ ')Q‘f,‘: L
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! . " ' 3 -.Lﬂ'
. . .

Igation face more barriers

A person in a wheelchair operating an old computer using a desk-mounted sip and puff device called the POSSUM.
Image credit: Wikipedia, Public Domain, 1960. Photographer: Possum Ltd.
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https://commons.wikimedia.org/wiki/File:Patient_Operated_Selector_Mechanism.jpg

Highcharts Demos

Q, Search demo or tag
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Line charts

Area charts

Column and bar charts
Pie charts

Scatter and bubble charts
Combinations

Styled mode (CSS styling)
Accessibility

Audio charts

Dynamic charts

3D charts
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Heat and tree maps

Trees and networks

More chart tvnees
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Rich navigation (a short history)
2015 (highcharts

2018: + Interactivity (visa charts

VISA Product Design System

About VPDS v
What's new v
Selecting a chart
Designing A Learn how to find the right chart for your audience's analysis needs.
Developing v
Contributing v
Base elements v . . . - S .
Selecting the right chart requires determining the key purpose of the chart and tailoring it to your audience’s needs. ON THIS PAGE
Components v Understand the chart types

Start by understanding the chart types available in our system. Once you're familiar, you can select a chart design from our
Patterns v collection of examples by defining the key insight your chart should provide, and determining the focus elements. Finally, Selecting a chart

optimize your chart's design to direct attention to the most important information.
Step 1: Choose a key insight

Content v
category
Data visualization A Step 2: Determine the
focus
Visa Chart Components Understand the chart types

Step 3: Refine the chart
Chart types refer to the broad categories of visual representations used to display data. Each chart type is best-suited for

particular kinds of data analysis or insights. Charts help users understand and interpret data by leveraging simplified visual
representations that highlight patterns and relationships.

Development setup

Design visualization
guidelines

Overview e ...E=: S '."A
.|I|I|||| [/ =" S

Data visualization principles EELE

BAR CHART LINE CHART HEAT MAP SCATTER PLOT

Selecting a chart

’r’



Alt text should communicate operability
Source: Visa Chart Components, Frank Elavsky (2017-2019)
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Semantics matter
Source: Visa Chart Components, Frank Elavsky (2017-2019)
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Count 15. Bar 2 of 3. Image.




ARIA semantics are standardized

Source: Visa Chart Components, Frank Elavsky (2017-2019)

g

() 3

Building: A
Product Category: 2
Count: 15

J
r -
ks
-
-
B
B

%

I

)

s

X%

A e

s

X Building A. Product Category 2.
Count 15. Bar 2 of 3. Image.

;

() 3

Building: A
Product Category: 2

Count: 15

J
r B
@
@ B
@
Bl .
-

—> |

X Building A. Product Category
2. Count 15. Bar 2 of 3., toggle

7

I

button

)

)

.0.0, i i \

G

7 XK

.

() 3

Building: A
Product Category: 2
Count: 15

J
r b
B
B
B
B
B

G

A

)

..E;E;\

G s

7 XK

X selected, Building A. Product

—

Category 2. Count 15. Bar 2 of
3., toggle button




2018 (visa charts

WithPoaid lebe B

2022: not library s

m CHART ROOT
ENCODINGS
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Rich navigation (a short history)
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Rich navigation (a short history)
2015 (highcharts)
2018 (visa charts)

! ENNINFE O SY RSO ¢ Aoy

2023 (data navigator)

aaaaaaaaaaaaaaaaaaa

Manchester Unlted trophles

F. Elavsky, L. Nadolskis, and D. Moritz, “Data
Navigator: An Accessibility-Centered Data
Navigation Toolkit,” I[EEE Transactions on
Visualization and Computer Graphics, 2023.




Rich navigation (a short history)
2015 (highcharts)
2018 (visa charts)

I EMNIPE SIS TRIPOE ing iipgroyy

2023 (data navigator)

® O Major trophies for some English teams

F. Elavsky, L. Nadolskis, and D. Moritz, “Data e
Navigator: An Accessibility-Centered Data
Navigation Toolkit,” I[EEE Transactions on
Visualization and Computer Graphics, 2023.




