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Check out this cool dashboard | made!

Estimated US Energy Consumption in 2017

Energy Services
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‘Sankey charts are used to visualize data low and volume between nodes. The wider lines indicate larger volumes.
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Line chartfor comparing change in data across categories. Line charts are often used to.
10 visualize data that accumulates (o a sum.

visualize change in data over time, showing important trends. Sonification will play all
values selected in legend.
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Oh, is it a layout problem?

US Energy C in2017
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Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes.
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Chart showing stacked columns for comparing quantities. Stacked charts are often used to visualize data that accumulates to a sum.

Monthly Energy Consumption

Feb Apr May Jun Jul Aug Sep oct

< Solar < Nuclear - Hydro - Wind - Geothermal e Natural Gas Coal - Biomass Petroleum

Line chart for comparing change in data across categories. Line charts are often used to visualize change in data over time, showing important
trends. Sonification will play all values selected in legend

Play chart sonification




t!

An obvious improvemen
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Chart showing stacked columns for comparing quantities. Stacked charts are often used to visualize data that accumulates to a sum.

Monthly Energy Consumption
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< Solar < Nuclear - Hydro - Wind - Geothermal e Natural Gas Coal - Biomass Petroleum

Line chart for comparing change in data across categories. Line charts are often used to visualize change in data over time, showing important
trends. Sonification will play all values selected in legend
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Maybe font size?
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Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes.
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Chart showing stacked colums for comparing quantities. Stacked charts are often used to visualize data that accumulates to a sum.
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Line chart for comparing change in data across categories. Line charts are often used to visualize change in data over time, showing important
trends. Sonification will play all values selected in legen
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Estimated US Energy Consumption in 2017
Source: Lawrence Livermore National Laboratory
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Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes.
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Chart showing stacked columns for comparing quantities. Stacked charts are often used to visualize data that accumulates to a sum.
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Line chart for comparing change in data across categories. Line charts are often used to visualize change in data over time, showing important
trends. Sonification will play all values selected in legend.
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Ah, wrong device!

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory
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Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes.

Energy Sources = Monthly Energy Consumption =
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Geothermal ﬂ 0.21
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Wind 2.35
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Total Quads -8- Natural Gas  -¢- Coal - Biomass -+ Petroleum
Chart showing stacked columns for comparing quantities. Stacked charts are often used to Line chart for comparing change in data across categories. Line charts are often used to visualize
visualize data that accumulates to a sum. change in data over time, showing important trends. Sonification will play all values selected in
legend.
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A more presentation-ready dashboard?

Estimated US Energy Consumption in 2017 =
Source: Lawrence Livermore National Laboratory
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Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes.
Energy Sources = Monthly Energy Consumption =
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Chart showing stacked columns for comparing quantities. Stacked charts are often used to Line chart for comparing change in data across categories. Line charts are often used to visualize
visualize data that accumulates to a sum. change in data over time, showing important trends. Sonification will play all values selected in
legend.
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Situational barriers: inaccessibility due to
external context, environment, or conditions




Situational barriers: inaccessibility due to
external context, environment, or conditions

(This design and this device are both barriers if |
want to give a good presentation)

10



Permanent

See

Al

Blind

11



Permanent Temporary

See

oAl

Blind Cataract

12



Permanent Temporary Situational

See

oAl

Blind Cataract Distracted driver

13



Hard-baked, inflexible design creates situational barriers

Permanent Temporary Situational

See

oAl

Blind Cataract “Hard-baed”
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Accessible technology impacts

all of us, all the time

Microsoft’s Inclusive Design 101 Toolkit: https://download.microsoft.com/download/b/0/d/

b0d4bf87-09ce-4417-8f28-d60703d672ed/inclusive toolkit manual final.pdf
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https://download.microsoft.com/download/b/0/d/b0d4bf87-09ce-4417-8f28-d60703d672ed/inclusive_toolkit_manual_final.pdf
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Why should our visualizations be one-size-fits-all?




Visualization “software” isn’t soft enough.



Good visualization isn’t hard-baked,
good visualization is softerware (responsive and malleable)

_ ap— . e e )

Image source: Research paper by Gandon et al.
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https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0081614

Who does repair belong to?

Portland’s “Anarchist Road Repair,” Credit: Bloomberg
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https://www.bloomberg.com/news/articles/2017-03-15/portland-anarchist-road-care-fixes-potholes-anonymously

The way we design visualizations should be
responsive and malleable.