Rich navigation (a short history)
2015 (highcharts)
2018 (visa charts)

2022 (olli)

2023 (data nawgator)

F. Elavsky, L. Nadolskis, and D. Moritz, “Data e
Navigator: An Accessibility-Centered Data
Navigation Toolkit,” I[EEE Transactions on
Visualization and Computer Graphics, 2023.




How does data navigator work?

To visualization toolkits
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Structure is a graph: nodes and edges

o0



Graphs can create nearly all other structures

Tables Lists Hierarchies




Nodes can become virtually anything

Network graphs

0«».«».«»&

Diagrams

i

R\

N/

Maps




Data Navigator: Empowering practitioners

Bokeh, a python visualization library,
Work enabled thanks to a CZl EOSS Cycle 6 Grant
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Data Navigator: Empowering practitioners

React Spectrum Charts, Adobe’s visualization design system
Work enabled thanks to 2x funding from Adobe
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x Example: Accessible Gapminder Chart

Below is a responsive, screen-reader-navigable version of the chart shown on the homepage. Press
Navigate to enter keyboard navigation. Or, change your “prefers reduced motion” system setting to see

fade animations instead of motion.

Navigate Year: 1992
onese—()
T GDP Per Capita
_ ‘ Play/Pause ’
100k 5

. X axis:

] Life Expectancy v

] Y axis:

10k

GDP Per Capita v

avigation +

| L

Radius:
— - Population v
1k 5
: O Source: Free Data from

World Bank via
gapminder.org, CC-BY

—_

o

o
|

T T T T | license
20 40 60 80

Life Expectancy (yr) —

V. Sivaraman, F. Elavsky, D. Moritz, and A. Perer. “Counterpoint: Orchestrating large- scale custom animated
visualizations.” IEEE Visualization and Visual Analytics, 2024.
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Section 3:
Current work




=keletow a graphical user interface that
visualizes non-visual data experiences



El{ﬂftﬂ‘n
Conjecture: non-visual experiences are an

accessibility barrier for sighted people




Currently how SVG + ARIA works (n elements must be navigated)

Suggested idea: drilling in

Designing navigation schema is hard

SEIC high level h after SHLIG high level f frer ch
N chart Button for after chart
chart ———> & —P —> chart chart —> & —> . —>
descr. elements descr. drilldown element
element element element
. i</di ..
aX|s./d|mens aX|§ dimens .aX|s/d1mens
ion 1 ion 2 ion 3/legend
10
N children N children N children
. of that of that of that
e e dimension, dimension, dimension,
are included. ordered ordered ordered
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chart--break-lines
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Design and dev iteration becomes error-prone and slow

let simpleStructure = dataNavigator.structure({
data: simpleDataTest,
idKey: 'id',
dimensions:
values: [

{

[ Suggested idea: drilling in c :
Currently how SVG + ARIA works (n elements must be navigated) g8 g dimens 1onKey: 'cat' ,

« |1 - 1
before . after before : type- catego rical ’
hart .| high level .| Nchart > chart chart | high level | Button for .| after chart - .
¢ I descr. "] elements N 1 descr. "l drilldown "] element behavior:
element element element L :
extents: 'circular
v
axis/dimens | axis/dimens axis/dimens
ion 1 ion 2 ion 3/legend . . : :
dimensionKey: ‘num',
type: 'numerical’,
10
v v Y behavior:
N children N children N children . i - 1
. of that of that of that eXtents " termlna]‘
. dimension, dimension, dimension,
@ a\;?h:faun?i ordered ordered ordered

about errors?
6

Downloads

Chrome

Operating system

Windows . Mac . Other

A 4

Childmost
elements

https://visa.github.io/visa-chart-

components/?path=/story/line-

chart--break-lines
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N
genericEdges:

{

edgeld: 'any-exit',
edge: {
source: (_d, c) => c,

target: =>
exit['simple']l();

return -

)

navigationRules: ['exit"'.




We plan to make an interface for authoring and debugging
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development accessibility tooling

‘s L[D Elements Console Sources Lighthouse >> A1 W45 5?3 ¢ X
Gesture \ew report - 3

» Show section

[ Enter navigation area ]

Major trophies for some English teams @ Generate a Lighthouse report

30

28
BPL @ FA Cup CL Mode Learn more Device
25
(® Navigation (Default) ® Mobile
13 _
20 contest: BPL. team: O Timespan (O Desktop
O
_§_ Auditing dig.cmu.edu... O Snapshot
= 15
§ Categories
) . 1MB takes a minimum of 5 seconds to download on a typical 3G connection

—
o

[Source: WebPageTest and DevTools 3G definition]. Performance

Accessibility
- Best practices
©

2 3

Arsenal Chelsea Liverpool Manchester United

Why make Data Navigator?

Modern data visualization accessibility faces 3 challenges in design and development that we
wanted to help practitioners and researchers tackle:
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Gesture
» Show section

[ Enter navigation area ]

Major trophies for some English teams

30
28
S BPL @ FA Cup CL
13
20
wv
R 17
i
&
s 15 S
=
=
o
O
10
5
2 3
0
Arsenal Chelsea Liverpool Manchester United

Why make Data Navigator?

Modern data visualization accessibility faces 3 challenges in design and development that we
wanted to help practitioners and researchers tackle:

1. Navigable structure is hard to build for data visualizations. Structure is important for
understanding and usability but is often ignored.

[0 Elements Console Sources Lighthouse >> A1 40 @

@ 11:50:31 AM - dig.cmu.edu ¥ @

9‘ http://dig.cmu.edu/data-navigator/

75 100 59 100

Performance Accessibility Best SEO
Practices

There were issues affecting this run of Lighthouse:

» Clearing the browser cache timed out. Try auditing this page again and file a bug if the

issue persists.

skip to main content

Data Navigator
demo

B

What is Data

Skeleton

eb development accessibility tooling



What if you could see AT navigation?

Currently navigation is still manually verified!

-----

Gesture iK [0 Elements Console Sources Lighthouse >> A1 B4 & i X
> Show section +  11:50:31 AM - dig.cmu.edu ¥ @)
[ Enter n_aVigation area _ _ 9‘ http://dig.cmu.edu/data-navigator/ E
Major trophies for some English teams =
30
28 75 100 59 100
56 BPL @ FA Cup CL
13
20 100
kd 17
N
Q
S 15 3 ag_ ags
= Accessibility
=
@)
~ 10 These checks highlight opportunities to improve the accessibility of your
web app. Automatic detection can only detect a subset of issues and
does not guarantee the accessibility of your web app, so manual testing is
> also encouraged.
2 3
0 Q ADDITIONAL ITEMS TO MANUALLY CHECK (10) Hide
Arsenal Chelsea Liverpool Manchester United
Interactive controls are keyboard focusable v
Why make Data Navigator?
T ets . . Interactive elements indicate their purpose and state v
Modern data visualization accessibility faces 3 challenges in design and development that we = el .
wanted to help practitioners and researchers tackle:
1. Navigable structure is hard to build for data visualizations. Structure is important for The page has a logical tab order v
understanding and usability but is often ignored.
2. Only mouse input is treated well (with sporadic support for touch or screen reader input). _
Visual order on the page follows DOM order v

Many other input modalities are unaddressed!
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What if you could see AT navigation?

Currently navigation is still manually verified!

Gestyre
» Show\section

Enter naviyation area

Major trophies for some English teams

30
28

56 PL @ FACup CL

Count trophies
— N
v ()

[
o

Arsenal Chelsea Liverpool Mearrcttester United

Wiy make Data Navigator?

l\/lodern data visualization accessibility faces 3 challenges in design and development that we
WTed to help practitioners and researchers tackle:
1

Navigable structure is hard to build for data visualizations. Structure is important for
understanding and usability but is often ignored.

Zi. Only mouse input is treated well (with sporadic support for touch or screen reader input).
Many other input modalities are unaddressed!

-----

i< [0 Elements Console Sources Lighthouse >> A1 40

+  11:50:31 AM - dig.cmu.edu ¥ @)

9‘ http://dig.cmu.edu/data-navigator/

75 100 59 100

100

Accessibility

These checks highlight opportunities to improve the accessibility of your
web app. Automatic detection can only detect a subset of issues and

does not guarantee the accessibility of your web app, so manual testing is

also encouraged.