Estimated US Energy Consumption in 2017
Source: Lawrence Livermore National Laboratory
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Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes
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Chart showing stacked colums for comparing quantities. Stacked charts are often used to visualize data that accumulates to a sum.

Monthly Energy Consumption
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Line chart for comparing change in data across categories. Line charts are often used to visualize change in data over time, showing important
trends. Sonification will play all values selected in legend.

Play chart sonification

@clea r

Hydro
-
-Geothermal

INatural Gas

Coal

(Bibmass

Petroleum

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory
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Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes.
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Chart showing stacked columns for comparing quantities. Stacked charts are often used to
visualize data that accumulates to a sum.
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Monthly Energy Consumption
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Line chart for comparing change in data across categories. Line charts are often used to visualize
change in data over time, showing important trends. Sonification will play all values selected in
legend.

‘ Play chart sonification ‘
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Source: Lawrence Livermore National Laboratory
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Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes.
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Chart showing stacked columns for comparing quantities. Stacked charts are often used to
visualize data that accumulates to a sum.

Monthly Energy Consumption
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Line chart for comparing change in data across categories. Line charts are often used to visualize
change in data over time, showing important trends. Sonification will play all values selected in
legend.
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Responsive visualizations aren’t enough

Estimated US Energy Consumption in 2017 = Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory . L. Source: Lawrence Livermore National Laboratory
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Total Quads Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes. Nuclear

Chart showing stacked columns for comparing quantities. Stacked charts are often used to visualize data that accumulates to a sum. Coal
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Solar :] 0.77 — Chart showing stacked columns for comparing quantities. Stacked charts are often used to Line chart for comparing change in data across categories. Line charts are ofien used to visualize
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Line chart for comparing change in data across categories. Line charts are often used to visualize change in data over time, showing important Coal
trends. Sonification will play all values selected in legend.
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Chart showing stacked columns for comparing quantities. Stacked charts are often used to Line chart for comparing change in data across categories. Line charts are often used to visualize
visualize data that accumulates to a sum. change in data over time, showing important trends. Sonification will play all values selected in
legend.

‘ Play chart sonification ‘
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Sometimes, only the user knows what design is best
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Line chart for comparing change in data across categories. Line charts are often used to visualize change in data over time, showing important Coal
trends. Sonification will play all values selected in legend.
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Total Quads -o- Natural Gas -+~ Coal -# Biomass -+ Petroleum

Chart showing stacked columns for comparing quantities. Stacked charts are often used to Line chart for comparing change in data across categories. Line charts are often used to visualize
visualize data that accumulates to a sum. change in data over time, showing important trends. Sonification will play all values selected in
legend.

‘ Play chart sonification ‘
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What does it mean for a visualization to be malleable?

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory
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Interactive demo link
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https://highcharts.github.io/highcharts-a11y-prototyping/early_explo/examples/menu/menu.html

We should let users personalize visualizations

e a
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Interactive demo link
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https://highcharts.github.io/highcharts-a11y-prototyping/early_explo/examples/menu/menu.html

We have been enabling personalization for years

Video games

Stealth kill clickers with your
switchblade. Sneak up and press ©®
to grab them.

The Last of Us 2 has more than 60 settings
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https://www.playstation.com/en-us/games/the-last-of-us-part-ii/accessibility/
https://www.apple.com/accessibility/

What about this visualization might be a barrier?

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory
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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?

Font size too small

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory
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Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes.

27



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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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?

*

Font size too small

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory
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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?
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Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

Electricity & Hea*

Textures + colors are
*)verwhelming

Black text on light
background is hard

Residential

Commercial

Industrial

Transportation

*

Font size too small

Rejected Energy

Energy Services

xplanation doesn't have a

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




Can we fix this?

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory
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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
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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
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Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes.
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We can add a more descriptive explanation

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory
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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
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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 iIssues too

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory
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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 visualization

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory
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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

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory
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\Biomass

IPHtroleum

Industrial

Transportation

Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes.
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We explored how people with disabilities personalize

Estimated US Energy Consumption in 2017 =

Source: Lawrence Livermore National Laboratory

@clear

@Hydro — ~ Electricity & Heat
-Geothermal Rejected Energy
Natural Gas ' ~—_ Residential
Commercial
Q@Ial -
Eﬁ,mass Industrial
] 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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Low vision: All wanted bigger text

Estimated US Energy Consumption in 2017 = Estimated US Energy Consumption in 2017 =
Source: Lawrence Livermore National Laboratory Source: Lawrence Livermore National Laboratory
Rctear = INuclear -~
ﬁ’dm Electricity & Heat : EleCtI'IClty & Heat