ADDITIONAL ITEMS TO MANUALLY CHECK (10)

Interactive controls are keyboard focusable

Interactive elements indicate their purpose and state

The page has a logical tab order

Visual order on the page follows DOM order

Skeleton
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What if you could see the navigation structure?

Enter navigation area

aaaaaaaaaaaaa




What if you could see the navigation structure?

Enter navigation area
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What if you could see the navigation structure?

Enter navigation area




My latest community and critical work

Blind-led innovation and using community response to build a how-not-to guide

(a) Tactile maps of grocery store with stan- (c) A photo of craft suppliess in a shopping
dardized symbols, by P2 app, by P10

(d) Example of semantically correct HTML (e) Phone interface with navigation con-  (f) A device to aid with touch screen in-
headings structure, by P4 sistency, by P6 teraction, by P11

Fig. 2. Participant’s prototypes in response to the Grocery shopping prompt.
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How Not To Make Bad Assistive
Tech: A Guide

Created by Iman QOuzzani, Advised by Frank Elavsky

Some technologies that are created with "good" intentions can end up effectively useless, sometimes even
harmful. This can especially be true when technology is made for people with disabilities. So how do you
avoid making bad assistive technologies? We created this guide and framework to help you ask questions
about your own work and suggest directions for how you can rethink, reframe, and adjust your approach.

Motivation: Avoiding Disability Dongles
Consider the following examples of bad assistive technology:

Sign-Language Glove

SignAloud - The Index Project

Why is it bad? The people who make these projects rarely consult with deaf people when they create it,
which results in gloves that make an assumption that sign language only occurs in the movement of the
hands, rather than with facial expressions and body language as well.

Stair-Climbing Wheelchair




Section 4:
Summary



"Strictly speaking,
nothing is a tool unless
during actual use.”
Samuel Butler

<
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A o o e et

: ot 2 /

Enter navigation area

Fruit cost by store
5 —
. O apple O banana
Preferen Estimated US Energy Consumption in 2017 = E
elerences Source: Lawrence Livermore National Laboratory T
This menu provides a way to customize charts and graphs. The menuis | — 4
organized into categories, and adjusting the settings at the category INuclear n
level will adjust all of the settings within that category. Some settings - Electricity & Heat B
within categorics also have sub-settings which will also inherit higher | = 4 ) °
level scttings that they belong to. If wording for a category's scting is ;
hard to understand, try changing that setting and then navigating into Rejected Energy T
the menu to see which children settings it affected. Residential 3 — [
Hide unavailable options T
Comprehension : -
default  moderate  robust Industrial . 4 o
® O O . : Energy Services 2 .
_ etroleum Transportation :
» Show more comprehension options... ]
Text visuals Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes 4
default  minimalist  moderate  maximalist 1 -
a ~ ) e = H =
@ Q @) O Energy Sources = Monthly Energy Consumption = B
W Show more text visuals options... 4 —— 7
Font 80 Geothermal — ) .
ont Size Solar 10.77 B ]
default  small  medium large Wind O 2 \V/ 0
O O O @ Hydro [12.76 ! !
- - - ) Biomass [ P a b
» Show more font size options... Nu%earI 8.4213 06 o B
Font Weight oa B
default 100 400 700 Natural Gas ) 36:2 Jan Mar May Jul Sep Nov
~N A A Petroleum B )
@ o O U e Solar -+ Nuclear = Hydro -+ Wind
0 5 10 15 20 25 30 35 - Geothermal - Natural Gas - Coal = Biomass
» Show more font weight options... petroleum
Total Quads
Color and contrast X . " ' . . .
o o Chart showing stacked columns for comparing quantitics. Stacked charts arc often used ~ Linc chart for comparing change in data across catcgorics. Line charts arc often used to
default  minimalist  maximalist to visualize data that accumulates to a sum. visualize change in data over time, showing important trends. Sonification will play all
O O values selected in legend.
C W)
¥ Show more color and contrast options...
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"Strictly speaking,
nothing is a tool unless
during actual use.”
Samuel Butler
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C W)
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Working with people as they work with data is how you build effective tools.
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Section 5:
Future Work



"Strictly speaking,

thing is a tool unless

during actual use.”
Samuel Butler
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Working with people as they work with [3D graphics, games, data]
IS how you build effective tools.
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