-Geothermal

Rejected Energy RejeCtEd Energy
Ewra.eas Residential E‘latural Gas ~ - Residential

Commercial o
. : Coal : .
_ Industrial [ ] IndUStrlaI
(Biomass o

Energy Services

Energy Services

Petroleum

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. The wider lines indicate larger volumes.
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Some want patterns

Estimated US Energy Consumption in 2017 = Estimated US Energy Consumption in 2017 =
Source: Lawrence Livermore National Laboratory Source: Lawrence Livermore National Laboratory
B . Nuclear — ;]
'H-Vdm = Electricity & Heat : 7 ElECtI’ICIty & Heat
“Geothermal T Rejected Energy
Eu Gas Residential E‘latural Gas Residential
Commercial
Coal B Coal B °
Eivrrass Industrial - Industrial
S Energy Services
- 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. The wider lines indicate larger volumes.

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory
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4

Rejected Energy
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N

Coal f Z .
N cee Industrial

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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Others wanted dark mode and minimalist

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

@lclear

@Hydro Electricity & Heat
[

-Geothermal

‘Natural Gas Residential
Commercial

Coal

. Industrial
(Biomass

Petroleum Transportation

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

Nuclear’

WS

/
5

~Electricity & Heat

A

\\

Natural Gas Residential

/4

Coal .
N : Industrial

A\

N

Petroleum Transportation

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

Rejected Energy

Energy Services

Rejected Energy

Energy Services

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

INuclear

Electricity & Heat

Rejected Energy
E‘latural Gas Residential

Coal .
= Industrial

Energy Services
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

Nuclear .
- 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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These designs are all “access frictions”

Estimated US Energy Consumption in 2017 = Estimated US Energy Consumption in 2017 =
Source: Lawrence Livermore National Laboratory Source: Lawrence Livermore National Laboratory
[Rctear INuclear ]
'H-Vdm Electricity & Heat : ElECtI"ICIty & Heat
“Geothermal T Rejected Energy
Eturau as Residentia E‘latural Gas Residential
Commercial
Coal COal .
. Industrial [ ] IndUStrlaI

(Biomass

Energy Services

Energy Services

Petroleum

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. The wider lines indicate larger volumes.

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

Nuiclear K N
N _ Electricity & Heat — Electricity & Heat
% Rejected Energy Rejected Energy
2 atural'Gas Residential Natural Gas Residential
Coal \ Coal
N f Industrial - Industrial
Energy Services Energy Services
Petroleum 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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So is the first step just a preferences menu for every chart?

Interactive demo link

44
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https://highcharts.github.io/highcharts-a11y-prototyping/early_explo/examples/menu/menu.html

So is the first step just a preferences menu for every chart? (no!)

Preferences

Hide unavailable options

default minimalist moderate maximalist

o @® O O

Energy Sources

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

Monthly Energy Consumption

C h . INuclear
v Lcomprenension
P - Electricity: & Heat
default —moderate robust ‘_\Nlnd
@ Q O Rejected Energy
| Residential
Alt text appearance fatural:Gas
default  show high level show all Cemmercial
® O O Coa f
» Description verbosity iBiomass Inadstrial
default disable minimal verbose _ _
Q @ Q Q Energy Services
Retroleum Transportation
v Text

Highcharts.com

¥ Font Size Geothermal || 0.21 !
default small medium large Solar :] 0.77 ;
O ® O O wna [ 2.36
Title Hydro 2.76 5
default small small+ medium medium+ large Biomass 4.92
o 0 ® O O O Noclee B.42 1 , —
Subtitle Coal 113.96 ——————%
default small small+ medium medium+ large Natural Gas 28.01 Aﬁbsr ‘.m
Q @ Q Q Q @ Petroleum ) 36.2
Series Labels 0 5 10 15 20 o5 20 35 40 -8~ Solar ~+- Nuclear & Hydro - Geothermal
default small small+ medium medium+ large R ihehare com @ NelmGas e Bod - Pomass e Ciaheharte com
. 00O ® O O O

Interactive demo link
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The nightmare of modern “web overlays”
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Imagine a world where users actually want this
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My grand vision of softerware:



1. We must make our
visualizations accessible




Chartability is a project to help you evaluate accessibility barriers

Font size too small

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

awmw

L/
z/NucIear
' /74

o Y Black text on light
~ 27 background is hard

‘Geothermal

7

////5th3| Gas Residential
7,

Coal

Rejected Energy

Commercial

Industrial

Textures + colors are YVVY TSN
overwhelming

Petroleum Transportation

Explanation doesn't have a
summary, it isn't enough

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

51



2. Once we do our best, we must
respect everyone’s right to repair




What looks wrong about this chart?

Scatter plot

This section uses the Penguins Bokeh Sampledata. All species | Selected species

Two scatter plots displayed in a "tab" layout with:
Full data set

« Multiple glyphs types
» Dropdown widget to filter for a specific species
« Numeric input widget that changes the glyph size

® Chinstrap

A Gentoo

B Adelie

S
S
£
Q
O
O
@

Bill length (mm)

Link to our audit of Bokeh

53


https://bokeh-a11y-audit.readthedocs.io/index.html

What looks wrong about this chart?

Scatter plot

This section uses the Penguims Bokeh Samp\edata. All species Selected species
Two scatter plots displayed in a "tab" layout with:
[his chart h hite back d

a black website - what gives”?

 Dropd idget to filter f ifi i :
ropdown widget to filter for a specific species B Adelie

« Numeric input widget that changes the glyph size
® Chinstrap
A Gentoo

S
S
£
Q
()
©
@

Bill length (mm)

Link to our audit of Bokeh
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https://bokeh-a11y-audit.readthedocs.io/index.html

What looks wrong about this chart?

Scatter plot

This section uses the Penguins Bokeh Sampledata. All species Selected species

Two scatter plots displayed in a "tab" layout with:
Full data set

« Multiple glyphs types
» Dropdown widget to filter for a specific species
« Numeric input widget that changes the glyph size

® Chinstrap

A Gentoo

B Adelie

S
S
£
Q
()
©
@

This chart is a “hard-baked” .PNG,
so it can’t adjust to system settings!

Bill length (mm)

Link to our audit of Bokeh
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https://bokeh-a11y-audit.readthedocs.io/index.html

Some softerware already exists! Our tools
need to pay attention to system settings:

Scatter plot

This section uses the Penguins Bokeh Sampledata. All species | Selected species n
Two scatter plots displayed in a "tab"™ layout with: 1 C O t r a St
‘ |

Full data set

« Multiple glyphs types

» Dropdown widget to filter for a specific species

« Numeric input widget that changes the glyph size 4
® Chinstrap

2 2. Redundant encoding

3. Font size
4. Motion reduction

B Adelie

S
S
£
Q
()
©
@

Bill length (mm)

Link to our audit of Bokeh
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https://bokeh-a11y-audit.readthedocs.io/index.html

3. We must ensure our
visualizations are safe and useful




If we give power to end users, they can create bad
visualizations without even knowing!

Original

Monthly Energy Consumption =

58



If we give power to end users, they can create bad
visualizations without even knowing!

Original Font size set to very large

Monthly Energy Consumption Monthly Energy Consumption =

‘ 4 Nn————~n ’ . ~

: \\\//// N V’Q®0\x ¥ ?’\p 0" \;0 ¢

: L - Solar —— Nuclear
| ! = ——; —— , - Hydro ~Wind
Jan Feb Mar Apr May Jun Jul Aug Sep Oct  Nov — Geothermal -+ Natural Gas

-®- Solar -~ Nuclea 8- Hydro -+ Wind ¥ Geothermal ~ _ _1 ™ -
-~ Natural Gas Coal -8 Biomass Petroleum 112V
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If we give power to end users without being thoughtful,
they might create biased or useless visualizations

Aspect ratio made tall

Original Font size set to very large \ /

. - y
Monthly Energy Consumption = Monthly Energy Consumption =
4 4 ~— . % » w - 2 2
0
2

600000 60000
1 - Solar — Nuclear
= —— —- o ~ —— — <> — ——
— i —— i i il ®
- === -=Hydro ~ Wind 0 st
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec —_— Geothermal —— Natural Gas 5@*\@&@@?\ 5& CJQ,Qeo“
-®- Solar -o- Nuclear - Hydro - Wind % Geothermal ~ _ _1 ™ -
-8- Natural Gas Coal 48 Biomass - Petroleu m 112V -®- Sol
-~ Nucl
- Hyd
-4 Wind
% Geothermal
-®- Natura | Gas
Coal
- Biomass
; et
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4. Our visualizations should
support interdependence




We need infrastructures that are interoperable!

{& Preference panel X {& Preference panel

Apperance v Apperance

= S = Gictanl v Performance Trends Over Time

% Light %% Light
(Revenue, EPS, & More)
© Dark © Dark
¢2 View in full screen

= FSPGX = Category (Large Growth) = Benchmark (Morningstar US LM Brd Growth TR USD) Zoom 1m

Chart preferences v Chart preferences

¥ Download / Print chart
Chart overview Chart overview

; s Export data
Point labels O Point labels E
Point description Point description g f8 View data table
Full summary Full summary FSPGX $1 3'065'02 - E {3\} Settings and tools
17500 Category (Large Growth) $12,450.44 = |
Text size > Text size Benchmark (Morningstar US LM Brd Growth TRUSD) $ 11,317.86 = |
aA aA aA aA 5
A 100% A A 15000 E
Contrast v Contrast 5
Increase contrast Increase contrast S
Add border Add border 12500 , \ ;
-, il
Use only pattern Use only pattern / v \ :
<\ R
View as v View as \\/ \ E
- H
th Chart v th Chart 10.000 7/ :
B Table B Table v M 2024
a
# Description ) Description y
7.500 5
Sonification v Sonification
Jan 2022 May 2022 Sept 2022 Jan 2023 May 2023 Sept 2023 Jan 2024 May 2024 Sept 2024 Jan 2025

> Play chart > Play chart
> Play chart speech > Play chart speech

> Describe the chart D Describe the chart

Playback 12 = A Playback 12

Playback Playback

Credit: Marita Vindedal, Highcharts’ Design R&D
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{& Preference panel

Apperance
3 System default
X+ Light

© Dark

Chart preferences
Chart overview
Point labels
Point description

Full summary

Text size
aA aA
A 100%
Contrast

Increase contrast
Add border

Use only pattern

View as

fh Chart
B Table

# Description

Sonification

> Play chart

D> Play chart speech

D> Describe the chart

Playback 12

Playback

Participants asked:
in Excel? Tableau? My google analytics dashboards

Performance Trends Over Time
(Revenue, EPS, & More)

{& Preference panel

Apperance
3 System default
% Light

G Dark

Chart preferences

Chart overview
Point labels
Point description

Full summary

Text size

aA

Contrast

Increase contrast
Add border

Use only pattern

View as

db Chart

B Table

) Description

Sonification

D> Play chart

> Play chart speech

D> Describe the chart

Playback 12

Playback

Credit: Marita Vindedal, Highcharts’ Design R&D
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& 0
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Download / Print chart
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Not everyone is comfortable with or wants to perform
the labor of personalizing, building, or repairing!

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

@clear

SHydro Electricity & Heat
-

-Geothermal

Residential

Rejected Energy
Etural Gas
ﬁ 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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Not everyone is comfortable with or wants to perform
the labor of personalizing, building, or repairing!

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

@clear

SHydro Electricity & Heat
-

-Geothermal

Rejected Energy
Etural Gas Residential
ﬁ Commercial
Coal

- Industrial
(Biomass

Energy Services

This low-vision user has a hard time,
but doesn’t understand all the settings

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

65



Not everyone is comfortable with or wants to perform
the labor of personalizing, building, or repairing!

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

@clear

SHydro Electricity & Heat
-
-Geothermal

Residential

Rejected Energy
Etural Gas
ﬁ 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.

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

[‘luclear

Electricity & Heat

' Natural Gas Residential
Coal

Industrial

Rejected Energy

Energy Services
But this power user who is also Petroleum Transportation

low-vision loves to customize!

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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Interdependence is providing a way for people to help
each other

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

@clear

SHydro Electricity & Heat
-
-Geothermal

Rejected Energy
Etural Gas Residential
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.

These users could share settings

with each other
Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

[‘luclear

Electricity & Heat

' Natural Gas Residential
Coal

Industrial

Rejected Energy

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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Interdependence is providing a way for people to help
each other

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

Now this user has a better experience! Nuclear =
Electricity & Heat

Rejected Energy
Natural Gas Residential

Coal i
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.

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

Nuclear ]
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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My grand vision of softerware:

1. Provides basic access

2. Respects the right to repalr
3. Ensures safety

4. Supports interdependence



A final provocation:
Language models won’t save us
from bad design.




2025 frank.computer

Softerware:
My grand challenge to my peers

Re-imagining data visualizations as malleable interfaces

Ny

) Human-
Computer
Interaction
Institute ] v

hcii.cmu.edu, axle-lab.com, dig.cmu.edu

Frank Elavsky



http://hcii.cmu.edu
http://axle-lab.com
http://dig.cmu.edu
https://www.frank.computer/

